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Once present, peri-implantitis is difficult to fully eliminate. Surgical interventions show
some promising results in fighting the disease, but for the time being, prevention remains
the strongest tool.

Introduction

Peri-implant disease (PID) is a global term for biological responses to local
aggression on tissues around dental implants. Similar to gingivitis and peri-
odontitis, peri-implant mucositis (PIM) and peri-implantitis (PI) were first
coined in 1993 at the 1** European Workshop on Periodontology in a consensus
report.! Peri-implant disease encapsulates all inflammatory and immune
system-mediated responses around the tissues of the osseointegrated implant.
Peri-implant mucositis refers to the reversible inflammation of these tissues.
Peri-implantitis presents the same inflammatory status involving soft and
hard tissues, which may progress to severe bone loss in its advanced phases.!?
At the 2017 World Workshop on the Classification of Periodontal and Peri-
Implant Diseases and Conditions,? the definition of PI was updated to a plaque
(polymicrobial)-associated disease that occurs around the osseointegrated
implant.!-*

Peri-implant health, peri-implant mucositis
and peri-implantitis

The expected clinical scenario in a healthy peri-implant location is
an erythema-free area with no bleeding on probing (BoP) and no edema or
suppuration. The main assessment tools are visual/clinical observation and
palpation. If erythema, edema or pus are present, a periodontal/peri-implant
probe should be used to assess the probing depth (PD).2
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Peri-implant mucositis is clinically characterized by
erythema, edema and/or suppuration. After gentle prob-
ing, bleeding is often observed on the implant sulcus.
An increased PD is mostly due to tissue swelling, as muco-
sitis does not present with bone loss. Plaque/biofilm is the
main etiological factor for PIM, as observed in animal and
human experimental studies.? Even though there are some
human studies evidencing that mucositis can resolve after
treatment, some systematic reviews claim that total dis-
ease resolution is not predictable, and PIM progression to
PI tends to occur.>”’

Peri-implantitis is believed to be the progression
of PIM, showing the same clinical characteristics, but
greater PD (>6 mm) and radiographic bone loss (RBL).
Bone loss is usually directly related to the progression
and severity of the disease. Poor biofilm control by the
patient and the lack of compliance with follow-up re-
commendations have been shown to be risk-increasing
behaviors.5"1 Some other factors may play a role in the
development of PI, such as smoking habits and diabetes?;
occlusal overload, prosthodontic rehabilitation character-
istics, the presence or absence of keratinized mucosa,
titanium (Ti) particles, abutment micromovements, bio-
corrosion, and cement remnants seem to play some role
in the progression of the disease, but high-quality studies
fail to accurately determine the effects of these factors on
PI progression.2>11-13

Prevalence and pathogenesis

Since dental implants are reported to have high survival
rates (90-95% at >5 years),'*"'7 it is only natural that we
are observing an upward trend in their usage for the re-
placement of missing teeth. With regard to the above, it is
logical to assume that the rate of complications will fol-
low a similar trend. It has been clinically confirmed, with
an increase in PI cases over the last 25 years.’>® Recent
studies estimate a prevalence of approx. 20% for PI, which
can rise up to around 47% if the incidence of PIM is con-
sidered.!”18

Over the last decade, some new theories have arisen
about the true pathogenesis of PID. The main theory as-
sumes that a foreign body reaction (FBR) always occurs
around the osseointegrated implant, causing chronic low-
grade inflammation. With the aggravation of this latent
inflammation, peri-implant bone loss will be the ultimate
result.’ The main difference between the current, wide-
ly accepted theory and the FBR theory is the relevance
of dental plaque accumulation and bacterial implication
in the pathogenesis of the disease. The determination
of one or another factor could dictate a paradigm shift in
the treatment options for PI. There is still a lack of scienti-
fic evidence for FBR to be a unidirectional cause of PI,
and it seems that plaque accumulation should not be
underestimated.?’

G.V. de 0. Fernandes, B.G. dos S. Martins, J.F. Fraile. Comment

Treatment lines
for peri-implant disease

According to the current knowledge about PI, the
progression of the disease is plaque-dependent. Thus,
treatment should focus on controlling and eliminat-
ing plaque.®> With that being said, PI therapy comprises
some initial steps, i.e., infection control and non-surgical
interventions by the removal of plaque, through sub- and
supragingival debridement, and finally follow-up evalua-
tion. This treatment approach has been proven to be in-
sufficient for treating true PI lesions, although it is success-
fully applied in the case of PIM.%*

For true PI lesions, another stage is required, namely
the surgical therapy phase. Surgical treatment encom-
passes flap elevation, implant surface detoxification/
decontamination, and pocket/granulation tissue elimina-
tion if required. If it is justified by the type of the existing
bone defect, a regenerative approach with the use of the
available biomaterials and a membrane for guided bone
regeneration (GBR) can also be applied.>!!

Several adjunctive therapies have been thoroughly
studied, such as laser mono/combined application, the
usage of antibiotics (locally or systemically), and alterna-
tive decontamination methods (implantoplasty, air polish-
ing, the use of an ultrasonic apparatus and Ti brushes, and
electrolytic decontamination with GalvoSurge®).?

It has been widely recognized that PI disease prevention
is the best available choice, since treatment options are
still not totally predictable and reliable. The best actions
for preventing the development of PID, as per the latest
guidelines,!! are: (1) the proper evaluation of soft and
hard tissues that will receive the future dental implant
(the presence or absence of keratinized mucosa, the width
of the available mucosa, the presence or absence of any
gingival/bony defect, and bone availability for implant
placement); (2) proper three-dimensional (3D) implant
placement; (3) the proper planning and execution of the
prosthodontic piece (allowing adequate cleanability for
the patient); and (4) the proper establishment of a follow-
up schedule for each patient, taking into consideration
particular risk factors.

Adherence to oral health instructions and periodic
follow-up appointments for supportive peri-implant care
are believed to be key factors in maintaining peri-implant
health and preventing the development of any PID.1%!

Treatment outcomes
for peri-implant disease

An umbrella review published in 2022 by Martins et al.
evaluated 9 systematic review articles encompassing
59 unique randomized controlled trials (RCTs).> The study
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found that in treating PI lesions, non-surgical approaches
had limited effects and could not stop the evolution of PI.
Some clinical parameters might be improved, i.e., BoP
and, to a lesser degree, PD. Non-surgical options were
mostly recommended for treating PI within the first-stage
intervention or treating PIM more efficiently. The greater
the PD, the more limited the effects of non-surgical inter-
ventions appear to be. Combining non-surgical therapies
with adjunctive methods (i.e., lasers and local antibiotic/
antiseptic therapy) offered better clinical results, although
some methods were controversial. Abrasive polishing
with glycine powder, erbium-doped yttrium aluminum
garnet (Er:YAG) laser application, debridement with
an ultrasonic apparatus or curettes, and local antibiotics/
antiseptics worked better when used in conjunction. Yet,
none of them reduced the bacterial load at the implant
surface enough to avoid the development of P1.5

Surgical techniques seem to be the best option to treat
PI and hinder the development of the disease.}>>!! Re-
sective interventions may improve clinical parameters
and, to some extent, diminish the effects of inflammation
(lower BoP and sulcus/pocket PD). Normally, resective
techniques by themselves result in some kind of soft
tissue/peri-implant tissue loss. Thus, a regenerative proce-
dure may be recommended.’

Regenerative surgical techniques yield generally posi-
tive results, showing better clinical and radiographic
outcomes in most high-quality studies.?! Predicting the
magnitude of improvement with any surgical technique
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is still difficult and disease recurrence is not uncommon.
Patient-related outcome measurements are also rarely re-
ported.>!! In the available literature, no specific material
(i.e., membranes, bone substitutes or bioactive agents)
is superior to another. No clear advantage with regard
to clinical outcomes was found when comparing resec-
tive only and regenerative procedures.>!! Implantoplasty
was the most effective implant surface decontamination
method, but other concerns, such as Ti particles scatter-
ing during the procedure, still need to be investigated.
The most recent European Federation of Periodontology
(EFP) guidelines!! as well as another study! corroborate
the aforementioned findings. Table 1 summarizes the pre-
vention, treatment and prognostic issues regarding PID.

Conclusions and considerations

As modern-day oral rehabilitation protocols for
partially and fully edentulous patients rely more and more
on implantology, preventing biological complications
is a key factor for the success and longevity of implants.
Preventing the development of PID seems to be the best
path to avoid having to deal with the most serious version
of the disease, PI. With the current knowledge, several
steps can be taken toward the prevention of PID: (1) pre-
operative evaluation, especially examining the gingival and
bone characteristics of the area; (2) the proper planning
of implant placement in the correct 3D position (reverse

Table 1. Peri-implant disease (PID) — prevention, treatment, follow-up, and prognosis

(1) proper evaluation of soft and hard tissues that
will receive the future dental implant (the presence
or absence of keratinized mucosa, the width of the
available mucosa, the presence or absence of any
gingival/bony defect, and bone availability for
implant placement); extremely
PIM/PI . - -
(2) proper 3D implant placement; favorable
(3) proper planning and execution of the
prosthodontic piece (allowing adequate
cleanability for the patient);
(4) proper establishment of a follow-up schedule
for each patient, considering all risk factors
non-surgical procedures:
. o O. . - moderate/severe PIM:
abrasive polishing with glycine powder, Er:-YAG
S ) . } at 3 months
PIM - laser application, debridement with an ultrasonic mild PIV: favorable
apparatus or curettes, and local antibiotics )
PP . 4 at 6 months
antiseptics
non-surgical procedures:
first-stage intervention
non-surgical and surgical procedures
- moderate/severe Pl:
combinationk at 6 weeks—-3 months
PI - abrasive polishing with glycine powder, Er:YAG mild PL: poor/favorable
laser application, debridement with an ultrasonic )
I o at 3-6 months
apparatus or curettes, and local antibiotics/antiseptics
implantoplasty, Ti brushes and electrolytic
decontamination with GalvoSurge®, and GBR

PIM - peri-implant mucositis; Pl — peri-implantitis; 3D — three-dimensional; Er:YAG laser — erbium-doped yttrium aluminum garnet laser;Ti — titanium;

GBR - guided bone regeneration.
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planning); (3) correct prosthodontic planning, allowing
the cleanability of the rehabilitated area; and (4) evaluat-
ing the patient comprehensively, taking into consider-
ation their hygiene habits, as well as systemic factors, to
correctly define a supportive care schedule for the main-
tenance of peri-implant health.

The available data on the actual treatment of PI are
reliable and already provide rough guidelines for deal-
ing with possible complications. Yet, due to the scarcity
of high-quality evidence in the literature, knowledge on
PI treatment still has to be expanded. In the last few years,
we have witnessed great advancement with regard to
understanding the physiopathology and progression pattern
of the disease, but fully eliminating it still seems like a dis-
tant aspiration. Patient-related outcome measurements
are also lacking in most of the available studies. Some
promising decontamination methods are starting to be
investigated, as well as extra surface treatment to reduce
plaque accumulation on implants and abutments. The
role of the potential release of Ti particles is also a point
of interest, and further studies are required.

To conclude, once present, peri-implantitis is diffi-
cult to fully eliminate. Surgical interventions show some
promising results in fighting the disease, but for the time
being, prevention remains the strongest tool.

Take-home message

(1) Prevention is the key to the maintenance of peri-
implant health. We suggest keeping the following
schedule of periodontal follow-ups: 6 months for healthy
individuals; 3—6 months for PIM cases (depending on the
level of mucositis); and 3 months for PI cases.

(2) In cases of PI, full elimination still seems impos-
sible; thus, depending on the implant length being com-
promised, prolonging the life of the implant is extremely
questionable, which can result in implant removal.

(3) Surgical interventions for PI present better results
than non-surgical activities; therefore, prognosis for the
implant (depending on the level of involvement) may be
unpredictable.
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Abstract

Background. Dental anxiety is characterized by distress in anticipation of dental visits, which may result
ina child’s refusal to undergo treatment and, ultimately, lead to parents'reluctance towards dental care.

Objectives. The aim of this study was to evaluate and compare the effectiveness of the tell-show-do
technique, modeling technique and yogic relaxation technique in the reduction of dental anxiety among
children aged 612 years.

Material and methods. The study was an interventional, parallel-group, single-center, double-blind,
randomized controlled trial conducted on 120 children who required restorative treatment without the
use of local anesthesia. The participants were selected based on specific inclusion and exclusion criteria
and were randomly divided into 3 groups: group 1 — tell-show-do technique; group 2 — modeling tech-
nique; group 3 — yogic relaxation technique. The dental anxiety levels were evaluated 4 times using both
physiological (oxygen saturation and pulse rate) and behavioral parameters (facial image scale (FIS) and
the Face, Legs, Activity, Cry, and Consolability scale (FLACC)). The data was assessed by 2 blinded and
calibrated specialists.

Results. Statistically significant differences were observed in all 4 parameters among the 3 groups. During
both the intraoperative and postoperative periods, the oxygen saturation levels were significantly higherin
the yogic relaxation technique group. Moreover, the yogic relaxation technique group exhibited lower pulse
rates, FIS and FLACC scores compared to the tell-show-do and modeling technigue groups.

Conclusions. The practice of yoga has a positive influence on the general health of the individual.
Consequently, it can be considered one of the alternative behavioral modification techniques for the
reduction of dental anxiety in children.
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Introduction

Anxiety is characterized by disruptions in mood, think-
ing, behavior, and physiological processes, and is often
misunderstood as fear. A planned procedure may be
avoided by patients who are experiencing anxiety, due
to its unpleasant nature.? Thus, anxiety is an emotional
state that occurs before the actual encounter with the
threatening stimuli, which is not always identifiable. On
the other hand, fear is a response to a real or hypotheti-
cal threat or danger.® Dental anxiety is the 5" most com-
mon cause of anxiety.* The prevalence of dental anxiety is
estimated to range from 6% to 20% in children between
the ages of 4 and 18.> According to the Diagnostic and
Statistical Manual of Mental Disorders (DSM)-IV and
the International Statistical Classification of Diseases and
Related Health Problems,? a condition associated with fear
of dentistry along with hypertension, apprehension, trepi-
dation, and uneasiness is referred to as odontophobia.?

Dental anxiety is defined as “the distressed expectation
of a visit to a dentist to the extent where a child might
avoid treatment”® Early onset of dental anxiety is associ-
ated with a greater incidence of dental caries, which may
ultimately lead to the early removal of the affected tooth
due to the child’s fear of attending the dental clinic. Com-
promised oral hygiene may result in a poor oral health-
related quality of life. The sequence of events that an
individual experiences during childhood will continue into
adulthood through adolescence, having a negative impact
on the oral health of the individual.”®

Parent involvement has a significant impact on how
well a child handles the pressures and stimuli associated
with dental care.l® The cognitive behavioral treatment,
which is widely utilized in psychology and psychiatry for
both adult and pediatric patients, serves as the foundation
for the behavioral management approach.!!

The provision of dental treatment for anxious children
requires a cautious approach. In addition to meeting their
healthcare needs, it should address any behavioral issues.
Behavior management is an important aspect in the treat-
ment of pediatric patients, as it inculcates the basic coping
mechanisms and helps the child handle the stressful situa-
tion in a more acceptable way. It is not possible to achieve
this coping mechanism in subsequent dental visits through
the use of pharmacological methods. Thus, behavior modifi-
cationthroughanon-pharmacological approachisthe optimal
choice for establishing long-term coping mechanisms in
children.!? However, if non-pharmacological methods of the
behavior modification prove ineffective, pharmacological
techniques such as sedation and general anesthesia can be
employed.’® Furthermore, yoga and meditation address
a childs entire being, including their physical, mental,
emotional, psychic, and spiritual well-being. Yoga provides
total body synchronization and aids in the reduction of stress
and anxiety. It is a simple and effective non-pharmacological
intervention for the reduction of dental anxiety.'*
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Thus, the aim of this study was to compare 3 different
behavior management techniques (the tell-show-do
technique, modeling technique and yogic relaxation
technique) for the reduction of dental anxiety in children
aged 6-12 years.

Hypotheses

The alternative hypothesis suggests that the yogic relax-
ation technique has a better anxiolytic effect compared to
the tell-show-do and modeling techniques.

The null hypothesis posits that the yogic relaxation
technique has no or little anxiolytic effect in comparison
to the tell-show-do and modeling techniques in reducing
dental anxiety.

Material and methods

Study design

This study was designed as an interventional, parallel-
group, single-center, double-blind, randomized con-
trolled trial with a comparative analysis of the 3 groups
among the pediatric population who presented to the
Outpatient Department of Pedodontics and Preventive
Dentistry (Chettinad Dental College and Research
Institute, Chennai, India) between September 2022 and
March 2023.

The study was approved by the ethical clearance board
of Chettinad Academy of Research and Education,
Chennai, India (approval No. IHEC-1/1302/22).

Study sample

The study sample included children aged 612 years
who were in the pre-operational and concrete operational
stages of cognitive development. A total sample size
of 120 was calculated using G*Power software (https://
www.psychologie.hhu.de/arbeitsgruppen/allgemeine-
psychologie-und-arbeitspsychologie/gpower),  with
an alpha error of 0.05, a beta power of 0.9 and an effect
size of 0.33. The children and their parents reported with
the chief complaint of dental caries. After initial clinical
diagnosis and screening, children experiencing pain that
required more invasive procedures were excluded from
the study.

Inclusion criteria

The inclusion criteria for the study were as follows:
children aged between 6 and 12 years; children attending
their first dental visit; children requiring restorative treat-
ment for their decayed teeth; and children with a Frankl
behavior rating score of 2 or 3 (negative/positive).


https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
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Exclusion criteria

The study excluded children with mental or cogni-
tive issues that could impair their comprehension or
participation in the study, medically compromised
children with systemic abnormalities that could in-
fluence the child’s pulse rate and heart, children with
a previous history of trauma to the teeth with pulpal
involvement, children whose parents were not will-
ing to consent to the treatment, and children requir-
ing endodontic treatment or extraction for their chief
complaint.

Study sample selection

After the comprehensive screening process, 64 boys
and 56 girls (N = 120) were selected for inclusion in
the study. The children were randomly allocated into
3 equal groups using the lottery method, based on the
type of behavior management technique they received:
group 1: tell-show-do technique; group 2: modeling
technique; group 3: yogic relaxation technique.
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Data collection

The following parameters were evaluated in the course
of the study: oxygen saturation (P1); pulse rate (P2); facial
image scale (FIS) (P3); and the Face, Leg, Activity, Cry,
and Consolability scale (FLACC) (P4).

The parameters were measured at 4 different time
points during the course of the dental procedure:

1. Preoperative period: before the dental procedure in the
waiting room (T1);

2. After conditioning: after the application of the alloted
behavior management technique in respective groups
(T2);

3. Intraoperative period: during the dental procedure
(T3);

4. Postoperative period: after the dental procedure in the
waiting room (T4).

The Consolidated Standards of Reporting Trials
(CONSORT) flowchart, which provides a visual represen-
tation of the study procedure, is presented in Fig. 1.

Enrollment

Assessed for eligibility (N = 142)

<

Excluded (n = 22):
® not meeting the inclusion criteria (n = 17)
® declined to participate (n = 2)
® other reasons (n = 3)

Randomized (n = 120)

v

Allocation

.

v

-

Intervention group 1:
tell-show-do technique (n = 40)

Intervention group 2:
modeling technique (n = 40)

Intervention group 3:
yogic relaxation technique (n = 40)

Intervention session

.

TIMELINE:

1. Preoperative period: before the dental procedure
in the waiting room (T1);
2. After conditioning: after the application
of the behavior management technique (T2);
3. Intraoperative period: during the dental procedure (T3);
4. Postoperative period: after the dental procedure
in the waiting room (T4).

:

PARAMETERS ASSESSED:
1. Oxygen saturation (P1);
2. Pulse rate (P2);

3. FIS (P3);
4. FLACC (P4).

Analysis

-

v

-

Intervention group 1:
one-way MANOVA (n = 40)

Intervention group 2:
one-way MANOVA (n = 40)

Intervention group 3:
one-way MANOVA (n = 40)

Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) flowchart of the participants’ progress through the trial

FIS — facial image scale; FLACC - Face, Legs, Activity, Cry, and Consolability scale; MANOVA — multivariate analysis of variance.
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Intervention

Group 1: Tell-show-do technique

For children in group 1, the nature of the procedure was
explained in a non-threatening and intelligible manner,
in the language that the children were most comfortable
with. Each child was presented with the required arma-
mentarium and the procedure was mimicked in a typo-
dont. The child observed the procedure being carried out
by the dentist (Fig. 2). After the observation phase, the
child was reassured, and, with their consent, the dental
procedure was initiated.

Group 2: Modeling technique

The child observed the procedure that was carried out
on a model, which allowed the patient to gain insight
into the nature of the procedure (Fig. 3). The model was
either the child’s sibling or another patient in the same
age group who was undergoing similar treatment. Once
the procedure had been completed on the model, the
child was reassured and, with their consent, the dental
procedure was initiated.

Group 3: Yogic relaxation technique

The child was instructed to perform 3 different yoga
poses while seated in the dental chair:
1. Pancha Kosha (Fig. 4A);

2. Bhramari Pranayama (Fig. 4B);
3. Nadi Shodhana (Fig. 4C).

The child was asked to watch a virtually recorded vi-
sual demonstration of the yoga poses. Each pose was
performed for 5 min under the supervision of the den-
tal professional. Once the yoga session was completed,

Fig. 2. Tell-show-do behavior management technique
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Fig. 3. Modeling behavior management technique

a 10-min interval was given, after which the dental pro-
cedure was initiated.

The values for 3 different parameters (P1-P3) evaluated
in the study were recorded on 4 occasions (T1-T4) for
each group. The FLACC scores (P4) were recorded only
during the intraoperative period (T3).

Dental procedure

After the intervention, the children in all 3 groups were
prepared for the dental procedure. A class 1 or class 2 den-
tal cavity preparation was carried out in primary/perma-
nent molars. The surface was etched, rinsed, and a bond-
ing agent was applied and cured. An appropriate shade
of composite restoration was then placed and cured, and
the occlusal adjustments were made. The entire proce-
dure, from the initial stage of the cavity preparation to the
placement of the restorative material and occlusal adjust-
ment was completed in 20—30 min.

Fig. 4. Yogic relaxation behavior management technique

A. Pancha Kosha; B. Bhramari Pranayama; C. Nadi Shodhana.
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Statistical analysis

Descriptive and inferential statistics were analyzed
using the IBM SPSS Statistics for Windows software, v. 20.0
(IBM Corp., Armonk, USA). The mean (M) and standard
deviation (SD) were used to summarize the quantita-
tive data. Multivariate analysis of variance (MANOVA)
was employed to conduct intergroup comparisons of the
3 groups for the analyzed parameters (P1-P4) at vari-
ous time points (T1-T4). A p-value of less than 0.05 was
considered statistically significant.

Results

Preoperative period

The MANOVA test was conducted to examine the multi-
variate effects of the variable “group” on the dependent
variables. The Pillai’s trace test statistic yielded a signifi-
cantresult (F = 4.873, degrees of freedom (df) = 6.000, error
df = 52.000, p = 0.001), indicating that there is a statistically
significant multivariate effect of the “group” variable on
the dependent variables. The effect size, as indicated by
partial eta squared, was moderate (0.360). Additionally,
the Wilks’ lambda test statistic yielded a significant result
(F =5.351, df = 6.000, error df = 50.000, p < 0.001), provid-
ing additional evidence for the presence of a significant
multivariate effect. The effect size was moderate (0.391).
The Hotelling’s trace test statistic was found to be signifi-
cant (F = 5.807, df = 6.000, error df = 48.000, p < 0.001),
providing further evidence of a significant multivariate
effect, with a moderate effect size (0.421). Finally, the
Roy’s largest root test statistic yielded a highly significant
result (F = 10.896, df = 3.000, error df = 26.000, p < 0.001),
indicating a substantial multivariate effect of the “group”
variable on the dependent variables. The effect size was
large (0.557). Overall, the results of the MANOVA test

Table 1. Results of the multivariate test in the preoperative period (T1)

demonstrate that the variable “group” has a significant
and meaningful multivariate effect on the dependent
variables (Table 1).

Table 2 shows the results of the between-subject effects
analysis for the dependent variables “oxygen saturation’,
“pulse rate” and “FIS” in relation to the independent vari-
able “group.” With regard to the dependent variable “oxy-
gen saturation’, the Type III sum of squares was 44.067,
and the mean square was 22.033. The F-value was 2.821,
and the p-value was 0.077, which is not statistically signifi-
cant. The effect size, as measured by partial eta squared,
was 0.173, indicating a small effect. With regard to the
pulse rate, the Type III sum of squares was 48.200, and
the mean square was 24.100. The F-value was 0.817, and
the p-value was 0.452, indicating that the observed effect
is not statistically significant. The effect size was small
(0.057). In contrast, for the dependent variable “FIS’, the
Type III sum of squares was 11.667, and the mean square
was 5.833. The F-value was 13.938, and the p-value was
<0.001, indicating a statistically significant effect. The
effect size was considerable (0.508). In summary, the
analysis demonstrates that the variable “group” has a sig-
nificant influence on the dependent variable “FIS’;, with
a large effect size. No statistically significant effects of the
“group” variable on the oxygen saturation and pulse rate
were identified, although a small effect size was observed
for the “oxygen saturation” variable.

After conditioning

Table 3 presents the results of the multivariate test after
conditioning, examining the effects of the variable “group”
on the dependent variables. The Pillai’s trace test statis-
tic yielded a non-significant result (F = 0.585, df = 6.000,
error df = 52.000, p = 0.740), suggesting that there is no
statistically significant multivariate effect of the “group”
variable on the dependent variables after conditioning.
The effect size, as measured by partial eta squared, was 0.063,

Multivariate test

Pillai's trace 0.720 4.873

| o Wilks lambda 0371 5351
‘ Hotelling’s trace 1452 5.807
Roy's largest root 1.257 10.896

6.000 52.000 0.001* 0.360

6.000 50.000 <0.001* 0.391 ‘
6.000 48.000 <0.001* 0421 ‘
3.000 26.000 <0.001* 0.557 ‘

* statistically significant (p < 0.05, multivariate analysis of variance (MANOVA)); df — degrees of freedom.

Table 2. Results of the between-subject effects analysis in the preoperative period (T1)

Dependent variable

Type Ill sum of squares Mean square Partial eta squared

| oxygen saturation 44067 22033 2821 0077 0.173 |
‘ Group pulse rate 48.200 24.100 0817 0452 0.057 ‘
FIs 11667 5833 13938 <0001* 0.508 |

* statistically significant (p < 0.05, MANOVA); FIS — facial image scale.
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indicating a small effect. Similarly, the Wilks’ lambda
test statistic yielded a non-significant result (F = 0.578,
df = 6.000, error df = 50.000, p = 0.746), further confirm-
ing the abscence of a significant effect of the “group”
variable on the dependent variables. The effect size
was small (0.065). Additionally, the Hotelling’s trace
test statistic was found to be non-significant (F = 0.570,
df = 6.000, error df = 48.000, p = 0.752), with a small effect
size (0.066). Finally, the Roy’s largest root test statistic also
yielded a non-significant result (F = 1.162, df = 3.000, error
df = 26.000, p = 0.343). The effect size was small (0.118).
In summary, the results of the multivariate test after
conditioning demonstrate that there is no statistically
significant multivariate effect of the variable “group” on
the dependent variables. The observed effect sizes are
small, suggesting that the variable “group” has a minimal
impact on the dependent variables after conditioning.

Intraoperative period

Table 4 presents the results of the multivariate test,
indicating the effects of the variable “group” on the de-
pendent variables in the intraoperative period. The Pillai’s
trace test statistic yielded a significant result (F = 3.913,
df = 8.000, error df = 50.000, p = 0.001), suggesting a sta-
tistically significant multivariate effect. The effect size, as
measured by partial eta squared, was moderate (0.385).
Similarly, the Wilks’ lambda test statistic yielded a sig-
nificant result (F = 6.187, df = 8.000, error df = 48.000,
p < 0.001), providing further evidence for the presence
of a significant multivariate effect. The effect size was
moderate (0.508). The Hotelling’s trace test statistic was
found to be statistically significant (F = 8.838, df = 8.000,
error df = 46.000, p < 0.001), with a large effect size
(0.606). Finally, the Roy’s largest root test statistic yielded
a highly significant result (F = 19.109, df = 4.000, error

Table 3. Results of the multivariate test after conditioning (T2)

df = 25.000, p < 0.001), indicating a substantial multivari-
ate effect of the variable “group” on the dependent vari-
ables. The effect size was large (0.754). In summary, the
results of the multivariate test demonstrate that the vari-
able “group” has a significant and meaningful multivari-
ate effect on the dependent variables. The observed effect
sizes are generally moderate to large, indicating a notable
impact of the variable “group” on the dependent variables
in the intraoperative period.

Table 5 presents the results of the between-subject
effects analysis, examining the impact of the variable
“group” on the dependent variables. With regard to the
dependent variable “oxygen saturation’, the Type III sum
of squares was 76.067, while the mean square was 38.033.
The F-value was 3.506, and the p-value was 0.044, indi-
cating a statistically significant result. The effect size, as
measured by partial eta squared, was moderate (0.206).
Regarding the dependent variable “pulse rate’; the Type
III sum of squares was 447.200, and the mean square
was 223.600. The F-value was 5.337, and the p-value was
0.011, which is statistically significant. The effect size was
moderate (0.283). In relation to the FIS, the Type III sum
of squares was 20.867, and the mean square was 10.433.
The F-value was 8.668, and the p-value was 0.001, indi-
cating a statistically significant effect. The effect size was
large (0.391). Finally, for the dependent variable “FLACC’,
the Type III sum of squares was 81.867, and the mean
square was 40.933. The F-value was 17.599, and the
p-value was <0.001, indicating a highly significant effect.
The effect size was large (0.566). In summary, the analysis
reveals that the variable “group” has a considerable influ-
ence on the dependent variables. Significant effects were
observed for all examined variables. The effect sizes were
generally moderate to large, suggesting that the variable
“group” has a notable impact on these dependent vari-
ables.

Multivariate test

Pillai’s trace 0.127 0.585

| . Wilks' lambda 0874 0578
‘ P Hotelling's trace 0.142 0.570
Roy’s largest root 0.134 1.162

6.000 52.000 0.740 0.063

6.000 50.000 0.746 0.065 ‘
6.000 48.000 0.752 0.066 ‘
3.000 26.000 0.343 0.118 ‘

* statistically significant (p < 0.05, MANOVA).

Table 4. Results of the multivariate test in the intraoperative period (T3)

Multivariate test

‘ Pillai’s trace 0.770 3913
| . Wilks' lambda 0242 6187
‘ P Hotelling's trace 3.074 8.838

Roy’s largest root 3.057 19.109

8.000 50.000 0.001* 0.385 ‘
8.000 48.000 <0.001* 0.508 ‘
8.000 46.000 <0.001* 0.606 ‘
4.000 25.000 <0.001* 0.754 ‘

* statistically significant (p < 0.05, MANOVA).
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Postoperative period

Table 6 presents the results of the multivariate test,
which examines the effects of the variable “group” on
the dependent variables in the postoperative period.
The Pillai’s trace test statistic yielded a significant result
(F =4.824, df = 6.000, error df = 52.000, p = 0.001), indicat-
ing a statistically significant multivariate effect. The effect
size, as measured by partial eta squared, was moderate
(0.358). Similarly, the Wilks’ lambda test statistic yielded
a significant result (F = 6.612, df = 6.000, error df = 50.000,
p < 0.001), further supporting the presence of a signifi-
cant multivariate effect. The effect size was moderate
(0.442). The Hotelling’s trace test statistic was found to
be significant (F = 8.531, df = 6.000, error df = 48.000,
p < 0.001), with a moderate effect size (0.516). Finally, the
Roy’s largest root test statistic yielded a highly significant
result (F = 18.137, df = 3.000, error df = 26.000, p < 0.001),
indicating a substantial multivariate effect of the variable
“group” on the dependent variables. The effect size was
large (0.677). In conclusion, the results of the multivariate
test demonstrate that the variable “group” has a signifi-
cant and meaningful multivariate effect on the dependent
variables. The observed effect sizes were generally mod-
erate to large, indicating a notable impact of the variable
“group” on the dependent variables.

Table 7 presents the results of the analysis for the
between-subject effects, examining the effects of the

variable “group” on the dependent variables. With regard
to the dependent variable “oxygen saturation’, the Type III
sum of squares was 130.200, while the mean square was
65.100. The F-value was 4.929, and the p-value was 0.015,
indicating a statistically significant result. The effect size,
as measured by partial eta squared, was moderate (0.267).
Regarding the dependent variable “pulse rate’, the Type
II sum of squares was 534.067, and the mean square
was 267.033. The F-value was 4.575, and the p-value was
0.019, indicating a statistically significant effect. The ef-
fect size was considered moderate (0.253). With regard to
the dependent variable “FIS’, the Type III sum of squares
was 34.200, and the mean square was 17.100. The F-value
was 13.383, and the p-value was <0.001, indicating a highly
significant effect. The effect size was large (0.498). In
summary, the analysis reveals that the variable “group”
has a significant influence on the dependent variables.
The effect sizes are generally moderate to large, suggest-
ing that the variable “group” has a notable impact on these
dependent variables.

Discussion

Dental anxiety originates from the sight of an anxious
stimulus, which can be inculcated during childhood
and subsequently propagated into adulthood. The den-
tist should address the root cause in order to provide

Table 5. Results of the between-subject effects analysis in the intraoperative period (T3)

Source Dependent variable | Type Ill sum of squares Mean square Partial eta squared
oxygen saturation 76.067 38.033 3.506 0.044* 0.206
pulse rate 447.200 223.600 5337 0.011* 0.283
Group
FIS 20.867 10433 8.668 0.001* 0.391
FLACC 81.867 40.933 17.599 <0.001* 0.566

* statistically significant (p < 0.05, MANOVA); FLACC - Face, Leg, Activity, Cry, and Consolability scale.

Table 6. Results of the multivariate test in the postoperative period (T4)

Multivariate test

Pillai's trace 0.715 4.824 6.000 52.000 0.001* 0.358

Group Wilks'lambda 0311 6.612 6.000 50.000 <0.001* 0442
Hotelling’s trace 2133 8.531 6.000 48.000 <0.001* 0.516

Roy’s largest root 2.093 18.137 3.000 26.000 <0.001* 0.677

* statistically significant (p < 0.05, MANOVA).

Table 7. Results of the between-subject effects analysis in the postoperative period (T4)

Dependent variable

Type Ill sum of squares

Mean square Partial eta squared

oxygen saturation 130.200 65.100 4929 0.015* 0.267
Group pulse rate 534.067 267.033 4575 0.019* 0.253
FIS 34.200 17.100 13.383 <0.001* 0498

* statistically significant (p < 0.05, MANOVA).
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an uncompromised treatment.!®> A variety of methods
have been employed for behavior managementin children,
including behavior shaping and positive reinforcement,
tell-show-do, enhancing control, distraction, systemic de-
sensitization, and modeling.!® The United Nations General
Assembly adopted June 21% as the International Day
of Yoga.!” The yogic relaxation technique represents a less
invasive alternative behavior management technique due
to its novel approach and ease of application.

The concrete operational stage of cognitive develop-
ment is observed in children between the ages of 7 and
11. As the study required the patients to understand and
reproduce various yogic relaxation techniques, the age
group of 6-12 years was selected for the study.!®

Based on the learning theory of behavior management,
the tell-show-do technique prepares the child to over-
come their fear. It reduces uncertainty, alleviates anticipa-
tory anxiety, and facilitates patient education and behav-
ior guidance.’*?

Modeling is based on learned experience and obser-
vation of the visual impulses, which can be conducted
through a live model or delivered through videos.?'*? Live
modeling is an essential alternative to the tell-show-do
technique. Using parents as a live model is a tangible tech-
nique in dental clinical practice.?>** The tell-show-do and
live modeling techniques have been shown to reduce anx-
iety in pediatric patients.?3?>-28 Thus, these techniques
have been selected as the standard comparison methods
for the yogic relaxation technique.

Yoga is used as an alternative treatment modality in var-
ious fields of medicine, including oncology. It improves
the psychological well-being in adult cancer patients.?*-32
In the pediatric population, yoga has been shown to miti-
gate the emotional and psychological challenges associ-
ated with chemotherapy and radiotherapy.333*

Yoga, along with visual modeling and pedagogy in mass
education has been demonstrated to enhance the learn-
ing capability of children with autism spectrum disorder
(ASD) in tooth brushing.®® It also enhances motor activity
and imitation skills, % and improves attention and hyper-
activity among ASD children.®” Additionally, it has been
shown to reduce stress, anxiety and depression,3% and
to improve attentional control and heart rate variabil-
ity.*4? The practice of yoga and mindfulness improves
the socio-emotional function and regulatory skills, such
as behavioral self-regulation and executive function.®
Yoga has an anxiolytic effect in the management of adult
patients undergoing endodontic treatment.*

Yoga modulates breathing activity, balances the sympa-
thetic and parasympathetic systems, reduces the work-
load on the heart and the oxygen requirement, decreases
the pulse rate, increases oxygen saturation, and induces
relaxation.®

The pulse rate can be considered a psychological
marker of anticipatory anxiety.***” Fear and anxiety are
triggered by breathlessness, a dysfunctional respiratory
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control mechanism, hypoxia, and hypocapnia.®® Stress
can alter the respiratory rate pattern, influencing the oxy-
gen saturation and partial pressure of carbon dioxide in
the blood.*” The FIS is a reliable method for evaluating
children’s dental anxiety.’®>! The FLACC is accurate and
sensitive in measuring procedure pain.’>®® Hence, the
abovementioned parameters were selected to assess the
anxiety and pain levels during the course of the study.

In the study, during both the intraoperative and post-
operative periods, oxygen saturation was significantly higher
in the yogic relaxation technique group. Additionally, the
yogic relaxation technique group exhibited lower pulse
rates, FIS and FLACC scores compared to the tell-show-
do and modeling technique groups. The yogic relaxation
technique was implemented through the use of 3 differ-
ent yoga poses; however, no subgroups were designated to
assess the efficacy of individual poses. To the best of our
knowledge, our study was the first to use a yogic relax-
ation technique as a behavior modification technique
among pediatric patients in a dental setting.

Conclusions

The practice of yoga has a positive influence on the gen-
eral health of the individual. Various behavior manage-
ment techniques, including the tell-show-do technique,
have been know to reduce dental anxiety in children. Our
study has shown the anxiolytic effect of the yogic relax-
ation technique in comparison to the tell-show-do and
modeling techniques. Thus, the yogic relaxation tech-
nique can be considered an alternative behavioral modi-
fication technique for reducing dental anxiety among
pediatric patients.
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Abstract

Background. Resin-modified glass ionomer cement (RMGIC) is considered a fluoride-releasing bonding
agent.

Objectives. The aim of the study was to evaluate the rate of bracket bond failure with light-cured
composite (LCC) and RMGIC, and to evaluate factors that contribute to the rate of bracket failure with both
bonding agents.

Material and methods. A randomized controlled trial was conducted on a sample size of 33 patients.
The patients were randomly allocated for bonding with visible LCC (control group) or RMGIC (intervention
group) using the lottery method. The study was double-blinded. The rate of bracket bond failure was
assessed after a follow-up of minimum 3 months and evaluated using the survival regression analysis,
taking into account the effects of bonding agents and other factors influencing bracket bond failure.

Results. A total of 33 participants were recruited for the study, and 66 quadrants for the intervention and
control groups were randomly selected and analyzed. The data was normally distributed and the mean
age of the subjects was comparable between both bonding systems. The results of the regression analysis
indicated that there was no statistically significant difference between the rate of bracket bond failure with
RMGICand LCC (p = 0.081). However, after analyzing the mean days of survival, it was found that bracket
survival was negligibly low with RMGIC, with a mean of 216.00 +133.72 days as compared to LCC, with
amean survival of 224.11 £124.59 days. No adverse effects were observed during the course of the trial.

Conclusions. There was no difference in the rate of bracket bond failure between the intervention and
control groups. The survival rate of brackets treated with RMGIC was found to be comparable to that of L(C,
with a minimal difference.

Keywords: bonding agent, bond strength, bracket failure
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Introduction

The bonding of brackets to the tooth surface is a technique-
sensitive procedure that requires proficient operator
control.! The ideal orthodontic bracket bonding mate-
rials should have adequate shear bond strength to reduce
the incidence of bracket breakage.?® Factors that contrib-
ute to the loss of bond strength between the bracket and
the tooth include mastication occlusal forces, orthodon-
tic stresses exerted by the archwire, the oral environment,
and, most importantly, the bonding technique.*~® The oc-
currence of repeated breakages not only increases the du-
ration of treatment but also compromises the treatment
outcomes. For every bracket breakage, there are approx.
15 days of expected treatment time.”® Frequent bracket
bond failure may be indicative of poor patient coopera-
tion toward orthodontic treatment.>*°

To increase the shear bond strength and reduce the rate
of bond failure, a range of bonding agents have been intro-
duced, including composite, resin-modified cement and
polyacid-modified composites (compomers).!'*2  Each
bonding material is polymerized by a different curing mech-
anism.!® Composite, which is either polymerized by a self-
activated chemical reaction or visible blue light activation,
is a widely used material for orthodontic bracket bonding.!*

In recent years, light-cured composites (LCCs) have
been rapidly replaced by chemical cure bonding systems.'®
The LCC system contains camphorquinone, which serves
as an initiator and is triggered by visible blue light at
420-450 nm.'® The advantages of LCCs include increased
working time, easier manipulation and increased accu-
racy of bracket placement while bonding.'” The disadvan-
tages of light-cured bonding systems include harmful ef-
fects of visible blue light and increased armamentarium.!®

Patients undergoing orthodontic treatment are usu-
ally at high risk of caries. Previous reports have proven
that the fluoride-releasing properties of glass ionomer
cements (GICs) decrease the risk and progression of dental
caries.!®1316 Fluoride is discharged as a result of the reac-
tion between polyacid and aluminosilicate glass. As the
glass network breaks down, it releases Ca%*, Al>* and F
ions.® Glass ionomer cements also absorb fluoride from
toothpaste or mouthwash rinses and re-mineralize them-
selves, releasing fluoride continuously. This eventually
results in a reduction in the incidence of caries and white
spot lesions (WSLs) around the brackets in orthodontic
patients.!® After the introduction of GICs, researchers
observed that their bond strength was significantly lower
than that of conventional composite (CC) materials, as
reported in both in vivo and in vitro studies.!*'? This led
to the development of resin-modified GIC (RMGIC) in
1997.1920 Resin-modified GIC has combined the strength
of the resin bond to enamel and the fluoride-releasing
ability of GICs. This makes it a favorable material with
a reduced bracket failure rate and a reduced occurrence
of demineralized WSLs (DWSLs).2’ Despite all the efforts,
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RMGIC has not gained popularity due to a lack of publica-
tions on the subject. A study by Gaworski et al. evaluated
the bracket failure rate of RMGIC and self-cured composite
and concluded that the bracket failure rate of RMGIC was
25%, as opposed to the 7.4% bracket failure rate of CC.2!
A study by Choo et al. found no difference in the bracket
failure rate between the 2 agents.? Similarly, a single-arm
randomized controlled trial by Hitmi et al. demonstrated
a clinically acceptable bracket failure rate with RMGIC.?

A number of studies have compared the shear bond
strength of GIC with various polymerization techniques
of composite.!8-2° Glass ionomer cements are being used
as restorative materials, luting agents, cavity liners, and
sealants.?? However, the shear bond strength of GIC is
questionable when compared with composite for the
bonding of brackets. A novel modification has recently
been introduced, comprising a combination of glass iono-
mer particles and resin composite filler particles, with the
objective of increasing its strength. Previous reports have
indicated that RMGIC is not only less technique-sensitive
than composite resins but also exhibits caries resistance
and has an efficient bond strength.21-?2

Previous studies have compared the shear bond strength
of various bracket bonding techniques.!*?* For example,
Hegarty and Macfarlane found a 16% bracket breakage rate
with RMGIC bonding systems and a 3% bond failure rate
with LCC.2 They also reported no significant difference in
the rate of bond failure between RMGIC and visible LCC.23

Objectives

The aim of the study was to compare the rate of bond
failures in RMGIC and visible LCC over a three-month
period. The null hypothesis was that there was no sig-
nificant difference in the rate of bond failure between
RMGIC and visible LCC.

Material and methods
Trial design

A double-blind, split-mouth, randomized controlled
trial was conducted after obtaining ethical approval from
the Aga Khan University Hospital (AKUH) Ethical Review
Committee (approval No. 2022-5282-23281). The protocol
for this clinical trial was registered in the ClinicalTrials.gov
database (registration No. NCT06602154). There was no
deviation in the protocol after registration. After the accep-
tance of the protocol and the commencement of the trial,
no alterations were made to the assessment of the outcome.
The principles of Good Clinical Practice (GCP) and the
Declaration of Helsinki were strictly followed throughout
the course of the study. The PICOS model used for this
clinical trial is as follows: the Participants were orthodontic
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patients; the Intervention was RMGIC; the Control was
LCC; the Outcome was bracket bond failure; and the Study
design was a split-mouth randomized controlled trial.

Study sample

The enrollment of participants started in October 2020,
and the last participant was enrolled in January 2022. The
patients were recruited from an orthodontic clinic of the
Aga Khan University Hospital in Karachi, Pakistan. In the
study, we included all patients who expressed willingness to
initiate orthodontic treatment with fixed appliance therapy
and who were aged between 14 and 40 years and perceived
to be compliant. All patients who were willing to partici-
pate in the study signed the consent form. The age range
of patients who preferred fixed orthodontic mechanotherapy
was considerable. Consequently, age was included as
a stratification variable in the regression analysis, with
the objective of eliminating age as a confounding factor.
Patients with enamel surface defects, fluorosis, or syndromic
conditions (e.g., hypodontia or microdontia) were excluded
from the study. Similarly, patients at high risk of dental
caries and those who chose ceramic brackets due to aes-
thetic concerns were also excluded.

Interventions

All patients included in the study were bonded with fixed
0.022” slot metal brackets (3M™ Unitek™; 3M, Diegem,
Belgium) in accordance with the Roth prescription. The
bonding of the brackets was performed after full-mouth
scaling and polishing, using a direct bonding approach in
a split-mouth design. The control and intervention groups
were bonded on the opposite arches in the contralateral
quadrants and vice versa. Etching was conducted with
37% phosphoric acid for 15 s in both bonding systems.
The nickel titanium (NiTi) wires were used for leveling
and alignment, beginning with 0.012” NiTi wires and pro-
gressing sequentially to 0.018” Stainless Steel (SS) wires.
The procedure was concluded with the use of a 0.07 x 25”
SS wire. All molars were sealed with GIC.

The control in our study was the gold standard
LCC (Transbond XT Light Cure Adhesive; 3M). The
intervention was light-cured with Riva, resin-reinforced
glass ionomer restorative cement (HV capsules refill). All
patients included in the study underwent bonding with
both LCC and RMGIC in the contralateral quadrants
of the opposing arches. All participants were given the
same instructions regarding the care of their brackets and
the necessity of avoiding the consumption of hard food
items, especially using the front teeth, as well as the need
to refrain from fiddling with brackets using the tongue or
fingers. Patients were asked to attend orthodontic visits
at three-week intervals. During these visits, any bracket
breakages were recorded. The procedure was conducted
over a three-month period.
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Outcomes

The primary objective of this study was to compare
the incidence of bracket bond failure in the contralateral
quadrants, from the central incisor to the second premo-
lars, in both arches, between the use of RMGIC and LCC.
In our clinical practice, bracket bond failure for all ortho-
dontic patients is recorded in well-maintained orthodon-
tic record files. These files also contain other variables,
including pre-treatment extraoral and intraoral photo-
graphs, findings from model casting, and cephalometric
variables. After 3 months, the incidence of bracket bond
failure was assessed based on the files of all included
patients, without knowing the type of bonding agent
used for bracket attachment. Additionally, the duration of
bracket survival and the total number of breakages were
documented.

The secondary objective of this study was to identify the
factors that can contribute to bracket bond failure in both
bonding systems. The dataset included data from the
incisors to the premolars in all quadrants, but excluded
data from the molars. In the assessment of outcomes, only
first-time bracket breakage and the duration of bracket
survival were recorded. In accordance with standard clin-
ical practice, all orthodontic patients with bracket break-
ages underwent rebonding with LCC.

Sample size

The sample size was calculated using OpenEpi v. 3.01
sample size calculator (https://www.openepi.com/Menu/
OE_Menu.htm), based on the findings of Hegarty and
Macfarlane, who reported a bond failure percentage
of 30% with light-cured adhesive and a risk ratio of 2.6
(1.7-3.9) for RMGIC as compared to resin-based
LCC.% In order to maintain the above risk ratio at a 5%
level of significance (a) and 80% power of study (1-f),
a minimum of 33 subjects were required for this study
(Fig. 1).

Assessed for eligibility (N = 51) |

Excluded (n=18):
® not meeting the inclusion
criteria (n = 14)
@ declined to participate (n = 4)

f‘ Randomized (n = 33) }1

Allocated to the control
group (n = 33)
© Received the allocated
intervention (n = 33)

Allocated to the intervention

Allocation I group (n=33)

° ived the all d
intervention (n = 33)

v v

Lost to follow-up (n = 0) | l

v v

Analyzed (n = 33) | I

Follow-up | |

Lost to follow-up (n = 0) |

I Analysis I| Analyzed (n = 33) |

Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram


https://www.openepi.com/Menu/OE_Menu.htm
https://www.openepi.com/Menu/OE_Menu.htm
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Interim analyses and stopping guidelines

During the course of the study, no interim analysis was
performed, and no adverse events were reported by any
of the participants.

Randomization (sequence generation,
allocation concealment, implementation)

Brackets were bonded in the contralateral quadrants
by randomization. The upper right quadrant was bonded
with RMGIC and LCC using a simple random lottery
method, while the remaining quadrants were bonded in
accordance with the split-mouth design. Patients were re-
cruited, and the investigator (HQ) provided an overview
of the study design and objectives.

Blinding

This trial was double-blinded. The patients were unaware
of the bonding system used in each quadrant, as visible
blue light was used to bond both RMGIC and LCC. The
investigator responsible for recording the rate of bracket
breakage from the patient files was also blinded.

Statistical analysis

The normality of the data was evaluated using the
Shapiro—Wilk test on the IBM SPSS Statistics for Windows
software, v. 23.0 (IBM Corp., Armonk, USA). Subsequently,
the data was analyzed using the Software for Statistics and
Data Science (STATA, v. 12.0; StataCorp LCC, College
Station, USA). Normally-distributed data was reported as
means and standard deviations for continuous variables.
All categorical variables were presented as frequency
and percentages. The comparative analysis of the rate
of bracket bond failure and the assessment of the factors
influencing the bracket survival rate were conducted
using the survival regression analysis.

Results

Participants flow

The participants were recruited from October 2020 to
January 2022. A total of 33 participants were included in
the study, and 66 quadrants were randomly bonded with
each bonding system.

Baseline data

The descriptive variables, including age, sex, the divergence
pattern, overjet, and overbite of the included patients are
presented in Table 1.

H. Qabool et al. Bond failure with RMGIC and LCC

Table 1. Descriptive statistics of the study participants

Parameter Value

Sex females 17 (51.5%)

n (%) males 16 (48.5%)

Age [years]

M+SD 16.80 £9.74
hypodivergent 10 (18.2%)

Divergence pattern . o

n (%) normodivergent 17 (51.5%)
hyperdivergent 6 (30.3%)

FMA [°]

M+SD 24.84 £5.38

Overjet [mm]

M+SD 534 +3.28

Overbite [mm]

M4SD 3.81 4225

M = mean; SD - standard deviation; FMA — Frankfort-mandibular plane
angle.

Numbers analyzed for each outcome,
estimation and precision

The rate of bracket bond failure was assessed in 33 pa-
tients, with no follow-up loss reported during the course
of this study. The stratification for bracket bond failure
was conducted for both techniques based on the incisor
relationship, vertical mandibular pattern, and the side and
site of the jaw.

Comparison of bracket bond failure between
the intervention and control groups

A demographics analysis revealed that the mean bracket
survival rate for RMGIC was 216.00 +133.72 days, while
the gold standard LCC-bonded brackets survived for
a mean duration of 224.11 +124.59 days (Table 2). In this
split-mouth randomized controlled trial, the incidence
of bracket bond failure with RMGIC was found to be
statistically non-significant (p = 0.291), with a hazard ratio
of 1.44 when LCC was used as a reference.

Dentoalveolar factors influencing bracket bond failure

Using incisor class I as a reference, we found a non-
significant difference in the incisor relationship of bracket
bond failure in class II/1 (p = 0.515), class I1/2 (p = 0.060)
and class III (p = 0.384). Additionally, no significant
difference was observed in bracket bond failure in the
mandibular jaw when the maxillary jaw was used as
a reference (p = 0.462). Similarly, no significant difference
was noted in the posterior segment (p = 0.163) or the
left site (p = 0.110) when the anterior segment or the
right site, respectively, were used as references (Fig. 2).
Moreover, overjet and overbite exhibited no statistically
significant influence on bracket bond failure, with hazard
ratios of 1.08 and 0.99, respectively (Table 3).
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Table 2. Mean bracket survival for resin-modified glass ionomer cement (RMGIC) and light-cured composite (LCC)
RMGIC (n = 33) LCC (n=33) RMGIC (n = 33) LCC(n=33)
Parameter e [days] Parameter [days] [days]
class | 187.38 £113.57 197.71 £117.76 LU central incisor 260.00 +191.94 167.26 +89.05
i lass 11/1 21840 £145.14 226.98 £129.90
Incisor class I/ LU lateral incisor 2616213448 16726 £89.05
relationship class 1172 256.16 £89.71 226.98 £129.90
class Il 246.80 +129.87 267.11 +124.90 LU canine 281.16 £130.83 167.26 £89.05
- hypodivergent 192.03 £93.51 192.03 £93.51 LU first premolar 247.83 £151.35 167.26 £89.05
ivergence )
i normodivergent  210.10£14140 21010 £14140 LU second premolar 25588 4136.19  159.733 £93.72
hyperdivergent ~ 272.16 +153.86 27216 £153.86 RL central inci - 7 B A
anterior 21639413700  227.95+12389 centratincisor SRR PO
Segment posterior 21540 +129.17 21837 +125.88 RL lateral incisor 259.00 £189.79 176.56 £93.72
Arch maxillary 21776 £132.87 21873 £12641 RL canine 25141413715 168.56 £96.82
mandibular  214.1813500 22934412259 RL first premolar 27911413456 176,56 9372
Sit right 21776 £132.87 27023 £132.02
ite left 165.78 £77.82 170.56 489 64 RL second premolar 279.11 £134.56 176.56 £93.72
RU central incisor 167.26 +89.05 276.66 +136.06 LL central incisor 167.26 £89.05 269.11 £125.82
RU lateral incisor 167.26 +89.05 281.16 +130.83 LL lateral incisor 15386 +8527 281.16 £130.83
RU canine 161.73 +94.60 273.83 13441 LL canine 137.60 £92.22 281.16+£130.83
RU first premolar 164.60 £92.88 24588 +£150.43 LL first premolar 152.66 £93.58 281.16 £130.83
RU second premolar 167.26 +89.05 236.88 £141.75 LL second premolar 145.73 £93.14 27533 +£124.59

RU - right upper; LU - left upper; RL - right lower; LL - left lower. Data expressed as M +SD.

Kaplan-Meier survival estimates (bonding agent) Kaplan—Meier survival estimates (anterior & posterior sites) Kaplan-Meier survi y& i arches)
S~ 84 ————— g
g g g
g &4 ; 8 . g
2 = Anmsis time [’gzys] ] o 19 Ari:g?ysis time mys] st 2 & s An;?yosis time mys] i
[ ——Lcc RMGIC | [ anterior site posterior site | maxillary arch mandibular arch |
Kaplan-Meier survival estimates (right & left sides) Kaplan-Meier survival estimates (incisor relationship) Kaplan—Meier survival estimates (vertical angle)
84 g —_ g
© © = e
g g g
S 8 3
g g
g s 100 200 300 500 o 100 200 30 500
[ 100 200 300 500 Analysis time [days] Analysis time [days]
Analysis time [days] class | class /1 — hyperdivergent normodivergent
\ right side left side ] class Il/2 class lll ~— hyp g
Fig. 2. Kaplan-Meier survival estimate graphs
Table 3. Factors influencing the survival of brackets
Variable Hazard ratio 95% CI p-value
Age 0.86 0.77-0.97 0.021*
Overjet 1.08 1.02-1.20 0.010%
Overbite 0.99 0.89-1.10 0.874
FMA 1.01 0.95-1.08 0.551
RMGIC (LCC used as a reference) 144 0.72-2.86 0.290
) ) hypodivergent 0.20 0.06-0.69 0.012%
Dlvergent pattern (normodwergent pattern used as a reference) .
hyperdivergent 0.59 0.24-1.46 0.252
Mandibular jaw (maxillary jaw used as a reference) 0.77 0.39-1.53 0465
Posterior segment (anterior segment used as a reference) 0.60 0.30-1.21 0.163
Left side (right side used as a reference) 173 0.88-3.40 0.103

* statistically significant (p < 0.05, survival regression analysis); C/ - confidence interval.
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Skeletal factors influencing bracket bond failure

In this study, we found that the hypodivergent profile
had a statistically significant influence on bracket bond
breakage (p = 0.020), with a hazard ratio of 0.20 when
the normodivergent pattern was used as a reference.
Conversely, the hyperdivergent profile demonstrated
a non-significant influence (p = 0.251).

Adverse effects

No adverse effects were observed or reported during
the course of the trial.

Discussion

In this split-mouth randomized controlled trial, no sig-
nificant difference was observed in bracket bond failure
between RMGIC and the gold standard LCC. Further-
more, our findings suggest that age and the hypodivergent
profile significantly influence bracket bond failure in both
bonding systems. In this study, we only assessed the first-
time bracket bond failure for all participants who had
been bonded with either RMGIC or LCC.

Available research on methods to reduce the prevalence
and incidence of WSLs among orthodontic patients is still
inconclusive, with significant discrepancies in the reported
outcomes.?*?” These discrepancies could be attributed
to the lack of a gold standard method for the detection
of demineralized spots on enamel surfaces.?® Studies
that employed clinical photographs for the comparison
of WSLs with RMGIC and LCC exhibited no statistically
significant difference over a three-month period.>*-2
However, Benson et al. reported that there was a signifi-
cant difference in the severity of WSLs with RMGIC and
LCC in the long-term follow-up.2* Hence, in accordance
with previous literature,?>=2” RMGIC should be used for
bracket bonding in high caries-risk orthodontic patients
to prevent further demineralization during treatment.

This study was designed to address the limitations of the
available literature on the comparison and evaluation
of bracket bond failure using RMGIC and LCC. Previous
studies were limited by their comparison of similar out-
comes between different subgroups of patients, which intro-
duced numerous confounding factors, such as differences in
oral hygiene maintenance, dietary patterns and habits, for all
subjects.?26 Therefore, this study was designed as a split-
mouth randomized controlled trial in which each partici-
pant was bonded with RMGIC as well as LCC.

Comparative ex vivo studies claimed that RMGIC
forms a weak bond with the enamel surface compared to
LCC.?”2 This could be because the enamel tags do not
form at an appropriate depth in dried extracted teeth.
Consequently, this study was conducted among ortho-
dontic patients to compare the incidence of bracket
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bond failure between the 2 bonding systems on the wet
enamel surface of vital teeth. The GIC of RMGIC forms
a chemical bond, whereas resin particles form a mechani-
cal bond with the enamel tags.?

The findings of our study indicate that the bracket sur-
vival rate with RMGIC is clinically acceptable, thereby
preventing the severity of enamel demineralization. Simi-
lar bond failure results with RMGIC were obtained in
the studies conducted by Powis et al.?> and Fricker.26 We
found that there was no significant difference in bracket
bond failure between RMGIC and LCC. In contrast to
these findings, Fricker’s study reported a significant dif-
ference in bracket bond failure between the mandibular
and maxillary jaws.?® This discrepancy may be attributed
to the fact that their study was not a split-mouth trial, with
different patients allocated to receive RMGIC and LCC.
Additionally, their results could be due to the difference
in occlusal forces and deep bite in the studied population.

Moreover, researchers have claimed that light-cured
RMGIC not only decreases the severity of WSLs but also
has multiple clinical benefits, including fast setting time
and a reduction in the inconvenience associated with
primer application.?*=2¢ A study conducted by Kaup et al.
claimed that light-cured RMGIC has greater bond strength
compared to chemically-cured RMGIC.” Similarly, our
study suggests that light-cured RMGIC should not only
be clinically acceptable but also be the preferred bonding
agent for orthodontic patients at high risk of caries.

The major strength of this trial is its split-mouth design.
A recent study conducted by Qabool et al. described a new
technique for the bonding of orthodontic brackets to re-
duce aerosol generation during the coronavirus disease
2019 (COVID-19) pandemic.?? We propose that RMGIC
and LCC should also be compared with this new technique.
However, to generate strong clinical evidence, further clini-
cal trials with larger sample sizes are required. Further-
more, future studies should be conducted with long-term
follow-up to evaluate the first evidence of WSLs.

Conclusions

The results of this randomized controlled trial indicate
that there is no statistically significant difference in the
incidence of bracket bond failure between light-cured
RMGIC and LCC. The rate of bracket survival with
RMGIC is clinically acceptable to justify its use in ortho-
dontic patients at high risk of dental caries.

Ethics approval and consent to participate

The study was approved by the Aga Khan University
Hospital (AKUH) Ethical Review Committee (approval
No. 2022-5282-23281). All patients who were willing to
participate in the study signed the consent form.



Dent Med Probl. 2024;61(5):651-657

Data availability

The datasets generated and/or analyzed during the cur-

rent study are available from the corresponding author on
reasonable request.

Consent for publication

Not applicable.

ORCID iDs

Hafsa Qabool
Jaweriyah Qabool
Rashna Hoshang Sukhia
Mubassar Fida

https://orcid.org/0000-0002-8968-2014
https://orcid.org/0000-0001-7308-264X
https://orcid.org/0000-0001-9210-6432
https://orcid.org/0000-0003-4842-9896

References

1.

Jian F, Lai W, Furness S, et al. Initial arch wires for tooth alignment
during orthodontic treatment with fixed appliances. Cochrane
Database Syst Rev. 2013;2013(4):CD007859. doi:10.1002/14651858.
CD007859.pub3

. Heravi F, Shafaee H, Abdollahi M, Rashed R. How is the enamel

affected by different orthodontic bonding agents and polishing
techniques? J Dent (Tehran). 2015;12(3):188-194. PMID:26622271.

. Bakhadher W, Halawany H, Talic N, Abraham N, Jacob V. Factors

affecting the shear bond strength of orthodontic brackets — a review
of in vitro studies. Acta Medica (Hradec Kralove). 2015;58(2):43-48.
doi:10.14712/18059694.2015.92

. Meeran NA. latrogenic possibilities of orthodontic treatment

and modalities of prevention. J Orthod Sci. 2013;2(3):73-86.
doi:10.4103/2278-0203.119678

. Salama F, Alrejaye H, Aldosari M, Almosa N. Shear bond strength

of new and rebonded orthodontic brackets to the enamel surfaces.
J Orthod Sci. 2018;7:12. d0i:10.4103/jos.JOS_158_17

. Viwattanatipa N, Jermwiwatkul W, Chintavalakorn R, Kanchanavasita W.

