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Abstract

Background. While sexuality and intimacy are suggested to contribute to quality of life (QoL), itis striking
that the sexual problems of head and neck cancer patients have not been adequately studied.

Objectives. Our aim was to prospectively assess the impact of head and neck cancer and its treatment on
sexuality and intimacy.

Material and methods. A questionnaire study with a 6-month follow-up period was conducted at the
University Hospitals Leuven, Belgium, using the Maudsley marital questionnaire (MMQ), the sexual adjust-
ment questionnaire (SAQ) and the short sexual functioning scale (SSFS) to prospectively assess the impact
of head and neck cancer and its treatment on sexuality and intimacy.

Results. Twelve patients (67%) reported a negative impact on their sexuality and/or intimacy. There were
significant declines in marital, sexual and general life satisfaction (p < 0.000) at the 6-month follow-up
as compared to baseline. There was a significant increase in frustration after sexual activity (p = 0.031).
Sexual desire was also impacted, with a near doubling of patients reporting a decline. The perceived
importance of discussing sexual issues with one’s physician significantly increased from 7 to 16 patients
(p=10.004).

Conclusions. Sexual problems are common after head and neck cancer treatment. Using a screening instru-
ment can help to identify patients that need intervention. Discussing sexuality and intimacy issues that patients
may face before, during and after treatment can have a positive impact on QoL.

Keywords: sexual dysfunction, sexuality, intimacy, head and neck cancer
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Introduction

Head and neck cancer accounts for approx. 2% of all
cancers in Europe.! As head and neck cancer is charac-
terized by slow progression and insidious symptoms,
patients are often diagnosed at a late stage (III or IV).23
This leads to greater disease severity at diagnosis, and
increased treatment complexity and morbidity. Patients
with head and neck cancer have a poor prognosis, with
current 5-year survival rates ranging from 35% for oral
tumors to 60% for larynx tumors.* The aforementioned
late diagnosis combined with the currently available in-
vasive treatment options, i.e., surgery and radiotherapy
with or without chemotherapy, result in the disease itself
and its treatment having a significant impact on patients’
quality of life (QoL). To ensure optimal QoL, an early dia-
gnosis and strict follow-up consultations are essential.
An early diagnosis is often facilitated by a well-trained
dentist or general practitioner. Non-invasive, radiation-
free imaging, such as ultrasound, can be a valuable tool in
primary care to identify malignancies at an early stage.”
Patients with suspect lesions can be promptly referred to
a maxillofacial or head and neck surgeon. Additionally,
magnetic resonance imaging (MRI) can be conducted.
It is the gold standard, radiation-free imaging technique
for soft tissue tumors.®

In the follow-up of head and neck cancer patients, seve-
ral questionnaires, including the European Organization
for Research and Treatment of Cancer quality of life
questionnaire — head and neck (EORTC QLQ-H&N35)
and the University of Washington quality of life ques-
tionnaire (UW-QOL), are often used to measure the
QoL of patients. As these questionnaires focus mainly
on pain, dysphagia, mucositis, xerostomia, appearance,
and speech and chewing capabilities, other important
determinants of QoL, such as sexuality and intimacy,
are mostly not addressed.” This is striking, as the head
and neck region is important with regard to appearance,
communication with one’s partner and kissing, which
are vital aspects in the domain of sexuality and intimacy.

The impact of a cancer diagnosis is often felt also by
partners, families and in a broader social context.® Many
patients experience feelings of anger, anxiety, guilt, de-
pression, hopelessness, and fear of having to depend
on others.” Complex treatment, which is necessary, can
lead to disfigurement and the loss of function.!® The
direct and indirect physiological and psychological ef-
fects of cancer may alter sexual functioning and sexual
experience. The partner’s preoccupation with managing
a cancer patient’s care and frequent hospital visits can
result in less sexual activity in the relationship.!! Pain
and fatigue, before and/or after treatment, can further
exacerbate sexual disinterest. Cancer itself may lead to
sexual dysfunction, but most problems are attributed to
the treatment used, i.e., surgery, radiotherapy and chemo-
therapy.?

J. Regeer et al. Sexuality and intimacy after H&N cancer

Most of the literature pertaining to sexuality and in-
timacy in cancer patients focuses on gynecological and
urological malignancies. Half of these patients report
severe sexual dysfunction, including decreased desire,
arousal and lubrication, orgasmic concerns, dyspareu-
nia, and erectile dysfunction.!® It is worth noting that
sexuality and intimacy are a concern for most patients,
regardless of age.!* Due to the prevalence of sexual
dysfunction in prostate and gynecological cancer pa-
tients, the need to provide information and counsel-
ing about such issues has already been recognized for
these patient groups. A specific expanded prostate
cancer index composite (EPIC) questionnaire has been
created to diagnose patients with sexual dysfunction,
to assess the degree of sexual dysfunction and to create
a treatment plan.!®

In head and neck cancer care, the information and
counseling regarding sexuality and intimacy given
before, during or after treatment remain limited.
Moreover, studies regarding the sexuality of head and
neck cancer patients are scarce. A retrospective study
specifically evaluating sexual dysfunction in head and
neck cancer patients, using a modified version of the
sexual adjustment questionnaire (SAQ) was conducted
in Cincinnati, USA, from 2008 to 2009.1¢ In that study,
42 patients were interviewed 4 months after treatment;
all of them reported a negative impact on their sexual
relationships due to head and neck cancer, of whom
50% reported an extremely negative impact. Those
who underwent surgical treatment were more sexually
satisfied as compared to those who were treated with
radiotherapy and/or chemotherapy.!® Researchers in
Norway and Sweden examined the QoL of 357 head
and neck cancer patients using EORTC QLQ-H&N35
at baseline and at 1, 2, 3, 6, and 12 months after treat-
ment (surgery, radiotherapy, chemotherapy).!” The aim
of that study was to assess what problems the patients
faced and for how long. Among other things, the pa-
tients reported a significant reduction in sexual func-
tion. Unlike in the case of many other problems, e.g.,
pain, the loss of appetite and fatigue, some of the sex-
ual problems reported by the patients persisted from
baseline to the 12-month assessment time point.!”

Currently, most patients with head and neck cancer
are middle-aged men. In 1983, a causal relationship was
identified between the human papillomavirus (HPV),
which is usually contracted during puberty, and oro-
pharyngeal squamous cell carcinoma (SCC).!® It has
been related to a shift in the age of head and neck can-
cer patients. Younger patients have to cope with long-
term treatment side effects for an extended period
of time. Head and neck cancer treatment induces spe-
cific physiological, psychological, communicational,
and relational changes that can affect a patient’s abi-
lity to be intimate with their partner. Surgery can lead
to disfigurement, scarring, changed facial expressions,
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altered innervation, and diminished speaking, chew-
ing and swallowing capabilities. Due to advances in
technology, the side effects of radiotherapy have been
significantly reduced by the use of intensity-modulated
radiotherapy (IMRT). However, mucositis, xerostomia
and osteonecrosis of the jaw remain considerable side
effects. Chemotherapy can cause acute side effects,
such as nausea, vomiting and fatigue, which can affect
patients’ sexual desire and sexual functioning.*!°

Therefore, the aim of the current study was to esti-
mate the prevalence of problems related to sexuality
and intimacy after head and neck cancer treatment.
We expect that a majority of head and neck cancer pa-
tients experience intimacy problems due to treatment-
related side effects. Moreover, this study aimed to de-
termine which patients would benefit from additional
information and could potentially be helped by referral
to a sexologist. Very few prospective studies focusing
on sexuality and intimacy within this specific patient
population have been conducted.

Material and methods

Study design

The current research consisted of a survey study,
including the questionnaires assessing patient sex-
ual functioning (an adapted version of the short
sexual functioning scale (SSFS) and an adapted ver-
sion of SAQ), and marital and sexual satisfaction (the
Maudsley marital questionnaire (MMQ)). The inclu-
sion criteria were as follows: adults aged 18 years and
above; and a primary head and neck cancer diagnosis
(i.e., oral cavity, pharynx, larynx, paranasal sinuses,
salivary glands, thyroid gland, or unknown primary)
from September 2016 to January 2017 at the University
Hospitals Leuven, Belgium. The cancers included
T1-4, NO-3, MO disease, mostly histologically con-
firmed SCC, but other histological types were also
eligible. The patients were recruited from the depart-
ments of maxillofacial surgery, otorhinolaryngology

Table 1. Patient inclusion and exclusion criteria
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and radiotherapy-oncology. The patients needed to be
available to attend a long-term follow-up. The follow-
ing exclusion criteria were applied: patients with recur-
rent head and neck cancer that was already treated with
surgery, radiotherapy and/or chemotherapy; patients
diagnosed with depression according to the “Diagnostic
and Statistical Manual of Mental Disorders: DSM-5™”
(5t ed.) criteria®; patients with cognitive impairment
that resulted in an inability to complete the question-
naires; and patients with previous or concurrent ill-
nesses that could interfere with follow-up (Table 1).
The respondents were interviewed the day before their
initial treatment (surgery, radiotherapy and/or chemo-
therapy). Pre-treatment sexual assessment screening
is essential because of varying baseline (pre-existing)
sexual functioning and satisfaction among patients. Six
months after the completion of treatment, the respon-
dents were asked to complete the questionnaires again
to evaluate changes as compared to the baseline scores.
The study protocol and procedure were approved by the
Ethics Committee at the University Hospitals Leuven
(No. of approval: S-59565).

Patient characteristics

The patient characteristics are presented in Table 2.
In total, 45 head and neck cancer patients were re-
viewed for inclusion, of whom 26 had a new diagnosis.
Of these 26 patients, 7 declined (1 man and 6 women).
In total, 19 men completed the questionnaires
before treatment, of whom 18 (mean age: 62.1 years)
also completed the questionnaires at the follow-up
6 months post-treatment. One patient died within the
6-month follow-up period. At baseline, 15 patients
(83%) reported having a partner; one patient’s partner
passed away between the baseline and follow-up ques-
tioning. While almost all participants (n = 16; 89%) re-
ported a history of smoking (mean pack years: 31.3),
6 patients (33%) were still active smokers during the
study period. Fourteen patients (78%) reported daily
alcohol consumption and 6 patients (33%) had a his-
tory of alcohol abuse.

—age 18 years and above

Inclusion - primary head and neck cancer diagnosis (i.e,, oral cavity, pharynx, larynx, paranasal sinuses, salivary glands, thyroid gland, or unknown primary)
criteria -T1-4,NO-3, MO disease, mostly histologically confirmed SCC, but other histological types were also eligible

- available to attend a long-term follow-up

- recurrent head and neck cancer that was already treated with surgery, radiotherapy and/or chemotherapy
Exclusion — depression according to the “Diagnostic and Statistical Manual of Mental Disorders: DSM-5" (5t ed)) criteria

criteria — cognitive impairment with an inability to complete the questionnaires
— previous or concurrent illness that could interfere with follow-up

SCC - squamous cell carcinoma.
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Table 2. Patient characteristics

J. Regeer et al. Sexuality and intimacy after H&N cancer

Patient Age Gender Cancer site Stage* Partner Current smoker History
[years] of smoking

male unknown primary
2 59 male larynx/hypopharynx
3 56 male oropharynx
4 82 male larynx/hypopharynx
5 73 male larynx/hypopharynx
6 54 male oropharynx
7 71 male oral cavity
8 68 male salivary gland
9 58 male oral cavity
10 61 male salivary gland
11 61 male oral cavity
12 65 male larynx/hypopharynx
13 57 male thyroid gland
14 46 male thyroid gland
15 54 male thyroid gland
16 61 male oral cavity
17 64 male oral cavity
18 73 male salivary gland

VA yes no yes
VA yes no no
Il yes yes yes
VA yes no yes
IVB no yes yes
VA yes no yes
Il yes yes yes
VA yes no yes
IVA yes no yes
I yes yes yes
IVA yes no yes
Il no no yes
Il no no yes
IVA yes no yes
IVA yes yes yes
Il yes no yes
IVA yes no no

*The head and neck cancer stage defined according to the American Joint Committee on Cancer (AJCC) tumor, node, metastasis (TNM) classification (Amin MB,
Edge S, Greene F, et al, eds. AJCC Cancer Staging Manual. 8" ed. New York, NY: Springer International Publishing: American Joint Committee on Cancer; 2017).

Cancer type and treatment

The study population had a variety of head and neck
cancer sites, with stages ranging from I to IVB. After
a multidisciplinary discussion, each patient received
a tailored treatment consisting of surgery, radiotherapy,
chemotherapy, or a combination of these.

One patient was diagnosed with stage I oral cavity cancer
and underwent a tumorectomy. Of the 2 patients with stage
II cancer, one was treated with radiotherapy and the other
was treated with surgery (parotidectomy and neck dissec-
tion) followed by adjuvant radiotherapy. The 3 patients
with stage III cancer were treated surgically, including neck
dissections; the 2 patients with thyroid carcinoma also
received adjuvant iodotherapy, whereas the third patient
(SCC of the tongue) underwent a hemi-glossectomy and
reconstruction with a radial forearm free flap (RFFF), and
received adjuvant radiotherapy. Twelve patients (67%) were
diagnosed with stage IV head and neck cancer. Three were
treated with radio-chemotherapy and 9 were treated sur-
gically. Of those treated surgically, all 9 underwent a neck
dissection and 6 received reconstructive surgery involving
RFFFE, a pectoralis major flap (PMF), a fibula free flap (FFF),
an anterolateral thigh (ALT) flap, and/or a deep circumflex
iliac artery (DCIA) flap. Of these 9 patients, 8 received ad-
juvant radiotherapy and 1 received adjuvant iodotherapy.

When radiotherapy was indicated, IMRT was used with
a total dosage ranging from 60 Gy to 72 Gy (2 Gy per session

for 6 weeks). The most commonly used chemotherapy
regimen was cisplatin (100 mg/m?) given intravenously
during weeks 2, 4 and 6 of the radiation treatment. All
3 thyroidectomy patients received 100 mCi I-131 (Table 3).

Questionnaires

Partner relationship quality was measured with
MMQ.2b22 The MMQ is a standardized and validated
questionnaire consisting of 20 items relating to marital
(MMQ-M), sexual (MMQ-S) and general life satisfac-
tion (MMQ-G), with a 9-point (0-8) scale appended to
each question. Scores on MMQ-M range from 0 to 80,
and scores on MMQ-S and MMQ-G range from 0 to 40.
Higher scores reflect greater dissatisfaction. In this sam-
ple, Cronbach’s alpha for MMQ was acceptable with 0.74
at baseline, and good with 0.90 at the 6-month follow-up.

Sexual activity was measured with an adapted version
of SAQ.2-% The SAQ is a standardized and validated
questionnaire used to assess the importance and frequency
of sexual activity over time. Measurement is based
on a 4—6-point Likert-type scale. Higher scores indicate
either a higher perceived importance of sexual activity,
ranging from 1 (very unimportant) to 6 (very important),
or less frequent sexual activity, ranging from 1 (in the hos-
pital) to 6 (not yet).

Sexual difficulties and sexual distress due to sexual difficul-
ties were measured by means of an adapted version of SSFS.2°
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Table 3. Head and neck cancer treatment received by each patient
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Age
m

male surger tonsillectomy bilateral radio-chemothera 60 Gy
gery + SOND (zone I-1l) left Py + cisplatinum
2 59 male  radio-chemotherapy 72 Gy + cisplatinum none -
3 56 male  radio-chemotherapy 70 Gy + cisplatinum none -
4 82 male radiotherapy 70 Gy none -
total laryngectomy and total thyroidectomy )
5 73 male surgery + MRND (zone Il-V) left + PMF right radiotherapy 60 Gy
6 54 male  radio-chemotherapy 72 Gy + cisplatinum none -
tumorectomy with mandibular continuity resection en bloc )
/ / male surgery y+ SOND (zone I-Ill bilaterali FFF radiotherapy 60 Gy
8 68 male surgery T?éﬁgﬁgﬁ?lirm? ||§fft[ radiotherapy 60 Gy
tumorectomy left
9 58 male surgery + MRND (zone I-V) right and MRND (zone I-ll) left radiotherapy 60 Gy
+ ALT flap left
10 61 male surgery tonsﬂIicﬁ&yDa&g;ZTE;;;}r%a;te fight radiotherapy 60 Gy
11 61 male surgery tumorectomy left none -
total laryngectomy + MRND (zone I-V) right :
E e e SUrgery and selective neck dissection (zone Ill-IV) left + PMF right Eeionezpy A
13 57 male surger total thyroidectomy + central neck dissection (zone VI-VII) bilateral iodothera 100 mCi
gery and selective neck dissection (zone II-V) right Py [-131
14 46 male suraer total thyroidectomy + central neck dissection (zone VI-VII) bilateral iodothera 100 mCi
gery and selective neck dissection (zone II-IV) left Py -131
total thyroidectomy + central neck dissection (zone VI-VI) bilateral ) 100 mCi
15 54 male surgery and MRND (zone I-V) left iodotherapy 1131
tumorectomy right with mandibular continuity resection en bloc )
15 al il SUrgery + MRND (zone |-V) right + DCIA flap and ALT flap right relioiizEpy Sy
hemi-glossectomy left ) 60 Gy
1 o4 male surgery + MRND (zone |-V) left + RFFF left radio-chemotherapy + cisplatinum
total parotidectomy left )
18 73 male surgery + MRND (ze)ne V) left Ji/ RFEF left radiotherapy 66 Gy

SOND - supraomohyoid neck dissection; MRND — modified radical neck dissection; PMF — pectoralis major flap; FFF - fibula free flap; ALT — anterolateral thigh;

DCIA - deep circumflex iliac artery; RFFF — radial forearm free flap.

The SSES focuses on whether and to what extent patients
experienced a range of impairments in sexual functioning
during the past 6 months. The impairments addressed by
SSES are a lack of sexual desire (hypoactive sexual desire),
erectile difficulties, and absent or delayed orgasm. Impair-
ments in sexual functioning are rated on a 4-point Likert
scale (1 — no; 2 — slight; 3 — moderate; and 4 — severe or
extreme). A sexual difficulty was considered present only
when the participants reported at least a moderate impair-
ment in sexual functioning. In addition, the respondents
were asked to evaluate how distressing each sexual diffi-
culty was for them (personal sexual distress). The severity
of distress was scored on a 3-point Likert scale (1 — no
or mild distress; 2 — moderate distress; and 3 — severe or
extreme distress). If the respondents had a score of at least
2, then distress was considered present. Respondents with
a sexual difficulty and associated personal sexual distress
were considered to have sexual dysfunction.

Finally, the questionnaire contained 2 questions to
measure the necessity to discuss sexual problems and
issues with their partner and/or a healthcare professional.
Comparing the baseline and 6-month follow-up results
enabled us to identify sexual issues that patients may en-
counter during and after treatment.

Statistical analysis

The data was analyzed using the IBM SPSS Statistics
for Windows software, v. 25.0 (IBM Corp., Armonk,
USA). Paired ¢ tests were conducted to compare the par-
ticipants’ scores regarding partner relationship quality at
baseline and at the 6-month follow-up. The comparison
of the participants’ sexual activity and sexual function-
ing at the same measurement time points was done using
McNemar’s tests. The significance level for all analyses
was set at p < 0.05.
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Results

In total, 12 patients (67%) reported a negative impact
on their sexuality and/or intimacy, which means that they
reported at least 1 sexual difficulty or sexual dysfunction
after their head and neck cancer treatment.

Partner relationship quality

The mean scores on MMQ for the 14 patients with
a partner declined significantly between baseline
(31.93 £14.31) and the follow-up (51.21 +17.85) (¢ = -7.72;
p < 0.000). In addition to this decline in the patients’ total
scores, a significant decline between baseline and the
follow-up was also found in the average scores on all sub-
scales of MMQ (MMQ-M: t = -8.21, p < 0.000; MMQ-S:
t = =342, p = 0.005; MMQ-G: t = -5.41, p < 0.000)
(Table 4).

Table 4. Partner relationship quality scores (baseline vs. follow-up)
using the Maudsley marital questionnaire (MMQ)

Palred t tests
MMQ scale/subscale Baseline Follow-up
p -value

‘ MMQ-M 14535 17.93 +6.83 -8.21  0.000*
‘ MMQ-S 1557 £11.34 2007 £8.17 -342  0.005*
‘ MMQ-G 7.14 £4.67 1321 £7.10 -541  0.000*
‘ MMQ-total 3193+1431  51.21+1785 —7.72  0.000*

Data presented as mean + standard deviation (M +5D).
N = 14; MMQ-M - marital component; MMQ-S — sexual component;
MMQ-G - general life component; *statistically significant.

Sexual activity

Thirteen patients reported to be sexually active at
baseline and 14 reported sexual activity at the 6-month
follow-up. While 1 patient regained sexual activity
within 1 month after the completion of treatment and
1 patient after 3—6 months, most patients (1 = 12) re-
started solo sexual activity within 1-3 months. Most
patients (n = 11) resumed partnered sexual activity
within 1-3 months, while 3 of them had not resumed
sexual activity with a partner after treatment at the time
of the 6-month follow-up. As the results in Table 5 show,
most participants found sexual activity (n = 9), kissing
(n = 10) and French kissing (n = 7) important at baseline.
Their reports on the importance of these activities at
the 6-month follow-up were not significantly different.
The number of participants that reported feeling frus-
tration after sexual activity was significantly increased
at the follow-up (# = 12) as compared to baseline (n = 6)
(p = 0.031).

After treatment, 13 patients reported difficulties with
kissing, 7 of whom reported mild difficulties, whereas
6 reported severe difficulties. Of these 6 patients, 3 re-
ceived radiotherapy and 2 radio-chemotherapy (either
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as primary or adjuvant treatment), while 1 patient was
only treated surgically. The issues encountered included
pain, xerostomy, mucositis, and decreased tongue mobility.

Table 5. Sexual activity scores (baseline vs. follow-up)
using the sexual adjustment questionnaire (SAQ)

p-value

Sexually active 1.000
SO B 13 969  10(77) 1.000
important

Kissing important 13 10 (77) 11 (85) 1.000
inh ey 12 768 768 1.000
important

Sexually frustrated 13 6 (46) 12 (92) 0.031*

Data presented as number (percentage) (n (%)). * statistically significant.
Note: Paired N's differ between variables, as McNemar’s test requires that
each participant filled out the pre- and post-measurement questionnaires.

Sexual functioning

At baseline, 5 patients reported problems with sexual
desire. This number raised to 9 at the 6-month follow-
up, although the increase was not statistically significant
(p = 0.125) (Table 6). Of the patients with sexual desire
difficulties, 3 patients at baseline and 8 patients at the
follow-up reported personal distress related to their sex-
ual difficulty, meeting the criteria for sexual dysfunction.
Finally, the reports of partner distress increased from 4
to 11 between baseline and the follow-up, while the re-
lationship distress resulting from their low sexual desire
was reported by 3 patients at baseline and 12 patients at
the follow-up. At the follow-up, 3 of these patients re-
ported an extreme loss of sexual desire, 1 of whom was
an 82-year-old patient and another had been previously
treated for prostate cancer.

At baseline, 4 patients reported erectile difficulties,
3 of whom experienced associated personal distress. The
number of patients reporting erectile difficulties (n = 6)
and dysfunction (n = 5) slightly increased at the 6-month
follow-up. At baseline, 2 patients reported partner dis-
tress related to the patients’ erectile difficulties and 3 pa-
tients rated their erectile difficulties as distressing for
their relationship. At the 6-month follow-up, the number
of patients reporting partner and relationship distress in-
creased to 9.

In total, 6 patients indicated difficulties in achieving
orgasm at baseline and the same participants reported
orgasm difficulties at the follow-up. Three patients noted
extreme difficulties; 1 of them had undergone a radical
prostatectomy in the past and another was treated with
radio-chemotherapy for a larynx tumor. All 6 patients
reported personal distress at baseline as well as at the
6-month follow-up. Additionally, 3 patients considered
their orgasm difficulties as distressing for their part-
ner and their relationship at baseline, and the reports
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of partner (n = 7) and relationship (# = 8) distress in-
creased at the 6-month follow-up.

One patient at baseline and 2 patients at the follow-up
reported that they achieved orgasm too fast (premature
ejaculation). In all cases, premature ejaculation was ac-
companied by personal distress, although partner distress
at baseline (# = 2) and at the follow-up (n = 3), as well as
relationship distress at both measurement points (# = 3),
were even more frequently reported.

Only 1 patient, the oldest one participating in the study,
reported that sexual intercourse was impossible at base-
line. At the 6-month follow-up, 1 additional patient re-
ported that vaginal penetration was not possible anymore
(Table 6).

Table 6. Scores for sexual difficulties (baseline vs. follow-up)
using the short sexual functioning scale (SSFS)

p-value
50)

Desire 0.125
Responsive desire 16 (19) 6 (38) 0.250
Erection 16 4(25) 6(37) 0.500
Orgasm 16 6 (38) 6 (38) 1.000
Premature ejaculation 15 1(7) 2(13) 1.000
Penetration 15 1(7) 2(13) 1.000

Data presented as n (%).
Note: Paired N's differ between variables, as McNemar's test requires that
each participant filled out the pre- and post-measurement questionnaires.