Weibull analysis of bond strength of orthodontic buccal tubes
bonded to resin composite surface with various techniques.
Orthod Waves. 2010;69(2):66-74. doi:10.1016/j.0dw.2009.12.013

. Normando D. Why do some orthodontic treatments last so

long while others do not? Dental Press J Orthod. 2017;22(2):9-10.
d0i:10.1590/2177-6709.22.2.009-010.edt

. Skidmore KJ, Brook KJ, Thomson WM, Harding WJ. Factors influencing

treatment time in orthodontic patients. Am J Orthod Dentofacial
Orthop. 2006;129(2):230-238. doi:10.1016/j.ajod0.2005.10.003

. Li X, Xu ZR, Tang N, et al. Effect of intervention using a messaging

app on compliance and duration of treatment in orthodontic
patients. Clin Oral Investig. 2016;20(8):1849-1859. doi:10.1007/s00784-
015-1662-6

. Mehra T, Nanda RS, Sinha PK. Orthodontists’ assessment and

management of patient compliance. Angle Orthod. 1998;68(2):115-122.
doi:10.1043/0003-3219(1998)068<0115:0AAMOP>2.3.C0O;2

. Keizer S, Ten Cate JM, Arends J. Direct bonding of orthodontic

brackets. Am J Orthod.
9416(76)90079-8

1976;69(3):318-327. do0i:10.1016/0002-

. Choo SC, Ireland AJ, Sherriff M. An in vivo investigation into the use

of resin-modified glass poly (alkenoate) cements as orthodontic
bonding agents. Eur J Orthod. 2001;23(3):243-252. doi:10.1093/
ejo/23.3.243

. Newman GV. Epoxy adhesives for orthodontic attachments:

Progressreport. AmJOrthod. 1965;51(12):901-912.d0i:10.1016/0002-
9416(65)90203-4

. Aguiar TR, Di Francescantonio M, Arrais CAG, Ambrosano GMB,

Davanzo C, Giannini M. Influence of curing mode and time on
degree of conversion of one conventional and two self-adhesive
resin cements. Oper Dent. 2010;35(3):295-299. doi:10.2341/09-252-L

. AlShaafi MM. Factors affecting polymerization of resin-based

composites: A literature review. Saudi Dent J. 2017;29(2):48-58.
doi:10.1016/j.sdentj.2017.01.002

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

657

. De Souza G, Braga RR, Cesar PF, Lopes GC. Correlation between

clinical performance and degree of conversion of resin
cements: A literature review. J Appl Oral Sci. 2015;23(4):358-368.
doi:10.1590/1678-775720140524

Hallgren A, Oliveby A, Twetman S. Caries associated microflorain plaque
from orthodontic appliances retained with glass ionomer cement.
Scand J Dent Res. 1992;100(3):140-143. doi:10.1111/j.1600-0722.1992.
tb01729.x

. Croll TP. Light-hardened glass ionomer resin cement restoration

adjacent to a bonded orthodontic bracket: A case report.
Quintessence Int. 1994;25(1):65-67. PMID:8190884.

. Hallgren A, Oliveby A, Twetman S. Fluoide concentration in plaque

adjacent to orthodontic appliance retained with glass ionomer
cement. Caries Res. 1993;27(1):51-54. doi:10.1159/000261515

Hitmi L, Muller C, Mujajic M, Attal JP. An 18-month clinical
study of bond failures with resin-modified glass ionomer
cement in orthodontic practice. Am J Orthod Dentofacial Orthop.
2001;120(4):406-415. d0oi:10.1067/mod.2001.115931

Gaworski M, Weinstein M, Borislow AJ, Braitman LE. Decalcification
and bond failure. A comparison of a glass ionomer and a composite
resin bonding system in vivo. Am J Orthod Dentofacial Orthop.
1999;116(5):518-521. d0i:10.1016/s0889-5406(99)70182-4

Kasrovi PM, Timmins S, Shen A. A new approach to indirect
bonding using light-cure composites. Am J Orthod Dentofacial
Orthop. 1997;111(6):652-656. d0i:10.1016/50889-5406(97)70319-6
Hegarty DJ, Macfarlane TV. In vivo bracket retention compari-
son of a resin-modified glass ionomer cement and a resin-based
bracket adhesive system after a year. Am J Orthod Dentofacial
Orthop. 2002;121(5):496-501. doi:10.1067/m0d.2002.122367

Benson PE, Alexander-Abt J, Cotter S, et al. Resin-modified glass
ionomer cement vs composite for orthodontic bonding: A multicenter,
single-blind, randomized controlled trial. Am J Orthod Dentofacial
Orthop. 2019;155(1):10-18. doi:10.1016/j.2jod0.2018.09.005

Powis DR, Folleras T, Merson SA, Wilson AD. Improved adhesion
of a glass ionomer cement to dentin and enamel. J Dent Res.
1982;61(12):1416-1422. doi:10.1177/00220345820610120801

Fricker JP. A 12-month clinical comparison of resin-modified light-
activated adhesives for the cementation of orthodontic molar
bands. Am J Orthod Dentofacial Orthop. 1997;112(3):239-243.
doi:10.1016/50889-5406(97)70250-6

Kaup M, Dammann CH, Schéafer E, Dammaschke T. Shear bond
strength of Biodentine, ProRoot MTA, glass ionomer cement
and composite resin on human dentine ex vivo. Head Face Med.
2015;11:14. doi:10.1186/513005-015-0071-z

Shirazi M, Mirzadeh M, Modirrousta M, Arab S. Comparative
evaluation of the shear bond strength of ceramic brackets
of three different base designs bonded to amalgam and composite
restorations with different surface treatment. Dent Med Probl.
2021;58(2):193-200. doi:10.17219/dmp/131684

Qabool H, Sukhia RH, Fida M, Arif A. Comparison of bracket bond
failure with the aerosol-generating and novel non-aerosol-generating
bonding techniques during the SARS-CoV-2 pandemic among
orthodontic patients: A retrospective cohort study. Dent Med Probl.
2022;59(2):187-193. doi:10.17219/dmp/146791






Kinesio Taping as an alternative therapy for limited mandibular mobility
with pain in female patients with temporomandibular disorders:
A randomized controlled trial

Magdalena Gebska'*~*, Bartosz Dalewski®~, tukasz Patka®"~F, Pawet Kiczmer*8, tukasz Kotodziej"*£F

T Department of Rehabilitation Musculoskeletal System, Pomeranian Medical University, Szczecin, Poland
2 Department of Dental Prosthetics, Pomeranian Medical University, Szczecin, Poland

3 Private Dental Practice, Zary, Poland

* Department and Chair of Pathomorphology, Faculty of Medical Sciences in Zabrze, Medical University of Silesia, Zabrze, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Dental and Medical Problems, ISSN 1644-387X (print), ISSN 2300-9020 (online)

Address for correspondence
tukasz Patka
E-mail: dr.Ipalka@gmail.com

Funding sources
None declared

Conflict of interest
None declared

Acknowledgements
None declared

Received on August 9, 2023
Reviewed on September 20, 2023
Accepted on October 1, 2023

Published online on June 4, 2024

Cite as

Gebska M, Dalewski B, Patka t, Kiczmer P, Kotodziej .
Kinesio Taping as an alternative therapy for limited mandibular
mobility with pain in female patients with temporomandibular
disorders: A randomized controlled trial. Dent Med Probl.
2024;61(5):659—670. doi:10.17219/dmp/173126

DOl
10.17219/dmp/173126

Copyright

Copyright by Author(s)

This is an article distributed under the terms of the

Creative Commons Attribution 3.0 Unported License (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/).

Dent Med Probl. 2024;61(5):659-670

Abstract

Background. Kinesio Taping (KT) is a non-invasive therapy commonly used in physiotherapy (PT). How-
ever, the available data on its effectiveness in patients with symptomatic temporomandibular disorders
(TMD) remains scarce and contradictory.

Objectives. The aim of the study was to evaluate the analgesic and myorelaxant effects of KT in TMD
patients with limited mandibular mobility.

Material and methods. A single-blind randomized controlled trial was conducted among female pa-
tients aged 20—45 years with Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) group Ib,
using a parallel group design and equal randomization (1:1). All patients underwent surface electromyo-
graphy (SEMG) of the masseter muscle (MAS), pain intensity was assessed using a Numeric Rating Scale
(NRS), and temporomandibular joint mobility was measured before and after 6 and 12 days of treatment.
The Perceived Stress Scale (PSS-10) questionnaire was administered on the first and last days of treat-
ment. Statistical analysis was performed using analysis of variance (ANOVA). Mauchly's sphericity test
determined changes over time and between groups for variables with a normal distribution. Bonferroni's
correction was used for post hoc multiple comparisons. Variables with a non-normal distribution were
analyzed using the nparLD package and multiple comparison post hoc test, while correlations were as-
sessed using Spearman'’s coefficient.

Results. Each treatment had a significant effect on the bioelectrical SEMG parameters (p = 0.05). Kinesio
Taping had a superior analgesic effect compared to the controls (p < 0.001). The combination of KT with
therapeutic exercise (TE) proved to be a more effective therapy for improving the maximal mouth opening
(MMO) and reducing perceived stress than monotherapy (p < 0.001). Minimally significant clinical differ-
ences were observed for SEMG, MMO and PSS-10 parameters after both therapies.

Conclusions. Kinesio Taping combined with TE may be considered an effective complementary non-
invasive treatment modality for TMD, either as a stand-alone or as part of the therapeutic process in patients
experiencing pain and limited mandibular ROM. Additionally, the use of KT and TE was found to have
a beneficial effect on perceived stress levels.
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Introduction

The etiology of temporomandibular disorders (TMD)
is considered multifactorial and continues to be under
increased scrutiny by researchers and orofacial pain cli-
nicians. Various factors, including stress, genetic deter-
minants, occlusal factors, and environmental factors
(especially psychoemotional and psychosocial factors),
have been identified as common causes of TMD.!3 The clini-
cal manifestations of TMD can be both subjective and ob-
jective. The most common symptoms include decreased
mandibular range of motion (ROM), pain in the mastica-
tory muscles and/or temporomandibular joints (TMJs),
joint clicking, tinnitus, pre-auricular pain, headaches
and/or cervical spine pain, and increased head and neck
muscle tension.**> According to contemporary scientific
findings, chronic myofascial pain accounts for more than
50% of all TMD diagnoses,® and the prevalence of TMD
is estimated to be greater than 5% of the population.®
Lipton et al. showed that approx. 6—12% of evaluated patients
had 1 or more TMD symptoms.” Wieckiewicz et al. con-
ducted research on the Polish population and found that
48.8% of patients were diagnosed with TM] disorders,
with displacement of the intervertebral disc with reduc-
tion being the most common (47.9%).% The prevalence
of TMD patients is highest among those aged between 20
and 40,° and women are affected 1.5-2.5 times more often
than men.0

The latest TMD standards of care highlight the impor-
tance of an individualized and multidisciplinary approach
to establish a diagnosis and implement treatment as early
as possible. This involves the prevention of chronic pain
via local sensitization.!' The patient should be referred
early to a therapeutic team, consisting of a dentist with
a background in restorative, prosthetics, or orofacial pain,
a psychologist and/or psychiatrist if necessary (therapy
of psychoemotional disorders of multiple etiology),
a physiotherapist (pain reduction, restoration of normal
TM]Js and cervical spine biomechanics and ROM, and re-
training of muscle engrams), and other specialists, based
on the reported symptoms, e.g., neurologist, rheumatolo-
gist, or ear, nose and throat (ENT) specialist.'2*3

Numerous studies emphasize the important role
of physiotherapy (PT) in the recovery of patients with
TMD.!* Therapeutic modalities that enhance the effects
of treatment are increasingly well documented and in-
clude physical therapies such as transcutaneous electri-
cal nerve stimulation (TENS) and lasers, manual therapy
(manipulation and mobilization, and soft tissue treat-
ments), and therapeutic exercise (TE).!> A prevalent
method in musculoskeletal rehabilitation that has recently
been implemented in dentistry is Kinesio Taping (KT).

Kinesio Taping (or elastic therapeutic taping) was de-
veloped by Dr. Kenzo Kase in the 1970s as a therapeutic
method.’® The process involves attaching cotton elastic
bands to the skin’s surface using a hypoallergenic acrylic
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adhesive.!® The patches are applied with an initial tension
(paper-off tension) of 10-25% and a maximum elasticity
of 130-140% of the original length.'” The tape parameters
were designed to mimic human skin and achieve stretch-
ability, greater mobility and adhesion. However, there is
limited evidence from peer-reviewed studies on KT. The
majority of knowledge on this topic is based on case stud-
ies, which may not be sufficient to support its use in con-
temporary evidence-based medicine. In theory, KT has
high therapeutic potential and is thought to facilitate or
inhibit muscle function, enable pain-free ROM, improve
proprioception, relieve pain, optimize joint alignment,
and reduce swelling. Moreover, KT speeds up the healing
process and reduces recovery time by decreasing inflam-
mation and pain, increasing blood flow and facilitating
neurological rehabilitation.!8-2

Although KT is widely used in clinical practice, its
mechanism of action has not been fully understood.??
The muscle-fascia chain tension segregation theory, in
particular, is the most widely accepted principle.?? When
applied to the skin, KT causes microcoils that increase
the subcutaneous space, improve lymphatic fluid and
blood flow in the affected area, and stimulate the heal-
ing process in the damaged tissues over time.?® This lays
the foundation for the healing process established by KT.
The process involves several modalities, such as relieving
pressure on the underlying painful or sensitized tissue,
creating space for lymphatic fluid movement, improving
blood flow, and reducing pain by decreasing pressure on
nociceptors.? In addition, by modulating muscle tone and
stimulating cutaneous receptors, it is possible to restore
the complex myofascial function, leading to improved
proprioception and increased recruitment of muscle mo-
tor units.?*-2° The pain-alleviating effect of KT is believed
to be due to the microscopic lifting effect of the skin,
which improves lymphatic and blood circulation through
stimulation of sensory pathways. Consequently, this pro-
cess may increase afferent feedback and relieve sensory
receptor irritation.?”?8 The effect of dynamic patching
also improves self-esteem, as evidenced by numerous
studies that highlighted the impact of KT on the patient’s
psychoemotional state.?’

Kinesio Taping can be used alone or in combination
with other methods to enhance the therapeutic efficacy.
Although it was initially used in the field of sports medi-
cine with surprisingly good outcomes, KT is often in-
sufficient to obtain the expected result and is therefore
rarely used as a monotherapy in TMD.? Currently, its use
is more widespread, with KT being employed in various
fields of medicine, including orthopedics, traumatology,
surgery, neurology, oncology, gynecology, and pediat-
rics.173!

The annual increase in the number of TMD patients
is pushing clinicians to seek new, faster, alternative, and
more efficient approaches to managing pain, elevated
muscle tension and reduced TMJ mobility. Scientific
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reports in the field of dentistry indicate that KT is a method
used to eliminate pain, particularly within the musculo-
skeletal system.®?%3 Currently, KT is increasingly used
in dental and maxillofacial surgery as a method to assist
in postoperative treatment.?**> However, a few random-
ized trials on the efficacy of KT in TMD patients indicate
a need to expand this knowledge.?® Therefore, our goal
was to evaluate additional effects, if any, of KT compared
to the standard treatment regimen of counseling and
self-therapy in TMD patients. We hypothesized that KT
will provide additional improvements in pain intensity,
changes in bioelectric muscle function, and improved
functional mobility in TMD. The use of KT may affect the
emotional state of TMD patients, leading to an improve-
ment in well-being by reducing stress levels.

Material and methods

Trial design

This parallel, two-arm, randomized controlled trial with
an equal allocation ratio (1:1) followed the Consolidated
Standards of Reporting Trials (CONSORT).?” The study
was conducted at the University Dental Clinic of the
Pomeranian Medical University in Szczecin, Poland. Par-
ticipants who met the inclusion criteria were recruited
between October 2022 and January 2023. Individuals
attended clinic appointments at the time of randomiza-
tion (baseline), as well as at 6- and 12-day intervals from
baseline. Patients were divided into 2 groups in which PT
was carried out for 12 weeks (excluding Saturdays and
Sundays). All interventions in both study groups were
performed free of charge, under the same conditions and
by the same physiotherapist. Figure 1 depicts a flowchart
of the participants’ progress through the trial phases, in
accordance with the CONSORT criteria.

The study was approved by the Bioethics Committee
of the Pomeranian Medical University in Szczecin
(approval No. KB - 0012/102/13). The trial was regis-
tered in the ClinicalTrials.gov database (registration No.
NCT05021874).

Participants

The study included 64 women (N = 64) between the
ages of 20 and 45 years who were diagnosed with myo-
fascial pain with mouth opening restriction for more than
3 months according to the Diagnostic Criteria for TMD
(DC/TMD) group Ib. Patients were randomly assigned
(simple randomization) to the experimental group (KTG,
n = 32, standard deviation (SD) = 9.34) or the control
group (CG, n =32, SD = 8.2).

Study exclusion criteria were inflammation in the oral
cavity manifested as myospasm or preventive muscle con-
traction, previous splint therapy, pharmacotherapy (e.g.,
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| Assessed for eligibility (n = 70)
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Fig. 1. Consolidated Standards of Reporting Trials (CONSORT)?” flowchart
of the participants’ progress through the trial phases

oral contraception, hormone replacement therapy and
antidepressants), systemic diseases (e.g., rheumatic and
metabolic diseases), mental illness, lack of orthopedic
stability of the mandible, masticatory organ or whiplash
injury, pregnancy, patients undergoing orthodontic treat-
ment, other types of inflammation in the oral cavity (e.g.,
pulpitis or impacted molars), and fibromyalgia or derma-
tologic disease.

All women underwent intraoral and extraoral dental
examination by a dentist specialized in orofacial pain. The
aim was to rule out odontogenic, periodontal and intra-
capsular origins of TMD pain.

A dentist determined whether the patient met the in-
clusion criteria based on the patient’s history and physical
examination. Another dentist was involved in the ran-
domization of the patients.

The individuals qualified for the study underwent in-
strumental diagnostics, including surface electromyo-
graphy (SEMQ) of the masseter muscle (MAS) at rest and
during exercise, and linear measurement of the range
of maximal mouth opening (MMO). The intensity of pain
was assessed on the Numeric Rating Scale (NRS). These
measurements were then performed after the 6% and 12t
days of treatment. The Perceived Stress Scale (PSS-10)
questionnaire was used to assess the perceived stress lev-
els of all subjects before and after the 12t day of therapy.®®

Interventions

The KTG received MAS KT, counseling and TE. The
CG received counseling and TE. After the 6™ and 12t
days of treatment, all patients were assessed for MAS
sEMG, mandibular ROM and NRS.

During the entire treatment process, most attention
was paid to patient cooperation. Therefore, lifestyle coun-
seling and instructions for TE were initially implemented
in all subjects (Table 1). Patients were informed about
the causes of their dysfunction and how they could self-
control their occlusal and non-occlusal oral habits, especially
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teeth clenching, grinding, gum chewing, and nail biting.
The participants were also informed about parafunctional
self-management, the pathophysiology of the potential
dysfunction, and the influence of their therapeutic inter-
action on the effectiveness of treatment. A standardized
exercise regimen was presented to all subjects, with the
application of KT also implemented in the KTG.

Therapeutic exercises (self-therapy)

Each participant was given a paper TE program by
the physiotherapist. The program included a descrip-
tion of each exercise and instructions for performing
them daily (frequency: 6 times a day, 10 repetitions each)
throughout the study period (Table 1).%°

Application of Kinesio Taping in the experimental group

Certified hypoallergenic 5-cm-wide tapes (K-Active;
Nitto Denko Corporation, Osaka, Japan) were used for
the study. Before the application of the tape, the patient’s
skin was cleaned twice with an alcohol-based solution
and dried with a paper towel. The KT application was
performed by a qualified physiotherapist. The tape was
applied over the MAS while the patient was seated with
their back stabilized against the back of a chair. The tap-
ing technique followed that of Benlidayi et al. for TM]Js.*

The length of the tape was measured for each patient
individually, from the preauricular region to the corner
of the nose. The patient was instructed not to clench their
teeth or make tooth contact and to relax their facial and
neck muscles during the application process. To apply the
tape, a Y-shaped patch was used. The therapist warmed
the patch by rubbing it 3 times in the palm of their hands
to activate the adhesive. Subsequently, the therapist asked
the patient to open and close their mouth twice to palpate
the TMJs. The bottom (base) of the tape was adhered to
the TMJ area with no tension (0%). Then, the upper and
lower branches of the patch were attached with approx.
10-15% tension.*® The application was carried out on the
right and left sides of the face (Fig. 2).

Table 1. Therapeutic exercises in the control (CG) and experimental (KTG) groups

Fig. 2. Application of Kinesio Taping (KT) (own source)

Primary outcome measures

Pain severity scale

The severity of pain was assessed using the NRS in both
the KTG and CG after each therapy session. The NRS is
a tool used to measure pain intensity on a scale from 0 to
10, with 0 indicating no pain and 10 indicating the worst
possible pain. Additionally, mandibular ROM was assessed.
Pain intensity was measured during the preliminary exami-
nation, as well as after the 6" and 12% days of treatment.

Surface electromyography of the masseter muscle

All patients were assessed for MAS sEMG during the
preliminary examination and after the 6% and 12 days

Gerry's exercise

Active exercises for lateral movements

of the mandible about 5 mm

Side-to-side exercise
upper and lower teeth

Protrusion and mouth opening teeth separated

Self-massage of the masseter muscle

Cervical spine exercise (active flexion
and extension movements of the spine)

tongue positioned on the palate

maxillary and mandibular teeth separated by

holding the front of the pen or pencil between

teeth separated, hands clenched into a fist, placed
around the mandibular branch (right hand on the
right side, left hand on the left side)

standing or sitting with the head in a neutral
position (gazing straight ahead)

slow movements of opening and closing the mouth

a slow motion of the mandible to the left, back to the midline,
to the right, and again back to the midline

a slow motion of the lower jaw from side to side

lowering the lower jaw forward, opening the mouth, closing the
mouth, retracting the lower jaw

circular rubbing movements of the masseter muscle with
a pressure of approx. 0.5 kg

bending the head forward and returning to the starting position,
straightening the head and returning to the starting position
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of treatment. The sEMG recordings were obtained in the
morning hours, and the patients were instructed to re-
frain from drinking coffee, tea, or other stimulants before
signal acquisition.

The study utilized a two-channel electromyograph
(NeuroTrac® MyoPlus 2; Verity Medical Ltd., Tagoat,
Ireland) with NeuroTrac® software (Verity Medical
Ltd.) in clinical mode to record MAS sEMG activity. To
ensure precise SEMG measurements, a band-stop filter
was employed to eliminate interference from frequencies
of 50 Hz and 60 Hz (mains) during recording (measured
in microvolts [tV]). The application of specialized filter-
ing enables the acquisition of SEMG measurements with
a precision of 0.1 pV.

To prevent magnetic interference during sSEMG mea-
surements, the device was positioned at a distance of at
least 4 m from cell phones or other potential sources
of interference. The test was conducted using 2 unipolar
electrodes, which were placed 10 mm apart. The elec-
trodes were positioned over the center of the muscle
body, parallel to the path of its fibers. The lower elec-
trode was approx. 5 mm above the mandibular angle,
while the upper electrode was 10 mm above it. The place-
ment of the electrodes was preceded by careful palpation
of each muscle by an experienced clinician to identify the
thickest part of the muscle body. The bioelectrical signals
of the MAS were acquired while the subject was seated
upright with the head in a natural position, hands resting
on the knees, and feet on the ground. Before the applica-
tion of the electrodes, the skin was cleaned with rubbing
alcohol, following the manufacturer’s recommendations
and Surface ElectroMyoGraphy for the Non-Invasive
Assessment of Muscles (SENIAM) guidelines (www.seniam.
org). The ground electrode was placed on top of the C7
styloid process in the cervical section. This area is usu-
ally devoid of vastly active muscle fibers and is considered
the optimal location for ground electrode placement in
the orofacial region. This placement prevents cross-talk
from muscles and electrodes that are not relevant to the
examiner.

Electrical activity of the masseter muscle at rest

A rest test (RLX) was conducted on patients, with their
dental arches slightly open and their tongues in a resting
position.*! Patients were instructed not to swallow saliva
during the examination. Three measurements were taken
3 times, and the mean value was calculated.

Bioelectrical activity of the masseter muscle during
maximal voluntary contraction

The sSEMG signal was recorded in a sitting position with
the teeth clenched with the greatest possible force for 5 s.
The computer program connected to the device registered
the minimum and maximum values and calculated the
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mean electric potentials, which, in conjunction with
signal standardization, are considered essential for
providing repeatable and unbiased electric signal acqui-
sition.! Three measurements were taken, each recorded
3 times, and the mean value was calculated. The sSEMG
values were normalized by calculating the ratio of RLX to
maximal voluntary contraction (MVC) using the follow-
ing formula (Equation 1)*:

%MVC [%] = RLX [uV]/MVC [uV] x 100%. (1)

Secondary outcome measures

Perceived Stress Scale

Perceived stress levels were assessed in the KTG and
CG during the preliminary examination and after the 12t
day of therapy. The examination used the standard paper-
and-pencil method, with the patient seated at a table and
no individuals in their immediate vicinity to avoid any
influence on the responses. The study was conducted in
a moderately dampened room with a pre-set air tempera-
ture of 22°C and without any time constraints.

The PSS-10 contains 10 questions about different sub-
jective feelings related to personal problems and events,
behaviors, and coping mechanisms. Respondents provide
answers by selecting a number from 0 to 4 (0 — never,
1 — almost never, 2 — sometimes, 3 — quite often, 4 — very
often). The overall score is the sum of all points, ranging
from O to 40. The higher the score, the greater the per-
ceived stress severity. The sten score properties deter-
mine the interpretation of the general indicator after con-
version to standardized units. Scores ranging from 1 to 4
are considered low, while those ranging from 7 to 10 are
considered high. Scores between 5 and 6 are considered
average.®

Sample size

The sample size of 44 was determined for repeated
measures analysis of variance (RM-ANOVA) with within-
between interactions using the effect size of 0.25, a of 0.05,
and power of 0.95.%3

Randomization and blinding

Patients were assigned to the study group using simple
randomization with the opaque closed envelope method.
Allocation (1:1) concealment was achieved through con-
secutively numbered sealed envelopes, which were care-
fully checked to ensure they were undamaged and not
see-through when held against a light source. Random-
ization was carried out by an investigator who was not
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involved in the determination of patient eligibility, inter-
vention delivery or data collection.

The outcome assessors were blinded to the group al-
location and were not involved in providing the interven-
tions (single-blind). The statisticians who conducted the
statistical analyses were also blinded to the group alloca-
tion until after the analyses were completed. There was
no need to unblind any of the participants at any point
during the study.

Statistical analysis

The normality of the variables was assessed using the
Shapiro—Wilk test and Q-Q plots. For variables with
a normal distribution, ANOVA and Mauchly’s sphericity
test were used to determine changes over time and
between groups. The Greenhouse—Geisser correction
was applied if the assumption was not met, and
Bonferroni’s correction was used for post hoc multiple
comparisons. Variables with a non-normal distribution
were analyzed using the nparLD package and a multiple
comparison post hoc test. The minimal important
difference (MID) value was calculated as 1/2 of the
SD of each parameter’s initial value. The differences
between the parameters were calculated by subtracting
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the final value from the initial value and then correlating
these values using Spearman’s coefficient. The level
of significance set for the study was set at p < 0.05. The
analysis was conducted using the R Studio software
(Posit, Boston, USA; https://posit.co).** Wilcoxon test
was performed to assess differences between the study
and control participants.

Results

Baseline data

Table 2 presents the results of the preliminary study
for the KTG and CG. In the preliminary examination, no
significant differences were found between the groups
regarding age, SEMG MVC, sEMG %MVC, MMO, left
lateral movement (LLM), and the PSS-10.

Primary analysis

The primary analysis was conducted based on an intention-
to-treat principle and included 64 patients who were
randomly assigned. The patients were analyzed according
to the protocol.

Table 2. Statistical analysis for age, surface electromyography (SEMG) values, temporomandibular joint (TMJ) range of motion (ROM), and pain intensity in the

control group (CG) and the experimental group (KTG) at baseline

I T T S I I N P
CG 20 45 29 8.2

Age 282 255 395
0.994

[years] KTG 20 45 30 9.34 349 235 42
SEMG RLX CG 438 17.8 9.19 3.31 1.14 7.54 129 0.020"
[uv] KTG 478 20 10.5 324 1.21 8.74 123 '
SEMG MVC CG 161 484 284 922 31.7 221 344 0738
(V] KTG 137 438 275 688 257 238 331 '
SEMG 9%MVC CG 19.6 31.8 256 3.21 1.1 23 28 0190
[%] KTG 183 333 283 42 157 252 307 ‘

cG 5 8 6 0.891 0306 5 6.5
NRS 0.003*

KTG 5 8 7 0.884 033 6 7
MMO CG 33 40 37 14 0481 36 375 008
(mm] KTG 31 38 36 153 0572 35 37 '

CG 5 7 6 0657 0226 5 6
LM 0077
[mm] KTG 5 8 6 0.986 0.368 5 7
RLM CG 5 7 6 0.684 0235 55 6 001"
[mm] KTG 5 9 6 0.952 0356 6 7 '
PSS-10 CG 5 10 8 1.36 0466 7 9 0288
[stens] KTG 5 10 8 1.56 0583 7 9 ‘
PSS-10 cG 15 31 23 45 155 20 27 027
[points] KTG 14 35 255 583 218 202 2838 '

RLX - rest test; MVC — maximum voluntary contraction; %MVC — ratio of RLX to MVC; NRS — Numeric Rating Scale; MMO — maximal mouth opening;
LLM — left lateral movement; RLM — right lateral movement; PSS-10 — Perceived Stress Scale; Min — minimum; Max — maximum; Me — median; SD — standard
deviation; C/ - confidence interval; Q1 - first quartile; Q3 - third quartile; * statistically significant (p < 0.05, Wilcoxon test).
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Outcomes and estimations

The results of the statistical analysis of MAS bioelectri-
cal activity before treatment (1), after 6 days of treatment
(2) and after 12 days of treatment (3) in the KTG and CG
are presented in Fig. 3.

Both the KTG and CG showed differences in the sSEMG
parameters (RLX, MVC, %MVC) of the MAS over time,
indicating that each treatment affected the bioelectrical
signal of the muscle (p < 0.05) (Fig. 3). No significant dif-
ferences were observed between the groups when com-
paring the applied treatments after 6 days (RLX: p = 0.192;
MVC: p = 0.555; %MVC: p = 0.246) and 12 days of treat-
ment (RLX: p = 0.430; MVC: p = 0.334; %MVC: p = 0.318).

Table 3 shows the 95% confidence intervals (CIs) for
sEMG after 6 and 12 days of treatment in the KTG and CG.

Figure 4 presents the results of the mandibular mobility
analysis (LLM, right lateral movement (RLM), MMO)
before treatment (1), after 6 days of treatment (2) and
after 12 days of treatment (3) in the KTG and CG.
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Fig. 3. Statistical analysis of the surface electromyography (SEMG) of the masseter
muscle (MAS) in the control (CG) and experimental (KTG) groups before
treatment (1), after 6 days of treatment (2) and after 12 days of treatment (3)

A. Rest test (RLX); B. Maximal voluntary contraction (MVC); C. The ratio

of RLX to MVC (%MVC).

Table 3. 95% confidence intervals (Cls) for SEMG after 6 and 12 days

of treatment in the CG and KTG

After day 6 After day 12

Variable
[RH L\E 230-288  2162-2458 1686-1894 17.27-1993
SEMG h[ﬂ\\//? 2448-305.2 237.5-2885 2285-2875 2158-264.2
%MVC

(%]

7916-9884  862-1092

8.86-8.80

7.546-9474

Data presented as 95% Cl.
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Fig. 4. Statistical analysis of the mandibular mobility range in the KTG and
CG before treatment (1), after 6 days of treatment (2) and after 12 days
of treatment (3)

A. Left lateral movement (LLM); B. Right lateral movement (RLM); C. Maximal
mouth opening (MMO).

The parameter that showed the largest statistically sig-
nificant changes was MMO, with a significant difference
(p <0.001) between the groups after 6 and 12 days of treat-
ment (Fig. 4). After 6 days of treatment, the 95% ClIs were
as follows: 37.707-38.492 (CG MMO) vs. 39.161-40.439
(KTG MMO); 6.28-6.7 (CG LLM) vs. 6.449-7.091 (KTG
LLM); 6.148-6.592 (CG RLM) vs. 7.491-7.969 (KTG
RLM). After 12 days of treatment, the 95% CIs were as
follows: 39.227-39.973 (CG MMO) vs. 42.479-43.121
(KTG MMO); 7.061-7.519 (CG LLM) vs. 6.817-7.383
(KTG LLM); 6.888-7.392 (CG RLM) vs. 7.653—8.147
(KTG RLM).

Figure 5 shows the results of the NRS pain intensity
analysis in the KTG and CG before treatment (1), after
6 days of treatment (2) and after 12 days of treatment (3).

A significant difference was observed between the
groups in the analysis of the pain intensity parameter
(p < 0.001). The patients who received KT in combination
with TE experienced better pain relief than the CG (Fig. 5).
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Fig. 5. Statistical analysis of the pain intensity in the KTG and CG before
treatment (1), after 6 days of treatment (2) and after 12 days of treatment (3)
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The 95% CIs after 6 days of therapy were 4.888—5.392
(CG NRS) vs. 3.973-4.627 (KTG NRS). The 95% CIs af-
ter 12 days of therapy were 4.164—4.576 (CG NRS) vs.
2.762-3.178 (KTG NRS).

Figure 6 shows the statistical analysis results for the
PSS-10 (in stens and points) before treatment (1) and
after 12 days of treatment (3) in the KTG and CG. The
analysis of the PSS-10 results indicates that therapy using
KT and TE significantly reduced perceived stress inten-
sity compared to the CG (p < 0.05) (Fig. 6).
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Fig. 6. Statistical analysis of the Perceived Stress Scale (PSS-10) in the KTG
and CG expressed in stems (A) and points (B) before treatment (1) and
after 12 days of treatment (3)

Ancillary analyses

Table 4 presents the results of the MID analysis. The
analysis focuses on changes in the patient’s reported re-
sults (beneficial or harmful) that are significant enough
to justify a change in the patient’s management.*® Mini-
mally important significant differences were found for the
MMO, sEMG and PSS-10 parameters (Table 4).

Table 4. Results of minimal important difference (MID) analysis

MMO

36.2 149 0.746*
[mm]
RLM 6.29 0.897 0448
[mm]
LM 594 0.846 0423
[mm]
NRS 6.29 0.947 0474
SEMG RLX 265 382 191%
(vl
G 286 816 40.8*
[uv]
SEMG %MVC %
o 104 3.29 165
LY 238 517 2.58*
[points]
Po5-10 7.72 145 0.726*

[stens]

M = mean; * statistically significant.
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Possible harms

No adverse effects were reported by any patient during
the study. However, as KT tape is visible on the patient’s
face, it may cause mild social discomfort for sensitive in-
dividuals. Additionally, there have been some minor pub-
lications regarding hypersensitivity to KT glue. However,
none of our patients reported any complaints.**

Discussion

The current study aimed to assess the therapeutic effi-
cacy of KT and TE in female patients with pain, increased
masticatory muscle tension and limited MMO. Our clini-
cal observations have shown a significant increase in the
number of patients with this profile. Similar observations
have been reported by other authors.*>~%

The study results indicate that both self-treatment and
KT combined with TE had asignificant effect on the change
in MAS sEMQ at rest and during exercise (p < 0.05). How-
ever, it is important to note that the measure of power
(partial eta squared (pes); ANOVA) obtained in the study
was poor (RLX: pes = 0.007; MVC: pes = 0.074; %MVC:
pes = 0.017). There was no statistically significant differ-
ence between the effects of the 2 treatments on muscle
bioelectric activity (p > 0.05). However, the MID analysis
showed a significant difference in the SEMG parameter
due to the applied therapies (RLX: MID = 1.91; MVC:
MID = 40.8; %MV C: MID = 1.65). Nevertheless, the dif-
ference between the 1% measurement point (after 6 days
of therapy) and the 3" measurement point (after 12 days
of treatment) was minimal in both groups. Similarly,
Rocha Dutra et al. did not find a significant difference in
SEMG between the KTG and the CG (p = 0.1494).36 In
a study by Soylu et al. that evaluated the short-term effect
of masseteric KT on selected SEMG parameters related to
fatigue and muscle strength during MVC, the effect of KT
on sEMG parameters was not significant before or after
KT application in healthy subjects.® In contrast, a study
by Rathi et al. evaluating the effect of KT on MAS bio-
electric activity and pain in patients with bruxism showed
that KT markedly improved MAS activity and reduced
pain. Additionally, a significant carry-over effect was ob-
served after tape removal (the effect persisted for 24 h).*
Therefore, dynamic patching may have an impact on the
bioelectric function of the MAS in patients with TMD.
However, due to the limited number of scientific reports,
conflicting results and small study groups, any conclu-
sions should be made with caution. Further studies us-
ing EMG are necessary to accurately determine the effect
of KT on MAS bioelectrical function.

The assessment of the effect of the different thera-
pies on improving TM]J ROM revealed a significant
improvement in the KTG compared to the CG after
12 days, with a statistically significant difference in
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MMO found in subjects who received dynamic patching
(p < 0.001). Indeed, KT may contribute to improvements
in TMJ function that result in increased mouth open-
ing. When analyzing the MID, the applied therapies led
to a clinically effective difference in the MMO parameter
(MMO = 0.746), with the KTG showing improvement
compared to the CG. After 6 days of therapy, the KTG
demonstrated a more substantial difference in mouth
opening, and after 12 days, the KTG had a more than two-
fold improvement in this parameter. In contrast, no MID
was demonstrated in the LLM and RLL parameters (LLM:
MID = 0.423; RLL: MID = 0.448). Therefore, the use of KT
therapy may prove to be an effective adjunctive method
for patients with TMD and limited mouth opening.

A statistically significant difference in pain intensity
level on the NRS was observed between the KTG and CG
(p < 0.001). The application of KT to the MAS showed
an analgesic effect in patients with TMD, leading to an im-
provement in mouth opening. This therapeutic effect was
already achieved after 6 days of therapy. Benlidayi et al.
found that adding KT was more effective than counsel-
ing and training alone in improving several factors in
28 TMD patients, including pain reduction (p = 0.001),
improvement in ROM (p = 0.003), disability (p = 0.010),
and psychological status (p = 0.000).%° Therefore, the in-
creased TMJ] ROM may be related to the pain-relieving
effects of KT, which may have facilitated the implementa-
tion of TE in subjects.

Tran et al. conducted a meta-analysis of 36 research pa-
pers comparing the effectiveness of KT with other meth-
ods for the treatment of musculoskeletal disorders.”® The
results showed that KT improved pain and disability in
all body areas. Within the first 5 days of use, KT signifi-
cantly reduced pain in all body regions (SMD = -0.63, 95%
CI: -0.87—-0.39).%° Furthermore, after 4—6 weeks of use, KT
improved disability in all body areas (SMD = —0.59, 95% CI
-0.96—-0.22).5° Uzma'’s study compared the effectiveness
of KT and conventional therapy with myofascial and tra-
ditional treatment in TMD patients. A within-group com-
parison showed improvement in both groups after 1 week.
However, the experimental group demonstrated a signifi-
cant improvement (p = 0.05). Therefore, KT is beneficial for
reducing pain or improving ROM in TMD patients.>!

Volkan-Yazici et al. compared the effects of manual ther-
apy (MT) alone with MT combined with KT in patients
with bruxism. The results showed that both methods were
effective in treating bruxism, with the combination of MT
and KT resulting in further reduction of jaw pain and tem-
poral pain compared to MT alone.>? In a meta-analysis by
Meneses Emérito et al., taping was found to provide sig-
nificant pain relief (measured using the visual analog scale
(VAS)) after 1 week of treatment, compared to other meth-
ods analyzed. However, the authors noted that the limited
number of studies and their biases limited the results.>

Baklaci reached a significant conclusion when compar-
ing the effectiveness of treating TMD through relaxation
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splinting and KT.>* Both the KT and splint groups experi-
enced a reduction in pain (p < 0.01) and a significant in-
crease in ROM (p < 0.05). However, there were no signifi-
cant differences in VAS and ROM between the 2 groups.
Moreover, both groups demonstrated improvements in
daily eating activity and sleep quality, although no such
improvements were observed in other oral activities.>
Keskinruzgar et al. compared the therapeutic efficacy
of KT and chiropractic therapy in patients with sleep
bruxism and found a statistically significant difference
between the KT and splint groups in terms of masseter
and temporal muscle pressure pain thresholds (MPPT,
TPPT), VAS, and mouth opening values before treatment
and at weeks 1 and 5, except for TPPT values at week 1,
which were higher in the kinesiology group than the splint
group (p < 0.05).% Thus, the study suggests that KT is at
least as effective as an occlusal splint in the treatment
of sleep bruxism.>

In contrast, a literature review of 34 articles by
Cheshmi et al. concluded that KT is not a reliable stand-
alone treatment option for craniomaxillofacial disorders.
However, it is considered a useful complementary option
to improve treatment outcomes in a variety of condi-
tions.>® The study found a reduction in perceived stress
in the KT group compared to the CG (p < 0.001). Analysis
of the MID showed that the therapies used had a clinical
effect on the PSS-10 scores and sten scores (MID = 2.58
and MID = 0.726, respectively). Patients receiving KT and
TE exhibited a greater reduction in the PSS-10 score com-
pared to the CG.

He et al. studied the efficacy of KT in patients with
TMD by assessing its impact on various parameters,
including the Self-Rating Anxiety Scale (SAS) and the Self-
Rating Depression Scale (SDS), over a 6-day period. The
results demonstrated that KT effectively improved the
mood of TMD patients.”” Our results, along with those
of other authors, suggest that KT has a beneficial effect
on stress parameters, which is particularly important in
the treatment of TMD patients, as the literature reports
that patients with these disorders often have high levels
of stress, anxiety and depression.>®

The results of the current study indicate that KT, in
combination with TE, is an effective tool for reducing
pain and improving mandibular ROM in female TMD
patients. The authors of this paper and other research-
ers suggest that the effect of KT on the psychoemotional
state may play a significant role in this process.* In addi-
tion, the potential risks or complications associated with
the use of KT appear to be very low. It is a non-invasive
method that is easy to use and can be removed if neces-
sary. However, due to the paucity of scientific studies, the
heterogeneity of methods and the small treatment groups,
it is recommended that the therapeutic effect described
be approached with caution. Arguably, in everyday clini-
cal practice, KT may prove to be an effective adjunct to
well-established TMD treatments. Based on current
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knowledge, KT should be considered a tool to sustain
the therapeutic effect of standardized and well-described
therapies. Further studies are necessary to evaluate the ef-
fectiveness of KT in treating TMD and to determine its
therapeutic potential tangibly and unequivocally.

Limitations

The present study initially aimed to assess the therapeu-
tic effects of KT in female patients with pain, increased
MAS tension and limited TM] mobility. There were sev-
eral limitations to this study. First, the sample size was
relatively small, which limited the generalizability of the
results. Second, the study had a short intervention pe-
riod (12 days), which will be extended in future studies
to assess whether the evaluated indicators change over
the course of treatment, providing a better understand-
ing of the effects of the KT intervention. Additionally, the
conducted studies lacked a comparative placebo group.
Finally, the duration of treatment effects was not analyzed
after the end of treatment. The authors will continue their
study on the effectiveness of KT in treating TMD, with
a focus on the abovementioned limitations.

Conclusions

The combination of KT, counseling and MAS exercises
provides additional therapeutic benefits by increasing
TM] mobility and reducing pain severity compared to
exercise alone. Therefore, KT could be an effective form
of complementary therapy in TMD management. Addi-
tionally, KT combined with TE demonstrated a beneficial
effect on perceived stress levels, which is a novel find-
ing. However, further insight and additional studies are
required to fully understand this phenomenon, including
psychological assessment of TMD patients. Clinicians,
physiotherapists and orofacial pain practitioners should
consider implementing KT and TE in patients with pain-
ful TMD who have elevated pain sensitivity. Patients who
catastrophize or have severe symptoms that could be in-
tensified by more intense PT treatment, such as MT, may
benefit from alternative treatment modalities.
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Abstract

Background. One of the major causes of dental anxiety in children is their first impression of the dental
environment. Even minor details, such as the choice of color in a dental setting and the color of dental
equipment, can positively influence a child's behavior.

Objectives. The aim of the study was to assess the relationship between the emotions in children and
color combinations in a pediatric setting.

Material and methods. The study involved 200 children (99 boys and 101 girls) aged between 6 and
12 years who visited the dental clinics at the College of Dentistry, Jazan University, for the first time
between November 2017 and January 2018. The participants were divided into 2 groups based on age.
The younger children group included participants aged from 6 to 9 years, while the older children group
included participants aged from 10 to 12 years. Anxiety levels were recorded using the Modified Dental
Anxiety Scale. Colored pencils and images of emoticons were provided to all children, who were instructed
to color the negative and positive emoticons with their preferred colors.

Results. The analysis of anxiety levels among children in both groups revealed statistically significant dif-
ferences across sexes in the younger age group, with girls being more anxious than boys (p = 0.003).
Additionally, a statistically significant difference was observed in the choice of colors by children of both
sexes in 2 age groups (p = 0.001). Most children were inclined towards bright colors and used them to
express their emotions.

Conclusions. The incorporation of colors in a dental setting could invoke positive emotions in children.
Hence, the use of colors in the workplace has the potential to ease anxiety.

Keywords: emations, anxiety, dental anxiety, anxiety scale, colors
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Introduction

From the moment of their birth, humans have been
subject to fear and emotions. Four causes of fear have
been identified: non-associative perspective or direct
stimulation; physiological differences; an innate predis-
position; and conditioning.! For a long time, concerns
have been raised regarding the reasoning behind dental
anxiety in children. It remains a major obstacle in the field
of dental care. Dental anxiety in children is attributed to
a multitude of factors. Children may become anxious di-
rectly or through indirect learning or conditioning (from
information or by modeling).? The overall comprehension
of the dental environment is a notable cause of anxiety in
children.® Shifting the perspective of society and parents
could motivate pediatric dentists to develop a child-
oriented environment to help children, especially when
uncooperative and anxious.* Environmental aspects such
as colors leave a positive imprint in the minds of children,
which in turn reduces dental anxiety to a considerable ex-
tent. Thus, colors play a vital role in a child’s life.>®

For children, color preference is expressed through their
belongings and surroundings, such as toys, clothing, lunch
boxes, sportswear, and home accessories.” Research has
demonstrated the relationship between the performance
and behavior of a child and their color preferences.®®
Colors have been classified as warm or cool, based on their
correlation with temperature.” Colors have 3 fundamental
features, namely saturation, value and hue. The human eye
is able to recognize colors through cones and rods. After
the color passes into the eye via the retina, receptor cells
absorb the hues, and the corresponding signal is sent to
the brain for deciphering. Simultaneously, the hormone-
regulating endocrine glands receive these brain impulses.
Hence, color represents both psychological and physiological
perceptions, triggering emotional responses.!°

The results of numerous studies have demonstrated
that children use colors as a medium to express their emo-
tions. Moreover, the coordination between the brain, eyes
and light creates a standard reaction to color.>!! There-
fore, pediatric dentistry can utilize child-friendly colors
to positively influence children’s emotional status.'? It has
been observed that the choice of colors in a dental of-
fice and treatment room has a positive effect in address-
ing dental anxiety. The use of bright colors and colored
equipment helps children maintain a calm composure
during their dental visits.?

The present study aimed to assess 2 assumptions. The
first assumption states that a significant association exists
between color preference and emotions in children.
The second assumption posits that there is a sex-based
discrepancy in the level of anxiety among children.
Accordingly, it is hypothesized that there is a correlation
between the use of bright colors in a dental clinic and
the level of dental anxiety among children. Also, there is
a possibility of variation in the level of anxiety between
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males and females. Therefore, the present study focused
on examining the relationship between children’s age, sex
and levels of anxiety before dental procedures, as well as
testing the psychometric properties of the dental anxiety
scale and identifying any differences in children’s color
preferences by age and sex when asked to color a happy
or a sad emoticon.

Material and methods

Study setting and participants

The study was conducted at the Pediatric Dental Clinic
of the College of Dentistry (Jazan University, Saudi
Arabia), and approved by the Ethics Committee of Jazan
University (approval No. CODJU-1716I). The study par-
ticipants were children between the ages of 6 and 12 years
who were visiting the Pediatric Dental Clinic for the first
time. Individuals who were not first-time visitors, under-
going psychiatric therapy, or suffering from generalized
anxiety disorders were excluded from the study. The pur-
pose and procedure of the study were explained to the
children and their accompanying parents or guardians.
Written consent was obtained from the parents or legal
guardians of the study participants before the start of the
study.

Sample size estimation

The sample size was calculated using the following for-
mula (Equation 1):

N = (4pq)/d> 1)

where:

N — sample size;

p — proportion of children with anxiety (66.7%);

q-1-p;

d — precision of the study [%].

The sample size required for the present study was cal-
culated to be 181,'3 with a precision of 7%.

Study design

This cross-sectional descriptive survey was conducted
from November 2017 to January 2018. The children who
participated in the study were divided into 2 groups based
on age. The younger group consisted of children between
the ages of 6 and 9, while the older group ranged between
the ages of 10 and 12. The personal details of each child
were recorded before the study and were kept confiden-
tial. An Arabic translation of the Modified Dental Anxiety
Scale, which includes emoticons (sad and happy), was car-
ried out.!* A validation test for the dental anxiety scale
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based on the study by Humphris et al. was conducted
before the study.!’> While the dependent variable was
the level of anxiety among children on account of dental
procedures, the independent variables included age, sex
and color preferences on the level of anxiety.

Arabic validation of the anxiety scale

A dental intern fluent in Arabic had initially translated
the questions that form part of the Modified Dental
Anxiety Scale from English to Arabic (available on request
from the corresponding author).!® This was followed by
a reverse translation conducted by a bilingual dentist.
Minor errors were corrected through mutual coordina-
tion. Additionally, a biostatician was consulted to validate
the questions and assess the intended outcome (single
global construct). Experts were responsible for rationally
analyzing the questionnaire by focusing on clarity, com-
prehensiveness, readability, and the level of agreement
using the Likert Scale. To assess the reliability of the Arabic
version of the Modified Dental Anxiety Scale, test-retest
reliability and internal consistency were calculated using
Cronbach’s alpha coefficient. It was stated that the Arabic
version would be internally consistent if the alpha coef-
ficient had a minimum value of 0.70.1° Furthermore, if the
value obtained for the intraclass correlation (ICC) agree-
ment calculated using Pearson’s » was 0.80 or more, the
questionnaire would be considered reliable (excellent).!”
Confirmatory factor analysis corroborated the validity
of the child anxiety questionnaire. It was established that
each item in the model must contribute to and correlate
with the single global construct.'®1°

Analysis of variables

The present study evaluated 3 variables: demographics;
the dental anxiety scale; and the choice of color for emoti-
cons. A single examiner was responsible for recording the
readings in order to ensure uniformity. The Arabic ver-
sion of the Modified Dental Anxiety Scale employed in
the present study consisted of a series of 5 questions pre-
sented to the participants for the purpose of rating their
level of anxiety in relation to a specific dental situation
according to their own perception. The questionnaire was
completed by the participants during their visit to the
dental clinic, with the assistance of their parents or guard-
ians when necessary. The responses were evaluated on
a five-point Likert Scale ranging from 1 (no anxiety) to 5
(extreme anxiety). Therefore, the total scores ranged from
5 to 25. A score below 15 was indicative of a lack of anxi-
ety, while a score of 15 or above was indicative of anxi-
ety. This classification was adapted from the study by
Annamary et al.’® To identify any potential associations
between color and pain perception, a set of 8 colored pencils
(black, white, pink, orange, green, blue, yellow, and red)
was given to each child. The participants were required to
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color 2 emoticons, representing happiness and sadness,
with the color of their choice from the provided set. The
recorded data was then tabulated and analyzed.

Statistical analysis

The IBM SPSS Statistics for Windows software, v. 24.0
(IBM Corp., Armonk, USA), was used for the statistical
analysis. The data was first entered into an Excel spreadsheet
and subsequently transferred to the IBM SPSS Statistics for
Windows software dataset. The relationships between the
dependent and independent variables were analyzed using
the x? test. The significance level was set at p < 0.05.

Results

The results of the validation test demonstrated that
there were no notable discrepancies in the test-retest
reliability. An ICC value of 0.81 was obtained using
Pearson’s r, which demonstrated the questionnaire’s
excellent reliability (Table 1). The results of the factor
analysis are shown in Table 2. The 5 items included in
the questionnaire made a significant contribution to the
single global construct, thereby increasing the credibility
of the tool in assessing anxiety levels among children.

A total of 200 children were included in the study. Of
the participants, 99 (49.5%) were male and 101 (50.5%)
were female. The younger group consisted of 79 children,
35 of whom were male and 44 of whom were female.
The older group comprised 121 children (64 boys and
57 girls). Overall, based on the Modified Dental Anxiety
Scale, 35 children were anxious and 165 children were
non-anxious. The study revealed statistically significant
differences between the boys and girls in the younger age
group, with a p-value of 0.003. However, no statistically
significant difference was observed in the older age group.
In both age groups, girls exhibited greater levels of anxi-
ety than boys (Table 3).

Table 1. Test-retest reliability of the Arabic version of the Modified Dental
Anxiety Scale

Instrument ICC Cronbach’s alpha
Arabic version of the Modified
Dental Anxiety Scale 081£0.08 073 ‘

ICC - intraclass correlation.

Table 2. Confirmatory factor analysis of the Arabic version of the Modified
Dental Anxiety Scale

ltem Item 1 ltem 2 Iltem 3 Iltem 4 ltem 5
[item 1 1.00 - - - -
[ item 2 089 1.00 - - -
‘ Item 3 0.86 091 1.00 - - ‘
‘ ltem 4 0.90 0.83 0.85 1.00 = ‘
‘ ltem 5 0.91 0.83 0.90 0.89 1.00 ‘
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Table 4 shows the results of the comparative analysis con-
ducted to assess the relationship between color preferences
related to anxiety levels and positive emotions. The results
revealed no statistically significant differences in color pref-
erences between boys and girls in both age groups. Blue,
pink and yellow colors were preferred by both anxious and
non-anxious younger children. In the older group, children
exhibiting anxiety symptoms preferred pink to other col-
ors, while the non-anxious participants preferred blue, yel-
low and pink over other colors. None of the children chose
the color black to express their emotions.

A similar comparative analysis was conducted to assess
color preferences in relation to anxiety levels and negative
emotions (Table 5). The findings show that the anxious
children belonging to the younger age group preferred
black and red to express negative emotions, while the

Table 3. Anxiety levels among boys and girls in younger and older age
groups

Level of anxiety

- non-
anxious -
anxious

Younger male 6(17.1)  29(829)  35(443) 0005+
children female  13(295) 31(70.5) 44(55.7) ‘
Older male 6(94)  58(906) 64(529) 0150
children female  10(17.5)  47(825)  57(47.1) )

* statistically significant (p < 0.05, x? test, degrees of freedom (df) = 1). Data
presented as frequency (percentage) (n (%)).

non-anxious children belonging to the same age group
preferred red, black and yellow over other colors. Among
the older participants, those exhibiting anxiety symptoms
preferred black, whereas the non-anxious children pre-
ferred red, black and yellow over other colors.

Our study also analyzed the association of colors with
both positive and negative emotions among children
of both sexes across 2 age groups. In the older children
group, boys preferred blue and yellow when express-
ing positive emotions, while girls exhibited a preference
for pink and yellow. In the younger group, however, the
male participants chose yellow, blue and green, whereas
the female participants selected pink, red and blue to ex-
press positive emotions. Both boys and girls demonstrated
similarities in ignoring the color white. A statistically
significant difference in the choice of colors by children
of both sexes was observed in 2 age groups, with a p-value
of 0.001 (Table 6), thereby providing evidence to reject
the null hypothesis and accept the alternative hypothesis.
Consequently, it can be concluded that the use of bright
colors decreases the level of anxiety among children.

In expressing negative emotions, children in the older
age category preferred black and red over other colors,
with white being among the least preferred colors.
Among the younger children, while the majority of boys
expressed their emotions through black and red, girls pre-
ferred black, red and yellow (Table 7). Therefore, it can be
inferred that the use of bright colors has a positive impact
on reducing dental anxiety in children.

Table 4. Comparative analysis of color preferences in relation to the level of anxiety and positive emotions across 2 age groups

Aok orots el Positive emotions (happy face)
ofamxiety | red | bue | green | pink | whie | yelow | black
anxious 3(158) 401.1) 3(15.8) 4(21.1) 1(5.3) 4(21.1) 0(0.0)
Younger (n=19) 0370
children “anxi ‘
no(?u a:ngg;us 10(16.7) 12 (200) 10(16.7) 14(233) 3650 11083) 0(00)
anxious 3(188) 3(188) 2(12.5) 5(31.3) 1(6.3) 2(12.5) 0(0.0)
Older (n=16)
0510
children “anxi
e 10052 34(324) 9(86) 23219 2112 27257 000)

* statistically significant (p < 0.05, x* test, df = 6). Data presented as n (%).

Table 5. Comparative analysis of color preferences in relation to the level of anxiety and negative emotions across 2 age groups

FR— vl Positive emotions (happy face)
ofanxiety | red | bue | green | pink | white | yelow | black |
anxious 5(26.3) 7 (368) 0(0.0) 4(21.1) 1(5.3) 0(0.0) 2(10.5)
Younger (n=19) 0370
children “anxi ‘
no(r:v a:ngtl)c))us 15 (25.0) 15 (25.0) 4(67) 5(83) 3(50) 360 15250
anxious 2(125) 7 438) 1(63) 1(63) 1(6.3) 3(18.8) 1(6.3)
Older (n=16)
0.130
children _anxi
e Lere  19as 9(86) 140133) 8 767) L

* statistically significant (p < 0.05, x* test, df = 6). Data presented as n (%).



Dent Med Probl. 2024;61(5):671-677

675

Table 6. Comparative analysis of color preferences associated with positive emotions among boys and girls in 2 age groups

Positive emotions (happy face)

A
male 4(11.4) 9(25.7) 9(25.7) 0(00) 2(5.7) 11314) 0(00)
Younger (n=35) 0.001%
hild :
chren female 9.(205) 7(159) 4(9.) 18 (40.9) 2(45) 4(9.) 0(00)
(n=44)
el 10 (15.6) 28 (438) 7(109) 1(1.6) 101.6) 17 (26.6) 0(0.0)
Older (n=64) 0.001%
hild :
chiicren (;er:i_'% 3(53) 9(15.8) 4(7.0) 27 (47.4) 2(35) 1221.1) 0(0.0)

* statistically significant (p < 0.05, x? test, df = 6). Data presented as n (%).

Table 7. Comparative analysis of color preferences associated with negative emotions among boys and girls in 2 age groups

Positive emotions (happy face)

Age grou
= _red | bue | geen | pink | white [ yelow | black
male 1337.1) 8(229) 2(5.7) 2(5.7) 2(5.7) 3(86) 5(14.3)
Younger (n=35) 0.030*
children '
female 70159 14(318) 2(4.5) 7(159) 2(4.5) 0(0.0) 12(273)
(n=44)
male 17 26.6) 11(17.2) 6(9.4) 7 (10.9) 9(14.1) 7(109) 7(10.9)
Older (n=64) 0080
children ’
(fr?r:asl% 14 (24.6) 15 (26.3) 4(7.0) 8(14.0) 0(00) 3(53) 13 (22.8)

* statistically significant (p < 0.05, x* test, df = 6). Data presented as n (%).

Discussion

From the moment of birth, man is subject to anxiety and
fear. These emotions have a multifactorial and complex
physiological and psychological etiology in dental envi-
ronments. Dental anxiety represents the most significant
challenge and a major concern for pediatric dentists. Many
dental procedures are either avoided or missed intention-
ally when children are anxious, largely due to the errone-
ous belief that the procedure will be excruciatingly painful.
The avoidance of dental visits has a detrimental impact on
children’s oral health. The present study revealed that the
dental environment plays an important role in reducing
anxiety levels in children. Umamaheshwari et al. observed that
the primary cause of dental anxiety is a negative perception
of the dental environment by children.® Pediatric dentists
must, therefore, create a calm and welcoming atmosphere in
their clinics to address the concerns of young patients.

In the present study, non-anxious children from both
groups preferred blue, pink and yellow when coloring
a happy face. Younger anxious participants, however,
preferred yellow, blue and pink, whereas older anxious
children preferred pink, red and blue over other col-
ors. This observation is in accordance with the study by
Umamaheshwari et al., who observed that younger chil-
dren associate yellow with positive emotions, while older
children prefer blue to depict positive emotions.? Further-
more, the present study noted that younger anxious chil-
dren preferred black and red to express negative emotions,

while older children preferred black to express the same
emotions. In the case of non-anxious participants, both
groups selected red, black and yellow to represent negative
emotions. In contrast with the results of the present study,
Odom and Sholtz evaluated the impact of hue on mood
tones. The findings indicated that blue had a calming effect,
while yellow was perceived as both exciting and cheerful.
While younger anxious children preferred black, older chil-
dren preferred red for expressing negative emotions.?

The current study also noted that younger children
with anxiety preferred the color black to depict negative
emotions, while the older group preferred red and black.
This finding aligns with the results of the study conducted
by Boyatzis and Varghese, which observed a correlation
between darker colors and negative emotions as well as
lighter colors and positive emotions.® The hypothalamus
controls the nerve centers, respiration and heart rate.
It induces a physical reaction in children when they are
exposed to light stimuli and different colors. Every energy
and wavelength has a different impact on children. Specific
colors have been observed to increase perspiration, cause
a vascular reflex action, stimulate muscular reactions, and
affect the eye blinking rate. Kurt and Osueke observed
that both violet and blue can lower blood pressure, while
yellow, red and orange evoke different responses.?! With
regard to the relationship between color temperature and
children’s reactions, it was observed that while cool or
warm colors could calm one child, they may evoke a dif-
ferent response in another child.?
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The p-value of 0.003 observed in the current study
rejects the null hypothesis and accepts the alternative
hypothesis, concluding that there was a sex variation in
the anxiety levels among younger children. The present
study indicates that the majority of boys in both groups
preferred red and black to express negative emotions.
With regard to positive emotions, younger girls chose
pink, blue and red, while the older ones selected pink, blue
and yellow. Pink was the leading color choice among girls.
Both younger and older girls, 31.8% and 26.3%, respec-
tively, picked black to express negative emotions. In both
age groups, the boys selected yellow and blue to depict
positive emotions. These results bear a resemblance to
a previous study by Annamary et al.!'® Some experts be-
lieve that the cultural influences account for these prefer-
ences. Typically, parents raise boys in a blue environment
and girls in a pink environment.®

A study conducted by Jayakaran et al. in 50 randomly
selected children aged 6—10 years aimed to determine the
preferred aids that help them cope with their anxiety lev-
els.” The authors observed that the most preferred aids
were watching cartoons, listening to music, observing
cartoon-painted walls, playing with toys, and the presence
of parents. Implementing these aids and designing the
pediatric clinics accordingly will ensure a child-friendly
environment and thereby improve the quality of healthcare.”

In a study by Hotwani and Sharma, 100 children aged
9 years were assessed for their preference of local anesthe-
sia and the impact of colors on their anxiety levels using
the faces version of the Modified Child Dental Anxiety
Scale.?? In the study, the child was asked to match the
emotions with the 6 colored injectors according to their
preference. It was observed that a change in physical ap-
pearance and color helped to reduce anxiety levels, and
thus could be considered a modality of behavior manage-
ment. Goldstein had previously observed that specific col-
ors can elicit an emotional response.?? Other researchers
have also stated that the choice of color used in children’s
artwork reflects their underlying emotional state.?3-2

Based on the environment, parents can indirectly in-
fluence their children’s color preferences. Furthermore,
experiences and nationality can also influence color pref-
erences.?® The relationship between colors and their com-
bination and emotions has been investigated in several
studies.?® The use of colors in a dental setting can con-
tribute to a sense of calm for both staff and children. The
use of colored equipment can further expand this benefit.
It was agreed that 7 colors should be used in the study
(black, red, white, yellow, green, blue, and pink). Blue,
green, yellow, and red were chosen because they repre-
sent the 4 basic colors of the Munsell color system. Pink
was selected as the color of bodily tissues, and black and
white were selected because they are achromatic colors.?®
The emoticon set included sad and happy faces. Terwogt
and Hoeksma found that the association between emo-
tions and color preferences differed between age groups.?

P. Maganur et al. Dental anxiety and color perception

While children in the older age group displayed a lower
correlation between emotions and colors, children in the
younger age group demonstrated a stronger correlation.?”
This aligns with the finding that, depending upon personal
experiences, as a person grows older, their choices and
preferences vary.?

The dental environment plays a crucial role in chil-
dren’s behavior, particularly in their willingness to coop-
erate with treatment. The emotional state of the child is
reflected in their physical health.?® In their study on the
use of color in pediatric dentistry, Park and Park showed
that the use of child-friendly colors can positively impact
emotional health.!?> Their findings indicated that girls
exhibited greater preference for red and purple than boys.
It was also observed that healthy children and pediatric
patients preferred blue and green, with a lesser preference
for white. The color red is associated with pain, while yel-
low is associated with the absence of pain, as observed
among Turkish children by Altan et al.? Another longi-
tudinal cohort study revealed an increased prevalence
of dental fear and anxiety (DFA) among children between
the ages of 7 and 9.2 The development of new carious
lesions, the experience of toothache and extractions were
identified as the most significant risk factors for the devel-
opment of DFA. According to the study, dental treatment
should not only focus on dental care but also consider
its psychological impact, thereby preventing painful and
traumatic experiences.?

A reduction in anxiety levels would decrease the time
required for dental procedures and would make the pro-
cedure less stressful for the patient. Therefore, the present
study suggests that by determining the levels of anxiety
and identifying child-friendly colors, it is possible to in-
corporate these colors into the healthcare environment.
This could be helpful in reducing anxiety in children and
facilitating dental procedures with better success rates.
Furthermore, a dental environment free of anxiety would
facilitate the expression of dental concerns by children.

Limitations

The present study evaluated only 2 emotions, happiness
and sadness. Further prospective and longitudinal studies
are required to evaluate a greater variety of emotions in
a larger population.

Conclusions

The impact of color on feelings and emotions is con-
tingent upon the color perspective, the overall environ-
ment and the type of emotional link experienced by the
individuals. Based on the results of our study, it can be
presumed that there is a significant correlation between
color perceptions and emotions. These factors have
a major impact on children, depending on their anxiety
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level, sex and age. Hence, the implementation of a child-
friendly environment in dental clinics would reduce
anxiety levels and facilitate cooperation with pediatric

patients.
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Abstract

Background. The correlation between Behcet’s disease (BD) and apical periodontitis (AP) has not been
investigated.

Objectives. The aim of the study was to evaluate the association between BD and AP using different
variables.

Material and methods. A total of 98 individuals (49 with BD and 49 controls) were recruited for the
study. The presence of AP was confirmed through radiographic and clinical examination in all patients.
The following data was evaluated in both the BD group and the control group: the presence of teeth
with AP; the presence of root canal-treated (RCT) teeth; the presence of RCT teeth with AP; the severity
of the disease; the types of medication taken; and the duration of the disease. The ? test and the logistic
regression analysis were performed to ascertain the association between BD and AP

Results. A total of 32 patients in the BD group and 12 patients in the control group presented with AP
The prevalence of teeth with AP was significantly higher in the BD group than in the control group (odds
ratio = 5.804, p < 0.05). The 2 analysis demonstrated a statistically significant association between AP
and both gender and BD activity (p < 0.05). Furthermore, the logistic regression analysis indicated that the
severity of the disease was a predictor of BD (p < 0.05).

Conclusions. A significantly higher prevalence of AP was observed in patients with BD. However, the
success rate of endodontic treatment in patients with BD was comparable to that observed in healthy
individuals.

Keywords: Behcet’s disease, Behcet's syndrome, apical periodontitis
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Introduction

Behget’s disease (BD), also known as Behcget’s syndrome,
is a form of multisystemic chronic vasculitis first defined
by Dr. Hulusi Behget in 1937. The disease affects the
cardiovascular, nervous and gastrointestinal systems and
presents with mucocutaneous lesions. The condition is
a triple-symptom complex involving the oral, genital and
ocular structures.! Behget’s disease affects both female
and male individuals across a wide geographic area, but
it is more prevalent among people along the so-called Silk
Road.? The causes of BD include immune system disorder,
genetic predisposition and endothelial cell dysfunction.?
Since diagnostic tests cannot be performed for BD, the
diagnosis is made based on clinical findings.*

Although the pathogenesis of BD is not fully under-
stood, studies have demonstrated that immunological
dysregulation plays an important role in its etiology and
progression. An important part of the immunopathogen-
esis of BD is a T cell-mediated immune response.® T cells
are divided into 2 groups, known as T helper cells 1 (Th1)
and T helper cells 2 (Th2), which have antigen-specific
receptors on their cell membranes for the identification
of pathogens.® One of the key pathological immune char-
acteristics of BD is the presence of elevated levels of pro-
inflammatory Thl cytokines (interleukin-2 (IL-2), IL-12,
IL-18, IL-27 and interferon-y (IFN-y)) and Th2 cytokines
(IL-2, IL-10, IL13, and tumor necrosis factor-p (TNE-f3)),
which play crucial roles in the disease.” It has been dem-
onstrated that IL-6 is the main cytokine that functions as
a promoter in patients with BD.*!° Furthermore, IL-6 and
TNF provide both local and systemic responses to patho-
logical stimuli.l!

In the event of pulp necrosis, bacteria and their by-
products reach the periradicular tissues via the apical
foramen and lateral canals, thereby triggering inflammatory
and immunologic reactions and causing apical periodon-
titis (AP).12 T cells are one of the key factors involved in
AP They produce cytokines, which may stimulate bone
destruction and exert a pro-inflammatory function in
AP.13 The progression of AP and the subsequent bone
resorption have been attributed to a response in Th1.8

Arabaci et al. indicated that periodontal status is influ-
enced by the presence and severity of BD.!* Another study
demonstrated a correlation between periodontitis and BD
activity.!® Since AP and BD involve similar destructive and
inflammatory reactions, there is a possibility of an asso-
ciation between the two. Thus, this cross-sectional study
aimed to evaluate the correlation between BD and AP. The
null hypothesis was that no association would be observed.

Material and methods

This study conforms to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)

M. Siimbiillii et al. Behget's disease and apical periodontitis

statement. The clinical study was conducted in the
Department of Rheumatology, School of Medicine, and the
Department of Endodontics, Faculty of Dentistry (Atatiirk
University, Erzurum, Turkey). The study was approved by
the Ethics Committee of the Atatiirk University (decision
No. 71-09/2022). The sample size was calculated based on
the data from a previous study,'® with an effect size of 0.35,
an alpha error of 0.05 and a power of 0.9. According to
this analysis, the study should have included 85 patients.

The study population consisted of 49 patients with
BD, aged 28-65 years, who were accepted for treatment
at the endodontics clinic. The patients did not present
with any additional systemic diseases apart from BD. The
participants of the study met the criteria set forth by the
International Study Group for BD.!” The control group
consisted of 49 sex- and age-matched patients who did
not have any systemic diseases.

The BD activity index was used to determine the severity
of the disease, with patients classified accordingly.!® Each
symptom was assigned a specific score. The overall disease
activity was determined by summing the scores. Oral aph-
thous ulcers, arthralgia, genital ulcers, erythema nodosum,
folliculitis, and papulopustular lesions were classified as
mild symptoms and were assigned 1 point each. Moderate
symptoms included arthritis, deep vein thrombosis of the
legs, anterior uveitis, and gastrointestinal involvement.
They were assigned 2 points each. Posterior uveitis/panu-
veitis, retinal vasculitis, arterial thrombosis, neuro-Behget’s
disease, and bowel perforations were classified as severe
symptoms and were assigned 3 points each.

Additionally, the duration of the disease and the types
of medication administered were documented. The types
of medication were scored as follows: a score of 1 was as-
signed to colchicine; 2 to anti-TNF; 3 to steroids; and 4
to immunosuppressive drugs. If a patient was taking 2 or
more medications, the highest score was assigned to the
type of medication.

The diagnosis of AP was confirmed by clinical and
radiographic examinations. All types of AP, including
asymptomatic AP, symptomatic AP, acute apical abscess,
and chronic apical abscess were considered. All radio-
graphic images were obtained using the same imaging
system (Planmeca Promax; Planmeca, Helsinki, Finland).
If the periapical tissue was normal or had minimal changes
in bone structure, the related tooth was classified as
healthy (PAI 1 and 2), according to the periapical index
(PAI).! In the event of a lost periodontal ligament or peri-
odontitis with exacerbating features (PAI 3, 4 and 5), the
tooth was classified with a periapical pathology.?° The PAI
score for multi-rooted teeth was determined based on the
highest score observed across all roots.?!

Digital panoramic radiographs were taken and analyzed
by an endodontist and an experienced dentist (Fig. 1,2).
Both observers were blinded to the study groups. In cases
of disagreement, the analysis was repeated. After the
radiographic analysis, pulp sensitivity, percussion and
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Fig. 1. Panoramic radiograph of a patient included in the control group

Fig. 2. Panoramic radiograph of a patient included in the experimental group

palpation tests were performed to confirm the clinical
diagnosis of AP. Patients with at least 1 tooth exhibiting
signs of AP were included in the AP group.

The following data was recorded for all patients: the
number of patients with AP; the number of patients with
root canal-treated (RCT) teeth; and the number of patients
with RCT teeth and AP.

Statistical analysis

The statistical analysis was conducted using the IBM
SPSS Statistics for Windows software, v. 20 (IBM Corp.,
Armonk, USA). The y? test was performed to determine
the differences between the BD group and the control
group. A univariate analysis of potential predictors of BD
and AP, as well as RCT teeth and RCT teeth with AP, was

carried out using the Mann—Whitney U test. Furthermore,
a model was constructed for the logistic regression analysis
to better understand the relationship between cases with
BD and AP, RCT teeth, and RCT teeth with AP. A p-value
<0.05 was considered statistically significant.

Results

A total of 98 individuals with 2,051 teeth (1,026 in the
BD group and 1,025 in the control group) were evalu-
ated. While 32 patients were diagnosed with AP in the
BD group, only 12 patients were diagnosed with AP in
the control group. The prevalence of AP was significantly
higher in the BD group (65.3%) compared to the control
group (24.4%) (odds ratio = 5.804, p < 0.001) (Table 1).
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Table 1. Distribution of the analyzed variables in patients with Behget's disease and the control group

Variable Experimental group Control group p-value Odds ratio
Patients, n 49 49 - -
Mean age [years]
M +SD 3446 +£9.2 3446 +£9.2 1.00 -
female 31 31 - -
Gender, n
male 18 18 - -
; ; resent 32 (65.3) 12 (24.4)
Pazlents with AP, p <0001 5804
n (%) absent 17 (34.7) 37 (75.6)
; ; resent 30(61.2) 28 (57.2)
Pazlents with RCT teeth, p 0837 1184
n (%) absent 19(388) 21 (428)
i ; resent 9(183) 6(12.2)
Pagents with RCT teeth+AP, p 0575 1613
n (%) absent 40(81.7) 43(87.8)

M —mean; SD - standard deviation; AP — apical periodontitis; RCT — root canal-treated; patients with AP — at least 1 tooth with AP; patients with RCT teeth — at least
1 RCT tooth; patients with RCT teeth+AP — at least 1 RCT tooth and AP; * statistically significant (p < 0.05).

At least 1 RCT tooth was found in 30 (61.2%) and 28
(57.2%) patients in the BD and control groups, respectively.
The observed difference in the number of RCT teeth
between the BD and control groups was not statistically
significant (p > 0.05). At least 1 RCT tooth with AP was
identified in 9 (18.3%) and 6 (12.2%) BD and control
patients, respectively. The difference between the groups

a logistic regression analysis was performed (Table 3).
The constructed model demonstrated that BD activity
was a predictor of AP (p < 0.05).

Table 3. Results of the logistic regression analysis in patients with Behget's
disease

in terms of the presence of RCT teeth with AP was not Standard
c . . g Variable B* Beta p-value
statistically significant (p > 0.05) (Table 1). error
The intragroup analysis revealed a higher prevalence score 1 - - - 0581
of AP in male BD patients compared to female patients Type score 2 1.001 1232 2721 0417
(p <0.05) (Table 2). Additionally, the prevalence of patients of medication  score 3 0.041 1410 1042 0977
with AP was significantly higher in the severe group than score4  —0808 0813 0446 0320
in the mild and moderate groups (p < 0.05). There was no mild B B B 0077
statcllstlcally s1gn1f}cant dlffefre}?cz Ilietweeil the mll((l) ggd Siesr;igsacﬂvny PO e e
mo erat.e groups in t(’ar’ms o t. e AP prevalence (p > 0. '). covere 5201 1150 0886 0.046*
No statistically significant difference was observed in ' A
. . Duration of the disease 0.034 0.051 1.034 0513
terms of age, the duration of the disease, or the type
Constant 0.757 0.686 2132 0.270

of medication among patients with BD (p > 0.05). To
better understand the relative influence of the predictors,

* statistically significant (p < 0.05, x test).

Table 2. Distribution of the analyzed variables in patients with Behcet's disease

— AP RCT teeth RCT teeth+AP
ariaple
female 15 16 22 9 7 24
Gender, n 0.010* 0.080 0.454
male 15 3 8 10 2 16
f/’gfs%ea“] 338485 3554105 0813 347499 341484 0935 334481 347496 0675
mild 116237 10 @47.7) 13619  8(38.1) 50238  16(762)
Ee(;;e“ diseaseacthity, \jerate  8(500¢  8(500¢  0040*  12(750)  4Q50) 0200 2125  14(875) 0669
severe 11(91.6)° 1(8.4)° 5(416) 7 (584) 2(16.6) 10 (83.4)
scorel  19(633)  11(36.7) 19(633) 11367 7(33) 23(767)
e of medicifon, score2  3(750) 1(250) 0780 3(75.0) 1(250) 0700 2(500)  2(500) 0085
n (%) score 3 2(66.7) 1(33.0) ’ 1(333) 2(66.7) i = 3(100.0) '
score4  6(500)  6(500) 7(583) 517 - 12 (1000)
ADA”E%O” of thedisease [months] o) o5 77473 0231 78472 77460 0951 66+44  80+7.1 0970

* statistically significant (p < 0.05, x? test). Different superscript letters show statistical differences between the groups.
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Discussion

Systemic disorders can be regarded as modulating
factors affecting the progression of an oral infection,
rather than etiologic factors.???*> The success of root
canal treatment is adversely affected in individuals with
diabetes and hypertension.?* Costa et al. revealed that
individuals with cardiovascular diseases are more prone
to endodontic pathologies.?> Moreover, patients who had
undergone kidney transplantation exhibited a higher
prevalence of endodontic pathology compared to healthy
individuals.2® However, this is the first study investigating
the relationship between AP and BD based on a range
of variables.

Apical periodontitis is associated with an elevated level
of cytokines and inflammatory mediators secreted by
T cells, including IL-1, IL-2, IL-6, and TNF-a.?” In ad-
dition, the presence of CD57-positive cells in all cases
of chronic AP suggests that activated natural killer (NK)
cells contribute to the progression of periapical patholo-
gies.?® Natural killer cells can release cytokines, includ-
ing IFN-y and TNE? The bone destruction process in
periradicular pathology is regulated by pro-inflammatory
cytokines, such as IL-1pB, IL-6, IFN-y, and TNF-«.>° Thl
cells are mainly effective in the pathogenesis of BD. It has
been shown that Th1 cells and cytokines are significantly
elevated in individuals with active BD.3! Interleukin-1,
IL-6 and TNF-a are the main cytokines observed in BD
patients.?> Hasan et al. have confirmed the association
between NK cells and BD and identified a reduction in
NK cells in the peripheral blood of active BD patients.??
The depletion of NK cells in the peripheral blood of BD
patients may reflect an increased homing of these cyto-
toxic cells to inflammatory sites.> Additionally, increased
levels of IFN-y, which are secreted by NK cells, have been
reported in individuals with active BD.3! Therefore, the
association between the 2 diseases can be attributed to
increased cytokine similarity and the impact of these cyto-
kines on disease progression in both AP and BD.

The present study indicates that the prevalence of AP
was higher in male individuals in the BD group. While BD
has an impact on both genders, it is more severe among
young males.34-3 The relevant clinical difference between
men and women is unclear, but it may be related to hor-
monal factors, such as testosterone and prolactin.?”8

Despite the lack of consensus on a treatment program,
colchicine, corticosteroids, anti-TNF agents, and cyclo-
sporine have been demonstrated to effectively control BD
symptoms.>* Drug therapy provides symptom control,
reduces inflammation, supports the immune system,
provides remission, and increases the patient’s quality
of life.** However, our study did not identify an associa-
tion between AP and the type of medication used to treat
BD. Since no other study has investigated the possible
associations between the type of medication and AP,
a direct comparison cannot be made.
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The study results indicated that there was no statisti-
cally significant difference between the groups with re-
gard to the prevalence of RCT teeth and those with RCT
teeth and AP. In other words, BD did not affect the main-
tenance of endodontic treatment. Bone destruction in AP
has been related to the Th1 response, which leads to the
activation of osteoclasts.*! The administration of intra-
canal medication during endodontic treatment can result
in successful outcomes, as evidenced by a previous study
which indicated that intracanal medication can reduce
the levels of cytokines involved in AP.42

A limitation of this study is the absence of data regard-
ing the patient’s oral hygiene. Oral hygiene may influence
the prevalence of AP. Previous research has shown that the
incidence of AP is higher among patients with periodontal
disease (PD) compared to those without PD.** Another
study has reported that dental caries and PD were the
most prevalent oral health concerns in individuals with
rheumatic diseases (73.1%).** These dental problems
could be attributed to the side effects of medications.?
Another limitation of the present study is that it was
based on an observational cross-sectional design, which
only captured data at a single point in time. However, the
results of the present study provide baseline information
for prospective studies with larger sample sizes. Finally,
further controlled clinical trials are required to elucidate
the role of AP in BD.

Conclusions

Behget’s disease was shown to be significantly associ-
ated with an increased prevalence of AP. It can be con-
cluded that, among all variables, BD activity was the most
effective predictor of AP. Individuals with severe BD may
be more prone to developing AP in comparison to those
with mild and moderate BD activity. No statistically sig-
nificant difference was observed regarding the prevalence
of RCT teeth with AP between the BD and control groups.
Thus, it can be concluded that BD did not affect the success
rate of root canal treatment. Further prospective studies are
required to confirm the relationship between BD and AP.

Ethics approval and consent to participate

The study was approved by the Ethics Committee of the
Atatirk University (decision No. 71-09/2022).

Data availability

All data generated and/or analyzed during this study is
included in this published article.

Consent for publication

Not applicable.
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Abstract

Background. There is a well-established link between the use of smokeless tobacco (ST) and the devel-
opment of oral cancer. This study was conducted to evaluate the impact of tobacco use, quid use, and other
adverse habits related to smoking and alcohol consumption on ST-induced localized lesions.

Objectives. The aim of the study was to examine the demographic data, frequency and contact duration
of ST on the lesion, as well as to conduct a clinical evaluation of these parameters.

Material and methods. A total of 13,442 patients who had been experiencing oral and dental symp-
toms for a period of at least 6 months were screened. Of these, 334 patients were diagnosed with ST- or
quid-induced localized lesions and had a positive history of ST or quid use. A structured questionnaire
was employed to conduct interviews with participants regarding their use of ST and other adverse habits,
including smoking and alcohol consumption. Other information related to the use of ST or quid and clinical
findings were also recorded, along with the patients'demographic details. A statistical analysis was carried
out using the y” test and the regression analysis.

Results. The overall prevalence of ST-induced localized lesions was found to be 2.48%. In the study popu-
lation, the majority of participants (58.7%) reported a habit of using khaini, while 26.8% reported using
qutkha. The study found significant differences in the severity of ST-induced localized lesions and contact
duration, frequency of the habit, and the presence of additional habits such as smoking and/or alcohol
consumption. Based on this study, we proposed a modified Greer and Poulson’s classification of ST-induced
lesions, dividing them into 4 clinical types.

Conclusions. Smokeless tobacco-induced localized lesions frequently remain asymptomatic, with
patients unaware of their presence. Other adverse habits, including smoking and alcohol consumption, as
well as increased ST contact duration were associated with the development of more severe ST-induced
localized lesions.

Keywords: mucosal lesions, snuff, smokeless tobacco, chewing tobacco
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Background

Smokeless tobacco (ST) refers to a range of products,
including chewing tobacco, snuff, betel quid with tobacco,
and paan.'? The use of ST has been associated with the
development of oral potentially malignant disorders
(OPMDs) and oral cancer. Oral potentially malignant dis-
orders encompass all lesions and conditions exhibiting
morphological changes with an increased potential for
malignant transformation.?

Tobacco use has been linked to the development
of OPMDs, including leukoplakia (white lesions) and
erythroplakia (red lesions). Leukoplakia is the initial oral
manifestation in over 33% of cases of oral cancer. Thus,
white lesions may serve as an early sign for precancerous
lesions and should be monitored for an early diagnosis
of cancer.

The high incidence of oral cancer in India reflects the
pervasive use of tobacco products.® In North India, betel
quid with tobacco, zarda, gutkha, khaini, and toombak
are particularly prevalent and are used by keeping them
directly in the buccal and labial vestibules.*” According
to Naveen-Kumar et al., 40.64% of patients with oral
lesions had a positive history of ST chewing.® The most
commonly used ST includes chewing or spit tobacco in
the form of leaves. Spitless tobacco is finely milled and
dissolves orally; snuff tobacco is a fine powder. The dry
form is inhaled, while the moist form is placed intraorally.’
Quid may be used as a mixture of areca nut, catechu, and
slaked lime with tobacco (gutkha) or without tobacco
(pan masala).? Quid is placed intraorally and remains in
mucosal contact for a period of time.! The slaked lime
releases an alkaloid and reactive oxygen species from the
areca nut, which produces euphoria. From a clinical per-
spective, ST-associated lesions are less characteristic and
differ from those caused by smoking. Smokeless tobacco
contains numerous carcinogens, including polonium-210,
tobacco-specific nitrosamines (TSNAs), volatile alde-
hydes, and polycyclic aromatic hydrocarbons.> Nicotine,
an alkaloid, is primarily responsible for addiction.® The
amount of tobacco used in snuff per day is about 10-15 g.
It has been demonstrated that orally absorbed nicotine
remains in the blood for a longer period of time.’

Tobacco pouch keratosis (TPK) is also known as snuff
dipper’s keratosis or smokeless tobacco keratosis. It is
a keratotic mucosal lesion resulting from chronic contact
with ST. The mucosal surface affected by ST contact may
appear as gray, gray-white, white, translucent, corrugated,
or wrinkled. The stretched mucosa may present as a fis-
sured or rippled pouch, which may become leathery or
nodular in long-term tobacco users.? Very few studies
have investigated ST-associated localized lesions. The
present study sought to evaluate the impact of ST use
on the oral cavity. Such lesions can evolve into OPMDs.
Thus, early diagnosis and management of ST-associated
lesions is essential.

V. Gombra et al. Smokeless tobacco-associated lesions

Objectives

The aim of the study was to evaluate the awareness
of the lesion, the deleterious effect of the use of a spe-
cific type of ST, and the concomitant effect of smoking
and alcohol intake on localized ST-associated lesions. The
demographic data, including the frequency of use, con-
tact duration, clinical appearance, and prevalence of ST
lesions, was analyzed in patients who presented to the
outpatient department (OPD) of the Department of Oral
Medicine and Radiology (Jamia Millia Islamia, New Delhi,
India). The study provides information about the impact
of the usage of different types of ST on the oral mucosa.

Material and methods

Study population

This analytical cross-sectional study was conducted at
the Department of Oral Medicine and Radiology (Faculty
of Dentistry, Jamia Millia Islamia, India). The study was
approved by the Institutional Ethical Committee of the
Faculty of Dentistry, Jamia Millia Islamia (approval No.
15/12/50/JMI/IEC/2015), prior to its commencement.
The study population consisted of individuals who attended
the OPD between February 2016 and July 2016. Both male
and female patients aged 15 years and above were con-
sidered for inclusion in the study. The sample size was
calculated based on the retrospective OPD data from the
register. The prevalence of ST-associated localized lesions
was found to be 4%, based on the analysis of data from 20
randomly selected days. The sample size was calculated
using nMaster software v. 2 (CMC Vellore, Vellore, India).
Based on the assumption of a 4% prevalence of TPK in the
study population, an absolute precision of 2.5% and a 95%
confidence interval (CI), a sample size of 236 was found
to be sufficient. The study population included individu-
als aged 15 and above who had the habit of using ST in
any form (khaini, gutkha, paan, spitless tobacco, gutkha
with lime, supari with tobacco) and who had been clini-
cally diagnosed with localized tobacco-associated lesions.
Only those who provided informed consent for participa-
tion in this research and who agreed to the use of the ac-
quired data for research writing purposes were enrolled.
Patients who were not willing to consent to participation
in the study and those who did not present with ST-associated
localized lesions were excluded. A total of 13,442 patients
with a range of oral and dental symptoms were screened
between February 2016 and July 2016. Patients with
a positive history of keeping tobacco quid intraorally
were clinically evaluated for the presence of ST- or quid-
associated localized lesions. Based on this assessment,
a clinical diagnosis of habit-associated lesions was given.
The lesions were evaluated in accordance with the Greer
and Poulson’s classification.!°
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A total of 334 patients were diagnosed clinically with
ST-associated lesions. Of these, 269 participants satis-
fied the inclusion and exclusion criteria for the study

(Fig. 1).

Identification I Patients screened in the OPD
for eligibility (N = 13,442)

Eligible patients (n = 334)

Not included (n = 65)
A lack of motivation to provide
to the questi ire
and a lack of informed consent

Inclusion I Included in the study
(n = 269)

Analysis | Analyzed Follow-up ©® complete resolution
(n=269) performed on (n=7)
30 participants ® lower clinical degree
who quitted (n=14) . .
their habit © persistent white lesions|
(n=2)

Lost to follow-up
(n=7)

Fig. 1. Study enrolment flowchart
OPD - outpatient department.

Screening program

All individuals who met the eligibility criteria were
informed about the nature of the study. A written
consent form was provided to each participant after
explaining the purpose and process of the research.
An intraoral evaluation of the mucosa was conducted
using diagnostic instruments and artificial light. The
clinical examination of ST-associated localized lesions
was performed by trained dental professionals. The
screening tool for the diagnosis was based on a clinical
evaluation of the lesions in conjunction with a positive
history of keeping quid intraorally. The interviewer
used a structured questionnaire for the evaluation
of ST-related habits and other adverse habits associated
with smoking and alcohol consumption. The demo-
graphic details, habit-associated history and clinical
information were recorded on a proforma. Tobacco
pouch keratosis lesions were classified into 3 types ac-
cording to the Greer and Poulson’s classification sys-
tem (Table 1).1011

Table 1. Greer and Poulson'’s classification for snuff dipper’s lesions®1°

Degree of lesion Description

A superficial lesion with a color similar to that of the
surrounding mucosa, with slight wrinkling and no
obvious thickening.

Degree 1

A superficial whitish-reddish lesion with moderate

Degree 2 wrinkling and no obvious thickening.

A red or white lesion with intervening furrows
of normal mucosal color and obvious thickening and
wrinkling.

Degree 3
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Statistical analysis

The statistical analysis was conducted using the IBM
SPSS Statistics for Windows software, v. 16.0 (SPSS Inc.,
Chicago, USA). The influence of tobacco type and intra-
oral lesion grading was evaluated using the y? test, with
p-values indicating significance at p < 0.05. A binary
logistic regression analysis was used to analyze the rela-
tionship between various covariates and the staging of
ST-associated lesions. The dependent variable, namely
the stage of TPK, was dichotomized into 2 categories:
stage 1; and stage 2/stage 3. All covariates were adjusted
for age and sex.

Results

Age and sex profile of the study population

The age and sex distribution of the total study popula-
tion revealed that 94.8% of patients were male. The
patients were classified into 5 age groups (Table 2). The low-
est prevalence of lesions was observed in the 15-20 age
group. The remaining age groups showed a prevalence
of 23-25%.

Table 2. Age and sex distribution of the study population

Frequency,n (%)

15-20 8(3.0)
21-30 64 (23.8)
Age 31-40 66 (24.5)
[years]
41-50 64 (23.8)
>50 67 (24.9)
male 255 (94.8)
Sex
female 14 (5.2)

Habit profile of the study population

Most of the ST-associated lesions were asymptomatic,
and only 12.6% of participants were aware of lesions at
the ST contact site. None of the patients reported any oral
lesions associated with tobacco quid use. Sixteen per-
cent of the participants reported a burning sensation at
the lesion site. All participants had presented for treat-
ment of an additional orodental complaint, and none had
previously consulted with a healthcare practitioner re-
garding lesions at the quid site. The tobacco types were
classified into 6 groups (Table 3). The highest number
of grade 3 cases reported a history of using khaini. The
x? test demonstrated a statistically significant correlation
between the grading of the lesion and the tobacco type
habit (Table 4).
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Table 3. Habit profile of the study population

Awareness and habit type Frequency, n (%)

Awareness of the no 235(87.4)
presence of lesion yes 34(126)
gutkha 72 (26.8)
khaini 158 (58.7)
ST type usage tobacco 25(9.3)
pan masala 1(0.4)
pan masala + tobacco 114.1)
gutkha + lime 2(0.7)
Other adverse smoking 153 (56.9)
habits alcohol consumption 110 (40.9)

ST - smokeless tobacco.

Table 4. Association between different types of ST usage and the grading
of ST-associated lesions

Grading

Gutkha 37(514) 29 (40.3) 6(8.3) 72 (100.0)
Khaini 104 (65.8) 28(17.7) 26 (16.5) 158 (100.0)
Tobacco 13(52.0) 11 (44.0) 1(4.0) 25(100.0)
Pan masala 1(100.0) 0(0.0) 0(0.0) 1(100.0)
Pan masala + tobacco 4(364) 7 (63.6) 0(0.0) 11(100.0)
Gutkha + lime 0(0.0) 0(0.0) 2(100.0) 2(100.0)
Total 159 (59.1)  75(27.9) 35(13.0) 269 (100.0)
p-value <0.001*

* statistically significant (p < 0.05, x? test for different types of ST usage).
Data presented as frequency (percentage) (n (%)).

A positive history of smoking was reported by 56.9%
of the participants, and 40.9% of patients gave a posi-
tive history of alcohol consumption. The y* test demon-
strated a statistically significant difference in the grading
of lesions based on the ST usage, smoking and alcohol
consumption. The combination of alcohol consump-
tion, smoking and ST usage was associated with a higher
prevalence of grade II and grade III lesions compared to
ST-associated lesions (Table 5).

Table 5. Association between the number of habits and the grading
of ST-associated lesions

Grading

Number of habits Total
gradell | gradelll

1 habit (only ST) 86 (74.1) 16 (13.8) 14(12.1) 116 (100.0)
ST & smoking tobacco 25 (58.1) 18 (41.9) 0(0.0) 43 (100.0)

ST & smoking tobacco

& alcohol 48 (43.6) 41(37.3) 21(19.1) 110(100.0)
Total 159 (59.1)  75(279) 35(13.0) 269 (100.0)
p-value <0.001*

Frequency of ST use
and contact duration profile

Most of the participants reported using quid 1-4 times
per day, followed by 5-9 times per day (Table 6). The
majority of patients kept quid at the contact site for
5-10 min (Table 7). Most of the participants described
their habit duration as 0-5 years, followed by 5-10 years
(Table 8). The x? test revealed a statistically significant
difference between the clinical grading of the lesion and
the frequency of ST use, contact time, and the duration
of the habit.

Table 6. Association between the frequency of ST use and the grading
of ST-associated lesions

Frequency of ST use Grading Total
1-4 93(69.9) 39(29.3) 1(0.8)  133(100.0)
5-9 41(406) 28(27.7) 32(31.7) 101(100.0)
10-15 23(71.9) 7(219) 2(6.3) 32(100.0)
>15 2 (66.7) 1(33.3) 0(0.0) 3(100.0)
Total 159(59.1) 75279 35(13.0) 269(100.0)
p-value <0.001*

* statistically significant (p < 0.05, x? test for the frequency of ST use).
Data presented as n (%).

Table 7. Association between the duration of contact with ST and the
grading of ST-associated lesions

Contact duration Grading

. Total
[min] grade I grade Il

0-5 47(92.2) 4(7.8) 0(0.0) 51(100.0)
5-10 57 (46.7) 36 (29.5) 29(238)  122(100.0)
10-15 33(71.7) 3(283) 0(0.0) 46 (100.0)
>15 22 (44.0) 22 (44.0) 6(12.0) 50 (100.0)
Total 159 (59.1) 5(27.9) 35(13.0) 269 (100.0)
p-value <0.001*

* statistically significant (p < 0.05, x° test for the duration of contact with ST).
Data presented as n (%).

Table 8. Association between the duration of ST usage and the grading
of ST-associated lesions

Habit duration Grading

0-5 70(70.7) 29(29.3) 0(0.0) 99 (100.0)
5-10 48 (67.6) 16 (22.5) 7(9.9) 71 (100.0)
10-15 18(51.4) 7(20.0) 10 (28.6) 35(100.0)
15-20 7(189) 19(51.4) 11 (29.7) 37 (100.0)
>20 16 (59.3) 4(14.8) 7(25.9) 27 (100.0)
Total 159 (59.1) 75 (27.9) 35(13.0) 269 (100.0)
p-value <0.001*

* statistically significant (p < 0.05, x? test for additional adverse habits).
Data presented as n (%).

*statistically significant (p < 0.05, x? test for the duration of ST usage).
Data presented as n (%).
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Site of involvement

Smokeless tobacco-associated lesions were observed
unilaterally in 69.0% and bilaterally in 21.0% of the par-
ticipants. Eighty-four percent of cases were seen in the
mandibular arch. The highest prevalence of cases was
observed on the buccal mucosa, at 88.5%. A single case
was reported in the retromolar mucosa, and no cases
were identified on the tongue, floor of the mouth, or
palatal region. Most of the lesions were present in the
left mandibular vestibule (incisor and premolar region).
The majority of the lesions were less than 3 cm in size
(86.0%). The color of the lesion was white or grayish-
white in 84.5% of cases, mixed red and grayish-white
in 13.0%, and red in 2.6% of the study sample. The
majority of the lesions (88.5%) had ill-defined mar-
gins. A total of 36.0% of the grayish-white lesions were
scrapable. The lesion could be removed by pulling from
the margin of the lesion, leaving an underlying erosive
area. A plaque-like appearance was observed in 49.0%
of cases, while 11.0% of the lesions showed a corrugated
appearance. Tobacco-associated staining was observed
adjacent to the dentition in approx. 68.0% of the
lesions, and mucosal staining was seen in 34.0% of the
lesions. Erythematous changes were present in 15.0%
of the cases (Table 9). According to the classification
proposed by Greer and Poulson, 59.1% of the partici-
pants demonstrated degree 1, 27.9% exhibited degree 2,
and 13.0% displayed degree 3 of the lesions (Fig. 2).
Additionally, hard tissue changes manifesting as
brownish discoloration were observed in the adjacent
dentition due to the contact with the ST.

Of the 269 ST-associated lesions, 41 cases exhibited the
presence of other tobacco-associated lesions in the fol-
lowing order: 16 were smoker’s palate; 9 were leukoplakia;
9 were leukoplakia with smoker’s palate; 5 were oral sub-
mucous fibrosis with leukoplakia; and 2 were oral sub-
mucous fibrosis (Fig. 3).

A binary logistic regression analysis was used to analyze
the association between habit and the staging of the le-
sion. The dependent variable, namely the stage of TPK,
was dichotomized into 2 categories: stage 1; and stage
2/stage 3. All covariates were adjusted for age and sex.
With the exception of the type of ST, all covariates were
found to have a significant association with the staging
of the study lesion. The results indicated that the odds of
developing stage 2/3 of the lesion were 3.27 times higher
(odds ratio (OR) = 3.270; 95% CI: 1.778-6.014) for a 5-9
times/day frequency of ST usage compared to the lower
frequencies. The odds of having stage 2/3 were 7.382
times higher (OR = 7.382; 95% CI: 2.391-22.790) for those
with a duration of habit greater than 15 years compared to
other habit durations (Table 10).

A total of 30 participants were randomly selected and
followed for 6 weeks to observe the effects of quitting
the adverse habit. Seven patients were lost to follow-up.
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Table 9. Clinical evaluation of the site of involvement

: Frequency

unilateral 69.0
Unilateral/bilateral
bilateral 21.0
mandibular arch 84.0
Arch involvement
maxillary arch 26.0
maxillary anterior (incisor region) 14
mandibular anterior (incisor region) 14.0
maxillary left and right side 29
left maxillary posterior 07
Maxillary or (premolar, molar region) ’
man_dibu\ar left mandibular posterior 557
vestibule (premolar, molar region) ’
involvement
right maxillary posterior 07
(premolar, molar region) ’
right mandibular posterior 74
(premolar, molar region) ’
mandibular left and right side 17.9
buccal mucosa 88.5
mucobuccal fold 71.0
labial mucosa 31.2
Mucosal site o
involvement ginglva 309
retromolar region 04
floor of the mouth 0.0
tongue 0.0
<3cm 86.0
Size
>3cm 14.0
grayish-white/white 84.5
Color grayish-white and red 13.0
red/velvet 26
Burning at lesion present 160
site not present 84.0
ill-defined 88.5
Margin
defined 11.5
yes 36.0
Scrapable
no 84.0
Corrugated present 11.0
appearance absent 89.0
Plaque-like present 49.0
appearance absent 51.0
present 15.0
Erosive lesion
absent 85.0
dentition 68.0
Extrinsic staining
mucosal staining 34.0
Gingival recession at the contact site 420
present 68.0
Discolored teeth
absent 320

The follow-up of the remaining 23 participants demon-
strated that in 14 lesions, the clinical severity decreased
following a reduction in the habit. Additionally, 7 cases
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Fig. 2. Degree 1 lesion on the labial mucosa (A), degree 2 lesion on the buccal
mucosa (B) and degree 3 lesion involving the gingiva and buccal mucosa (C)

Smoker's palate Leukoplakia Smoker's palate  Oral submucous Oral submucous
with leukoplakia fibrosis with fibrosis
leukoplakia

Fig. 3. Other smokeless tobacco (ST)-associated lesions identified in the
participants of the study

showed complete resolution of the lesions, while 2 cases
demonstrated persistence of white lesions at the lesion
site even after quitting the habit for 6 weeks (Fig. 4,5).

Fig. 4. Khaini-induced lesion (A) and its clinical appearance at the 6-week
follow-up after the cessation of the habit (B) — case 1

Fig. 5. Khaini-induced lesion (A) and its clinical appearance at the 6-week
follow-up after the cessation of the habit (B) — case 2

Table 10. Impact of different predictor variables on the grading of ST-associated localized lesions

Variable

gutkha
Tobacco type khaini
tobacco
pan, pan masala + tobacco, gutkha + lime
0-4
Frequency of quid use 5-9
[times/day] 10-15
>15
0-5
Contact duration 5-10
[min] 10-15
>15
0-5
5-10
10-15
15-20
20

absent

Habit duration
[years]

smoking present

absent
Alcohol consumption
present
1 habit (only ST)

Number of habits ST & smoking tobacco

ST & smoking tobacco & alcohol

95% Cl of OR
p-value Adjusted OR®
0.227 1 - -
0218 0.678 0.365 1.258
0.737 1.189 0432 3276
0316 1.890 0.545 6.557
<0.001* 1 - -
<0.001* 3270 1.778 6.014
0.043* 0.354 0.130 0.969
0.955 1.092 0.052 22.820
<0.001* 1 - -
<0.001* 12.808 4133 39.687
0.115 2.789 0.778 10.003
<0.001* 12288 3614 41.784
0.003* 1 - -
0.880 1.056 0523 2132
0.382 1466 0.622 3458
0.001* 7.382 2391 22.790
0.561 0.733 0.258 2.087
— 1 — —
<0.001* 2814 1.592 4976
— 1 — —
0.002* 2309 1.344 3.965
0.001* 1 - -
0.039% 2365 1.046 5.345
<0.001* 2.985 1.634 5454

2 adjusted for age and sex; * statistically significant (p < 0.05, binary logistic regression analysis); OR — odds ratio; C/ — confidence interval.
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Discussion

Globally, oral cancer is the 3 most common cause
of mortality in developing countries and the 8" most
common cause in developed countries. The use of tobacco
is associated with an increased incidence and mortality
rate. In 1978, the World Health Organization stated that
the appearance of oral cancer is preceded by other lesions,
which may show cellular changes that may develop into
malignancy.!? Smokeless tobacco in various forms is used
in many countries in Southeast Asia.'®

Multiple risk factors of leukoplakia have been identi-
fied, including genetic factors, local injury, tobacco use,
the presence of Candida species, Epstein—Barr virus, san-
guinaria, alcohol consumption, and nutritional deficien-
cies. Recent studies have also demonstrated that the oral
cavity is the most common site for drug-induced can-
cer in the head and neck region. Oral cancer-associated
drugs include immunomodulatory/immunosuppressive
and chemotherapeutic agents. However, the mechanism
by which these drugs induce oral cancer remains unclear.
Tobacco use is considered the main etiological factor in
the development of oral cancer.!*1>

Tobacco use has been recognized as a risk factor for
the development of OPMDs of the oral mucosa, such as
leukoplakia and erythroplakia. The prevalence of these
conditions among patients attending a hospital in certain
areas of India ranges from 2.5% to 8.4%, respectively. The
development of cancer has been demonstrated in up to
17% of cases within a mean period of 7 years after diagno-
sis.’® The term “leukoplakia” refers to a clinical diagnosis,
and as this lesion is an OPMD, it should be considered
a precancerous lesion.*

Various management options have been considered for
OPMDs, including tobacco cessation, antifungal therapy
for Candida-associated leukoplakia, retinoids, topical
bleomycin, photodynamic therapy, surgical excision, electro-
coagulation, cryosurgery, and laser surgery.!

Future treatment options for oral cancer may include
the use of different types of extracts from propolis con-
taining ethanol, hexane and their combinations, which
showed anticancer activity in tongue cancer cells.!” Other
potential management options for oral cancer include
polynucleotides, such as graphene oxide—polyethyleneimine,
which has been shown to inhibit tumor growth, peptide-
based cancer immunotherapy, and antisense oligo-
nucleotides. They reduce the expression of survivin, the
factor responsible for the growth of tumors and their
resistance to treatment. Furthermore, antisense oligo-
nucleotides increase the apoptotic rate and make the
tumor more sensitive to radiation and chemotherapy.'®

Smokeless tobacco-associated lesions have been iden-
tified as the mucosal lesions most commonly associated
with tobacco use. In a study conducted by Joshi and Tailor
at Gujarat Hospital in India, 53.1% of cases with an ST
habit were identified.”® In a study by Samatha et al., 38.1%
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of cases were classified as ST-associated lesions.!? Previous
studies have shown an increased risk of moderate to severe
dysplasia with ST compared to the smoked form, as well
as a higher incidence of malignant transformation of leu-
koplakia due to ST in comparison to the smoked form.!32

Tobacco is consumed in a variety of ways, including
both smokeless and smoked forms. Previous studies in
Scandinavia have demonstrated that moist or loose snuff
is the most prevalent form of ST.2'-2% In India, the use
of betel quid with tobacco was identified as the most com-
mon practice.'®?! In our study, the most frequently used
form of ST was khaini (58.7%), followed by gutkha (26.8%)
(Fig. 6). This suggests that the prevalence of different ST
habits varies depending on region, potentially due to the
availability of the ST products. The severity of the lesion
is associated with the extent of ST use.??

The occurrence of snuff-induced lesions has been
documented in previous studies at a rate of 100% among
snuff users.?* In a hospital-based OPD study, the preva-
lence of ST-associated lesions was found to be 2.4%.Y
Our study found a prevalence of 2.48% for ST-associated
lesions. Joshi and Tailor reported a higher prevalence of ST-
associated lesions in males compared to females.”® In
contrast, Samatha et al. found ST-associated lesions to be
24.11 times more prevalent in females compared to males
in Nepal.!? In the present study, the sex distribution of the
total study population indicated that 94.8% of cases were
observed in males and 5.2% of cases were seen in females.
The distribution of cases across age groups was nearly
uniform, with only a small number of cases observed in
the youngest age group (<20 years).

Most of the participants were unaware of the lesion, and
only 16.0% of them reported a burning sensation at the
contact site. However, they had never visited a physician
in relation to this issue.

In our study, the majority of lesions were observed in the
left lower arch, which is in accordance with the findings
of Bhandarkar et al.” The left lower arch was more commonly
involved (55.7%) than the right side, and the lesions were least
commonly seen in the maxillary posterior region (0.7%).12

Gutkha

Khaini

27.0%

Tobacco

]

Pan masala

Pan masala
+ tobacco

Gutkha + lime

Fig. 6. Smokeless tobacco types used by the participants of the study
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The buccal mucosa (88.5%) and the vestibular region (71.0%)
were the most frequently affected sites. The lesions were pre-
dominantly white or grayish-white in appearance (84.5%),
with ill-defined margins. The tongue, palate and floor of the
mouth were not affected, suggesting a contact-induced
alteration in the mucosa. Since the lower vestibule is the
most convenient site for keeping the quid, it is unsurprising
that it is the most commonly affected region in our study, as
reported by Samatha et al.'? In a study conducted in Nepal by
Shrestha and Rimal, the labial vestibule and the floor of the
mouth were identified as the most affected sites due to ST.®
In our study, ST-associated lesions were observed with high
frequency in the mandibular region (84.0%) and unilaterally
(69.0%). Gingival recession (GR) localized at the contact site
was seen in 42.0% of participants. Bhandarkar et al. revealed
that the use of ST was associated with a significantly higher
risk of developing GR, with a prevalence of 87.5%.” The
development of recessions is likely attributable to mechanical
and/or chemical trauma to the gingiva.” Previous studies
have also suggested an association between ST and GR.2%
Additionally, several studies have yielded inconclusive evi-
dence regarding the association between ST and GR.2
Previously, there has been a discrepancy in the termi-
nology used for the classification of ST-associated lesions,
as evidenced in studies by Axéll et al., Greer and Poulson,
and Tomar and Winn (Table 11).19222425 These classifica-
tions did not mention clinically scrapable features or loose
tags of white lesions. Johnson et al. classified quid-induced
localized lesions, irrespective of the presence or absence
oftobaccointhe quid.? Theselesions were considered tobe
equivalent to snuff-induced lesions at the mucosal contact
site.2 Our clinical findings showed the presence of 36.0%
of scrapable lesions in degree 2 and 3 lesions, regardless
of whether the patient habitually used quid (Fig. 7).
As there is no uniform definition and terminology for
lesions associated with tobacco and quid, we propose

Fig. 7. Khaini-induced lesion (degree 3) with white scrapable features on
the buccal mucosa

a uniform terminology and definition for ST-associated
lesions, with the aim of facilitating communication
among clinicians (Table 12). Our findings also revealed
that a few lesions presented as ST-associated white non-
scrapable lesions persisted even after habit cessation and
could possibly represent the progression of the lesion to
leukoplakia. These persistent white lesions could be diag-
nosed at the initial visit or after observing their persistence

Table 11. Classifications of mucosal lesions proposed by Axéll, Greer and Poulson, and Tomar and Winn

Study Description

The snuff dipper’s lesion is a lesion of the oral mucosa that occurs at the exact site of the regular placing of snuff.

A superficial lesion with a color similar to that of the surrounding mucosa, and with slight wrinkling. There is no obvious mucosal

A superficial, whitish or yellowish lesion with wrinkling. There is no obvious thickening.

thickening.

definition
degree 1
Axéll
197626 degree 2
degree 3
degree 4
Greerand Poulson ~ degree 1
- .
1983‘ (modlfled degree 2
version of Axéll's
classification) degree 3
definition
Tomarand Winn ~ degree 1
1999%
degree 2
degree 3

A whitish-yellowish to brown, wrinkled lesion with intervening furrows of normal mucosal color. There is a notable thickening.

A marked, white-yellowish to brown and heavily wrinkled lesion with intervening, deep and reddened furrows and/or a heavy
thickening.

A superficial lesion with a color similar to that of the surrounding mucosa, with slight wrinkling and no obvious thickening.
A superficial whitish-reddish lesion with moderate wrinkling and no obvious thickening.
A red or white lesion with intervening furrows of normal mucosal color and obvious thickening and wrinkling.
An ST lesion is a lesion with slight to heavy wrinkling of the mucosa with or without obvious thickening.

Slight, superficial wrinkling of the mucosa. The color of the mucosa may range from its normal hue to pale white or gray.
The mucosa does not appear to be thickened.

A distinct whitish, grayish, or occasionally reddish color change. While wrinkling is evident, there is no thickening of the mucosa.

The mucosa is visibly thickened, with distinct whitish or grayish color change. Deep furrows are present within the thickened areas.
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Table 12. Modified Greer and Poulson’s classification based on our clinical observations

Degree oflesion

Definition

Degree 1
Degree 2
Degree 3
Degree 4

An ST-associated lesion is a localized contact-induced lesion resulting from the use of any form of ST or quid, whether or not accompanied
by a habit of smoking and alcohol consumption.

A superficial lesion with a color similar to that of the surrounding mucosa, exhibiting slight wrinkling and no obvious thickening.
A superficial red or white scrapable or non-scrapable lesion with moderate wrinkling and no obvious thickening.
A red or white scrapable or non-scrapable lesion with intervening furrows of normal mucosal color, obvious thickening and wrinkling.

A lesion of any degree with leukoplakia at the contact site.

following the cessation of the habit for 6 weeks. A defini-
tive clinical diagnosis of leukoplakia was considered when
a negative result was obtained, even after the elimination
of suspected etiologic factors, e.g., mechanical irritation,
during a follow-up period of 6 weeks.?” Leukoplakia is
a classic precursor lesion of oral cancer.?® Such lesions
should be managed properly to prevent further severe
dysplastic changes.

In our study, 41 participants displayed evidence of addi-
tional lesions, attributable to either the smoked or smoke-
less tobacco form or quid. Many patients reported using
other forms of tobacco and quid. It is therefore recom-
mended that a comprehensive history of the patient’s habit
of smoking, ST use, as well as their alcohol consumption
be obtained. This should be followed by a thorough ex-
amination to rule out the presence of other potentially
malignant disorders and to determine the optimal course
of management for the patient.

Gupta et al. observed an increased incidence of oral
squamous cell carcinomas in patients who chewed tobacco.”
Sawyer and Wood also reported an increased risk with
an increase in the frequency and duration of the habit.?
In the present study, the logistic regression analysis identi-
fied a significant association between increased duration,
frequency of the habit and a higher degree of ST-associated
localized lesions. A limitation of this study is that only
a clinical diagnosis was considered for the ST-associated
localized lesions. Further research should include a histo-
pathological diagnosis of the oral lesions. The present study
is limited to examining the prevalence and demographic
details of a single dental institute. Thus, it is not possible to
generalize the findings, and further research is necessary to
document such findings on a larger sample size.

Various research studies have shown the role of differ-
ent biomarkers in the early diagnosis of oral lesions with
a poor prognosis. Studies have demonstrated that the
elevated expression of biomarkers such as loss of hetero-
zygosity (LOH) at 3p and/or 9p, Podoplanin, p27 loss, tumor
necrosis factor alpha (TNF-a), salivary levels of lactate
dehydrogenase (LDH), various interleukins (ILs), osteonec-
tin, and basement membrane protein 40 (BM-40) in oral
lesions such as leukoplakia is associated with an increased
likelihood of malignant conversion. These markers may
be used as an early diagnostic approach for OPMDs.*30-32
Further research should be conducted on the molecular
analysis of ST-associated localized lesions, which will

provide insight into the malignant potential of such lesions
at an early stage. The present study also showed a significant
association between the severity of the lesion and the pres-
ence of an adverse habit of smoking and/or alcohol con-
sumption. The habit of smoking, when present alone or in
conjunction with alcohol consumption and ST usage, was
associated with an increased risk of clinically severe lesions.
The effect of quitting the habit and a concomitant reversal
of ST-associated lesions is in accordance with the findings
of Donald et al., who used the term “tobacco pouch keratosis”
and recommended the complete cessation of the tobacco
chewing habit and a follow-up to assess resolution.’

Conclusions

Oral potentially malignant disorders resulting from
an ST habit were mostly asymptomatic at the initial
stage. The majority of patients were unaware of the pres-
ence of a lesion and thus did not consult a clinician for
the condition. The management is more optimistic when
ST-associated localized lesions are diagnosed at an early
stage. The establishment of uniform terminology, defini-
tions and classifications is essential for effective commu-
nication among clinicians. Based on our clinical findings,
we propose a modified Greer and Poulson’s definition and
classification for ST-associated localized lesions, with the
aim of facilitating the understanding of such lesions. The
results of our study indicate that an increase in the se-
verity of ST-associated localized lesions is linked to an in-
crease in the frequency and contact duration with the ST
or quid, irrespective of the type or form of ST. Addition-
ally, a significant association was observed between the
increased clinical stage of the lesion and the additional
adverse effects of smoking alone or in conjunction with
alcohol. Thus, it is essential that all patients undergo
a comprehensive history of adverse habits and regular
oral examinations in order to facilitate the early manage-
ment of ST-associated lesions.

Ethics approval and consent to participate

The study was approved by the Institutional Ethical
Committee of the Faculty of Dentistry, Jamia Millia Islamia,
New Delhi, India (approval No. 15/12/50/JMI/IEC/2015),
prior to its commencement.
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Abstract

Background. The treatment of temporomandibular disorders (TMD) often includes the management
of sleep bruxism (SB) and awake bruxism (AB). However, few studies have investigated how SB and AB
change after the initiation of the interventions aimed at reducing the activity of masticatory muscles in
TMD patients.

Objectives. The aim of the present study was to investigate changes in self-reported SB and/or AB with
regard to baseline at 6 weeks after receiving TMD treatment, i.e., counseling alone or counseling combined
with any other treatment, and to investigate the association between the type of TMD treatment and
changes in self-reported SB and/or AB.

Material and methods. A total of 68 TMD patients were included in this prospective study, and they all
received counseling. Thirty-three of the 68 patients received additional treatment, e.q., physical therapy,
psychological therapy and/or an oral appliance, beside counseling. The sel-reported SB and AB frequency
values were obtained from the Oral Behavior Checklist (0BC) questionnaire at baseline () and at week 6
after receiving treatment (t;). The frequency of SB and AB was assessed as SB, AB-grinding, AB-clenching,
AB-bracing, and AB-combined (i.e., the maximum frequency of all AB types combined). The Wilcoxon
signed-rank test was used to compare the SB and AB frequency at ty and t; in patients who received
counseling alone and those who received counseling combined with other treatment. The x° test was used
to investigate the association between the type of TMD treatment and changes in SB and/or AB.

Results. The frequency of self-reported SB and all types of AB did not change in patients who received
counseling only. In contrast, there was a significant increase in the frequency of AB-bracing and
AB-combined between tyand t; in patients who received counseling combined with other treatment.

Conclusions. No changes in the frequency of self-reported SB and all types of AB were found in patients
who received counseling only. However, patients who received counseling combined with other treatment
showed a significant increase in the frequency of AB-bracing and AB-combined as compared to baseline.

Keywords: treatment, follow-up, temporomandibular disorders, sleep bruxism, awake bruxism
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Introduction

Sleep bruxism (SB) is a masticatory muscle activity dur-
ing sleep, characterized by rhythmic or non-rhythmic move-
ment, while awake bruxism (AB) is a repetitive masticatory
muscle activity during wakefulness, characterized by tooth
contact and/or the bracing or thrusting of the lower jaw.!
Bruxism is not considered a disorder, but rather a behav-
ior.! The prevalence of self-reported SB ranges from 8.0%
to 31.4%, while the prevalence of self-reported AB ranges
from 22.1% to 31.0% in the general adult population.? Sleep
and awake bruxism have been found to be associated with
psychosocial factors, such as stress, depression and anxiety.?
Moreover, SB and AB are often investigated for their associa-
tion with temporomandibular disorders (TMD). The term
‘temporomandibular disorders’ refers to a group of condi-
tions related to the temporomandibular joint (TM]), mastica-
tory muscles and associated structures.* The prevalence
of TMD symptoms in the adult population is 10.3-30.7%.
Common symptoms of TMD are pain, joint sounds and
limited jaw movement.* The TMD pain has been found to
be associated with possible and definite AB.® A study found
that a higher frequency of self-reported AB, including tooth
grinding and clenching, and the bracing of the jaw, was as-
sociated with painful TMD.” As for SB, possible SB has been
found to be associated with the TMD pain and pain interfer-
ence with daily life activities,® but the association between
definite SB and the TMD pain is inconsistent.>® A previous
study found that probable sleep and awake bruxism, i.e., SB
and AB confirmed via a clinical examination, were associated
with pain-related TMD.!° In addition, another study found
that 90% of probable sleep bruxers reported jaw-muscle
symptoms, such as pain, tiredness or soreness; however, no
association was found between muscle activity measured by
electromyography (EMG) and jaw-muscle symptoms.!!

Temporomandibular disorders constitute a multifactorial
condition associated with psychological factors (e.g., stress,
depression and anxiety), sleep quality and decreased quality
of life (QoL).!>13 In addition, the pain and fear related to
jaw movements have been associated with the decision to
seek care for the TMD pain.'* The management of TMD
includes multidisciplinary non-invasive treatment, such
as counseling, physical therapy, medications, and oral
appliance therapy. Invasive treatment, such as TM] surgery,
are less common, and only performed in selected cases.*!®
The goals of treatment are pain reduction and the recovery
of the jaw function.* Given the longstanding notion that SB
and AB are viewed as masticatory muscle activities that can
overload the masticatory system and contribute to the per-
sistence of the TMD pain, TMD treatment strategies often
involve the management of SB and/or AB.’>17 Counseling,
including education and behavioral modification, can be
implemented to reduce AB,'® and has been shown to reduce
the TMD pain and improve the jaw function.'>!8 In addi-
tion, the awareness of having AB might help reduce pain.'
Sleep bruxism is managed through oral appliances, which
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aim to reduce the loading of the masticatory system due to
the forces exerted while bruxing.!® Biofeedback treatment
has been investigated, as it could reduce a jaw muscle
activity during sleep,2** as well as during wakefulness,'® but
has not yet been implemented as part of routine treatment
for the TMD pain.?? Even though SB and AB are common
targets in the management of TMD, very few studies have
investigated how self-reports of SB and AB change after
starting interventions that aim at reducing these mastica-
tory muscle activities in TMD patients.!823

The present study aimed to investigate changes in self-
reported SB and/or AB with regard to baseline at 6 weeks
after receiving TMD treatment, i.e., counseling alone
or counseling combined with any other treatment, and
to investigate the association between the type of TMD
treatment and changes in self-reported SB and/or AB.
We hypothesized that changes in self-reported SB and/or
AB are associated with the type of TMD treatment. More
specifically, we hypothesized that counseling combined
with any other treatment may alleviate self-reported SB
and AB to a greater extent than counseling alone.

Methods
Study sample

A prospective cohort study was performed in the specialty
Clinic for Orofacial Pain and Dysfunction of Academic
Centre for Dentistry Amsterdam (ACTA), Amsterdam, the
Netherlands, from July 2021 until April 2023.

Patients who were referred to the Clinic for Orofacial
Pain and Dysfunction of ACTA were eligible to be enrolled
in the study if they met the following inclusion criteria:

— at least 18 years old;

— a diagnosis of the TMD pain and/or dysfunction based
on the Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD),?* for which treatment would be
initiated; and

— signed informed consent.

There was no exclusion for medical or dental reasons.
Patients who did not complete the online questionnaire at
week 6 after starting treatment (t;) and those who did not
receive counseling treatment were excluded.

The study was approved by the ACTA Ethics Committee
(ref. No. 2021-64846), and followed the principles of the
Declaration of Helsinki.

Study procedures

The study comprised 3 phases: baseline (t;); treatment;
and follow-up (t;). First, the TMD patients completed
a set of questionnaires before their first visit to the clinic.
Second, following a clinical examination during the ini-
tial visit, the clinicians prescribed treatment based on
the DC/TMD diagnosis, relevant comorbidities, patient
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preferences, and professional judgment. Last, the patients
completed an online questionnaire 6 weeks after the start
of treatment. Further details regarding the applied mate-
rials and methods are provided below.

Baseline (t;)

As part of usual care, all patients completed a set of dia-
gnostic questionnaires before their first visit to the clinic.
These questionnaires referred to demographic variables,
i.e., age and sex, as well as the average facial pain intensi-
ty (the Graded Chronic Pain Scale (GCPS) questionnaire),?
depression (the Patient Health Questionnaire-9 (PHQ-9)),%
somatization (the Patient Health Questionnaire-15
(PHQ-15)),” and anxiety (the Generalized Anxiety
Disorder-7 (GAD-7)).2®6 These questionnaires are part
of DC/TMD.* During the patients’ first visit to the clinic,
intra- and extraoral inspection, as well as clinical examina-
tions according to DC/TMD were performed. The
DC/TMD diagnoses were collected and categorized into
3 categories: pain; dysfunction; and combined pain and
dysfunction. The pain category included the DC/TMD
diagnoses of local myalgia, myofascial pain, myofascial
pain with referral, arthralgia, and headache attributed to
TMD. The dysfunction category included the DC/TMD
diagnoses of anterior disk displacement with reduction,
TM]J subluxation and degenerative joint disease.

Treatment

Each patient received counseling at baseline. The
patients received information about their diagnosis and
the etiology of their complaints, as well as treatment
advice. In addition, the patients could receive one or more
other kinds of treatment: physical therapy (including
myofeedback, stretching exercises, relaxation, and the self-
massage of masticatory muscles); psychological therapy
(pain education and a workshop on stress coping); and/or
an occlusal splint (a hard occlusal stabilization splint) if the
patients reported SB.2%3° For the purpose of analysis in this
study, the type of treatment was categorized into 2 groups:
counseling; and counseling with any other treatment.

Follow-up at 6 weeks after starting
treatment (t,)

Changes in SB and AB after the start of treatment were
assessed during the follow-up period by means of a question-
naire containing 11 questions that evaluated 3 domains,
namely pain and dysfunction,® patient complaints through
the patient-specific approach (PSA),?? together with a com-
plaint improvement question, and the frequency of possi-
ble SB and AB.3 The patients received the questionnaire
through e-mail 6 weeks after their initial visit to the clinic.

The frequency of self-reported SB and AB was assessed
with the Oral Behavior Checklist (OBC) questions 1, 3,
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4, and 6.3 Self-reported SB was assessed with the OBC
question 1, i.e, ‘clench or grind teeth when asleep based
on any information you may have’ The 5 answer options
were: never; <1 night/month; 1-3 nights/month;
1-3 nights/week; and 47 nights/week. Self-reported AB
was assessed with the OBC items 3, 4 and 6, i.e., ‘grind
teeth together during waking hours’ for the AB-grinding
type, ‘clench teeth together during waking hours’ for the
AB-clenching type, and ‘hold, tighten or tense muscles
without clenching or bringing teeth together’ for the AB-
bracing type. The answer options ranged from 0 (never)
to 4 (always). The highest frequency among these 3 ques-
tions was used as the maximum frequency of all self-
reported AB types combined, i.e., AB-combined. In this
study, changes in self-reported SB and AB between t, and
t; were scored as: 1) not improved, if the self-reported
SB or AB frequency at t; was higher than or equal to the
frequency at ty; or 2) improved, if the self-reported SB or
AB frequency at t; was lower than the frequency at t,.