Discussing sexuality and intimacy

The last 2 questions of the questionnaire aimed to explore
the importance of discussing sexuality and intimacy with
one’s partner and/or a healthcare professional (Table 7).
At baseline, 9 out of 16 patients believed it was important
to discuss sexual issues with the partner. At the 6-month
follow-up, this number increased to 13 patients. At base-
line, 7 patients thought it was important that healthcare
professionals discussed sexuality and intimacy with head
and neck cancer patients. At the 6-month follow-up, this
number significantly increased to 16 patients reporting
that explaining the sexual implications of head and neck
cancer treatment by the doctor was valuable (p = 0.004).

Table 7. Discussing sexuality and intimacy with the partner
and/or a healthcare professional (baseline vs. follow-up)

Category Follow-up MCN:T;LSJGSE

Important to discuss

with the partner 0125

Important to discuss
with a healthcare 18 7 (39) 16 (89) 0.004*
professional

Data presented as n (%). * statistically significant.
Note: Paired N's differ between variables, as McNemar's test requires that
each participant filled out the pre- and post-measurement questionnaires.
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Discussion

Prospective study

The current study is an explorative prospective pilot
study specifically focusing on sexuality in the context
of QoL after head and neck cancer treatment. Most head
and neck cancer QoL studies use validated questionnaires,
such as EORTC QLQ-H&N35.7 These instruments are
good for evaluating global QoL, i.e., pain, speech, chew-
ing, taste, mood, and anxiety, but with only 1 or 2 ques-
tions about sexuality, they are inadequate for analyzing
sexual QoL. In order to cover that part of QoL, a ques-
tionnaire combining MMQ, SAQ and SSFS was used to
assess sexuality and intimacy before and after head and
neck cancer treatment. The importance of a high-quality
questionnaire with multidisciplinary input cannot be
underestimated. By having patients fill out a baseline ques-
tionnaire at the time of diagnosis, but before treatment,
we were able to make a good comparison with the sexual-
ity issues reported at the time of the 6-month follow-up
interview.

Head and neck cancer and its treatment may have
a profound effect on sexuality and intimacy, and changes
in sexual functioning and the relationship with one’s part-
ner can significantly influence overall QoL.?” It is worth
noting that there is a lack of research pertaining to sexual-
ity and head and neck cancer. Most studies examine over-
all QoL, without a specific focus on the sexual aspects.?®?
The sexual problems and unmet support needs of head
and neck cancer patients are often not adequately identi-
fied, and until now, no real guidance or treatment options
have been studied. The fact that sexual problems tend
to persist after a 6-month follow-up period supports the
need for better screening and treatment.!7-%

The marital, sexual and general life satisfaction MMQ
scores significantly declined between baseline and the
follow-up, indicating that head and neck cancer and its
treatment bring stress into the relationship. It is impor-
tant to note that the effect size for the marital subscale was
greater than for the sexual subscale, meaning that there
was a greater decline in relationship satisfaction than in
sexual satisfaction. This bigger decline in relational satis-
faction may be due to the fact that in the acute phase and
during the first months after treatment, patients lose their
interest in sexuality and are more focused on relationship
satisfaction because of stress due to the diagnosis.

As described in previous studies and as our study sug-
gests, the levels of sexual functioning decrease after the
diagnosis and treatment of head and neck cancer.3!-3
While most patients admitted that sexual activity, even at
old age, remains important, kissing problems and sexual
frustration were prevalent among the majority of patients
after treatment. This is not surprising, considering that
head and neck cancer surgery can change one’s appear-
ance and ability to kiss. Also, cancer takes a considerable
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toll on daily life, especially in the case of patients that
undergo radio(chemo)therapy.3* This also became apparent
when analyzing the SSES data, suggesting that erectile dys-
function and the loss of sexual desire may become more
prevalent and severe after treatment. A near doubling
of patients who reported a decrease in sexual desire after
treatment is a striking finding, although without reaching
statistical significance. As this finding referred to a small
group, it should be further studied in a larger population.
Unfortunately, a comparison between patients with differ-
ent cancer sites or different treatment modalities was dif-
ficult to conduct because of the small study population.
However, we did notice a trend toward having more sexual
problems among patients with oral cavity cancer and/or
patients that underwent radio(chemo)therapy. As expect-
ed, patients with a higher tumor stage at the time of diag-
nosis tended to have more sexual problems as well. These
results are in line with other studies in the literature.!®

In the case of head and neck cancer there is a male pre-
dominance (2.5:1 in Western Europe) due to a higher pre-
valence of tobacco and alcohol abuse.® Interestingly, all
our study patients were men. We approached 6 women to
participate in the study, but unfortunately all declined. This
is somewhat unexpected, as women in studies on gyneco-
logical cancers seemed quite willing to talk about these types
of problems.!? Other studies have shown that men tend to be
more satisfied with their sexual QoL than women.!®

Interventions for sexuality and intimacy

In our study, it became apparent that at the 6-month
follow-up, more patients realized the importance of pro-
per guidance in managing their sexual problems. The
management of sexual problems should start even before
the treatment begins. Medical specialists are obliged to
provide information about a given treatment modality,
including its possible complications and side effects, and
they should obtain oral informed consent before a thera-
peutic intervention can be started. It seems that the sexual
side effects of treatment are rarely discussed. It is striking
that often no information is given regarding this impor-
tant determinant of QoL.

Discussing sexual issues with the patient before treat-
ment shows that the healthcare provider is aware of their
importance, and it may lower the threshold to talk about
possible problems in the future. It is also crucial to include
the partner in the conversation.

After cancer treatment, the first step toward the optimal
way of managing sexual problems is to identify patients at
risk for sexual issues. The identification of patients with
sexual problems could be done easily by using a screen-
ing instrument, such as SSFS. When the patient and their
partner are open to therapy, treatment is typically com-
bined with providing adequate information about the sex-
ual side effects of interventions, and can include a com-
bination of strengthening coping strategies, sex therapy,

J. Regeer et al. Sexuality and intimacy after H&N cancer

sexual aids, and sexual experimentation without the need
for sexual intercourse. These must be discussed during
follow-up consultations and tailored to what patients and
their partners need.

Due to the sensitive nature of sexuality and intimacy,
some healthcare providers find it difficult to talk about
these issues with their patients. Research has shown that
patients would prefer that their doctor initiated the dis-
cussion. The BETTER model is a mnemonic that can help
to facilitate the conversation.®® The acronym BETTER
refers to: Bring up the topic of sexuality; Explain that it
is part of QoL; Tell the patient that information will be
given; Time the discussion and let the patient know that
sexuality can be talked about at any point in time; Educate
the patient about the sexual side effects of treatment; and
Record findings in the patient’s medical records.” Specific
suggestions that enable patients to improve their sexual
functioning or experience (e.g., changing medication, the
use of a lubricant or the use of a phosphodiesterase type 5
(PDE-5) inhibitor) are useful. The last step is referring
patients with sexual problems to a qualified psychosexual
therapist.®

Limitations

As with every questionnaire-based study, the answers
given are subjective and represent a snapshot of one par-
ticular moment in time. A longer follow-up (12 months)
would provide us with even more data and the ability to
assess if sexual function recuperates or stabilizes with
time.

Our study sample was limited to 18 patients that were
gathered from different departments (i.e., maxillofacial
surgery, otorhinolaryngology and radiotherapy-oncology)
and it proved to be difficult for a single part-time health-
care professional to see patients at the different locations.
It is also worth noting that sexuality and intimacy remains
a sensitive topic, and that it may still be a big taboo for
both patients and medical specialists. The aforemen-
tioned issues inherently limited the sample size of the
current study.

Conclusions

The current prospective study revealed that a major-
ity of head and neck cancer patients experience sexual
problems during and after treatment. The persistence
of sexual problems, as shown in our long-term follow-
up study, and the fact that patients often do not realize
the need for information and guidance until after treat-
ment, makes it essential for healthcare professionals to
bring up the topic of sexuality before treatment and dur-
ing follow-up consultations. Effective intervention tech-
niques for sexual problems start with the identification
of patients with sexual problems by using a screening
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instrument and discussing a treatment plan. However, more
research must be conducted to find out how to effectively
implement specific sexual intervention programs in head
and cancer treatment centers. Only by bringing together
the knowledge of head and neck cancer specialists and the
expertise of a qualified psychosexual therapist will we be
able to help patients with the sexual problems they are
confronted with.
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Abstract

Background. Delayed loading in the rehabilitation of edentulous patients with an implant-supported
prosthesis implies a longer treatment time. It requires additional surgery to uncover the submerged im-
plants, and this may increase patients'discomfort and morbidity.

Objectives. The immediate loading-based technique described in this article involves creating a metal
framewaork by intraorally welding the implants pair by pair, using specific wing abutments. The aim of the
study was to investigate the implant-prosthetic success and complication rates of this technique when
used to rehabilitate totally edentulous patients.

Material and methods. The clinical records of totally edentulous patients were retrospectively evalu-
ated. The prosthetic success rate as well as technical and biological complications were analyzed. Further-
more, the implant survival and success rates were assessed by measuring marginal bone loss (MBL) at the
implant, prosthesis and patient levels.

Results. The records of 37 patients (284 implants and 43 prostheses) were included in the study. At the
last follow-up (45.5 £33.6 months), the prosthetic success rate was 100%. Mucositis affected 4 implants
(1.4%), while peri-implantitis affected 4 implants (1.4%). Meanwhile, 7 implants (2.5%) showed a lack
of early osseointegration. According to the criteria of Albrektsson et al., 271 implants (95.4%) were success-
ful. The average MBL at the implant, prosthesis and patient levels was 0.26 0.42 mm, 0.26 £0.19 mm
and 0.26 +0.18 mm, respectively.

Conclusions. The technique described in this article seems to be a viable approach to the rehabilitation
of totally edentulous patients through immediate loading. However, these results should be confirmed by
appropriately designed prospective and comparative clinical studies.

Keywords: dental implants, immediate loading, implant
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Introduction

The rehabilitation of edentulous patients with
an implant-supported prosthesis traditionally involves
placing the implants, and then loading the prosthesis after
3—4 months in the mandible and 6—8 months in the ma-
xilla.! This stress-free healing period allows for the osseo-
integration of the implant, minimizing the risk of implant
failure and loss.> However, delayed loading implies a longer
treatment time and additional surgery to uncover the
submerged implants, which may increase patients’ dis-
comfort and morbidity.? For this reason, more recently,
immediate and early loading have been studied and found
to be, under certain conditions, viable options. They in-
volve delivering the prosthesis within 48 h and between
3 and 12 weeks, respectively, after implant placement,
thus reducing the time for functional rehabilitation as well as
patients’ discomfort and morbidity.> Under appropriate
conditions, the success rate of the implants placed
according to the immediate and early loading protocols is
high and similar to that obtained with delayed loading.?*
Moreover, immediate loading is associated with low bone
loss and good esthetic results.>® Indeed, in two-stage
procedures, the prosthesis is loaded after 3—-4 months
or up to 6-8 months after implant placement, allowing
significant bone remodeling to occur during this time.>®
Furthermore, in the delayed loading protocol, surgical re-
operations for prosthesis delivery could bring additional
trauma and tissue damage, leading to a greater marginal
bone loss (MBL).® On the contrary, in the immediate
loading procedures there is no second surgery and no de-
lay time between the 2 stages, which reduces bone stress;
immediate/early mechanical loading may have a positive
effect on the initial phase of healing and may stimulate the
formation of the alveolar bone.®

The micromovements of fixtures must not exceed
100-150 pm immediately after placement to ensure suc-
cess, regardless of the loading type. Indeed, osseointegra-
tion does not occur if this happens, and fibrous tissue
may develop at the bone—implant interface, leading to
implant failure.” Therefore, adequate primary stability is
necessary to achieve success in implant-prosthetic reha-
bilitation. The success of immediately loaded implants is
also affected by the design of the prosthesis, the material
it is made of and the way it is connected to the implants.
Metal-ceramic prostheses are currently one of the most
recommended solutions for several reasons, including
their high marginal precision, long duration and excellent
bond with the ceramic coating, as well as the possibi-
lity to use different modeling techniques.® However, new
interesting prosthetic materials are emerging; they show
advantageous properties, especially with regard to tem-
porary prostheses and immediate loading. For example,
semi-crystalline poly-ether-ether-ketone and its vari-
ous formulations have an elastic modulus that is similar
to that of the cortical bone, which reduces the occlusal
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forces acting on the prosthesis.® Increasing the durability
and esthetics of this material would bring an extremely in-
teresting alternative to metal-ceramic in the near future.®

Another important aspect of the success of implant-
prosthetic rehabilitation through immediate loading is
the connection between the implants and the prosthesis.
In fact, no residual tensions should exist, as these might
be transferred to the bone—implant interface, jeopardiz-
ing osseointegration.”® A lack of residual tension also
contributes to preventing technical complications, such
as screw loosening and/or breaking, as well as abutment
fractures.!®!! The implant splinting technique has proven
to be useful for increasing the mechanical stability of the
implants and impression precision, which is necessary to
fabricate an accurately fitting prosthesis.'*'213 Accordingly,
several authors have advocated the use of a titanium bar
to connect all of the abutments, especially when address-
ing total edentulism. The prefabricated bar is first model-
ed to fit the abutments, and then welded directly inside
the oral cavity.'>!* However, this modeling procedure is
challenging, since rigid cross-arch stabilization has to be
obtained without inducing torsional stress to any of the
implants, while adjustments made to one position may
induce residual tensions elsewhere along the bar.!? Alter-
native approaches involving splinting the adjacent abut-
ments pair by pair might be equally viable in achieving ap-
propriate stabilization while eliminating passive tensions
and allowing adequate stress distribution, thus effectively
addressing these practical issues. The authors have been
rehabilitating fully edentulous patients using the pair-by-
pair splinting approach followed by immediate loading
for several years. However, they have never studied the
2 techniques systematically with respect to their clinical
outcomes. Therefore, the aim of the present study was to
retrospectively investigate the viability of this approach in
terms of safety and implant and prosthetic success over
a medium-term follow-up period while preliminarily as-
sessing the hypothesis that both techniques (pair-by-pair
splinting and immediate loading) are similar to other full-
arch abutment-splinting approaches.

Objectives

This study aimed to assess the success of full-arch de-
finitive prosthetic rehabilitation achieved using the pair-
by-pair splinting and immediate loading techniques. For
this purpose, technical (prosthesis unscrewing, chipping
or fracture, screw loosening or fracture, welding points
fracture) and biological (non-osseointegration, peri-
implantitis, mucositis) complications were evaluated.
The secondary objective of the study was to assess the
success and survival rates of implant-supported prosthe-
ses fabricated using the technique under investigation.
This was evaluated by measuring MBL and implant suc-
cess based on the criteria of Buser et al.,'> modified by
Albrektsson et al.!®!7 These are as follows: the implant
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should be immobile when tested clinically; the implant
area should not show any signs of persistent pain, dys-
esthesia or paresthesia; the implant area should not be af-
fected by peri-implant infections; and peri-implant bone
resorption should be less than 1.5 mm during the first
year after loading or 0.2 mm/year during the following
years. Implants were considered successful when all the
abovementioned conditions were met.

Material and methods

The authors retrospectively assessed the clinical data
of patients who were rehabilitated for total edentulism by
means of the pair-by-pair splinting technique followed by
immediate loading, described in the next paragraph, be-
tween 2003 and 2020 at an Italian private dental clinic in
Noventa Vicentina. The patients were followed up at the
same clinic through periodic routine control visits. The
study protocol was assessed and approved by the Internal
Ethics Commission of the Clinic. Due to the retrospec-
tive nature of the study, the Commission did not deem it
necessary to ask for an approval by a third-party Ethics
Committee. The records were selected if the patient met
the following criteria: aged 18-85 years; had been rehabi-
litated for total edentulism using the technique of interest;
had had no previous surgical procedure for bone grafting
or bone regeneration; had not received any peri-implant
bone regeneration at implant placement; had been fol-
lowed up for at least 14 months after implant placement;
and had given their informed consent before treatment
for the use of their clinical data for subsequent clinical
studies. In addition, the clinical records had to include
the intraoral radiographs collected after implant insertion
and at the last follow-up visit with the use of a custom-
ized silicone bite and a Rinn centering device. The data
was excluded if the patient was suffering from osteoporo-
sis or any other diseases that affect bone metabolism, was
undergoing bisphosphonate therapy, was suffering from
neoplasia or a psychiatric disease, had a history of chemo-
therapy or radiotherapy in the head or neck region,
was immunocompromised, had coagulation disorders,
suffered from acute oral infections, was pregnant, was
a moderate to heavy smoker (>10 cigarettes/day), had
a history of drug or alcohol abuse, or was taking any drug
that could interfere with the osseointegration process.

Surgical and implant placement protocol

All patients underwent a clinical examination,
and radiographic assessment was performed using
cone-beam computed tomography (CBCT) and
panoramic X-rays. All patients were prescribed
antibiotic prophylaxis (2 g amoxicillin/clavulanic acid
(Augmentin®); GlaxoSmithKline, Verona, Italy) 1 h
before surgery and every 12 h for 8-10 days post-surgery.
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In addition, postoperative care included mouth rinses
with chlorhexidine 0.2% (Corsodyl®; GlaxoSmithKline)
for up to 2 weeks after surgery and pain medication
(500 mg naproxen sodium (Synflex®); Recordati, Milan,
Italy) 2—4 times a day for 7 days after a surgical intervention.

Surgical procedures were carried out under local an-
esthesia using articaine hydrochloride (40 mg/mL) with
epinephrine 1:100,000 (Citocartin®; Molteni Dental, Milan,
Italy). After elevating a full-thickness flap, the implants
were placed in the planned positions according to the
manufacturer’s instructions. All of the provisional and
definitive prostheses were made of the same material and
manufactured by the same technician. The pair-by-pair
splinting technique followed by immediate loading was
used to rehabilitate the patients. Intraoral radiographs
were taken immediately after loading (at the provisional
prosthesis delivery) and 6 months later (at the definitive
prosthesis delivery), with additional radiographic assess-
ment performed at least every 12 months thereafter. At
each control visit, the prosthesis was unscrewed to pro-
vide the patient with adequate hygiene, which allowed
for the assessment of implant osseointegration, and signs
of peri-implantitis and mucositis.

Pair-by-pair splinting
and immediate loading technique

The splinting technique involved using special abut-
ments with protruding lateral extensions (Wings®; T.A.B.,
Borso del Grappa, Italy). These structures were first
screwed to the implants. After that, the lateral ‘wings’
were cut to the desired length to partially ovelap those
of the adjacent implants, and then they were welded intra-
orally. The resulting metal structure constituted the in-
ternal reinforcement of the provisional prosthesis, which
was delivered to the patient immediately after implant
surgery. The whole procedure is being marketed in Italy
under the “Instantaneous Loading Technique” trademark.

In detail, the technique involves fabricating the provi-
sional and definitive prostheses directly in the patient’s
mouth over a metal structure (Fig. 1). The metal support
is made of several wing abutments, available in different
lengths (1.7 mm, 2.7 mm and 4.5 mm), which are con-
nected to the implants by means of 20-millimeter-long
screws and welded to each other to connect the adja-
cent implants. The abutment lateral extensions (i.e., the
wings) are 11.5 mm wide and have different angles (30°,
45°, flat). The extensions are cut to the desired length to
partially overlap those of the adjacent implants, and then
they are welded. The protruding parts are convex on the
buccal side and flat on the vestibular side. This configu-
ration limits the contact area between the two wings,
which increases the electric resistance between the two
metal pieces. During intraoral welding, specific current
is applied; it leads to the release of heat at the contact
point, allowing a strong weld between the two wings.
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Fig. 1. The main steps of the Instantaneous Loading Technique

A —intraoral welding of the wing abutments; B,C — producing and positioning of the prosthetic thermoplastic template; D — photopolymerization of the resin;
E,F — smoothening and finishing of the provisional prosthesis; G — provisional prosthesis delivered to the patient; H - alginate impression of the definitive

metal framework; | - definitive prosthesis delivered to the patient.

The provisional prosthesis is delivered immediately after
the metal structure is welded. First, a prosthetic thermo-
plastic template is shaped according to the diagnostic
waxing obtained from the alginate impression of the arch
of interest. Then, the template is positioned on the welded
structure in the oral cavity and holes are drilled to accom-
modate pass-through screws. Subsequently, the template
with the protruding screws is filled with a photopoly-
merizing resin. Once the resin has set, the prosthesis is
smoothened, finished and screwed to the metal struc-
ture. The definitive prosthesis is delivered after 6 months.
A new wing metal structure is created and an alginate im-
pression is taken. Alginate was chosen for all impressions,
since it is a low-cost material and it is easy to manipu-
late while allowing performing a detailed impression in
one step. Moreover, it is well tolerated by the patient, the
instrumentation is very simple and it takes a short time
to prepare the impression. This is particularly important
considering that the prosthesis has to be fabricated im-
mediately after implant placement and metal structure
welding. Based on this new metal structure, the techni-
cian fabricates the definitive prosthesis using a composite
resin, which is supported and reinforced by the embedded
new metal structure. The prosthesis is screwed onto the

implants with a torque of 35 N-cm. Lastly, using the same
composite resin as in the prosthesis, the screw holes are
filled. Figure 2 shows a representative case.

Measurement of marginal bone loss

Marginal bone loss was measured on intraoral radio-
graphs, after digitizing them at 600 dpi, using image
analysis software (Image], National Institutes of Health,
Bethesda, USA; https://imagej.nih.gov/ij). The software
was calibrated according to the known dimensions of the
implants, with the implant diameter at the most coronal
part of the implant neck used as a reference. Measure-
ments were taken with an accuracy of 0.01 mm. The peri-
implant marginal bone level (PBL) at a given time point
was calculated as the average of the distance, measured
at the mesial and distal sides of the implant, between the
implant—abutment interface and the most apical point
of the crestal bone that was in contact with the implant it-
self. Marginal bone loss that occurred between the 2 time
points of interest was then calculated as the difference be-
tween the 2 corresponding PBL values.

In this study, MBL was calculated as the difference be-
tween PBL at the last follow-up and that at the definitive
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Fig. 2. Representative case

AB - patient at clinical presentation; C — pre-surgical radiographic assessment; D — implant placement; E — welding of the wing abutments; F - soft
tissue healing after 6 months; G - definitive titanium wing framework; H — alginate impression embedding the titanium structure; | — definitive prosthesis;
J,K = definitive prosthesis delivered to the patient; L — orthopantomogram (OPG) after 6 months.

prosthesis delivery. This was done at the patient, implant and
prosthesis levels. At the patient level, the mean MBL was cal-
culated by averaging the MBL of all the patient’s implants. At
the implant level, the mean MBL was calculated by averaging
all MBL values for all implants. At the prosthesis level, the
mean MBL was calculated as the average of the MBL of all
the implants supporting the same prosthesis.

Bias

The possible sources of bias included the fact that the
retrospective analysis concerned patients treated by one
of the authors (SD). Additionally, clinical records were se-
lected and data was extracted by the 3 other authors (NZ,
MM, AG). Statistical analysis was conducted by an inde-
pendent biostatistician.

Statistical analysis

As the purpose of the study was limited to investigat-
ing the viability of the immediate loading technique by
means of descriptive statistics, no sample size calculation
was performed. Therefore, the number of clinical records
considered was that of the available records that met the
study inclusion criteria.

Discrete variables (the patients’ gender, and the number
of implants and prostheses) were summarized by means
of absolute and relative frequencies (# (%)). The distribu-
tion of continuous variables (the patient’s age, the follow-
up time and MBL) was first tested for normality using the
Shapiro—Wilk test. Then, the variables were summarized
as mean and standard deviation (M +SD) or as mean and
standard error of the mean (M *SEM) if normal, or as
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median and interquartile range (Me (IQR)) if non-normal.
As some patients underwent 2 surgical procedures for im-
plant placement, one for each dental arch, and at different
times, only the age of the patient at the 1% surgery was
considered for statistical purposes. Follow-up duration
was calculated both at the implant and patient level; in
the latter case, the longest follow-up was considered, cor-
responding to the time between the last control visit and
the placement of the first implant. The complication rates
were calculated considering the patients, the implants and
the prosthesis as statistical units. Statistical analysis was
performed using standard software (Origin(Pro), v. 2022;
OriginLab Corporation, Northampton, USA).