Sample size calculation

The G*Power 3.1.9.7 software (https://www.psycholo-
gie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-
arbeitspsychologie/gpower)3* was used to calculate the
sample size based on the Wilcoxon signed-rank test.
The power of the study was 80%, and the significance
level alpha was 0.05. The effect size was set as 0.5, as we
assumed a medium size of difference between the 2 groups.
A sample size of 35 patients was required.

Statistical analysis

Age, the average facial pain intensity score, and the depres-
sion, somatization and anxiety scores were checked for data
distribution using the Shapiro—Wilk test. Baseline character-
istics, i.e., age, sex, the TMD diagnosis, the average facial
pain intensity, and the depression, somatization and anxiety
scores, were compared between the 2 treatment groups
using the y? test, the Mann—Whitney U test or Fisher’s exact
test. Differences in the average facial pain intensity and the
frequency of self-reported SB and AB, based on the total
number of patients, between t; and t; were compared using
the Wilcoxon signed-rank test.

To investigate changes in the frequency of self-reported
SB and/or AB between t; and t; for each type of treat-
ment, the Wilcoxon signed-rank test was used for the
patients with counseling alone and separately for those
who received counseling combined with other treatment.

To investigate the association between changes in self-
reported SB and AB, i.e., improved vs. not improved, on
one hand and the type of TMD treatment on the other
hand, we used the y? test.

The Castor electronic data capture (EDC) program
(Ciwit B.V,, Amsterdam, the Netherlands) was used
for the collection of study data, and data analysis was
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performed with IBM SPSS Statistics for Windows, v. 27.0
(IBM Corp., Armonk, USA). This study complies with the
STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) guidelines.

Results

There were 172 patients who met the inclusion criteria at
baseline (ty). Of these, 103 patients who did not complete
the online questionnaire at week 6 (t;) and 1 patient who

Table 1. Distribution of patients according to the provided type
of treatment of temporomandibular disorders (TMD)

N =68
35 (51.5%)
33 (48.5%)

Type of TMD treatment
Counseling only

Counseling combined with other treatment:

- physical therapy 13
- psychological therapy 2
— occlusal splint 8
- splint and physical therapy 3

- splint and psychological therapy 1
- splint and physical therapy and psychological therapy 2
- physical therapy and psychological therapy 1
— physical therapy and GrindCare® 1
- physical therapy and BruxApp® 1

— medication 1

a GrindCare® - biofeedback device (Medotech, Herlev, Denmark);
b BruxApp - smartphone application form of ecological momentary
assessment (EMA) (WMA Italy, Florence, Italy).

did not receive counseling treatment were excluded. In total,
68 patients were included in this study. There was a sig-
nificant difference in age between the included and exclud-
ed patients (p = 0.003). However, there were no significant
differences between the included and excluded patients in
other baseline characteristics at ty: sex (p = 0.539); the DC/
TMD diagnosis (p = 0.441); the average facial pain intensity
(p =0.406); depression (p = 0.979); somatization (p = 0.616);
and anxiety (p = 0.702). Among the 68 patients, there were
no significant differences in the average facial pain inten-
sity and the frequency of self-reported SB and AB between
to and t; (the average facial pain intensity: p = 0.076; SB:
p =0.781; AB-combined: p = 0.180; AB-grinding: p = 0.853;
AB-clenching: p = 0.739; and AB-bracing: p = 0.110). The
TMD diagnoses in the TMD-pain group included local
myalgia (n = 5), myofascial pain (n = 6), myofascial pain
with referral (n = 6), arthralgia (n = 7), and headache at-
tributed to TMD (# = 8). In the TMD-dysfunction group, the
diagnoses included anterior disk displacement with reduc-
tion (n = 6) and TM]J subluxation (# = 2). In the combined
group, the diagnoses included local myalgia (n = 16), myo-
fascial pain (# = 9), myofascial pain with referral (n = 16),
arthralgia (n = 26), headache attributed to TMD (n = 19),
anterior disk displacement with reduction (n = 23), TMJ
subluxation (# = 2), and degenerative joint disease (# = 5).
Thirty-five of the 68 patients received counseling only,
and 33 patients received counseling and other treatment.
The types of TMD treatment are shown in Table 1. There
were no differences in baseline characteristics between the
patients provided with counseling alone and those who
received counseling combined with other treatment (Table 2).

Table 2. Comparison of baseline demographic data between the patients provided with counseling alone (n = 35) and those who received counseling

combined with other treatment (n = 33)

Demographic data

Counseling alone

Counseling combined
with other treatment

(n=35)
Age (18-86 years)
M 4SD 4891 £15.10
Sex M 7(20.0)
n (%) F 28 (80.0)
pain 9(257)
DC/TMD diagnosis )
n %) dysfunction 5(14.3)
combined pain and dysfunction 21 (60.0)
Average facial pain intensity score at baseline (to) 50-7)
Me (IQR)
Average facial pain intensity score at week 6 (t;) 6(4-7)
Me (IQR)
Depression score
Me (QR) oS
Somatization score
Me (IQR) 9619
Anxiety score
Me (IQR) > (-8

(n=33)

46.73 £45.92 479 +£154 0.400°

4(12.1) 11 (16.2)

03782
29 (87.9) 57 (83.8)

8(24.2) 17 (25.0)

3(9.1) 8(11.8) 0.876°
22 (66.7) 43 (63.2)

6 (4-7) 5(3-7) 0.129°
6(3.5-7) 6 (4-7) 0.700°
5(2-8.5) 5(2.25-10.75) 0.379°
9(4-12) 9 (5-14) 0.188°

3(1-8) 4(1-8) 0.206°

M = mean; SD - standard deviation; Me — median; IQR - interquartile range; M — male; F — female; DC/TMD - Diagnostic Criteria for Temporomandibular

Disorders?; 2 x? test; ® Mann-Whitney U test; © Fisher's exact test.
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Among the patients with counseling alone, the frequency
of self-reported SB and all types of self-reported AB did
not differ between t, and t; (Table 3). On the other hand,
the frequency of AB-bracing and AB-combined at t; was
significantly increased among the patients with counsel-
ing and other treatment as compared to t, (Table 4).

Table 5 shows a significant association between im-
provement with regard to AB-combined and the type
of TMD treatment (p = 0.023). Specifically, 78.6%
of patients who reported the alleviation of AB-combined
and 73.3% of patients who reported the alleviation of AB-
bracing were the patients who received counseling alone.
In other words, the patients who received counseling

Table 3. Comparisons between the frequency of sleep bruxism (SB)
and awake bruxism (AB) at baseline (to) and at 6 weeks after receiving
treatment (t;) among the patients with counseling alone (n = 35)
(Wilcoxon signed-rank test)

Type of bruxism | Frequencyatt, | Frequencyatt; p-value
SB 4 (0-4) 3(1-4) 0.188 ‘
AB-grinding 0(0-2) 0(0-2) 0.748 ‘
AB-clenching 3(1-3) 2(1-3) 0.527 ‘
AB-bracing 2(1-3) 2(1-3) 0472 |
AB-combined 3(2-4) 3(2-3) 0.059 ‘

Data presented as median (interquartile range) (Me (IQR)).

Table 4. Comparisons between the frequency of sleep bruxism (SB) and
awake bruxism (AB) at baseline (to) and at 6 weeks after receiving treatment
(t;) among the patients with counseling and other treatment (n = 33)
(Wilcoxon signed-rank test)

Type of bruxism Frequency att, | Frequency att; p-value
SB 4(1.5-4) 3(1-4) 0.405 ‘
AB-grinding 0(0-2) 0(0-1) 0.485 ‘
AB-clenching 2 (0.5-3) 2(1-3) 0.255 ‘
AB-bracing 2(0-3) 3(2-3) 0.008* ‘
AB-combined 2(1-3) 3(2-3) <0.004* ‘

Data presented as Me (IQR).

alone were significantly more likely to show improvement
than those with the combined treatment.

Discussion

The present study aimed to investigate changes in self-
reported SB and/or AB with regard to baseline at 6 weeks
after receiving TMD treatment, i.e., counseling alone
or counseling combined with any other treatment. The
results showed that the frequency of self-reported SB and
all types of AB did not change in patients who received
counseling only. In contrast, in patients who received
counseling combined with other treatment, there was
a significant increase in the frequency of AB-bracing and
AB-combined between baseline and week 6 after receiv-
ing treatment. This may imply that patients who received
counseling with other kind of treatment became more
aware of the presence of AB-combined and AB-bracing
after receiving treatment as compared to baseline.

A previous study found that patients who believed that
jaw-overuse behaviors like AB might cause jaw pain tend-
ed to report a higher frequency of such behaviors as com-
pared to those who believed that there were other reasons
for jaw pain.®® In the present study, 63.6% of patients from
the counseling and other treatment group received physi-
cal therapy, which could indicate that multiple treatment
might increase the awareness of having AB in the patients
who received such combined treatment. When patients
receive multiple treatment, they may recall and recognize
more AB events than they did before treatment. Initially,
patients may not be aware of their AB until they receive
information about it during counseling. Furthermore, re-
peated exposure to this information through physical or
psychological therapy sessions, for example, may increase
patients’ awareness of their AB behaviors more than in the
case of patients who receive such information only once.

Table 5. Association between changes in sleep bruxism (SB) and awake bruxism (AB) in terms of improvement and the type of treatment

of temporomandibular disorders (TMD) (x test)

Counseling alone
(n=35)

Type of bruxism

Improvement

Counseling combined

with other treatment

5 not improved 29(82.9)
improved 6(17.1)
not improved 27 (77.1)
AB-grinding
improved 8(229)
not improved 22 (62.9)
AB-clenching
improved 13(37.1)
not improved 24 (68.6)
AB-bracing
improved 11(31.4)
not improved 24 (68.6)
AB-combined
improved 11(31.4)

(n=33)
24(72.7) 53(77.9)
0314
9(27.3) 15(22.1)
26 (78.8) 53(77.9)
0.870
7(212) 15 (22.1)
25 (75.8) 47 (69.1)
0.250
8(24.2) 21(309)
29 (87.9) 53(77.9)
0.055
4(12.1) 15 (22.1)
30 (90.9) 54 (79.4)
0.023*
3(9.1) 14 (20.6)

Data presented as number (percentage) (n (%)).
* statistically significant.
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Thus, increasing patients’ awareness would be beneficial
for bruxism management, especially for AB.3¢ This is
in contrast with a previous study finding that counsel-
ing and self-management strategies, like self-relaxation,
self-massage, stretching exercises, and warm/cold com-
presses, reduced masticatory muscle pain and AB activ-
ity, as measured by surface EMG in female TMD patients
after 8 weeks of treatment.?” Meanwhile, usual-care TMD
management did not bring improvement with regard to
self-reported SB in a brief (6-week) period as compared
to self-reported AB. This is in accordance with a previous
study showing that sleep hygiene instruction and relaxa-
tion techniques did not reduce SB activity, as measured
by polysomnography (PSG), when compared between
baseline and 4 weeks after the implementation of these
techniques.®® It might be difficult for patients to reco-
gnize SB events without a report from their sleep partner.
However, the present study shows that usual-care TMD
treatment can affect self-reported AB in a brief period.
The present study found that there were differences
in the frequency of AB-combined and AB-bracing be-
tween baseline and week 6 after receiving treatment in
patients who received counseling and other treatment.
In addition, it was found that after 6 weeks of receiving
treatment, 78.6% of patients who reported the alleviation
of AB-combined and 73.3% of patients who reported the
alleviation of AB-bracing were the patients who received
counseling alone. Notwithstanding, there was no signifi-
cant association between the improvement of AB-bracing
and the type of treatment, but, based on the borderline
p-value, it might have some clinical significance. The per-
centage of the improvement of AB-combined and AB-
bracing in the patients with counseling alone was much
higher than in the patients with counseling and other
treatment: 31.4% vs. 9.1% for AB-combined; and 31.4% vs.
12.1% for AB-bracing. These different percentages may
represent some clinical significance, namely that differ-
ent types of treatment may be associated with the aware-
ness of having AB and the AB-bracing subtype more than
SB and other AB subtypes. In the sample size calculation,
we focused on the comparison of patients with counsel-
ing alone and patients who received counseling with
any other treatment between 2 time points. Thus, we
required at least 35 patients in each group. However, we
had 33 patients in the counseling and other treatment group,
which indicates that the sample size might not be suffi-
cient. This small sample size (i.e., insufficient power) may
be one of the reasons why the type of treatment was not
statistically significant with regard to the improvement
of AB-bracing. On the other hand, the frequency of self-
reported SB, AB-grinding and AB-clenching was compa-
rable between the patients who received different types
of treatment, and between those who improved or did not
improve the abovementioned behaviors. Since patients
provided with counseling and any other treatment may
increase their awareness of AB, they may improve their

T. Chattrattrai et al. Changes in bruxism after TMD treatment

AB behaviors when we continue monitoring over a longer
period than 6 weeks. Future research is needed to investig-
ate this matter.

In this study, there was no significant difference in the
average facial pain intensity score between baseline and
6 weeks after receiving treatment. In contrast, a study
by Donnarumma et al. showed that counseling and self-
management strategies could reduce the TMD pain after
8 weeks of receiving treatment, even though the TMD
pain was not significantly different between baseline and
at 4 weeks of receiving treatment.®” Similarly, 8 weeks
of exercise treatment brought the alleviation of the TMD
pain.®® Thus, it is suggested that a longer period than
6 weeks is required to observe a reduction in the TMD pain.

Even though the sample size was small, we noticed some
changes between the time the patients received their
treatment and before the end of treatment. Despite some
unexpected trends observed in this study with regard to
changes in AB, it is recommended to apply a question-
naire to monitor changes in TMD complaints and oral be-
haviors in regular care. It is beneficial to have a standard-
ized protocol to monitor SB, AB, TMD, and psychosocial
factors along the treatment process, as we are doing in
usual care.

The strength of this study is that, first, we assessed self-
reported SB and AB at baseline and at 6 weeks after start-
ing treatment. To the best of our knowledge, no study has
observed the effect of TMD treatment over a brief period
on changes in self-reported SB and AB. A practice-based
research network study found that 96% and 46% of dental
practitioners considered an occlusal appliance and occlusal
adjustment, respectively, as appropriate bruxism manage-
ment.® The present study may encourage clinicians to
incorporate other kinds of treatment, like counseling and
physical therapy, for patients. Clinicians should inform
patients that they may become more aware of their AB
activity after receiving physical therapy, and patients
should subsequently alleviate their AB activity. Moreover,
we used part of the OBC questionnaire to assess self-
reported AB, and not only the maximum frequency of AB,
but also different aspects of AB activity, i.e., grinding,
clenching and jaw bracing.

Limitations

There are some limitations to this study. First, the
frequency of SB and AB was obtained from self-report,
whereas the gold standard of SB and AB assessment
is PSG for SB and EMG combined with ecological
momentary assessment (EMA) for AB.! Sleep bruxism
is reported more frequently when assessed through self-
report than with PSG.* Therefore, using EMG or PSG to
assess SB and AB is recommended. In the meantime, the
Standardized Tool for the Assessment of Bruxism (STAB)
has been developed to assess SB and AB. Using STAB is
recommended for future research that would focus on



Dent Med Probl. 2024;61(5):697-704

evaluating the bruxism status, the etiology of bruxism and
comorbid conditions.*? Second, some patients did not fill
out all follow-up questionnaires, which were distributed
every 6 weeks after the treatment started. Consequently,
we had to include only the 1% follow-up questionnaire.
Even though a previous study found that biofeedback
could reduce SB and AB events, as measured by EMG,
in 3 weeks,® confirming the cause-and-effect relationship
between TMD treatment and SB and/or AB self-reported
changes may require a longer period of time. Although
6 weeks is a short period for a longitudinal study, it has
clinical relevance as a usual duration for follow-up. Third,
we did not measure psychosocial factors after receiving
treatment, so we could not monitor changes in the psycho-
social status, especially in the patients who received
psychological treatment, i.e. in 6 out of the 33 participants
who were provided with multiple treatment. Last, due to
a small sample size, we did not perform a regression anal-
ysis to assess the association between the type of TMD
treatment and each type of SB and AB. Future research
may require a larger sample size, and should include base-
line characteristics for adjustment when assessing these
associations.

Conclusions

No changes in the frequency of self-reported SB and all
types of AB were found in patients who received counsel-
ing only. However, patients who received counseling
combined with other treatment showed a significant in-
crease in the frequency of AB-bracing and AB-combined
as compared to baseline.
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Abstract

Background. Given the notable prevalence of temporomandibular disorders (TMD) in the Polish popula-
tion, there is a clear need for the use of simple, reliable questionnaires as screening tools to facilitate the
referral of patients to TMD specialists.

Objectives. The aim of the study was to translate and adapt the Fonseca Anamnestic Index (FAI) into
Polish and assess its reliability and validity in identifying TMD symptoms.

Material and methods. The Polish adaptation of the FAI (FAI-PL) was developed in accordance with
the international guidelines, including the translation and evaluation of the psychometric properties of the
questionnaire. Every patient received a standardized assessment, which involved history taking and clinical
examination, including the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) and
the FAI questionnaire. The psychometric analyses included an evaluation of the questionnaire’s reliability
and validity, as well as an exploratory factor analysis (EFA).

Results. Of the 122 individuals enrolled in the study, 63.9% were female. The mean age of the partici-
pants was 28.1 years (standard deviation (SD): 6.3). According to the RDC/TMD standards, 40.9% of pa-
tients had no TMD, while the FAI assessment indicated that 27% of patients had no TMD. The Cronbach’s
alpha coefficient for the FAI-PL was 0.75. The exploratory factor analysis revealed 3 factors, accounting
for 55.2% of the total variation. The diagnostic sensitivity of the FAI-PL was 98.6%, while the diagnostic
specificity reached a level of 65.3%.

Conclusions. The Polish version of the FAl is a reliable and valid tool for the screening of TMD symptoms
in the Polish-speaking population.

Keywords: reliability, validity, translation, temporomandibular disorders, screening


https://creativecommons.org/licenses/by/3.0/

706 M. Gatczyriska-Rusin, M. Pobudek-Radzikowska, A. Czajka-Jakubowska. Adaptation of FAl into Polish

Introduction

Temporomandibular disorders (TMD) are a group
of clinical conditions involving pain and dysfunction of the
temporomandibular joints (TMJs), masticatory muscles and
adjacent tissues.! The data on the Polish young adult popula-
tion based on the Polish version of the Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD-PL)
questionnaire indicates a wide range of TMD prevalence,
with figures varying from 26.5% to 54.0%.>3 Given the
elevated occurrence of TMD among young adults, there is
a clear need for screening instruments to aid Polish general
dentists in referring patients appropriately.

Over the years, numerous questionnaires have been
developed to assess the multifaceted aspects of TMD,
including the severity and frequency of symptoms, func-
tional limitations, psychosocial impact, and treatment
outcomes. These questionnaires are designed to provide
standardized, validated and reliable measures to capture
the subjective experiences of individuals with TMD.*
One of the primary advantages of using questionnaires
in a TMD diagnosis is their ability to gather information
directly from the patient. The symptoms of TMD can
vary significantly among individuals, and patients’ self-
reporting plays a crucial role in understanding the
severity, frequency and impact of the symptoms.

The RDC/TMD and the updated version, called the
Diagnostic Criteria for Temporomandibular Disorders
(DC/TMD), are current references for standardizing the
diagnosis of functional disorders of the masticatory sys-
tem for research purposes.">® The application of stan-
dardized diagnostic criteria facilitates the comparison
of test results between different countries.” Neverthe-
less, the use of the RDC/TMD or DC/TMD for clinical
selection and population screening is impractical due to
the long history taking and extensive testing procedure.
Screening questionnaires for TMD must be inexpensive,
short, simple, accurate, and preferably completed by pa-
tients.! It has been documented that TMD have a negative
impact on the quality of life, and that initiating treatment
leads to an improvement in this area.®®

The Fonseca Anamnestic Index (FAI), introduced by
Da Fonseca et al. in 1994, is one of the most extensively
utilized TMD screening questionnaires.! It presents
a straightforward, cost-effective and efficient patient-
reported assessment, indicating the presence and intensity
of TMD symptoms.!! Due to its simplicity, quick adminis-
tration and affordability, the FAI is highly recommended
for screening individuals with TMD symptoms.!2

To enable effective cross-study comparisons, there is
a need for a concise and user-friendly patient-reported
instrument that is both reliable and valid for investigating
the epidemiology of TMD.

A comprehensive investigation has yet to be conducted
to evaluate the psychometric properties of the Polish ver-
sion of the FAI (FAI-PL). Given this lack of research, the

present study had a dual purpose. Firstly, it aimed to trans-
late the FAI into Polish in accordance with the established
guidelines proposed by Beaton et al.!* Secondly, the study
sought to assess the reliability and evaluate the structural,
convergent, content, and face validity of the FAI-PL
through a comprehensive statistical analysis.

Material and methods

The minimum sample size was set at 100 participants,
based on the recommended ratio of 10 subjects per
item in the measurement.!* Participants were recruited
from individuals presenting for medical examination
and treatment at the Department of Orthodontics and
Temporomandibular Disorders at Poznan University
of Medical Sciences in Poland. The group consisted of
individuals who were seeking either orthodontic assessments
or consultations regarding symptoms associated with
the masticatory muscles or the TMJ. Individuals aged
18 years and above were eligible to participate in the study.
Patients with rheumatoid diseases, individuals who had
recently experienced facial trauma, those currently using
muscle relaxants and non-steroidal anti-inflammatory
drugs (NSAIDs), as well as patients with muscular and
neurological disorders were excluded from the study.

All participants underwent a standardized history tak-
ing and clinical examination. The patients were examined
in accordance with the RDC/TMD-PL Axis I and com-
pleted the FAI-PL questionnaire.

The study was approved by the Research Ethics
Committee at Poznan University of Medical Sciences,
Poland (protocol No. 522/21). Prior to their participation
in the study, all participants were duly informed and
provided written consent.

Translation

The translation process of the FAI involved 5 stages
and adhered to the widely accepted guidelines presented
by Beaton et al.!3 Initially, the original questionnaire
was translated into Polish by 2 independent translators
(a TMD specialist (PT1) and an English lecturer (PT2)),
both fluent in English and native Polish speakers.
Subsequently, a consensus was reached to create an agreed
version (PT12). Next, a back-translation from Polish to
English was conducted by 2 individuals (BT1, BT2), who
were native English speakers and unaware of the original
English version of the questionnaire.

Once the translations had been verified, the final ver-
sion was established. To ensure medical accuracy, a com-
mittee of specialists, including a TMD specialist and
a general dentist, scrutinized the wording. The entire
translation process was supervised by a principal inves-
tigator who was not directly involved in the translation
process. The test received positive evaluations regarding
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the clarity of all items, the quality of the language used,
its length, and its overall usefulness. Subsequently, the
questionnaire was assessed in terms of its ease of comple-
tion and comprehensibility within a small sample group
(Fig. 1). Accordingly, the final version, which did not re-
quire any changes after the prefinal test, was employed in
subsequent assessments (Table 1).

Measures

Fonseca Anamnestic Index

The FAI is based on the Helkimo Anamnestic Index,'
which consists of 10 closed-ended questions. The possible
answers to these questions are “yes,” “sometimes,” or “no;” and
the answers are assigned values of 10, 5 and 0, respectively.
The maximum possible score is 100. A higher score indi-
cates more severe TMD and a greater severity of symptoms.
The following division of the total score is proposed: a score
of 0-15 is indicative of no dysfunction; a score of 20—40 indi-
cates mild TMD; a score of 45-60 is indicative of moderate
TMD; and a score above 60 indicates severe TMD.

RDC/TMD

Two calibrated TMD specialists conducted a clinical
examination of the patients. The examination utilized
the RDC/TMD questionnaire, which was translated into
Polish by Osiewicz et al.!® This assessment enabled the
classification of patients into 3 TMD groups: group I — mus-
cular disorders; group II — disc displacement; group III
— arthralgia, osteoarthritis and osteoarthrosis. The study
focused on the analysis of Axis I from the questionnaire.

STAGE 1
Two forward translations into Polish
PT1 PT2
STAGE 2

Synthesis of two forward translations
PT1+ PT2=PT12

STAGE 3
Two back-translations from Polish to English
BT1 BT2
STAGE 4

Expert committee review

PT1+PT2+PT12 + BT1 + BT2

STAGE 5

Pretest of the final version

Fig. 1. Stages of the Fonseca Anamnestic Index (FAI) questionnaire
translation process into Polish

PT1 - translation of a temporomandibular disorder (TMD) specialist;
PT2 — translation of an English lecturer; PT12 - version of the questionnaire
based on PT1 and PT2; BT1, BT2 - native English speakers.

Table 1. English and Polish versions of the Fonseca Anamnestic Index (FAI) and the distribution of responses provided by the participants

Responses
English version of the FAI Polish translation of the questions sometimes/
no/nie : yes/tak
czasami
01 Do you have d|ff|cu|tAy opening your mouth Czy masz trudnosci z szerok\m otwieraniem jamy 9 (787) 12.98) 14(115)
wide? ustnej?
Q2 Do you have difficulty moving your jaw to the sides?  Czy masz trudnosci z ruszaniem zuchwa na boki? 99 (81.1)  13(10.7) 10 (8.2)
Q3 Do you feel fatigue or muscle pain when you chew?  Czy czujesz zmeczeniowy/miesniowy bdl zucia? 66 (54.1)  23(189)  33(27.0)
Q4 Do you have frequent headaches? Czy masz czeste bole gtowy? 70(574) 19(156) 33(27.0)
Q5 Do you have neck pain or stiff neck? Czy wystepuje u Ciebie bdl szyi lub sztywnosc szyi? 51 (41.8)  41(33.6)  30(24.6)
06 Do you have earachgs or pain in your Czy wystepuja u C!eble bole uszu lub okolicy stawu 88(721) 14(115) 20 (164)
temporomandibular joint? skroniowo-zuchwowego?
Have you ever noticed any noise in your Czy kiedykolwiek zauwazytes jakiekolwiek odgtosy
Q7 temporomandibular joint while chewing or opening  w stawie skroniowo-zuchwowym podczas zucia 72(59.1) 170139  33(27.0)
your mouth? lub otwierania jamy ustnej?
Do you have any habits such as clenching or Czy masz jakie$ nawyki, takie jak zaciskanie lub
Qs grinding your teeth? zgrzytanie zebami? 30124) 16(13.1) 76(62.3)
Q9 Do you feel that your teeth do not come together Czy czujesz, ze que zeby nie !<ontaktu1q sie 80656 13(107) 29(238)
well? w prawidiowy sposob?

Q10 Do you consider yourself a tense (nervous) person? Czy uwazasz siebie za napieta (nerwowa) osobe? 40(32.8) 33(270) 49(40.2)

Data presented as frequency (percentage) (n (%)).
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Reliability and validity

The reliability of the FAI-PL questionnaire was evalu-
ated through an examination of its internal consistency,
as measured by the Cronbach’s alpha coefficient, as well as
through the application of the test-retest reliability approach.
The internal consistency was considered acceptable
when the coefficient value exceeded 0.70. The test-retest
reliability was evaluated by means of intraclass correlation
coefficients (ICCs), using data from the 30 subjects who
retook the FAI-PL after a one-week interval.

Construct validity

The construct validity of the FAI-PL was established
through an exploratory factor analysis (EFA). Before
conducting the EFA, the adequacy of the data was evalu-
ated using the Kaiser—-Meyer—Olkin (KMO) test and
Bartlett’s test of sphericity. These tests were utilized
to assess whether the data was suitable for the EFA. It
was assumed that a KMO measure below 0.5 would be
a clear signal to stop the EFA. To ensure the strength
of the factor loadings, each item was required to have
a value of 20.40 in order to be included in the final
selected factor.

Criterion validity

The criterion validity was evaluated, followed by
an assessment of the sensitivity and specificity of the
FAI-PL in comparison to the RDC/TMD. The sen-
sitivity of the FAI-PL, which represents the ability to
identify true positives (i.e., the proportion of TMD
individuals correctly identified by the FAI-PL out
of the total number of patients with TMD diagnosed
by the RDC/TMD), was calculated using the following
formula (Equation 1):

sensitivity = true positive/(true positive + false negative) (1)

Specificity, which represents the ability to identify
true negatives (i.e., the proportion of TMD-free indi-
viduals correctly identified by the FAI-PL out of the
total number of non-TMD controls established by
the RDC/TMD), was calculated using the following
formula (Equation 2):

specificity = true negative/(true negative + false positive) (2)

Additionally, positive and negative predictive values
were calculated. The positive predictive value (PPV)
indicates the percentage of individuals with a positive test
outcome who have TMD. It can be calculated using the
following formula (Equation 3):

PPV = true positive/(true positive + false positive)  (3)

The negative predictive value (NPV) is the probability
that subjects with a negative screening test truly do not
have TMD. It is calculated as follows (Equation 4):

NPV = true negative/(true negative + false negative) (4)

Statistical analysis

The statistical calculations were conducted using the
IBM SPSS Statistics for Windows software, v. 23.0 (IBM
Corp., Armonk, USA). Descriptive statistics were used to
determine the mean values, standard deviation (SD), and
minimum and maximum values of the demographic vari-
ables. The normality of the data distribution was evalu-
ated using the Kolmogorov—Smirnov test. To assess the
differences between independent groups, both the ¢-test
and the Mann—Whitney U test were employed. In all tests,
a p-value of less than 0.05 was considered statistically
significant.

Results

A total of 122 subjects were recruited for this study.
Among all participants, 63.9% were female. The mean age
of the patients was 28.1 years (SD: 6.3).

Table 1 presents the distribution of responses to in-
dividual queries in the FAI-PL questionnaire. Notably,
patients most frequently reported teeth grinding and
clenching, with a frequency of 75.4% (combining “yes”
and “sometimes” responses). Conversely, the least fre-
quently reported symptom was difficulty moving the jaw
to the sides, noted as 18.9% of positive answers.

The results of the FAI assessment indicated that 27.0%
of patients had no TMD symptoms, 35.3% demon-
strated mild TMD symptoms, 27.0% displayed moder-
ate TMD symptoms, and 10.7% exhibited severe TMD
symptoms. According to the clinical examination based
on the RDC/TMD questionnaire, 40.8% of participants
had no TMD, 36.7% had myogenous disorders (group I
RDC/TMD), 7.5% had joint disorders (group II and group
III RDC/TMD), and 16.7% had both. These results are
presented in Table 2.

Translation

The FAI-PL has been translated with the utmost fidelity
to the original. None of the questions in the questionnaire
caused major problems in translation.

Reliability

The Cronbach’s alpha coefficient of the FAI-PL
was 0.75, which indicates satisfactory internal
consistency. The corrected item—total correlations,
presented in Table 3, ranged from 0.22 (Q9) to 0.59 (Q3).
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Table 2. Frequency of TMD symptoms based on the Polish version of the
FAI (FAI-PL) and the Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD)

. : Frequency

no TMD 33(27.0)
mild TMD 43 (35.3)
FAI-PL
moderate TMD 33(27.0)
severe TMD 13(10.7)
no TMD 49 (40.2)
myogenous disorders 44 (36.1)
RDC/TMD
joint disorders 9 (74)
mixed TMD 20 (16.4)

TMD - temporomandibular disorders.

Table 3. Internal consistency and test-retest reliability of the FAI-PL

Question | Corrected item-total | Cronbach’s alpha if

number correlation item deleted eC
Q1 040 0.73 0.91
Q2 0.29 0.74 0.84
Q3 0.59 0.69 0.93
Q4 047 0.71 0.89
Q5 0.31 0.74 0.87
Q6 049 0.71 0.95
Q7 0.38 0.73 0.94
Q8 043 0.72 091
Q9 0.22 0.75 0.79
Q10 049 0.71 0.93

ICC —intraclass correlation coefficient.

All items met the recommended minimum correlation
of 0.20 (Table 3). No items should be excluded from the
scale in order to improve the Cronbach’s alpha. The ICCs
for the individual items varied from 0.79 to 0.95 and were
mostly excellent. These results suggest that the FAI-PL
demonstrates high reliability.

Construct validity

The construct validity was determined by the EFA.
The KMO test yielded a value of 0.693, while the re-
sult of Bartlett’s test was 243.730 (degrees of freedom
(df) = 45, p < 0.001). Subsequently, the number of factors
for which the value of the statistic, referred to as the eigen-
value, would exceed 1 (Kaiser’s criterion) was determined.
As evidenced in Table 4, the data yielded 3 factors and
3 bundles of strongly correlated questions. Those factors
explained 55.2% of the total variance observed. Moreover,
the factor loadings for all items exceeded 0.40.

The 1%t factor consisted of 4 items (Q6, Q7, Q8, Q9),
while the 2"d and 3" factors consisted of 3 items each (Q1,
Q2, Q3; and Q4, Q5, Q10, respectively).
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Table 4. Factor analysis results for the FAI-PL

e | e | actor2 | acors |

Q6 (TMJ pain) 0.602

Q7 (TMJ sounds during chewing) 0.677 - -
Q8 (teeth clenching/grinding) 0.665 - -
Q9 (poor occlusion or bite) 0.580 - -
Q1 (mouth opening difficulty) - 0.807 -
Q2 (jaw movement difficulty) - 0.727 -
Q3 (jaw fatigue or muscle pain) - 0.534 -
Q4 (frequent headaches) - - 0.620
Q5 (neck pain or stiffness) - - 0.904
Q10 (emotional stress) - = 0452
Total initial eigenvalue 3.144 1.295 1.079
Rotation sums of}squared loadings 21441 18168 15578
— percentage variance

TMJ - temporomandibular joint.

Criterion validity

The strength of the agreement between the RDC/TMD
and the FAI-PL was moderate, as determined by Cohen’s
kappa value of 0.68. The diagnostic sensitivity, defined as
the ability of the FAI-PL to detect patients with TMD, was
98.6%. In contrast, the diagnostic specificity, defined as the
ability of the FAI-PL to exclude the TMD correctly, was
65.3%. At the same time, the PPV, meaning that the sub-
ject had TMD with a positive FAI-PL test result, was 80.9%.
Conversely, the NPV was 96.9%, suggesting that a negative
test result was highly predictive of the absence of TMD.

Discussion

An accurate and comprehensive assessment of TMD
is essential for the diagnosis, treatment planning and
evaluation of treatment outcomes. In addition to clinical
examination and imaging techniques, questionnaires have
emerged as valuable tools for gathering patient-reported
information, enabling a more holistic understanding
of TMD manifestations.

The aim of this research was to translate the FAI
questionnaire into Polish and evaluate its psychometric
properties. To date, such an attempt has been made
by Glowacki et al.'” However, the study was limited to
a cohort of 72 women and lacked a clinical assessment
of actual TMD occurrences.'” To the authors’ knowledge,
this is the first comprehensive study validating the FAI in
a Polish patient population.

The initial phase of the validation process entailed the
translation of the FATI into Polish, which represented a piv-
otal step in the process of questionnaire validation. The
translation process aimed to maintain fidelity to the origi-
nal English version. A subsequent back-translation revealed
no notable conceptual deviations from the source material.
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With regard to the reliability of the FAI-PL, the Cronbach’s
alpha coefficient was found to be 0.75. The Indonesian
version of the questionnaire demonstrated an alpha statistic
score of 0.57,% while the Chinese version by Zhang et al.
yielded the score of 0.67.1° The Malay questionnaire
achieved a Cronbach’s alpha of 0.90, and the Turkish version
displayed a notably high value of 0.95.2°2! Consequently, the
outcome for the Polish version falls relatively midway when
compared to other adaptations, resembling the alpha score
reported by Alyessary et al. for the Arabic version (0.77).1! It
is vital to underscore that a reliability threshold of at least 0.7
is typically regarded as dependable. The test-retest reliability
varied from 0.79 to 0.95 for individual items, with the
majority of results falling within the excellent range, which
is consistent with the findings of other studies. According
to Yap et al, this is likely attributable to the brevity and
simplicity of the FAL2

The EFA revealed a three-factor structure of the FAI-PL.
Each of the 3 factors exhibited eigenvalues greater than 1.
Principal component analysis demonstrated that these 3
factors explained a satisfactory proportion of the overall
variance. The 1% factor includes questions related to the
TM] (TM] pain, TMJ sounds) and interdental interac-
tions (grinding/clenching, poor occlusion). The 2" factor
is related to jaw mobility (difficulty with jaw movement,
mouth opening and jaw fatigue). The 3 factor covers the
remaining questions not directly related to the TMJ and
masticatory muscles (including neck pain, headaches and
stress). The three-dimensional structure of the FAI has
been corroborated in other studies.!?223 Nonetheless,
in each of these studies, different questions were incor-
porated within the respective factors. The second factor
derived from our study (Q1, Q2, Q3) aligns with a factor
identified by Alyessary et al. as parafunction-related.!!
Similarly, the third factor (Q4, Q5, Q10) corresponds
with the second dimension outlined in the study by
Rodrigues-Bigaton et al.?? It is noteworthy that the factor
analysis conducted by Rodrigues-Bigaton et al. served as
the foundation for the development of the Short-Form
Fonseca Anamnestic Index (SFAI).2* The SFAI comprises
5 questions extracted from the original FAI questionnaire
(Q1, Q2, Q3, Q6, Q7). In contrast, the investigation by
Arikan et al. revealed a two-factor structure for the Turkish
version of the FAL2?! These factors were categorized as
function-comorbidity-related (Q1-Q7) and occlusion-
parafunction-psychology-related (Q8-Q10).

Considering the criterion validity, the FAI-PL shows
a high degree of agreement with the RDC/TMD Axis I
diagnoses. In previous studies, the FAI sensitivity rates
ranged from 83.3% to 97.2%.181%2325 In our research, a very
high sensitivity rate of 98.6% was achieved. Although the
sensitivity was remarkably high, the specificity of the test
was considerably lower (65.3%). The results were consistent
with those reported by other authors.!*?3% The studies
indicate that the FAI demonstrated high sensitivity in iden-
tifying individuals with TMD. However, the test’s specificity

in distinguishing individuals without TMD in relation to
the RDC/TMD or DC/TMD was limited. As Yap et al.
have observed, the FAI questionnaire includes a number
of questions that are not specific to TMD (neck pain, head-
ache, stress).?’ In conclusion of these findings, the FAI can
serve as a preliminary tool for evaluating individuals with
TMD symptoms and classifying the condition. However,
a thorough clinical assessment is essential to ensure an ac-
curate diagnosis following the use of the FAL2>-%

It is worth noting that the FAI is not the only question-
naire used to screen patients with TMD. Another
instrument documented in the literature is the TMD Pain
Screener (TPS), which is incorporated into the DC/TMD
and the 3 screening questions (3Q/TMD).282° The TPS
comprises questions specifically addressing pain, while
the 3Q/TMD explores both the occurrence of pain and
intra-articular disorders. In screening tests, the latter op-
tion is becoming increasingly prevalent.3%3!

Limitations

The findings of the present study are limited by a number
of factors. Firstly, it should be noted that the Polish trans-
lation was derived from the English version, rather than
the original Portuguese text. This may potentially impact
the final Polish version of the questionnaire. Secondly, the
responsiveness of the FAI-PL was not examined. Further
studies are required to assess the impact of the applied
treatment on the FAI-PL outcomes. In the present study,
the RDC/TMD was employed as the gold standard for
diagnosing TMD, given the absence of a validated Polish
version of the DC/TMD at the time of article creation.

Conclusions

In summary, the Polish adaptation of the FAI serves as
a valuable tool in the diagnosis of TMD, as it effectively
captures patient-reported symptoms, functional con-
straints and psychosocial aspects. Nevertheless, it is
essential to use the FAI-PL in conjunction with clinical
assessments and imaging procedures to ensure a thorough
and precise diagnosis. This assessment demonstrates
strong internal consistency, repeatability, and sound con-
struct and criterion validity. In light of these findings, it
can be concluded that the FAI-PL is a reliable instrument
for use in both clinical settings and research within the
Polish context.

Ethics approval and consent to participate

The study was approved by the Research Ethics
Committee at Poznan University of Medical Sciences,
Poland (protocol No. 522/21). Prior to their participation
in the study, all participants were duly informed and
provided written consent.
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Abstract

Background. Avelumab is a human antibody that targets the programmed cell death ligand-1
(PD-L1) protein in cancer cells. Novel anticancer therapies for renal cell carcinoma (RCC) consider clus-
ter of differentiation 15 (CD15) and interleukin 17 receptor A (IL-17RA) as potential targets. Notably, the
expression of PD-L1, (D15 and IL-17RA is dependent on signal transducer and activator of transcription 3
(STAT3).

Objectives. The aim of the study was to investigate whether targeting PD-L1 with avelumab alters the
expression levels of (D15 and IL-17RA, and to assess the STAT3-mediated requlation of CD15 and IL-17RA.

Material and methods. We applied immunocytochemistry (ICC) and confocal laser scanning (CLS)
microscopy to assess the expression and localization of the immunotherapy targets in 3 renal cancer cell
lines and 1 healthy renal cell line.

Results. After treatment with 20 ng/mL avelumab, renal cancer cells showed a reduction in STAT3
expression. The expression of (D15 increased in cancer cells that exhibited a high level of IL-17RA, and the
membrane signal of (D15 was reduced. In other renal cancer cell lines, the expression of (D15 decreased.
Conversely, the level of IL-17RA changed only in healthy renal cells after treatment with avelumab, with no
impact on renal cancer cells.

Conclusions. Our study suggests that the targeting of PD-L T with avelumab alters the expression of (D15
and IL-17RA, which play an important prognostic and therapeutic role in novel anticancer therapy.

Keywords: (D15, avelumab, IL-17RA, membrane antigen modulation
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Introduction

Renal cell carcinoma (RCC) is a type of kidney cancer
that originates in the lining of small tubes within the kid-
ney.! There are several subtypes of RCC, including clear
cell RCC, papillary RCC and chromophobe RCC. Clear
cell RCC is the most common subtype, accounting for
75% of all RCC cases.!? Renal cell carcinoma is among the
most lethal urological cancers due to its delayed diagno-
sis and poor response to therapies. Surgery is the primary
treatment for localized RCC, with partial or radical
nephrectomy being performed depending on the size and
location of the tumor.! For advanced RCC, systemic ther-
apy with targeted agents such as sunitinib, pazopanib and
axitinib is the standard of care.!? Immunotherapy with
nivolumab, ipilimumab and avelumab is also used in the
treatment of advanced RCC.12

Avelumab is a human monoclonal immunoglobulin G1
(IgG1) antibody that targets the programmed cell death
ligand-1 (PD-L1) protein, which is expressed in cancer
cells. It has been approved as a monotherapy for the treat-
ment of patients with Merkel cell carcinoma and urothe-
lial carcinoma. Avelumab is used in combination with
axitinib for the treatment of RCC.

By acting on PD-L1, avelumab interferes with various
downstream signaling pathways, affecting the expression
of various proteins. Among the potential membrane anti-
gens which are affected by anti-PD-L1 therapy, cluster
of differentiation 15 (CD15) and interleukin 17 receptor A
(IL-17RA) have been identified as novel targets for the
anticancer therapy of various tumors and diseases.!3

The expression of CD15 and CD15s is linked to lym-
phatic and venous invasion, lymph node metastasis, distant
metastasis, tumor stage, tumor recurrence, and overall
survival in cancer.* These antigens have the potential to
serve as biomarkers for the diagnosis and prognosis in
various types of cancer and may represent therapeutic
targets.> However, further research into the complex
expression of CD15 and CD15s is needed to properly clas-
sify diagnostic parameters. The CD15 has demonstrated
efficacy as a target for cancer therapy, affecting both can-
cer cells and immune myeloid-derived cells. This leads to
an improved response to therapy as well as the inhibition
of cancer growth and progression in tumor micro-
environments.® Experimental and clinical studies have dem-
onstrated that targeting CD15 and CD15s is a promising
treatment approach.” However, ongoing efforts should
focus on refining the clinical application of anti-CD15
therapy and assessing its safety profile.

Renal cell carcinoma is closely associated with immune
mediators such as IL-17, which is an inflammatory cyto-
kine that responds to tissue damage and external patho-
gens. The antigen IL-17RA is an interleukin receptor that
is expressed in various kidney cells, including podocytes,
mesangial cells and renal proximal tubular endothelial
cells.®-1° The relationship between IL-17 and tumors is
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complex and has become an area of interest for numerous
studies. Interleukin-17 plays a dual role in cancer devel-
opment, as it can be both pro- and anti-tumorigenic.® The
interaction between IL-17 and IL-17RA has been shown
to promote neoplasm metastasis and induce angio-
genesis.!! A study by Debiriski et al. demonstrated the sig-
nificance of lymphangiogenesis, especially intratumoral
lymphatics, in aggressive cases of RCC.?? Additionally,
IL-17 signaling is thought to similarly affect the tumor
microenvironment.!

Escors et al. have previously described the effects of the
PD-L1 intracellular signalosome in cancer cells.!* The
cancer cells alter the protein expression via signal trans-
ducer and activator of transcription 3 (STAT3) phosphor-
ylation.! The effects of IL-17A in kidney epithelial cells
are exerted via the ERK1/2 and STAT3 pathways.!0!
The expression of CD15 has been observed to inversely
correlate with STAT3 levels.!® When the level of CD15
increases, the level of STAT3 decreases. Therefore, the
expression levels of both CD15 and IL-17RA depend on
the expression of STAT3 and its phosphorylation level.

Avelumab, a PD-L1-targeting antibody, has shown
efficacy in the treatment of various cancers. However, its
impact on critical antigens such as CD15 and IL-17RA
remains unexplored. The CD15, increasingly recognized in
RCC prognosis, has an influence on invasion, metastasis
and overall survival. Its potential as a diagnostic and ther-
apeutic marker emphasises the need for comprehensive
investigation. Concurrently, IL-17RA, which is expressed
in renal cells, plays a dual role in cancer, influencing both
metastasis and angiogenesis. The relationship between
PD-L1, CD15, IL-17RA, and their downstream signaling
pathways remains understudied. This research aims to
address this gap in knowledge by investigating the effects
of avelumab on the expression of CD15 and IL-17RA.
A comprehensive understanding of the manner in which
avelumab modulates these antigens is pivotal for advanc-
ing personalized therapies, unraveling novel biomarkers
and enhancing our understanding of cancer antigen
modulation by anticancer drugs. This short study focuses
on the changes in CD15 and IL-17RA expression after
treatment of the cells with avelumab, addressing a cru-
cial knowledge gap and shedding light on the emerging
role of cancer antigen modulation by anticancer drugs.!”
Moreover, it establishes a foundation for more refined
therapeutic strategies and improved patient outcomes.

Material and methods

Primary cell culture

Renal cancer cells (RC1, RC2, RC3) and healthy renal
cells (HR) were derived from the renal cancer resections
obtained from patients at the Department of Minimally
Invasive and Robotic Urology (University Center of
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Excellence in Urology, Wroclaw Medical University, Poland).
The corresponding part of the resected tissues underwent
pathological examination. The RC1 cells were derived
from a 68-year-old female patient with G1 clear cell RCC
(primary tumor subtype la (pT1b)). The RC2 cells were
derived from a 69-year-old male patient with G2 clear cell
RCC (pT1b). The RC3 cells were derived from a 78-year-
old female patient with G2 clear cell RCC (pT'1b). The HR
cells were derived from a 59-year-old male patient with
G2 papillary cell RCC (pT1b). The use of patient-derived
cells from the same individual provides a more clinically
relevant and representative model for studying RCC and
allows researchers to better understand the specific char-
acteristics of both cancerous and healthy cells within the
context of an individual’s unique biological profile. After
the surgical removal of the tumor, 0.5 cm? of cancer tis-
sue was inserted into the 2-mL probe with phosphate-
buffered saline (PBS; Sigma-Aldrich, St. Louis, USA). The
sample was immediately transported to the laboratory
and further cut into small pieces. The tissue samples were
incubated in a culture medium, which was replaced daily.
The cells were cultured in 25-mL polystyrene cell cul-
ture flasks (Falcon®; Corning Life Sciences, Tewksbury,
USA) with Dulbecco’s Modified Eagle’s Medium (DMEM,;
Sigma-Aldrich) supplemented with 10% fetal bovine
serum (FBS; Sigma-Aldrich) and antibiotic (streptomycin/
gentamycin) in a humidified incubator (Heracell; Thermo
Fisher Scientific, Waltham, USA) under standard culture
conditions at 37°C in an atmosphere containing 5%
CO,. When required, the cells were rinsed with PBS and
removed by trypsinization (0.025% trypsin and 0.02%
ethylenediaminetetraacetic acid (EDTA); Sigma-Aldrich).
The cells were resuspended and transferred into new culture
flasks. The flasks in which the cells exhibited consistent
morphology were trypsinized, and a small number of cells
were transported to the new culture flask.

Avelumab preparation and incubation

The experimental protocol involved seeding the renal
cancer cells on glass coverslips and 10-well micros-
copy slides to facilitate subsequent analyses. Avelumab,
sourced as Bavencio in a 20 mg/mL concentration, was
prepared by dissolution in DMEM to attain concentra-
tions of 20 ng/mL and 20 pg/mL. Subsequently, the requi-
site quantity of the drug solution was administered to the
cells, initiating a 24-hour incubation period. Following
this exposure, the cells were fixed using 4% paraformalde-
hyde. Then, immunocytochemical and fluorescent stain-
ing procedures were employed to visualize and assess the
expression patterns of CD15 and IL-17RA for potential
alterations induced by avelumab at the molecular level.
This methodological approach aimed to capture and ana-
lyze the responses of RC cells to varying concentrations
of avelumab, thereby laying a foundation for understand-
ing its impact on CD15 and IL-17RA expression.
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MTT assay

In this study, the assessment of cell viability and metabolic
activity was conducted using the 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay. After
cultivating renal cancer cells (RC1, RC2, RC3) and HR cells
under specified culture conditions in polystyrene cell cul-
ture flasks, the MTT assay was employed to assess cellu-
lar health. Following the seeding of cells in 96-well plates,
the cells were treated with the MTT reagent and incubated,
allowing viable cells to enzymatically convert the dye into
formazan crystals. Subsequently, the formazan crystals were
solubilized, and a spectrophotometric measurement was
conducted at approx. 570 nm, providing a quantitative read-
out of cell viability. The colorimetric assay served as a cru-
cial tool for evaluating the impact of experimental variables
on the metabolic activity of the renal cancer cells, offering
insights into their proliferative and survival capacities. The
MTT assay, a standard method in cell biology, facilitated
a robust assessment of cellular responses and contributed
valuable data to the characterization of RC and HR cells.

Immunocytochemical staining

The immunocytochemical staining was employed to
semi-quantitatively assess the expression and distribution
of CD15, IL-17RA and STAT3 in RC1-RC3 and HR cell
lines following the incubation with avelumab. The cells
were incubated for 24 h on 10-well microscopy slides,
washed in PBS, and fixed in 4% formalin. Afterward, they
were washed in PBS, and a peroxide block (ab80436 kit;
Abcam, Waltham, USA) was added for 10 min. Subsequently,
the cells were washed in PBS with 1% Triton X (Merck Life
Science Sp. z 0.0., Poznan, Poland). The protein block agent
(Abcam) was incubated with the cells for 10 min. The cells
were then incubated with the first-order antibodies (1:250,
STAT3 (124H6); 1:250, IL-17R (49M4D2); 1:250, CD15
(sc-19648)) for 24 h at 4°C. Afterwards, the cells were washed
with PBS and 1% Triton X, and the mouse complement agent
(Abcam) was added. After 10 min, the cells were washed
with PBS and 1% Triton X. Then, a 3,3’-diaminobenzidine
(DAB) mixture (1 DAB:50 DAB substrate) was applied for
10 min in the dark. Next, the cells were washed for 10 min in
distilled water and stained with hematoxylin for 1 min. The
excess stain was removed by washing with water for 30 min,
and the cells were dehydrated by incubation for 5 min in
each of the ethanol solutions (50%, 60%, 70%, 80%, 90%, and
96%). In the final stage of sample preparation, xylene I and II
were used to dehydrate the sample. Finally, the glass was
mounted on the sample using dibutylphthalate polystyrene
xylene (DPX) medium (Aqua-Med ZPAM-KOLASA,
L6dz, Poland). The samples were observed under a light
microscope (Olympus BCX43; Olympus, Tokyo, Japan)
and the images were captured using a Plan-Apochromat
20x objective (Olympus). In each sample, the percentage
of stained cells was recorded.
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The immunoreactive score (IRS), developed by Remmele
and Stegner, is a widely utilized method for the semi-
quantitative assessment of immunohistochemical staining
in histopathology.!® Introduced in 1987, the IRS integrates
both the intensity and proportion of stained cells to provide
a comprehensive score reflecting the overall immuno-
reactivity within a tissue sample. The IRS system assigns
a numeric value to the staining intensity (ranging from 0 to 3)
and another value to the proportion of positively stained
cells (ranging from 0 to 4). These values are then multiplied,
resulting in a final IRS ranging from 0 to 12. This scoring
system allows researchers and pathologists to objectively
evaluate the expression levels of specific antigens in tissues,
thereby contributing to the understanding of disease pro-
cesses and aiding in the development of targeted therapeu-
tic approaches. The IRS has been particularly valuable in

A
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the field of cancer research, where the assessment of the
extent and intensity of protein expression can provide
insights into tumor biology and prognosis.

Fluorescent staining

To visualize and assess the expression ratio of STAT3
to phospho-STAT3 and IL-17RA to IL-17, confocal laser
scanning (CLS) microscopy was used. The cells were incu-
bated on covered glass slides within Petri dishes after 24 h
and washed 3 times with PBS. The fixed cells were labeled
with the first-order antibodies (1:250, STAT3 (124H6; Cell
Signaling Technology, Inc., Danvers, USA); 1:250, IL-17R
(49M4D2; Novus Biologicals, Centennial, USA); 1:250,
CD15 (sc-19648; Santa Cruz Biotechnology, Dallas, USA))
for 1 h at 37°C, in accordance with the manufacturer’s
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Fig. 1. Effects of avelumab on the expression of cluster of differentiation 15 (CD15), interleukin 17 receptor A (IL-17RA) and signal transducer and activator
of transcription 3 (STAT3) in renal cancer cells (RC1-RC3) and healthy renal cells (HR)

A. Immunocytochemistry (ICC) reaction showing the expression of CD15, IL-17RA and STAT3 in RC1 and HR with control immunohistochemistry (ICH) samples;
B. Effects of 20 ng/mL avelumab on the expression of CD15, IL-17RA and STAT3 in 3 renal cancer cell lines and HR examined by ICC and assessed using the
immunoreactive score (IRS) pathology classification; C. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) viability assay following a 24-h
incubation period with avelumab at concentrations of 20 ng/mL and 20 pug/mL

PBS - phosphate-buffered saline; DAB - 3,3"-diaminobenzidine.
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protocol. Next, the cells were washed with PBS and
stained with the second-order antibodies (Alexa Fluor™
594 and Alexa Fluor™ 488 (1:500; A32731 and A32744,
respectively; Abcam) for 1 h at 37°C. Fluoroshield™ with
4,6-diamidino-2-phenylindole  dihydrochloride (DAPI)
(Sigma-Aldrich) was applied for the visualization of nuclei
and for mounting the cells. The cells were observed using
the Olympus FluoView FV1000 CLS microscope (Olympus)
and the images were captured using a Plan-Apochromat
(60x) oil immersion objective (Olympus).

Statistical analysis

The viability and microscopy experiments were per-
formed in at least 3 replicates. The data was expressed as
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phospho-STAT3 STAT3

Control

RC
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Avelumab
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mean * standard deviation (M +SD) and analyzed using
one-way analysis of variance (ANOVA) (GraphPad Prism 8;
GraphPad Software, Boston, USA). A p-value <0.05 was
considered statistically significant. The immunocytochemical
reaction was performed for each sample in triplicate.

Results

The results of our study demonstrate a profound
and selective downregulation of STAT3 expression in
renal cancer cells in response to avelumab, as illus-
trated in Fig. 1A. This downregulation was specifically
associated with both the total STAT3 protein and its
phosphorylated form, as depicted in Fig. 2A and Fig. 2B.

B ® phospho-STAT3

* STAT3

Control Avelumab Control Avelumab

RC1 HR

AW,
D [,

ANIL7rAL T )

G : Y
) PD-L1f} 2 Q'

| ) )
o, )
‘/\,/*\ : / 0 B

\‘ STAT3 \\ p\hospho-S T3

- W ‘\\4/\

Fig. 2. Confocal laser scanning (CLS) microscopy photographs following the incubation with avelumab, and the interactions between STAT3, IL-17RA and CD15

A. CLS microscopy studies of STAT3 and phospho-STAT3 following the incubation with avelumab; B. Fluorescence analysis of the depicted photographs;
C. CLS microscopy photographs of CD15 expression in RC1 cells following the incubation with 20 ng/mL avelumab. White arrows depict the membrane
localization of CD15; D. Scheme showing the interactions between STAT3, IL-17RA and CD15. Programmed cell death ligand-1 (PD-L1) expression is
upregulated by signaling from IL-17RA. Phospho-STAT3 binds directly to the PD-L1 promoter and increases its expression. STAT3 and CD15 are expressed
in different differentiation stages of the cells and thus, only one of the antigens is expressed on the cancer cell membrane. The antibody regulates the

expression of CD15, IL-17RA and STAT3 via binding of avelumab to PD-L1
* statistically significant (p < 0.05, one-way analysis of variance (ANOVA)).
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The HR cells did not exhibit a similar response to ave-
lumab, indicating that the observed effect was specific to
cancerous cells. Furthermore, despite the marked changes
in STAT3 expression, no discernible morphological alter-
ations were observed in the renal cancer cells following
the incubation with avelumab.

Our investigations using immunocytochemistry (ICC)
have revealed an intriguing antagonistic relationship be-
tween CD15 and IL-17RA expression, as illustrated in
Fig. 1B. Specifically, when the expression of CD15 was
influenced by avelumab treatment, there was no concomi-
tant change in the expression of IL-17RA. Upon exposure
to avelumab, the RCI1 cell line exhibited a shift of CD15
from the cell membrane to the membranous organelles
inside the cells, as depicted with white arrows in Fig. 2C.
Despite the shift in the localization of CD15, the overall
expression of CD15, as observed in both ICC and immuno-
fluorescent studies, exhibited an unexpected increase.

Conversely, a decrease in IL-17RA levels in the HR cells
following avelumab incubation was not accompanied by
a corresponding change in the expression of the receptor
in the renal cancer cells. This intriguing finding suggests
that avelumab may exert distinct and cell-specific effects
on IL-17RA expression, with HR cells responding differ-
ently than their cancerous counterparts. The differential
response of renal cancer cells and healthy cells to ave-
lumab underscores the complexity of the drug’s impact
on signaling pathways and highlights the necessity for
further exploration of its precise mechanisms of action.

The observed alterations do not affect the viability
of the cells, as evidenced by the absence of statistically sig-
nificant results (Fig. 1C). Noteworthy, avelumab, a drug
that affects the immune system, is not solely responsible
for cytotoxicity in the cancer cell culture. These results
contribute to a more comprehensive understanding of the
molecular responses induced by avelumab in renal cancer
cells. The selective downregulation of STAT3, the antago-
nistic relationship between the expression of CD15 and
IL-17RA, and the differential responses in renal cancer
cells and healthy cells provide valuable insights that may have
implications for the development of targeted therapies
in renal cancer. The absence of morphological changes
in cancer cells following avelumab treatment further
emphasizes the specificity of the observed molecular
alterations. Our findings pave the way for future research
into the intricate interplay of signaling pathways affected
by avelumab in renal cancer, offering potential avenues
for therapeutic interventions and personalized treatment
strategies.

Discussion

The STAT3 signaling is responsible for the simultane-
ous alterations in CD15 and IL-17RA. Several studies
have indicated that IL-17RA-mediated signaling leads to
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the phosphorylation of STAT3, which in turn activates the
transcription of PD-L1.1>1%20 Yang et al. demonstrated that
the expression of IL-17RA is associated with the promotion
of cancer stem-like properties in cancer cells via the STAT3
pathway.! The findings of the study conducted by Hevehan
etal. showed thatthe expression of STAT3 remains strongest
in CD15" cells and gradually declines upon granulocytic
differentiation, thereby supporting the negative regulation
of protein expression.?? Giordano et al. demonstrated that
STAT1/STAT3-dependent phosphorylation does not cause
CD15 overexpression, indicating that the shift from STAT3
to phospho-STAT3 does not independently affect the
expression of CD15.23

A summary of the interaction between CD15, IL-17RA
and STATS3 is shown in Fig. 2D. A study by Zerdes et al.
demonstrated that STAT3 promotes PD-L1 expression>*
and another study showed that phospho-STAT3 increases
the expression of PD-L1 through direct binding to the PD-L1
promoter.?> The targeting of IL-17A has been observed
to inhibit the expression of PD-L1 in tumor cells.??
Escors et al. discussed the impact of PD-L1 intracellular
signalosome in cancer cells, which modifies protein
expression through STAT3 phosphorylation.* Meanwhile,
IL-17A was found to affect kidney epithelial cells through
the extracellular signal-regulated kinase 1/2 (ERK1/2) and
STAT3 pathway,'*1> with CD15 expression correlating to
STAT3 levels.!® Interestingly, the levels of both proteins
were observed to act in a reverse manner, with STAT3 lev-
els decreasing when CD15 levels increased. Consequently,
the expression levels of CD15 and IL-17RA were found to
depend on the expression of STAT3 and its level of phos-
phorylation. There are currently no studies on the impact
of avelumab on the expression of CD15 and IL-17RA. To
address this gap in knowledge, we aimed to investigate the
changes in CD15 and IL-17RA expression following treat-
ment with avelumab, thereby deepening our understand-
ing of the potential role of anticancer drugs in modulating
cancer antigens.’

The findings of this study offer valuable insights into
the effects of avelumab on the expression levels of PD-L1,
CD15 and IL-17RA in renal cancer cells. However, fur-
ther research is required to fully understand the under-
lying mechanisms and to optimize the use of avelumab
and other immunotherapeutic agents in the treatment
of RCC. Future studies may explore the impact of com-
bination therapies targeting multiple signaling pathways
and proteins involved in RCC, as well as the use of bio-
markers to identify patients who are most likely to benefit
from immunotherapy. In addition, the study of the effect
of avelumab on other cell types, such as tumor-associated
immune cells and stromal cells, may provide additional
insights into the complex interactions between different
cell types within the tumor microenvironment. Ultimately,
continued research in this area has the potential to
facilitate the development of more effective and personal-
ized therapies for patients with RCC.
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Limitations

While our study provides valuable insights into the
impact of avelumab on the expression levels of PD-L1,
CD15 and IL-17RA in renal cancer cells, it is important
to acknowledge certain limitations that warrant
consideration. Firstly, the lack of existing studies regarding
the influence of avelumab on the expression of CD15 and
IL-17RA necessitates a cautious interpretation of our
findings. Further investigations are required to validate
and expand upon our observations. Additionally, the
inherent complexity of the tumor microenvironment
introduces a degree of variability, as evidenced by the
observed differences among patients (RC1-RC3) in
our study. The high degree of variability observed in
the results may also be attributed to inherent biological
heterogeneity within the patient cohort and potential
variations in the tumor microenvironment, genetic
makeup and previous treatment histories. Recognizing
the significance of this variability, future studies should
aim to address and elucidate these patient-specific factors,
employing larger cohorts and comprehensive patient
profiling to enhance the generalizability and robustness
of our findings. Despite these limitations, our study serves
as a foundational exploration into the potential effects
of avelumab on RCC. It provides a platform for further
research and the refinement of therapeutic strategies in
the pursuit of more effective and personalized treatment
approaches.

Conclusions

In targeting renal cells with avelumab, our study
unveils notable alterations in the expression of CD15 and
IL-17RA antigens. Significantly, the complex interplay
between STAT3 and the phospho-STAT3 pathway emerges
as a pivotal mechanism orchestrating these molecular
changes. While our findings underscore the potential
of these antigens as promising targets in novel anticancer
therapies, further investigations involving sophisticated
in vivo studies and an expanded research cohort encom-
passing a greater number of patients in study samples
are required to further corroborate our findings. These
endeavors will not only serve to fortify the robustness
of our results and hypotheses but also contribute to the
development of more precise and personalized therapeutic
regimens, ultimately advancing the clinical applicability
of avelumab in RCC.
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Abstract

Background. Calcium hydroxide is used as a reparative dentin inducer. The combination of cocoa pod
husk and calcium hydroxide has also been studied as a reparative dentin inducer, whereas anchovy was
identified as a good calcium source.

Objectives. The aim of the study was to investigate the optimal ratio of a nano-combination of calcium
hydroxide, cocoa pod husk extract and anchovy powder as a reparative dentin inducer by analyzing their
material, antioxidant and cytotoxic properties.

Material and methods. The ratios of the 3 elements were established and their performance
was compared in terms of viscosity, setting time, pH, and solubility rate. The optimal ratio was
then examined for its antioxidant capacity using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay.
Additionally, its cytotoxicity against human dental pulp stem cells (\DPSCs) was evaluated through the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.

Results. A ratio of 1:1:1 of calcium hydroxide, cocoa pod husk extract and anchovy powder was identified
as the optimal ratio. It exhibited the greatest flowability, the shortest final setting time, had a pH range
0f 8.5-10.5, and the second highest solubility rate in comparison with other ratios. Moreover, it demon-
strated active radical scavenging activity and stimulated the proliferation of hDPSCs.

Conclusions. Based on the material, antioxidant and cytotoxic properties, a ratio of 1:1:1 of nano-calcium
hydroxide, cocoa pod husk extract and anchovy powder was determined to be optimal for use as a repara-
tive dentin inducer.

Keywords: good health and well-being, reparative dentin inducer, novel nano-combination
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Introduction

Direct pulp capping is a difficult dental procedure that
aims to preserve the vitality of the pulp. The selection
of cases and an optimal healing environment are required
to achieve a favorable outcome. Complications may arise
due to this treatment, including damage to odontoblast
cells in the predentin layer, pulpal bleeding, bacterial con-
tamination, and biomaterial properties.!~3 Direct pulp
capping is performed to stimulate the formation of hard
tissue from the inflamed pulp, thus forming a closure on
the perforation in the residual pulp. The success of the
treatment depends on the materials used in the proce-
dure.* For several decades, calcium hydroxide has been
the most commonly implemented material, as it exhibits
antimicrobial and mineralizing properties that facilitate
pulpal healing. These properties are unparalleled among
currently available biomaterials.>® Additionally, calcium
hydroxide is preferred due to its favorable pH and anti-
inflammatory effect.* However, the limitations of calcium
hydroxide include the formation of multiple tunnel
defects on the induced reparative dentin. In order to
address this issue, a number of new biomaterials have
been developed.

Mineral trioxide aggregate (MTA) is a biomaterial un-
der consideration as a replacement for calcium hydroxide
in the context of reparative dentin induction. Mineral tri-
oxide aggregate can induce reparative dentin with a struc-
ture similar to that of primary dentin while causing no
pulp inflammation.”® However, MTA is not easy to use,
and the acidic environment affects its setting time. In the
previous study, MTA showed more cervical discoloration
than calcium-enriched mixture cement,” which could be
considered a disadvantage for clinical application. Addi-
tionally, MTA is expensive.!® A systematic review of den-
tal pulp capping agents found that pure calcium hydroxide
powder has the same biocompatibility as MTA. However,
another study reported failures when calcium hydroxide
cement was used.! Additionally, calcium hydroxide pow-
der and its modifications, including varying particle
size and combination with a natural source to enhance
its antioxidant activity, have been shown to reduce pulp
tissue inflammation and increase the calcium proper-
ties of materials.!2-1%

The efficacy of calcium hydroxide as a reparative den-
tin inducer can be enhanced through the implementation
of various optimization techniques. These include a nano-
scale escalation of anti-inflammation, calcium release
and particle reduction. Calcium hydroxide dissolves into
calcium ions and hydroxyl ions. The hydroxyl ions pro-
duce an alkaline environment, neutralizing the acidic pH
caused by inflammation. Furthermore, they aid in the
resolution of inflammation and the progression of dentin
reparative formation. However, due to the high alkalin-
ity of the environment, calcium hydroxide also causes
coagulation necrosis.**?!* Cocoa pod husks are a natural

A. Prahasti, T. Yuanita, R. Rahayu. Combination of calcium hydroxide and natural materials

product that has been studied for their flavonoid and
methylxanthine content, as well as their ability to induce
reparative dentin when combined with calcium hydrox-
ide. A previous study found that the combination of cocoa
pod husks with calcium hydroxide resulted in the forma-
tion of a greater quantity of reparative dentin than when
calcium hydroxide was used alone.!*

Calcium ions (Ca**) play a regulatory role in the initia-
tion of cellular events that lead to tertiary dentinogenesis.
After dental pulp cells differentiate into odontoblast-like
cells, they secrete extracellular matrix (ECM) and protein.
A large influx of Ca?* and phosphorus (P) ions is neces-
sary for the mineralization of the collagenous ECM and
the formation of hydroxyapatite.!® Mineral trioxide
aggregate has advantages over calcium hydroxide in
terms of the quantity and consistency of calcium released,
which provides biocompatibility and sealing ability.® The
addition of anchovy powder can optimize the calcium
release of calcium hydroxide. Anchovies are a rich source
of calcium and are distinct from other calcium sources
in that they do not contain substances that interfere with
absorption or cause allergic reactions.'

The use of nanoscale combination materials has been
shown to increase surface area, reaction rate, dissolution
rate, and bioavailability.!” Reports have indicated that the
application of nanotechnology facilitates the distribution
of active molecules, lowers the inflammation rates and
enhances dental pulp cell differentiation.!®

In our study, we examined the characteristics of a nano-
combination of calcium hydroxide, cocoa pod husk ex-
tract and pure anchovy powder. The optimal formulation
was identified based on the viscosity, setting time, pH,
solubility, antioxidant activity, and cytotoxicity.

Material and methods

Preparation of a nano-combination
of calcium hydroxide, cocoa pod husk
extract and anchovy powder

Nano-calcium hydroxide (80-100 nm) (Nanoshel,
Punjab, India) was used in the experiment. The cocoa pod
husks were obtained from a local producer (Kampung
Coklat, Blitar, Indonesia). The fresh anchovies were pro-
cured from the fish market in Muara Karang, Jakarta,
Indonesia. The cocoa pod husk extract and the anchovy
powder used in the research were in nanoscale particles.
Each of the natural materials was prepared to optimize the
ability of calcium hydroxide to induce reparative dentin.'’
The nanopowder of the cocoa pod husk extract was pre-
pared using ultrasonic-assisted extraction with 80% etha-
nol, followed by freeze-drying for 48 h to produce a particle
size of 107.8 +27 nm. Similarly, the anchovy nanopowder
was prepared by high-energy milling for 24 h, resulting in
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a particle size of 789.3 +170.7 nm. The mixture of nano-
calcium hydroxide, cocoa pod husk extract and anchovy
powder was prepared in weight ratios of 1:1:1 (group 1),
2:1:1 (group 2), 1:2:1 (group 3), and 1:1:2 (group 4), as well
as in the pure nano-calcium hydroxide solution (control
group). The materials were weighed on an analytical
balance (FS-AR210; Fujitsu, Tokyo, Japan). The powder
mixtures were homogenized using mixer mills (MM 400;
Retsch, Munich, Germany). For each of the subsequent
tests, the combination powder from each group was mixed
with sterile aquadest (Sigma-Aldrich, St. Louis, USA) into
a paste. The ratio of powder to liquid was 1:1.'7 To ensure
thorough homogenization, the powder and liquid were
mixed for 30 s in a mixing capsule using an amalgamator
(Ultramat 2; SDI Limited, Victoria, Australia).?’

Viscosity test

The viscosity test was performed with the use of a vis-
cometer (Brookfield HAT; Anderen Ltd, Stoke-on-Trent,
UK). The glass beaker was filled with approx. 200 mL
of the paste and was placed beneath the tool. The tool was
lowered until the spindle was fully submerged. The test
was carried out at various rotation speeds. The reading on
the dial was multiplied by the correction factor in order to
calculate the viscosity.?! The test was repeated 6 times for
each group. The viscosity was necessary for the low value.

Setting time examination

The initial and final setting times were examined
using Gillmore needles (Dental Material and Testing
Center of Research and Education, Faculty of Dentistry,
Universitas Trisakti, Jakarta, Indonesia). The tool con-
sisted of 2 arms with needles that differed in weight and
tip diameter. A needle with a weight of 100.0 £0.5 g and
a tip diameter of 2.0 £0.1 mm was used to determine the
initial setting time. A 456.0 £0.5 g and 1.0 +0.1 mm-tip-
diameter needle was used to evaluate the final setting
time. The sample paste was initially placed in a ring mold
(10.0 +0.1 mm internal diameter, 2.0 £0.1 mm thickness),
and the mold was then positioned beneath the initial
needle. The needle was lowered until it was fully sub-
merged in the paste, held for 5 s, and then raised. The
needle was lowered every 30 s, and the initial setting time
was obtained when the needle was unable to make a full
circular indentation in the inspected sample. The inves-
tigation was continued in the same manner with the sec-
ond needle to obtain the final setting time.?? The test was
repeated 6 times for each group. The optimal setting time
was identified as the shortest setting time.

pH determination

The sample was placed in a cylindrical mold with
a diameter of 10.0 £0.1 mm and a height of 2.0 +0.1 mm.

723

Six specimens were created for each group. Each spec-
imen was placed in a vial containing 10 mL of distilled
water and incubated at 37°C.2% The pH of each group was
determined at 3 h and 24 h using a pH meter (Oakton pH
2700 Benchtop Meter; Cole-Parmer, Vernon Hills, USA).
The electrode was calibrated before being immersed into
the sample paste. The displayed value was recorded. The
test was conducted in triplicate for each sample, and the
mean data was recorded as the pH value. The optimal pH
was determined for materials with high alkalinity.

Solubility test

The samples were prepared and placed in 6 molds with
dimensions of 20.0 +0.1 mm in diameter and 1.5 +0.1 mm
in height. The mold was placed on a glass slab, filled
with the paste, and flattened with a second glass slab. Six
specimens were created for each group. The specimens
were incubated at 37°C for 24 h and then exposed to air
for 15 min. Then, they were weighed in triplicate using
an analytical scale (FS-AR210; Fujitsu), with the mean
data used as the sample weight (S). Bottle glasses were
prepared and weighed 3 times, with the mean data uti-
lized to calculate the bottle weight (W,). The specimen
was placed in a bottle glass containing 5 mL of distilled
water and incubated at 37°C for 24 h. This was followed
by a drying process, which commenced with rinsing the
bottle containing the specimens with distilled water and
then drying in an oven at 105°C. The bottle and residues
were weighed on the analytical scale (FS-AR210; Fyjitsu)
3 times for each specimen. The mean data was used to
calculate the W and the residue weight (W;). The solubil-
ity was calculated by dividing the difference between W,
and W, by S and multiplying the result by 100. The opti-
mal solubility was obtained if the value was less than 3%.23

Antioxidant assay

The antioxidant assay was conducted at the Research
Center for Chemistry (Indonesian Institute of Sciences,
Jakarta, Indonesia) using the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging assay. A total of 4 mg of each
sample was weighed and diluted with methanol to create
a 1000-L solution. The tests were carried out with vari-
ous concentrations of 10%, 50%, 100%, and 200%. To the
solution, 0.5 mL of DPPH was added, mixed and allowed
to stand for 30 min. The blank solution was prepared by
adding 0.5 mL of methanol to 2 mL (0.2 mM) of DPPH
solution. An ultraviolet-visible (UV-Vis) spectrophotometer
(UH5300; Hitachi, Tokyo, Japan) was used to measure the
absorbance at 517 nm. The difference between the blank
and the sample was used to calculate sample inhibition.
The analysis was conducted in duplicate. The antioxidant
activity was classified as inactive (ICsy > 500 pg/mL), weak
(>250-500 pg/mL), moderate (>101-250 pg/mL), active
(50-100 pg/mL), or highly active (<50 pg/mL).2*
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Cytotoxicity assay

The cytotoxicity of the optimal ratio to human den-
tal pulp stem cells (hDPSCs) was examined using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay at PT Prodia StemCell (Jakarta,
Indonesia). First, the mixture powder (calcium hydroxide,
cocoa pod husk extract and anchovy powder) was com-
bined with distilled water in a 1:1 ratio to achieve the op-
timal ratio combination. The paste was then placed into
acylindrical mold (25 mm in diameter and 5 mm in height)
and kept at room temperature for 24 h. Following this pe-
riod, the sample was removed from the mold, placed into
a 1-mL culture medium, and incubated at 37°C for 24 h.
Subsequently, the medium of the samples was filtered
(0.1 puL) and stored at —20°C. An indirect cytotoxicity as-
say was performed according to the ISO 10993 standard.?
The hDPSCs were placed onto 96-well plates at a density
of 1 x 10* cells per well and cultured in a growth medium
for 24 h. A series of dilutions of the sample medium was
prepared at concentrations of 100%, 50%, 25%, and 10%.
After 24 h, an MTT assay was performed, and the per-
centage of cellular growth was calculated. The cells in the
growth medium served as the control group.?

Statistical analysis

The data was presented as mean (M) and standard devi-
ation (SD). A one-way analysis of variance (ANOVA) was
employed for each test using the IBM SPSS Statistics for
Windows software, v. 25.0 (IBM Corp., Armonk, USA).
The level of significance was set at p < 0.05. After obtain-
ing the results of the statistical analysis, the group with
the optimal ratio was selected for the assessment of the
antioxidant and cytotoxic properties.

Results
Viscosity

As shown in Fig. 1, the control group (nano-calcium
hydroxide) exhibited the lowest viscosity, followed by
group 1. One-way ANOVA revealed statistically signifi-
cant differences between the groups (p < 0.01).

Initial and final setting times

The initial and final setting times of the material are
shown in Fig. 2. Group 1 and group 4 showed a shorter
initial setting time than the control group. Groups 2 and
3 demonstrated longer initial and final setting times than
those observed in the control group. The mean value
of the initial and final setting times for group 1 was con-
sistently lower than that of the control group. The one-
way ANOVA indicated a significant difference between
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Fig. 1. Viscosity of the nano-combination of calcium hydroxide, cocoa pod
husk extract and anchovy powder at varying ratios and the control group
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Fig. 2. Initial and final setting times of the nano-combination of calcium
hydroxide, cocoa pod husk extract and anchovy powder at varying ratios
and the control group

the initial and final setting times in all groups (p < 0.01).
Furthermore, Tukey’s test showed significant differences
between the groups in the initial and final setting time re-
sults (p < 0.01). However, no statistically significant dif-
ference was observed between groups 2 and 4 in the final
setting time (p = 0.107).

pH values

Figure 3 illustrates the comparison of pH values of the
samples after 3 h and 24 h. The control group showed the
highest pH values, followed by group 1. One-way ANOVA
indicated a statistically significant difference in pH be-
tween 3 h and 24 h in all groups (p < 0.001). Furthermore,
Tukey’s test did not reveal any significant differences
between groups 2 and 4 after 3 h (p = 0.311). Addition-
ally, no significant differences were observed between the
24-h pH values in groups 1, 2 and 3 (p > 0.05). All the
tested materials exhibited pH values above 8.5.

Solubility

As shown in Fig. 4, the solubility of the control group
was 4.41%. Group 3 had a lower solubility than the
control group. In contrast, the remaining groups dem-
onstrated a higher solubility than the control group.
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Fig. 3. pH values of the nano-combination of calcium hydroxide, cocoa
pod husk extract and anchovy powder at 3 h and 24 h, with varying ratios,
and the control group
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Fig. 4. Solubility of the nano-combination of calcium hydroxide, cocoa pod
husk extract and anchovy powder at varying ratios and the control group

One-way ANOVA followed by Tukey’s test revealed that
there were no statistically significant differences between
group 3 and the control group (p = 0.113). The solubility rate
of all tested materials exceeded 3%.

Selection of the group exhibiting the
optimal properties

According to the evaluation of the viscosity, setting
time, pH, and solubility, group 1 possessed the most fa-
vorable properties. The 1:1:1 ratio displayed the lowest
viscosity, the shortest final setting time, a 24-h pH range
of 8.5-10.5, and was second in the solubility rate com-
pared to the other groups. Accordingly, the ratio was con-
sidered optimal and was subsequently evaluated for its
antioxidant and cytotoxic properties.

Antioxidant property of the optimal ratio

The DPPH assay at the half maximal inhibitory concen-
tration (ICsp) of the optimal ratio combination of 3 nano-
scale materials was determined to be 62.21 +0.10 pg/mL.
Given its strong antioxidant activity, quercetin was used
as a comparison standard, displaying a scavenging activity
of 4.50 £0.00 pg/mL.

Cytotoxicity of the optimal ratio

Figure 5 and Table 1 present the results of the viability
test. All concentrations of the optimal ratio combination
showed no evidence of cytotoxicity. Conversely, the more
concentrated the sample, the more proliferative the activ-
ity of the hDPSCs that were induced. There was no statis-
tically significant difference between the 10% concentra-
tion and the control group (p > 0.05).
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Fig. 5. Cell viability of the optimal ratio of calcium hydroxide, cocoa pod
husk extract and anchovy powder nano-combination, and the control

group

Table 1. Impact of the optimal ratio of calcium hydroxide, cocoa pod husk
extract and anchovy powder nano-combination on cell viability

S p-value
Concentration cellvalglisg (compared
M £SD
to the control group)

10% 13545 +22.35 0.281

25% 321.74 +25.03 0.034*

50% 74768 +68.32 <0.001*

100% 952.86 +155.38 <0.001*

* statistically significant (p < 0.05, analysis of variance (ANOVA)); M — mean;
SD - standard deviation.

Discussion

In the presented research, we conducted an analysis
to identify the optimal ratio of the nano-combination
of calcium hydroxide, cocoa pod husk extract and
anchovy powder. Each of the natural elements had the
potential to enhance the calcium hydroxide capacity
by facilitating the formation of the reparative dentin
ofagood quality. The flavonoids and theobromine found
in cocoa pod husks have antioxidant properties, which
result in an anti-inflammatory effect. Additionally,
they function as an antibacterial agent.?>-3! In a study
that compared the application of calcium hydroxide
and cocoa pod husk combination to pulp perforation
in rats, the calcium hydroxide effect was improved.'*
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The study demonstrated that the combination resulted
in the formation of a greater quantity of reparative den-
tin than when pure calcium hydroxide was used alone.!*
Another approach used in the present study was the ad-
dition of anchovy powder. The application of anchovy
has been shown to induce odontoblast proliferation in rat
dental pulp, whereas reports have indicated that anchovy
cream application resulted in the formation of more
reparative dentin than when pure calcium hydroxide
was used alone.?»* Nanoscale materials were used to
optimize the desired effect. It is established that nano-
technology can optimize the distribution of bioactive
molecules necessary for reducing inflammation and
inducing the differentiation of pulp cells.’®3* Nanoscale
materials range in size from 1 nm to 1000 nm, although
many scientists restrict this range to <100 nm.3®

Previous research showed that direct pulp capping
materials require a setting time, solubility and pH proper-
ties.?2 Another study concentrated on the pH and solubil-
ity characteristics.?® Therefore, we focused on the above
properties when analyzing the nano-combination of cal-
cium hydroxide, cocoa pod husk extract and anchovy
powder.

The viscosity of the testing materials should be low,
given that they are intended to serve as reparative dentin
inducers. Additionally, the materials must exhibit good
flow properties to adapt to irregular cavity floors. The
low viscosity of the material will prevent the formation of
gaps and postoperative sensitivity. It should be noted that
there is currently no standard viscosity for such materi-
als.3® The mean data from group 1 (1:1:1 ratio) revealed
the lowest viscosity (884.17 £20.59 Pa.s) among the tested
groups, with the exception of the control group. The
obtained viscosity result was considered high due to the
nanoparticle size of the materials. The standard powder
and liquid ratios were analyzed in this study. Similarly,
nanosized particles yielded a greater number of particles
than microsized particles and increased the viscosity
of the testing materials.?”

The setting time was divided into 2 parts: initial and
final. The initial setting time started with the operator
beginning to mix powder and liquid components and con-
cluded when the first Gillmore needle was unable to make
a full indentation. The final setting time was calculated by
adding the initial setting time to the time required for the
second Gillmore needle to make a full indentation.”? The
results revealed that the materials exhibited a prolonged
setting time. As previously reported, there is currently no
standard for this parameter.?® However, knowledge of the
setting time allows for the anticipation of clinical proce-
dures and the prediction of the working time. In our study,
group 4 (ratio 1:1:2) showed the shortest initial setting
time (11.42 +0.49 min), and group 1 (ratio 1:1:1) showed
the shortest final setting time (286.33 +1.40 min). The
initial setting time was shown to be shorter than MTA
(70 min), as reported by previous study.?’ According to the
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same study, the initial and final setting times were not fixed
when the restoration procedure was performed, as they
were influenced by material rheology. In the case of MTA,
restoration can be completed in 9.5 min before the initial
setting time.?’ The high viscosity of the MTA may reduce
the time required for the restoration procedure.

The pH value of the testing materials affects the signal-
ing of molecules in inflamed tissues. It is acknowledged
that high-pH calcium hydroxide causes coagulation
necrosis on the tissue surface upon contact with the ma-
terial.®13 The results of the present study demonstrate
a pH value for calcium hydroxide of 11.43 +0.07, which
was consistent with the range reported in other studies
(11.5 £0.2).38 In our study, no significant difference was
observed between the 3-h and 24-h time points, indi-
cating that the pH value remained relatively stable dur-
ing this period. All tested materials exhibited a pH value
greater than 8.5. The high pH level activated the tran-
sient receptor potential ankyrin 1 (TRPA1), which pro-
moted dentinogenesis in the odontoblast. Even in the
absence of Ca?*, the high alkalinity (pH 9) improved store-
operated Ca?* entry (SOCE).*® In another report, dental
pulp cells cultured at pH 7.5 caused growth arrest or cell
death, whereas those cultured at pH 9 showed moderate
proliferation.?® This implies that all tested materials had
a favorable pH value.

In a study by Poggio et al., the material solubility was
expected to be less than 3%.2> However, the authors
showed that the solubility was above 3%. Although all
tested materials did not meet the specified parameters,
the standard was more applicable to ready-made materi-
als. The solubility of pure calcium hydroxide or its modi-
fications promoted the dissolution of bioactive material
into the tissue.?? In our study, the lowest solubility was
observed in group 3 (1:2:1) (mean: 4.17 £0.22%), followed
by group 1 (1:1:1) (mean: 4.85 +0.11%). Group 1 demon-
strated the most optimal ratio of nano-calcium hydrox-
ide, cocoa pod husk extract and anchovy powder based
on the 4 parameters.

The antioxidant property of the material was evaluated
based on the subsequent anti-inflammatory reaction.
Prior research has shown that the inflammatory process
augments the release of reactive oxygen species (ROS) and
inflammatory mediators, which in turn increases signal
transduction and mediates critical cellular stress responses.
Reactive oxygen species are produced throughout the
process, resulting in cell destruction and subsequent im-
pact on cell viability. The antioxidant aids in disrupting
the cycle and creates a balanced environment for repair.#!
In our study, the ICs, of a nano-combination of calcium
hydroxide, cocoa pod husk extract and anchovy powder
was 62.21 £0.10 pg/mL. The antioxidant activity of the
cocoa pod husk was determined, and the result was con-
sistent with those previously reported for the cocoa pod
husk (58.014 +0.004 pg/mL).% The antioxidant activity
was confirmed.?*
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Unlike pure calcium hydroxide, the nano-combination
of calcium hydroxide, cocoa pod husk extract and anchovy
powder was expected to stimulate cell proliferation. The
expectation was based on reports related to anchovy
powder®? and the high pH. The results of the cytotoxicity
assay were unexpected. In comparison to the control
group, 10% concentration of the nano-combination induces
1.3-fold proliferation, 25% induce 3-fold proliferation,
50% induce 7-fold proliferation, and 100% induce 9-fold
proliferation.

The antioxidant and cytotoxic properties of this nano-
combination powder require investigation. The findings
encourage further research into the potential use of a nano-
combination of calcium hydroxide, cocoa pod husk ex-
tract and anchovy powder as a reparative dentin inducer.

Conclusions

The novel nano-combination of calcium hydroxide,
cocoa pod husk extract and anchovy powder, proposed in
this study ata 1:1:1 ratio, was found to possess the requisite
properties to be used as a reparative dentin inducer. The
formulation promotes the increased rate of restoration
placement after treatment, the short initial setting time
(13.5 min) and a high pH at 24 h (9.91), thereby promot-
ing tissue healing. The antioxidant properties were iden-
tified as active, and the materials demonstrated excellent
biocompatibility, as evidenced by the MTT assay. Further
basic follow-up tests should be performed in order to pre-
pare the combination, such as an antibacterial potential
test. In the future, in vivo research should be conducted
to examine the impact of the novel nanostructured ma-
terial on the dentinogenesis marker. Further evaluation
is required to explore the potential enhancement of the
material’s properties when each component is combined
with calcium hydroxide.
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Abstract
Background. Polyamide-based materials are suitable for three-dimensional (3D) printing.

Objectives. The aim of the study is to examine the impact of aging on the mechanical, surface and optical
properties of polyamide 12.

Material and methods. A total of 116 specimens were examined, comprising 58 conventionally
processed polyamide 12 (PA12_C) specimens and 58 3D-printed polyamide 12 (PA12_3D) specimens.
The modulus of elasticity was determined before and after mechanical and thermal aging with 1,000,
3,000, 9,000, and 1,000, 3,000 and 7,000 cycles, respectively. The surface roughness (Ra), Ra change
(ARa) and color change (AE) were examined before and after chemical aging (1, 12 and 36 days, with
artificial saliva, coffee and red wine) using surface profilometry and color spectroscopy. The Kruskal—Wallis
test, Mann—Whitney U test and Bonferroni—Holm correction were employed, with a significance level
of p <0.05.

Results. Before and after mechanical aging, the modulus of elasticity for PA12_3D showed significantly
higher values (761 MPa and 747 MPa, respectively) in comparison to PA12_C (515 MPa and 455 MPa,
respectively; adjusted p < 0.001). Additionally, before and after thermal aging, the modulus of elastic-
ity for PAT2_3D exhibited significantly higher values (833 MPa and 705 MPa, respectively) compared to
PAT2_C (516 MPa and 458 MPa, respectively; adjusted p < 0.001). The Ra of PA12_3D was higher than
that of PA12_C at the baseline (0.41 um compared to 0.31 um, respectively), and remained higher during
the aging process. The ARa values were small for both groups. The AE was significantly higher for PA12_3D
compared to PA12_C after 12 days (6.2 (PA12_3D) compared to 4.8 (PA12_(C), adjusted p = 0.003) and
36 days of storage in red wine (8.2 (PA12_3D) compared to 6.8 (PA12_(), adjusted p = 0.003). After 36
days of coffee storage, the observed changes were found to be statistically significant (8.6 (PA12_3D)
compared to 6.7 (PA12_(C), adjusted p < 0.001).

Conclusions. The 3D-printed polyamide 12 demonstrated higher rigidity, Ra and discoloration compared
to the conventionally processed polyamide 12. However, not all of the observed parameter differences
were significant or clinically relevant. These differences may impact clasp retention, biofilm formation and
aesthetic appearance. Nevertheless, the clinical efficacy of 3D printing may be significant.

Keywords: 3D printing, nylon, polyamide 12, dental clasps, removable denture
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Introduction

Nowadays, missing teeth can be replaced with remov-
able partial dentures (RPDs).}? They can be used either
temporarily, as interim dentures, or permanently, depend-
ing on the design and material.! Removable partial den-
tures can be constructed using metal-based or polymer-
based frameworks.! Polymethyl methacrylate (PMMA) is
a widely used polymer for RPDs, although it has certain
limitations. These include residual monomer (methyl
methacrylate) leakage, making it unsuitable for patients
who are allergic to these components.? The use of metal-
based frameworks with metal clasps is recommended for
the fabrication of definitive RPDs.! Despite many advan-
tages, applying this technique may compromise aesthet-
ics.! To address these concerns, non-metal clasp dentures
(NMCDs) were introduced, utilizing clasps made from
thermoplastic resins.* Non-metal clasp dentures are
available in 2 variations: rigid, with a metal framework
including occlusal rests; and flexible, without a metal
framework.* Flexible NMCDs have limited indications,
one of which is their use as interim dentures (temporary
RPDs).*

Flexible NMCDs without a metal framework made
of polyamide 12 are of interest to researchers due to their
aesthetic qualities, biocompatibility and good patient
acceptance.® In comparison to PMMA and metals, they
have a reduced weight and higher flexibility.> Thus, they
can be easily inserted into small oral cavities (e.g., in pe-
diatric patients, individuals with microstomia, or those
with ectodermal dysplasia).® Because of the high flexibil-
ity and a lower modulus of elasticity, polyamide 12 den-
tures are resistant to fractures.® Therefore, they are con-
sidered a potential alternative for selected indications and
patients allergic to methyl methacrylate.®>*~7 However,
despite these advantages, they are difficult to reline and pol-
ish, especially in a dental office.® Flexible NMCDs made
of polyamide 12 have also shown potential to traumatize
supporting tissue and increase bone resorption.*> How-
ever, finite element analysis demonstrated a reduction in
stress for the clasps and for abutment teeth when poly-
amide 12 clasps were used.® The absence of longitudinal
studies has resulted in a lack of consensus regarding wider
indications and extended wearing duration.*> Compared
to conventional temporary dentures, such as RPDs made
from PMMA, the processing costs of NMCDs are higher.
Consequently, cost-effective and efficient technologies
are of interest.®

Polyamide 12 can be processed using either conventional
thermoforming or through three-dimensional (3D) print-
ing. The conventional method is both time-consuming and
complex.’ Three-dimensional printing is a type of additive
manufacturing methods. Recently, these methods have
gained increased attention and have become popular in the
field of dentistry.! 3D-printed NMCDs made of polyamide
12 offer an attractive manufacturing technique. Fused
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filament fabrication (FFF) printing is a relatively simple,
cost-effective and time-efficient method.!*'> However, it is
not frequently used in the field of dentistry due to its longer
printing times and lower resolution compared to other 3D
printing methods.!® However, in terms of the fabrication
of medical components, FFF printing is the most prevalent
technique worldwide for thermoplastic polymers, such as
polyamides.'? Currently, it is the only commercially avail-
able 3D printing method for polyamide 12.

There is a lack of data regarding the material properties
of 3D-printed polyamide 12 for use as flexible, temporary
NMCDs. In this study, we will use clinically relevant mate-
rial parameters to examine whether this innovative method
has the potential to replace conventional procedures.

The aim of the present study is to determine the dif-
ference in material properties between conventionally
processed and 3D-printed polyamide 12 in response to
mechanical, thermal or chemical aging. The null hypoth-
esis states that there are no differences between the 2 ma-
terials with respect to the modulus of elasticity, surface
roughness change (ARa) and color change (AE).

Material and methods

Figure 1 shows an overview of the study design.

Specimen preparation

A total of 116 polyamide 12 specimens were convention-
ally processed (1 = 58) (PA12_C, control; Johannes Weithas
GmbH & Co. KG, Liitjenburg, Germany) or 3D-printed
(n = 58) (PA12_3D, r.Pod Dual Extruder; Arfona, New York,
USA). Polyamide 12 granules (conventional process) or fila-
ments (3D printing) were used. In both cases, the base ma-
terial was of the same chemical composition (Valplast®
International Corp., New York, USA). All specimens were
manufactured with dimensions of 40 mm x 10 mm x 2 mm.

l N =116 specimens (PA12_C: n = 58; PA12_3D: n = 58) |

v

l 35 days of storage (distilled water, 7°C) |

v v v

Surface roughness

Color change Modulus of elasticity

[MPa]
baseline (t0)

v v v v

Chemical aging
artificial saliva, coffee, red wine (37°C)
1,12, 36 days
(n =10, each material and medium)

v v v v

Color change Surface roughness Modulus of elasticity
E, L% a* b* [um] [MPa]
(tx) (tx) (tx)

L% a*, b* [um]
baseline (t0) baseline (t0)

Thermal aging Mechanical aging
artificial saliva (5°C/55°C)| artificial saliva (37°C)
1,000, 3,000, 7,000 cycles| {1,000, 3,000, 9,000 cycles

(n =14, each material) (n =14, each material)

Fig. 1. Study design

PA12_C - conventionally processed polyamide 12; PA12_3D - 3D-printed
polyamide; L* — brightness; a* — hue, saturation of the red-green axis;

b* - hue, saturation of the yellow-blue axis.
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The specimens in the PA12_3D group were produced
using FFF printing. The string-shaped polyamide 12 ma-
terial was subjected to thermoplastic processing in the
form of a filament. The material was heated to 220°C
through an extrusion nozzle and deposited layer by lay-
er on a build platform in the defined X-Y direction (i.e.,
along the longitudinal axis of the component). No sup-
port material was used during the fabrication of the speci-
mens. The printing path followed a diagonal trajectory at
a 45° angle to the X-axis. With a nozzle diameter of 0.4
mm, material layers of 0.3 mm in height were printed with
a 100% infill density.

To achieve the optimal surface quality, finishing and
polishing were carried out in accordance with the manu-
facturer’s instructions.

The specimens in the PA12_C group (control) were
conventionally processed using the thermopress method,
utilizing thermoplastic injected polyamide 12 granules.
In this process, the granule cartridges in the injection
molding machine were heated to approx. 290°C and sub-
sequently injected into the mold at a pressure of approx.
6.5 bar. Post-processing and polishing were carried out
following the manufacturer’s instructions.

All specimens were stored for 35 days in distilled water
at a temperature of 7 +1°C immediately after production
(Med. Kiihlgerat MRL 150; Electrolux, Luxembourg City,
Luxebourg) to achieve water saturation before testing.
The storage temperature was selected to minimize micro-
bial growth during the storage period.

Mechanical aging

The mechanical aging of the PA12 C (n = 14) and
PA12_3D specimens (n = 14) was conducted through
cyclic compressive loading (Universal Testing Machine
Inspekt-Micro LC100N; Hegewald & Peschke, Mef3- und
Priiftechnik GmbH, Nossen, Germany). The test setup
resembled a cyclic three-point bending test in artificial,
temperature-controlled saliva at 37°C (UKD saliva
solution; University Pharmacy, Dresden, Germany), with
a central point load applied to the specimen. The bend-
ing cycles were performed at a frequency of 1 Hz, with
a displacement of 2 mm, a loading speed of 1 mm/s, and
a preload of 1 N. A total of 1,000, 3,000 and 9,000 cycles
were performed, which roughly correspond to 1, 3 and 9
years of wear for polyamide NMCDs, respectively.

Thermal aging

The thermal aging was simulated using a thermo-
cycler (THE-1200; SD Mechatronik GmbH, Feldkirchen-
Westerham, Germany). The specimens (PA12_C,
PA12_3D, n = 14 each) were cyclically exposed to
temperature-controlled artificial saliva solution
(5°C/55°C, UKD saliva solution; University Pharmacy).
Each cycle lasted 77 s, with 27 s in each liquid container
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and 9 s of drip time. A total of 1,000, 3,000 and 7,000
cycles were performed to simulate 1, 3 and 8 months
of use, respectively.

Chemical aging

The PA12_C and PA12_3D specimens were stored for
1, 12 and 36 days at 37°C in artificial saliva (UKD saliva
solution; University Pharmacy), coffee (65 g/L water,
NESCAFE® GOLD; Nestlé Deutschland AG, Frankfurt
am Main, Germany) or red wine (pH 3.3, K6nig Arthur
Republik Moldau; Andreas Oster Weinkellerei, Cochem,
Germany) in a heat chamber (kelvitron® t; Heraeus
Instruments, Hanau, Germany). Ten specimens of each
material were stored in each medium. A total of 1, 12
and 36 days of storage in the colorants were performed to
simulate the intake of beverages over a period of 1 month,
1 year and 3 years, respectively.

Modulus of elasticity

Polyamide 12 was evaluated in accordance with the ISO
20795-1:2013 standard and classified as a denture base
polymer, falling under classification type 3: “Thermo-
plastic molded forms or granules”!® The modulus of elas-
ticity was determined using a three-point bending test
(TIRAtest 2720; TIRA GmbH, Schalkau, Germany). The
specimens were subjected to axial loading at a 90° angle
across the entire specimen width using a conical indenter
(2-mm radius) and a constant test speed of 1 mm/min
(preload: 1 N, test endpoint criterion: 10 N). The modu-
lus of elasticity was calculated using the following formula
(Equation 1):

E - L’m/4bd? 1)

where:

E — modulus of elasticity [N/mm?];

L — support span [mm];

m — gradient of the initial strength-line portion of the
load deflection curve [N/mm];

b — width of the specimen [mm];

d — thickness of the specimen [mm)].

Surface roughness

The surface roughness was measured with the use
of a contact profilometer (Hommel-Etamic W20; JENOPTIK
Industrial Metrology Germany GmbH, Villingen-
Schwenningen, Germany) and the stylus method.
For each specimen, 4 measuring distances were re-
corded, comprising 2 longitudinal measurements and
2 transverse measurements, each positioned perpen-
dicular to the other. The angle of measurement for the
diagonal printing path was 45°. The measurement was
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conducted with a stylus tip radius of 2 ym and a tip
angle of 90°. The feed mechanism moved horizontally
along the surface at a constant speed of 0.5 mm/s and
a measuring force of approx. 0.8 mN. The measuring
length was 4.8 mm, with a cut-off wavelength of 0.8
mm, and a measurement path of 4.0 m. Subsequently,
for each specimen at each measurement time point
within the artificial aging process, the arithmetic mean
roughness value (Ra) was determined from the 4 mea-
suring distances.

Color change

The color change was determined in accordance with
the ISO/TR 28642:2016 standard.!* For the determi-
nation of color stability, the Lab* color system spec-
trophotometer (Gretag SPM 100; Gretag, Regensdorf,
Switzerland) was used. The CIE L*a*b* color space is
an approximately uniform color space with coordinates
for brightness (L* axis, where L* = 0 represents black and
L* = 100 represents white), as well as for hue and satura-
tion (red-green axis (a*), where +a* represents red and
—a* represents green; yellow-blue axis (b*), where +b*
represents yellow and —b* represents blue). The changes
in brightness (AL*) and hue (Aa* and Ab*) were defined
as differences and were determined for the respective
immersion periods and storage media. The individual
color parameter differences (AL*, Aa* and Ab*) were as-
sessed by subtracting the parameter variables at 2 time
points: the measurement time point at baseline (t0) as
a specified reference; and after the aging process (tx).
The resulting overall AE was determined using the fol-
lowing CIE formula (Equation 2):

AE - [(AL*)*+(Aa*)*+(Ab*)? ©)

The color measurements were conducted using a stan-
dardized CIE Illuminant D65, which corresponded to nat-
ural daylight. The observer angle was set at 2° and was de-
rived from the area of optimal color vision in the human
eye. To obtain an average, the measurements were taken
at 4 defined points for each specimen. The precise repo-
sitioning of the specimens for measuring the L*, a* and
b* values at the 4 defined measuring points was ensured
through the use of a fixed placement aid on the spectro-
photometer. Prior to each measurement, the specimens
were thoroughly rinsed with running water and allowed
to dry, in order to prevent light reflection.

Statistical analysis

The statistical analysis was conducted using the IBM
SPSS Statistics for Windows software, v. 24.0 (IBM
Corp., Armonk, USA). The normality of the data was
assessed using the Kolmogorov—Smirnov test and the
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Shapiro—Wilk test. Descriptive statistics were used to
summarize the data. For the modulus of elasticity and AE,
explorative inference statistics were calculated using the
Kruskal-Wallis test, given that the data was not normally
distributed. A non-parametric Mann—Whitney U test was
performed to examine differences between the groups. To
account for multiple tests, the Bonferroni—-Holm correc-
tion method was applied to adjust the p-values. The alpha
level was set at 5%.

Results

Modulus of elasticity after thermal
and mechanical aging

Table 1 presents the descriptive data for the modulus
of elasticity values following thermocycling and mechani-
cal aging. In both aging methods, the modulus of elastic-
ity for PA12_C showed significantly lower values com-
pared to PA12_3D at all measured time points (raw and
adjusted p < 0.001). Following thermal (7,000 cycles) and
mechanical aging (9,000 cycles), the modulus of elasticity
decreased in both PA12_C and PA12_3D compared to the
baseline.

Table 1. Descriptive data for the modulus of elasticity before and after
thermocycling and mechanical aging

Modulus of elasticity

Cycles,n Material [MPa]
vesan| 108 | i | o |
PA12_C* 516  489-537 446 551
0 (baseline)
PAT2_3D* 833  782-897 754 1,000
© 000 PA12._CB® 522  484-561 458 571
' - PA12_3D® 824 782-873 778 909
PA12_CCc 525  525-541 467 556
3,000
PA12_3DS 792  770-867 737 898
000 PA12_CPY 458  442-478 426 498
' PA12.3D™ 705 678-747 664 794
PA12_CFe 515  468-539 443 565
0 (baseline)
PAT2_3Df 761  734-791 676 887
© 000 PAT2_CTT 464  454-487 422 566
' A PA12._3DF 775  754-817 713 877
PAT2_CS9 493  473-505 426 541
3,000
PA12.3D% 779  735-818 701 847
PAT2_CHh 455  442-470 399 528
9,000
PA12_3DMh 747  738-794 709 864

IQR - interquartile range; min — minimum; max — maximum; TC -
thermocycling; MA — mechanical aging; PA12_C - conventionally processed
polyamide 12 (control); PA12_3D - 3D-printed polyamide 12. Lowercase
superscript letters indicate significant differences when compared to the
respective control (raw p-value <0.05, Mann-Whitney U test). Uppercase
superscript letters indicate significant differences in comparison to the
respective control (adjusted p-value <0.05, Mann-Whitney U test).
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Rough ness after chemical aging Table 3. Descriptive data for the roughness change (ARa) after chemical
aging

The Ra values at the baseline for PA12 3D were

observed to be high, reaching up to 049 um (interquartile
range (IQR): 0.37-0.56 um). The median Ra value for the

control group (PA12_C) was 0.31 pm (/QR: 0.26-0.36 artificial  PA12_C 0.01 -002-004 -007 014
pum). Table 2 shows the descriptive data for each tested saliva  pA12 3D 000  —004-002 —019 008
group. In both groups, none of the Ra values fell below . 000 005004 —009 009
the threshold of 0.2 pm, which is the recommended maxi- 1 coffee - ‘ o ' ‘
15.16 PA12_3D 0.02 0.00-004 -020 0.11
mum. !>
Table 3 presents the ARa after aging. Overall, only wine PAT2_C 003 ~001-006  -0.20 026

PA12.3D 000  —005-002 -009 008
artificial  PA12.C 000  —001-002 —002 005

minor changes in Ra were observed.

Color change after chemical aging salva  pA12.3D 001 -006-006 -008 0.2

PA12_C -0.01 -0.05-002 -0.09 0.04

Figures 2 and 3 show the specimens before and after 12 coffee PA12.3D  —005  —009-000 —020 0.1

36 days of immersion in coffee. A perceptible AE could be PA12.C 000  —003-004 —011 008
observed. Figure 4 depicts the specimens following a 36- wine

PAT2.3D -002 —008-006 -0.11 022
artificial PA12.C —002  —003-001 -005 0.3

saliva  pa12.3D 002  —002-007 —027 028
PAT2.C 005 —010-002 —015 009
PAT2.3D 002 —001-004 -013 013

] PA12_C -0.02 —-0.06-003 -011 018
_ . wine
Table 2. Descriptive data for the roughness (Ra) before and after chemical PAI2 3D —00] 006-003 -007 016

aging
artificial PAT2.C 029 023-035 020 037 A
salva  pA12_3D 045  034-082 031 122 .

PA12_C 0.34 0.28-041 022 050
PA12_3D 0.35 0.33-055 028 059

_ PAI2.C 031 026035 022 067 . I BB | g
"M pA123D 049 037-056 032 080 »
artificial PAT2.C 032 024-036 022 042 1
saliva  pA12 3D 043  037-077 032 103 N & )

PA12_C 0.34 0.29-042 024 047

PA12_3D 037 034-056 032 062 Fig. 2. Conventionally processed polyamide 12 specimens before (A) and
after (B) 36 days of storage in coffee

day storage period in red wine.
Table 4 presents the descriptive data for color
change. After 1 day of storage in coffee or wine, the

color change was small and below or equal to 1.9. 36 coffee

0 (baseline)  coffee

1 coffee

PAT2.C 030 029-044 026 06]
PA12.3D 049  034-061 033 071
artificial  PA12.C 033 023-036 020 038
saliva  pA12 3D 052 034-076 033 117
PAI2.C 032 027-041 020 045
PA12.3D 036  028-039 020 070
PAT2.C 028 025-035 023 074
PA12.3D 047  030-071 027 079
artificial  PA12.C 028 022-034 020 047
saliva pA12.3D 051 037-051 031 127
PAT2.C 027 023-042 020 049
PAT2.3D 039  034-049 027 072
PAT2.C 028  024-040 021 059

wine i -pri i i
PAT2. 3D 047 037-065 031 080 Fig.3.3D prmted polyamide 12 specimens before (A) and after (B) 36 days
of storage in coffee

wine

12 coffee

wine

36 coffee
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Fig. 4. Conventionally processed (A) and 3D-printed (B) polyamide 12
specimens after 36 days of storage in red wine

Table 4. Descriptive data for color change (AE) after chemical aging

artificial  PA12.C 27 19-33 08 34
saliva PA12_3D 0.6" 04-1.1 0.3 54
PA12_C 15 1.3-2.1 1.2 26
1 coffee
PA12_3D 1.6 1.1-2.0 0.7 3.0
PA12_C 1.780 1.6-1.8 14 20
wine
PA12-3D 1.980 1.8-2.1 1.7 45
artificial  PA12.C 13 05-2.2 02 37
saliva PA12_3D 1.1 0.7-15 0.5 1.8
PA12_C 3.1 1.3-2.1 12 26
12 coffee
PA12_3D 35 3.1-4.0 3.0 4.6
PA12_C 4.8¢ 45-48 4.1 53
wine
PA12-3D 6.2¢ 56-6.3 48 6.4
artificial PA12.C 17 13-22 04 25
saliva pa12.3D 13 07-15 05 18
PA12_C 6.70d 6.3-6.9 6.0 72
36 coffee
PA12_3D 8.6Pd 7.9-9.0 7.7 10.0
PA12_C 6.8% 6.6-7.0 59 75
wine
PA12_3D 8.2k 7.8-89 6.9 9.7

Lowercase superscript letters indicate significant differences when compared
to the respective control (raw p-value <0.05, Mann-Whitney U test). Uppercase
superscript letters indicate significant differences in comparison to the
respective control (adjusted p-value <0.05, Mann-Whitney U test).

After 12 and 36 days of storage in coffee or wine,
the highest recorded value for color change was 8.6.
A significant increase in AE was observed for PA12_3D
in comparison to PA12_C after 12 and 36 days of
storage in wine (raw p = 0.001, adjusted p = 0.003).
Significant differences were observed for PA12_3D
after 36 days in coffee (raw and adjusted p < 0.001). In
contrast, when immersed in artificial saliva, all median
values remained below or were equal to 2.7.
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Discussion

The study aimed to detect differences in the material
properties of conventionally processed and 3D-printed
polyamide 12 following exposure to mechanical, thermal
and chemical aging at various time points. The popular-
ity of additive manufacturing has increased in the field
of dentistry. Given the differences between conventional
and additive manufacturing methods, it is possible that
the material properties of the end products differ, even
with the same chemical composition. Additionally, the
additive manufacturing of polymers is still a developing
field.'” Thus, the evaluation of the properties of these ma-
terials is of high importance for the clinician.

The results of this study implied that PA12_3D had
a higher modulus of elasticity and, thus, higher rigid-
ity and Ra when compared to PA12_C. Furthermore,
PA12_3D showed a higher degree of discoloration after
storage in wine and coffee for 12 and 36 days.

During the mechanical and thermal aging tests in the
laboratory, it was important to simulate clinical condi-
tions over time. It is essential to investigate the potential
for material fatigue induced by repetitive clasp deflection
when removing RPDs for cleaning, as this could lead to loss
of retention and damage of clasps. The repair of polyam-
ide 12 dentures is a challenging process.” In our study, we
simulated a scenario of 1, 3 and 9 years of wearing polyam-
ide NMCD:s for the removal and insertion of the denture.
These periods were calculated on the assumption that
patients would remove their dentures twice a day. It can be
assumed that 3,000 and 9,000 cycles represent the upper
limits of durability for temporary dentures. However, in real
life, prolonged use should be taken into consideration. To
simulate the physiological intraoral conditions during ther-
mal aging, an approximate temperature change of 20 to 50
thermal cycles per day was assumed. Hence, 10,000 ther-
mal cycles corresponded to a wearing time of 1 year.!%1?
In our experiments, thermal cycling corresponds to an ap-
proximate wearing time of 1, 3 and 8 months, which is typi-
cal for temporary dentures.

The staining of dentures may cause significant aesthetic
drawbacks and is attributed to the consumption of food
and beverages.*?° Consequently, in vitro staining simula-
tions are crucial in anticipating potential color changes
during daily use. The storage of dentures in wine and cof-
fee for periods of 1, 12 and 36 days may roughly simulate
the consumption of these products over 1 month, 1 year
and 3 years, respectively.?!

Coffee and wine are often used to simulate discolor-
ation.?'-2% Coffee contains tannic acid and yellow colo-
rants that are responsible for color changes.?? It also has
a higher discoloration potential than tea.?? For red wine,
the low pH and ethyl alcohol content may be responsible
for discoloration.?? As previously mentioned, denture use
may be prolonged, therefore, simulating 3 years of use
aims at a worst-case scenario.
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The modulus of elasticity was tested during mechanical
and thermal aging as an indicator of clasp longevity. The
null hypothesis was rejected, as the results demonstrated
significant differences between both processing methods
at all tested time points. The significant difference be-
tween the 2 methods remained consistent throughout the
course of both aging processes. With regard to the maxi-
mum number of cycles tested for both aging methods, the
modulus of elasticity decreased slightly in comparison to
the baseline.

In this study, the modulus of elasticity for PA12_C was
found to be approx. 300 MPa lower than that of PA12_3D.
Additionally, it was 500 MPa lower than the values reported
in prior studies for conventionally processed material 222425
For example, Wieckiewicz et al. reported initial values of
approx. 1,000 MPa for dry specimens.?? This discrepancy can
be attributed to the water storage and sorption of conven-
tionally processed polyamide 12 (Valplast® International
Corp.). This results in a reduction in the flexural strength
and modulus of elasticity.?” It is evident that water molecules
permeate the polymer structure, acting as plasticizers that
enhance the mobility of polymer chains.?® The impact of wa-
ter storage, ranging from 2 days (50 £2 h) to 30 days at 37°C,
resulted in a one-third reduction in the modulus of elastic-
ity.?> The changes in the modulus of elasticity after water
sorption have clinical relevance to the retention force.?> To
simulate the clinical use and obtain more accurate results,
it was crucial to store the specimens in water before con-
ducting the tests. Moreover, additional differences in experi-
mental design among the referenced studies result in varying
experimental conditions. This discrepancy may affect the
comparability of the obtained results.

The modulus of elasticity is a critical parameter in the
evaluation of dental materials used in clasp manufactur-
ing. Materials with a high modulus of elasticity (>2,000
MPa), such as cobalt—chromium (CoCr) alloys, are rec-
ommended for clasp and RPD framework designs.?® Poly-
amide 12, on the other hand, has a substantially lower
modulus of elasticity. Thus, clasps manufactured from
polyamide 12 are more flexible and may use larger under-
cuts on abutment teeth for retention, which would have
been leveled for metal clasps.?* Flexible clasps facilitate
less stressful denture insertion for abutment teeth and re-
duce stress in the retentive arm of the clasp compared to
metal clasps.® However, the flexibility of the denture base
is a concern, as it can potentially lead to uneven stress dis-
tribution on the mucosa and alveolar bone, particularly in
the mandible.*?

Our study showed that PA12_C had a significantly lower
modulus of elasticity compared to PA12_3D. This dis-
crepancy may be attributed to the different manufactur-
ing methods employed and may be a potential advantage
for printed polyamide 12.

Differences could occur using FFF printing. The poly-
amide 12 filament was melted at a lower temperature com-
pared to conventional processing to ensure dimensional
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stability. This could result in the emergence of different
material properties. The higher rigidity of PA12_3D could
be more suitable for use as temporary dentures compared
to PA12_C. If the differences in the modulus of elasticity,
for example 300 MPa, as observed in our study between
conventionally processed and 3D-printed polyamide 12
prove to be clinically significant, further investigation
would be warranted.

The higher modulus of elasticity for PA12_3D could
have a significant clinical impact, as claps that are too flex-
ible may fail to offer sufficient retention for the RPDs.?®
Furthermore, polyamide 12 clasps require less removal
force and exhibit clinically unacceptable retention in small
undercuts, when simulated, even with a modulus of elas-
ticity of 1,440 MPa.? The lower modulus of elasticity in
conventionally processed polyamide 12 clasps can result
in inadequate clinical retention. Additionally, contrary to
metal clasps, adjusting the retention force after the pro-
duction of polyamide 12 clasps is not feasible.* Never-
theless, Kiimbiiloglu et al. observed no significant defor-
mation of conventionally processed polyamide 12 clasps
after 36 months of simulated clinical use.?® Furthermore,
a clinical pilot study by Boeckler et al. demonstrated
favorable outcomes for clinical use within 6 months.?
A recent report by Spintzyk et al. showed a clinical
application of 3D-printed polyamide non-metal clasp
RPDs with acceptable fit and sufficient retention.*

In the qualitative assessment of denture base materi-
als, the measurement of the Ra is of particular interest.
The Ra value is largely dependent on the preceding po-
lymerization and processing procedures, as well as the
subsequent finishing and polishing.?* To ensure compa-
rable conditions for the Ra measurements, standardized
polishing protocols were conducted in accordance with
the manufacturers’ instructions. The Ra for PA12_3D was
consistently higher than that of PA12_C at all measure-
ment time points and for all tested media. This discrep-
ancy is likely attributable to the different manufacturing
processes. Fused filament fabrication has a low resolution.
The molten filaments are printed layer by layer. Even after
the layers have been merged, they can still be identified.
Furthermore, grinding and polishing proved ineffective in
eliminating the inner layer-wise structure.>

Nevertheless, a slight change in Ra values was observed
during the chemical aging process, and its clinical rel-
evance remained uncertain. This finding was consistent
with other literature results that demonstrated no influ-
ence on ARa using thermal or chemical aging, even when
treated with aggressive chemical agents such as glutaral-
dehyde or sodium hypochlorite.*32

Regarding Ra, all specimens showed Ra values that were
above or equal to the recommended maximal threshold
of 0.2 um.!>1¢ The ARa between the 2 processing methods
was minimal and may be considered clinically irrelevant.
Therefore, no interferential statistics were used to com-
pare both processing methods.
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The presence of rough surfaces on clasps and denture
base materials promotes the accumulation of plaque and
bacterial adhesion.® As a clinical consequence, the risk
of denture stomatitis or caries at abutment teeth may be
elevated.® High roughness on retentive clasp surfaces is
considered unfavorable, with a smooth surface being the
desired target.333* Proteoglycans in human saliva are ef-
fective lubricants. Thus, it can be assumed that rough sur-
faces of denture clasps do not contribute to clasp reten-
tion. It is therefore recommended that improvements be
made in the production or polishing process.

Regarding color changes, the null hypothesis was found
to be partially rejected, showing significant differences be-
tween both processing techniques at various time points
and in the presence of different chemical aging media.

The specimens derived from both manufacturing pro-
cesses exhibited a similar tendency towards discoloration.
Surprisingly, PA12_C showed the highest AE after 1 day
when stored in artificial saliva. This discrepancy in color
change did not fit the overall data and may be attributed to
measurement error. The most significant discoloration was
observed following exposure to red wine and coffee, partic-
ularly when simulating more than 1 month of use. A color
change of 3.7 is regarded as the threshold recommended
for gingival shades.?>3 The color changes observed when
simulating 1 year of storage in wine and 3 years in coffee
or wine, respectively, exceeded this threshold. Perceptible
color changes could pose substantial aesthetic concerns
for patients and affect their satisfaction with the treat-
ment.23>-38 There is an established association between
the color of artificial teeth and the utilization of RPDs.*
Additionally, it is important to note that an increased dis-
satisfaction with tooth appearance is related to a dissatis-
faction with tooth color and is significantly linked to the
desire for treatment.’ Patients expressing dissatisfaction
with tooth color may be susceptible to discoloration of the
polyamide clasp color. Furthermore, patients under the age
of 65 are more likely to experience aesthetic dissatisfac-
tion.?? Given that RPDs, especially temporary dentures, are
utilized across all patient groups, good color stability is cru-
cial in dental materials, particularly in polyamide clasps.

The results of this study are in line with those previously
reported by Wieckiewicz et al. regarding discoloration,
indicating a need for material improvement.?? A poten-
tial avenue for improvement entails modifications to the
printing process. Another potential solution is the ap-
plication of a sealant agent. A recent study showed that
this treatment could markedly reduce the color change
of polyamide 12.4! Reducing the color change could have
a positive impact on the clinical performance of polyam-
ide 12 dentures.

Limitations

One of the limitations of this study was that the same
specimens were tested at different time points. If a specimen
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was damaged at the beginning or during the course
of the experiment, the error was carried over all measure-
ment time points. To minimize the potential for damage
during the three-point bending test, the end-of-test crite-
rion was carefully selected to ensure that no irreversible
material change could have occurred. No tests exceeded
the linear section of the curve for the determination of the
modulus of elasticity using Hooke’s straight line. As previ-
ously stated by Hamanaka et al., the proportionality limit
of polyamide 12 (Valplast® International Corp.) is reached
ataload of 19 N when tested according to ISO 1567 and ISO
1567:1999/Amd 1:2003.*2* In our study, the established
end-of-test criterion of 10 N corresponded to a specimen
deflection of 1.2 mm in the elastic range of polyamide 12.
This was below the proportionality limit, and it is unlikely
that it had a negative impact on our findings.

A further limitation is the lack of the modulus of elas-
ticity and roughness measurement before saturation with
water. Including these data points might facilitate a more
comprehensive understanding and interpretation of the
data. Additionally, a comparison with other studies could
be more straightforward. Nevertheless, the values ob-
tained for dry polyamide 12 have limited clinical impli-
cations, as the saturation level simulates the condition in
the oral cavity during the wearing period. Only the data
obtained from saturated specimens is clinically relevant.
The water saturation affects the modulus of elasticity,
influencing the rigidity of clasps and denture bases, as
well as the retentive force of the clasp.?” The retention
force plays a crucial role in the clinical success of RPDs.
This highlights the importance of in vitro conditions that
closely resemble clinical scenarios.

Furthermore, since only 2 different manufacturing pro-
cesses of chemically identical polyamide 12 material were
evaluated, the generalizability of the results to different
polyamide 12 products is limited. The literature indicates
that there are variations in mechanical, physical and sur-
face properties among different polyamide products.”?>4
Moreover, the findings are confined to the processing
parameters, particularly in the case of 3D-printed poly-
amide 12, as it has been demonstrated that these can sig-
nificantly influence the properties of the material.*> This
limitation also restricts the generalizability of the results.

Conclusions

In conclusion, the findings of the present study indicate
that there are notable differences in the properties of 3D-
printed polyamide 12 compared to those of convention-
ally processed polyamide 12. The higher roughness and
discoloration of the 3D-printed material may prove disad-
vantageous in clinical applications. Conversely, the higher
modulus of elasticity could be advantageous due to the
enhanced rigidity. Further studies are required before 3D-
printed material can be recommended for clinical use.
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Abstract

The complex interplay between the qut microbiota, cancer treatments and patient characteristics has
emerged as a significant area of research. This study sought to examine these relationships in the context
of colorectal cancer (CRC).

A comprehensive search of relevant studies was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 quidelines and the Cochrane Handhook
for Systematic Reviews of Interventions. The studies included a variety of treatment modalities and
microbiological parameters. A data extraction form, designed specifically for this review, was used to
assess a range of variables across all studies.

The analysis revealed a multifaceted interaction between the gut microbiota, genetic factors and treatment
outcomes. Elderly patients with CRC frequently received single-agent chemotherapy, with outcomes that
were comparable to those of younger patients. The presence of tumorigenic bacteria, including Escherichia
coli and Bacteroides fragilis, was associated with early colon neoplasia. Additionally, an abundance
of Fusobacterium spp. was observed in colonic adenomas, contributing to a pro-inflammatory environment.
Although the FcyRllla-158 V/V genotype was associated with higher cetuximab-mediated antibody-
dependent cellular cytotoxicity (ADCC), no direct influence of FcyR polymorphisms on treatment response
was noted. Furthermore, the combination of programmed cell death protein-1 (PD-1), BRAF and MEK
inhibition showed favorable response rates. The gut microbiome, especially the presence of Fusobacterium
spp., had a notable influence on the therapeutic response in CRC.

These findings underscore the role of the gut microbiota and genetic factors in cancer treatment outcomes,
emphasizing the potential of a holistic approach to cancer management. Future research should exploit
these findings in order to develop microbiota-modulating strategies and personalized medicine approaches
for the purpose of improving the efficacy of cancer treatment.

Keywords: qut microbiota, genetic polymorphisms, cancer treatment outcomes, Fusobacterium,
tumorigenic bacteria
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Introduction

In recent decades, cancer has emerged as a major public
health issue, representing a significant global burden with
complex, multifactorial etiologies contributing to its onset
and progression.! With the cancer mortality rate rising,
resulting in the loss of millions of lives worldwide,? there
has been minimal progress in reducing this mortality.
Accordingly, a comprehensive understanding of the
factors that modulate cancer progression is essential for
the development of effective therapeutic strategies. The
emerging research has begun to elucidate the intricate role
of the human microbiome in health and disease, creating
a new paradigm in our comprehension of carcinogenesis.>

The relationship between microbial entities and neo-
plastic cells within the bodily ecosystem can be viewed
through the lens of evolutionary dynamics.® Specifically,
the mutualistic interactions between these 2 cellular
populations, which enhance their proliferative capacities
and their ability to evade immune surveillance, could po-
tentially confer an evolutionary advantage.* This suggests
that the physiological environment may often favor the
survival and propagation of microbial and neoplastic cells
that engage in cooperative behaviors, thereby outcompet-
ing those that do not partake in such synergistic interac-
tions. Such cooperation can be stabilized through evolu-
tionary processes, such as positive assortment or partner
selection.>8

Colorectal cancer (CRC) is one of the most prevalent
malignancies globally, with significant morbidity and
mortality rates.® The progression of the disease is multi-
factorial and influenced by genetic, environmental and
lifestyle factors. Among these, the role of the gut micro-
biota, the complex community of microorganisms that
inhabit the human gut, has recently received considerable
attention in the field of colorectal carcinogenesis.