Results

Thirty-seven records concerning 16 men (43.2%)
and 21 women (56.8%), 284 implants and 43 prostheses
were included in the study. The mean patient age at the
1%t surgery was 65.2 +8.3 (50—85) years. As many as 84%
of patients received 1 prosthesis and 16% received 2, one
for each dental arch. A total of 94 implants (33.1%) were
placed in the maxilla and 190 (66.9%) in the mandible. Be-
tween 4 and 9 implants were placed in each arch, and the
percentages of prostheses supported by a given number
of implants are reported in Table 1. Thirty-nine prosthe-
ses spanned from dental position 17 to dental position 27
in the maxilla and from dental position 37 to dental posi-
tion 47 in the mandible. Four prostheses spanned from
position 16 to position 26 in the maxilla and from position
36 to position 46 in the mandible. Ten prostheses were
cantilevered, with the extensions spanning one element at
one or both sides (Table 2).

The implants had different diameters (3.20, 3.25, 3.30,
3.70, 4.00, 4.10, and 5.00 mm) and lengths (8.50, 10.00,
11.00, 11.50, 13.00, and 15.00 mm). The models and
brands were as follows: BTK® (n = 225; Biotec, Povolaro,
Italy); Osseotite® (1 = 31; Biomax, Vicenza, Italy);
Normomix® (n = 14; Or-Vit Viteria Ortopedica, Castel
Maggiore, Italy); and ShapeOne® (n = 14; iRES SAGL,
Mendrisio, Switzerland). Although implants from different
manufacturers were used, all were tapered and had

Table 1. Distribution of prostheses according to the number of implants
they were supported by

No. of implants No. of prostheses
for each arch n (%)

1(23)

O 0 N O U N

Total 4
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Table 2. Distribution of prostheses according to their spanning and cantilevers

Spanning Spanning
Cantilevers from 17 to 27/ | from 16 to 26/ Total
from 37to47 | from 36 to 46

Non-cantilevered 33(76.7) 0(0.0) 3(76.7)
Cantilevered (one-unit

extension at one side) Bies i Bies)
Cantilevered (one-unit

extension at both sides) 2(47) 403 6(140)
Total 39 (90.7) 4(9.3) 43 (100.0)

Data presented as number (percentage) (n (%)).

a sandblasted, double-etched surface. The patients were
followed up for a mean period of 45.5 +33.6 months (range:
14.0-217.0; 40.0 (23.0-57.0)), and the average follow-up
time for implant insertion and prosthesis loading was
45.0 £31.9 months (range: 14.0-217.0; 44.0 (22.5-56.0)).

Outcome data

After implant placement and prosthesis loading, 1 pa-
tient (2.7%) complained of pain associated with inflam-
mation and redness of the mucosa at 1 implant site (0.4%).
Mucositis affected 1 patient (2.7%) and 4 implants (1.4%).
Peri-implantitis affected 2 patients (5.4%) at 4 implants
(1.4%); in 2 cases, one for each patient, 1 implant was
lost (0.7%). Seven implants (2.5%) in 6 patients (16.2%)
showed a lack of early osseointegration, which led to
implant loss in 6 cases (2.1%) in 5 patients (13.5%). Two
implants (0.7%) in 1 patient (2.7%) showed peri-implant
radiolucency (Table 3).

Minor technical complications occurred in 6 prostheses
(14.0%) of 3 patients (8.1%). Four cases (9.3%) involving
3 patients (8.1%) regarded a minor fracture of the compo-
site material. Two of these (4.7%) involved the same pa-
tient (2.7%) and concerned the provisional restoration.
In 2 cases (4.7%) regarding 1 patient (2.7%), the wear of the
prosthesis occurred. In all cases, the defects were easily
solved on the same day of the control visit and did not
require the substitution of the prosthesis. Therefore, the
success rate of the definitive prostheses can be considered
to be 100%. No fracture of the welding points occurred.
Furthermore, no screws were fractured or lost (Table 4).

Table 3. Biological complications by patient and by implant

Biological complication s 7 s
9 P N=37 N=284

Pain 1.7) 1(0.4)
Mucositis 12.7) 4(14)
Peri-implantitis 2(54) 4(14)
Peri-implant radiolucency 12.7) 2(0.7)
Lack of early osseointegration 6(16.2) 7(2.5)
Lost implants 5(13.5) 6(2.1)

Data presented as n (%).
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Table 4. Technical complications by patient and by prosthesis

Technical complication FEHLNE Feblizss
P N=37 N =43

Prosthesis fracture 0(0.0) 0(0.0)
Minor fracture of the composite material 3(8.1) 4(9.3)
Prosthesis wear 127) 2(4.7)
Fracture at the welding points 0(0.0) 0(0.0)
Screw fracture 0(0.0) 0(0.0)
Unscrewing 0(0.0) 0(0.0)

Data presented as n (%).

According to the criteria of Buser et al.,'> modified by
Albrektsson et al.,'®!7 271 implants (95.4%) were success-
ful. Of the 13 implants that were not, 5 (1.8%) survived
and 8 (2.8%) were lost (Fig. 3).

At the last follow-up, the average MBL at the implant level
was 0.26 +0.42 mm (range: 0.00-2.83), at prosthesis level
it was 0.26 £0.19 mm (range: 0.00-0.90) and at the patient
level it was 0.26 +0.18 mm (range: 0.00—0.90) (Fig. 4).

1.8% 28%

successful
I survived
Il lost
95.4%
Fig. 3. Implant success at the last follow-up
According to the criteria of Albrektsson et al.'s"
0.35
0.260 +0.025 0.260 +0.030 0.260 +0.030
0.30
0.25 l 1 J_
e
0.20
£
@
0.15
=
0.10 4
0.05 4
0.00

implant prosthesis patient
Fig. 4. Marginal bone loss (MBL) at the last follow-up, calculated at the
implant, prosthesis and patient levels

Data presented as mean + standard error of the mean (M £SEM) for the
sake of clarity.
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Discussion

The results of the present study show that the technique
under investigation allows the successful rehabilitation
of totally edentulous patients over a medium-term follow-up
period without severe complications. Almost 4 years after
treatment, the implant survival and success rates were 97.2%
and 95.4%, respectively. These values are similar to those
reported in the literature on immediate loading. Indeed,
a systematic review conducted by Del Fabbro et al. in 2019
evaluated 5,349 implants immediatelyloaded in 1,738 patients
and reported a mean implant survival of 97.4% at a mean
follow-up of 72.4 months.!® A similar survival rate (97.7%) was
previously observed by Rivaldo et al. after 18 months since
loading in 33 patients with totally edentulous mandibles.'
The rehabilitation involved a complete, immediately loaded,
fixed prosthesis supported by 3 implants for each patient.'
Primo et al. reported a 95.3% success rate in 20 completely
edentulous patients at a mean follow-up of 66.8 months.?
The patients were treated using the immediate loading,
three-implant-supported prosthesis rehabilitation protocol.?’
In a comparative clinical study, Alfadda achieved similar
results (96% of success) 1 year post-surgery after rehabilitating
45 patients, in whom 160 immediately loaded implants were
inserted. !

The implant survival and success rates of the present
study may appear slightly lower than those obtained in
other studies using a similar abutment-splinting tech-
nique. Degidi et al. reported a 100% implant success at
a 12-month follow-up examination in 20 patients who
had received 153 implants that were fixed with an intra-
orally welded titanium bar.?2 The same authors prospec-
tively treated 20 patients who received 80 interforaminal
implants in edentulous mandibles.?* After implant place-
ment, the abutments were connected to the implants and
welded to a titanium bar. Subsequently, the definitive
prosthesis was screwed onto the metal framework. The
implant survival rate was 100% at a 24-month follow-up.?®
The same survival rate was also observed by Albiero et al.
1 year after surgery in 10 consecutive patients treated
with the guided-welded approach.?* According to this
protocol, the implants were inserted using computer-
assisted surgery and immediately loaded with a full-arch
prosthesis supported by an intraorally welded titanium
structure.* However, even though the survival and suc-
cess rates of the abovementioned studies were slightly
higher than those obtained in the present study, the mean
follow-up periods of these works were shorter, being li-
mited to 12—-24 months, and the results relate to fewer
implants and patients. These facts may explain the appar-
ent difference in outcome. As a whole, the present results
seem to be in line with those reported in the literature.

In this study, the definitive restoration was successful in
100%. Indeed, technical complications concerned a minor
superstructure fracture and the wear of the prosthesis, in-
volving no more than 1 element, and were easily repaired
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without compromising the function of the dentures. Seve-
ral previous studies on immediate loading, both on im-
plant-supported prostheses in general and on metal weld-
ed structures in particular, showed comparable results.
Klee de Vasconcellos et al. reported a 100% prosthetic
success in 40 patients with edentulous mandibles treated
with a fixed denture supported by an intraorally welded
titanium bar.?> Similarly, Degidi et al. rehabilitated 40 pa-
tients with edentulous mandibles using a fixed restoration
supported by an intraoral welded metal structure.'* The
prosthetic survival rate was 100% at a 24-month follow-
up. However, 2 patients reported the fracture of the acrylic
resin superstructure, though this did not compromise the
function of the prostheses, which were easily repaired.!*
The prosthetic success rate was also 100% in a study by
Marchesi et al., who rehabilitated 17 patients with 2 paral-
lel and 2 tilted implants in an edentulous maxilla.?¢ They
were immediately loaded with fixed prostheses and were
followed up for an average of 26.5 months.?

Soft tissue complications were observed in only 2 cases
in this study and they were not of particular relevance. One
patient had mild inflammation and redness of the mucosa
at 1 implant site, and complained about mild pain, which
resolved spontaneously, whereas another patient had muco-
sitis at 4 implant positions. Moreover, the same patient
presented radiographic radiolucency and peri-implantitis
at 4 other implant sites. This patient (59 years old at the
time of surgery) was a smoker (10 cigarettes/day) and had
a history of periodontal diseases since youth. Considering
her partially compromised oral conditions, the patient had
been offered rehabilitation with a removable prosthesis,
but she declined and asked for a fixed implant-supported
one. She was advised about the risk, but accepted anyway,
and was finally satisfied with the result.

The mean MBL observed in the present study after
an average of 45 months since loading (0.26 mm) was lower
than that reported by Klee de Vasconcellos et al. (1.11 mm
at 18 months),? Degidi et al. (0.57 at 12 months)?? and
Degidi et al. (0.59 mm at 24 months).!* This suggests that
the technique under investigation allowed the creation
of a precise and passively fitting structure, shaped in
accordance with the anatomy of each individual patient, and
did not induce stress to the underlying bone. This may
favor the osseointegration of implants, and thereby the
success of the implant-prosthetic rehabilitation of eden-
tulous patients. However, a clear comparison between the
MBL values observed in this study and those previously
mentioned cannot be firmly sustained given the different
surgical and prosthetic protocols used.

Overall, the current results suggest that splinting the ad-
jacent implants in pairs, according to the technique under
investigation, may be a good solution to achieve a pas-
sive fit between the restoration and the implants while
avoiding severe biological and technical complications.
This technique is easy and fast to perform, especially as
the wing abutment extensions are provided with different
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angles, which allows the shaping of the metal frame to the
specific anatomy of each patient. Furthermore, the cost
of this approach is lower as compared to other rehabilita-
tion procedures. It might therefore be a fair option, with
acceptable esthetic and functional outcomes, for those
who cannot afford more expensive treatment.

Limitations

The main limitation of this study is that it was retro-
spective. This means that the results might be biased by
a number of confounding variables that could not be con-
trolled, including the heterogeneity of the implant brands
being used, the different number of implants supporting
the prostheses and the presence of some cantilevered
prostheses. Also, all patients were treated by the same
surgeon at a single clinic. Furthermore, the present use
of intraoral radiographs to assess implant success and sur-
vival is not sufficient to determine osseointegration on its
own, which may limit the validity of the present results.
Therefore, comparisons between the present results and
those in the literature on immediate loading and similar
techniques should be made with caution, and generalizing
the results should be limited to some extent.

The most important advantage of the pair-by-pair sys-
tem over classical approaches is the rapid element weld-
ing, which obviates the usually cumbersome need to cut
and bend a bar. Prospective studies, choosing specific co-
variates other than the technique itself, are necessary to
assess the performance and safety of this approach with-
out bias. Comparative studies are also warranted to assess
whether the technique provides any advantage over other
splinting techniques associated with immediate loading.

Conclusions

Within the limitations of the present study, the imme-
diate loading technique used by the authors seems to be
a valid option for the rehabilitation of totally edentulous
patients. This approach allowed high implant-prosthetic
success without severe biological and technical complica-
tions. It appears to be as easy, fast, inexpensive, safe, and
effective as other rehabilitation procedures involving the
fixation of implants with intraorally welded metal bars.
However, this should be further assessed by appropriately
designed prospective and comparative clinical studies.

Ethics approval and consent to participate

The study protocol was assessed and approved by the
Internal Ethics Commission of the Clinic (a private den-
tal clinic in Noventa Vicentina, Italy). The patients had
given their informed consent before treatment for the use
of their clinical data for subsequent clinical studies (one
of the inclusion criteria).
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Abstract

Background. The significant risk of cross-infection in dental practice has caused indecision among dental
patients about whether to attend dental appointments. The coronavirus disease 2019 (COVID-19) pan-
demic has had a significant psychological impact on dental patients.

Objectives. The aim of this study was to evaluate the levels of and the associated factors for fear and
anxiety among dental patients during the COVID-19 pandemic in Turkey.

Material and methods. A cross-sectional questionnaire-based survey consisting of 6 parts was con-
ducted. The 6 parts were sociodemographic data, knowledge about COVID-19, information sources, the
perception of COVID-19, the fear of COVID-19 scale (FCoV-195), and the generalized anxiety disorder-7
scale (GAD-7). A total of 301 participants completed the survey.

Results. As many as 81% of the participants perceived COVID-19 as a serious disease, and 73% reported
the fear of visiting their dental clinic due to the possibility of being infected with COVID-19. The partici-
pants’ knowledge about COVID-19 was significantly correlated with gender, the educational status and
the use of the Internet. There was a strong negative correlation between the participants' levels of know-
ledge and the FCoV-19S and GAD-7 scores. A significant positive correlation was observed between the
FCoV-19S score and the GAD-7 score. In regression analysis, being female, perceiving COVID-19 as a serious
disease, being afraid of going to the dentist, having a low knowledge score, and having a high GAD-7 score
were the predictors of a high FCoV-19S score.

Conclusions. This study determined that the COVID-19 pandemic had had significant psychological
effects on dental patients in Turkey. The results also underline the importance of providing more educa-
tional information to the public about the strict infection control measures taken by dental clinics against
(OVID-19 transmission in order to eliminate misperception.

Keywords: anxiety, fear, COVID-19 pandemic, coronavirus disease 2019 (COVID-19), dental patient
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Introduction

Coronavirus disease 2019 (COVID-19) was initially
identified in Wuhan, China, in December 2019 and it
spread around the world. The World Health Organization
(WHO) declared COVID-19 a pandemic on March 11,
2020.!

The COVID-19 pandemic rapidly changed social rela-
tionships, health conditions and the routine of people’s
daily lives.? In response to the pandemic, governments
introduced various measures to prevent the transmis-
sion of the disease, including social distancing, self-
isolation and quarantine orders. Due to the prolonged
lockdown and COVID-19-associated fear, a large pro-
portion of the population experienced frustration, stress
and irritability.>* Studies have reported that the percent-
age of people with anxiety, depression, fear, and sleep
problems increased during the COVID-19 pandemic.”™

The risk of cross-infection in dental practice has been
demonstrated to be remarkably high because of close
physical contact between dental patients and profession-
als, as well as the production of aerosol during dental
procedures.!® Professional dental associations around
the world have published recommendations and guide-
lines dental clinics should follow during the pandemic.!!
Changes in health-seeking behaviors have been reported
during the COVID-19 pandemic.!? In such an uncertain
situation, patients may remain undecided about their
dental appointments. Previous reports have documented
that the fear of COVID-19 contributes to delays in access-
ing healthcare.'>!* The delivery of dental services globally
has been severely disrupted during the COVID-19 pan-
demic.'® Patients’ concern and fear are related to the pos-
sibility of contracting the infection and transmitting the
disease to their families. All of these factors may increase
the psychological stress in dental patients.

Many studies have evaluated depressive symptoms in
individuals from different segments of society during
the COVID-19 pandemic, such as dental practitioners,
the hospital staff and students.!®=2° However, few stu-
dies have investigated dental patients’ perception and
mental status regarding dental visits during pandem-
ics.}2122 A study conducted during the severe acute
respiratory syndrome (SARS) epidemic in Hong Kong
reported that 2/3 of dental patients were worried about
getting infected during dental procedures, and thus
avoided dental care.?! Another study conducted during
the Middle East respiratory syndrome (MERS) outbreak
showed that 26% of dental patients expressed concern
regarding attending dental appointments due to the
fear of contracting the disease.??

Since regular dental care is a critical factor in ensur-
ing and maintaining adequate dental and periodontal
health, a better understanding of a patient’s psycho-
logical state and perception during the COVID-19
pandemic would help us develop strategies for optimal
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dental practices. Therefore, the aim of this study was to
evaluate the knowledge status and perception regarding
COVID-19, and to determine the fear and anxiety
levels of dental patients in Turkey during the pandemic.

Material and methods
Study design

This cross-sectional study was approved by the Ethics
Committee at the Faculty of Medicine of Akdeniz
University, Antalya, Turkey (No. of approval:
70904504/706), and conducted in accordance with
the Declaration of Helsinki. The study followed the
STrengthening the Reporting of OBservational studies
in Epidemiology (STROBE) guidelines.?

Datawascollected fromthedental patientsofthe Akdeniz
University Faculty of Dentistry between September 23 and
October 23, 2020, after dental clinics were reopened to the
public in Turkey. The inclusion criteria for participation
were as follows: willingness to participate and provide
informed consent; age of 18 years or above; and the ability
to understand, read and write in the Turkish language.
Individuals who did not consent to participate in the
survey, patients who were under the age of 18 years and
foreign patients who could not communicate in Turkish
were excluded from the study.

The questionnaire (paper-based survey) was struc-
tured into 6 domains: general sociodemographic data
(Appendix 1); knowledge about COVID-19 (Appendix 2);
COVID-19 information sources (Appendix 3); the percep-
tion of COVID-19 (Appendix 4); the fear of COVID-19
scale (FCoV-19S)** (Appendix 5); and the generalized
anxiety disorder-7 scale (GAD-7)* (Appendix 6) (The
questionnaires as Appendices are available from the cor-
responding author on reasonable request.).

Measurement

Level of knowledge about COVID-19

Based on the information gathered from the pub-
lished literature,?® the questions asked to assess the par-
ticipants’ level of knowledge about COVID-19 regarded
the transmission routes, prevention and clinical symp-
toms of COVID-19. Two questions were answered as
either ‘true’ or ‘false} and the remaining 2 were multiple-
choice questions. Each correct answer scored 1 and
the knowledge scores were calculated by summing the
number of correct answers. The total knowledge score
ranged from 0 to 10. Due to the lack of a standardized
tool in the literature, the participants with an overall
score >50% were considered knowledgeable. The Cronbach’s
alpha coefficient of the knowledge questionnaire was
a=0.78.
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Perception of COVID-19

Perception was assessed through the following 2 ques-
tions: “Is COVID-19 a serious disease?”; and “Are you
afraid to visit the dental clinic due to the possibi-
lity of contagion with COVID-19?”. Similar questions have
been used in previous studies.?”?8

Fear of COVID-19 scale

The participants’ fear levels were measured with the
Turkish validated version of the FCoV-19S.%° This scale is
reliable and valid for determining the fear of COVID-19
in the general population. It is a unidimensional scale with
7 questions. The score for each question is rated on a 5-point
Likert-type scale ranging from ‘strongly disagree’ (1) to
‘strongly agree’ (5). To obtain the FCoV-19S score, all items
were summed; the total score ranged from 7 to 35. The
higher the score, the greater the level of fear of COVID-19.
The internal consistency of the Turkish version of the scale
was found to be 0.84.%° The Cronbach’s alpha value of this
scale was found to be a = 0.80.

Generalized anxiety disorder-7 scale

The participants’ anxiety levels were evaluated using
the Turkish version of GAD-7. The GAD-7 is a 7-item and
4-point Likert-type scale (0 — not at all; 1 — several days;
2 — more than half of the days; and 3 — almost every day)
developed by Spitzer et al. that is used for the diagnosis,
monitoring and assessing the severity of anxiety disorders.?
The total score was calculated and the anxiety levels were
classified into 4 categories (minimal: 0—4; mild: 5-9;
moderate: 10—14; and severe: 15—21).%° The GAD-7 was first
adapted into the Turkish language by Konkan et al., and
the Cronbach’s alpha value was a = 0.85.3° The Cronbach’s
alpha value for the present scale was found to be a = 0.84.

Statistical analysis

Descriptive values, including median (Me), mean and
standard deviation (M +SD), and absolute and relative fre-
quencies (n (%)), were calculated to examine the partici-
pants’ characteristics. The normality of quantitative data
was determined using the Kolmogorov—Smirnov test. The
x* test was used to determine differences between categori-
cal variables. Differences between continuous variables
were examined using the Mann—Whitney U test. Correla-
tions were determined using Spearman’s rank correlation
coefficient (r). Linear regression analysis was performed
to predict the potential influencing factors related to the
fear of COVID-19. The regression coefficient () and 95%
confidence interval (CI) were reported. All calculations
were considered statistically significant at p < 0.05. All sta-
tistical analyses were performed using IBM SPSS Statistics
for Windows, v. 23.0 (IBM Corp., Armonk, USA).
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Results

Participants’ sociodemographic data

A total of 301 participants completed the questionnaire
(117 males and 184 females). The demographic data of the
participants are summarized in Table 1.

COVID-19 knowledge

The mean COVID-19 knowledge score was 7.66 +2.04
(Me: 8; range: 0—10). Eighty-seven percent of the study
participants had sufficient COVID-19 knowledge. Signifi-
cant differences were observed in the disease knowledge
scores according to gender, where males had higher scores
than females (p < 0.05), and the educational status, where
participants that held a master’s degree had higher scores
than those who did not (p = 0.001). Furthermore, highly
educated respondents (i.e., university education, a master’s
degree or Ph.D.) had higher knowledge scores than
participants with only primary or high school education
(p < 0.001). Among the studied demographic characteris-
tics, gender (r = 0.123; p < 0.05) and the educational status
(r=0.207; p < 0.001) were significantly correlated with the
mean knowledge scores. Furthermore, there was a posi-
tive correlation between the COVID-19 knowledge score
and use of the Internet (r = 0.133; p < 0.05).

COVID-19 perception

Regarding the attitude of the participants toward
COVID-19, 81% perceived COVID-19 as a serious disease.
Moreover, 73% of the participants (among them, males:
n = 76, 35%; females: n = 143, 65%) were afraid of going
to the dental clinic due to the possibility of contracting
COVID-19.

COVID-19 information sources

The source of information about COVID-19 was pri-
marily television (n = 231, 77%), the Internet (n = 206,
68%; the official website of the Turkish Ministry of Health
— 89%) and social media (# = 168, 56%). Among the social
media resources, 38% of the participants used Twitter,
30% used Instagram, 25% used Facebook, and 7% used
WhatsApp.