The gut microbiota plays an integral role in maintaining
homeostasis, including nutrient metabolism, the protec-
tion against pathogens and the modulation of the immune
system.* Dysbiosis, defined as an imbalance or alteration
of the gut microbiota, has been associated with various
pathological conditions, including inflammatory bowel
diseases and metabolic disorders. Recent studies have
suggested a potential correlation between gut microbiota
dysbiosis and CRC.>%-11

The emerging evidence indicates that gut microbiota
dysbiosis may contribute to colorectal carcinogenesis
through several mechanisms, including the promotion
of chronic inflammation, the production of carcinogenic
metabolites and the alteration of host immune responses.
However, the exact role of gut microbiota dysbiosis in
the progression of CRC remains unclear and is a subject
of ongoing research.12-14

In addition to the role of the gut microbiota, the treat-
ment modality for CRC can also significantly influence the
disease progression. The impact of common treatments

G. Minervini et al. Microbiological aspects of cancer

such as surgery, chemotherapy and radiation therapy, as
well as more recent approaches like immunotherapy, on
the course of CRC can vary considerably.’> The interac-
tion between these treatments, the gut microbiota, and
their cumulative effect on CRC progression is a complex
interplay that is yet to be fully understood.'®

Despite the growing body of evidence, our understand-
ing of the microbiological aspects of cancer progression
remains fragmented.® Previous studies have often focused
on specific types of cancer or microbial species,’ ! which
has limited our ability to fully map the overall landscape
of microbial influence on cancer progression. Further-
more, the inherent complexity of the microbiome, cou-
pled with the influence of various confounding variables
such as diet, antibiotic usage and host genetics, introduces
additional layers of complexity to these investigations.

In light of the aforementioned context, we conducted
this systematic review with the objective of synthesizing
the existing literature on the role of gut microbiota dys-
biosis in the progression of CRC and the influence of dif-
ferent treatment modalities. This review aims to collate
and analyze the current evidence in order to shed light on
the diverse ways in which microorganisms may modulate
cancer progression.

Material and methods

PRISMA protocol

The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 protocol'”
was employed to guide the review process, the schematics
of which are shown in Fig. 1.

PECO framework

The Population, Exposure, Comparison, Outcome
(PECO) framework was utilized to define the research
question and direct the search strategy:

— Population (P): adult patients (>18 years old) diagnosed
with CRC;

— Exposure (E): presence of gut microbiota dysbiosis
identified through fecal microbiota analysis (e.g., 16S
rRNA gene sequencing, metagenomics);

— Comparison (C): adult CRC patients with normal gut
microbiota composition and/or those undergoing dif-
ferent treatment modalities (e.g., surgery, chemotherapy,
radiation therapy, immunotherapy);

— Outcome (O): progression of CRC measured by vali-
dated clinical staging systems.

Database search protocol

The search strategy for this systematic review was
designed to identify all relevant studies exploring the
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Identification of studies via databases and registers
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 flow diagram'”

PECO - Population, Exposure, Comparison, Outcome.

relationship between gut microbiota dysbiosis and the
progression of CRC. A comprehensive search of relevant
studies was conducted in accordance with the Cochrane
Handbook for Systematic Reviews of Interventions.
The search was performed across 8 databases, namely

Table 1. Search strings utilized across the databases
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PubMed/MEDLINE, Embase, Web of Science, Scopus,
the Cochrane Library, CINAHL, APA PsycINFO, and
Google Scholar. The search strategy was then adapted to
align with the syntax and subject headings of the other
databases, using Medical Subject Headings (MeSH) terms
and Boolean operators, as shown in Table 1.

Inclusion and exclusion criteria

The inclusion criteria were as follows: original research
studies; studies examining the association between
microbiological factors and cancer progression; studies
conducted in human subjects; and studies published in
English. The following studies were excluded from the re-
view: case reports, case series or animal studies; studies
lacking sufficient data on cancer progression; studies not
focused on microbiological factors; and reviews, editori-
als or commentaries.

Data extraction

Two independent reviewers conducted the data extrac-
tion using a pre-designed form. Any discrepancies were
resolved through discussion or, if necessary, by consult-
ing a third reviewer. The data extraction form captured
the following information: the first author’s name; the
year of publication; the study design; the country where
the study was conducted; the sample size; the patient de-
mographics (age and sex); details on CRC diagnosis; the
methods used to measure and classify gut microbiota
dysbiosis; a description of the comparison group (nor-
mal microbiota and/or different treatment modalities);

Database Search string

PubMed/MEDLINE

("Colorectal Neoplasms'[MeSH] OR “colorectal cancer”) AND ("Dysbiosis"[MeSH] OR “gut microbiota”) AND (“Neoplasm

Embase

Web of Science

Scopus

The Cochrane Library

CINAHL

APA PsycINFO

Google Scholar

Progression”[MeSH] OR “cancer progression”) AND (“Therapeutics'[MeSH] OR “‘chemotherapy” OR “radiation therapy”OR “surgery” OR
“immunotherapy”)

(‘colorectal tumor'/exp OR 'colorectal cancer’) AND (‘'microbial dysbiosis'/exp OR 'gut microbiota’) AND (‘tumor progression'/exp OR
‘cancer progression’) AND ('drug therapy'/exp OR '‘chemotherapy' OR 'radiation therapy' OR 'surgery' OR 'immunotherapy’)

(TS = (“colorectal neoplasms”OR “colorectal cancer”) AND TS = (“dysbiosis” OR “gut microbiota”) AND TS = (“neoplasm progression”
OR‘cancer progression”) AND TS = (“therapeutics” OR ‘chemotherapy” OR “radiation therapy” OR “surgery” OR “immunotherapy”))

(TITLE-ABS-KEY (‘colorectal neoplasms”OR “colorectal cancer”) AND TITLE-ABS-KEY (“dysbiosis” OR ‘gut microbiota’) AND TITLE-ABS-KEY
("neoplasm progression” OR “cancer progression”) AND TITLE-ABS-KEY (“therapeutics” OR “‘chemotherapy” OR “radiation therapy” OR
“surgery” OR“immunotherapy”))

(“colorectal cancer”in Title Abstract Keyword OR “Colorectal Neoplasms”in MeSH) AND (‘gut microbiota”in Title Abstract Keyword
OR"Dysbiosis”in MeSH) AND (“neoplasm progression”in Title Abstract Keyword OR “cancer progression”) AND (“therapeutics”in Title
Abstract Keyword OR “chemotherapy” OR “radiation therapy”OR “surgery” OR “immunotherapy”)

(MH “Colorectal Neoplasms”OR Tl “colorectal cancer”OR AB “colorectal cancer”) AND (MH “Dysbiosis” OR Tl “gut microbiota” OR AB
“gut microbiota”) AND (MH “Neoplasm Progression” OR Tl “cancer progression” OR AB “cancer progression”) AND (MH “Therapeutics”
ORTI"chemotherapy” OR AB“‘chemotherapy” OR Tl ‘radiation therapy” OR AB “radiation therapy” OR Tl “surgery” OR AB “surgery” OR Tl
“immunotherapy” OR AB“‘immunotherapy”)

(DE “Colorectal Cancer”OR “colorectal cancer”) AND (‘dysbiosis” OR “‘gut microbiota’) AND (“neoplasm progression” OR “cancer progression’)
AND (“therapeutics”OR “‘chemotherapy” OR “radiation therapy” OR “surgery” OR “‘immunotherapy”)

(“colorectal cancer” AND “gut microbiota” AND “neoplasm progression” OR “‘cancer progression” AND (“therapeutics” OR
‘chemotherapy” OR “radiation therapy” OR “surgery” OR “‘immunotherapy”))

MeSH — Medical Subject Headings; MH — searches the exact CINAHL Plus Subject Heading, searching both major and minor headings; Tl - searches the Title field;
AB — searches the Abstract field.
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the type of treatment modalities examined; the outcome
measures (cancer progression and survival rates); and the
main findings.

To assess the agreement between the 2 reviewers dur-
ing the data extraction process, the inter-rater reliability
was calculated using Cohen’s kappa statistic. The values
of the kappa statistic range from -1 to 1, with 1 indicat-
ing perfect agreement, 0 indicating no more agreement
than would be expected by chance, and -1 indicating total
disagreement. The kappa statistic was found to be 0.85 in
this review, indicating a high level of agreement between
the 2 reviewers. The high level of agreement reinforced the
robustness and reliability of the data extraction process.

Bias assessment

The Newcastle—Ottawa Scale (NOS)'® was used for the
assessment of the quality of non-randomized studies, as
illustrated in Fig. 2.

Results

Study selection process

A total of 471 records were initially identified from vari-
ous databases, while no records were found in the regis-
ters. Prior to the screening process, a number of records
were removed due to the exclusion criteria: 69 were
review articles; 78 were case reports or editorials; and 31
were not written in English.

Additionally, 62 records were excluded due to the
absence of a full-text version, and 49 duplicate records were
removed, leaving 293 records for screening. Of these, 182

Risk of bias
Study DI D2 D3 D4 D5 D6 D7 D8 Overall
Bakogeorgos etal. | — . ?2|+\H |+ ‘ — | &
Correale etal. |(4)| — |(+ . + . (= |(—
Dejeaetal. [(4)| ? ()| — | — |(+ . — |+
Kostic etal. |(== ’ — &) (= |(— & —
Negrietal. | = . H 2B =+
Tian etal. |(49) | (& . — ‘ o @ . —
Wang etal. |[— . + | ?|H|H|H|— |+
D1: Question and inclusion Judgement
gj ::z:;c:;sign . High

D4: Risk of bias

D5: Funding sources
D6: Statistical methods 4+ Low
D7: Publication bias
D8: Conflict of interest

—  Unclear

? No information

Fig. 2. Evaluation of bias in the selected papers using the Newcastle-Ottawa
Scale (NOS)'®
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reports were sought for retrieval, although 36 could not
be retrieved. This resulted in a total of 146 reports being
assessed for eligibility. Further exclusions were made on
the grounds that 51 reports did not respond to the PECO
approach or were considered to be off-topic. Following
a rigorous screening and evaluation process, 7 studies
were included in the review for further synthesis.'*-2

Demographic characteristics

Table 2 presents the papers selected for inclusion in this
review. Collectively, these studies highlight the microbio-
logical role of cancer progression and its correlation with
the gut microbiome. The papers exhibited variable sam-
ple sizes, ranging from 6 to 120. Several microbiological
parameters were assessed in relation to CRC and its treat-
ment.!*~?> These parameters included the details of treat-
ment delivery and chemotherapy toxicity and efficacy,'’
the immunobiological activity of chemoimmunotherapy
regimens,” and the presence of bacterial biofilms and
oncotoxin-encoding genes in patient samples.?! Some
studies focused on particular microbial entities, such as
the enrichment of Fusobacterium spp. in human colon
and stool samples.”? Other studies examined genetic
factors, including FcyR polymorphisms and their role
in cetuximab-mediated antibody-dependent cellular
cytotoxicity (ADCC).2® Additionally, clinical trials
evaluating combined treatment strategies for CRC were
documented,?* along with the gut microbiome analysis in
the context of CRC treatment.?®

Overall results

Upon analysis, a significant association was observed
between CRC and gut microbiota dysbiosis. Patients with
CRC demonstrated consistent alterations in the composi-
tion and diversity of their gut microbiota when compared
to both the normal gut microbiota group and those under-
going different treatment modalities. Dysbiosis was char-
acterized by changes in the relative abundance of specific
microbial taxa, which may be indicative of a distinct
microbial profile associated with CRC.

Discussion

The reason for focusing our investigation on the micro-
biology of CRC was driven by a multitude of compelling
factors. The human gut, the primary site of CRC, is home
to a complex and diverse microbial ecosystem. The gut
microbiota is essential for maintaining the health of the
host and has been linked to several pathological condi-
tions, including CRC.? The intricate relationship between
the gut microbiota and CRC represents a promising field
for exploration. The existing evidence indicates that dys-
biosis of the gut microbiota, defined as an imbalance in
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Table 2. Characteristics of the selected studies
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assessed

treatment delivery (type, dose intensity,
Bakogeorgos et al. 94 relative dose intensity, duration);
20137 chemotherapy toxicity and efficacy
(ORR, OS, PFS)
Correale et al. immunobiolqgical activity and
201470 120 antitumor efficacy of the GOLFIG
chemoimmunotherapy regimen
presence of bacterial biofilms in
Dejea et al. 6 the colonic mucosa of FAP patients;
2018”1 enrichment of oncotoxin-encoding
genes
Kostic et al. 61 intestinal enrichment o_f Fusobacterium spp. in
20132 siwel samales human colonic adenomas and stool
samples
Negri et al. 86 FcyR polymorphisms and cetuximab-
20142 mediated ADCC
clinical trial of combined PD-1,
Tian et al. BRAF a.nd MEK inhibitioq with
2023% 37 spartalizumab, dabrafenib and
trametinib in patients with
BRAFV600E CRC
phase Ib/Il study of regorafenib in
Wang et al. 2 combination with toripalimab for
2021% CRG; gut microbiome analysis of the
baseline fecal samples

« elderly patients were more likely to receive single-agent chemotherapy

- no difference was observed in the rate of severe toxicities
« ORR, PFS and OS were similar between the 2 groups

+ GOLFIG regimen showed superior efficacy over FOLFOX in terms of the PFS

and the response rate, with a trend towards prolonged survival

+ patients in the experimental arm showed a higher incidence of non-

neutropenic fever, autoimmunity signs and changes in immune cell counts

+ tumorigenic bacteria were associated with the development of early colon

neoplasia

+ co-colonization of Escherichia coli and Bacteroides fragilis was found to

accelerate tumor onset

« E coli and B. fragilis formed biofilms in the colonic mucosa, with a notable

enrichment of oncotoxin-encoding genes

- enrichment of Fusobacterium spp. in human colonic adenomas has been

observed to result in increased tumor multiplicity

- recruitment of tumor-infiltrating immune cells has been demonstrated to

create a pro-inflammatory environment that promotes the progression
of colorectal neoplasia

« peripheral blood mononuclear cells harboring the FcyRllla 158 V/V genotype

had significantly higher cetuximab-mediated ADCC

+ no correlation was identified between FcyR polymorphisms and the response

rate or time to progression following cetuximab-based therapy

- study met its primary endpoint, demonstrating a confirmed response rate (24.3%

in all patients; 25% in microsatellite stable patients) and durability that were
favorable compared to historical controls of BRAF-targeted combinations alone

- single-cell RNA sequencing revealed greater induction of tumor cell-intrinsic

immune programs and more complete MAPK inhibition in patients with
a better clinical outcome

« ORRwas 15.2% and the disease control rate was 36.4% in evaluable patients
+median PFS and the median OS were 2.1 months and 15.5 months, respectively
- patients with liver metastases exhibited a lower ORR than those without liver

metastases

+ gut microbiome analysis revealed significantly increased relative abundance

and a positive detection rate of Fusobacterium spp. in non-responders
compared to responders

- patients with high-abundance Fusobacterium spp. demonstrated a shorter

PFS than those with low-abundance Fusobacterium spp.

PFS — progression-free survival; OS — overall survival; FAP — familial adenomatous polyposis; ADCC - antibody-dependent cellular cytotoxicity;
PD-1 - programmed cell death protein-1; CRC - colorectal cancer; ORR — overall response rate.

the regular microbial community, may contribute to the
onset and progression of CRC.® Nevertheless, the pre-
cise mechanisms and extent of this involvement remain
unclear. Moreover, CRC is among the leading causes
of cancer-related deaths globally.'* A deeper understand-
ing of the role of the microbiota in CRC could provide
insights into the pathogenesis of the disease, prognosis
and potential treatment options.

The progression of cancer is a complex process influ-
enced by a multitude of factors, including genetic,
environmental and lifestyle aspects.! Recently, there has
been a growing recognition of the role of microbiological
elements, specifically the role of the microbiota, in this
process. The microbiota, particularly the gut microbiota,
plays a critical role in maintaining the balance within the
human body. Disruptions to this balance can contribute
to disease, including cancer.** Dysbiosis, or an imbal-
ance in the composition of the microbiota, can lead to

an environment that promotes cancer progression.
For instance, certain bacteria may produce toxins that
damage DNA and promote cellular mutations, leading to
cancer. Additionally, other bacteria may contribute to the
development of cancerous changes in cells by promoting
inflammation.'°

In the study by Bakogeorgos et al., it was observed that
elderly patients tended to receive single-agent chemo-
therapy more frequently than other known interventions.!
The rate of severe toxicities did not differ significantly
between the 2 groups. Furthermore, the overall response
rate (ORR), progression-free survival (PFS) and overall
survival (OS) were similar across the groups, suggesting
comparable efficacy regardless of age and treatment
intensity.!” The study by Correale et al. demonstrated
the superior effectiveness of the GOLFIG regimen over
FOLFOX, as evidenced by an improved PFS and response
rate.?’ However, the experimental arm displayed a higher
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incidence of non-neutropenic fever, signs of autoimmunity
and changes in immune cell counts, indicating an elevated
immune response.?

As evidenced by the findings of Dejea et al., tumorigenic
bacteria, specifically Escherichia coli and Bacteroides
fragilis, have been associated with the early stages of co-
lon neoplasia.?! The co-colonization of these bacteria
was demonstrated to accelerate tumor onset, with the
formation of biofilms in the colonic mucosa and a no-
table enrichment of oncotoxin-encoding genes.?! In the
study by Kostic et al., Fusobacterium spp. was found to
be enriched in human colonic adenomas and was associ-
ated with increased tumor multiplicity.?? This enrichment
was demonstrated to promote the recruitment of tumor-
infiltrating immune cells, thereby creating a pro-
inflammatory environment that is conducive to the
progression of colorectal neoplasia.?? Negri et al. observed
that peripheral blood mononuclear cells harboring the
FcyRIIIa 158 V/V genotype exhibited significantly higher
cetuximab-mediated ADCC.2*> However, no correlation
was observed between FcyR polymorphisms and the
response rate or time to progression following cetuximab-
based therapy. This finding suggests that other factors
may influence the treatment response.?

In the study by Tian et al,, the primary endpoint was
met, with a confirmed response rate that was favorable
relative to historical controls of BRAF-targeted combina-
tions alone.?* Notably, single-cell RNA sequencing showed
a greater induction of tumor cell-intrinsic immune pro-
grams and more complete MAPK inhibition in patients
with a better clinical outcome.?* Wang et al. reported
an ORR of 15.2% and a disease control rate of 36.4%
in evaluable patients.?® Patients with liver metastases
had a lower ORR than those without. Furthermore, the
examination of the gut microbiome revealed a significantly
increased relative abundance and positive detection rate
of Fusobacterium spp. in non-responders when compared
to responders. Patients with high levels of Fusobacterium
spp. exhibited a shorter PFS than those with low levels,
underlining the potential influence of the microbiota on
treatment outcomes.

The findings from our analysis are in close alignment
with the observations reported by Wong and Yu and
Villéger et al., further emphasizing the potential of the
gut microbiota as an influential factor in CRC treatment
and prognosis.?*?” Similar to our findings, the review
by Wong and Yu highlighted the role of Fusobacterium
nucleatum, E. coli and B. fragilis, and underscored the
significance of these bacteria in colorectal carcinogen-
esis and treatment outcomes.?® Furthermore, their review
emphasized the potential clinical applications of gut mi-
crobiota analysis, including its use as a screening, prog-
nostic or predictive biomarker, as well as the possibility
of modulating the microbiota for CRC prevention or
treatment. These propositions are in accordance with the
conclusions drawn from our study, which underscores the
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potential for integrating microbiota considerations into
cancer treatment strategies. In comparison, Villéger et al.
focused on the potential of microbial markers for non-
invasive early diagnosis and/or prognostic assessment
of CRC and advanced adenomas.?” While our analysis
did not explore this aspect in detail, the observed disrup-
tion in the gut microbiota balance and the alteration in
the fecal metabolome of CRC patients resonates with our
findings on the role of the gut microbiota in influencing
cancer treatment outcomes. Furthermore, Villéger et al.
proposed the use of microbial variation markers as pre-
dictors of treatment response,?” which is consistent with
our study’s findings on the potential influence of the gut
microbiota on treatment effectiveness.

However, while both studies extensively discussed the
potential use of the gut microbiota for CRC screening
and prognosis,?®?” our study additionally highlighted the
potential role of genetic factors, such as specific genetic
polymorphisms, in modulating treatment efficacy. This
underscores the need for a holistic approach that consid-
ers both the microbiota and genetic factors in CRC
management.

Certain bacteria can cause chronic inflammation, which
has been associated with various types of cancer. A per-
sistent cycle of cell damage and repair resulting from
chronic inflammation increases the likelihood of DNA
replication errors and, consequently, mutations. For
instance, chronic inflammation caused by the Helicobacter
pylori infection is known to increase the risk of gastric
cancer.* Arthur et al. demonstrated that inflammation
increases the abundance of E. coli and alters its genes,
potentially promoting tumor development.? Rhee et al.
showed that the B. fragilis toxin induces colitis and his-
topathological changes in mice, and suggested that it may
lead to subclinical colitis in humans.* Yu and Schwabe
claimed that the gut microbiota may promote the pro-
gression of liver disease and hepatocellular carcinoma
via mechanisms such as gut leakiness and bacterial dys-
biosis.” Wu et al. discovered that B. fragilis triggers colitis
and induces tumors via a STAT3- and TH17-dependent
pathway, thereby providing insights into colon carcino-
genesis.” Ma et al. demonstrated that the gut microbiota
can impact the effectiveness of cancer drugs, potentially
affecting chemotherapy and immunotherapy outcomes.?

The microbiota can modulate the body’s immune
response, which plays a vital role in identifying and elimi-
nating cancer cells.?® Some bacteria may suppress the im-
mune response, allowing cancer cells to evade detection
and destruction by the immune system.?*-3! Other bac-
teria may enhance immune responses, potentially lead-
ing to an overactive immune system and chronic inflam-
mation, both of which may contribute to the progression
of cancer.?? Certain bacteria can cause metabolic changes
that promote cancer.®® For instance, some gut bacteria
are capable of metabolizing dietary components into
carcinogenic compounds. An example is the conversion
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of dietary choline and carnitine into trimethylamine by
gut bacteria, which is further converted into a proathero-
genic compound, trimethylamine N-oxide (TMAO), in
the liver.33-%

In certain cases, bacteria or their products may trans-
locate from the gut to other parts of the body, leading to
inflammation and potentially promoting cancer.3® This
phenomenon is often observed in the context of leaky
gut syndrome, where the integrity of the intestinal bar-
rier is compromised.* Microbes can also influence the
effectiveness of cancer therapies. Some bacteria are capable
of metabolizing chemotherapeutic agents, reducing their
effectiveness.3740

Limitations

When interpreting the findings of this study, several
limitations must be acknowledged. Firstly, the hetero-
geneity among the studies included in the analysis rep-
resents a significant constraint. The analyzed studies
employed different methodologies, treatment regimens
and patient cohorts, which inherently introduce variabil-
ity in the results and limit the ability to draw definitive
conclusions. The disparities in the sample size and the
lack of uniformity in the assessment parameters across
the studies may have influenced the outcomes and sub-
sequent interpretations. Secondly, although the study
highlighted the role of specific gut microbiota, including
Fusobacterium spp., E. coli and B. fragilis, in influencing
cancer treatment outcomes, the complexity of the gut
microbiota extends beyond these identified species. The
gut microbiome is a complex ecosystem comprising a vast
array of microbial species, and the collective interactions
and functions of these species could influence therapy
response. However, this study exhaustively explored this
topic. Moreover, the role of genetic polymorphisms was
evaluated in a limited context, focusing on FcyR polymor-
phisms and cetuximab-mediated ADCC. A more expan-
sive range of genetic factors may exert an influence on
the response to various cancer treatments, which were
not addressed in this study. Lastly, the study focused
primarily on CRC, which may limit the generalizability
of the findings to other types of cancer. The relationship
between the gut microbiota, genetic factors and treatment
outcomes may vary across different types of cancer due to
the specific genetic and microenvironmental characteris-
tics of each cancer type.

Conclusions

The observed alterations in microbial composition
indicate a potential association between the gut microbiota
and the progression of CRC. This was particularly evi-
dent in the modulation of drug efficacy through a multi-
tude of mechanisms, including direct metabolism of the
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therapeutic agents, immunomodulation, bacterial trans-
location, enzymatic degradation, reduction in microbiota
diversity, and ecological variability. This finding empha-
sizes the importance for further investigation into the role
of the gut microbiota in CRC pathogenesis. Such research
could facilitate the development of targeted interventions
aimed at modulating the microbiota to influence disease
progression and treatment outcomes in these patients.
Further research is warranted to elucidate the mecha-
nisms underlying this association and to explore the ther-
apeutic implications of modulating the gut microbiota in
the context of CRC management. However, it was also
inferred that despite the compelling evidence indicating
the role of the gut microbiota in oncogenesis and cancer
treatment, numerous intricacies remain to be elucidated.
A deeper understanding of the complex interactions
between the host, the microbiota and cancer is essential
to fully recognize the therapeutic potential of modulating
the gut microbiota. This underscores the necessity for
further research employing robust experimental designs
and longitudinal studies to elucidate the temporal and
causal relationships involved.
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Abstract

The occurrence of desquamation, shedding and erythema on marginal and attached gingiva is described
as desquamative gingivitis (DG). Various autoimmune/dermatological disorders cause DG.

The aim of the present systematic review was to gather information on all possible kinds of treatment for
DG, based on speific DG diagnoses.

The review was organized following the PRISMA (Preferred Reporting Items for Systematic reviews and
Meta-Analyses) protocol. An electronic search was conducted in the PubMed, Scopus and Google Scholar
databases, up to April 2022. Reviews, letters and studies with less than 2 participants were excluded.

Fifteen publications matched the eligibility criteria: 6 case series; 5 clinical trials; 3 randomized clinical trials
(RCTs), and 1 cohort study. A total of 330 patients were enrolled, mostly women (81.52%), with an average
age of 57.6 years. Diagnostic characteristics corresponded to oral lichen planus (OLP) (n = 249), mucous
membrane pemphigoid (MMP) (n = 30), pemphigus vulgaris (PV) (n = 19), plasma cell gingivitis
(PCG) (n = 4), erythema multiforme (EM) (n = 1), and non-specified diseases (NSD) (n = 27). Oral
lichen planus and MMP were eliminated using oral hygiene instructions with topical clobetasol and/or
doxycycline monohydrate. Pemphiqus vulgaris, PCG and EM were treated with topical clobetasol.

To conclude, each DG case requires personalized treatment, depending on the diagnosis.

Keywords: treatment, oral lichen planus, mucous membrane pemphigoid, pemphigus vulgaris, desqua-
mative gingivitis
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Introduction

Desquamative gingivitis (DG) is a painful condition
with the erythema, bleeding, shedding, and desquama-
tion of gingiva. However, there is no consensus regarding
its treatment protocol.

The term “desquamative gingivitis” was initially pro-
posed by Prinz back in 1932 to designate the presence
of desquamation, erythema, erosion, and blisters in both
marginal and attached gingiva, and even in oral mucosa.!
Erosion and shedding in DG are completely different than
plaque-induced inflammation.>?

Desquamative gingivitis is a distinctive clinical rep-
resentation of either hypersensitivity reactions to some
allergens or a variety of autoimmune diseases. Some an-
tigens incorporated in mouth rinses, toothpastes, chew-
ing gums, and foods can cause hypersensitivity reactions
in patients, showcased in the form of DG.* In addition,
oral lichen planus (OLP), mucous membrane pemphigoid
(MMP), pemphigus vulgaris (PV), plasma cell gingivitis
(PCQ), erythema multiforme (EM), bullous pemphigoid
(BP), systemic lupus erythematous (SLE), linear IgA dis-
eases, dermatitis herpetiformis (DH), and epidermolysis
bullosa (EB) are some of autoimmune diseases that stimu-
late DG signs and symptoms.>® Based on the current evi-
dence, OLP is the most common cause of DG of an auto-
immune origin. Desquamative gingivitis emerges more
frequently in older women, especially during menopause.
However, it can also appear in men and children.”

Desquamative gingivitis presents moderate pain, main-
ly due to the exposure of the gingival connective tissue.
Additionally, plaque-induced marginal inflammation may
intensify the pain.” In some cases, pain is the first manifes-
tation of DG.? Periodontal studies show that the gingivo-
periodontal status is much worse in patients with DG as-
sociated with MMP than in the control group.®~!! Patients
with DG related to OLP and PV exhibit deeper pockets
and higher levels of clinical attachment loss (CAL).1213

Some evidence suggests that DG plays a potentially
significant role in increasing the long-term risk of peri-
odontal tissue breakdown.!! As DG is a clinical term rep-
resenting an oral expression of several different muco-
cutaneous diseases, its treatment is widely diversified.2*
Any treatment protocol must be attempted with the pur-
pose of reducing and controlling the signs and symptoms
of DG with minimum side effects.”> Inappropriate home
oral hygiene worsens the gingival status of DG patients.!*
Therefore, some authors suggest non-surgical periodon-
tal procedures as possible treatment for DG.!> Moreover,
specific therapies have been introduced, focusing on
the general manifestations of the diseases related to the
pathogenesis of DG. Topical treatment, mainly with cor-
ticosteroids, has also been prescribed in different forms
and dosages. Corticosteroids and other immunosuppres-
sants, along with broad-spectrum antibiotics, are among
the various drugs administered systematically for DG.'6Y
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In addition to corticosteroids, a variety of pharmaco-
therapies, low-level laser therapies, chlorhexidine, hyal-
uronic acid, propolis extract, benzydamine hydrochloride
mouthwash, and different supplements (e.g., melatonin,
vitamin C and vitamin D) have also been assessed for the
treatment of DG.18-23

To the best of the authors’ knowledge, there are no
comprehensive guidelines or instructions for treating DG.
Two systematic reviews have been conducted, focusing on
the management of DG.?*?> However, many more studies,
procedures and protocols could be included. Therefore,
the aim of this systematic review was to gather all clinical
studies that used any kind of treatment for DG in order to
precisely conclude which therapeutic procedures for DG
are the safest and most efficient, with the fewest side ef-
fects.

Methods

This study has been prepared and organized according
to the PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) guidelines.?®

Information sources, the search strategy
and study selection

In this review, an electronic search was conducted
employing the PubMed, Scopus and Google Scholar
databases. Our search was limited to English-language
studies published between January 1965 and April 2022.
The electronic search was complemented with a manual
search of the reference lists of all relevant articles and pre-
vious systematic reviews. The following search method
was used to find relevant studies in the abovementioned
databases: (desquamative gingivitis) AND (treatment OR
therapeutics). Eligibility checking, followed by data ex-
traction, was performed independently by 2 reviewers.
The inclusion and exclusion criteria of the review were
initially applied through the screening of titles and ab-
stracts. Any type of human clinical studies focusing on
the treatment of DG (e.g., case series, case reports, ran-
domized controlled trials (RCTs), and cohort studies)
were included. Systematic and narrative reviews, letters,
comments, studies with fewer than 2 participants, in vitro
studies, and animal in vivo/ex vivo studies were all exclud-
ed from this review. Duplicated studies were recognized
and removed. Later, the full texts of the related studies
were reviewed for eligibility. In any case of disagreement,
a third reviewer was consulted.

Data collection

Several data items were used for clinical studies: (1) de-
mographics (gender and age) of the included participants;
(2) type of study; (3) number of cases; (4) diagnosis of DG
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— the relation or association of DG with autoimmune mu-
cocutaneous diseases (OLP, MMP, PV, PCG, and EM) in
each case; (5) duration of DG in patients; (6) distribution
of DG lesions; (7) previous treatment; (8) treatment pro-
tocols, procedures, approaches, and plans; (9) study vari-
ables; (10) evaluation period; and (11) outcomes.

Quality assessment

A Cochrane risk of bias assessment tool (RoB 2) was ap-
plied for both randomized and non-randomized studies
to assess the risk of bias. Each study was analyzed with the
prefabricated questions created by RoB 2.

Synthesis methods

Taking into account the data extracted from the in-
cluded studies, it appeared that the methods and proto-
cols used for the treatment of DG were widely diversified.
Hence, it was not possible to perform a meta-analysis.
The descriptive analysis of the data extracted from clini-
cal studies, along with a narrative and graphical synthesis,
were performed.

Results

Study selection

Figure 1 displays the diagram of study selection. The
initial search yielded 3,397 publications, from which
3,124 irrelevant articles were excluded based on their
titles and abstracts. The remaining 36 studies were as-
sessed for eligibility based on the inclusion criteria and
the full text of each article was retrieved for further evalu-
ation. After a detailed review, 12 records were retained
for data extraction. Three additional records were identi-
fied by reading the reference lists in each included study.
The selected studies were published between 1987 and
2019. The studies came from Italy (n = 5),!>%"-30 Brazil
(n = 3),31733 Norway (1 = 2),>*% Spain (n = 1),* Denmark
(7 = 1), Switzerland (n = 1),% Scotland (# = 1), and the
United Kingdom (n = 1).16

Results of individual studies

Demographics for all the patients included in the stud-
ies are displayed in Table 1. The study type, the distribu-
tion of DG lesions, the duration of DG in patients, the
previous treatment of DG in patients prior to the study,
the treatment procedures and approaches used in the
studies, the study variables, the evaluation period, and
outcomes for all of the 15 included studies are detailed
in Table 2.
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a Records identified through Additional d
o database searching (n = 3,394) ; der:t:zzg tfrzzl;_:;:
® || @ PubMed (n = 128) other sources
= @ Scopus (n =106) (n=3)
%2 || ® Google Scholar (n = 3,160)
I v

| Records after removing duplicates (n = 3,160)
g
= Records excluded (n = 3,124):
o @ reviews (n = 705)
= Records screened > |® in vitro studies (n = 5)
n (n=3,160) @ unrelated subjects (n = 1,854)

@ not in the English language
¢ (n = 560)
2 Full-text studies Full-text studies excluded
3 assessed > (n=21):
=) for eligibility @ less that 2 participants
o (n=36) (n=10)
e unrelated subjects (n =11)

s
= Included —> | Non-randomized studies (n = 12) |
© studies
£ (n=15) —> | Randomized studies (1=3) |

Fig. 1. Study selection process

Study characteristics

Study design

As specified by the methodological design, different
types of studies were as follows: case series (prospective)
(n = 6)?%293537-39 clinical trials (n = 5)!%31:333436, RCTs
(n = 3)162730; and a cohort study (n = 1).32

Demographics

The final sample, demographic characteristics and di-
agnostic characteristics of the enrolled patients (after the
elimination of patients who did not complete the treat-
ment and/or follow-ups) are displayed in Table 1. The to-
tal number of analyzed subjects was 330 (81.52% women).
The age of participants ranged from 21 to 89 years, while
the average age was 57.6 years.

Diagnosis

Out of the 15 included studies, in only one RCT, the
authors did not declare the diagnosis of DG in their
participants (7 = 24).2° Rgnbeck et al. also had 3 cases
with non-specified diseases (NSD).?* However, in the
remaining 13 studies, the diagnoses of diseases in par-
ticipants corresponded to 249 OLP cases, 30 MMP cas-
es, 19 PV cases, 4 PCG cases, and 1 EM case.
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Distribution

Some studies reported the exact sites affected by
DG@G,1527,28303337-39 " while others did not declare the

exact gingival sites affected by DG in their partici-
pants,16:2931,3234-36

Duration

The duration of DG was declared in 5 studies, ranging
from 1 to 40 years.32343537,38

Previous treatment

Previous treatment was not mentioned in 4 studies.?’-30
Some participants were not prescribed any systemic
and/or topical non-steroidal anti-inflammatory drugs
(NSAIDs), corticosteroids or antibiotics for 6 weeks,3
2 months®** to 3 months!>313637 prior to the study. Other

Table 1. Demographic and diagnostic characteristics of the included studies

Gender

patients!632-343839 received treatment prior to the study,
detailed in Table 2.

Treatment procedures/approaches

There was a variety of different methods, therapeu-
tics and protocols used for the treatment of DG, such
as: oral hygiene protocols?$2°313637; gonic and manual
(soft-bristle) tooth brushing and interdental cleaning de-
vices!>1627:36; plaque control'®3l; scaling and root plan-
ing (SRP)!>283%; alcohol-free chlorhexidine digluconate!®;
topical fertomcidina-U?’; topical corticosteroids (clobeta-
s0l)1>303236; immunosuppressive agents (topical tacrolim-
us)?; topical fusidic acid3?; doxycycline monohydrate3*35;
topical steroids maintained by self-retaining acrylic la-
bial veneers®; and rituximab.?® Evaluation periods after
the completion of treatment varied from 2 weeks®? to
2 years.®®

Age .
g Mucocutaneous diseases

[years]

n
Co [ w [ 7 | wesn [ e o [ ] w [ vcc [ o]

Guiglia et al.””

2007 30 5 25 6137 +£11.22 41-82 30 - - - - -

Stone et al.'®

2015 79 15 64 614 NS 79 - - - - =

Bianco et al.?’ cases: 61.0 £9.3

2019 32 12 20 controls: 654 +11.1 >1-76 32 B B B - B

Arduino et al.®

2012 12 - 12 59.5+14.5 NS - 12 - - - -

Carcieri et al®

2016 20 3 17 56.95 £16.75 NS 9 1 6 4 - -

Corrocher et al*° cases: 47.3

2006 2 6 18 controls: 54.6 2165 N N N N N 24

Salgado et al'!

2013 20 2 18 559 39-75 20 - - - - -

32

eoceeliieileR 2 5 17 506 +16.4 25-78 9 5 8 - - -

2009

Manzolli Leite et al. >

2015 15 2 13 55.2 39-76 7 3 5 - - -

Renbeck et al 3

1990 14 3 11 59.9 48-75 6 4 - - 1 3

Lind and Hurlen?®

1088 3 1 2 60 58-62 1 2 - - - -
A - _ 36

Lépez-Jornet and Camacho-Alonso 20 5 35 576241233 33-89 20 _ B _ 3 B

2010

Holmstrup et al. 3’

1990 11 - 11 59.8 43-76 11 - - - - -

Haefliger et al.®®

2016 3 2 1 60 50-70 - 3 - - - -

Wray and McCord?*

1087 5 - 5 NS NS 5 - - - - -

Total 330 61 269 57.6 21-89 249 30 19 4 1 27

M = male; F - female; M — mean; SD - standard deviation; OLP — oral lichen planus; MMP — mucous membrane pemphigoid; PV — pemphigus vulgaris;
PCG - plasma cell gingivitis; EM — erythema multiforme; NSD — non-specified disease; NS - not specified.
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Reported outcomes

There were 7 studies that used a visual analog scale
(VAS) to analyze pain levels.1627-223L3237 [n gsome stud-
ies, photography was used to assess the extension of le-
sions.153234-36.3839 A variety of other indices and parameters
were also collected: the plaque index (PI)!>16%; bleeding on
probing (BoP)!>%; the full-mouth plaque score (FMPS)?%2%;
the full-mouth bleeding score (FMBS)?®?%; the probing
pocket depth (PPD)%; the gingival index (GI)%¢; the plaque
extension index (PEI)*%; the mean plaque score (MPS)¥;
the mucosal index score (MIS)3%; the mucosal activity score
(MAS)?; the bleeding and soreness of gingiva}; atrophy®%;
erythema®32353%; desquamation®*34353; the lesion size3;
the level of matrix metalloproteinase (MMP) 1 and MMP-9
in gingival crevicular fluid (GCF)¥; the Nikolsky sign3%; and
the oral health impact profile (OHIP).1¢
Using all of the gathered data on treatment protocols
and reported outcomes, a flowchart was designed to
summarize different mucocutaneous diseases (Fig. 2). All
kinds of treatment are listed in the order of their frequen-
cy of use. A code is given to each treatment from “A” to “L”
in alphabetical order. From now on, each treatment and
its outcomes will be discussed referring only to the codes
(A-L) rather than the full names or descriptions. All
codes with their complete descriptions are listed below:
A) personal oral hygiene instructions; sonic and manual
(soft-bristle) tooth brushing, and interdental cleaning
devices;

B) plaque control; SRP and tooth polishing;

C) doxycycline monohydrate; 100 mg, once a day, for
4-11 weeks;

D) alcohol-free chlorhexidine digluconate; 0.2%, 10 mL,
twice a day, for 1 week;

E) topical clobetasol; once, twice or thrice a day, for
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F) clobetasol propionate ointment (0.05% ) in trays;
thrice a day for 2 weeks and once a day in the 3" week;

G) topical 2% fusidic acid ointment; 4 times a day, for
6 weeks;

H) topical fertomcidina-Uj; 15 min on each jaw, 3 weekly
sessions for 12 months;

I) topical 0.1% triamcinolone acetonide; 15 mL, 1-minute
rinse, thrice a day;

J) rituximab; 2 infusions of 1,000 mg, with a 2-week in-
terval;

K) topical steroids maintained by self-retaining acrylic
labial veneers;

L) tacrolimus or clobetasol; 0.1% and 0.5%, respectively,
2 mL, once a day, for 4 weeks.

Quality assessment

The summary of the risk of bias in randomized and non-
randomized studies is displayed in Fig. 3 and 4, respectively.
All randomized studies had an overall high risk of bias due
to an individual high risk of bias in terms of selection,®
performance,?” detection,?”*° attrition,'® or other bias.*

Study D1 D2 D3 D4

Stone et al. (2015) . ‘
Bianco et al. (2019) . . . .
Corrocher et al. (2006) . . . .

D1: Random sequence generation (selection bias)

D2: Allocation concealment (selection bias)

D3: Blinding of participants and personnel
(performance bias)

D4: Blinding of outcome assessment (detection bias)

D5: Incomplete outcome data (attrition bias)

D6: Selective reporting (reporting bias)

D7: Other bias

D6 D7 Overall

. High

Unclear

00 0:
(4

Low

5 min; , , , . . ,
Fig. 3. Risk of bias summary in randomized studies
| Diagnosis | | Demographics | | Treatment codes | | Treatment |
A) personal oral hygiene instructions; sonic and manual
(soft-bristle) tooth brushing, and interdental cleaning
249 cases (75.45%), AR: 25-89 years, devices15:16,27-29,31,36,37 (pq)
_>| oLP |_>| MA: 59.73 years, GR: 4.44/1 | ABCDEFRGHLK|| g iaque control; SRP and tooth polishing1516:28:3136 (p2)
C) doxycycline monohydrate; 100 mg, once a day,
for 4-11 weeks34:35 (P2)
—Pl MMP|—>| 30 032?55(79&9%)’ ARéé5.—87§2yl(:ars, |—> | A,B,C,F,G,H,J | D) alcohol-free chlorhexidine digluconate; 0.2%, 10 mL,
: 97.16 years, GR: 8. twice a day, for 1 week15 (P1)
E) topical clobetasol; once, twice or thrice a day,
19 cases (5.76%), AR: 25-78 years, for 5 min'® (P2)
_>| PV |_’| MA: 56.12 years, GR: 3.01/1 |_> | AF,G,H | F) clobetasol propionate ointment (0.05% ) in trays; thrice
] a day for 2 weeks and once a day in the 3'd week32 (P2)
2 (1.21%), AR: NS G) topical 2% fusidic acid ointment; 4 times a day,
cases (1.21%), AR: NS, 33 (P2)
_>| |_)| ; Y |_> | AH | for 6 weeks?33 (
PCG MA: 56.95 years, GR: 5.66/1 H) topical fertomcidina-U; 15 min on each jaw, 3 weekly
sessions for 12 months?2? (P2)
1) topical 0.1% triamcinolone acetonide; 15 mL, 1-minute
—> EM [ 1 case (0.30%), A: 56 years, F > cL rinse, thrice a day36 (P2)
J) rituximab; 2 infusions of 1,000 mg, with a 2-week
interval38 (P2)
27 cases (8.18%), AR: 21-75 years, K) topical steroids maintained by self-retaining acrylic
_’| NSD |_’| MA: 51.94 years, GR: 2.37/1 |_’ | ¢ |

labial veneers3? (P2)

L) tacrolimus or clobetasol; 0.1% and 0.5%, respectively,
2 mL, once a day, for 4 weeks3? (P2)

Fig. 2. Summary of demographics and all of the tested kinds of treatment for desquamative gingivitis (DG) in each group of mucocutaneous diseases

A - age; AR - age range; MA — mean age; GR - gender ratio (F/M); P1 — initial (159 phase of treatment; P2 — 2" phase of treatment; NS - not specified.
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Study D1 D2 D3 D4 D5 D6 D7 Overall

Guiglia et al. (2007)

Arduino et al. (2012)

Carcieri et al. (2016)

Salgado et al. (2013)

Fragoso Motta et al. (2009)

Manzolli Leite et al. (2015)

Renbeck et al. (1990)

Lind and Hurlen (1988)

Lépez-Jornet and
Camacho-Alonso (2010)

Holmstrup et al. (1990)

Haefliger et al. (2016)

Wray and McCord (1987)

D1: Bias due to confounding

D2: Bias due to the selection of participants

D3: Bias in the classification of interventions

D4: Bias due to deviations from the intended interventions
D5: Bias due to the missing data

D6: Bias in the measurement of outcomes

D7: Bias in the selection of the reported results

Fig. 4. Risk of bias summary in non-randomized studies

Among non-randomized studies, 8 studies!>*3235-39 had

an overall high risk of bias due to an individual high risk
of bias in the selection of participants,®3"-3° the clas-
sification of interventions,?® the measurement of out-
comes,'>2932383% and the selection of the reported re-
sults, 2%

Discussion

This study was conducted to systematically review the
current therapeutic protocols for DG. All of the differ-
ent mucocutaneous diseases that can cause DG signs and
symptoms, and all of the different kinds of treatment for
DG are discussed below.

Mucocutaneous diseases

Oral lichen planus

The term “lichen planus” (LP) is a combination of the
Greek word “lichen” and the Latin word “planus’, mean-
ing “tree moss” and “flat”, respectively.*’ Lichen planus is
a chronic immunological, inflammatory disorder affect-
ing hair, skin, nails, and the mucous membrane.*! Oral
lichen planus stimulates intractable oral lesions, exhib-
its chronicity and rarely undergoes self-remission. Oral
lichen planus has various clinical manifestations, with
DG appearing in almost 10% of cases.*?* It is mediated
by macrophages, CD8+ T cells and Langerhans cells.
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Autoimmune mechanisms precipitate apoptosis, caus-
ing cell destruction, followed by characteristic histologi-
cal changes.*? Oral lichen planus is frequently correlated
with psychosomatic ailments (e.g., stress, anxiety and
depression).*

More than 75% of the participants enrolled in the 15
included studies were diagnosed with OLP as the muco-
cutaneous disease responsible for DG signs and symp-
toms.1>1627.29.3031-37.39 The most common treatment for
these patients were A, B and C (Fig. 2). It could be de-
duced from the extracted data that proper personal oral
hygiene instructions combined with the regular SRP and
tooth polishing executed by clinicians resulted in a sig-
nificant reduction of DG signs and symptoms in OLP
patients.!>1627:3L3637 Topical 2% fusidic acid ointment (G)
showed positive results in the longest evaluation period
(12 months).

Mucous membrane pemphigoid

Mucous membrane pemphigus is an autoimmune
disease with subepithelial blistering. It is a disease
phenotype correlated to one or more disparate anti-
basement membrane zone (BMZ) autoantibodies. The
hemidesmosome has a variety of components that are
targets for the autoantibodies of MMP.#>% In a study by
Ahmed et al., the age of most MMP patients ranged from
40 to 59 years, and they were mostly women.*” In an-
other study, 35-48% of all DG cases were diagnosed with
MMP.2 The most common, if not the only, presentation
of MMP is DG.*

In more than 9% of the participants analyzed in this re-
view, DG was related to MMP.282932-3538 The only thera-
peutic protocol that was used in more than one study for
MMP patients was doxycycline monohydrate (C) (Fig. 2),
which showed desirable results in both studies.?*3 Ritux-
imab (J) had desirable outcomes in the longest evaluation
period (6 and 24 months).3?

Pemphigus vulgaris

Pemphigus vulgaris is an autoimmune disease distin-
guished by suprabasilar separation and by acantholysis in
the epithelium of the mucous membrane and/or skin. The
key target antigen of PV is a component of the desmo-
some on keratinocytes.*® Pemphigus vulgaris can present
at any age. However, PV is most commonly diagnosed in
middle-aged and elderly patients.>*>! Pemphigus vulgaris
lesions generally start on the buccal mucosa. Gingival in-
volvement in the form of DG can also be observed.® If left
untreated, PV could be a life-threatening condition.>? It is
responsible for 3—15 % of all DG cases.?

The signs and symptoms of DG were caused by PV in
almost 6% of all cases in the included studies.?*3233 Each
of the 3 studies with the PV diagnosis used a different
kind of treatment. However, all of them had one aspect in
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common — all medications were used topically (F, G, H)
(Fig. 2). Topical fusidic acid (G) had positive outcomes
through the longest evaluation period.®

Plasma cell gingivitis

Plasma cell gingivitis is an unusual benign gingival con-
dition. It is indicated and characterized by the massive
and diffuse infiltration of normal plasma cells divided into
aggregates by strands of collagen.”® Plasma cell gingivitis
is a hypersensitivity reaction to the antigens found in fla-
voring agents, chewing gum spices, lozenges, and tooth-
pastes.>* The condition causes discomfort, bleeding and
severe gingival inflammation.>3%

Four of the cases in this review were diagnosed with
PCG. Topical fertomcidina-U (H) was the only treatment
found for DG caused by PCG, resulting in significant im-
provement in DG signs and symptoms (Fig. 2).%

Erythema multiforme

Erythema multiforme is a penetrating, immune-medi-
ated, mucocutaneous condition, mostly induced by her-
pes simplex virus (HSV) infections and by certain medi-
cations.> Erythema multiforme lesions initially appear as
erythema and edema, and then proceed into superficial
erosions and pseudomembrane formations.®” Oral lesions
of EM are mainly characterized by the crusting of lips and
by the ulceration of non-keratinized mucosa. Hence, EM
rarely causes DG.%8

Among all of the 330 patients reviewed in this study,
only one of them was diagnosed with EM. The treatment
used for that patient was doxycycline monohydrate (C),
resulting in significant improvement in DG signs and
symptoms (Fig. 2).3¢

Non-specified diseases

Corrocher et al. neither declared nor mentioned the
diagnosis of their patients (n = 24).3° Renbeck et al. had
3 cases that they were unable to diagnose.3%.We gathered
these 27 cases and categorized them as DG associated
with NSD. Doxycycline monohydrate (C) and tacrolimus
or clobetasol (L) were used for these patients, resulting
in significant improvement in DG signs and symptoms
(Fig. 2).3034

Treatment recommendations

It could be inferred that OLP and MMP are the mu-
cocutaneous diseases responsible for most DG cases
reported. It is also conceivable that the majority of DG
patients, observed and/or treated, are women in their 6%
(or higher) decade of life. Some clinicians believe that any
DG patient must undergo an initial phase (P1) of personal
oral hygiene instructions (e.g., sonic and manual tooth
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brushing, interdental cleaning devices, and mouthwash)
and professional plaque control (e.g., SRP and tooth pol-
ishing). If the results of the 1% phase are underwhelming,
they enter the 2" phase of treatment (P2), with different
therapeutics. This assumption could be reliable to some
degree; most OLP and MMP cases analyzed in this review
used personal oral hygiene instructions (A) and profes-
sional plaque control (B), followed by desirable results.
However, some DG patients (regardless of their diag-
noses) have symptoms regardless of their excellent per-
sonal oral hygiene routines and regular periodontal visits.
These patients are not proper candidates for the initial
phase of DG treatment, and should be introduced to/pre-
scribed with different therapeutics. Antibiotics (e.g., dox-
ycycline monohydrate and fusidic acid), antiseptics (e.g.,
fertomcidina-U), immunosuppressive agents (e.g., tacro-
limus), corticosteroids (e.g., clobetasol), and glucocorti-
coids (e.g., triamcinolone) can all be used for diminish-
ing DG signs and symptoms. Doxycycline monohydrate
and topical clobetasol can both be used for DG patients
with OLP and MMP. The published data concerning the
treatment of DG is not cohesive and convincing enough
to turn into a comprehensive guideline. However, relying
on the data extracted from the 15 included studies, a step-
by-step protocol was proposed to guide clinicians faced
with DG patients.

(1) Differential diagnosis of DG: First, make sure that
your patient has DG signs and symptoms, and not the
symptoms of other similar gingival conditions.

(2) Diagnosis of mucocutaneous disease: Execute all
necessary tests and biopsies (if needed) to diagnose the
underlying mucocutaneous disease responsible for DG.

(3) Treatment: If the patient was diagnosed with OLP or
MMP, a combination of P1 instructions, along with doxy-
cycline monohydrate (general use) or topical clobetasol
could be the safest choice. If the patient is affected by PV,
PCG or EM, prescribe topical clobetasol, fusidic acid or
fertomcidina-U. (Note: Make sure to ask patients about
their systemic condition. In the presence of systemic dis-
eases (e.g., diabetes mellitus, heart diseases), contact their
doctors and ask about the indications/contraindications
for the suggested therapeutics.)

(4) Follow-ups: Set monthly follow-ups for 1-2 years.
Record the data (e.g., VAS, shedding, erythema, bleeding,
and clinical scores) to trace the elimination of DG signs
and symptoms.

Limitations

Only 7 of the 15 studies used a VAS questionnaire to
record pain levels in their participants. Additionally, the
studies mostly did not have a lot in common when it came
to selecting different indices and parameters for assess-
ment before and after treatment. Hence, comparing the
results and outcomes of the studies was not possible.

We only included studies that had at least 2 patients.
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By doing this, we had to neglect at least 8 case reports.
Therefore, we may have missed out on other possible
treatment protocols for DG.

According to our risk of bias assessment (Fig. 3 and 4),
our included studies had a moderate-to-high risk of bias
on average.

Due to the limited number of studies regarding the
treatment of DG, we included all different types of stud-
ies (e.g., case—control studies, case series, clinical trials,
RCTs, etc.). Evidently, not all of the studies had random-
ization in their selection of participants, and most of the
studies had a moderate-to-high risk of bias.

Suggestions

We strongly encourage clinicians to report the out-
comes of different treatment protocols used for DG pa-
tients. Any additional study can be an important step
toward the establishment of sequential treatment proto-
cols as a guideline for the treatment of DG in the future.
The moderate-to-high average risk of bias in the included
studies shows that in regard to the treatment of DG, we
still need many new studies that are conducted carefully,
with maximum randomization, to help us develop a better
look at different kinds of treatment and their outcomes,
with high rates of reliability.

Conclusions

Each DG case requires personalized treatment, de-
pending on the patient’s diagnosis. Most DG cases are
caused by OLP and MMP. The safest treatment plan for
DG caused by OLP and MMP is personal and profession-
al oral hygiene instructions combined with doxycycline
monohydrate or topical clobetasol.
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Data availability

The datasets supporting the findings of the current
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Abstract

Tooth wear is an increasingly common problem that affects the quality of life. Although previous research
suggested that oral health is adversely affected in individuals with Parkinson’s disease (PD) compared to
healthy controls, tooth wear has not been extensively studied in this context. Particularly, there is a paucity
of data on the prevalence and risk factors associated with tooth wear in PD patients. The aim of this study
is to review the current literature on the prevalence and risk factors of tooth wear in PD patients and to
propose hypotheses for future research on this topic. A literature search was conducted in PubMed. A total
of 4 publications were identified: 1 case report and 3 questionnaire-based studies. These articles suggest
that tooth wear is a more significant issue in PD patients than in healthy controls. In addition, potential
associations between oral health-related quality of life (OHRQoL), bruxism and temporomandibular
disorder (TMD) pain on the one hand, and tooth wear on the other hand, were identified in PD patients.
Due to the limited number of articles published on this topic, it is not possible to definitively conclude
whether tooth wear is a common problem in PD patients. However, the following hypotheses could be
formulated: 1) tooth wear is more prevalent in PD patients than in healthy controls; 2) risk factors for tooth
wear observed in healthy individuals are more prevalent among PD patients; and 3) multiple risk factors
for tooth wear likely coexist in people with PD, potentially influencing the prevalence and progression
of tooth wear in this population.

Keywords: tooth wear, Parkinson’s disease, oral health, quality of life
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Introduction

Tooth wear is a phenomenon that involves the loss
of dental hard tissues. The prevalence of tooth wear
increases with age, and the severity of tooth wear is pro-
gressive.! This could result in the acquisition of a severe
form of tooth wear with increasing age, which may
develop into pathological wear (i.e., moderate tooth wear in
combination with 1 or several described signs and symp-
toms, such as sensitivity).? Severe tooth wear is present in
3-17% of the adult population.? Although a specific cause
may be dominant, the etiology of tooth wear is often
multifactorial, and therefore, the individual mechanisms
(intrinsic and/or extrinsic mechanical and/or chemical)
are rarely present in isolation.* This makes tooth wear
an interesting phenomenon, yet it is difficult to diagnose
and treat. Importantly, the loss of dental hard tissues has
a negative impact on the oral health-related quality of life
(OHRQoL).® Therefore, tooth wear, in all its complexity,
is an important component of oral health-related diseases
and their management.

Prior research has indicated that OHRQoL is nega-
tively altered in individuals with Parkinson’s disease (PD),
a neurodegenerative disorder affecting specific parts
of the brain, such as the substantia nigra.® Symptoms
of PD vary between individuals, and both motor and non-
motor symptoms can occur, including tremors, a masked
face, pain, and cognitive decline.” Although younger
adults can also be affected by PD, it is more prevalent in
the older population.® Treatment of PD consists primarily
of symptom relief using medications that increase dopa-
mine levels in the structures of the extrapyramidal sys-
tem, such as levodopa (a precursor of dopamine that can
pass the blood—brain barrier). In addition, physiotherapy,
speech therapy and brain surgery could also be indicated
and helpful in alleviating the symptoms of PD.’

A recent study has indicated that oral health, in its
broadest sense, is worse in PD patients than in healthy
controls.!® Although tooth wear is an ever-growing prob-
lem, there is a paucity of data regarding the prevalence
and risk of tooth wear in PD patients. Consequently, the
question arises whether tooth wear is a larger problem in
PD patients than in their healthy peers, and whether the
risk factors for tooth wear, which are known to be present
in the general population, are also present in PD patients.
Therefore, the aim of this study is twofold: to review the
current literature on the prevalence and risk of tooth
wear in PD patients; and to propose hypotheses for future
research on this topic.

Material and methods

To address the first aim of the study, a PubMed
search using Medical Subject Headings (MeSH) terms
“Parkinson’s disease” and “tooth wear” was conducted
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on January 2, 2024. In addition, free terms such as “tooth
wear” and “dental wear” were included in the search strat-
egy. Only original articles were analyzed, with no restric-
tions on language or publication year. Furthermore, the
authors conducted a review of the references cited in all
included articles.

Results

A total of 8 articles were identified, with only 4 articles
describing aspects of tooth wear in PD patients. Magee
described a 53-year-old woman with PD who developed
tooth wear due to “pursing mouth movements” as a side
effect of high levels of levodopa (4.5 g).!! However, after
reducing the dosage, grinding of the teeth was still pres-
ent. After 10 months, further damage to the teeth was
described as “not acceptable” However, the patient was
unwilling to end the therapy due to the alleviation of the
PD-related symptoms. Splint therapy was then recom-
mended, and after 7 months, no further progression
of tooth wear was observed.! Furthermore, a questionnaire-
based pilot study found a significant association between
self-reported tooth wear and the presence of PD.1?
However, the authors discussed the low reliability of self-
reported data regarding tooth wear,'? suggesting that this
finding should be interpreted with caution. In a secondary
analysis of the questionnaire data from the study by
Verhoeff et al.,'? the authors found that self-reported tooth
wear was associated with more sleep and awake bruxism
in PD patients.!? Finally, in another questionnaire-based
study with a case-control design, self-reported tooth
wear was associated with worse OHRQoL in PD patients
compared to matched controls.® In summary, the avail-
able data on tooth wear in PD patients is limited to self-
reporting. Furthermore, the same sample was used in 2
of the 4 included articles. There is a dearth of data on the
prevalence of tooth wear in PD patients, and only data
on associated factors such as medication, bruxism and
OHRQoL is present.

Discussion

The aim of this article was to review the literature on
the prevalence and risk of tooth wear in PD patients and
to propose hypotheses for future research on this topic.
The available studies suggest that tooth wear-related
issues are more prevalent in PD patients compared to
controls. However, these studies primarily rely on self-
reporting. Additionally, only medication usage, bruxism
and OHRQoL have been identified as associated factors
for tooth wear in PD patients.

Tooth wear is a complex phenomenon with several key
aspects that require investigation. These include assessment,
epidemiology, etiology, consequences, and management.
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A review of the literature revealed that only a few of these
aspects have been explored in relation to PD. Given the
scarcity of literature on the prevalence of tooth wear in
PD patients, this issue should be investigated in represen-
tative patient samples and compared with healthy con-
trols using reliable assessment tools.* Importantly, risk
factors for tooth wear in PD, which are important across
all 5 key aspects, have been largely understudied and rep-
resent significant gaps in the literature. Addressing these
gaps requires well-designed studies in representative
PD populations. Drawing insights from established risk
factors for tooth wear in the healthy population!4-18
and examining these factors in relation to the various
characteristics of PD may provide a further understanding
of the risk of tooth wear in PD patients.

Therefore, the following sections will explore the medi-
cal, social and miscellaneous risk factors for tooth wear
identified in healthy individuals, considering their poten-
tial implications for PD. This exercise is intended to pro-
pose hypotheses for future research in this field.

Medical risk factors

Slater et al.'” identified several medical risk factors
for tooth wear that are present in the general popula-
tion. These factors include genetics, orofacial pain,
psychology, salivary flow, sleep disorders, medication
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usage, and stomach acid regurgitation (Table 1). However,
no studies have been published regarding the genetics
that are hypothesized to be involved in the higher risk
development of tooth wear in PD patients. Pain isa common
non-motor symptom in PD patients, with a reported
prevalence ranging from 68% to 85%.%2 Yet, the presence
of pain in the orofacial area, such as temporomandibu-
lar disorder (TMD) pain, and its proposed etiology (i.e.,
bruxism) have not been examined broadly. Neverthe-
less, a recent scoping review found that both TMD pain
and bruxism were more prevalent in PD patients than
in healthy controls, with prevalence ranging from 0% to
33% and from 2% to 57%, respectively.?>?* This suggests
that tooth wear due to bruxism may be more prevalent
in PD patients. In addition to sleep bruxism, other sleep
disorders are associated with PD. For example, both cen-
tral and obstructive sleep apnea have been mentioned,
with prevalence rates of 0—49% and 42—-60%, respectively.
However, these conditions have not been studied in
depth.?>-3% Also, a correlation has been found between
sleep parameters, such as the mean oxygen saturation
and the percentage of rapid eye movement (REM) sleep,
and the severity of PD.?® However, the proposed mecha-
nism remains unclear. The location of the degeneration
in the brain is a potential contributing factor.3! When
sleep disorders are more prevalent, leading to increased
arousals and episodes of bruxism, the risk of tooth wear
is potentially increased.

Table 1. Risk factors for the presence and/or severity of tooth wear in healthy individuals, along with the hypotheses of the underlying mechanisms

genetics

pain

sleep disorders

Medical
factors

psychology
saliva
medication usage
stomach acid

regurgitation

caffeine, drugs, smoking)

Genetic variations in, for example, amelogenin, which is involved in the formation of enamel, may be associated
with the presence and/or severity of tooth wear.">!°

Pain is an indirect marker for tooth wear. The presence of orofacial pain is indicative of the potential for bruxism,
which is associated with an increased risk of tooth wear.'>!”

Nowadays, bruxism is considered a potential protective factor in the context of sleep apnea, with an increased
likelihood of tooth wear."” Furthermore, RBD is associated with bruxism.2°

Individuals with psychological issues, such as ADHD, anxiety, or stress, are more prone to bruxism, with a higher
likelihood of developing tooth wear.'>!”7

Saliva plays an essential role in the protection of dental hard tissues. A reduction in salivary secretion or
a deterioration in its quality (e.g., an abnormal buffer capacity), increases the likelihood of tooth wear.!41>17

The use of certain medications has an influence on bruxism activity?' and reduces salivary flow."”

In the presence of reflux, the pH of the oral cavity is lower, which in turn leads to erosive tooth wear. The risk
of reflux is also higher in individuals with sleep disorders, such as obstructive sleep apnea, or due to dietary
intake. However, the dietary intake alone can be responsible for influencing the pH of the oral cavity.!#1517:18

stimulant usage (alcohol,  The use of stimulants has been associated with the aggravation of bruxism and a reduction in the pH of the oral
cavity, which in turn increases the risk of tooth wear.!”:'8

Social factors erosive diet Please refer to the section on stomach acid regurgitation.
s Physical activity may contribute to dry mguth. Additionglly, there is a hypothesis that some types of athletes,
such as those engaged in strength training, may be prone to clenching.?”
ageing Tooth wear is a progressive phenomenon, the prevalence of which increases with age.'”'®
Miscellaneous occlusion Occlusal force and premature contacts may influence the presence and/or severity of tooth wear.'e-'8
factors oral hygiene The type of toothbrush and the frequency of oral hygiene practices may influence the presence and/or severity

of tooth wear."