Fear of COVID-19

The mean FCoV-19S score of the participants was
18.10 +5.64 (Me: 18; range: 7-35). The highest mean
FCoV-19S scores referred to items “I am most afraid
of COVID-19” and “It makes me uncomfortable to think
about COVID-19’, with values of 3.56 +1.24 and 3.38 +1.32,
respectively. The lowest mean FCoV-19S score was
observed for item “I cannot sleep, because I am worrying
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Table 1. Participants’ characteristics, and the comparison of the fear of COVID-19 scale (FCoV-195) scores, the generalized anxiety disorder-7 scale (GAD-7)
scores and the knowledge levels

Variable n (%) FCoV-19S score value GAD-7 score value
total N =301 M +SD P M £SD P

18-39 201 (66.8) 1807 4571 3434409 192 +0.49
gge;ﬂ 40-59 92 (306) 17.97 +537 0677 2734371 0373 1914055 0.985
>60 827) 20384746 3214238 193 +0.49
male 117 (389) 1647 +5.10 2514350 7.97 +2.11
Gender 0.000%* 0.007* 0.009*
female 184 (61.1) 19.14 +6.05 365+4.15 7.46 +197
no 259 (86.0) 18.00 5.56 317439 7.67 +2.08
Comorbidity 0450 0699 0832
yes 42 (140) 1871 +6.12 343+389 7.59+178
ves 77 (25.6) 1903 +621 406 +4.89 7394237
TBISE 0 Ui 0096 0027* 0171
(current) no 224 (74.4) 17.79 £5.41 2924353 7.75+1.90
married 152 (50.5) 1809 +5.61 2544329 7.48+220
Marital status 0973 0028 0114
single 149 (49.5) 18.11 +5.68 3.89 +4.43 7.85+1.85
yes 151 (50.2) 1801 +5.79 2884376 7.49+2.15
Having children 0.782 0.148 0.140
no 150 (49.8) 18.19+5.49 354 +4.11 783 +191
unemployed 181 (60.1) 18.59 +5.57 3.08 £3.79 7.64+201
Employment y 0.068 0477 0.806
status working/studying 120 (39.9) 1738 4567 3414418 7.70+2.09
primary school 37(12.3) 1843 £5.30 232 +3.66 6.83 +243
high school 83 (27.6) 1888 +5.82 3244411 7324222
ngj?“ona' college 28 (93) 16.82 +5.50 0476 207 +291 0.152 7.85+1.75 0.009*
university 136 (45.2) 17.87 £5.61 3.51 +4.03 799 +1.76
master’s degree/Ph.D. 17 (56) 1759 +591 447 +4.15 817 +2.09
Place urban 287 (95.3) 18154563 312 +383 7.66+2.02
e 0484 0.071 0862
of residence rural 14 (4.7) 1707 4574 507 566 7.57 +2.44
minimal 218 (72.4) 1752 +538 - 7.75+198
Anxiety (GAD-7) mild 58(193) 183146.00 0.000%* - - 7704221 0080
moderate-to-severe 25(83) 2272 £493 - 6.80 +£1.97

Knowledge
p-value
level

COVID-19 - coronavirus disease 2019; M — mean; SD — standard deviation; * statistically significant (p < 0.05); ** statistically significant (p < 0.001).

about getting COVID-19, with a value of 1.71 +0.99
(Table 2). The fear scores of females were significantly
higher than those of males (p = 0.028). However, age, the
marital status, having children, the employment status,
the educational status, the region of residence, and hav-
ing a systemic disease did not significantly affect the total
FCoV-19S score (p > 0.05). There was a strong negative cor-
relation between the FCoV-19S score and the COVID-19
knowledge level (r = —0.808; p < 0.001) (Table 3). There
was no significant correlation between the FCoV-19S
score and the sources of information (p > 0.05).
Participants who considered the disease to be serious
had significantly higher FCoV-19S scores (18.80 +5.65)
than those who considered the disease not to be serious
(15.40 +4.06) (p = 0.032). Similarly, participants who were
afraid to visit the dental clinic due to the possibility of getting
infected with COVID-19 had significantly higher FCoV-19S
scores (19.66 +5.48) than those who were not afraid to visit
the dental clinic (13.91 +4.87) (p = 0.040). This fear was sig-
nificantly higher in females than in males (p = 0.017).

Multiple linear regression analysis showed that be-
ing female (8 = 0.880, 95% CI: 0.016 to 0.275; p = 0.028),
having a low total knowledge score (8 = —0.510, 95%
CI: -0.935 to -0.680; p = 0.000), perceiving COVID-19
as a serious disease (8 = 0.114, 95% CI: 0.058 to 0.328;
p = 0.005), being afraid of attending a dental visit
(5 = 0.359, 95% CI: 0.504 to 0.792; p = 0.000), and hav-
ing a high total GAD-7 score (8 = 0.165, 95% CI: 0.123 to
0.349; p = 0.000) were the predictors of having a greater
fear of COVID-19 (Table 3).

COVID-19 and anxiety

The mean total GAD-7 score of the participants was
4.61 +4.45. Of all the participants, 218 (72%) had mini-
mal depressive symptoms, 58 (19%) had mild symptoms
and 25 (8%) had moderate-to-severe symptoms. Sub-
jects with moderate-to-severe depressive symptoms were
mostly female (7 = 19, 10%), single (n = 16, 11%) and they
were smokers (n =12, 16%). There were no significant
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Table 2. Scores of the participants' responses to the fear of COVID-19 scale
(FCoV-19S) items

I S P NN

1.1am most afraid of COVID-19 1,071 356124
2. It makes me uncomfortable to think about

COVID-19 1,016 3.38+1.32
3. My hands become clammy when | think about 580 1034113

COVID-19
4.1am afraid of losing my life because of COVID-19 851 2.83+138

5.When | watch the news and stories about COVID-19

; . ) 861 286+1.24
on social media, | become nervous or anxious

6.1 cannot sleep, because | am worrying about

getting COVID-19 SIS TR0

7. My heart races or palpitates when | think about

getting COVID-19 555 1844107

differences across the different age and educational status
categories (Table 1). There was a strong negative correlation
between the GAD-7 score and the COVID-19 know-
ledge level (r = —-0.136; p < 0.05). In contrast, a significant
positive correlation was observed between the FCoV-19S
score and the GAD-7 score (r = 0.236; p < 0.001) (Table 3).

Discussion

This study is the first to evaluate the impact of the
COVID-19 pandemic on the psychological status of den-
tal patients in Turkey. The most important finding of this
study is that the participants who were very worried about
contracting COVID-19 were also identified as fearful and
anxious. Given the novelty of the disease, it is natural that
people are more prone to fear when faced with unknown
situations.

In this study, the mean FCoV19S score was in line
with the scores reported in the studies conducted in
other populations.3'3? According to our results, female
gender was significantly related to increased fear.3® The
authors of a large-scale nationwide survey examining
psychological distress among Chinese people during the
COVID-19 pandemic observed the same gender effect,
with females reporting significantly higher psychological
distress than males.3*

347

Perceiving the disease as serious and being afraid of at-
tending a dental visit due to the possibility of contract-
ing COVID-19 were found to be significant factors for
the fear of COVID-19 in this study. This is an important
finding that demonstrates the negative impact of the
COVID-19 pandemic on the frequency of dental clinic
visits. Similarly, a retrospective clinical study conducted
in China reported that the COVID-19 pandemic signifi-
cantly affected individuals’ dental care-seeking behav-
iors.?> Moffat et al. conducted a study in the United States
on the identification of dental patients’ perception of risk
and attitude toward COVID-19; the participants reported
that contracting COVID-19 from other patients in a den-
tal clinic represented the greatest risk related to dental
care.”” Moreover, Kranz et al. reported that half of their
participants delayed their dental visits and treatment due
to the fear of contracting the virus during dental proce-
dures.!t

In this study, female participants had a significantly
higher level of fear regarding dental visits due to the pos-
sibility of contracting COVID-19 as compared to males
(p < 0.05). These results are consistent with a previous
study, which found that females were more concerned
about the risk of the aerosolized spread of infection dur-
ing dental treatment and showed increased levels of stress
during dental treatment.??

The majority of the participants (87%) in the pre-
sent study showed a sufficient level of knowledge about
COVID-19, which is essential to limiting the spread of the
disease.’® Moreover, the knowledge levels were signifi-
cantly higher in patients with a higher educational status
and in males (p < 0.05). Similarly, Zhong et al. found that
young females with a low educational status tended to
have less knowledge regarding COVID-19.% In contrast,
Nooh et al. reported no significant association between
individuals’ COVID-19 knowledge levels and gender or
educational status.3® Despite contradictory results in the
literature, the findings of this study suggest that highly
educated individuals are effective in retrieving reliable in-
formation, which may influence their COVID-19 know-
ledge levels.

Another important finding of this study is a significant
negative correlation between the participants’ know-
ledge level and FCoV-19S score (r = -0.808; p < 0.05)

Table 3. Results of multiple linear regression analysis of the predictors of the fear of COVID-19 (with reference to FCoV-19S)

Predictors r B 95% Cl for p-value
Gender® 0.145 0.880 (0.016 t0 0.275) 0.028*
Knowledge level® -0.808 -0.510 (—=0.935 to —0.680) 0.000%*
Is COVID-19 a serious disease?® 0.193 0.114 (0.058t0 0.328) 0.005*
Are you afraid to visit the dental clinic due to the possibility of contagion with COVID-197¢ 0.648 0.359 (0.504 t0 0.792) 0.000**
GAD-7¢ 0.236 0.165 (0.123t0 0.349) 0.000**

r— Spearman’s rank correlation coefficient; 8 - regression coefficient; C/ - confidence interval;  males as the reference group; ° total score for the knowledge level;
< response to item“ls COVID-19 a serious disease?” with 'no'as the reference group; ¢ response to item “Are you afraid to visit the dental clinic due to the possibility
of contagion with COVID-19?"with 'nd’as the reference group; © total score on GAD-7; * statistically significant (p < 0.05); ** statistically significant (p < 0.001).
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and anxiety level (r = -0.136; p < 0.05). These results are
consistent with previous research, which determined
that receiving adequate knowledge about the transmis-
sion routes of COVID-19 was correlated with lower
levels of anxiety.®

The present study demonstrated that the COVID-19
pandemic had impacted the anxiety levels in dental pa-
tients, with 8% of them reporting moderate-to-severe
anxiety, which is similar to the 7% reported among the
general population in China.*’ Furthermore, Cotrin et al.
reported that the COVID-19 pandemic and quarantine
protocols influenced orthodontic patients’ anxiety levels.*!
In the present study, there was a significant positive associa-
tion between the FCoV-19S score and the GAD-7 score.
Recent studies found that the fear of COVID-19 was sig-
nificantly correlated with anxiety and depression.>43
These results suggest that dental patients may need
psychological support during the COVID-19 pandemic
to maintain their mental health. In addition, the current
situation may affect the oral health of people in the near
future, as previous studies have clearly shown a strong re-
lationship between oral health and mood conditions, such
as stress, anxiety and depression.**

In the present study, the major source of information
associated with COVID-19 was television, followed by
the Internet and social media. A cross-sectional study
conducted with 9,796 respondents from the Netherlands,
Germany and Italy found that most participants
acquired information about COVID-19 from traditional
sources (e.g., television and newspapers).®> Moreover,
there was a significant positive correlation between the
participants’ knowledge levels and the use of the Internet
(r = 0.133; p < 0.05) observed in the present study. Our
findings are consistent with previous studies.*>4

When evaluating the reliability and quality of the in-
formation found on the Internet, Herndndez-Garcia and
Giménez-Julvez reported that official health organizations
provided more accurate information about protective
measures against COVID-19.*° In the present study, the
Turkish Ministry of Health official website was the most
common source of information about COVID-19 report-
ed by the participants (89%). This website has been work-
ing efficiently since the beginning of the pandemic and its
portal regularly updates information about COVID-19,
according to the WHO guidelines.

Limitations

This study has several limitations. Firstly, the study was
cross-sectional in nature and could not establish causa-
lity for the outcome. Additionally, the results may only
reflect the mental health status during the pandemic.
Secondly, although the measurements used in the study
had satisfactory psychometric properties, the results
were self-reported, which could have led to recall bias.
However, a paper-based questionnaire was used in this

0. Daltaban, Z. Aytekin. COVID-19 fear and anxiety in dental patients

study, which could have eliminated the selection bias ob-
served in online surveys. Finally, the results were based
on a single institution; nevertheless, our faculty was the
only referral center for dental care in our region during
the pandemic. Larger prospective nationwide studies are
needed. The findings of this study are useful for public
health professionals in recognizing target populations
for specific COVID-19 pandemic-related mental health
management and intervention strategies.

Conclusions

The results of this study suggest that the COVID-19
pandemic has had a significant psychological impact
on dental patients. Psychological support may be need-
ed to help dental patients manage their fear and anxi-
ety. It is also understandable that, due to the increasing
fear of COVID-19, patients may develop dental care avoid-
ance behaviors. Therefore, effective physician—patient
communication should be established to prevent mis-
conception, and strict infection control measures should
be taken by dental clinics to reduce the risk of COVID-19.
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Abstract

Background. The outbreak of the coronavirus disease 2019 (COVID-19) pandemic was associated with
the provision of multiple quidelines for the dental profession. All elective procedures were restricted, and
only emergency procedures were performed. There was fear and anxiety among dentists while performing
aerosol-generating procedures (AGPs), as they were considered to pose a high risk of COVID-19 transmission.

Objectives. The aim of this study was to assess the risk of infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) during AGPs, and to examine the association between risk severity and the
number of AGPs performed per day. The efficacy of personal protective equipment (PPE) was also assessed.

Material and methods. This cross-sectional cohort study was based on an online questionnaire form
completed by 629 general and specialized dentists between January 1 and February 28, 2021. The collected
data referred to the sources of COVID-19 infection, the type of PPE used and the number of AGPs performed
each day by dental healthcare professionals (DHCPs). For each question, the absolute numbers of responses
as well as percentages were calculated.

Results. Among the 629 DHCPs, 113 (17.97%) contracted COVID-19. The risk of contracting COVID-19
during AGPs was the same as in the case of non-AGPs, and the infection risk was not associated with
the number of AGPs performed per day. The efficacy of a surgical mask with a face shield/eye goggles
was higher in comparison with all other types of PPE. Differences in the infection risk across the different
types of PPE used were statistically significant (p < 0.001).

Conclusions. The risk of COVID-19 transmission during AGPs is the same as in the case of non-AGPs. Thus,
restrictions on the performance of elective AGPs should be lifted. On the other hand, the best protection
during AGPs is provided by a surgical mask with a face shield/eye goggles.

Keywords: personal protective equipment, aerosol-generating procedures, COVID-19 transmission,
dental healthcare professionals
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Introduction

Coronavirus disease 2019 (COVID-19) was de-
clared a pandemic by the World Health Organization
(WHO) on March 11, 2020.! This disease is caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).2 It mainly affects the respiratory system,
with symptoms varying from mild flu to severe pneumo-
nia, which can ultimately lead to respiratory collapse.?
Other symptoms include the loss of taste and smell, head-
ache, diarrhea, a sore throat, shortness of breath, and
myalgia.? As far as oral manifestations of COVID-19 are
concerned, xerostomia seems to be the most prevalent, fol-
lowed by oral and dental pain, ulcerations, pain in the jaw
bones and joints, and halitosis. Some individuals experi-
ence 2 or more oral symptoms at one time.? Global efforts
were made to formulate a vaccine that would combat the
virus, and prevent and contain the spread of COVID-19.3
Although vaccines are one of the most successful inter-
ventions to fight viral infections, they may be associated
with some adverse effects.® These include fatigue, redness
at the injection site, limb pain, malaise, headache, muscle
and joint pain, fever, and chills.> As far as facial and oral
manifestations are concerned, there is no significant as-
sociation with COVID-19 vaccination.*

The SARS-CoV-2 virus underwent numerous muta-
tions over time, resulting in various strains, such as Alpha
(B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2),
and Omicron (B.1.1.529).> Further studies are needed to
establish transmissibility, symptoms and treatment for
the Omicron variant.® The efficacy of vaccines is being
studied, with lesser efficacy found against the Beta and
Delta variants. Booster doses are being recommended
to improve the protective efficacy of vaccines against
Omicron and other variants. A number of treatment options
are available for COVID-19, including plasma therapy, and
antiviral therapy using remdesivir, hydroxychloroquine
(with or without azithromycin) and lopinavir-ritonavir.
Additional therapeutics include anti-fibrotics, anti-
inflammatory cytokines, such as interleukin-6 receptor
antagonists and complement antagonists, anti-infectives,
non-steroidal anti-inflammatory drugs (NSAIDS), sys-
temic corticosteroids, bronchodilators, and vasodilators.”
It has been demonstrated that azithromycin, a macrolide,
provides antiviral and immunomodulatory effects in pa-
tients infected with SARS-CoV-2.8

The Centers for Disease Control and Prevention (CDC)
has reported respiratory droplets, aerosols and close
contact (less than 1 m) as major modes of transmis-
sion.” A droplet can be transmitted by coughing, sneez-
ing, speaking, singing, and via contact with the mucous
membranes, especially of the nose, the eyes or the mouth.
Droplets >5-10 pum in diameter or fomites in the imme-
diate environment of the infected person can carry the
virus.!®! Airborne transmission occurs through droplets
<5 um in diameter, which develop from the evaporation
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of larger droplets. They remain in the air for a longer
period and can travel a distance of more than 1 m.!?
Procedures that produce aerosols can also lead to air-
borne transmission.!®> Aerosols refer to small particles
(<5-10 pm in diameter) that are capable of travelling lon-
ger distances, and thus can be easily inhaled. However,
larger droplets (>20 pum in diameter) fall under the influ-
ence of gravity and are too large to be inhaled. Intermedi-
ate droplets (10-20 pm in diameter) may either remain
suspended in the air or settle down.!*1¢ As a result, most
dental procedures generating aerosols pose a risk of trans-
mitting COVID-19.'7 Dental procedures that generate
aerosols include ultrasonic scaling, tooth polishing, air
polishing, air abrasion, the use of slow- and high-speed
rotary instrumentation, the use of an air-water triple sy-
ringe,'® and intraoral radiographs.!® Furthermore, saliva
contains high levels of SARS-CoV-2, which peak in the
first week of infection and can easily contribute to the
spread of the disease.!” At the beginning of the outbreak,
there was no confirmed information on the transmission
routes for SARS-CoV-2, and many healthcare workers
were concerned about infecting their families and them-
selves.?® This created severe psychological stress, which
indirectly affected the quality of treatment provided.?
More research is needed, however, to confirm the
transmission routes for SARS-CoV-2 and to measure
the risk of COVID-19 infection among dental healthcare
professionals (DHCPs) who perform aerosol-generating
procedures (AGPs). Therefore, the current study was
conducted to establish whether AGPs increase the
risk of SARS-CoV-2 transmission as well as to evaluate
the efficacy of personal protective equipment (PPE)
in order to alleviate the concerns and anxiety of DHCPs.

Material and methods

This cross-sectional cohort study was carried out be-
tween January 1 and February 28, 2021. The study was
conducted using an online questionnaire form that was
sent to DHCPs via electronic mail. The targeted DHCPs
included general and specialized dentists working at
12 dental colleges and hospitals located in different
provinces of Pakistan. Different regions of the country
were sampled, as the number of people infected with
COVID-19 varied across the provinces. The e-mail
addresses of DHCPs were obtained from the human
resources departments of dental colleges and hospitals.
An invitation to participate in the study, along with a link
to the questionnaire, was e-mailed to 1,000 DHCPs. Those
who consented to participate were included in the study,
resulting in 629 respondents in total. A total of 371 DHCPs
did not respond to the initial e-mail. Ethics approval for
the study was granted by the institutional Research and
Ethics Committee at the Rashid Latif Medical Complex,
Lahore, Pakistan (No. of approval: RLDC/006080/20).
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Table 1 shows the questionnaire, which was validated by
conducting a pilot study, where 52 DHCPs at our institu-
tion answered the questions; the collected data was ana-
lyzed, and its internal consistency was evaluated by using
Cronbach’s alpha, which was 0.85.

After the validation of the questionnaire, the data was
collected. Data analysis was performed using Microsoft
Excel® 2021 for Mac, v. 16.56 (Microsoft Corporation,
Redmond, USA), and the statistical software package
Stata 14 (StataCorp, College Station, USA). For each
question, the absolute numbers of responses as well
as percentages were calculated. The analysis of vari-
ance (ANOVA) tests were used to determine the effica-
cy of various types of PPE, and to assess the relationship
between the number of AGPs performed per day and the
risk of contracting COVID-19. The significance level was
set at p < 0.05.

Table 1. Questionnaire form

Questions Answer options

1. Age [years] _

male
2. Gender
female
3. Institution/hospital name -
=3}
4. How many AGPs do you perform 4-5
per day? 6-7
>7
5. Did you contract COVID-19 since yes
the outbreak of the pandemic? no

acquired during AGP

6. If you contracted COVID-19, what acquired during non-AGP

was the source of the infection? not sure about the source

not applicable

gloves, a surgical mask,
a gown (disposable/surgical)

gloves, a surgical mask,
aface shield/eye goggles,
7. Which of the following PPE items a gown (disposable/surgical)

do you use when performing AGPs? gloves, an N95 respirator,

a gown (disposable/surgical)

gloves, an N95 respirator,
aface shield/eye goggles,
a gown (disposable/surgical)

AGP - aerosol-generating procedure; COVID-19 — coronavirus disease 2019;
PPE — personal protective equipment.

Results

The number of DHCPs who contracted COVID-19
(n = 113) accounted for 17.97% of the 629 participants.
Among the 113 DHCPs who contracted COVID-19,
51 (45.13%) were male and 62 (54.87%) were female. The
mean age of the participants was 43 +9.63 years. The
number of AGPs performed in a day by all DHCPs as well
as the calculation of the infection risk are presented in
Table 2.

The ANOVA tests showed no association between the
number of AGPs performed per day and the risk of con-
tracting COVID-19 (p > 0.05).

A total of 39 (6.20%) of the 629 DHCPs indicated that
they acquired COVID-19 through AGPs, 37 (5.88%)
through non-AGPs, and 37 (5.88%) did not know the ori-
gin of the infection (i.e., were unsure). Figure 1 illustrates
the percentage of DHCPs who contracted COVID-19,
together with the source of the infection.

= DHCPs who did not contract
COVID-19

= DHCPs who contracted
COVID-19

= contracted through AGPs

= contracted through non-AGPs

contracted from an unknown
source

Fig. 1. Percentage of dental healthcare professionals (DHCPs) who
contracted coronavirus disease 2019 (COVID-19), together with the
source of the infection (N = 629)

Table 2. Number of aerosol-generating procedures (AGPs) performed in a day by all dental healthcare professionals (DHCPs) and the calculation of the infection risk

Independent variable

Number of AGPs performed per day

Number of DHCPs performing AGPs (n) 339
Number of DHCPs who contracted COVID-19 (c) 70

Percentage of risk (¢/n x 100 [%]) 20.65

25 15 250 629
12 6 25 113
48.00 40.00 10.00 17.97
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According to the obtained data, the PPE used by
39.75% of DHCPs included a surgical mask with a face
shield/eye goggles, while 28.78% of DHCPs used an N95
respirator with a face shield/eye goggles. However, 26.70%
and 4.77% of DHCPs used surgical masks and N95 respi-
rators, respectively, without a protective face shield/eye-
wear (Fig. 2).

40%

30%

20%

10%

NO5 respirator ~ N95 respirator,
face shield/eye

0%
surgical mask

surgical mask,
only face shield/eye only
goggles goggles

Fig. 2. Types of personal protective equipment (PPE) used by dental
healthcare professionals (DHCPs) (N = 629)

Figure 3 shows the comparison of the different
types of PPE used by the DHCPs who contracted and
did not contract COVID-19. The ANOVA test showed
significant differences between the types of PPE used
with regard to the infection risk (p < 0.001). The
DHCPs who wore surgical masks with face shields
and eye goggles while performing dental procedures
had maximum protection, as out of the 250 individu-
als who used them, only 25 developed COVID-19
(RR (relative risk) = 0.11). Using a surgical mask alone
presented an RR of 0.18, using an N95 respirator
with a face shield/eye goggles had an RR of 0.25, and
using an N95 respirator alone had an RR of 5.00.

181

et e N
face shield/eye goggles -
37
30
N95 respirator only [ 5
I 25
) 250
sk es N 225
face shield/eye goggles
. 25
168
surgical mask only N <2
B
0 50 100 150 200 250

total
m DHCPs who did not contract COVID-19
m DHCPs who contracted COVID-19

Fig. 3. Comparison of the different types of personal protective equipment
(PPE) used by the dental healthcare professionals (DHCPs) who contracted
and did not contract coronavirus disease 2019 (COVID-19) (N = 629)
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Discussion

TheOccupational Safetyand Health Administration has
declared that all AGPs pose a very high risk of COVID-19
transmission from patients with known or suspected in-
fection.12122 However, the literature still lacks data on
the estimation of the risk of COVID-19 spread among
dentists and other healthcare professionals (HCPs) with
regard to AGPs. Therefore, the aim of this study was to
determine the transmission pattern for SARS-CoV-2
through AGPs and non-AGPs among DHCPs. The
results of the current study reveal that 113 (17.97%)
out of 629 DHCPs contracted COVID-19. Among the
113 DHCPs who contracted COVID-19, 39 (6.20%) re-
ported that they had got infected through AGPs, where-
as 37 (5.88%) related the contraction of the disease to
non-AGPs, and the remaining 37 (5.88%) were unsure
about the source of the infection. Given these results, it
can be ascertained that AGPs pose no additional threat
to DHCPs as compared to non-AGPs. The results of this
study concur with Harding et al’s review, which states
that AGPs do not pose a greater threat of SARS-CoV-2
infection.”> Wong et al. also reported that in a Hong
Kong hospital, 71 HCPs and 49 patients who had come
into contact with a SARS-CoV-2-infected patient prior
to testing were negative for COVID-19.%4

The results of the current study also show that the
transmission of COVID-19 is not associated with the
number of AGPs performed per day, as 61.95% of DHCPs
who developed COVID-19 were those who performed
1-3 AGPs in a day. There was a lower number of DHCPs
who got infected after performing 4-5, 6-7 or >7 AGPs
in a day. In the literature, there is no evidence linking the
number of AGPs performed per day with the risk of con-
tracting COVID-19 among DHCPs.

The efficacy of the PPE used by DHCPs was also as-
sessed in the current study. All DHCPs used different
types of PPE, depending upon their availability or afford-
ability. The most interesting finding in this study was that,
although all face masks prevent the transmission of air-
borne infections like COVID-19, surgical masks with face
shields and eye goggles provided the greatest protection
against COVID-19 infection during dental procedures,
with an RR of 0.11.

A surgical mask used alone had an RR of 0.18, which was
also found to be more efficacious as compared to an N95
respirator with a face shield and eye goggles (RR = 0.25)
and an N95 respirator used alone (RR = 5.00). There is
no evidence in the literature that coincides with the re-
sults of our study and shows a greater efficacy of surgi-
cal masks over N95 respirators. However, Johnson et al.?®
and Loeb et al?® reported an equal ability of surgical
masks and N95 respirators to filter out the influenza
virus. Likewise, the latest randomized controlled trial
published by Radonovich et al. also demonstrates that
there is no significant difference in the efficacy between
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surgical masks and N95 respirators.?” Offeddu et al.?® and
Sommerstein et al.?° also reported similar results. There-
fore, based on the findings of the current study, we ad-
vocate the use of surgical masks with face shields or eye
goggles during AGPs, since they are cost-effective, conve-
nient, easily obtainable, and safe for the user.

When using N95 masks, individuals may experience
increased blood pressure, breathing resistance and heart
rate, and diminished exercise performance.?° These masks
are not recommended for people with severe pulmonary
or cardiac disease, uncontrolled hypertension, or claustro-
phobia.

Thus, this study helps to fill the knowledge gaps re-
garding the transmission routes for SARS-CoV-2, risk to
DHCPs and the safety of AGPs. This void in the literature
has created fear and uncertainty among DHCPs, which
affected their ability to provide dental care when needed.

Conclusions

The illusion that AGPs are high-risk procedures dur-
ing the COVID-19 pandemic can be set aside to some
extent, as this study shows that the chances of con-
tracting COVID-19 during AGPs are the same as in
the case of non-AGPs, and that risk severity is not as-
sociated with the number of AGPs performed per day.
While performing AGPs, a surgical mask with a face
shield/eye goggles is the most efficacious PPE against
SARS-CoV-2. However, it must be noted that this study
used only subjective methods. More definitive conclu-
sions can be drawn through objective methods. None-
theless, this study will help to implement useful clini-
cal interventions, prevent the wastage of PPE and other
resources, and shift the focus to the quality of patient
care. In light of these findings, we propose extending
dental healthcare services to elective AGPs during the
COVID-19 pandemic.
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Abstract

Background. In the oral cavity, which plays an important role in the transmission of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), it is possible to reduce the viral load of SARS-CoV-2 with
antiseptics, thereby minimizing the transmission of the virus during dental procedures.

Objectives. The aim of this study was to clinically evaluate the effect of the hypochlorous acid (HCIO) and
povidone-iodine (PVP-I) solutions on the oral viral load of SARS-CoV-2.

Material and methods. This randomized controlled trial was conducted on 75 patients hospitalized in
the COVID-19 ward of a local hospital. All the patients included in the study were within the first 24 h
of hospitalization and the first 5 days of coronavirus disease 2019 (COVID-19) symptoms. The viral load
of mouthwash samples was measured with the cycle threshold ((z) value of SARS-CoV-2 through a real-
time reverse transcription polymerase chain reaction (RT-PCR). The patients were divided into 3 groups.
The effect on the patient’s SARS-CoV-2 viral load was investigated after gargling the mouths and throats
for 30 s with HCIO, PVP-I and isotonic saline. First, a sample was taken after gargling with isotonic saline,
then another sample was taken after gargling for 30 s with a particular antiseptic to determine the viral
load of SARS-CoV-2.

Results. Comparing the before and after mouthwash samples from all 3 groups, there were no statistically
significant differences in the (t values before and after gargling (p > 0.05). However, there were statisti-
cally significant differences in the number of negative samples after the use of HCI0 and PVP-I, which were
positive before gargling (p < 0.05).

Conclusions. In the light of the data obtained in this study, there is insufficient evidence that gargling with
HCO or PVP-I reduces viral load. Taken together, these findings imply no role for antiseptics in the transmission
of SARS-CoV-2 by the aerosol generated during dental procedures, or more generally, SARS-CoV-2 infection
control.

Keywords: viral load, COVID-19, SARS-CoV-2, hypochlorous acid, povidone-iodine
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Introduction

On March 11, 2020, the World Health Organization
(WHO) declared that the coronavirus disease 2019
(COVID-19) outbreak was a pandemic phenomenon.
As of March 21, 2022, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), the virus responsible for
COVID-19, has infected more than 470 million people
worldwide, with nearly 6 million deaths. COVID-19 has
been reported to have potentially harmful effects on
people’s physical and mental health, causing economic
uncertainty and social isolation as well as deaths.!> The
WHO classified SARS-CoV-2 as an airborne pathogen
and reported that it was transmitted by close contact
with the aerosols and droplets emitted by asymptom-
atic and pre-symptomatic individuals as well as those
with symptoms.? Epithelial cells in the oral mucosa and
salivary glands contain a large number of viral entrance
factors for SARS-CoV-2, such as angiotensin-converting
enzyme 2 (ACE2) and the transmembrane protease
serine subfamily (TMPRSS) enzymes.* Mild to moderate
cases of COVID-19 infection have proven to be associ-
ated with oral symptoms,® and therefore patients with
infectious diseases may present with oral problems.®
The contamination of aerosol from the oral cavities
of patients is a potential danger to dentists, assistant
staff and other patients,” and thus the World Economic
Forum has recognized dentists as one of the professions
with the highest risk for COVID-19.8 Therefore, in addi-
tion to strict protection measures, saliva is thought to be
important in preventing the transmission of COVID-19,
especially during oral treatment, in terms of reducing
viral load in COVID-19 patients.’

Antiseptics can be used effectively to reduce viral load,
lowering the risk of respiratory tract infections.!® It has
been reported that oral antiseptics may be beneficial
both in reducing the severity of the disease by lessen-
ing the pathogenicity of the virus, and also in prevent-
ing the virus from remaining in the mouth and being
transferred from the body to the outside.!! An impor-
tant step in reducing viral load is the use of antiseptics
with an ingredient that exhibits antiviral effects, such
as hydrogen peroxide (H,0,), povidone-iodine (PVP-I),
chlorhexidine (CHX), cetylpyridinium chloride (CPC),
cyclodextrins, Citrox®, phthalocyanine, essential oils,
or hypochlorous acid (HCIO). Reviews of the available
research concluded that antiseptics with antiviral ef-
fects could decrease the severity of COVID-19 by reduc-
ing the SARS-CoV-2 oral viral load, lowering the risk
of transmission, and therefore might be useful in the
current pandemic situation.

One of the antiseptics approved for the fight against
SARS-CoV-2 is HCIO.!? It has a broad spectrum, works
quickly and is considered to be very safe. Currently, it is
used to control and prevent a variety of skin and mucosal
infections.!® Hypochlorous acid destroys viruses through

S.N. Seving Giil et al. Efficacy of antiseptics against COVID-19

chlorination by forming chloramines and nitrogen-
centered radicals, causing single- and double-stranded DNA
breaks, rendering nucleic acid inoperative, and inactivat-
ing the virus.!* Presently, 0.01% HCIO is approved by the
Australian Register of Therapeutic Products (ARTG) as
an effective disinfectant against COVID-19.%°

Povidone-iodine has been shown to be an effective anti-
septic against enveloped and non-enveloped viruses; its
antimicrobial activity has been used for years.!® An in-
vitro study conducted in Japan found that the applied
PVP-I mouthwash showed antiviral activity against seve-
ral different viruses, such as adenovirus, rotavirus, polio-
virus (types 1 and 3), coxsackievirus, rhinovirus, herpes
simplex virus (HSV), rubella virus, measles virus, mumps
virus, influenza virus, and human immunodeficiency
virus (HIV).!” In another in vitro study, it was reported that
0.23% PVP-I rapidly inactivated severe acute respiratory
syndrome coronavirus (SARS-CoV), Middle East respi-
ratory syndrome coronavirus (MERS-CoV), influenza
A virus subtype HIN1, and rotaviruses with a 15-second
action time.'8

Nasopharyngeal swabs are considered the gold stan-
dard as the diagnostic biomaterials recommended for
suspected cases of SARS-CoV-2 infection. However, it has
been reported that the collection of such specimens is not
suitable for all patient types.!® As an alternative to naso-
pharyngeal swabs, saliva has been reported to be a safe
and reliable tool for the diagnosis of COVID-19, offering
greater safety, and logistic and economic benefits.2°

Due to the lack of clinical data, the aim of this study was
to clinically evaluate the effect of the HCIO and PVP-I
solutions on the viral load of SARS-CoV-2 in COVID-19
patients. The null hypothesis was that there would be no
difference in reducing the SARS-CoV-2 viral load between
the HCIO or PVP-I solutions.

Material and methods

Study design

The present study is a randomized, blind, controlled
clinical trial investigating the effect of oral antiseptics
with the HCIO and PVP-I solutions on the intraoral
viral load of SARS-CoV-2-positive patients hospitalized
in the isolation ward of Erzurum Regional Training and
Research Hospital, Turkey. This study was approved by
the Institutional Review and Ethics Board of Erzurum
Regional Training and Research Hospital (approval
No. 2021/16-237), conducted according to the 2008
Declaration of Helsinki with later amendments and regis-
tered at ClinicalTrials.gov (NCT 05214196). The written
informed consent was obtained from all participants. The
randomization of the groups was performed using a com-
puter program.



Dent Med Probl. 2022;59(3):357-363

Power analysis

The sample size was determined by & = 0.05 and a power
(1-p5) of 80%. Due to the variability value (o), a 0.37 change
in viral load was used. Relying on this data, the minimum
number of patients required for this study was computed
as 75, for 3 groups.

Patients and samples

A flow chart of the study is presented in Fig. 1. A total of
75 adult patients who had the presence of SARS-CoV-2 RNA
confirmed by real-time reverse transcription polymerase
chain reaction (RT-PCR), had COVID-19 infection and were
able to follow hospital treatment guidelines were included
in the study. According to the inclusion criteria, all patients
had a high viral load (cycle threshold (Ct) value <25) in the
nasopharyngeal samples on admission to hospital and were
within the first 5 days of COVID-19 symptoms. Samples
were collected within the first 48 h after hospital admission
(2 £1 days after the SARS-CoV-2 RT-PCR test). Individuals,
irrespective of gender, were at least 20 years of age and
at most 83 years of age. In addition, it was necessary to have
the mental ability to understand the instructions given and
not to have any physical disability to implement them. The
exclusion criteria were severe acute or chronic medical or
psychiatric condition, a history of significant adverse effects
following the use of oral hygiene products, such as a tooth-
paste and antiseptics, active uncontrolled thyroid disease,
developmental/cognitive disability, pregnancy, and pre-
sently undergoing the radioactive iodine therapy. Those who
were intubated and supported with a mechanical respirator
were excluded from the study. Before brushing their teeth
and eating/drinking anything in the early morning, the par-
ticipants were asked to open 5-milliliter vials of sterile 0.9%
saline (Gifrer®; Haks® Group, Istanbul, Turkey) and empty
the contents into their mouths. The sample was gargled,

Participants
recruited (N = 75)

Allocation

v

HCIO group PVP-I group Saline group
(n=25) (n=25) (n=25)
Follow-up mouth and throat gargling with 5 mL of saline for 30 s (15! sample)
Gargling with Gargling with Gargling with
the HCIO solution the PVP-I solution the saline solution
for30s for30s for30s

mouth and throat gargling with 5 mL of saline for 30 s (2"" sample)
due to not detecting SARS-CoV-2, 14 patients were excluded from the study

| | ¢

HCIO group
(n=20)

PVP-I group Saline group
(n=21) (n=20)

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

HCIO - hypochlorous acid; PVP-I — povidone-iodine; SARS-CoV-2 — severe
acute respiratory syndrome coronavirus 2.
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and then collected into a sterile container. Next, 20 mL
of 0.02% HCIO solution was given to 25 patients, 20 mL
of 0.5% PVP-I solution was given to 25 patients and 20 mL
of 0.9% saline solution was given to 25 patients. Mouth
and throat gargling was performed with the solutions
for 30 s. It was insured that patients did not eat or drink
anything for 30 min; then, they gargled with 5 mL of 0.9%
saline for 30 s, similar to the 1% sample, and this sample
was then collected into a sterile container. All samples
were cryopreserved at —80°C until the time of analysis.
The patients’ demographic and clinical data was obtained
from hospital electronic records.

Detection of viral load

The effectiveness of antiseptics of the HCIO, PVP-I and
isotonic saline solutions in the initial and final samples taken
from each patient was investigated by means of the real-
time RT-PCR method. The initial diagnosis of patients with
the nasopharyngeal samples and the investigation of the
presence of SARS-CoV-2 nucleic acid in the mouthwash
samples were performed with the use of the Bio-Speedy®
SARS-CoV-2 Double Gene RT-qPCR kit (Bioeksen R&D
Technologies, Istanbul, Turkey) and the Rotor-Gene Q 5plex
real-time PCR instrument (Qiagen, Hilden, Germany).
This kit is a real-time, one-step RT-PCR test that targets
the ORFlab and N genes in the viral genome, including the
extraction and sample quality control targeting the human
RNase P gene. Both positive and negative controls were in-
cluded in each run to generate a valid result. All of the analy-
ses were carried out in the COVID-19 reference laboratory
by the staff experienced in molecular methods. The Bio-
Speedy SARS-CoV-2 Double Gene RT-qPCR test has been
approved by the U.S. Food and Drug Administration (FDA)
and added to the Emergency Use Authorization (EUA) list;
it provides results with 99.6% sensitivity and 100.0% speci-
ficity according to the manufacturer’s package insert. Since
the RT-PCR tests used in the detection of SARS-CoV-2 are
qualitatively designed, viral load was measured through the
surrogate markers of the Ct values for SARS-CoV-2-specific
gene targets, using the RT-PCR assays applied to the speci-
mens. The RT-PCR result was considered negative when the
Ct value could not be measured up to 40 cycles. Although
the Ct values do not provide a complete quantitation, they
are semi-quantitative in the measurement of viral load.

Statistical analysis

The results were described as mean + standard deviation
(M +£S8D). The normal distribution suitability of the para-
meters was determined with the Kolmogorov—Smirnov and
Shapiro—Wilk tests. Since the baseline and post-gargle values
showed normal distribution, the paired-samples ¢ test for
dependent samples was used to compare the means of nu-
merical data from 3 dependent groups. The one-way analysis
of variance (ANOVA) was performed to examine differences
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between the groups and the independent samples ¢ test was
used to examine differences between the paired groups. The
Wilcoxon test was used for the analysis of the positive and
negative results of the SARS-CoV-2 test, which did not show
normal distribution, and the Kruskal-Wallis test was used
for comparisons between the groups. A p-value <0.05 was
considered to be statistically significant. The statistical analy-
sis was performed with the use of the IBM SPSS Statistics for
Windows software, v. 20.0 (IBM Corp., Armonk, USA).

Results

The presence of SARS-CoV-2 in the patients of the pre-
sent study was confirmed through the initial gargle sample.
Fourteen of 75 patients were excluded from the study,
as SARS-CoV-2 could not be detected in their samples.
The age and gender distribution of the 61 patients included
is provided in Table 1. Table 1 also shows the distribution
of the positive and negative results of the SARS-CoV-2 test.
A Ctvalue 240 was considered negative. In the comparisons
made within the groups, it was determined that the HCIO

and PVP-I groups showed statistically significant negative
results (p < 0.05) (Fig. 2). However, in the comparison be-
tween the groups, it was found that there were no signifi-
cant differences between the groups (p > 0.05).

20- [ negative
I positive

18

16

14

124

10

count

HCIO PVP-I saline

Fig. 2. Number of negative and positive samples as determined by real-time
reverse transcription polymerase chain reaction (RT-PCR) post-gargle by
groups (p < 0.05)

Table 1. Distribution of age, gender and the cycle threshold (Ct) values at baseline and post-gargle

HCIO group

PVP-I group

Saline group

(n=20)

Patient

o age ender ender age ender 'S
[years 9 result [years 9 result [years 9 result

1 F 17.24 18.70 F
2 20 F 29.82 2399 + 58 M
3 47 M 2941 27.82 + 78 F
4 52 F 24.25 19.59 + 30 M
5 72 F 21.90 21.15 + 35 F
[§ 33 F 26.76 27.88 + 50 M
7 40 M 29.38 23.77 + 51 M
8 60 M 30.39 30.31 e 45 M
9 40 M 24.30 23.10 + 32 M
10 56 M 2870 40.00 = 35 M
1 40 F 2290 2761 + 33 F
12 33 M 3750  40.00 = 20 M
13 65 M 3047 33.56 + 68 F
14 70 F 3336 40.00 = 77 F
15 81 F 3294 31.05 + 54 M
16 48 F 29.52 28.27 + 55 M
17 68 F 3543 3543 + 66 F
18 30 M 3417 40.00 = 59 F
19 20 F 2234 19.38 + 68 F
20 83 F 31.64 30.57 I 40 M
21 NA 44 F
M s Tos 7 1608
p-value - - - - <0.05* - -

(n=21)

(n=20)

32.20 2548 2453 2543 +
24.55 40.00 = 75 F 2576 2530 +
2990 2850 + 79 F 33.17 34.09 +
30.65 31.09 + 61 F 2264 2266 +
2383 2337 + 74 F 2413 2532 +
33.15  40.00 = 83 F 2854 2768 +
24.12 2533 + 87 M 21.70 2562 +
2902 4000 = 53 F 29.80 3175 +
3018 4000 - 35 M 3206 3592 +
2184 2076 4 57 F 2258 2038 4
2630 2700 + 61 M 26.67 27.37 +
2063 24.14 4 33 F 2854 2768 4
2778 2696 + 65 M 2086 2482 +
2897 2871 4 70 M 27.85 30.75 4
27.29 2663 + 67 M 2312 2163 +
30.32 3230 + 48 M 27.29 26.63 +
27.01 2557 + 20 F 2248 20.99 +
2312 2163 +* 30 M 2566 2689 +*
30.72 30.82 + 20 M 3113 31.88 +
3222 31.96 + 45 F 2578 2668 +
29.03 3134 + NA

27.75 29.60 54.28 2629 2630

+358  +6.08 +21.23 +263  +4.64

- - <0.05* - - - - >0.05

M —mean; SD - standard deviation; B — Ct value at baseline; PG — Ct value post-gargle; M — male; F — female; + SARS-CoV-2-positive; — SARS-CoV-2-negative;

NA — not applicable; * statistically significant (Kruskal-Wallis test).
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Table 2 shows the distribution of the SARS-CoV-2
RT-PCR Ct values among the groups which gargled
with different solutions. Although there was an increase
in the mean Ct values of the patients who gargled with
PVP-], no statistically significant differences were found
between the groups before and after gargling (p > 0.05).
It was also observed that there were no statistically
significant differences in the values within the groups
(p > 0.05) (Fig. 3,4).

Table 2. Comparison of the mean cycle threshold (Ct) values among the groups

HCIO group | PVP-I group | saline group p-value'
(n=20) (n=21) (n=20)
Baseline

28.62 £5.15 27.75+358 2629 £3.63 >0.05 ‘
‘ Post-gargle 29.11 £7.24 29.60 £6.08  26.30 £4.64 >0.05 ‘
‘ p-value* >0.05 >0.05 >0.05 - ‘

Data presented as M £SD. * one-way ANOVA test; * paired-samples t test.

40 -

35

30

Ct value

25

20

15

HCIO PVP-l saline

Fig. 3. Cycle threshold (Ct) values of the groups at baseline as determined
by real-time RT-PCR (p > 0.05)

40

35

30

Ct value

25

20

15

T T T
HCIO PVP-l saline

Fig. 4. Cycle threshold (Ct) values of the groups post-gargle as determined
by real-time RT-PCR (p > 0.05)
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No adverse clinical events related to the antiseptics
were reported (burning in the mouth, allergy, taste dis-
order, or a dry mouth).

Discussion

The aim of this study was to investigate and compare
the effectiveness in reducing the SARS-CoV-2 oral viral
load of two different solutions of HCIO and PVP-I with
isotonic saline. The data from this clinical study is con-
sistent with the null hypothesis: there was no statistically
significant difference in reducing the SARS-CoV-2 viral
load in either the HCIO group or the PVP-I group as com-
pared to the saline group. However, there were statisti-
cally significant differences in the number of patients who
were SARS-CoV-2-negative after gargling in both groups
as compared to the control group.

A recent study reported that the application of oral anti-
septics in the oropharyngeal region, one of the viral replica-
tion centers in the early asymptomatic stages of COVID-19,
had the potential to reduce viral load in the oropharynx.?!
It is known that the envelope of SARS-CoV-2 is highly sensi-
tive to chemical agents that disrupt lipid biomembranes.?
Therefore, chemical antisepsis is important to decontaminate
the open surfaces of the body, such as the mouth. Povidone-
iodine has often been suggested for usage as an antiseptic
before dental procedures.?>2 However, in a clinical study
conducted by Seneviratne et al,, it was found that there was
no significant difference in the Ct values in the COVID-19
patient group using PVP-I as compared to control.® In this
respect, it is compatible with our study. Unlike our study,
Seneviratne et al. repeated sampling at different time
intervals, and also investigated fold changes. The fold
change of the PVP-I group was significantly increased at
6 h, whereas no change was observed in the control group.’
In another clinical study, Chaudhary et al. reported that there
was no statistically significant decrease in viral load at both 15
and 45 min in the PVP-I group as compared to the isotonic
saline group.?? These findings are also consistent with the
present study. The results of only one of the comprehensive
clinical studies investigating viral load in COVID-19 patients
were not compatible with our research.?* Both the sampling
technique and time could be counted as the reasons for the
disagreement. Like other viruses, SARS-CoV-2 replicates
in living cells. Although the applied antiseptics could affect
the viral particles outside the cell, they might have not been
able to affect the viral particles inside the cell. Therefore,
it is thought that antiseptics are effective in the first stage
of contamination, before they enter the cell in the early
period. This could be the reason why we did not detect any
differences in the SARS-CoV-2 RT-PCR Ct values before and
after the antiseptic application, since this study was conducted
on hospitalized patients, i.e., advanced patients. However, it
should be noted that RT-PCR positivity cannot be considered
as the evidence of an infective virus.
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To the best of our knowledge, there has been no pub-
lished clinical study on the oral antiseptic HCIO against
SARS-CoV-2 so far. This is the first study to clini-
cally investigate HCIO as an oral antiseptic against the
SARS-CoV-2 viral load, adding new information to the
literature. To date, there are only in vitro studies evaluat-
ing the virucidal effect of HCIO on SARS-CoV-2.30-32

SARS-CoV-2 has been detected in asymptomatic pa-
tients with the viral load reported to be similar to that in
symptomatic patients.?® Since patients with no or mini-
mal symptoms often report for dental treatment, they
are a danger to clinicians just as much as individuals
with symptoms. In addition, hospitalized patients were
chosen for the study group because of a high viral load
due to an increase in the severity of the disease. It was
preferred to collect SARS-CoV-2 samples from the pa-
tients in the early morning on the 1% day of hospitaliza-
tion. Studies have reported that the viral load studied
in samples is the highest at 4—8 days, when symptoms
appear.®*® Furthermore, some authors have suggested
the use of the throat gargle sampling method, which
shows a higher viral load than a nasopharyngeal swab
and an oropharyngeal swab.?*¥” When this sampling
technique is used, it is easily tolerated by the patient, not
affected by anatomy and less dependent on the specially
trained people to collect specimens. When the patient
is given written or verbal instructions, they can apply
the instructions on their own. There is a minimal risk
of contamination, as the method does not require close
contact. In addition, it has been reported that the saliva
collection method had a sensitivity of 79%, while the sa-
line mouth and throat gargle method had a sensitivity
of 98%.38

Limitations

This study has several limitations. SARS-CoV-2 was
detected in only 61 of the 75 samples obtained. The rea-
son for negative results is the sensitivity of saliva samples.
In a study using the same kit as ours, SARS-CoV-2 RNA
positivity in the saliva samples of COVID-19 patients
was found at the level of 60%,%° and it was 70% in another
study performed with a different kit.** The fact that 80%
of the samples were positive in our study shows that the
sample quality was good. Both positive and negative con-
trols were included in each run to generate a valid result.
All of the analyses were carried out in the COVID-19
reference laboratory by the staff experienced in molecular
methods. The Bio-Speedy SARS-CoV-2 Double Gene
RT-qPCR test has been approved by the U.S. Food and
Drug Administration (FDA) and added to the Emergency
Use Authorization (EUA) list; it provides results with
99.6% sensitivity and 100.0% specificity according to the
manufacturer’s package insert. The applied standards
limited the number of samples acquired for the research.
Furthermore, since the RT-PCR Ct value was used for

S.N. Seving Giil et al. Efficacy of antiseptics against COVID-19

the detection of the SARS-CoV-2 viral load (together with
live and non-infective viral particles), the viability of the
virus could not be evaluated. It would be useful to culture
SARS-CoV-2 in a cell culture for active virus replication;
however, this requires special laboratory conditions, such
as biosafety level 4. For that reason, we conducted a pre-
liminary study that used a semi-quantitative and feasible
method to measure viral load in the samples. Another
limitation of the study is that it was conducted on symp-
tomatic hospitalized patients. When a similar analysis is
performed on asymptomatic patients, different results
might be obtained.