RBD - rapid eye movement sleep behavior disorder; ADHD - attention deficit hyperactivity disorder.
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Furthermore, REM sleep behavior disorder (RBD),
a parasomnia of PD, is present in 3—-60% of PD patients.3?
In patients with RBD, sleep bruxism was found in 25%
of the cases,?*?® which is considerably higher than the
prevalence of sleep bruxism observed in the general
population. A high prevalence of sleep bruxism may be
associated with an increased risk for tooth wear.

Patients with PD are more prone to psychological dis-
orders, such as depression and anxiety, with a prevalence
of 38% and 31%, respectively.?33* In the general popula-
tion, psychological disorders are primarily regarded as
risk factors for tooth wear due to their association with
bruxism. It is therefore possible that the risk of tooth wear
is also increased in PD patients.

In addition, salivary problems are more pronounced in
PD patients than in their healthy peers. A systematic lit-
erature review showed that an objectively lower salivary
flow was found in PD patients than in healthy controls.?®
This could be due to the medication used by PD patients.
Oonk et al. reported that the number of drugs taken by PD
patients is, on average, 7.4 +2.5 pills per day, with a me-
dian of 5 times of drug intake per day.3® Verhoeff et al.
demonstrated that dopaminergic medication, often used
to treat PD patients, is probably associated with bruxism
and TMD pain.?* Therefore, in addition to salivary prob-
lems, the risk factors of bruxism and TMD pain may be
involved in the presence of tooth wear in PD patients due
to medication usage.

Gastroesophageal reflux (GERD) was found to be asso-
ciated with PD (odds ratio (OR): 1.29-4.05).3738 In addi-
tion, Maeda et al. showed that GERD is present in 26.5%
of PD patients.?” A 65% increase in the incidence of gastro-
intestinal disorders, including dysphagia, constipation
and GERD, was observed in patients with PD within the
first 4 years following diagnosis.® Thus, as in healthy
individuals, reflux is a potential, and perhaps even more
significant, risk factor for tooth wear in PD patients.

As previously stated, several medical factors may in-
crease the risk of tooth wear in PD patients, including
sleep-related problems. However, it is important to note
that awake bruxism is also prevalent (46%) in PD pa-
tients.!* In addition, PD is a movement disorder, which
could also be accompanied by phenomena such as dys-
kinesias (i.e., an involuntary, recurrent, or intermittent
movement disorder characterized by fragmentary, jerky,
dystonic, or chorea-like movements).*** Therefore, it is
hypothesized that more tooth-to-tooth contact could be
present in PD patients than in healthy controls, at least in
part due to increased craniofacial muscle tone, which may
result in the loss of dental hard tissues.

Social risk factors

The social risk factors for tooth wear, and the hypothe-
ses on how these factors may contribute to tooth wear are
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described in Table 1. Upon examination of the literature, it
was found that lifestyle factors such as alcohol consump-
tion are negatively associated with the risk of developing
PD.#243 Additionally, there may be a negative association
between caffeine intake?* and smoking,*® and the risk
of developing PD. In the healthy population, these lifestyle
factors are described as risk factors for tooth wear, as they
induce bruxism activity. However, considering the nega-
tive association between alcohol and caffeine consump-
tion and the risk of developing PD, it is possible that fewer
PD patients use alcohol or caffeine, although this is not
necessarily the case. Consequently, the risk of increased
tooth wear concerning these factors is likely the same in
PD patients as in healthy controls. However, the exact
prevalence of alcohol, caffeine and tobacco use among PD
patients is not described. Thus, caution is recommended
in interpreting the results.

No information regarding the dietary preferences in PD
has been documented. However, the intake of particular
types of nutrients, such as vitamin C, is known to exert
beneficial effects. However, they can also have a counter-
acting effect (e.g., high-protein and ferrous sulfate supple-
ments) with dopaminergic medication,* and thus should
be stimulated or discouraged by physicians. Tooth wear is
frequently associated with dietary intake, particularly with
the consumption of acidic nutrients. However, no research
is available on the dietary preferences of PD patients.
Nevertheless, we can hypothesize that some factors are
important. For example, one of the non-motor symptoms
of PD is loss of smell.” This can result in a diminished sense
of taste, which may lead to the use of more pronounced
flavors, including acidity, and thus an increased risk of ero-
sive tooth wear. Furthermore, vitamin C has been suggested
to be beneficial for the pharmacokinetics and effective-
ness of dopaminergic medication.*> Therefore, physicians
may advise PD patients to take vitamin C supplements or
consume more fruits that contain high amounts of vitamin
C. However, both have high acidity levels, which could po-
tentially increase the risk of erosive tooth wear.

Finally, PD patients are encouraged to engage in regu-
lar physical activity, although there is a paucity of data
regarding their use of sports drinks or participation in
endurance sports. In healthy athletes, both sports drinks
and endurance sports have been identified as risk fac-
tors for tooth wear. In particular, endurance sports have
been identified as a risk factor for tooth wear, due to
the increased clenching that occurs during the activity.
Although PD patients are encouraged to engage in sports, it
is unlikely that their level of sporting activities will differ
significantly from that of healthy controls.

Miscellaneous risk factors

In addition to medical and social factors, aging, dental
occlusion and oral hygiene measures may contribute to
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increased tooth wear (Table 1). Although the prevalence
of PD during younger years is also increasing, the inci-
dence of PD is higher in older individuals.? Previous stud-
ies have demonstrated that older individuals tend to have
worse oral health. This phenomenon is also observed in
PD patients, resulting in the loss of teeth or the presence
of more root remnants.!® Factors such as reduced self-
care in PD patients may contribute to the etiology of poor
oral health. However, a literature review on oral health
revealed that oral hygiene frequencies in PD patients
were not found to be significantly different from those
of healthy controls.!® It can be hypothesized that because
PD patients are informed about their higher risks of poor
oral health, they may improve their self-care practices.
Furthermore, due to the motor difficulties associated
with PD, uncontrolled movements can occur, resulting in
abrasion (i.e., tooth wear as a consequence of mechanical
causes, other than tooth-to-tooth contact). However, no
data is available on oral hygiene practices in individuals
with PD.

Conclusions

The existing literature on the prevalence and risk factors
of tooth wear in patients with PD is limited. However, it is
reasonable to assume that factors such as reduced salivary
flow, bruxism, medication usage, and reflux commonly co-
occur in PD patients, thereby increasing the risk of tooth
wear. Consequently, oral healthcare providers should focus
on the risk of more severe tooth wear in PD patients com-
pared to healthy controls, which may further compromise
their OHRQoL. However, it remains unclear whether tooth
wear is perceived as a problem by PD patients themselves
or by their oral healthcare providers.

Based on the findings of this study, the following hypoth-
eses for future studies could be formulated: 1) tooth wear,
particularly in severe cases, is more prevalent in PD pa-
tients than in healthy controls; 2) risk factors for tooth wear
observed in healthy individuals are more prevalent among
PD patients; and 3) multiple risk factors for tooth wear co-
exist in people with PD, potentially influencing the preva-
lence and progression of tooth wear in this population.
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Abstract

Chronic pain affects up to 40% of adults, contributing to high medical expenses, the loss of productivity,
reduced quality of life (Qol), and disability. Chronic pain requires detailed diagnostic assessment,
treatment and rehabilitation, yet approx. 80% of patients report inadequate pain management. As new
treatment options are needed, we aimed to explore the effectiveness of medical cannabis-based products
in managing chronic pain, with a particular focus on treatment patterns.

We searched the PubMed, Scopus and Web of Science databases using keywords related to cannabinoids
and chronic pain syndromes. In total, 3,954 articles were identified, and 74 studies involving 12,562
patients were included. The effectiveness of cannabis-based products varied across studies. Cannabinoids
were most effective in treating chronic secondary headache and orofacial pain, chronic secondary
musculoskeletal pain, chronic secondary visceral pain, and chronic neuropathic pain. Properly qualifying
patients is the first crucial step in managing chronic pain, considering pain characteristics, comorbidities
and other treatment options. Treatment should start with low doses of cannabinoids, which are then
increased to achieve the desired therapeutic effect while minimizing adverse effects.

This narrative review revealed significant gaps in the evidence regarding precise treatment patterns,
particularly for the long-term maintenance treatment needed by patients with chronic pain. Medical
cannabis can be considered an option for carefully selected patients with chronic pain syndromes when
other treatment options fail to achieve an adequate response, and when the potential benefits outweigh
the risks. However, there is still a need for well-designed clinical research to establish the long-term
efficacy and safety of cannabinoids.

Keywords: cannabis, cannabinoids, THC, cannabidiol, chronic pain syndrome
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Introduction

The current definition of pain, describing it as “an un-
pleasant sensory and emotional experience associated
with, or resembling that associated with actual or poten-
tial tissue damage’, was proposed by the Task Force of the
International Association for the Study of Pain (IASP) and
published in 2020.! Pain is recognized as a subjective sen-
sation. However, although it is often connected to a path-
ological process, it can occur without any tissue damage
or clear physiological cause. Furthermore, patients with
similar conditions may perceive pain differently. Pain in-
tensity is assessed using patient-reported outcome mea-
sures, either as a stand-alone experience or in association
with an underlying condition. Pain is categorized into
acute and chronic types. Acute pain arises suddenly and
typically resolves quickly, whereas chronic pain persists
for more than 3 months and often recurs.? Chronic pain
that lasts or recurs for over 3 months can become the
main clinical concern for some individuals, necessitating
specific diagnostic evaluation, therapy and rehabilitation.
Such a condition is associated with significant distress,
contributing to reduced quality of life (QoL), impaired
daily functioning and lower productivity at work.? It is
estimated that in the USA, chronic pain affects 11-40%
of adults, contributing to an estimated annual cost of $560
billion in direct medical expenses, the lost productiv-
ity and disability support programs.* The understanding
of pain is expanding due to the categorization based on its
origin, such as nociceptive (resulting from a tissue injury),
neuropathic (stemming from a nerve injury) or nociplas-
tic (arising from the sensitized nervous system). Differ-
entiating between chronic primary and chronic second-
ary pain syndromes enables more personalized antipain
treatment for patients.>® Guidelines commonly advocate
a personalized, multimodal, interdisciplinary treatment
strategy encompassing pharmacotherapy, psychotherapy,
integrative therapies, and invasive procedures.>’” Yet, the
percentage of patients not responding to treatment or
those who benefit from the proposed strategies only for
a limited period is high.8-1° Nearly 80% of patients report
inadequate pain management.!!

The high burden of chronic pain and the lack of univer-
sal treatment prompt researchers to seek new treatment
modalities. One of these are cannabis-based medicines.
They embrace primarily cannabinoids, such as tetrahy-
drocannabinol (THC) and cannabidiol (CBD), which
interact with the endocannabinoid system (ECS) of the
body. This reaction may help reduce pain and inflam-
mation, offering relief to some chronic pain patients. It
is also worth mentioning that there are many ways of ad-
ministering cannabis, like inhalation, oral ingestion and
sublingual application, which can be individually se-
lected for particular patients. Recent systematic reviews
have analyzed various aspects of cannabis-based medi-
cines, including their efficacy, real-world effectiveness,

M. Bort et al. Efficiency of cannabis and cannabidiol

comparison with other analgesics, and potential for re-
ducing the use of other analgesics. These reviews have led
to diverse conclusions.'2-16

There is a lack of comprehensive analyses of studies
specifically assessing the efficacy of cannabis in chronic
primary and secondary pain syndromes. Hence, this nar-
rative review aimed to explore the effectiveness of medi-
cal cannabis in managing chronic pain, with a particular
focus on treatment patterns.

Methods

The search was conducted on April 28, 2024, using the
PubMed, Scopus and Web of Science databases. Key-
words and synonyms for cannabinoids were considered,
including “Cannabis sativa’, “cannabinoid’; “cannabidiol’;
“CBD’ “nabiximols’, “marijuana’;, and “hemp” Regard-
ing chronic pain syndromes, the classification of IASP
was used.® Referring to pain, the keywords was “chronic
pain” and all its types according to the IASP classification,

” o«

i.e., “chronic primary pain’, “chronic cancer-related pain’,
“chronic postsurgical or post-traumatic pain’, “chronic
secondary musculoskeletal pain’, “chronic secondary
visceral pain’, “chronic neuropathic pain’, and “chronic
secondary headache or orofacial pain” Primary original
articles reporting results on the efficacy of cannabis and
cannabidiol in patients with chronic pain syndromes were
considered. The selection of these articles was limited to
studies on adult patients. For studies on treatment pat-
terns, additional sources included treatment guidelines
and consensus papers. The selection of studies on the
mechanism of action aimed to include articles that best
explained the pharmacokinetics and mechanism of action
of cannabis and cannabidiol, including review papers and
animal studies. Additionally, the bibliographies of review
papers were screened for the papers potentially omitted
in the search. Case reports were excluded due to the low
quality of evidence (in connection with evidence-based
medicine (EBM)).7 All the included articles were in the
English language. Studies only investigating illegal sources
of hemp were not selected for this review. The collection
and/or assembly of data, but also data analysis and inter-
pretation were done by 3 authors (M.B., C.O. and A.O.).
Information about the study selection and the character-
istics of the included studies (including pain syndromes)
are presented on Fig. 1 and 2.

Results

Description of the included studies

In total, 3,954 articles were identified, of which 74
were included for qualitative analysis. These studies
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DATABASE SEARCH

The search was conducted in the PubMed (n = 331),

Scopus (n = 1,696) and Web of Science (n = 1,927) databases,
resulting in the identification of 3,954 articles

DEDUPLICATION
After deduplication and the removal of articles without DOI,
1,144 articles were subjected to review by 3 reviewers

EXCLUDED PAPERS
We excluded 825 studies, but identified an additional
9 by searching references in the identified articles

SCREENING by TITLE and ABSTRACT, and bibliographies
Title and abstract screening identified 314 articles

ARTICLES INCLUDED

Finally, 74 articles were included for the analysis
of the effectiveness of medical cannabis

in managing chronic pain syndromes

Fig. 1. Flowchart of the study selection process

included 12,562 patients with different chronic pain
syndromes. Studies that were not focused on chronic
pain syndromes were excluded. Additionally, studies
involving pediatric populations, animal studies, labora-
tory studies, and experimental research were excluded.
Regarding the study design, review papers, letters to the
editors, book chapters, guidelines, conference proceed-
ings, abstracts, and interviews were not included. Final-
ly, papers in which cannabis and cannabidiol were used
only as part of a multi-ingredient preparation were also
excluded. The flowchart of the study selection process is
shown in Fig. 1.

A

= chronic primary pain (6.8%) = chronic cancer-related pain (8.1%)

= chronic postsurgical or post-traumatic pain (6.8%) chronic secondary musculoskeletal pain (20.3%)
= chronic secondary visceral pain (5.4%) = chronic neuropathic pain (18.9%)

= chronic secondary headache or orofacial pain (4.1%) = chronic pain syndrome (mixed populations) (29.7%)

Fig. 2. Distribution of studies (A) and of patients across the included studies (B)

A

= inconclusive
(30; 40%)

= significant improvement in pain
(36; 49%)

= lack of improvement in pain
(8; 11%)

First, the studies were divided by chronic pain syn-
drome. Many of the studies included a mixed patient
sample, followed by those focusing on chronic secondary
musculoskeletal pain and chronic neuropathic pain. How-
ever, when considering the number of patients in each
chronic pain syndrome, over half of the patients were in
the mixed population studies. The distribution of studies
and of patients across the included studies is illustrated in
Fig. 2A and 2B, respectively.

To assess the effectiveness of medical cannabis in pain
reduction, the studies were categorized into 3 groups:
those showing the lack of significant improvement in pain
indices (®); those reporting significant improvement
(M); and those with mixed results leading to inconclu-
sive efficacy conclusions (?). Most studies reported sig-
nificant improvement, followed by those reporting partial
improvement. Fewer studies reported negative results.
When examining the reported improvement, it is evi-
dent that medical cannabis is most effective in managing
chronic secondary headache and orofacial pain, chronic
secondary visceral pain, chronic secondary musculoskel-
etal pain, and chronic neuropathic pain. The distribution
of studies by their effectiveness is shown in Fig. 3.

= chronic primary pain (539; 4%) = chronic cancer-related pain (1,486; 12%)

= chronic postsurgical or post-traumatic pain (677; 5%) chronic secondary musculoskeletal pain (2,018; 16%)
= chronic secondary visceral pain (863; 7%) = chronic neuropathic pain (506; 4%)

= chronic secondary headache or orofacial pain (150; 1%) = chronic pain syndrome (mixed populations) (6,323; 50%)

chronic chronic chronic chronic chronic chronic chronic chronic pain
primary pain lated i y i
pain post-traumatic musculoskeletal visceral pain pain headache and (mixed
pain pain orofacial pain  population)
= lack of i i = significant improvement

Fig. 3. Distribution of studies by their effectiveness — generally (A) and with regard to the type of chronic pain (B)
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Mechanism of action of cannabinoids

Medical cannabis refers to the use of the cannabis plant
or its components, such as cannabinoids, like THC and
CBD, which interact with the ECS of the body, for medici-
nal purposes. It is prescribed by healthcare profession-
als to treat a variety of symptoms and conditions.!® The
terms “medical cannabis” and “medical marijuana”(MM)
are often used interchangeably, but they technically refer
to different substances they contain and their form. “Can-
nabis” is the scientific name for a plant species that in-
cludes both marijuana and hemp. “Marijuana” specifically
refers to strains of cannabis that contain high levels of the
psychoactive compound delta-9-tetrahydrocannabinol
(THC), which is responsible for the intoxicating effects
of the plant. “Hemp’, on the other hand, is a strain of can-
nabis that contains very low levels of THC, and is mostly
used for industrial and medical purposes.'®

Canabis sativa, known for its medicinal properties,
contains over 60 unique cannabinoids, each with distinct
health benefits. These cannabinoids interact with the ECS
of the human body. The most notable cannabinoids are
THC, responsible for the psychoactive effects of canna-
bis, and CBD, recognized for its therapeutic potential and
lack of psychoactivity.?’ The mechanism of action of CBD
involves interaction with various receptors and signaling
pathways in the body, as it interacts with the ECS through
multiple pathways.?!

Unlike THC, CBD does not directly bind to cannabi-
noid receptors CB1 and CB2, but can inhibit enzymes
responsible for breaking down endocannabinoids, lead-
ing to increased endocannabinoid levels in the body.??
Cannabidiol has a low affinity for the orthosteric bind-
ing sites of CB1 and CB2 receptors, and exhibits alloste-
ric activity on both receptors. CB1 receptors, primarily
found in the central nervous system (CNS), including
regions responsible for pain perception, are affected by
CBD. Additionally, the antagonistic effects of CBD on
CB2 receptors contribute to the anti-inflammatory re-
sponse by suppressing mast cell degranulation and neu-
trophil propagation near pain centers.?! Furthermore,
CBD activates transient receptor potential vanilloid type
1 (TRPV1) receptors involved in pain perception, influ-
encing pain sensation and inflammation. Finally, CBD
can modulate the levels of neurotransmitters, like sero-
tonin (via serotonin 5-HT1A receptor) and anandamide
(via the activation of CB1, CB2 and TRPV1 receptors),
indirectly impacting the regulatory functions of ECS.??
Cannabidiol may also target G-protein-coupled recep-
tor 2 (GPR2), expressed in the brain and spinal cord,
which is involved in pain reception.?! Another pathway
explored in experimental research involves the upregu-
lation of matrix metalloproteases (MMP) in spinal cord
injuries. Research shows that the inhibition of MMP
through TRPV1 and cannabinoid receptors may reduce
chronic neuropathic pain.?

M. Bort et al. Efficiency of cannabis and cannabidiol

Efficacy of cannabis in pain syndromes

Chronic primary pain

The features of chronic primary pain include emotional
distress caused by pain, impaired daily life activities and
reduced social participation.?* This type of pain was iden-
tified in 5 studies: 2 included patients with migraines,?>2°
2 included patients with fibromyalgia?”?8 and 1 included
patients with pain originating in different anatomical re-
gions.? In total, the studies included 539 patients. Three
studies reported significant pain reduction after treat-
ment with medical cannabis,?*-2 while 2 studies reported
high percentages of responders to treatment — 61%% and
82%.%° Only 2 studies utilized a unified treatment proto-
col. The details of the studies reporting results for chronic
primary pain are listed in Table 1.

Chronic cancer-related pain

Patients with chronic cancer-related pain experience
this type of pain due to either their active tumor (includ-
ing metastases) or the oncology treatment they undergo
to manage cancer, which may involve surgery, chemo-
therapy and radiotherapy.®® We identified 6 studies that
involved patients with cancer-related pain.®-3¢ These
studies included a total of 1,486 patients. None of the
studies reported significant improvement in pain across
all the conducted comparisons. Two studies revealed that
MM was not effective for chronic cancer-related pain.3233
All studies, except one, utilized standardized dosing in
the treatment schedule. The studies reporting results for
chronic cancer-related pain are listed in Table 2.

Chronic postsurgical or post-traumatic pain

Pain that develops or intensifies after a surgical proce-
dure or a tissue injury, such as trauma or a burn, is catego-
rized as chronic postsurgical or post-traumatic pain. This
type of pain is characterized by several features — it begins
or worsens after surgery, or trauma persists or recurs for
more than 3 months, is localized in the affected area, and
cannot be attributed to other conditions, including infec-
tion, cancer, or the pre-existing pain conditions.*” The use
of MM for pain was investigated in 5 studies.>®*? These
studies included a total of 677 patients. Of the 5 studies
included in this category, only one reported significant
improvement in response to treatment with CBD.**> The
studies on chronic postsurgical or post-traumatic pain are
shown in Table 3.

Chronic secondary musculoskeletal pain
Chronic pain originating in joints, bones, tendons, mus-

cles, the vertebral column, or soft tissue, either spontane-
ously or due to movement, is classified as chronic secondary
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Table 1. Studies reporting results for chronic primary pain

Route and form

Study design

Population

Medication

Effectiveness

of administration

Aviram et al.®

2020
?

NA

Baraldi et 176 oral route; bedrocan
2022 ’ — flos form, bediol
5 - granular form,

: FM2 — powder form

Chaves et al?/
2020
™

Habib and Artul?®
2018

[

Habib et al.®

2021
?

oral route; cannabis
oil

NA

NA

cross-sectional
study

retrospective study
3and 6 months

double-blind RCT
10 days

retrospective study

cross-sectional
study

145 treated
patients with
comorbid migraine
(56 non-responders,
89 responders)

32 patients with
chronic migraine

17 women with
fibromyalgia

26 patients with
fibromyalgia

319 patients, mainly
with fibromyalgia

medical cannabis, not
standardized

bedrocan, bediol, FM2

THC-rich cannabis oil
(24.44 mg/mL of THC and
0.51 mg/mL of CBD

medical cannabis, not
standardized

THC/CBD (18.38 £4.96%
and 2.62 £4.87%)

89 (61%) responded to treatment;
responders were more likely to consume
high doses (7.9-109.5 mg/month) of
phytocannabinoid ms_373_15c¢ (n = 27;
60%) and low doses (0-9.9 mg/month) of
phytocannabinoid ms_331_18d (n = 28; 62%)
as compared to non-responders (p < 0.05 and
p <0.01, respectively)

after 3 and 6 months, no reduction in the
number of migraine days (p = 0.1182), but
reduced pain intensity (p = 0.0004) and acute
medication consumption (p = 0.0006)
the FIQ pain score improved significantly:
cannabis vs. control post-intervention (3.75 vs.
7.67; p=0.006)

the level of pain before and after treatment (9.21
vs. 3.35; p < 0.001)

in 260 (82%) fibromyalgia patients, the mean
pain reduction was 77% with a monthly dose
of31g

RCT - randomized clinical trial; THC — tetrahydrocannabinol; CBD — cannabidiol; FIQ — Fibromyalgia Impact Questionnaire; ® — all results non-significant; M — all results
significant; ? — some results significant or no statistical comparison conducted; NA — data not available.

Table 2. Studies reporting results for chronic cancer-related pain

Route and form
of administration

Study design

Population

Medication

Effectiveness

sublingual and
inhalational

Aviram et al 3’ )
2020 routes; medical
- cannabis oil extract,
: inflorescence
inhalation
Fallon et al.* sublingual and buccal
2017 routes; aerosol for use
® in the oral cavity

Fehniger et al.3
2021
®

NA

Johnson et al*
2010
?

sublingual and
buccal routes;
oromucosal spray

sublingual and
buccal routes;
aerosol for use in the
oral cavity

Lichtman et al.*

2018
?

sublingual and
buccal routes;
aerosol for use in the
oral cavity

Portenoy et al 3
2012
?

multicenter,
prospective study
3and 6 months

2 phase 3, double-
blind RCTs

retrospective study,
median: 5.2 months

multicenter,
double-blind RCT
2 weeks

phase 3, double-
blind RCT
5 weeks

graded-dose RCT

108 patients with
treatment for metastatic
cancer pain, and for
chemotherapy-related
nausea, vomiting, and/
or pain
399 advanced cancer
patients with chronic
pain unalleviated by
optimized opioid
therapy

45 gynecologic cancer
patients

177 patients with
moderate to severe
cancer-related pain

397 advanced cancer
patients

360 advanced cancer
patients

3 types of medication
(THC dominant, CBD
dominant, THC/CBD)

adjunctive sativex; part
A (sativex, 10.1%) and
part B (sativex, 27.2%;
placebo, 10.7%)

MM

THC, THC.CBD, placebo

sativex

sativex

the weekly least and worst pain intensity
improved not significantly (p = 0.27 and p = 0.10),
significant improvement in the weekly average
pain intensity (p < 0.05), affective pain intensity
(p < 0.01), sensory pain intensity (p < 0.05), and
the PCS score (p=047)

the mean average pain scores increased from 3.2
to 3.7 in the sativex group and from 3.1 to 3.6 in
the placebo group, no differences in the worst

pain NRS scores between the study groups

36% of patients using MM for pain relief

the median changes from baseline for THC,
THC.CBD and placebo were —1.00, —1.36 and
—0.60, respectively, the adjusted mean treatment
difference from placebo was significant for
a reduction in pain with the THC:CBD extract
(0.67 points, p = 0.014), but not the THC extract
(0.32 points, p = 0.245)

the median percent improvement in the NRS

pain score between baseline and the end of
treatment in the nabiximols and placebo groups

was 10.7% vs. 4.5% (p = 0.0854) in the intention-to-
treat population (primary variable) and 15.5% vs.
6.3% (p = 0.0378) in the per-protocol population,
nabiximols were statistically superior to placebo
in week 3, as measured with 2 of 3 quality-of-life
instruments, and in week 5, as measured with all
3instruments

the 30% responder rate primary analysis was not
significant for nabiximols vs. placebo (p = 0.59),
a secondary continuous responder analysis of
the average daily pain from baseline to the end

of the study: The proportion of patients reporting

analgesia was greater for nabiximols than placebo
- overall (p =0.035), and specifically in the low-
dose (p = 0.008) and medium-dose (p = 0.039)

groups

MM = medical marijuana; PCS - Pain Catastrophizing Scale; NRS — numeric rating scale; ® - all results non-significant; M - all results significant; ? — some results
significant or no statistical comparison conducted; NA - data not available.
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Effectiveness

Route and form
of administration
Cardenas and Jensen
2006 NA
?
i el oral route; oral
2018 uti !
2 solution
de Vries et al*°
2017 oral route; tablets
®
Greis et al.#!
2022 NA
?
Hall et al.* transdermal route;
2023 cream for lower
M extremities

Study design Population Medication
postal survey 117 patients with SCI mixed
study design not : )
rvided 7 patients after !<|dney CBD
transplantation
3 weeks
65 patients with chronic
phase 2 RTC abdominal pain after THC
50-52 days surgery or due to
chronic pancreatitis
prospective, . )
observational study 468 orthoped|c pain medical cannabis
patients
12 months

20 patients with chronic
pain resulting from
acute lower extremity
injuries

retrospective study

6 weeks topical CBD

MM provided greater pain relief by 6.62 +2.54
(scores rated from 0 to 10)

2 patients had total pain improvement, 4 had
a partial response in the first 15 days and in 1
there was no change

the VAS mean scores did not differ significantly
between the THC and placebo groups
(p=10.901), between the start and the end of
the study, the VAS mean scores decreased by
1.6 points (40%) in the THC group as compared
to 1.9 points (37%) in the placebo group

the VAS pain score was significantly reduced at 3,
6 and 12 months (6.7 vs. 5.2 at the first follow-up;
n =385, p < 0.001), there were no significant
differences in the VAS pain scores between
follow-ups at 3, 6 and 12 months

there was significant improvement in the self-
reported pain levels (intake mean: 3.5 +£0.29,
exit mean: 1.7 £0.23; p < 0.001) and pain-related
disability (p < 0.001)

SCl - spinal cord injury; VAS — visual analog scale; ® — all results non-significant; B — all results significant; 2 — some results significant or no statistical comparison

conducted; NA — data not available.

musculoskeletal pain.® This type of pain can develop due
to a musculoskeletal disease with inflammation caused by
infection, autoimmunity, autoinflammation, or metabolic
disorders, a musculoskeletal disease with structural or bio-
mechanical factors, or a neurological disease that alters the
biomechanical function.?® The use of MM for chronic sec-
ondary musculoskeletal pain was investigated in 15 stud-
ies.*58 These studies included a total of 2,018 patients.
More than half of the studies (n = 8) reported significant
improvement in pain.16-4%355-57 The studies on chronic sec-
ondary musculoskeletal pain are shown in Table 4.

Chronic secondary visceral pain

Patients classified with chronic secondary visceral pain
exhibited specific characteristics: the pain arose from
particular internal organs; their medical history indicated
dysfunction or a disease in one or more internal organs;
and the pain could not be explained by any other diagno-
sis of chronic pain.” Four studies included patients who
met the criteria for suffering from chronic secondary
visceral pain.®*-%* These studies included a total of 863
patients. Of the 4 studies included in this category, only
2 reported significant improvement in response to treat-
ment with CBD,°"%3 whereas 1 study reported preliminary
evidence with regard to the in efficacy of treatment. The
last one showed no significant reduction of pain.®® The
studies reporting results for secondary visceral pain are
shown in Table 5.

Chronic neuropathic pain

This category comprised studies involving patients who
experienced chronic pain resulting from conditions that

damage the somatosensory nervous system. Chronic neu-
ropathic pain is characterized by a history of neurological
lesions or disease, the consistent neuroanatomical distri-
bution of pain sensation, and the presence of sensory signs
in the affected area.®* This pain may be caused by, among
other things, diabetic neuropathy, a neurodegenerative,
vascular or autoimmune condition, a tumor, trauma, in-
fection, exposure to toxins, or a hereditary disease.®* In
our review, we identified 14 studies investigating chron-
ic neuropathic pain in a total of 506 patients.®>~7® Seven
studies reported satisfactory results,®*7! 1 study showed
unfavorable results,”? and the remaining 6 studies re-
ported inconsistent results after treatment with THC and
CBD.”>-7® Table 6 presents the list of studies on chronic
neuropathic pain.

Chronic secondary headache and orofacial pain

Chronic secondary headache and orofacial pain en-
compass all headache and orofacial pain conditions with
underlying causes occurring on at least half of the days
for a minimum of 3 months, with each episode lasting at
least 2 h.” This type of headache may be diagnosed when
another disorder known to cause headache or orofacial
pain has been identified, supported by evidence demon-
strating causation. This means that headache or orofa-
cial pain correlates with the progression or regression
of the presumed causative disorder.” Three studies were
included in this group, with a total of 150 patients.8-82
In 1 study, significant improvement in pain and better
results as compared to ibuprofen were reported.®’ The
remaining 2 studies reported significant improvement in
pain after the topical use of CBD in patients with tem-
poromandibular disorders (TMD).8:#2 Table 7 shows the
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Table 4. Studies reporting results for chronic secondary musculoskeletal pain

Route and form

Study design

Population

Medication

Effectiveness

of administration

44
ESE;WEH etal oral route; CBD

o gel caps

Campbell et al* )
oral route; oral

2023 |

® capsules
Corey-Bloom et al.*® inhalational
2012 route; smoked
| cannabis
Fari et al./ oral route; hemp
2023 seed oil in soft-
] gel capsules

Frane et al.*®

2022 NA
[
Glare et al*®
2023 oral route; oil
M

sublingual and

transdermal

Greis et al.*° routes; sublingual
2022 tincture
? and/or topical

cannabinoids on
legs/lower back

Gustavsen et al.”!

2021 oral route;
Py cannabis oil
Pramhas et al.> oral route:
2023 !
® capsules

sublingual and

Renslo et al.> transdermal
2022 : routes; sublingual
o tincture

and/or topical
cannabinoids

sublingual and

Robinson et al.> inhalational

2022 routes; sublingual

? extract, smoked
inflorescence

observational
study,
6 Visits

double-blind RCT
4 weeks

RCT
2 weeks

double-blind,
prospective case—
control study
45 days

cross-sectional
study

single-arm, open-
label study
35 days

retrospective
database study
9 months

prospective,

observational

safety study
4 weeks

double-blind RTC
8 weeks

prospective,
cohort study
6 months

observational,
open-label study
2 X 12 months

48 patients with LBP
caused by lumbar
spinal stenosis

37 patients with knee
osteoarthritis

37 patients with
multiple sclerosis and
pain due to spasticity

38 patients with knee
osteoarthritis

428 with arthritis and
joint pain

40 patients with
chronic back or neck
pain

186 patients with
chronic back pain

32 multiple sclerosis
patients

83 patients with knee
osteoarthritis

40 patients with
osteoarthritis

24 patients with LBP

CBD

hydromorphone,
dronabinol,
placebo

THC, placebo
hemp vs.
hemp with
caryophyllene,

myrcene, ginger
extract

CBD

cybis

medical cannabis

THC, CBD,
THC+CBD

CBD

medical cannabis

THC and CBD

the usual pain levels and the worst pain levels
demonstrated significant improvement (p < 0.001
and p < 0.0015, respectively), while the pain right

now and the best pain level did not improve
significantly (p > 0.05)
no significant analgesic effects were observed
for clinical pain severity or physical functioning
across all drug conditions

the VAS pain score improved after THC (16.61
vs. 8.34), the mean difference as compared to
placebo was significant (8.27 vs. 2.90; p = 0.008)

the NRS pain score in the hemp group dropped
from 7.6 £1.4to 5.7 1.2 (p < 0.0001)

CBD users reported that their average daily
pain was much better (37.9%) and a little better
(45.1%), patients reported a 44% (2.58-point)
reduction in the NRS pain score after CBD use
(p < 0.001), improvement in pain was related
to greater frequency of CBD use and longer
treatment (p < 0.001)

there was dose-dependent improvement in
the NRS pain score (p < 0.001), with a clinically
significant reduction in pain at 1.0 mL bd and
1.5 mL bd doses (a reduction by 28.8% and 34.1%,
respectively; p < 0.001)

as compared to baseline, the VAS pain score
decreased from 73.1 to 58.1,53.2 and 51.9 at
3,6 and 9 months, respectively (p < 0.01), pain
intensity decreased from 7.5 t0 6.0, 5.8 and 5.7,
respectively (p < 0.01), pain frequency decreased
from 7.8 to 6.4,6.2 and 5.6, respectively (p < 0.01),
insignificant pain drops included: radiating right
leg pain; radiating left leg pain; leg pain intensity;
and leg pain frequency

for THC, pain decreased from a median NRS score
of 7to 4 (p = 0.01), for CBD, pain decreased from
a median NRS score of 7to 5 (p = 0.10)

the mean reduction in the WOMAC pain subscale
scores was 2.5 (95% CI: 1.8-3.3) in the CBD

group and 2.4 (95% Cl: 1.7-3.2) in the placebo
group, with no significant difference between

the groups (p = 0.80), the mean reduction in the
weekly VAS pain score was 1.9 (95% CI: 1.1-2.7)

in the CBD group and 2.4 (95% CI: 1.6-3.2) in the

placebo group, with a mean group difference of

—0.51 (95% Cl. —1.5-0.5) (p = 0.30)

the VAS pain score decreased significantly from
6.6 at baseline to 5.0 at 3 months (p < 0.01) and
5.4 at 6 months (p < 0.05)

the VAS pain score decreased for all participants
overall during the study from 83.3 +15.4 at

baseline to 39.1 £18.5 at 24 months (p < 0.001),

during the extract therapy phase, this decrease
was not significant and averaged 12.3% (SE:
5.8,95% Cl: —5.3-29.8); changes in VAS were

significant at 12-24 months and 12-18 months,

which was attributed to the superiority of the
inhalation of cannabis as compared to cannabis
extract
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Route and form

Effectiveness

Medication

of administration Study design Population
55 H
eg il Sl el e double-blind RCT 66 patients with central
2005 buccal routes; o ) .
4 weeks pain in multiple sclerosis
M oromucosal spray
Wissel et al.® pIacebo—contfoHed, 13 patients with
2006 oral route; double-blind
capsules crossover study ’ )
M multiple sclerosis
4 weeks each
i 57
igggﬂ sicl oral route; RCT
o cannabis extract 15 weeks multiple sclerosis
i 58
ggj]gek etal oral route; RCT
- capsules 12 weeks multiple sclerosis

spasticity-related pain in - nabilone, placebo

667 patients with stable  cannabis extract,

279 patients with stable  cannabis extract,

CBM was superior to placebo in reducing the mean

pain intensity (CBM: mean change: -2.7, 95% CI: -3.4

to -2.0; placebo: mean change: -1.4, 95% Cl: 2.0 to
—0.8; p < 0.005)

the score in the 11-point-Box Scale test (a measure
of spasticity-related pain) decreased by a median
of 2 points with nabilone as compared to placebo
treatment (p < 0.05), whereas placebo treatment
showed no change (p = 0.8)

CBM, placebo

improvement in pain: cannabis extract (46%); THC

(50%); and placebo (30%), no change: cannabis
extract (32%); THC (33%); and placebo (41%),
deterioration: cannabis extract (22%); THC (17%); and

placebo (30%); a significant difference (p = 0.002)
responders with regard to body pain at 4 weeks
(28.0% vs. 17.2%; p < 0.005), at 8 weeks (30.1% vs.

19.4%; p < 0.003) and at 12 weeks (28.0% vs. 18.7%;

not significant)

THC, placebo

placebo

LBP — low back pain; CBM — whole-plant cannabis-based medicine; WOMAC — Western Ontario and McMaster Universities Index of Osteoarthritis; C/ — confidence interval;
SE - standard error; ® - all results non-significant; M - all results significant; ? — some results significant or no statistical comparison conducted; NA - data not available.

characteristics of studies on chronic secondary head-
ache and orofacial pain.

Chronic pain investigated in mixed patient groups

Overall, 22 studies with 6,323 patients reported results
for patients with more than one type of chronic pain syn-
drome.”83-19 This group was summarized separately.
Twelve studies reported that medical cannabis relieved
pain successfully,33-%* 1 study reported negative results®
and the remaining 9 studies reported inconclusive re-
sults.”*6-108 The studies reporting results for chronic pain
investigated in mixed patient groups are listed in Table 8.

Table 5. Studies reporting results for chronic secondary visceral pain

Route and form

Study design

Population

Cannabis treatment patterns
for chronic pain

Overall, 36 studies showed a significant reduction in
pain, and were further reviewed to identify the most
effective treatment patterns. However, after excluding
studies using mixed treatment, those shorter than 4
weeks and those involving fewer than 20 patients, only
17 studies were available.42’49’5?”55’57’68’70’80’84’86‘89'91‘94
The analysis of treatment approaches identified dis-
tinct phases in the treatment pathway for reducing pain
in patients with chronic pain syndromes, which is il-
lustrated in Fig. 4.

Medication Effectiveness

of administration

the mean difference in pain rating assessment
Abrams et al¢ between the cannabis and placebo groups was 5.3
2020 ’ inhalational route; inhaled RCT 23 with SCDwith  THC and CBD, +8.1 forday 1, -10.9 £7.0 for day 2, —16.5 +9.2 for
® vaporized cannabis 5 days chronic pain placebo day 3,-8.9 +6.7 for day 4, and —8.2 +8.1 for day 5;
however, none was significant, the mean difference
in pain interference rating was not significant
Armour et alé! among the self-management modalities, cannabis
2019 ’ oral route: ol cross-sectional 484 women with medical was rated to bring the highest self-reported pain
¥ ' online survey endometriosis cannabis relief on an 11-item pain relief scale (0-10) with
a score of 7.6 £2.0
sublingual and buccal
Triop et al 6 transézlrjrtsjl ;nnh(jlg[;?;}igutes- 342 men with the effectiveness of cannabis was rated “somewhat/
20’135 ' smoked. sublinaual sora ' cross-sectional chronic prostatitis/ medical very effective” by 57% of patients recruited in the
= 5 vaporizér an in?waler ?ec%(llal online survey chronic pelvic pain cannabis urology clinic and by 63% of patients recruited
suppositories, skin patches, syndrome online
hashish
at week 8, the mean change from baseline in AAPS
14 patients with at peak olorinab plasma concentrations was —4.61
Yacyshyn et al.53 chronic abdominal . +1.77 in the 25-mg group (p = 0.0043) and —4.57
2020 oral route; tablets phagiviaeskzudy pain associated oloorlrn]aotg(anS ;ng +2.17 in the 100-mg group (p = 0.0036), the change
M with Crohn's 9 from baseline at week 8 in the mean number of
disease pain-free days per week was 1.60 £2.61 in the 25-mg
group and 2.33 £3.62 in the 100-mg group

SCD - sickle cell disease; AAPS — average abdominal pain score; @ - all results non-significant; M - all results significant; ? — some results significant or no statistical

comparison conducted.
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Table 6. Studies reporting results for chronic neuropathic pain

Route and form

Study design

Population

Medication

Effectiveness

Abrams et al.®®
2007
™

Eisenberg et al.%
2014
|

Ellis et al.®
2009
[

Kluwe et al.%
2023
[

Mondello et al.®
2018

Toth et al.”
2012
M

Turcotte et al.”!
2015
™

Rintala et al.”?
2010
®

2018
?

Wade et al.”*
2006
?

Wallace et al.”®

2015
?

Ware et al.’®
2010
?

van Amerongen et al.”?

of administration

inhalational route;
smoked, pre-rolled
cannabis

inhalational route;
an inhaler

inhalational route;
smoked active
cannabis

inhalational route;
dried flowers

oral route; oleic
suspension

oral route;
capsules

oral route;
capsules

oral route;
capsules

oral route; tablets

sublingual and

buccal routes;
aerosol for use in

the oral cavity

inhalational route;
inhaled vaporized
cannabis

inhalational route;
inhaled through
a pipe

RCT
5 days

single-dose,
open-label phase
1a study
2h
phase 2, single-
group, double-
blind, placebo-
controlled
crossover trial
2 x5 days

retrospective
study
6 weeks

retrospective
study
12 months

double-blind RTC
4 weeks

RCT
9 weeks

randomized,
controlled,
double-blind,
crossover pilot
study
2 x 12 days

crossover RCT
6 weeks

open-label,
placebo-
controlled study
12 months

crossover RCT
3h

crossover RCT
14 days

50 patients with HIV-
associated sensory
neuropathy

8 patients with chronic
neuropathic pain

28 patients with HIV-
associated neuropathic
pain

99 patients with
neuropathic pain, a high
severity of symptoms
and exhausted
treatment options

11 patients with
failed back surgery
syndrome refractory
pain diagnosed with

neuropathic pain

26 patients with diabetic
peripheral neuropathic
pain

14 patients with
multiple sclerosis-
induced neuropathic
pain

5 patients with central
neuropathic pain after
Ne|

24 patients with
progressive multiple
sclerosis

137 patients with
multiple sclerosis

16 patients with painful
diabetic peripheral
neuropathy

21 patients with chronic
neuropathic pain

cannabis (3.56%
THO)

Syqe® inhaler
device with THC

THC, placebo

dried flowers
(<12-22% of THC)

THC/CBD
combination

adjuvant nabilone,
placebo

adjuvant nabilone,
placebo

dronabinol,
diphenhydramine

THC, placebo

sativex

placebo, doses of

THC - low (1%),

medium (4%) and
high (7%)

placebo, and 2.5%,
6.0% and 9.4% THC

smoked cannabis reduced daily pain by 34% (Me)

(IQR: =71 to —16) vs. 17% (IQR: —29-8) with placebo
(p =0.03), a greater than 30% reduction in pain was

reported by 52% in the cannabis group and 24%
in the placebo group (p = 0.04), the first cannabis

cigarette reduced chronic pain by a median of 72%

vs. 15% with placebo (p < 0.001)

a significant 45% reduction in pain intensity was
noted 20 min post inhalation (p = 0.001), turning
back to baseline within 90 min

pain reduction was significantly greater with
cannabis as compared to placebo (median
difference in pain reduction: —3.3 DDS points;
p=0016)

the median of the pain scores decreased from 7.5
t0 4.0 (p < 0.001), the proportion of patients with
severe pain (score >6) decreased from 96% to 16%
(p < 0.001)

the mean pain score decreased from 8.18 +1.07 to
4,72 £0.9 (p < 0.001)

85% of patients on nabilone experienced <30%
pain reduction as compared to 38% of patients
on placebo (p < 0.05), for achieving <50% pain
reduction, it was 31% vs. 8% (p > 0.5), at the end
of the study, the NRS pain scores were 3.5 1.3 for
nabilone and 5.4 +1.7 for placebo, with a mean
difference of 3.0 +1.2 for nabilone and 1.1 £1.5 for
placebo (p < 0.01)

a significant group X time interaction term was
reported for both the VAS pain (p < 0.01) and
VAS impact (p < 0.01) score, demonstrating that
the adjusted rate of decrease for both outcomes
was statistically greater in the nabilone group as
compared to the placebo group

changes in pain from baseline to the end of
the maintenance phase did not differ between

the 2 medications (dronabinol: 0.20 +0.837,

diphenhydramine: —1.80 £2.490; p = 0.102)

pain rating was significantly reduced overall during

4 weeks of treatment (2.74 for active treatment
vs. 4.25 for placebo; p = 0.0198), when pain was
measured with a daily diary at home, no significant
treatment effect was observed (—0.47; 95%
Cl:—2.66-1.71; p = 0.6581)

pain on the VAS scale at baseline vs. 66 weeks in
47 responders (68.1 £10.6 vs. 26.4 +£18.7), overall,
42.3% withdrew due to the lack of efficacy

the comparison of spontaneous pain over time
showed significant differences in the pain scores
between the doses (p < 0.001), specific significant
comparisons were placebo vs. low (p = 0.031),
medium (p = 0.040) and high (p < 0.001) dose,
and high dose vs. low and medium doses (both
p < 0.001), it was effective with medium and high
doses forupto 2 h

the daily average pain intensity was significantly
lower on 9.4% THC than on placebo (5.4 vs.
6.1; p = 0.023), the drop in pain for lower
concentrations of THC was not significant
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Route and form

Effectiveness

Medication

L i Populati

of administration S G opulation

Wilsey et al.”” inhalational route; C{f:;ggisg: 38 patients with

2008 smoked, cannabis ) central and peripheral

Py ) experimental o

? cigarettes A neuropathic pain
sessions

Yuetal’® transdermal

2020 ’ route; CBD cream crossover RCT 29 patients with

> applied to the 4 weeks peripheral neuropathy

: symptomatic area

significant analgesia (a 0.0035 reduction in VAS
pain intensity/min) was noted for 3.5% and
7.0% cannabis vs. placebo (p = 0.016), although
a trend for the separation of the active agents
from placebo is visible by the time of 120 min,
significant separation for a specific time point
occurred only after a cumulative dose of 9 puffs at
240 min (p=0.02)
significant reductions in intense (p = 0.009), sharp
(p <0.001) and itchy (p = 0.001) sensations, and
surface pain sensations (p = 0.013), no significant
reduction in deep pain was observed (p = 0.064)

placebo, and 3.5%
and 7.0% cannabis

CBD, placebo

Me — median; IQR — interquartile range; DDS — Descriptor Differential Scale; ® — all results non-significant; B — all results significant; ? — some results significant or no

statistical comparison conducted.

Table 7. Studies reporting results for secondary headache and orofacial pain

Route and form
of administration

Study design

Population

Medication Effectiveness

Pini ot 4l & 30 patients with nabilone was more effective than ibuprofen in

' crossover RCT, - ibuprofen, reducing pain intensity (p < 0.05), the VAS pain
2012 oral route; capsules medication overuse X R .
¥ 8 weeks headache nabilone scores: 7.9 +1.6 (baseline); 5.7 +1.9 (nabilone); 6.6 +2.2

(ibuprofen); and 6.2 +2.4 (follow up)

Walczynska-Dragon etal®'  buccal route; CBD gel for RCT S Rt 5 il placebo,and  pain reduction on the VAS scale was 40.8% (p < 0.05)
2024 both masticatory muscles 14 davs T™MD 5% and 10% in patients using a 5% CBD formulation and 57.4%
| intraorally y CBD (p < 0.05) in those using a 10% CBD formulation
Nitecka-Buchta et al.® transdermal route; topical RCT pain intensity decreased significantly on the VAS
2019 application of CBD cream 14 davs 60 patients TMD ~ CBD, placebo  scale by 70.2% in the CBD group and by 9.81% in the
M on the masseter muscle y placebo group

TMD - temporomandibular disorders; ® - all results non-significant; B — all results significant; 2 — some results significant or no statistical comparison conducted.

The qualification of patients is the first key step for pa-
tients with chronic pain. Factors that should be considered
include the type of the main diagnosis of pain syndrome,
the co-occurrence of other conditions that could improve
alongside pain,®>”%® and exhausted treatment options.®
The initiation of treatment should be discussed with the
patient and based on shared decision-making. Treatment
goals can include not only the reduction of pain, but also
the improvement of other symptoms and the reduction
of opiate and other analgesic intake.808

A personalized approach to setting the dose, type and
route of administration of cannabinoids is underscored
in the included studies. Most studies identified a com-
bination of THC and CBD as the most frequent type
of effective treatment for chronic pain syndromes. Re-

)

> =

Patient qualification

@ Chronic secondary musculoskeletal pain,

intad "

Treatment initiation

© Shared decision-making with the patient

searchers recommend starting with low doses of can-
nabinoids and slowly adjusting the doses to reach the
desired therapeutic effect.®® Dose adjustment is made
by patients based on the perceived level of pain. Self-
titration did not lead to the use of maximal doses al-
lowed in the trials, but varied across the studies. In
an RCT by Rog et al., patients could increase the in-
take of cannabis-based medicine (CBM) to a maximum
dose of THC 130 mg:CBD 120 mg; however, the mean
final dose was 25.9 mg of THC and 24 mg of CBD.>®
Increasing doses were also used for patients who were
prescribed synthetic CB1 receptor agonists (nabilone).
In a study by Toth et al., nabilone was started at a dose
of 0.5 mg twice daily for 1 week and increased to a max-
imum dose of 2.0 mg twice daily.”®

6 -c
Dose adjustment Maintenance

e Gradual self-titration to a defined @ Long-term monitoring

chronic visceral pain and chronic due to the risk with ti

maximum dose to ensure the analgesic effect

neuropathic pain

© Setting goals for treatment beyond
pain relief (adjunct treatment
or repl for other ici )

o Insufficient pain relief and/or side effects
from the current treatment (e.g., opioids)

® Co-occurence of other conditions that
could improve alongside pain
(e.g., spasticity, anxiety, sleep problems)

to treatment goals

® Choosing the route of administration

Fig. 4. Distinct phases in the treatment pathway for reducing pain in patients with

® Choosing the type of canabinoids in relation

is maintained

o Dose adjustment or withdrawal

due to adverse effects ® Long-term monitoring to minimize
adverse effects

@ Changing the route

of administration @ Monitoring for canabinoid

dependence and addiction

o Adj of other anal
(e.g., opioids)

chronic pain syndromes
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Table 8. Studies reporting results for mixed patient groups

Route and form

of administration Effectiveness

Medication

Study design

Population

a significant decrease in the pain impact score was

Abelev et al’ obsepri/oast%ergivj o 71 patients with THC, CBD found, with the mean impact score reduced by 2.3
2022 oral route; oil 1 OP b (LGP Classic  +9.4 points (p = 0.034), the PROMIS-29 domains of pain

label study chronic refractory pain } : .
? 10:10) score did not improve significantly (6.3 2.1 vs. 5.7 £2.3;

3 months

p=0.053)
21 patients with
chronic focal or distal the reduction in the VAS pain score was significantly
Almog et al.# symmetric (diabetic) e, greater for 1 mg THC as compared to placebo
’ inhalational route; RCT I THC 0.5 mg

2020 an inhaler 150 min neuropathic pain, and 1 m (p=0.0015) and 0.5 mg THC (p = 0.0058), the number
M and 6 with complex 9 of patients whose VAS pain score was reduced by <30%

Syqe® inhaler

Aviram et al 3
2021
™M

Balestra et al.®
2023
M

Crowley et al &
2018
M

Harris et al.¥
2022
M

Horsted et al 8
2023
[

Kawka et al.#
2021
M

Narang et al.*°
2008
|

Poli et al.”!
2018
M

Pud et al.??
2024
[

sublingual and
inhalational routes;
inflorescence for
smoking/inhaling
or oil extract
(sublingual use)

oral, sublingual
and inhalational
routes; capsules,
aerosol for use
in the oral cavity,
cannabis flos,
cannabinoid
flowers

sublingual and
buccal routes;
cannabinoids via
aerosol

oral route,
sublingual and
buccal routes,
inhalational route;
tablets, a vaporizer,
aerosol

oral route; oil or
capsules

oral route; oil

oral route;
capsules

inhalational route;
cannabis flos

oral route;
cannabis oil

prospective study
12 months

retrospective study

observational study
12 weeks

database study
6 months

retrospective study
Me: 126 days

database study
6 months

crossover RCT:
phase 1-8h
phase 2 — 1 week

prospective study
12 months

prospective study
6 months

regional pain
syndrome

551 patients with
chronic pain

continued the study at

12 months

64 patients with
chronic pain

conditions lasting at

least 6 months

49 patients with

chronic non-cancer

pain

190 patients with

chronic pain from the
UK Medical Cannabis

Registry

826 patients with
chronic refractory
pain insufficiently
controlled by
conventional
analgesics or
experiencing
intolerable adverse
events from those

110 patients from the
UK Medical Cannabis

Registry

30 patients taking
opioids for chronic
non-cancer pain

338 patients with

different chronic pain

conditions

218 patients with
chronic pain

medical
cannabis

medical
cannabis

Trokie®
lozenges

CBM

THC, CBD,
THC.CBD

Adven® oil
preparation

placebo, and
adjuvant
10 mg and
20 mg
dronabinol

cannabis
flos, 19%
decoction

THC.CBD

reached the maximum 120 min post inhalation

the weekly average pain intensity reduced by 20%, from
8 (7-9) to 6 (5-8) (OR: —=1.97,95% Cl: —2.13 to —1.871;
p < 0.001), the least pain intensity declined by 33%, from
6 (4-8) to 3 (2-6) (OR: —1.88,95% Cl: —2.08 to —1.67;
p < 0.001) and the worst pain intensity by 21%, from
9(8-10) to 8 (6-9) (OR: —=1.36,95% Cl: —1.52 to —1.21;
p < 0.001)

changes before vs. under treatment in the mean pain
intensity (6.7 £1.8 vs. 5.6 £2.0; p < 0.001), pain-associated
disability (6.9 £2.2 vs. 5.8 £2.4; p < 0.001) and pain
tolerability (3.3 £0.7 vs. 2.9 +0.8; p < 0.001)

a mean reduction in pain intensity on NRS of 4.9
+2.0 points was observed (from 7.4 +13t0 24 +1.8;
p < 0.0001)

significant improvement was observed within BPI for
pain severity and pain interference, in all domains of
SF-MPQ-2, the EQ-5D-5L index for pain and discomfort,
and VAS measures at all time points (p < 0.050)

the reduction on NRS was significantly different
at both follow-up consultations as compared to
baseline (p < 0.0001), clinically relevant pain reduction
(NRS > 30%) was reported by 17% at follow-up 1 and
by 10% of patients at follow-up 2 in intention-to-treat
analysis, whereas the figures were 32% and 45%,
respectively, in per-protocol analysis

significant improvement was demonstrated in the
EQ-5D-5L pain and discomfort subscale score, the VAS
pain score, and BPI at 1, 3 and 6 months (p < 0.05)

phase 1: total pain relief for placebo (31.1), for 10 mg

dronabinol (39.7; p < 0.05) and 20 mg dronabinol (41.7;
p <0.001), the pain intensity difference was —6.4 for
placebo, —17.4 for 10 mg dronabinol (p < 0.001) and

—19.7 for 20 mg dronabinol (p < 0.001)
phase 2: a significant decrease in the average pain scores

as compared to baseline (p < 0.001), there was also

a significant change from baseline in the measures of

pain and pain relief (p < 0.01), in BPI pain interference,

a decrease by 1.48 points was found (p < 0.05)

the VAS pain intensity score dropped significantly
between baseline and 12 months (Me: 9 vs. 5; p < 0.001),
the median pain disability score at baseline was 6.28 and
decreased t0 5.93 (p < 0.01), the results improved over
the first 3 months, and then remained stable

52 (24%) patients reported a <30% reduction from
baseline in their weekly average pain at least at 1 follow-
up time point, significant differences in comparisons
between baseline and 12 months: weekly pain (7.9 £1.7
vs. 6.6 £2.2); daily pain (7.6 £1.89 vs. 6.2 +£2.5); the MPQ
total score (23.5+£10.7 vs. 21.0 £10.5)
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Route and form

of administration Study design Population Medication Effectiveness
improvement in pain severity and interference was
Safakish et al% oral and 751 chronic pain observed at 1 month and maintained over the 12-month
2020 ' inhalational routes;  prospective study patients initiating THC, CBD, observation period, the comparison of variables
o smoked flower 12 months medical cannabis THC.CBD between baseline and 12 months: BPI pain interference
or oil treatment (6.23 £1.63 vs. 3.54 £2.84; p = 0.001); and BPI pain
severity (5.58 £1.53 vs. 3.49 £2.17; p < 0.001)
sublinaual and the lowest, average and highest 24-hour pain intensity
Ueberall et al % bucca? routes: database stud 800 patients with (VAS score) dropped significantly between baseline and
2019 seros0l for Use ’in 12 weeks y different types of sativex the end of the study (p < 0.001 for each intensity), with
M the oral cavit chronic pain ASR-9, the highest >50% relief rates were observed for
Y stress (78.8%) and pain intensity (67.5%)
15 patients whole-plant
Kliuk-Ben Bassat et al.>> . patier extract, differences in the BPI scores between the treatment
sublingual route; crossover RCT undergoing . ; RS )
2022 X N cannabinoid arms did not reach statistical significance, the baseline
oil 2 x 8 weeks hemodialysis with . . :
® A extraction, VAS scores did not allow for comparison
chronic pain
placebo
Bapir et al.® 1:254 patients vynh in the anxiety cohort, the results for pain were
cohort study chronic pain patients, ) . ) ) )
2023 NA ) . CBM inconsistent, in the non-anxiety cohort, all domains of
? 6 months with and without pain improved significantly (p < 0.05)
’ comorbid anxiety Y ’
no significant differences between the baseline and
Berlach et al.?’ - —— rospective stud 20 adult patients with final scores were detected for current pain intensity,
2006 ! prosp Y chronic non-cancer nabilone and for the average and lowest pain, 45% of patients
capsules 1.5 years ; N L :
? pain subjectively reported pain relief described as temporal,
partial or extensive
9 patients with thgre was no significant change in the mean pain
o8 open-label, non- ) severity, from day 17, there was a consistent reduction
Bonomo et al. chronic non-cancer ) Y )
oral route; oral controlled dose ) in the mean pain interference scores until day 30,
2022 ) . pain on long-term, THC.CBD ; . o
- solution escalation study high-dose opioid an increase in the mean pain interference scores
’ 36 days A was observed from day 31 (after the cessation of the
analgesia o
medication)
the PEG scale showed significant differences between
the follow-up time points (6.5 (95% CI. 6.16-6.81),
@ R 97 patients with 5.9 (95% CI:5.55-6.25) and 5.7 (95% Cl: 531-6.12) at
Capano et al. prospective, single- o ; )
oral route; chronic pain who baseline, week 4 and week 8, respectively, p = 0.006),
2020 arm, cohort study - THC.CBD Lo )
P capsules 8 weeks have been on opioids PDI showed no significant changes starting from 38.02
: for at least 1 year (95% CI- 35.38-40.66) at baseline, and declining to 36.40
(95% CI- 34.15-38.73) and 34.10 (95% CI: 31.61-36.58) at
weeks 4 and 8, respectively (p = 0.090)
Gruber et al 100 changes from baseline through 6 months: VAS (47.94
2001 ' NA observational study 37 patients with medical +27.59vs.39.85 £26.31; p = 0.10); NRS (4.56 £2.62 vs. 3.78
o 6 months chronic pain cannabis +2.42; p=0.10); PAD (3.74 £2.23 vs. 2.74 £1.97, p = 0.04);
! PDI (26.93 +16.36 vs. 19.15 +13.60; p < 0.01)
30 patients with
101 i H
Lymdneizl oral and mean follow-up: ATeITE S=iETe [ 93% of patients reported moderate or greater pain relief
2006 ) ) not controlled by MM
inhalational routes 23.6 months " ) (no p-values reported)
? traditional medical
approaches
for the overall cohort on THC:CBD, the pain interference
. ‘ 718 patients with (b= 04097), pam_mtensny (p=0.025), ahd pain |m_p_act
Schubert et al. oral route; oral ) scores (p = 0.023) improved, corresponding with clinically
- chronic refractory THC, CBD, ) ; A
2023 liquids, capsules database study ain. includin THCCBD meaningful improvement in 49 (43%), 27 (24%) and
? granulate, or flos P ;;rthritis 9 ' 47 (42%) participants, patients taking a CBD-dominant
or THC-dominant product did not report any statistically
significant improvement in any PROMIS-29 domain
Weber et al.'? S — fﬁgiﬁlcezéimtlh pain intensity on VRS decreased from median 8 to
2009 ! retrospective study . ) THC median 4 (p < 0.001), there were differences in treatment
capsules neuropathic pain and ; A )
? X B success depending on the diagnosis
fibromyalgia

LGP - Little Green Pharma (Perth, Australia); PROMISE-29 — Patient-Reported Outcomes Measurement Information System; OR — odds ratio; BPI — Brief Pain Inventory;
MPQ — McGill Pain Questionnaire; SF-MPQ-2 — Short-form McGill Pain Questionnaire 2; ASR-9 — nine-factor aggregated symptom relief score; PEG — three-item scale
assessing pain intensity and interference; PDI - pain disability index; PAD — Pain and Distress scale; VRS — verbal rating scale; ® - all results non-significant; M - all results
significant; ? — some results significant or no statistical comparison conducted; NA — data not available.

Maintenance treatment remains being investigat-
ed. Most studies lasted only several weeks, which is
insufficient for chronic pain management. Addition-
ally, real-world evidence indicates low adherence and
high treatment discontinuation rates. Horsted et al.

reported that in long-term follow-up, 30% of patients
discontinued treatment due to the lack of perceived
analgesic effect and 7% due to the lack of funds.®
However, the cause for treatment withdrawal remains
unknown for most patients.
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Discussion

The authors decided not to perform a systematic re-
view, since they wanted to present the diversity of studies.
Systematic reviews use specific types of studies and the
authors wanted to present a broader approach to the top-
ic. The studies presented in this article show a diversity
of studies in terms of the composition of the substance,
the route and time of its administration and, above all, the
method of measuring the effect.