Conclusions

In line with the obtained results, it was determined
that gargling with oral antiseptics for 30 s is not suffi-
cient to reduce the viral load of SARS-CoV-2. Gargling
with an oral antiseptic before dental procedures can pro-
vide a false sense of security, so proper personal protec-
tive equipment (PPE) should always be worn before any
aerosol-generating procedures in the dental clinic, and
four-handed dentistry, the use of a rubber dam or high
evacuation suction are advisable to minimize droplet
splashing.

Trial registration

This study was registered at ClinicalTrials.gov (NCT
05214196).

Ethics approval and consent to participate

This study was approved by the Institutional Review
and Ethics Board of Erzurum Regional Training and
Research Hospital (approval No. 2021/16-237) and con-
ducted according to the 2008 Declaration of Helsinki with
later amendments. The written informed consent was
obtained from all participants.
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The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on
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Abstract

Background. The coronavirus disease 2019 (COVID-19) pandemic has brought about radical changes
in our habits and lifestyles. The suspension of schools has led children to spend long hours at home, with
reduced sodialization, and changes in dietary pattemns, oral hygiene practices and sleep routines. During
a pandemic, appropriate oral health management and disease prevention are very important for the child’s
oral and general health.

Objectives. The aim of this study was to assess the attitudes and practices of parents with regard to their
children’s oral healthcare, dietary habits and dental care during the COVID-19 pandemic.

Material and methods. This cross-sectional study included 381 Indian parents of children aged
4-7 years. A self-instructed questionnaire was designed in English using the Google Forms platform.
The questionnaire consisted of 4 parts: sociodemographic data; dietary habits of the child; oral hygiene
measures; and dental information. The collected data was analyzed using descriptive and analytical
statistics (the ” test).

Results. Among the children included in the study, 48% of those who experienced dental problems
during the pandemic consumed more snacks and packaged foods between meals. Among the parents,
80% reported that their children used electronic devices at mealtimes, and 60% reported the food
pouching habit in their children. A total of 71% of parents assisted their child at tooth brushing, while
only 28% of the parents would take their child to the dental clinic for treatment.

Conclusions. This study highlights the shortfalls in attitudes and practices among parents in relation
to dietary habits, oral hygiene measures and the use of dental services during the COVID-19 pandemic
regarding their children. This could be attributed to a lack of awareness, the fear of exposure and the incon-
veniences faced by parents.

Keywords: teledentistry, COVID-19, pediatric dentistry, oral hygiene measures, dietary changes
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Introduction

The World Health Organization (WHO) declared coro-
navirus disease 2019 (COVID-19) a public health emergen-
cy of international concern (PHEIC) on January 30, 2020,
and characterized the outbreak as a global pandemic on
March 11, 2020.! As of October 2021, severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) had spread
across the globe and infected over 236 million people.2 The
SARS-CoV-2 is regarded as a highly contagious virus that
spreads mainly through the small droplets expelled from
the nose or the mouth when an infected person speaks,
coughs or sneezes.? Clinical symptoms typically include
a dry cough accompanied by fever.* Difficulty in breathing
and fatigue, along with other, less typical symptoms also
occur.® According to a study on more than 2,000 child pa-
tients with suspected or confirmed COVID-19, over 90%
were asymptomatic or presented mild to moderate symp-
toms.® Of the 13.5 million cases reported in those under
20 years of age, 31% were among children aged 0-9 years.’”
In India, 11.9% of the reported COVID-19 infections are
among children and adolescents.® The highly transmissible
Omicron variant has affected children more than previous
variants, but its symptoms are significantly milder.’

Since there is no definitive treatment protocol in place, dif-
ferent countries announced nationwide lockdowns to con-
trol the spread of the disease.!’ Sudden and radical changes
occurred in habits and lifestyles, with a drastic reduction in all
forms of socialization.!! The suspension of schools and sports
activities led children to spend long hours at home, which re-
sulted in disturbances in dietary patterns, oral hygiene prac-
tices and sleep routines in children.> However, certain coun-
tries, like Sweden, avoided a complete nationwide lockdown.

Concerns regarding the safety of dentists and children
led to a reduction in routine dental visits, compromising
preventive appointments. This was further compounded
by the unavailability of pediatric dental services in many
places. Parents contacted dentists only for emergencies,
such as acute pulpitis, dental trauma, and oral and maxil-
lofacial infections that caused swelling.!® Many resorted to
a medical prescription and postponed dental treatment.

A survey conducted in Russia in 2020 collected data
from 166 pediatric patients aged 1-17 years. Acute pain
in primary molars in children aged 4-7 years was the
most prevalent finding (62%).!> Similar scenarios have
been observed by pediatric dentists in India, although no
documentation has been reported to date.

During the pandemic, appropriate oral health manage-
ment and disease prevention are necessary for the general
health of the child. Parents play a key role in implementing
measures to foster better habits.!* There is a directly propor-
tional relationship between parental attitudes and the health
of children.!® Thus, this study was conducted to assess atti-
tudes and practices regarding children’s oral healthcare dur-
ing the COVID-19 pandemic among parents with children
aged 4-7 years.

|.M. Varkey et al. COVID-19 pandemic and oral care in children

Material and methods

Study duration and the ethics approval

A cross-sectional study was carried out from August 1
to October 1, 2021, during the phased opening stage.
Approval was obtained from the Ethics Committee at the
School of Dentistry of D.Y. Patil Deemed to be University,
Navi Mumbai, India (IREB/2021/PEDO/21).

Data collection

The convenience sampling technique was employed
for this study. The questionnaire was made available on
the Google Forms platform (Google, Mountain View,
USA). The link to the questionnaire was sent through
the WhatsApp application (Meta Platforms, Inc., Menlo
Park, USA) to the parents of schoolchildren, and to the
parents who arrived for a dental visit at the Department
of Pedodontics and Preventive Dentistry of the D.Y. Patil
Deemed to be University School of Dentistry. The sam-
ple size was calculated by considering the representative
sample size, using a 95% confidence level and a margin
of error of 5%. The sample size was then estimated at
a minimum of 375 respondents. The nature of the study
was explained in brief and the anonymity of the respon-
dents was affirmed. The parents were also informed that
the completion of the questionnaire would be considered
as consent to participate. A total of 381 parents agreed to
participate in the study. The inclusion criteria were speci-
fied as all parents of children between 4 and 7 years of age.
Parents who did not complete the questionnaire were ex-
cluded from the study.

This study followed the established guidelines for re-
porting medical surveys.!* The questionnaire was de-
signed by adapting questions from previous surveys in
English. A pilot study was conducted among 10 parents
to check the validity and reliability of the questionnaire.
After necessary modifications to a few questions, the im-
plementation phase began.

The revised questionnaire consisted of 4 parts: sociode-
mographic data; dietary habits of the child (7 questions);
oral hygiene measures (3 questions); and dental informa-
tion (6 questions) (Table 1). Multiple choices were pro-
vided for each question and the participants had to mark
the option they considered appropriate.

Statistical analysis

The data was statistically analyzed using GraphPad
Prism, v. 8.4.3 (GraphPad Software, Inc., San Diego,
USA). Descriptive analysis was performed for the demo-
graphic data. The y? test was used to test for statistically
significant differences between the variables in the survey.
Statistical significance was established at p < 0.05.
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Table 1. Questionnaire

Parameters Questions

Sociodemographic data

Dietary habits of the child

Oral hygiene measures

Dental information

age/gender of the parent

socioeconomic status (education/occupation/income)
Was there any change in the amount of food consumed by your child during the pandemic?
Was there any change in the eating habits of your child during the pandemic?
Was there an increase in snacking between meals by your child?

What was the frequency of consumption of cariogenic food (sweets/chocolate/cookies) during the pandemic?
Does your child use electronic devices (tablet/phone/TV/computer) while eating or snacking?
Does your child tend to pouch food in the mouth during meals, which leads to an extended mealtime?
Has there been a change in the sleep cycle of your child since the pandemic began?

How often does your child brush his/her teeth?

What measures did you take to maintain your child’s oral health during the pandemic?

Were you able to assist your child at tooth brushing during the pandemic?

Did you take your child to a dentist before the pandemic?

Did your child experience any toothache/cavity/swelling during the pandemic?

Did your child experience any dental trauma during the pandemic?

Would you take your child to a dental clinic during the pandemic?

Do you think your child could get infected with COVID-19 during dental treatment?

What would be your mode of contact with the dentist, if required?

age/gender of the child

COVID-19 - coronavirus disease 2019.

Results

The sociodemographic details of the participating par-
ents are presented in Table 2 and Fig. 1. Classifying the
parents according to the modified Kuppuswamy scale,'
the majority of them were in the upper class (40.7%) and
upper middle class (30.4%) categories. Based on the total
number of responses (381), 138 (36%) children experi-
enced dental problems during the pandemic.

Dietary factors

Among the children who experienced dental prob-
lems during the pandemic, 45 (33%) showed an in-

50 -

40 -

w
o

percentage [%]

n
o

upper upper middle  lower middle  upper lower lower
U} (1 (1 (V) V)

Kuppuswamy scale

Fig. 1. Socioeconomic status of the parents according to the modified
Kuppuswamy scale

Table 2. Characteristics of the study population (N = 381)

Characteristics n (%)

Gender boys 206 (54.1)
of the child girls 175 (45.9)
illiterate 1(0.3)
diploma 61 (16.0)
Parents’ primary school 7(1.8)
education middle school 35(99)
high school 53(13.9)
professional degree 224 (58.8)
unemployed 57 (15.0)
elementary occupation 16 (4.2)
craft and related trades workers 4(1.0)
plant and machine operators and assemblers 3(0.8)
zirceunr;[:tion skilled agricultural and fishery workers 13 (34)
service workers and shop and market sales workers 34 (8.9)
technicians and associate professionals 23 (6.0)
legislators, senior officials and managers 54 (14.2)
professionals 177 (46.5)

crease in the amount of food consumed during the
pandemic. However, the parents of 80 (58%) children
reported no change in food consumption. Differences
between the groups proved to be statistically signifi-
cant (p < 0.01) (Fig. 2). Fifty-nine (43%) children who
experienced dental problems during the pandemic
consumed more processed foods, such as sweets and
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= dental problem

= no dental problem

percentage [%]

eating less eating more

food consumption

no change

Fig. 2. Relationship between dental problems and changes in food
consumption

** statistically significant (p < 0.01).

cookies, and soft drinks, with merely 17 (12%) children
having consumed more fresh fruits and vegetables dur-
ing their time away from school. As shown in Fig. 3,
differences in the percentages of children in the context
of their eating habits were also found to be statistically
significant (p < 0.0001). Additionally, it was determined
that 66 (48%) children who experienced dental prob-
lems during the pandemic consumed more snacks and
packaged foods between meals. There were statistically
significant differences between the groups (p = 0.0003)
(Fig. 4). On average, children who consumed snacks
once a day (31%) and several times a day (29%) experi-
enced more dental issues (p < 0.0001) (Fig. 5).

Among the 381 respondents, 304 (80%) parents re-
ported that their children used electronic devices at
mealtimes and while snacking between meals. Hence,
out of the 138 children who experienced dental prob-
lems,123 (89%) accounted for those who used electronic
devices (p < 0.001) (Fig. 6). Another significant find-
ing was the habit of food pouching during meals in 82
(60%) of the children who experienced dental problems
(p < 0.0001) (Fig. 7).

m dental problem = no dental problem

70 4

59.7

60 -

percentage [%]

no change more healthy food

eating habits

more processed food

Fig. 3. Relationship between dental problems and changes in eating
habits

*** statistically significant (p < 0.001).

m dental problem

= no dental problem

percentage [%]

no change less snacking

snacking between meals

more snacking

Fig. 4. Relationship between dental problems and snacking between meals
*** statistically significant (p < 0.001).

m dental problem = no dental problem

40 4

34.6

percentage [%]

never occasionally onceaday  severaltimes several times

aday aweek
frequency of snacking

Fig. 5. Relationship between dental problems and the frequency of snacking
*** statistically significant (p < 0.001).

m dental problem = no dental problem

% | 89.1

percentage [%]

no yes
use of electronic devices during meals

Fig. 6. Relationship between dental problems and the use of electronic
devices during meals

*** statistically significant (p < 0.001).

Oral hygiene factors

Most parents reported that the frequency of tooth
brushing by their children did not change when they
were not going to school. Eighty-nine (65%) children
who experienced dental problems during the pandem-
ic brushed their teeth once daily (p = 0.012) (Fig. 8).
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m dental problem = no dental problem

80 4

percentage [%]

no yes
food pouching habit
Fig. 7. Relationship between dental problems and the food pouching habit
*** statistically significant (p < 0.001).

m dental problem = no dental problem

80 -

percentage [%]

once daily

twice or more daily
frequency of tooth brushing

Fig. 8. Relationship between dental problems and the frequency of tooth
brushing

* statistically significant (p < 0.05).

When asked about the measures taken to maintain
their child’s oral health, 221 (58%) parents stated that
they did not have time for any additional methods.
An equal number of parents added flossing or mouth
rinsing (n = 25, 7% for each) to the oral hygiene routine
of their child. The remaining parents increased the fre-
quency of tooth brushing. Two hundred and seventy
(71%) parents assisted their child during tooth brush-
ing; however, there was no significant correlation be-
tween assistance at tooth brushing and the occurrence
of dental problems during the pandemic (p = 0.906)
(Fig. 9).

Dental information

Fortunately, in this survey, only 57 (15%) children ex-
perienced dental trauma during the pandemic, of which
only 12 (21%) sought treatment at the dental clinic. One
hundred and seven (28%) parents stated that they would
take their child to the dental clinic for treatment during
the pandemic, as advised by the dentist, and an approxi-
mately equal number of parents stated that they would
take their child only for a dental emergency.

m dental problem
80 4 NS

= no dental problem

70.3 71.2

percentage [%]

not assisted assisted
assistance at tooth brushing

Fig. 9. Relationship between dental problems and assistance at tooth brushing
NS - non-significant.

Most parents (54%) were unsure about their child
getting infected with COVID-19 during dental treat-
ment. Only 14% were affirmative about their child get-
ting infected at the dental clinic (Fig. 10). When asked
about their preferred mode of contact with the dentist,
162 (43%) parents still preferred visiting a nearby den-
tal clinic (Fig. 11).

60 -
53.6

50

40 A

32.4
30

percentage [%]

20 A

14.0

no yes maybe
transmission of COVID-19 infection at the dental clinic

Fig. 10. Chances of the transmission of coronavirus disease 2019
(COVID-19) during dental treatment

50 -

42.5

percentage [%]

phone call text message/

social networking  visit to a nearby
WhatsApp site clinic

mode of contact with the dentist

Fig. 11. Mode of contact with the dentist
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Discussion

The COVID-19 pandemic has affected billions of people
around the world, changing lives dramatically and requir-
ing adaptations in all facets of life. Parents usually act as
the primary caregivers for their child’s general and oral
health.!® Good oral health is a prerequisite for the general
well-being of the child. Parents should instill healthy dietary
habits and good oral hygiene practices from an early age.
Following up with constant guidance and supervision is es-
sential to avoid severe oral health problems in the future.l”
The COVID-19 pandemic has created financial instability,
unemployment and economic crises among many parents,
which indirectly affects their mental health, and causes fear
and anxiety. This can further lead to emotional distress
and prevent the parent from monitoring their child’s daily
activities (e.g., oral hygiene practices).® Since parental at-
titudes and practices significantly impact the child’s oral
health, these variables were assessed in this study.

According to Kamalova et al.'? and Goswami et al.,'® more
than 50% of children in the 4—7-year-old age group who re-
ported to pediatric dental emergency departments during
the COVID-19 pandemic had acute dental pain in primary
molars. Insufficient prevention and the neglected treatment
of the existing dental problems, as well as low parental care
could be the reasons why children of this age group had sig-
nificantly more oral health problems during the pandemic.!?
Most parents adopted a work-from-home lifestyle during
the pandemic, and being in a busy period of life and work,
the time spent caring for their children was compromised.
This could be a possible explanation for the increased num-
ber of patients in this group reporting to the pediatric dental
emergency departments during the COVID-19 pandemic.

The majority of parents in this study (58%) reported no
changes in the amount of food consumed by their child
during the pandemic. Campagnaro et al. stated that 61%
of their respondents reported an increase in food intake
during the pandemic,® which contradicts the findings
of this study.

In a study by Goswami et al., 77% of the respondents
increased their intake of high-carbohydrate foods.!” The
authors suggested that it could be attributed to new rou-
tines — work-from-home for parents and remote classes
for children. In this survey, 43% of the children consumed
more processed foods during the pandemic, which resulted
in more dental problems.!® The stockpiling of processed
foods during the pandemic for the ease of use during and
between meals could have possibly led to a higher con-
sumption of these food items. These dietary changes have
been shown to affect general health in the form of increased
obesity and nutritional deficiencies, as well as an increased
risk of dental caries.> However, this is contrary to a study
by Kalyoncu et al.,, in which the mothers recognized the
importance of oral health for the general well-being of the
child; they provided non-cariogenic foods to their children
and the children consumed healthier food items.!3

|.M. Varkey et al. COVID-19 pandemic and oral care in children

The frequency of snack consumption during the
COVID-19 pandemic was significantly higher in this study
as compared to the results obtained by Goswami et al.l?
These dietary habits, as explained by Kotha et al., have
been shown to be proportional to the decayed, missing
due to caries and filled teeth (DMFT) score.' The pres-
ence of caries is related to the nature of food consumed
and the frequency of eating. Parents need to be educat-
ed about the cariogenic and cario-protective properties
of specific foods. Furthermore, they should plan to avoid
the frequent consumption of high-carbohydrate foods.!”?°

Eighty percent of the children in this survey used elec-
tronic devices at mealtimes and while snacking. This indi-
rectly leads to poor diet quality characterized by higher fat
and sugar consumption, with fewer fruits and vegetables,
which is a potentially cariogenic diet. This would explain
the strong correlation between the use of electronic devices
and dental issues in this study.?! Das et al. stated that a lon-
ger use of electronic devices during eating and snacking
compromises the oral clearance of food.?? This leads to the
food pouching habit in the oral cavity during screen view-
ing, which acts as a predisposing factor for dental caries.??
Such observations are similar to those made in this study.

The majority of parents in this study reported a once-
daily brushing schedule for their children. However, Go-
swami et al. claimed that parents increased the frequency
of tooth brushing due to constraints in achieving adequate
dental services during the pandemic.!® Our results are in
agreement with a study conducted in Istanbul, in which
the frequency of tooth brushing did not change.!® In the
present study, the results referring to the parents’ assis-
tance at tooth brushing during the pandemic were similar
to those reported by Campagnaro et al.,> but contrary to
the results of Kalyoncu et al., who reported fewer par-
ents supervising their child’s tooth brushing during the
COVID-19 pandemic.!®> When asked about additional ef-
forts made to maintain the oral hygiene of their child, the
majority of parents in this study increased the frequency
of tooth brushing, while a small percentage added mouth
rinsing or flossing to the routine. However, most parents
did not find enough time between their work schedules
for implementing additional oral hygiene measures. These
findings are consistent with a study by Goswami et al.}0
The prevention of caries is based on adequate and effec-
tive oral hygiene measures in addition to dietary habits.

According to some studies, children spent the entire day
in a home setting, which results in the creation of active
play patterns, and thus the risk of dental tissue trauma is
increased. However, in this study, only 15% of children
experienced dental trauma during the COVID-19 pan-
demic; this is similar to the incidences reported by Cam-
pagnaro et al.3and Kamalova et al.!? This can be explained
by the prohibition of outdoor games, sports training and
coaching for children during the COVID-19 pandemic. In
the present study, 21% of the children who experienced
dental trauma sought treatment at the dental clinic, which
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is contrary to the findings of Campagnaro et al., where
only 17% of the respondents were willing to take their
child to the dentist during the pandemic, regardless of the
procedure.® However, the present study identified a slight
increase (28%) in the number of parents who would fol-
low the treatment protocol, as advised by the dentist.
Considering the need for emergency treatment, the per-
centage of respondents who would seek urgent care was
much higher in the Brazilian population as compared to
this study.® A study conducted in Istanbul also showed
a similar attitude of parents regarding dental care dur-
ing the pandemic.’® The reluctance of the parents in the
present study to utilize pediatric dental care services may
negatively impact the oral health of these children and
trigger the need for extensive invasive treatment in the
future.® Regular dental visits allow the detection of den-
tal issues much earlier, which reduces the treatment time,
and subsequently the treatment cost. With time, the ap-
proval of COVID-19 vaccines for young children will be
underway; these may cause orofacial side effects, such
as burning sensations, taste alterations, xerostomia, and
pain, as reported in adults.?? Though these symptoms are
self-limiting, parents need to be aware of them and report
back to the pediatric dentist for professional care.

Contrary to the results obtained in this study regard-
ing parental views about their child being infected with
COVID-19 at the dental clinic, Sun et al.'® and Kalyon-
cu et al.13 reported that more than 90% and 80% of the par-
ents, respectively, agreed that their child could be easily in-
fected with the virus during treatment. Respiratory viruses,
such as SARS-CoV-2, can be transmitted through direct
or indirect contact, or through small droplets. As pediat-
ric dentists, we are potentially at a higher risk, since dental
treatment involves aerosol-generating procedures. Thus,
appropriate precautions need to be taken to prevent the vi-
rus from infecting children as well as its transmission from
infected children to healthcare professionals.'® There needs
to be a focus on parental education regarding the measures
taken for sterilization, disinfection and protection in the
dental clinic.?* Several authors have described the insuf-
ficient use of teledentistry, which is an effective consulta-
tion tool, along with safeguarding against the transmission
of the infection during the pandemic,'®* which was also
observed in this study. This reluctance might be due to the
complexity involved, coordination issues or resistance to
learn new skills. In the future, pediatric teledentistry could
be useful for counseling children and parents with regard
to appropriate oral hygiene measures.!”?°

Limitations

This study has certain limitations. The most significant
is that the study sample mostly belonged to the upper and
upper middle class population, so we were unable to ana-
lyze variations in the results based on different socioeco-
nomic statuses.

3N

Conclusions

This study highlights the deficits in the attitudes and
practices of the parents of 4—7-year-olds in relation to di-
etary habits, oral hygiene measures and the use of den-
tal services during the COVID-19 pandemic. This could
be attributed to a lack of awareness, the fear of exposure
and the inconveniences faced by parents. The impact
of the pandemic have been far-reaching for our children.
It is essential to not underestimate the indirect effects
of COVID-19 on the oral health of children.
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Abstract

Background. Hand hygiene plays a significant role in infection control, yet it is performed correctly only
40% of the time. The daily use of soap, disinfectants and gloves can also affect hand skin health. Periodical
educational interventions regarding hand hygiene can improve infection control.

Objectives. The current study aimed to identify the existing hand hygiene practices applied by dental
personnel, to evaluate knowledge about infection control, to determine the adverse effects of hand hygiene
on the skin, and to assess the effectiveness of the educational interventions concerning these topics.

Material and methods. This study was carried out at the Vilnius University Hospital Zalgiris Clinic,
Lithuania. At the 1% stage, data was collected by using a self-administered questionnaire. At the 2" stage,
dental personnel underwent an educational intervention and the surveys were redistributed to determine
any changes in the level of knowledge.

Results. In most cases, dental workers performed hand hygiene when it was needed. The proper method
was selected by 53.4% on average. The main mistakes were the excessive use of soap and only occasional
use of a disinfectant. The reported hand skin side effects included dryness (68.8%) and fissures (37.5%).
Only half (50.5%) of the staff reqularly used emollients. After the educational intervention, there was
a24.9% improvement in hand hygiene compliance.

Conclusions. The correct procedure for hand hygiene was reported by half of the participants. Wash-
ing hands with soap was the preferable choice, while alcohol-based hand rub (ABHR) was avoided. Skin
problems were reported by more than 70% of the respondents. Training had a positive impact on the hand
hygiene knowledge of the dental personnel.

Keywords: education, dentistry, infection control, hand hygiene, skin care
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Introduction

The human mouth contains one of the most diverse mi-
crobiomes in the human body. More than 1,000 species
of bacteria are found in the oral cavity.! Regarding the re-
cent COVID-19 pandemic, the issues of infection control
and hand hygiene in the dentistry field have come to light.
Dental personnel is exposed to an immense risk due to
the specificity of dental procedures, which involve face-
to-face contact with patients, frequent exposure to saliva,
blood and other fluids, the handling of sharp instruments,
and the generation of aerosols and droplets.? Although
appropriate hand hygiene is a routine procedure in den-
tal practice, the compliance rates are relatively low.2 Data
shows that proper hand hygiene is achieved only in 40%
of cases.® Given the current situation, improvement in
this area is of utmost importance.