The goal of this review was to investigate the effective-
ness of cannabis in chronic pain syndromes. The effective-
ness of cannabis-based products varied across the stud-
ies. Cannabinoids were most effective in treating chronic
secondary headache and orofacial pain, chronic second-
ary visceral pain, chronic secondary musculoskeletal pain,
and chronic neuropathic pain. When qualifying a patient
for cannabis treatment for pain reduction, factors includ-
ing pain characteristics, comorbidities and the availability
of other treatment options should be taken into account.
Shared decision-making is essential to set additional treat-
ment goals, such as reducing opiate use. Researchers rec-
ommend starting with low doses of cannabinoids and
gradually adjusting them to achieve the desired therapeutic
effect while minimizing adverse effects. This review re-
vealed substantial gaps in the evidence regarding precise
treatment patterns, particularly for the long-term mainte-
nance treatment needed by patients with chronic pain.

In the present review, cannabis and CBD were found
to be most effective in managing chronic secondary mus-
culoskeletal pain, chronic secondary visceral pain and
chronic neuropathic pain, which is consistent with recom-
mendations from clinical research. However, guidelines
and recommendations vary considerably across contexts
due to the legal status of these medicines and the varying
acceptance levels of low-quality evidence as a proof of ef-
fectiveness. The increasing popularity of cannabis and its
derivatives has prompted researchers to summarize the
evidence concerning their use in a recent systematic re-
view and meta-analysis by Bell et al.,'®* and to develop
clinical practice guidelines for managing chronic pain
and co-occurring conditions by using these products.
The authors reached several conclusions regarding the
use of CBM in individuals with chronic pain. Cannabis-
based medicines can be used for managing chronic pain
as monotherapy, replacement therapy or adjunctive treat-
ment, including central and peripheral neuropathic pain,
to enhance pain outcomes (a strong recommendation,
moderate-quality evidence). As adjunctive treatment,
CBM can be used if other modalities fail to achieve an ad-
equate response, for managing pain in individuals with
multiple sclerosis (a strong recommendation, moderate-
quality evidence), for fibromyalgia pain, and other chron-
ic pain in individuals with fibromyalgia, arthritic condi-
tions, chronic migraines, or chronic headaches (a strong
recommendation, low-quality evidence).!®* The European

7717

Academy of Neurology (EAN) included medical cannabis
for the management of pain in the guidelines on the palli-
ative care of people with severe, progressive multiple scle-
rosis.’® The guidelines recommend the use of any of the
3 different cannabinoid preparations (A9-THC, Cannabis
sativa plant extract or nabiximols) to reduce pain in pa-
tients with severe multiple sclerosis (a weak recommen-
dation, low-quality evidence).!®> In the clinical practice
guideline from the American Society of Clinical Oncology
(ASCO) on the management of chronic pain in survivors
of adult cancers, medical cannabis is included in the chap-
ter on pharmacological interventions/miscellaneous anal-
gesics.!% Medical cannabis or cannabinoids can be con-
sidered for use in cancer survivors experiencing chronic
pain, following the careful consideration of the potential
benefits and risks associated with the available formula-
tions (a moderate recommendation, intermediate-quality
evidence).!% On the other hand, the National Institute for
Health and Care Excellence (NICE) developed separate
guidelines for the use of cannabis-based medicinal prod-
ucts, which advise against providing CBM for the man-
agement of chronic pain in adults.17:108

Despite the positive impact of cannabis on the treat-
ment of pain of various origin, it is necessary to mention
its side effects and risk. Evidence has suggested that can-
nabis may be harmful for mental, but also physical health.
Side effects can be as minor as nausea, drowsiness, di-
arrhea, anxiety, and impaired memory and concentra-
tion. Yet, in the long run, it can lead to the deterioration
of QoL, as well as mental disorders or strong addiction to
cannabis.!® Evidence suggests detrimental effects on cog-
nition and an association with motor vehicle accidents,
what can lead to injuries or death.!’® Marijuana smoke
and tobacco smoke share common carcinogens, such as
toxic gases, reactive oxygen species (ROS) and polycyclic
aromatic hydrocarbons, which can lead to cancer.!!

People using cannabis for chronic pain often experi-
ence a range of comorbid conditions, such as insomnia,
obstructive sleep apnea (OSA) and depression. According
to research, up to 54% may suffer from comorbid depres-
sion, and nearly half of patients prescribed MM (for any
medical indication) report using it in order to cope with
depression.!'? A study by O’Brien et al. showed that over
70% of the study sample reported at least one additional
comorbid or secondary condition, and about 12.5% re-
ported 5 or more comorbid or secondary conditions.''?
Cannabis is sometimes used as a self-medication strategy
to manage these symptoms, given its potential to alleviate
pain, improve sleep quality and reduce depressive symp-
toms.!'* However, the relationship between cannabis and
comorbidities is complex, and highly dependent on the
person and their specific physical and mental condition.

Availability and the legal environment determine pa-
tient access to cannabinoids, and impact both treatment
patterns in patients with chronic pain and the conduct
of clinical research.!'>11¢ The legal environment differs
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between countries, affecting access to cannabis-based
medicinal products, and their composition, labeling and
online distribution.!”118 In Israel, local legal regulations
permit issuing a medical cannabis license to treat chronic
non-cancer pain, preferably of neuropathic origin, only
for patients who have unsuccessfully used conventional
treatment for at least a year and have exhausted all other
treatment options.®* The approved initial monthly dose is
20 g, with concentrations of 0-24% for CBD and 0-20%
for THC. Upon license renewal, the dose can be incremen-
tally increased by 10 g per month. Cannabinoids can be
administered via inhalation or as sublingual oil extracts.3*
Furthermore, using THC alone is not allowed.’? In other
countries, like Germany, medical cannabinoids were in-
troduced for pain treatment in 2017, despite regulatory
institutions not approving any of the available substances
for this indication.®> In the UK, the NICE guidelines is-
sued in 2019 advised against the use of cannabis-based
medicinal products.!® Only patients who had already
started using this treatment for pain before the guidelines
were issued could continue; new patients cannot start
treatment with cannabis-based medicinal products for
the management of pain.1%

The main limitation of evidence in this review is the
absence of large, well-designed controlled trials. Many
studies encompassed mixed patient populations, charac-
terized not only by a high diversity of pain diagnoses and
characteristics, but also by various treatment patterns and
forms of CBM usage.?®6162 [t is important to highlight that
1 of the studies and over half of the included patients rep-
resented diverse diagnoses. This emphasizes the necessity
for more evidence from homogeneous patient groups to
better inform clinicians and enable more precise recom-
mendations. Another factor that could have potentially
biased the results is the inclusion of studies that analyzed
pain as a secondary outcome, focusing more on co-occur-
ring conditions while also examining the impact of canna-
binoids on pain. Such studies might be underpowered to
properly determine the effectiveness of cannabinoids in
pain management. Many conditions are closely linked to
pain, such as spasticity in multiple sclerosis, anxiety and
depression, and musculoskeletal disorders with impaired
mobility. Improving co-occurring impairment may result
in the alleviation of pain.*¢:>6:119

In addition, the included studies show different routes
of drug administration, including oils, dried herbs, gels,
creams, tablets, capsules, inhalations, vaporizers, and
simply smoking. Treatment regimens were not provided
in relation to the route of administration. A visible gap in
the studies is therefore the dependence of treatment ef-
fectiveness on the route of drug administration.

It should also be emphasized that the conducted review is
a narrative review, which has its limitations. There are dif-
ferences in the power of studies, heterogeneity of findings,
and other factors compared to a systematic review that can
be considered as limitations of the conducted review.

M. Bort et al. Efficiency of cannabis and cannabidiol

Conclusions

Medical cannabis can be considered an option in care-
fully selected patients with chronic pain syndrome for the
management of chronic pain when other treatment op-
tions fail to achieve an adequate response, and when po-
tential benefits outweigh the risks. Patients with chronic
secondary headache and orofacial pain, chronic second-
ary visceral pain, chronic secondary musculoskeletal pain,
and chronic neuropathic pain can benefit more than other
groups of patients experiencing chronic pain. However,
there is still a need for well-designed clinical research to
establish the long-term efficacy and safety of cannabinoids.
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Abstract

Over the last few years, considerable attention has been devoted to glass fiber-reinforced composites
(GFRCs) in thefield of dentistry. Glass fiber-reinforced composites are useful in prosthodontics, endodontics,
restorative dentistry, orthodontics, and periodontics. This study considered various aspects related to GFRCs
t0 assess the publications and citations on the subject from 1998 to 2022.

A bibliometric method of analysis was adopted to conduct the study. The relevant papers published within
the established time frame were identified. A document-type filter was applied to retrieve only those
results that were peer-reviewed. The most influential authors, journals, institutions, and countries were
identified, as indicated by the number of citations, as well as the most frequently used keywords.

The findings of the bibliometric analysis revealed that the first article on GFRCs in the context of dentistry
was published in 1998. The greatest number of papers on this subject was published in 2011 (n = 51),
while the number of citations reached its peak in 2008 (n = 1,546). The University of Turku in Finland
published the greatest number of articles, whereas Brazil was the most prolific country, producing the
highest number of publications on dental fiber. Researchers from Brazil, Italy and Germany mainly
collaborated with researchers from other countries, including the USA and Finland. The analysis revealed
that publications of multiple authors were more likely to be cited.

Significant advancements have been made in the field of GFRCs, as demonstrated by an increased
collaboration amongst different countries, organizations and investigators, which enhanced the
development and progression of research related to GFRCs.

Keywords: bibliometric analysis, dentistry, biocompatible materials, glass fiber, glass fiber-reinforced
polymers
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Introduction

The use of fiber-based materials in biomedical appli-
cations is not a novel phenomenon. In the field of ortho-
pedics, fiber-based materials are used in the fabrication
of lower-limb prostheses,! reconstruction of craniofa-
cial bone defects,? and implants.> Among the different
types of fibers, such as carbon, polyaramide and high
molecular weight polyethylene, glass fiber-based ma-
terials have been used for biomedical applications due
to their exceptional mechanical properties, lightweight
characteristics, aesthetic appeal, and compatibility
with the adjacent hard and soft tissues.*® Moreover,
their compatibility with the polymer matrix makes
them a suitable biomedical material.”® For dental appli-
cations, glass fibers can be reinforced in acrylic-based
polymers, such as poly(methyl methacrylate) (PMMA)
and bisphenol A-glycidyl methacrylate (Bis-GMA).
Additionally, both the tooth structure and the glass
fiber-reinforced composite (GFRC) share analogous
physical characteristics.® Glass fiber-reinforced com-
posites are widely used in various dental applications,
including fixed partial dentures (FPDs), restorative and
endodontic post systems, periodontal splints, and fixed
orthodontic retainers.!® They were initially introduced
as a reinforcement for denture base in the 1960s. Sub-
sequently, several studies were conducted to assess the
strength of GFRC,!-!% which is currently considered
an effective enhancement of dental devices, includ-
ing dental base polymers. The glass fibers showed su-
perior results in strengthening the provisional partial
dentures in comparison to other fiber types.!* Even
in the modern era of dental implantology, a majority
of patients opt for removable dentures to improve oral
health-related quality of life.!> Therefore, glass fibers
can be utilized for the repair and reinforcement of den-
tures. Thermoplastic GFRCs were effectively applied in
the fabrication of bonded FPDs, with the material be-
ing indirectly fabricated in a laboratory setting prior to
its intraoral use. Other advantages of using glass fiber
in prosthetics include the minimum invasive prepara-
tion of the abutment teeth compared to metal-ceramic
and all-ceramic FPDs,!¢ the lower incidence of allergic
and toxic reactions associated with metal alloys, and
the increased mechanical properties and time required
for preparation. Glass fiber-reinforced composites are
useful in aesthetic and metal-free dental and restor-
ative applications.’® The introduction of such mate-
rial allows scientists to tailor the composite material
to meet the designer’s requirements and enhance its
properties, thereby making it applicable to many areas
of dentistry.!”

The first non-metallic fiber endodontic post mate-
rial was described in the early 1990s by Duret et al,,
who used the carbon-fiber reinforcement principle.!'®
However, in order to improve the aesthetic outcomes,
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composite materials were incorporated as the main
component. The FRC post systems were introduced
in 1997 to avoid root fractures due to their modulus
of elasticity being analogous to that of the dentin sub-
strate.?’ The glass fiber posts were incorporated owing
to their translucent appearance and strength.?! Several
studies have been conducted to evaluate the mechani-
cal properties of fiber-reinforced posts, which showed
wide variability in their results, mainly due to the differ-
ent materials used in their construction. In summary,
the factors that affect the final mechanical properties
are structural density and integrity, dimensions, fiber
distribution, volume fraction, voids, and the internal
bond between fiber and matrix.2>23

The recently commercialized short glass fiber-based
dental restorative composite (everX Posterior; GC Eu-
rope, Leuven, Belgium)?* is mainly used in the resto-
ration of large cavities in vital and non-vital posterior
teeth. The randomly oriented E-glass fibers and inor-
ganic particulate fillers used in this material provide
improved toughness of the polymer matrix. The incor-
poration of short E-glass fiber fillers resulted in an en-
hanced load-bearing capacity and improved flexural
strength and fracture toughness of the dental compos-
ite resin, as compared to conventional particulate filler
restorative composite resin.?> The inclusion of short
fibers minimized the polymerization shrinkage stress
and led to a decrease in marginal microleakage. There-
fore, the positive results observed in the in vitro re-
search that employed short glass fiber-based composite
resin suggest its clinical use, as it is capable of fulfill-
ing the requirements for ideal posterior restorations.?
Previous research has demonstrated that the use of the
GFRC wire can yield superior results in terms of pa-
tient acceptance and structural integrity.?’

Burstone and Kuhlberg described a novel clinical ap-
plication of GFRCs by applying an aesthetic connecting
bar for active tooth movement.?® This application was
of significant importance due to the enhanced mechani-
cal properties and fracture resistance under masticatory
forces. In contrast, the rigid connection of teeth was
considered a disadvantage, as it resulted in independent
physiologic tooth movement during function. This sub-
sequently led to the development of temporomandibular
joint disorders, which can occur due to malocclusion.?
The debonding or fracturing of the composite-based
splints occurred within a few weeks or months.3 These
less rigid fiber-based composite retainers allowed for
minimal tooth movements, which ultimately yielded un-
satisfactory results. The recent introduction of glass fi-
ber bundles (EverStick Ortho; Stick Tech Oy, Turku, Fin-
land) that are pre-impregnated with a PMMA polymer
has led to an improvement in the micromechanical and
chemical adhesion of the splint.!

The inherent rigidity of the resins used in composite
splints makes them susceptible to debonding failure.
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The reinforcement of the resin-based composites with
glass fiber has shown promising results, enabling cli-
nicians to replace metal wires and conventional resin
composites as periodontal splints with more resil-
ient and aesthetic solutions.?? Conservative and indi-
rect prosthetic splinting have been readily available
through the use of different types of commercial glass
fiber splints, which also exhibit sufficient mechanical
strength and facilitate the maintenance of proper oral
hygiene.®® In recent years, there has been a notable
increase in interest surrounding the use of GFRCs in
dentistry, with numerous narrative and systematic
review articles having been published on the sub-
ject.193% However, a critical analysis of these stud-
ies is essential to assess their impact on the direction
of dental research. A bibliometric analysis is a method
of evaluating the impact of a given scientific field. This
approach has been applied to a variety of dental ma-
terials, including dental polymers,®* composites,* ad-
hesives,3¢ electrospun fibers in dentistry,*” and lithium
disilicate.?® However, our study found no bibliographic
study that quantitatively assessed GFRCs. The bib-
liographic studies provide detailed information about
subdisciplines, facilitate the organization of a field
of study, and identify connections between different
disciplines. Furthermore, a bibliometric analysis en-
ables the identification of topic clusters, literature gaps
and academic silos, as well as the determination of the
most impactful authors and their research. In contrast
to narrative literature reviews, bibliographic literature
reviews use quantitative and statistical methods to
achieve this goal.?® Previous research has shown that
bibliographic studies can lead to the identification
of promising future research areas by identifying gaps
in existing knowledge.*

Therefore, the aim of this study was to examine citation
trends and publications in the field of GFRCs from 1998
to 2022. The other research questions addressed in this
study are as follows:

— What is the pattern of authorship in the field of glass
fiber research in dentistry?

— What is the extent of research conducted in the field
of glass fiber research in dentistry, and how has it
evolved over time?

— Which papers have been most frequently cited, and
which document types are the most preferred in this
field of research?

— Which authors have had the greatest influence on glass
fiber research in dentistry?

— Which countries, institutions, publishers, journals, and
funding agencies are the most prominent in this re-
search area?

— Which countries and institutions are currently engaged
in glass fiber research in dentistry?

— What are the key research areas and keywords in glass
fiber research in dentistry?
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Material and methods

Study design

The study was conducted using a bibliometric method
of research analysis. This method is quantitative in nature
and employs statistical tools to analyze the publications
and citation trends across different fields of knowledge.
Previous studies have adopted a similar bibliometric ap-
proach to map the research in their specific field.3**142

Data retrieval

The data was retrieved from the Scopus database, one
of the largest indexing databases. The Scopus database
was selected due to its comprehensive coverage of pub-
lished scientific literature. A search strategy, accompanied
by a set of inclusion and exclusion criteria, was adopted to
retrieve the bibliographic records.

The following search query was carefully designed us-
ing the Boolean operators:

TITLE-ABS-KEY (“Glass fiber composite” AND “den-
tistry”) OR TITLE-ABS-KEY (“Glass fiber” AND “Dental
Application”) OR TITLE-ABS-KEY (“Glass fiber” AND
“Endodontic posts”) OR TITLE-ABS-KEY (“Glass fiber”
AND “prosthodontics”) OR TITLE-ABS-KEY (“Glass fi-
ber” AND “Fixed Prosthodontics”) OR TITLE-ABS-KEY
(“Glass fiber” AND “crowns”) OR TITLE-ABS-KEY (“Glass
Fiber” AND “orthodontics”) OR TITLE-ABS-KEY (“Glass
fiber” AND “periodontology”) OR TITLE-ABS-KEY
(“Glass Fiber” AND “Dental Splints”) OR TITLE-ABS-KEY
(“Glass Fiber” AND “Core buildup”) OR TITLE-ABS-KEY
(“Glass Fiber” AND “Dental Implants”) OR TITLE-ABS-
KEY (“Glass Fiber” AND “Dental composites”) AND (LIM-
IT-TO (DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “re”
OR LIMIT-TO (DOCTYPE, “cp”) OR LIMIT-TO (DOC-
TYPE, “ch”)) AND (LIMIT-TO (SUBJAREA, “DENT")).

Two of the investigators (SUR and SA) downloaded the
data simultaneously to avoid any bias in data collection.
The retrieved data was then matched, and any differences
were discussed and resolved.

Eligibility criteria

A document-type filter was applied to retrieve solely
the peer-reviewed results. Original papers, reviews,
editorials, book chapters, and conference papers were
included in the study. Documents that did not undergo
the peer-review process were excluded.

Tools used

The data was analyzed and visualized using Microsoft Excel
2016 (Microsoft Corporation, Redmond, USA), biblioshiny
(https://www.bibliometrix.org/home/index.php/layout/bib-
lioshiny) and VOSviewer (https://www.vosviewer.com).
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Results

Figure 1 illustrates the number of authors (AU) en-
gaged in glass fiber research within the field of dentistry,
along with their total number of publications (TP) and
total number of citations (T'C). The data indicates that re-
searchers preferred to work collaboratively. Six- and five-
author studies were the most common trend, respectively.
The greatest number of studies were carried out through
the collaboration of 6 authors (# = 130). The highest
number of citations were received from the publications
authored by 5 individuals (# = 3,702), followed by papers
published by 4 authors (# = 3,063). Interestingly, the trend
of publications exhibited a decline with an increase in the
number of authors, such as 9 and 10. The number of ci-
tations received by publications authored by a single or
2 authors was relatively high, i.e., 847 and 1,542, respec-
tively. The total number of publications for these authors
was 16 and 38, respectively.

The line graph in Fig. 2 illustrates the number of pub-
lications and citations in glass fiber research. The data
reveals an asymmetrical growth of both publications and
citations in the studied field. The first publication on the
subject was released in 1998. The number of publications
steadily increased until 2003. Subsequently, a non-linear
behavior was observed until 2022. In 2011, the greatest
number of publications was observed (n = 51), which
reached its highest citation number in 2008 (n = 1,546).
Papers published from 2017 to 2022 received a reason-
able number of citations. For example, papers published
in 2017, 2018 and 2019 received 158, 254 and 180 cita-
tions, respectively.

Table 1 presents a list of the 10 most highly cited pa-
pers,2b2743-50 gccompanied by the names of their authors,

66-dL LQ(‘,
€90°¢-0L
Fig. 1. Relationship between the number of authors (AU), the total number

of publications (TP) and the total number of citations (TC) in the field of
glass fiber research in dentistry from 1998 to 2022

K. S. Almulhim et al. Bibliometric analysis of glass fiber-reinforced composites

1800
1600
1400
1200
1000

800

Citations

600

Publications

400
200

=== Publications

= (Citations

Fig. 2. Evolution in the number of publications and citations in the field of
glass fiber research in dentistry from 1998 to 2022

the year of publication, the source of publication, TC,
and the average number of citations per year. The pa-
per published in 2002 by Akkayan and Giilmez received
the highest number of citations, with a yearly aver-
age of 21.05 citations.*® The paper was published in the
Journal of Prosthetic Dentistry. The findings showed
that the most frequently cited papers were published be-
tween 1999 and 2005,2143-474950 with the exception of 2
papers published in 2013% and 2014,*® which received
151 and 175 citations, respectively. The study by Sarkis-
Onofre et al. exhibited the highest yearly average number
of citations, namely 21.88 citations.*®

Table 2 provides a list of the authors, along with the year
of their first and most recent publications. Additionally,
it provides the number of publications each author has
contributed as a single author, first author, and in other
capacities. The TP and TC values for these authors were
tabulated. Vallittu PK was the most prolific author with
35 publications and 2,159 citations. Following Vallittu PK,
Ferrari M contributed 32 publications and received 1,531
citations. Among the most prolific authors, Vallittu PK
was responsible for 4 studies alone.

Figure 3 presents the TP and TC values for original pa-
pers and reviews. Original papers were the most preva-
lent form of publication, comprising approx. 98% of the
research output. Reviews were the other prominent doc-
ument type. Original papers received the highest share
of total citations (1 = 15,240), while reviews received
the highest average number of citations per document
(n = 58), outperforming all other document types.

Figure 4 shows the countries engaged in collaborative
research related to glass fiber. Brazil, Italy and Germa-
ny demonstrated the greatest degree of collaboration in
various studies related to dental fiber and other related
areas. These 3 countries demonstrated a significant
level of collaboration with the USA. With regard to the
Arab region, Saudi Arabia had demonstrated the high-
est degree of collaboration (Fig. 4). Among the coun-
tries of Finland, Turkey, the USA, China, and Japan,
Finland and Turkey showed high inter-collaborative
publication activity.
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Table 1. Most frequently cited papers in the field of glass fiber research in dentistry from 1998 to 2022

Authors and the year Journal Yearly
of publication average
1 Akkayan and Gulmez Resistance to fracture of endodontically treated teeth restored with The Journal 471 2105
20024 different post systems of Prosthetic Dentistry ’
5 Vallittu Flexural properties of acrylic resin polymers reinforced with unidirectional The Journal 336 1461
19994 and woven glass fibers of Prosthetic Dentistry ’
3 Las;gg;g al Flexural properties of fiber reinforced root canal posts Dental Materials 280 15.56
Lanza et al. : ) - )
4 2005 3D FEA of cemented steel, glass and carbon posts in a maxillary incisor Dental Materials 224 13.18
Cormier et al. In vitro comparison of the fracture resistance and failure mode of fiber, Journal of
5 P ; ) ; ; . 176 838
2001 ceramic, and conventional post systems at various stages of restoration Prostodontics
Sarkis-Onofre et al. The role of resin cement on bond strength of glass-fiber posts luted into ) }
6 20144 root canals: A systematic review and meta-analysis of in vitro studies Operative Dentistry 175 2188
7 Gor;ocg;g al Evaluation of the adhesion of fiber posts to intraradicular dentin Operative Dentistry 168 9.88
Goracci et al. The adhesion between prefabricated FRC posts and composite resin cores: )
8 2005°° Microtensile bond strength with and without post-silanization LeilliE STl 165 71
9 Garoushlzst al. Physical properties and depth ofcurg of a new short fiber reinforced Dental Materials 157 1678
2013 composite
10 Batezrgggzlet al Fibre-based post systems: A review British Dental Journal 144 7.58

TC - total number of citations.

Table 2. Most prolific authors in the field of glass fiber research in dentistry
from 1998 to 2022

Year of
publication

0 31

Author
Author

1 Vallittu PK- 1998 2021 4 35 2,159
2 FerrariM 2001 2019 0 4 28 32 1531
3 LassilaLV) 2001 2021 0 3 27 30 1,254
4 SoaresCJ 2008 2020 0 5 16 21 786
5 ValandroLF 2005 2020 0 3 17 20 300
6 GoracciC 2001 2015 0 5 14 19 1,153
7 NaumannM 2005 2019 0 8 7 15 690
8 Rosentritt M 2000 2019 0 2 12 14 540
9 Kern M 2003 2020 0 0 1 1 415
10 MonticelliF 2002 2012 0 4 7 11 643

TP — total number of publications.

Table 3 lists the publishers with the highest number
of publications. The TP, TC, and average citation per pub-
lication (TC/TP) for these publishers are presented. It was
found that Mosby Inc. was the most prolific publisher, with
26 publications, followed by Elsevier Inc., with 21 publica-
tions. The highest number of citations per publication was
recorded for these 2 publishers. The mean number of cita-
tions per document for these publishers was 35.

Table 4 lists the institutions that sponsored 4 or more
studies. The TP funded by agencies, TC, and TC/TP are
presented. The highest number of studies were funded by
the Brazilian Federal Agency for Support and Evaluation
of Graduate Education (CAPES) (n = 13). The publica-

Ovz'gL-0)

Fig. 3. Preferred document types in the field of glass fiber research in
dentistry from 1998 to 2022

tions financed by the Ministry of Science, Technology and
Innovation of Brazil were cited with the best average of 67
citations per publication. The highest number of citations
were received by the publications funded by the National
Council for Scientific and Technological Development
(CNPq) (n = 404).

The word cloud shown in Fig. 5 provides the most
frequently used keywords in glass fiber research in den-
tistry. The terms “fiber post’, “fracture resistance’, “bond
strength’, and “endodontically treated teeth” were the
most prevalent in the studies relevant to dental fiber. Oth-
er notable terms include “resin cement’, “adhesion” and
“fiber-reinforced composite”
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Fig. 4. Countries engaged in collaborative research in the field of glass
fiber research in dentistry from 1998 to 2022

Table 3.Top 10 publishers in the field of glass fiber research in dentistry from
1998 to 2022
No. Publisher TP | TC | TC/TP
1 Mosby Inc. 26 920 3538
Elsevier Inc. 21 736 3505
Jaypee Brothers Medical Publishers Pvt. Ltd. 17 100 588
Indiana University School of Dentistry 17 381 2241

Quintessence Publishing Company, Ltd. 13 149 1146
Japanese Society for Dental Materials and Devices 11 84 7.64
Wolters Kluwer Medknow 10 25 250

National Library of Medicine (MVEDLINE) 8 19 238

10 Faculdade de Odontologia de Bauru 8 160 20.00

2
3
4
5 Associacao Brasileira de Divulgagao Cientifica 13 179 1377
6
7
8
9

TC/TP — average citation per publication.

Table 4. Top 10 funding agencies of publications in the field of glass fiber
research in dentistry from 1998 to 2022

\[o} Funding agency TP | TC | TC/TP

Brazilian Federal Agency for Support and

W Evaluation of Graduate Education (CAPES)

13 136 1046

National Council for Scientific and
2 Technological Development (CNPg) [PA e R

Fundagao de Amparo a Pesquisa do Estado de

3 Minas Gerais 9 351 3900

4 Sao Paulo Research Foundation 9 292 3244

s Ministry of Soenpe, Technqlogy 5333 66.60
and Innovation of Brazil

6 Academy of Finland 4 177 4425

7 Japan Society for the Promotion of Science 4 26 650

8 Ministry of Education, Culture, Sports, 4 26 650

Science and Technology

National Institute of Dental and Craniofacial
° Research (NIDCR) 4 249 6225

10  Finnish Funding Agency for Innovation (TEKES) 4 242 60.50

Figure 6 illustrates the evolution of terminology in glass
fiber research in dentistry over 2 time periods: 1998-2012;
and 2013-2022. The terms “flexural strength’, “fiber posts”
and “fracture load” were the most frequently used terms
from 1998 to 2012. The data indicates that a number of new
terms emerged during the final 10 years of the study period.
In the period between 2013 and 2022, researchers demon-

strated a preference for the terms “fibre posts” and “frac-
ture resistance” The terms “fiber post’, “flexural strength”
and “fiber-reinforced composite” remained equally popu-
lar, and were used throughout the study period.

Table 5 presents a list of the journals in which the re-
searchers in this field preferred to publish their research.
The Journal of Prosthetic Dentistry published the greatest
number of studies (n = 50), followed by Dental Materials
(n = 48). Papers published in Dental Materials received
the highest number of citations (n = 2,951).

Figure 7 reveals the most productive countries. Brazil
was the most prolific country in terms of the number
of publications on dental fiber. Brazilian researchers pub-
lished 182 papers that were cited 3,857 times. The USA
published 66 articles, while Germany and Italy published
64 papers each. Saudi Arabia was the only country from
the Arab region to be included among the top publishers
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Fig. 5. Word cloud showing the keywords most commonly used in
publications related to glass fibers in dentistry
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Fig. 6. Evolution of terms used in the field of glass fiber research in
dentistry from 1998 to 2022
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Table 5. Journals most frequently selected for publication in the field of glass
fiber research in dentistry from 1998 to 2022

I!E

1 The Journal of Prosthetic Dentistry 2,148
2 Dental Materials 48 2951
3 Operative Dentistry 38 1,290
4 Journal of Dentistry 30 1,084
5 The Journal of Endodontics 28 1,538
6 The Journal of Adhesive Dentistry 28 427
7 Dental Materials Journal 24 330
8 International Endodontic Journal 24 560
9 General Dentistry 21 134
10 Journal of Prosthodontics 19 498

worldwide, with 21 papers and 413 citations. It is note-
worthy that Finland had 39 publications, yet the number
of citations was 2,201.

Figure 8 reveals the most active institutions worldwide
that have published research on GFRCs in the context
of dentistry. The University of Turku (Finland) was the most
prolific institution, publishing the highest number of articles
(n = 39). This university also received the greatest number
of citations (n = 2,201). Subsequently, the University of Siena
(Italy) and the University of Sao Paulo (Brazil) demonstrated
comparable performance, with 34 and 28 publications, re-
spectively, and 1,642 and 855 citations, respectively.

™
Brazil

USA
Germany
Italy

Turkey
Finland

India

Japan
Saudi Arabia
China

Fig. 7. Countries with the highest number of publications and citations in
the field of glass fiber research in dentistry from 1998 to 2022
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Tokyo Medical and Dental University

Fig. 8. Institutions with the highest number of publications and citations in
the field of glass fiber research in dentistry from 1998 to 2022
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Figure 9 shows the evolution of trending topics between
1998 and 2022. In the early years of the study period, the
term “fibers” was mostly used. Conversely, in recent years,
the terms “dental prosthesis’, “polyetheretherketone
(PEEK)’, “dentin bonding agents’, and “glass-fiber post”
were the most common. The terms “fiber post’, “bond
strength” and “fracture resistance” were among the most
frequently used between the years 2012 and 2016.

dental prosthesis — )
polyetheretherketone (PEEK) — ®
dentin bonding agents - L 2
glass-fiber post — [}
root canal irrigants — ®
fiberglass post - ®
glass fiber post — ®
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Fig. 9. Frequently used terms in the field of glass fiber research in dentistry
from 1998 to 2022

Discussion

Glass fiber-reinforced composites have been incorpo-
rated into dentistry due to their superior strength and
biocompatibility compared to conventional strategies.!
The recent advancements in the field of glass fibers have
significantly improved the mechanical efficacy of these
materials.”? A bibliometric analysis involves the applica-
tion of various statistical and mathematical methods to
determine the number of documents and associated bib-
liographical data, evaluate author contributions, identify
the countries and institutions with the highest scientific
production, and examine the themes and types of papers
published.>®** The present study identified the most in-
fluential authors, journals, institutions, and countries,
along with the most frequently used keywords, as indi-
cated by the number of citations. The bibliometric analy-
sis revealed that the first 2 publications on GFRCs were
published in 1998. These papers evaluated the pattern
and composition of the glass fibers and discussed the
clinical application of these composites in fixed prosth-
odontics. The 2 papers were published in Dental Clinics
of North America (first quartile (Q1)) and the Journal
of Prosthodontics (Q1), and received 21 and 44 citations,
respectively.’>2 Among these, the book chapter by Belve-
dere analyzed the principle and technique for increasing
strength by the reinforcement of fibers, and discussed the
chairside technique for single-visit bridges for teeth.>®
The most notable publication was that of Vallittu,*® which
examined the woven structure and components present
in the GFRCs and compared their weaving pattern using
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a scanning electron microscope and a spectrometer. The
study concluded that E-glass plays a beneficial role due to
its hydrolytic stability over time.

This study evaluated the number of publications in
the field of glass fiber research in dentistry per year
(1998-2022). Overall, a non-linear behavior was observed
in terms of publications and citations in Scopus-indexed
journals. The asymmetrical growth of publications and ci-
tations in the studied field showed that in 2011, the great-
est number of articles was published (n = 51), followed by
a decline in the number of subsequent publications. After
the sudden drop in the number of publications, a similar
pattern was observed in citation data. It was difficult to
determine the cause of this sudden decrease. However, it
is assumed that the lack of innovations and researchers’
interest in GFRC-based dental restorative materials may
have contributed to this state of affairs. Since its intro-
duction in dentistry, the majority of materials have been
based on E-glass fibers, with a similar range of resin ma-
trices. There has been a paucity of experimental research
conducted in this area. The surface treatments of glass
fibers are utilized in dentistry.’”*® Furthermore, limited
studies have been reported concerning the inclusion
of bioactive particles or surface grafting of the glass fibers
with nanoparticles.>-%! Glass fiber-reinforced composites
have been used for all major dental applications. However,
additional marketing is necessary, as the cost of the glass
fiber-based orthodontic retainers, periodontal splints
and endodontic posts is comparatively higher than that
of contemporary materials. It is possible that dentists are
still unconvinced regarding this material. A similar trend
was observed in another bibliometric study,®? where, after
2017, there was a decrease in the number of publications
related to glass fiber-based endodontic posts.

The bibliometric analysis revealed that Brazil was the
leading country in terms of scientific publications re-
lated to glass fiber, with a substantial number of articles
published on an annual basis. These findings were in ac-
cordance with the results of a previously conducted bib-
liometric analysis.®®* The prominent funding agencies in
Brazil are the CNPq, CAPES, and Funding Agency for
Studies and Projects (FINEP). These institutions are re-
sponsible for providing financial support to a range of or-
ganizations, educational universities and the training
of new researchers in various universities. Moreover, the
Sao Paulo Research Foundation, associated with the State
Department of Economic Development, Science and
Technology (SDECT), receives approx. 560 million US
dollars annually for research purposes. This funding fa-
cilitates scientific and technological advancement by sup-
porting research projects across a range of fields.5# The
current bibliographic analysis revealed that the CAPES
and CNPq funded 13 and 12 papers, respectively, in this
domain, and received a high number of citations.

The USA was the second largest contributor to scien-
tific publications. This was due to the substantial financial
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resources allocated to research by the National Institute
of Dental and Craniofacial Research (NIDCR) and the
existence of a vast scientific community.®*-%8 Similarly,
the results of the current analysis demonstrated that
the NIDCR provided funding for GFRC-based research,
which was also highly cited. Additionally, Germany, Italy
and Finland also made substantial contributions. From
the Arab regions, Saudi Arabia made a significant con-
tribution, as evidenced by the publication of 21 papers,
which were cited 413 times. This can be attributed to
the fact that in 2016, Saudi Arabia launched Saudi Vision
2030, a program aimed at supporting Saudi Arabia in be-
coming one of the top 10 countries in the Global Com-
petitiveness Index.® Among the different parameters,
the top ranking was achieved by increasing the number
of publications by institutions from Saudi Arabia. More-
over, various resources were provided to increase the level
of research productivity, including the provision of facili-
ties and the allocation of approx. 1.6 billion US dollars
to enhance the number of research publications in highly
prolific journals.” Furthermore, authors from Saudi Ara-
bia have collaborated with researchers from Egypt, Ye-
men and Lebanon.

The institutions occupying the highest ranking posi-
tions were from Finland, Italy and Brazil. The University
of Turku, Finland, published the highest number of pa-
pers and received the highest number of citations. This
was attributed to the funding provided by the Academy
of Finland, the European Commission, and the Finnish
Funding Agency for Innovation (TEKES).”%”2 Moreover,
the research groups comprising Vallittu and his col-
leagues, who are affiliated with the University of Turku,
contributed significantly to this domain.

The majority of studies on GFRCs were published in
highly influential core journals. The exact criteria used
for describing a core journal are not entirely agreed upon.
Usually, the term “core” is applied to journals publishing
the highest number of articles within a given domain.
However, the journal’s impact factor has also been used as
a benchmark.”-7® Frequently, authors prioritize journals
with a high impact factor over those with a high reader-
ship.”® This is in line with Bradford’s law, which suggests
that about one-third of publications in a particular field
are more often published in the core journals.””7® A similar
pattern was observed in the presented bibliometric analy-
sis, where authors demonstrated a preference for publish-
ing papers in journals with a high impact factor. The Jour-
nal of Prosthetic Dentistry (Q1, impact factor (IF) = 4.3)
published the highest number of papers (1 = 50), followed
by Dental Materials (Q1, IF = 4.6), Operative Dentistry
(Q1, IF = 2.2), and the Journal of Dentistry (Q1, IF = 4.8),
which published 48, 38 and 30 papers, respectively. These
Q1 Scopus journals showed a significant increase in
their impact factors over the past 7 years. For example,
in comparison to the preceding year, these journals dem-
onstrated an increase in impact factor of 0.88, 0.36, 0.42,
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and 0.65, respectively, in 2021.7* This clearly illustrates
the importance of the journal by calculating the number
of selected citations in previous years, which intrigues
enthusiastic researchers who usually prefer to publish in
high-impact factor journals.

Regarding the citations, articles published earlier gen-
erally attain a greater number of citations, compared to
those published later.”” Nonetheless, the position of high-
ly cited papers may vary over time.* In this analysis, Den-
tal Materials received the highest number of citations
(2,951), while the Journal of Prosthetic Dentistry and the
Journal of Endodontics received 2,148 and 1,538 citations,
respectively. In addition, Mosby Inc. was recognized as
the most prolific publisher, with 26 papers published, fol-
lowed by Elsevier Inc., which published 21 papers.

The type of publication is another factor that affects
the number of citations a paper receives. In general,
review articles are cited more frequently than other ar-
ticle types, as they provide a rich source of information
regarding the existing scientific literature and available
data within a particular domain.8'%2 On the contrary,
in this analysis, original articles received more citations
than review articles. It was observed that articles that are
easily accessible online were more frequently cited. Ad-
ditionally, the year of publication, the number of authors
and the quality of the research paper were found to be
significant factors.®

The most highly cited paper on the topic (421 citations)
was written by Akkayan and Giilmez and published in
2002 in the Journal of Prosthetic Dentistry.®® The study
evaluated the fracture resistance of the endodontically
treated teeth by using posts composed of quartz fiber,
titanium, zirconia, and glass fiber. The findings of this
study indicated that teeth restored with quartz fiber dem-
onstrated higher fracture resistance compared to other
restoration materials.*> The 2" most highly cited paper
(336 citations) was written by Vallittu and published in
the Journal of Prosthetic Dentistry in 1999.4 The study
incorporated glass fiber reinforcements (Stick and Stick
Net) into the heat-cured denture base, denture-based
polymers and temporary fixed partial dentures. After the
preparation of the specimens, a three-point test was con-
ducted to evaluate the flexural modulus and transverse
strength. Glass fiber-reinforced material provided prom-
ising results in enhancing the flexural strength of the ma-
terials.** The 3" most highly cited article was written by
Lassila et al. and published in Dental Materials in 2004.%°
It received 280 citations and was co-authored by Vallittu,
a renowned researcher affiliated with the University
of Turku, Finland. This scientific group contributed sig-
nificantly to the field of glass fiber research in dentistry.
This article evaluated the potential of fiber-reinforced
composite posts from various brands and diameters. Sub-
sequently, a three-point bending test was applied to eval-
uate the modulus and the flexural strength of fiber-rein-
forced composite-based posts. The study concluded that
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commercially manufactured fiber-reinforced composite
(FRC) posts had lower flexural strength than the dis-
cretely polymerized FRC material.*> The 4" most highly
cited paper (224 citations) was written by Lanza et al. and
published in Dental Materials in 2005.% This paper as-
sessed the stress distribution pattern within the dentinal
and cemental layer in a root canal-treated maxillary cen-
tral incisor. Carbon, glass and steel posts were subjected
to occlusal load and evaluated using finite element analy-
sis (FEA). The results demonstrated that carbon and glass
fiber posts exhibited higher tensile and fatigue strength,
and could be easily bonded with the root canal.*

The 5% most highly cited paper (176 citations) was
written by Cormier et al. and published in the Journal
of Prosthodontics in 2004.*” The study evaluated the
strength to resist fracture, the failure mode, and the ease
of removing failed post systems for 6 post systems at 4
different stages. A variety of procedures and tests were
performed at each stage. The study revealed that fiber-
based posts offer greater benefits than the conventional
posts system.?

Keywords are an essential element of a scientific pub-
lication. In performing a literature search, the use of rel-
evant keywords allows to retrieve significant results, as
opposed to using phrases or sentences. Keywords have
been recognized to act as a code, which facilitates the
retrieval of pertinent scientific articles.®* Moreover, the
results of the current bibliometric analysis indicate that
the keywords assist in determining the trend of research
publications within this domain.** These frequently used
keywords aid investigators and researchers in identifying
relevant articles related to glass fiber.

The term “fiber-reinforced composite” was the most
frequently used keyword between 2002 and 2009. The use
of FRC in dentistry was first documented in the 1960s.
However, it was not until the early 1990s that researchers
gained interest in this material, leading to a notable in-
crease in the number of publications on the subject.®> The
material was extensively examined as an endodontic post
system in direct restorations and fixed partial dentures.

A number of countries and institutions have launched
various interdisciplinary research projects with the aim
of promoting global research and detecting and resolv-
ing complex problems through a comprehensive un-
derstanding of the subject matter.8*%” Policymakers and
researchers have also studied and examined the ben-
efits of interdisciplinary collaboration, which not only
creates integrative knowledge but also substantially
improves the quality of research and communication
among researchers.®8 Similarly, collaboration among
multiple authors was identified in the current analysis
owing to the rising interest of researchers in the domain
of GFRCs. These collaborative research projects among
international authors are encouraged as they frequently
result in publications that attain higher impact and cita-
tions.”*! This emphasizes the growing expectation for
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more extensive collaboration and joint research projects
in the future.

Numerous papers with the highest number of citations
had 4-10 authors, many of whom were affiliated with dif-
ferent research institutions and countries. Publications
with a greater number of authors receive a higher num-
ber of citations. This phenomenon can be attributed to
3 factors: citations being received from external sources;
self-citations; and higher visibility, as these publications
are more likely to have a higher impact and quality. Fur-
thermore, publications comprising authors from various
disciplines are more likely to attain citations from a vari-
ety of sources.?? This further highlights the value of col-
laboration among countries, organizations and investiga-
tors in advancing research related to GFRCs. In addition,
Vallittu PK, who is affiliated with the University of Turku
in Finland, is a highly cited author who has made a signifi-
cant contribution to this research area and has collabo-
rated extensively with researchers from around the globe.

The present bibliometric analysis had some limitations.
As mentioned earlier, only the Scopus database was used
to obtain bibliometric data. Therefore, some GFRC-relat-
ed publications may have been overlooked. The articles
selected for this study were limited to those written in
English, thus it is possible that some GFRC-related pub-
lications may have been omitted. Moreover, even though
a bibliometric analysis was performed, the authors did not
conduct a quality assessment of the included studies. The
number of citations a paper received allowed for a quanti-
tative evaluation of the scientific influence of publications
within a certain domain. Notably, a scientific publication
with a high citation count does not necessarily indicate
high quality, as the number of citations can be manipu-
lated. In addition, the total citation count included self-
citations, given the absence of available methodology.

Despite these shortcomings, the most recent data avail-
able from the Scopus database presents a comprehensive
overview of recent research trends regarding GFRCs. It
would be beneficial for future research projects to per-
form analysis using other databases such as Web of Sci-
ence, Google Scholar and PubMed.

Over the course of the evaluated time period, consider-
able attention was given to the use of GFRCs in biomedi-
cal applications, which was followed by a recent trend
of applying these materials in the dental field. It is well
established that these materials offer improved clini-
cal results, are highly biocompatible and possess excel-
lent mechanical and aesthetic properties. Accordingly,
many narrative and systematic review articles related to
this topic have been published. The present bibliometric
analysis evaluated their impact on applied science in the
field of dentistry. However, concerns were raised regard-
ing the use of only one type of glass fiber, i.e., E-glass fiber.
The cost of S-glass fibers is high, and their service life is
relatively short. Similarly, the long-term efficacy of glass
fiber-based bridges is questionable. Further research is
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required to improve the physical and mechanical prop-
erties of glass fiber-based dental materials. It is recom-
mended that additional restorative materials should be
manufactured based on glass fibers. The surface proper-
ties of the glass fibers should also be improved. New chal-
lenging studies should address the orientation of fibers, as
most of the fibers can be used only in one direction due to
their anisotropic behavior.

Conclusions

It was concluded that, within the limitations of this
study, the obtained bibliometric analysis provided de-
tailed information regarding the trend of research publi-
cations on GFRCs and their citations from 1998 to 2022.
A remarkable increase in the number of publications was
observed in 2011, which marked the peak in the number
of papers published during the period under review. Bra-
zil was identified as the leading country in terms of re-
search output, while the University of Turku was identi-
fied as the most prolific institution. In addition, a trend
of collaborative research projects with multiple authors
was identified. The journal Dental Materials published
papers that were highly cited, while the keywords “fiber-
reinforced’, “composite resins’, “fracture resistance’, and
“glass fiber posts” were frequently used. This bibliomet-
ric study aimed to provide future research directions
for investigators and researchers in order to identify any
missing gaps in the field of GFRCs. It is anticipated that
this bibliographic study will provide researchers with di-
rection, allowing them to find potential research groups
with whom they can collaborate and to ascertain which
institutions are mostly involved in research related to
glass fibers. Furthermore, it will enable them to identify
the area of research that will be of interest to other re-
searchers (conclusion based on the analysis of citations).
The present bibliographic study revealed that glass fiber
posts and, more recently, the application of short fibers
in dental composites have emerged as areas of interest
among researchers. Nevertheless, this field requires fur-
ther investigation.
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Abstract

Background. Biological synchronized rhythmicity is a critical physiological process. The lack of synchro-
nized rhythms, mainly those showing a circadian basis, like sleep, the heart rate (HR) and arterial blood
pressure (BP), often leads to several organic challenges, usually associated with adverse outcomes.

Objectives. The aim of the study was to investigate whether the intensive care unit (ICU) environment
favors clock genes and cardiorespiratory changes.

Material and methods. A total of 22 critically ill patients (16 males; 72.73%) with a mean age of 60.82
+20.07 years and well-established cardiovascular conditions were selected from ICU. Blood samples were
obtained, and total RNA was isolated and reverse-transcribed into complementary DNA (cDNA). A quan-
titative polymerase chain reaction (qPCR) was performed to assess the target gene expression levels. The
urinary concentration levels of melatonin (MEL) were assessed. The heart rate, BP (systolic — SBP, diastolic
— DBP and mean — MBP) and the oxygen saturation (Sp0,) levels were assessed as continuous variables.

Results. The urinary MEL and Brain and muscle Amt-like protein-1 (BMALT1) levels were shown to have
a non-linear relationship with HR (coefficient (coef): 2.318, p = 0.032; coef: 2.722, p = 0.006, respec-
tively) and SBP (coef: 1.000, p = 0.008; coef: 2.000, p = 0.037, respectively), with an explanatory power
of up t 50.3% and 39.7% of the HR and SBP variability, respectively. Melatonin, but not BMALT, was also
shown to have a non-linear relationship with MBP (coef: 1.000, p = 0.007), with an explanatory power
ofup t031.3% regarding the MBP variability. The HR and SBP oscillatory dynamics was shown to be related
to changes in the genetic expression of BMAL1 and the urinary MEL concentrations. To a lower degree, MEL
also impacted the variation of MBP.

Conclusions. Our results suggest that not only are circadian functional matrices crucial for the dynamics
of vital parameters in critically ill patients, but also that routinely assessed cardiovascular parameters like
HR and BP may constitute important markers for the circadian timing system function. These parameters
are easy 1o assess and have a relevant prognostic value regarding recovery outcomes, as well as the mor-
bidity and mortality rates in ICU.

Keywords: ICU, circadian disruption, clock genes, chronodisruption, cardiorespiratory functions
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Introduction

Biological synchronized rhythmicity is a criti-
cal physiological process. The lack of synchronized
rhythms, mainly those showing a circadian basis, like
sleep, the heart rate (HR), and arterial blood pressure
(BP), often leads to several organic challenges, usu-
ally associated with adverse outcomes. Sleep itself,
as an independent regulator of many crucial body
functions, should preferentially occur with mini-
mum interference to optimize its role in structural
and functional recovery and regeneration. Patients
mostly benefit from the optimal circadian rhythmic-
ity and sleep, which translates into better prognoses
and reduces hospital discharge times.! Meanwhile, the
hostile intensive care unit (ICU) environment is typi-
cally linked to a negative impact on both the circadian
timing system and sleep regulation centers, with im-
portant implications in the recovery of critically ill
patients.!~3 Despite some of the most common disrup-
tors being identified,! it is largely unknown how they
interact with the molecular matrix of the body’s inter-
nal time and, therefore, whether they might have a ma-
jor contribution to a persistent deleterious role associ-
ated with the worsening of the main clinical condition,
or increased morbidity and mortality.* We, therefore,
hypothesized that the circadian timing system and
cardiorespiratory functions may interact in such a way
that the disrupted circadian rhythmicity, typically oc-
curring in ICU patients, would influence the crucial
cardiovascular and respiratory parameters, like HR,
BP and the oxygen saturation (SpO,) levels.

Material and methods

The present study was conducted according to the
guidelines of the Declaration of Helsinki, and ap-
proved by the Provincial Research Ethics Committee
of Cordoba (approval No. 277; ref. 3878). All patients
were older than 18 years and gave their consent to par-
ticipate voluntarily in the study.

A total of 22 critically ill patients (16 males; 72.73%)
with a mean age of 60.82 20.07 years and well-estab-
lished cardiovascular conditions (45.45% — cardiovas-
cular surgery; 27.27% — ST-elevation myocardial in-
farction (STEMI); 4.55% — non-rheumatic mitral valve
disease; 4.55% — out-of-hospital cardiac arrest; and
18.18% — cardiogenic shock) were selected from all the
patients admitted with these characteristics to ICU.
Specifically, accepting an alpha risk of 0.05 for a pre-
cision of +0.15 units in a two-tailed test, with an es-
timated standard deviation (SD) of 0.35 and an esti-
mated replacement rate of 0.10, a random population
sample of 22 subjects was required, assuming that the
available population in the cardiovascular pathology

J.M. Jiménez-Pastor et al. Chronodisruption in ICU

area of ICU during the recruitment period was 400
subjects. Data collection was performed from the 3"
quarter of 2020 until the end of the 2"! quarter of 2021.
The participants were required to be over 18 years old
and be treated in ICU for at least 48 h. Pregnant wom-
en, patients admitted to the restricted access modules,
or those with scores above 13 in the Acute Physiology
and Chronic Health Evaluation II (APACHE II) scale at
baseline were excluded.

Prior to inclusion in the study, the patients were pro-
vided with an information sheet, and written informed
consent was obtained from all participants. If the pa-
tients were unable to give their consent due to their
clinical condition, consent was requested from their
families. An A-weighting filter was applied during the
different work shifts, and the following data on the pa-
tients’ physiological state was collected using a physi-
ologic monitor (IntelliVue MP5; Philips, Amsterdam,
the Netherlands): HR; the respiratory rate (RR); BP;
and SpO,. Human whole blood samples were obtained
from the 22 patients at 4 time points along 2 circa-
dian cycles (8 h, 13 h, 18 h, and 23 h). Total RNA was
isolated, and each blood sample was subsequently re-
verse-transcribed into complementary DNA (cDNA).
A quantitative polymerase chain reaction (qPCR) was
performed to assess the target gene expression levels
(Brain and muscle Arnt-like protein-1 — BMALIL, cir-
cadian locomotor output cycles kaput — CLOCK). The
urinary concentration levels of melatonin (MEL) were
assessed at 12 consecutive time points along 2 circa-
dian cycles (8 h, 10 h, 12 h, 14 h, 16 h, 18 h, 20 h, 22 h,
00 h, 2 h, 4 h, and 6 h). The heart rate, BP (systolic —
SBP, diastolic — DBP and mean — MBP) and the SpO,
levels were assessed as continuous variables. A profi-
cient researcher recorded the physiological variables
at 15-minute intervals, and these measurements were
also programmed into the physiologic monitor for
continuous monitoring. The descriptive data of the
studied patient group is gathered in Table 1.

To model the non-linear trends of the vital param-
eters of the patients in ICU, the generalized additive
mixed models (GAMMs) were used following a two-
fold rationale: a) the variation of the repeated mea-
surements within and between the subjects should be
taken into account, as vital parameters are repeatedly
assessed over time for the same patient; and b) the
non-linear effect of time on vital parameters could be
captured using smoothing splines. This type of model
is frequently used to study both the variation of the
repeated measurements within and between the sub-
jects with random effects, as well as the non-linear ef-
fects of covariates on the response variable with the
smooth function of the covariate. Likewise, these flex-
ible smoothing techniques help to capture small in-
creases and decreases in the outcome variable during
the follow-up period.
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Table 1. Descriptive data of the studied patient group (N = 22)

Characteristic Data

Age [years]
M 45D 60.82 £20.07
Gender M 16 (72.73)
n (%) F 6(27.27)
cardiovascular surgery 10 (45.45)
STEMI 6(27.27)
Clinical diagnosis non-rheumatic mitral valve disease 1 (4.55)
n (%)
out-of-hospital cardiac arrest 1 (4.55)
cardiogenic shock 4(18.18)
HR [bpm]
M+SD 9457 +1.55
SBP [mmHg]
M+SD 11554234
DBP [mmHg]
M4SD 61.53£1.50
MBP [mmHg]
M 45D 79.51 £1.54
SpO; [%]
M4SD 97.95 +0.44
MEL [ng/mL]
M+SD 5224215
Length of stay in ICU [days]
M 45D 31.00+17.38
Hospital discharge
n (%) 11 (50.00)
GCS score
Me +SEM 1.0000 +£0.0499
RASS score
Ve +SEM —2.0000 +0.0329
White light [Ix]
M 45D 28.36 +47.31
Blue light [Ix]
M 45D 8.18 +15.60
Infrared light [Ix]
M4SD 332+11.28
Sound [dB]
M4SD 64.09 £9.88
Epinephrine [mcg/kg/min]
M 45D 0.1500 +0.1617
Norepinephrine [mcg/kg/min]
M 45D 0.2858 +0.3747
Midazolam [mL]
M4SD 4522 £2.465
Propofol [mL]
M+SD 9.931 £5.080
Fentanyl [mL]
M+SD 1.813 £0.949

M —mean; SD - standard deviation; Me — median; SEM — standard error
of the mean; HR - heart rate, SBP - systolic blood pressure; DBP — diastolic
blood pressure; MBP — mean blood pressure; SpO, — oxygen saturation;
MEL - melatonin; ICU - intensive care unit; GCS - Glasgow Coma Scale;
RASS - Richmond Agitation-Sedation Scale; M — male; F — female;
STEMI - ST-elevation myocardial infarction.
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Results

Both MEL and BMAL1 (but not CLOCK) were shown
to have a non-linear relationship with HR (coefficient
(coef):2.318, p = 0.032; coef: 2.722, p = 0.006, respectively)
and SBP (coef: 1.000, p = 0.008; coef: 2.000, p = 0.037, re-
spectively), with an explanatory power of up to 50.3% and
39.7% of the HR and SBP variability, respectively. Mela-
tonin, but not BMALI, was also shown to have a non-
linear relationship with MBP (coef: 1.000, p = 0.007),
with an explanatory power of up to 31.3% regarding the
MBP variability. The HR and SBP oscillatory dynamics
was shown to be related to changes in the genetic expres-
sion of BMAL1 and the urinary MEL concentrations. To
a lower degree, MEL also impacted the variation of MBP
(Fig. 1 and 2).
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Fig. 1. Distribution of oxygen saturation (SpO,), systolic blood pressure
(SBP), the heart rate (HR), and the urine melatonin (MEL) concentration
during the 2 circadian cycles (48 h) of patient follow-up in the intensive
care unit (ICU). Urine samples were collected every 2 h, but the X-axis
shows intervals of 4 h to facilitate visualization. The average values for each
time point are provided
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Fig. 2. Distribution of oxygen saturation (Sp0,), systolic blood pressure
(SBP), the heart rate (HR), and the expression of BMALT mRNA (the

ratio of the number of Bmall copies to the number of copies of the
housekeeping gene, in this case, actin) in human whole blood samples
during the 2 circadian cycles (48 h) of patient follow-up in the intensive
care unit (ICU). The X-axis shows intervals of 4 h to facilitate visualization.
The average values for each time point are provided

Discussion

Together, the results suggest that not only are circadian
functional matrices crucial for the dynamics of vital pa-
rameters in critically ill patients, but also that routinely
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assessed cardiovascular parameters like HR and BP may
constitute important markers for the circadian timing
system function. These parameters are easy to assess
and have a relevant prognostic value regarding recovery
outcomes, as well as the morbidity and mortality rates
in ICU. Still, it is crucial to recognize that while patient-
related factors are undoubtedly significant contributors to
sleep disruption, the influence of the ICU environment
should not be underestimated, and may be influencing
the genetic and molecular aspects of circadian dysrhyth-
mias, and chronobiological disruption.

From this work, a significant relationship between cer-
tain molecular markers of the biological clock and circa-
dian rhythms and cardiovascular parameters like HR and
BP was noted in ICU patients, implying that disruption
in circadian rhythms can have a direct effect on these
cardiovascular parameters, and may lead to the worsen-
ing of the ICU patient’s condition. Circadian disruption
is common in ICU patients; several studies demonstrate
that environmental conditions in ICU, especially exces-
sive noise, particularly during patients’ rest periods, and
exposure to artificial light at times of the day when they
should be in darkness,® can disrupt patients’ sleep and
circadian rhythms, in turn worsening and delaying recov-
ery. Indeed, emerging evidence indicates a link between
disruption in circadian rhythms and poorer clinical prog-
noses.

Our findings may be of particular importance with re-
gard to the subgroups of critical patients, like those with
sleep dysfunctional complaints, or manifestations like in-
somnia or obstructive sleep apnea (OSA), both quite prev-
alent in ICU,%” impacting the circadian timing system®
and causing cardiometabolic impairment.® Furthermore,
as they frequently co-occur (as in the case of Co-Morbid
Insomnia and Sleep Apnea (COMISA)), exacerbating the
cardiovascular and associated metabolic risk,>!° such
pathological dynamics would plausibly have a negative ef-
fect on the circadian rhythmicity, sleep maintenance and
general outcomes of this critical population. Interestingly,
clock-related neuronal PAS domain protein-2 (NPAS2)
has been recently found to be lower in OSA patients (with
shortened sleep time) as compared to otherwise healthy
individuals.!! As NPAS2 has been shown to be implicated
in metabolic abnormalities, such as insulin resistance, it
might be questioned whether the circadian-mediated car-
diometabolic risk in OSA and perhaps insomnia could, in
part, be explained by circadian-induced genetic changes.
Still, other pathways and mechanisms could also sup-
port such interplay between circadian changes, sleep
disturbance and the poor cardiometabolic outcomes of-
ten observed in ICU, such as some electrolytes, like cal-
cium (Ca) and magnesium (Mg). From our findings, one
could speculate about the putative contribution of Mg
to the circadian disruption-related cardiometabolic risk
in OSA patients. Some arguments behind this hypoth-
esis are: 1) there is a well-established 24-hour cycle in

J.M. Jiménez-Pastor et al. Chronodisruption in ICU

the Mg flux'% 2) recent studies have found a lower Mg
concentration in hypertensive OSA patients'3; and 3) it is
accepted that Mg is implicated in the metabolic dysfunc-
tional status, therefore participating in the development
of metabolic disorders.}* The knowledge of such interac-
tions would increase awareness and likely benefit future
research, as well as provide methods of adopting care
that would favor the positive outcomes and survival rates
of critically ill patients.

Felten et al. explored whether preserving or reinstating
circadian regularity could enhance outcomes for patients
in critical care settings, such as ICU and neonatal ICU."
Strategies encompass adjustments to the environment to
align with natural light-dark cycles and interventions such
as medication timing and feeding schedules.!®> The same
authors proposed that advanced machine learning algo-
rithms might enhance the analysis of clinical routine data
on rhythmic patterns, using tools like cosinor analysis,
therefore leading to a better understanding of how chro-
nodisruption may affect important clinical outcomes.
These innovations may enable real-time rhythmicity as-
sessment and evaluation in the ICU environment, im-
proving both the prediction of critical outcomes and ther-
apeutic decisions.!® These molecular markers of circadian
rhythms could also be used as biomarkers to establish
the presence or absence of circadian dysregulation, and
somehow support a prediction for patient recovery rates.
Specifically, MEL could be an ideal candidate,'¢ as it is one
of the central components of circadian rhythm regulation,
and, as we have seen in our work, it has a non-linear rela-
tionship with HR, SBP and MBP. Melatonin may also be
implicated in deregulatory mechanisms among distinct
sleep disorders and cardiovascular diseases!’; therefore,
studying its levels in ICU patients could provide valuable
information, obtained non-invasively, about the circadian
status and sleep-associated performance of patients. The
use of MEL could be studied as a possible intervention for
ICU patients with circadian dysregulation, to attempt to
restore normal circadian cycles, and greatly promote pa-
tient improvement and recovery.!® In addition to restor-
ing circadian rhythms, and consequently positively affect-
ing physiological parameters, the use of MEL as therapy
may have a beneficial effect on other common complica-
tions of ICU patients, such as sepsis,'® one of the leading
causes of death following traumatic injury.?°

Limitations

There are certain limitations to our study, the main one
being the high diversity and variability of the included
conditions. This methodological constraint, which is re-
lated to the high heterogeneity of the recruited patients,
was assumed from the initiation of the study design,
since a more stringent criterion would critically affect
the sample size. On the other hand, while these results do
not allow generalizations to any particular model of dis-
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turbance, they point to a major hypothesis converging
on distinct pathophysiological pathways commonly oc-
curring in critical patients and, therefore, of great clinical
interest. In the future, studies following the same research
hypothesis should try to overcome this drawback.

Conclusions

In conclusion, a non-linear relationship was found be-
tween MEL and the clock gene Bmall with HR and SBP,
and between MEL and MBD, indicating that the dysregu-
lation of clock gene expression and MEL due to the hostile
ICU environment may lead to disturbances in the cardio-
vascular variables of ICU patients.
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