The World Health Organization (WHO) has declared that
hand hygiene is necessary before and after touching the pa-
tient, before handling invasive devices, after removing sterile
or non-sterile gloves, and after contact with blood and other
body fluids or inanimate surfaces and objects.* Data shows
that hand hygiene is most often performed after exposure
to organic fluids (98.5%), before invasive procedures (87.5%),
before clean/aseptic/surgical procedures (83.1%), and be-
tween patients (81.4%).> However, proper hand hygiene after
contact with patient surfaces is usually not achieved.> Such
behavior increases the risk of cross-contamination between
the patient and medical personnel.®”

Hand hygiene includes cleaning the hands with soap and
water and/or alcohol-based hand rub (ABHR). Indications
for hand washing are as follows: before the first patient; af-
ter using a toilet; when the hands are visibly dirty or soiled
with blood or other body fluids; or if there is no ABHR.*
In all other clinical situations, dental personnel should use
just ABHR. According to studies, ABHR is well-tolerated
and safe, while the frequent use of soap increases the risk
of developing a dermatological pathology.®-1° Unfortu-
nately, healthcare workers often ignore ABHR due to the
erroneous belief that it provokes adverse skin effects, and
use soap unnecessarily.® This often leads to the deteriora-
tion of the hand skin condition, including impaired barrier
function, a change in the skin flora, increased bacterial
shedding and sensitivity of the skin, or other adverse reac-
tions.!® Moreover, severe dermatological pathologies, such
as contact and allergic dermatitis, can develop.*”?

The use of gloves is part of the standard precautions
against cross-contamination in medical offices.!! Latex
gloves may cause allergic reactions because of various
chemical agents (antioxidants, accelerators, activators,
etc.) used during the manufacturing process or due to
their protein content. Latex allergy occurs in 1-2% of the
total population, but the sensitization rates in healthcare
providers are 2 times higher than in the general popula-
tion.!? The main reasons for sensitization are ‘wet work’
and long working hours while using gloves.!?

S. Stulginskiene et al. Importance of education on hand hygiene

Hand hygiene interventions are described as hand sani-
tization programs to increase hand hygiene compliance.
These interventions vary from simple (e.g., increased
availability of cleaning agents) to complex (e.g., multi-
modal programs involving education, environmental re-
structuring, reminders, and performance feedback).!*1>
Single-component interventions improve hand hygiene
practices, but multimodal strategies are more effective
over a long term.!® Education, feedback, support from
a team leader, and the accessibility and visual reminders
of hand hygiene are all elements that increase compli-
ance.!® Numerous studies have found positive effects on
hand hygiene quality after educational interventions.'4-18
However, the compliance rates decline with time; there-
fore, regular post-interventions should be considered.'®

The present study aimed to identify the existing practices
reported by dental personnel for hand hygiene, to evalu-
ate their knowledge about infection control, to determine
adverse effects on hand skin, and to assess the effectiveness
of the educational interventions concerning these topics.

Material and methods

The study was conducted in 2 stages. At the 1% stage, data
was collected using a self-administered questionnaire. The
questionnaire included multiple-choice questions about
hand hygiene habits (daily cleaning with soap and ABHR),
infection control knowledge (questions from the WHO’s
“Guidelines on hand hygiene in health care”), hand skin
health, the use of gloves, and the manifestations of adverse
reactions, such as dryness or redness. The study included
dental specialists, general dentists, dental resident doctors,
and dental assistants/nurses working the day shift in the
Zalgiris Clinic, Vilnius University Hospital, Lithuania. The
day shift in the Zalgiris Clinic lasts from 8 a.m. to 2 p.m.
or from 2 p.m. to 8 p.m. (in general, 6 h). Only 120 dental
workers from the Zalgiris Clinic met these criteria, and all
of them were given a first-stage questionnaire. After ana-
lyzing the results from the 1 stage, we assessed the most
common mistakes. Accordingly, we prepared educational
material and introduced it to the dental personnel at the
27 stage. The instructional video material was uploaded to
the Zalgiris Clinic intranet and informational posters were
hung in each consulting room above the washing sink at
eye level. A week later, the same questionnaires were re-
distributed among those who participated in the 1% phase
of the study and saw the instructional video material to
determine any changes that occurred after exposure to the
educational intervention.

Statistical analysis

Statistical analysis was performed using the IBM
SPSS Statistics for Windows software, v. 23 (IBM
Corp., Armonk, USA). Data normality was checked.
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The y? test of independence was used to determine sta-
tistically significant associations between 2 variables,
and the non-parametric McNemar’s test was used to as-
sess changes between first- and second-stage responses.
A statistically significant difference was assumed at 5%
(p <0.05).

Results

A total of 120 persons participated in the 1% phase of the
study. The response rate was 80% (96/120). The majority
of respondents were women (92.7%), and the age of the par-
ticipants ranged from 20 to 66 years (39.02 +11.17 years).
For further analysis, the groups were divided according to
specialization (nurses/dental assistants, resident doctors,
dental specialists, and general dentists). The majority
of respondents in both phases were nurses/dental assis-
tants. In the 2"d phase, 96 individuals participated and the
response rate was 87.5% (84/96). The majority of respon-
dents were also women (89.3%), and the age ranged from
24 to 66 years (40.41 +11.70 years) (Fig. 1).
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nurses/dental assistants  resident doctors general dentists

Fig. 1. Distribution of respondents by occupation and gender at the 1% and 2@
stage of the study

Knowledge about infection control

Nearly 100% of the respondents identified the situations
where hand hygiene was necessary. However, the proper
hand hygiene method (the use of soap and water and/or
ABHR) was selected by only 53.4%. Table 1 shows to what
extent correct hand hygiene measures were complied
with at the 1% and 2™ stage of the study. At the 1° stage,
89.6% of respondents chose the proper hand hygiene
method after exposure to organic fluids and 76.0% be-
fore invasive procedures. With regard to other measures,
less than 34% replied correctly. After the educational
intervention, a 21.4% improvement was observed in the
selection of the proper hand hygiene method. However,
at the 1%t stage, when the respondents were asked to self-
evaluate (on a 100% scale) to what extent they performed
appropriate hand hygiene, a high rate of compliance was
indicated (82.7%).

Eighty-three percent of the respondents correctly an-
swered the question about the recommended hand wash-
ing time when using soap (Fig. 2). In addition, 79.8% knew
the time required for the use of ABHR (Fig. 3).

At the 1° stage of the study, 47.9% of the respondents
knew that during hand washing, the direction of water
flow should be from the wrists to the fingers. After the
educational intervention, a 25.9% improvement in this as-
pect of knowledge was observed (Table 1).

A difference in the opinions of the respondents regard-
ing hand washing with soap and the use of ABHR at the
1% and 2"¢ stage was evident. After the intervention, the
average improvement was 30.3% (Fig. 4).

Self-evaluation showed that 80.6% of the dental person-
nel believed they had enough knowledge about infection
control and hand hygiene. A borderline statistically signif-
icant difference (p = 0.049) was observed between differ-
ent professions, where 42.9% of general dentists indicated
a lack of information as opposed to only 10.4% of nurses/
dental assistants.

Table 1. Correct answers to the same questions at the 1t and 2" stage of the study

Answers Answers
Questions at the 15t stage at the 2" stage
N=96
Appropriate hand hygiene before each patient 32(333) 51(60.7) <0.001%
Appropriate hand hygiene after removing gloves 30(31.3) 54 (64.3) <0.001*
Appropriate hand hygiene after exposure to organic fluids 86 (89.6) 76 (90.5) 0.791
Appropriate hand hygiene before invasive procedures 73 (76.0) 71 (84.5) 0.700
Appropriate hand hygiene after using a toilet 27 (28.1) 26 (31.0) 0.607
Hands should be disinfected for 20-30 s 71 (74.0) 67 (79.8) 0.845
Water should flow from wrists to fingers 46 (47.9) 62 (73.8) <0.001*
Soap dries skin more than ABHR 61 (63.5) 74 (88.1) 0.003*
Frequent hand washing with soap causes hand skin problems 72 (75.0) 67 (79.8) 1.000
Frequent use of ABHR does not cause hand skin problems 28(29.2) 35(41.7) 0.091

Data presented as number (percentage) (n (%)). ABHR — alcohol-based hand rub.
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Fig. 2. Time required for hygienic hand preparation with soap and water
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Fig. 3. Time required for hygienic hand preparation with alcohol-based
hand rub (ABHR)
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Fig. 4. Opinions on the use of soap and alcohol-based hand rub (ABHR)
during hand hygiene procedures

Hand skin health

According to the self-reports, the prevalence of eczema
and atopic dermatitis was 8.5% and 4.2%, respectively.
Most often, the dental personnel indicated having a dry
(45.8%) or mixed (32.3%) hand skin type.

A total of 50.5% of the respondents regularly used hand
cream/lotion. However, only 38.5% used hand cream/lotion
3—4 times a day. Mostly emollients were used to counteract
hand dryness (35.1%). The use of emollients after the edu-

cational intervention increased up to 77.4%, and a 26.9%
improvement was evident. All healthcare workers who had
atopic dermatitis (p < 0.05) and 50% of those who had ecze-
ma did not use hand skin emollients regularly. Only 19.8%
of the respondents indicated that they did not have adverse
hand skin effects, with the remaining participants specify-
ing various complaints. There were no statistically signifi-
cant differences in the distribution of various skin side ef-
fects within particular profession groups (Fig. 5).
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Fig. 5. Distribution of adverse hand skin reactions according to different
professions

Use of gloves

A total of 62.4% of the respondents wore gloves for 7 h
or more, 36.6% for 3-6 h, and 1.0% for up to 2 h. Half
of the respondents indicated working with gloves for
10 years or more.

During the day, 57.3% changed their gloves 11 times or
more, 34.4% 6-10 times, and the remaining 8.3% up to 5
times. Of those who changed their gloves up to 5 times
(n = 8), 62.5% (n = 5) had 6-10 patients per day, and
of those who changed their gloves 6-10 times (n = 33),
9.1% (n = 3) had 11 or more patients per day.

Most often, nitrile (47.7%) or latex (46.7%) gloves were
used. Approximately 1/3 of the participants (27.4%) re-
ported irritation reactions linked to the wearing of latex
gloves, 6.4% to nitrile gloves and 6.3% to vinyl gloves.

Effectiveness
of the educational intervention

The answers to the same questions were compared be-
tween the 1°* and the 2" stage. The responses to 4 out
of the 10 questions were significantly improved after the
educational intervention (Table 1). The average improve-
ment after educational training was 25.4%.

Most respondents (95.2%) agreed that educational training
had an impact on their knowledge. A total of 54.75% of the
healthcare workers indicated that infection control and hand
hygiene training should be carried out every year, 29.75% in-
dicated every 6 months, and 15.5% every 3 years or more.
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Discussion

One of the critical issues in hand hygiene is recognizing
situations when particular hand preparation is required.*
Medical personnel tend to forget about hand hygiene
when contact with patient surfaces is expected as well as
after it.> This study found that the compliance rates de-
clined after the removal of gloves, but the results were
much better after the educational intervention. After such
an intervention, appropriate hand hygiene was performed
by 100% of the personnel in all other situations (after con-
tact with organic fluids, before invasive procedures, be-
fore each patient, and after using a toilet). Although den-
tal workers self-evaluated their knowledge as very good,
the answers about the correct method to use in different
situations revealed that their knowledge was inadequate.
At the 1% stage, only half of the staff knew which situa-
tions required washing hands with soap and/or ABHR.

Sodium lauryl sulfate (SLS) is a detergent commonly
used in soap due to its cleansing properties. However, it
affects the natural skin barrier and causes skin dryness,
irritation and allergic reactions.’ Also, it is widely known
that SLS irritates the skin more than ABHR.? For this rea-
son, the use of soap should be avoided in situations that do
not require it. In this study, the majority of dental person-
nel washed their hands with soap before each patient and
after removing gloves, while these situations require only
the use of ABHR. In another study, 68% of respondents
reported that they washed their hands with soap between
patients and 65% after removing gloves; in contrast, only
3% used ABHR between patients and 6% after removing
gloves.?’ After the educational intervention, improve-
ment in choosing the proper hand hygiene method was
evident, and fewer workers believed that ABHR dried skin
to a greater extent than soap.

Another essential aspect concerning hand hygiene is
the adequate application time for soap and ABHR. Using
ABHR for less than 15 s does not destroy certain patho-
gens, while using it for more than 15 s is not contrain-
dicated, as despite its enhanced antiseptic properties,
ABHR does not irritate the skin.2! On the contrary, in the
case of soap, a long application time is not recommend-
ed, as soap contributes to hand skin dryness.? One study
found that the majority of health professionals washed
their hands with soap for 15 s or longer, while others
chose a shorter time.?? In the present study, the major-
ity of dental personnel washed their hands with soap for
the recommended time (15 s), but some selected a longer
duration of 3 min. Most of the respondents followed the
recommended time for hand disinfection with ABHR.

It is well known that during hygienic hand preparation,
water should flow from the wrists to the fingers. Wash-
ing in this manner allows water to flow from the least
contaminated area (the wrists) to the most contaminated
parts (the fingers).* In the first-stage questionnaire, only
half of the respondents answered this question correctly.
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It might be due to the fact that some respondents con-
fused this question with surgical hand preparation. This
aspect was mentioned in the educational video material
and a significant improvement was achieved.

There is no doubt that the daily use of soap and disin-
fectants, working with gloves, and ‘wet work’ affect hand
skin health. A European population survey showed that
54.1% of the population had a dry hand skin type.?® In the
present study, nearly half of the respondents also had dry
skin. This type of skin is even more vulnerable to irritants,
and thus side effects can appear quickly.?? In a study by
Harnoss et al.,, the most common adverse hand skin reac-
tions among surgeons of various specialties were dryness,
nail splitting and cracking, itching, and redness between
the fingers, whereas 49% of doctors reported no com-
plaints.?* In this study, the most common side effect was
also dry hand skin, but it occurred almost 5 times more
often, while the response ‘no complaints’ was noted 2.5
times less frequently than in the abovementioned study.
Both studies had different population samples. In the first
one, most of the respondents were men and all of them
were surgeons, for whom there are specific hand hygiene
requirements. In our study, there were more women, and
all the respondents were dental personnel.

Due to specific working conditions, dental personnel
are at high risk of developing a dermatological pathology.’
The incidence rate of eczema varies in the literature. The
1-year prevalence among dentists in Japan was 36.2%.° In
healthcare workers in Denmark?® and Sweden,® the preva-
lence was 21%, and in Dutch healthcare workers it was
12%.26 The prevalence rate in the present study was less
than 9%, but this may have been due to the small-scale
study population, and also to the fact that no objective
tests were carried out to confirm the diagnosis. The age
of patients with eczema was lower than in the general
study population, and the same tendency has been ob-
served by other researchers.®?® One possible explanation
for this finding is that eczema tends to develop at the early
stages of working, and health workers who are severely
affected may leave their profession at a young age.® The
prevalence of another common disease — atopic derma-
titis — also varies. In Japan, its incidence among den-
tal practitioners was 15.8%,° and in healthcare workers
in Denmark and Sweden, the incidence was 14.5%% and
22%,% respectively. The prevalence of atopic dermatitis in
this study was also low (4.2%).

Latex allergy is an occupational hazard for medical per-
sonnel. According to various studies, latex allergy affects
about 4% of healthcare professionals.?*? In one study,
41.4% of nurses experienced irritation reactions caused by
latex gloves.3® Nurses who reported an irritation reaction
were given a skin prick test and 9.8% of them were diag-
nosed with latex allergy. In the present study, the preva-
lence of an irritation reaction related to wearing latex
gloves was 27.4%. As a skin prick test was not performed,
no verified data on latex allergy was available.
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The regular use of skincare products could help to
prevent dermal side effects in healthcare workers.
The protective action of such products most likely
comes from 2 different components of the cream (oil
and wax), which prevent, to some extent, the evapo-
ration of epidermal water, and polyalcohols, such as
glycerol and propylene glycol, which have moisturiz-
ing properties.3! It is recommended to use hand lotion
or cream after each hand washing.3! Alcohol-based
hand rub should be used no sooner than 5 min after
lotion application.?? However, for various reasons, the
use of emollients among medical personnel varies.
According to some studies, 25% of surgeons and 91%
of nurses use hand cream/lotion.?#33 Regarding the
use of handcare products, emollients are usually used
when the skin is dry, before and after work, or ran-
domly during the day, and rarely before and after each
patient.?* The same tendencies were evident in this re-
search; skincare products were used irregularly only by
half of the staff. After the educational intervention, the
use of emollients increased significantly.

An important aspect of this study was the educa-
tional intervention. The most common mistakes from
the 1%t stage were identified and targeted for improve-
ment in the intervention. This study demonstrated
that it is unnecessary to repeat all information, and
that only targeted data can be provided. According
to Dale’s Cone of Experience, humans remember only
10% of the information they read and 30% of what they
see.3* That is why the current educational intervention
used a poster (readable information) and instructional
video (visual communication) material. A crucial and
novel aspect is that after receiving the selected infor-
mation, the respondents answered the questions about
hand hygiene and use of the hand hygiene methods in
different situations much more accurately, and a gen-
eral improvement was observed. Therefore, this study
demonstrates that repeating targeted information is
sufficient to achieve better knowledge. Moreover, it
can be predicted that the workers adapted this knowl-
edge into practice, and that hand skin health also im-
proved.

Overall, the current data suggests that educational
interventions are effective and lead to improved hand
hygiene practice.!*"1835 A recent systematic review
concluded that multimodal training approaches raised
hand hygiene compliance from a baseline of 51.5% to
80.1%.!8 Another long-term study found that before
training, hand hygiene was performed 63.6% of the
time, and after 8 years of monitoring and multiple in-
terventions, it improved to the level of 84.4%.3° The
researchers also noted that due to this improvement,
less hospital-related infections occurred.®® The results
of this study confirm that educational interventions
can improve knowledge about the hand hygiene prac-
tice and infection control principles.

S. Stulginskiene et al. Importance of education on hand hygiene

Conclusions

The dental personnel performed hand hygiene correct-
ly in 53.4% of cases. Generally, the hands were washed
with soap too often, while ABHR was avoided. Only 19.8%
of the respondents never experienced skin problems.
Training has a positive impact on hand hygiene and im-
proves the knowledge of dental personnel.
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Abstract

Background. Extracted human teeth are used to simulate dental procedures and are essential for practical
education and research studies.

Objectives. The aim of this study was to evaluate the efficacy of different sterilization methods for ex-
tracted human roots and to assess the effects of these methods on dentin microhardness.

Material and methods. The crowns of 40 mandibular incisors were removed. The roots were sectioned
at 10 mm and divided into 4 groups (1 = 10 per group): G1 — no sterilization (control); G2 — microwave
radiation (650 W, 5 min); G3 — ethylene oxide (288°C, 3 h); and G4 — autoclave (121°C, 15 min). The roots
were immersed in brain heart infusion (BHI) and incubated at 37°Cin variable oxygen atmospheres. After
14 days, the samples were assessed for turbidity. Three slices were obtained from each root, and indenta-
tions were made at 30, 60 and 120 um from the root canal lumen. The microbiological data was analyzed
with the Kruskal—Wallis test and Dunn'’s post-hoc test. Microhardness was evaluated by means of the two-
way analysis of variance (ANOVA) and Tukey's test (p < 0.05).

Results. The roots submitted to autoclaving were 100% sterile, which differed from the other methods
(p < 0.05); the control specimens had 0% sterility. For microhardness, significant differences were found
between the methods, particularly for the apical third (68.06 +12.50) (p < 0.05).

Conclusions. Although all the evaluated techniques reduced dentin microhardness, autoclaving should
be used as the most reliable method of sterilization of extracted dental roots.

Keywords: hardness test, autoclave, ethylene oxide, microwave oven, tooth root
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Introduction

Extracted human teeth are used to simulate dental pro-
cedures and are essential to practical education and re-
search studies.!~® In vitro and in situ studies provide sci-
entific support for developing new materials, and allow
the control and simulation of real situations in a labora-
tory environment.**

The American Dental Association (ADA) and the Cen-
ters for Disease Control and Prevention (CDC) recom-
mend a thorough removal of microorganisms capable
of transmitting diseases from non-disposable materials
used in patient care."®” The effective elimination of mi-
croorganisms is necessary to perform in vitro and in situ
research in an attempt to maintain the substrate structure
unaltered.”1° This objective is hard to achieve due to the
abundance of microorganisms present in the oral cavity,
biofilm and saliva.2” Therefore, there is a high risk of in-
fection and cross-contamination when handling extracted
teeth.27-?

Disinfection refers to an action that reduces the micro-
bial load present on the surface of an object, whereas ster-
ilization refers to a process that removes any detectable
microbial load.!*!? Various chemical sterilants have been
tested for the disinfection of extracted teeth, including
formalin, glutaraldehyde, iodopovidone, alcohol, vinegar,
thymol, and chloramine.>!2 The literature also reports the
use of physical agents, autoclaving, gamma radiation, mi-
crowave radiation,>8!3 and gases, such as ethylene oxide
and formaldehyde,!! to sterilize extracted teeth.

The effectiveness of any method of sterilization depends
upon time, contact, temperature, pressure, and how the
specimens are stored, washed and decontaminated.®~12
Autoclaving consists in using pressurized steam to achieve
the hydrolysis and coagulation of cellular proteins; it kills
bacteria, viruses, spores, and all other microbial forms.3#
It is recommended to follow the manufacturer’s protocol
and never interrupt the sterilization cycle. After the pro-
cess, the sterilizer must be depressurized and the packs
must remain inside for drying.!!

The process of sterilization in ethylene oxide steam
alternates between ethylene oxide gas cycles and ven-
tilation periods.!*!> Microwave radiation is initially ef-
fective; however, depending on the time of exposure,
cellular disintegration may occur due to an increase in
temperature.!>'® There have been concerns about the ef-
fects of infection control on extracted teeth, namely on
dentin permeability and the bond strength of restorative
materials."'7 It is unknown whether autoclaving affects
the chemical and micromechanical relationship between
dentin and dental materials.® Studies have shown changes
in the chemical properties of dentin and a reduction in its
microhardness. 2819

Another important consideration is that studies that
evaluated the microbiological effectiveness of steriliza-
tion methods used small sectioned dental slabs,> which

L.L. Pelozo et al. Methods of tooth sterilization for research purposes

fails to simulate the real conditions of in situ studies. The
standardization of the experimental design and of the
teeth are required to produce valid results in laboratory
research.?0-22 Previous investigations did not evaluate the
growth of microorganisms under different oxygen incu-
bation conditions (e.g., aerobic and anaerobic).®’12 Con-
versely, this study used different oxygen environments
in an attempt to eliminate every type of microorganism
present.

Considering the aforementioned facts, it is important
to investigate the effectiveness of sterilization methods
for large dental slabs, such as roots, before using them
for educational or research purposes. This study aimed
to evaluate the efficacy of different sterilization methods
that are commonly used for extracted human dental roots
as well as their effects on dentin microhardness. The null
hypotheses were: 1. There is no difference in sterilization
effectiveness between the methods tested; and 2. There is
no difference in dentin microhardness after using the dif-
ferent sterilization methods.

Material and methods

Sample preparation

Forty freshly extracted human incisors were stored in
0.1% thymol solution at 4°C. They were cleaned and ex-
amined to verify that there were no structural anomalies
and that they had complete root formation. A radiograph-
ic examination was conducted to confirm that there was
a single root canal in each tooth. The 40 teeth had their
crowns removed (IsoMet™ 1000; Buehler, Lake Bluff,
USA) and the roots were trimmed coronally to a stan-
dardized length of 10 mm. The final dimensions were
checked with a digital caliper (Mitutoyo, Suzano, Brazil).

Dental root sterilization

The roots were divided into 4 groups (n = 10 teeth per
group):

— G1 (control): no sterilization method was used;

— G2 (microwave): the specimens were placed in glass
containers, individually immersed in 100 mL of sterile
distilled water and exposed to microwave radiation in
a domestic oven (Electrolux, Pinhais, Brazil) at 650 W
for 5 min;

— G3 (ethylene oxide): the specimens were submitted to
50—-80% relative humidity at 288°C for 3 h (Wimac Kli-
niekdiensten, Rotterdam, the Netherlands); and

— G4 (autoclave): the specimens were stored in a glass
vessel containing distilled water and autoclaved at
121°C with 15 psi for 15 min in an industrial autoclave
(model AG 523; Ortosintese Inddstria e Comércio, Jara-
gua, Brazil).
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All roots were immersed in sterile distilled water be-
fore and after sterilization to equally corrode the dental
substrates.

Broth turbidity analysis

The roots from each group were individually immersed
and transferred to test tubes containing 10 mL of sterile
brain heart infusion (BHI). Each tube was agitated for
1 min in an agitator (Vortex, Sdo Paulo, Brazil). For each
experimental group, 3 tubes with the BHI broth and the
roots (1 = 12) were incubated under anaerobic conditions.
Another 3 tubes for each group (n = 12) were incubated
in a microaerobic atmosphere. Finally, 4 tubes for each
group (n = 16) were incubated in an aerobic atmosphere
at 37°C. In this way, it was possible to evaluate the growth
of every possible type of microorganisms — aerobic, facul-
tative anaerobic and anaerobic.

After a 14-day incubation period, the presence or ab-
sence of turbidity was assessed. Turbidity in the sample was
regarded as the evidence of microbial growth in the broth;
no visible growth in the broth was considered effective dis-
infection. The broth turbidity analysis is shown in Fig. 1.

Microhardness test

The specimens were mounted on a low-speed dia-
mond machine (IsoMet 1000). Two slices of 2-millime-

I 40 tooth roots of human incisors I
]
v v v v

G1 - control G2 — microwave radiation | |G3 — ethylene oxide| G4 — autoclave
(no sterilization) (650 W for 5 min) (288°C for 3 h) (121°C and 15 psi for 15 min)
(n=10) (n=10) (n=10) (n=10)

| | | |
v

I Transfer to tubes (10 mL of sterile BHI) I

v

I Agitation for 1 min I
|
v v v

anaerobic atmosphere microaerobic atmosphere aerobic atmosphere
(n=12) (n=12) (n = 16)

| | |
v

| Broth turbidity analysis I

Fig. 1. Diagram of broth turbidity analysis
BHI - brain heart infusion.
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ter thickness were obtained from each third of each
root. The 1% slice of each third was used to determine
microhardness.

The specimens were ground wet with 600- and 1,200-
grit silicon carbide papers, polished with felt disks, and
embedded in aluminum oxide paste at a low speed. Then,
they were washed under running water, dried with gauze
and examined at x40 magnification to confirm smooth-
ness. Dentin microhardness was measured with a Knoop
indenter (HMV-2; Shimadzu, Barueri, Brazil) under a load
of 25 g at a dwell time of 10 s. For each slice, 12 indenta-
tions were made (3 at each quadrant) at each depth — 30,
60 and 120 pum from the root canal lumen. The means for
the quadrants were calculated.

Statistical analysis

The microbiological data was evaluated with the Krus-
kal-Wallis test and Dunn’s post-hoc test. The microhard-
ness data was evaluated according to normal and homog-
enous distribution (the Shapiro—Wilk test and Levene’s
test, respectively), followed by the two-way analysis
of variance (ANOVA) (with regard to the sterilization
methods and the root thirds) and Tukey’s test. The analy-
ses were performed using the IBM SPSS Statistics for
Windows software, v. 25.0 (IBM Corp., Armonk, USA), at
a 5% significance level.

Results

Broth turbidity analysis

The 1% null hypothesis of this study was rejected. The sta-
tistical analysis revealed significant differences between the
sterilization methods. The roots submitted to autoclaving
were 100% sterile (100% of samples were non-turbid), which
was different from the other methods (p < 0.05). Ethylene
oxide had 50% sterility. The control group (no sterilization)
had 0% sterility; it was statistically similar to microwave ra-
diation, which produced only 10% sterility (p > 0.05).

The patterns of turbidity, sterility, and the mean values
for each group are presented in Table 1 and illustrated in
Fig. 2. Figure 3 shows the samples after the experiment.

Table 1. Broth turbidity after 14 days per visual analysis and the percentage of root sterility for each experimental group (n = 10)

Groups Broth turbidity® Ste[ror/li)I]ity
‘ Microwave radiation (9/10) 10
‘ Ethylene oxide (5/10) 50
‘ Autoclave (0/10) 100
‘ Control (10/10) 0

20 187 1.9° |
15 062 1.5 |
10 375 1.0¢ |
20 250 20° |

Me — median; M — mean. T Broth turbidity indicates the presence of microorganisms. Different letters in superscript indicate statistically significant differences
between the groups (Kruskall-Wallis test (p = 0.001) and Dunn’s post-hoc test (p < 0.05)).
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2.2 1

2.0

1.84

1.6 1

turbidity

1.44

1.24

1.04

0.8

autoclave control ethylene oxide microwave radiation

experimental groups

Fig. 2. Microbiological data for each experimental group

Data presented as median (Me) and 95% confidence interval (Cl).

Fig. 3. Roots individually stored in tubes containing brain heart infusion
(BHI), showing clear and turbid samples

A — microwave radiation; B — ethylene oxide; C — autoclave; D — control
(no sterilization).

Microhardness test

The 2™ null hypothesis of this study was rejected, as
some of the tested protocols significantly reduced dentin
microhardness (expressed as Knopp hardness number
(KHN)) in human root canal dentin. The two-way ANO-
VA revealed significant differences in the microhardness
values between the sterilization methods (p < 0.0001), the
root thirds (p = 0.0041), and with regard to the interaction
of the 2 factors (p = 0.0265). The control group showed
the highest mean value (91.09 +4.08%), which was statisti-
cally significantly different from those for the microwave
radiation (66.69 +9.43P), ethylene oxide (71.42 +9.61") and
autoclave (73.53 +15.02") groups. The highest microhard-
ness values were found in the cervical (77.73 £10.48?) and
middle (81.25 £15.26?) thirds (p > 0.05). The lowest values
were found in the apical third (68.06 +12.50P). The micro-
hardness mean and standard deviation (M +SD) values for
each experimental group are detailed in Table 2.

Concerning the interaction of factors, the ethylene
oxide, autoclave and control groups showed the highest
microhardness values in the cervical and middle thirds
(p < 0.05), whereas the microwave radiation group showed
the lowest values in the middle third.

Discussion

In the current coronavirus disease 2019 (COVID-19)
context, worldwide concern has arisen due to the risk
of cross-contamination. Dental practice, education and
research are some of the most highly impacted fields.??
The oral cavity linked with the respiratory tract is a natu-
ral habitat for many microorganisms, including several
bacterial species, several potentially pathogenic fungi,
and viruses, such as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).242>

To reduce the risk of transmitting blood pathogens,
tooth roots must be biologically safe before they are
used. At the same time, they should have their normal
mechanical properties maintained.>”2 However, taking
into account bacterial colonization, the tubular inva-
sion of bacteria?” and the complex microstructure of the
teeth, tooth samples are difficult to sterilize, as steriliza-
tion measures can modify the tooth properties, and even
a minor change can affect the results of the analysis.>

Table 2. Microhardness [KHN] according to the different methods of sterilization and root thirds

Root third Microwave radiation

Ethylene oxide

Autoclave Control

| Cervical 7757 +19.74% 75.25 +29.408 6642 +22.495 91.70 +4.65% |
| Middle 60,85 +18.75% 78.52 £20,96% 90.79 +19.20% 94,83 +7.04% |
| Apical 6165 +871% 60,49 +23.10° 63.38 £0.68% 8673 +1013% |

Data presented as mean + standard deviation (M £5D).

Different uppercase letters in superscript indicate statistically significant differences between the sterilization methods (p < 0.05). Different lowercase letters
in superscript indicate statistically significant differences between the root thirds (p < 0.05).
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Previous authors have already tested the sterilization
methods assessed in this study, and these protocols are
commonly used in health services and research.®!%15

Broth turbidity is a widely used test that is simple to
perform. When correctly conducted, the turbidity mea-
surements guarantee the quality and accuracy of the re-
sults.>?® Contrary to other studies,®”!2 we evaluated the
growth of all types of microorganisms (aerobic, faculta-
tive anaerobic and anaerobic) to better simulate clinical
conditions.

Mandibular incisors were used in this study due to their
smaller size and thickness as well as lower anatomical
variability as compared to other dental groups.® Further-
more, to the best of our knowledge, this is the first investi-
gation to use 10-millimeter-long contaminated roots and
not only small dental slabs.? This study aimed to support
in situ research using acrylic palatal devices with human
roots to allow biofilm accumulation.’

The 1% null hypothesis of this study was rejected. The out-
comes revealed differences among the sterilization meth-
ods with respect to the presence of viable microorganisms.
The roots submitted to autoclaving were 100% sterile; thus,
this was the only method that was able to completely elimi-
nate microorganisms from the extracted roots. The auto-
claving process is the method recommended by ADA and
by previous studies for materials exposed to body fluids.7
Its main advantages are its rapidness and efficiency, excel-
lent reliability, and cost-effectiveness. The limitation is that
this method cannot be used with sensitive equipment and
materials.!! Autoclave sterilization is recommended for
preventing cross-contamination during laboratory bond-
ing tests with human teeth.* Talge Carvalho et al. stated
that the autoclave sterilization of teeth slabs produced no
significant changes in dentinal tubule morphology or den-
tin chemical composition.?® Western and Dicksit consid-
ered autoclaving to be 100% effective and reliable.? How-
ever, extracted teeth with amalgam restorations should not
be autoclaved because of mercury release.*

Concerning ethylene oxide sterilization, the literature
reports that it provides powerful gas penetration and is
the gentlest for delicate materials.®! However, it is expen-
sive, toxic, explosive, and requires long time cycles and
a specialized aeration chamber.!! For these reasons, it is
better for hospitals and not practical for dental clinics.
Ethylene oxide destroys microorganisms by chemically
reacting with nucleic acid, and interfering with cellular
metabolism and reproductive processes, which renders
the affected microbes nonviable.3? The results of the cur-
rent study showed lower sterility than expected (50%
of the roots were sterile), which is probably due to the
parameters used. Other authors have also warned about
the inability of ethylene oxide to sterilize human teeth.*!>
Thomas et al.'* found a significant interaction between
the depth of caries lesions in enamel and ethylene oxide
sterilization in vitro.'* Ethylene oxide is only 20-36% ef-
fective against Bacillus subtilis in extracted teeth.!® The
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literature does not provide any evaluation of the ethylene
oxide sterilization of human teeth with the consideration
of different equipment parameters.

Microwave radiation has been indicated for the disin-
fection/sterilization of laboratory materials.>! However,
few studies have assessed its ability to reduce the micro-
bial load on dental substrates.’® In the current study,
microwave radiation was not a reliable method for steril-
izing human roots. The mechanism by which microwave
radiation kills microorganisms is not entirely understood.
Microwaves promote decontamination by both thermal
and nonthermal processes, since the electromagnetic
field induced by microwaves causes biological and chemi-
cal alterations in cells.!®>3% Therefore, microwave radiation
is generally used as a disinfectant, but it is ineffective for
use with extracted teeth in laboratory research.

Microhardness measurement is one of the simplest
methods of non-destructive mechanical characteriza-
tion.2 Dentin and enamel microhardness depend on the
amount of mineral structure content, and provide indi-
rect evidence of mineral loss or gain in hard dental tis-
sues.? The mineral content of dentin decreases with age,
which leads to dental fragility.'”

The 2" hypothesis of this study was rejected, since den-
tin microhardness was reduced after conducting the dif-
ferent sterilization processes. These results are consistent
with those of previous studies, in which the sterilization
methods also decreased microhardness.2#918 This effect
has been associated with calcium loss, which results in
dentin demineralization and softening. It is hypothesized
that the high temperature and pressure during steriliza-
tion disrupt collagen and denature the organic compo-
nent in dentin, which affects microhardness.">%°

Reduced microhardness values may influence the results
of studies that assess mechanical properties, such as bond
strength, of resin-based materials.'#17-1° Moreover, the
sterilization process might increase the risk of tooth frac-
ture, which is unwanted in preclinical endodontic train-
ing.1” Other authors measured the surface microhardness,
roughness and bond strength of denture teeth and acrylic
resin denture bases, and verified the decrease in material
microhardness; this outcome was considered a common
and standard consequence of all sterilization methods.?”3*

Finally, it is important to emphasize that infection con-
trol is not limited to the disinfection/sterilization of ex-
tracted teeth. Students and researchers should wear gloves,
masks and eye protection when handling extracted teeth.

In this study, the best sterilization method for eliminating
microorganisms was autoclaving, even though it reduced
microhardness. The choice of method depends on particu-
lar situation, analysis and the study objective. For in situ
and in vitro research with human teeth, we recommend
autoclave sterilization before the laboratory steps. Further
studies with additional methods should be conducted to
determine sterilization methods and protocols that cause
the least alteration of tooth mechanical properties.
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Conclusions

Based on the experimental methods and results
of this study, it can be concluded that autoclaving is
the most effective sterilization method to eliminate
microorganisms from 10-millimeter-long human
roots. Regardless of the method tested, the roots sub-
mitted to disinfection/sterilization had their dentin
microhardness reduced.
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Abstract

Background. Tobacco use is causatively associated with various human cancers, including oral carcinoma.
A number of pathways have been delineated to describe its etiopathological link with oral carcinogenesis,
including alterations in the expression of stem cell markers. Embryonic stem cell markers, such as sex-de-
termining region Y-box 2 (SOX2), octamer-binding protein 4 (OCT4) and homeobox protein Nanog, which
are mainly involved in the maintenance of stemness and pluripotency, have been positively associated with
the pathogenesis of oral potentially malignant disorders and oral cancers. In this context, we attempted to
explore the subcellular impact of tobacco through examining the expression of these stem cell markers in
normal and normal-appearing oral mucosa in non-tobacco users and tobacco users.

Objectives. The aim of the study was to analyze the immunoexpression of SOX2, 0CT4 and Nanog in the
normal-appearing oral mucosa (NAOM) of tobacco users as compared to the normal oral mucosa (NOM)
of non-tobacco users.

Material and methods. The tissue samples of tobacco users and non-tobacco users (n = 50 per group)
were immunohistochemically stained to assess the expression of SOX2, 0CT4 and Nanog.

Results. In the oral mucosa of non-tobacco users, a peculiar parabasal expression pattern of SOX2 and
0CT4 was observed, whereas Nanog was non-reactive. The grade of inflammation was found to be a pre-
dictive variable influencing the expression of the 2 markers. In tobacco users, variables such as male gender,
mixed habit and basilar hyperplasia significantly controlled the basilar and suprabasilar expression of SOX2,
0CT4 and Nanog. The expression of SOX2 and 0CT4 was higher in tobacco users; in particular, 0CT4 positiv-
ity was significantly increased (p < 0.001) in comparison with non-tobacco users.

Conclusions. The altered expression of the examined stem cell markers could be an indication of early
molecular changes in NAOM under the influence of tobacco.

Keywords: tobacco, stem cells, oral mucosa
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Introduction

Tobacco use is one of the leading contributors to un-
timely deaths and associated economic damage globally,
as it has been consistently linked with the etiopathogen-
esis of several human cancers, including oral cancer. Vari-
ous forms of tobacco, including smoking and smokeless,
or some combination of both, are thought to be involved
in the multistep process of oral carcinogenesis.! Around
60 chemicals, including pro-carcinogens that are present
in tobacco products, can cause genetic and epigenetic ab-
errations in oral mucosal cells through DNA damage and
chromosomal instability, and thus contribute to field can-
cerization. These subcellular changes appear to be early
events in multistep progression from clinically normal
and histopathologically non-dysplastic mucosa (normal
oral mucosa (NOM)), through oral potentially malignant
disorders, to oral cancer.? The deleterious effects of tobac-
co at the cellular level need to be detected early through
biomarkers so that individuals at risk of developing clini-
cal lesions can be identified and managed accordingly.

A well-characterized transcription factor called sex-
determining region Y-box 2 (SOX2) is known to play
a crucial role in the maintenance of pluripotency and
the self-renewal capability of human embryonic stem
(ES) cells.> Another transcription factor, octamer-bind-
ing protein 4 (OCT4) — a member of the POU-family
of DNA-binding proteins, also contributes to the regu-
lation of pluripotency of ES cells through cooperative
interactions with SOX2.* Homeobox protein Nanog is
another member of core pluripotency regulators that
acts on the downstream targets of OCT4, and hence
plays a key role in cell fate determination, mainly in the
differentiation of ES cells.> Several clinical studies have
reported on the association of these master regulators
of ES cell pluripotency at various stages of carcinogen-
esis and the overall prognosis of various human malig-
nancies.®® The expression of SOX2, OCT4 and Nanog
have been studied in combination with or without other
stem cell markers as predictors of the risk of malig-
nant transformation in oral potentially malignant dis-
orders and with regard to the clinical outcomes of oral
cancer. Despite the conflicting results, the overexpres-
sion of these transcription factors has been observed to
play a vital role in oral carcinogenesis.’~!! Furthermore,
a number of studies have also noticed an increased ex-
pression of these markers in normal-appearing oral mu-
cosa (NAOM) adjacent to the lesional carcinoma tissue,
supporting the association of SOX2, OCT4 and Nanog
in the field cancerization of oral mucosa under the influ-
ence of tobacco.”!? Based on this evidence, we evaluated
the expression of SOX2, OCT4 and Nanog in the NOM
of non-tobacco users in comparison with that of tobacco
users by means of immunohistochemistry to assess the
influence of tobacco on oral mucosa prior to any evi-
dence of clinically established lesions.

N. Swain et al. Expression of stem cell markers in tobacco users

Methodology

Patients and tissue sample collection

The research protocol was reviewed and ethically ap-
proved by the institutional Ethical Review Board at the
MGM Institute of Health Sciences, Navi Mumbai, India
(No. of approval: MGMIHS/RES./02/2018-19/63).
Healthy patients, with or without tobacco habits, were
selected from among the individuals who visited the den-
tal hospital for periodontal, orthodontic or surgical treat-
ment, such as crown lengthening, ridge augmentation,
pericoronitis, or periodontal flap surgery. After obtaining
informed consent from the participants, the discarded
NAOM samples taken from the abovementioned surgical
procedures were collected. A total of 100 tissue samples
were obtained from non-tobacco users (n = 50) and to-
bacco users (n = 50) for the present study.

Histopathological assessment

All tissue samples were fixed in 10% neutral buffered
formalin, followed by tissue processing and staining with
the use of hematoxylin and eosin (H&E). The histopath-
ological assessment of the samples was carried out by 2
independent oral pathologists for the presence of micro-
scopic changes, such as basilar hyperplasia and inflamma-
tion. Inflammation in the samples was scored as follows:
0 — no inflammation; 1 — mild (less than 25 inflammatory
cells); 2 — moderate (more than 25 and less than 125 in-
flammatory cells); and 3 — severe (more than 125 inflam-
matory cells).’

Immunohistochemical staining

From each paraffin-embedded block, tissue sections
were cut to a thickness of 3 um with a rotary microtome
(Leica RM 2245; Leica Camera, Wetzlar, Germany). The
sections were dewaxed in xylene, and then rehydrated
in absolute alcohol, 95% alcohol and 85% alcohol. An-
tigen retrieval was performed by immersion in Tris-
EDTA (0.1 M, pH 9) in a decloaking chamber at 125°C
for 10 min. Endogenous peroxidase activity was blocked
by using 3% hydrogen peroxide in methanol for 30 min.
The slides were then incubated with an anti-SOX2 rab-
bit monoclonal antibody (prediluted, Clone EP103, Cat.
No. PR071; PathnSitu Biotechnologies, Livermore, USA),
an anti-OCT4 rabbit monoclonal antibody (prediluted,
Clone EP143, Cat. No. BSB2029; Bio SB, Santa Barbara,
USA) and an anti-Nanog mouse monoclonal antibody
(prediluted, Clone 5A10; Novus Biologicals, Centennial,
USA) diluted in Tris-buffered saline (TBS) and 5% bovine
serum albumin (BSA) at 4°C overnight in a wet chamber.
For the substrate chromogenic reaction, the sections were
immersed in a freshly prepared solution of 0.03% diami-
nobenzidine for 2 min at room temperature, followed by
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counterstaining with Mayer’s hematoxylin. The samples
of colon carcinoma, esophageal carcinoma and seminoma
were used as positive controls, whereas the substitution
of the primary antibody with TBS served as an internal
negative control for each batch of staining.

Immunohistochemical analysis
and scoring

Two pathologists independently reviewed the stained
slides without any access to clinical or demographic data
of the patients. The nuclear expression of SOX2, OCT4
and Nanog was observed in the epithelial cells of both to-
bacco users and non-tobacco users. A total of 1,000 cells
were counted in a x400 magnification field per specimen,
using the Image] software (National Institutes of Health
(NIH), Bethesda, USA; https://imagej.nih.gov/ij/). The
percentage positivity of all markers was calculated by di-
viding the total number of positively stained cells by the
total number of cells in the section (minimum 1,000 cells)
in high-power fields x100%. Staining intensity was ob-
served and graded as weak, moderate or strong. The scor-
ing of percentage positivity (<5% of cells — 0; 5-24% — 1;
25-49% — 2; 50—-74% — 3; and >75% of cells — 4) and inten-
sity (no cells — 0; weak — 1; moderate — 2; and strong — 3)
was done according to the methodology proposed by Vi-
jayakumar et al.'* The final scoring of each section was
calculated by adding the scores of percentage positivity
and intensity (0-3 — low expression; and 4-7 — high ex-
pression). If any disagreement occurred (intensity score
discrepancy >1), the slides were re-evaluated by a third
independent pathologist along with previous observers to
obtain a consensus diagnosis.’

Statistical analysis

The observations were noted and recorded in
a Microsoft® Excel sheet (Microsoft Corporation, Red-
mond, USA). The results were compared for statistical sig-
nificance using IBM SPSS Statistics for Windows, v. 24.0
(IBM Corp., Armonk, USA). Student’s independent ¢ tests
were used to analyze the intra- and intergroup variations
in SOX2, OCT4 and Nanog expression. Linear regression
analysis was applied to explore independent predictor
variables influencing the expression of stem cell markers.

Results

The study participants constituted 2 groups: group I
comprised healthy controls with NOM, without any to-
bacco habit (# = 50); and group II consisted of individuals
with NAOM with a tobacco habit (z = 50). The associa-
tion of the expression patterns of the stem cell markers
with the demographic data of both groups are depicted
in Tables 1-4.
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Expression patterns of SOX2,

OCT4 and Nanog, and their correlation
with clinicopathological factors

in non-tobacco users (group |)

The nuclear expression of SOX2 and OCT4 was observed
only in the parabasal layer of NOM, with mild to moderate
intensity of immunoreactivity observed for both markers.
Nanog was found to be negative for all NOM samples (Fig. 1).
The association between the percentage expression of SOX2
and OCT4 and the clinicopathological features of this group,
including age, gender and the grade of inflammation, was ex-
amined with the independent ¢ test. The percentage expres-
sion of SOX2 and OCT4 was statistically significantly differ-
ent among the grades of inflammation (p < 0.001), whereas
age and gender did not seem to influence their expression
(Table 1). Linear regression analysis showed the grade of in-
flammation to be a significant and independent predictor
of expression of these 2 stem cell markers (Table 2).

Fig. 1. Histopathological staining of oral mucosa (hematoxylin and eosin (H&E);
%400 magnification) in non-tobacco users (A) and tobacco users (B).

In non-tobacco users, the immunohistochemical expression of SOX2 (C),
OCT4 (E) and Nanong (G) were found to be limited to the parabasal layer
(if positive for staining), whereas the immunoreactivity of all these markers
increased up to the basal and suprabasal layers and above in tobacco
users (D, F and H for SOX2, OCT4 and Nanong, respectively)
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Table 1. Correlation between demographic features and the percentage expression of SOX2 and OCT4 in normal oral mucosa (NOM) in non-tobacco users

Percentage expression of OCT4

. Sample size | Percentage expression of SOX2
Variables (n =50) (%]
Age <40 28 3124159
[years] >40 22 3.03£1.72
male 38 2.83 £1.64
Gender
female 12 3.88+1.40
no 34 258 +£143
Grade . mild 8 3214156
of inflammation
moderate 8 5.06 +0.93

[%]
0.93 +0.93
0.98 +1.07
0.92 +0.98
1.04 £1.07
0.65+0.83
0.93 +1.03

0.842 0.853

0.053 0.723

<0.001* <0.001*

262 £041

Data presented as mean + standard deviation (M +SD). * statistically significant (unpaired two-sample t test).

Table 2. Multiple regression analysis showing the association of predictive variables with the percentage expression of SOX2 and OCT4 in the normal oral

mucosa (NOM) of non-tobacco users

Unstandardized coefficients

Standardized coefficient

(constant) 2.002 0.843

SOX2 age —-0.248 0401
expression gender 0.622 0485
grade of inflammation 0.890 0.331

(constant) 0.710 0.527

oCT4 age 0.000 0242
expression gender ~0.286 0.294
grade of inflammation 0.668 0.190

95% Cl for B
upper bound

- 2374 0.022 0303 3.700
-0.076 -0618 0.539 —-1.055 0.559
0.164 1.284 0.206 -0.354 1.599
0415 2692 0.010* 0.224 1.556
= 1.347 0.185 -0.352 1.772
0.000 0.001 0.999 -0.487 0.488
—-0.125 —0975 0335 -0.878 0.305
0513 3522 0.001* 0.286 1.050

SE - standard error; C/ - confidence interval; * statistically significant.

Expression patterns of SOX2,

OCT4 and Nanog, and their correlation
with clinicopathological factors

in tobacco users (group Il)

In NAOM, the nuclear expression of all 3 markers was
noticed in both basal and suprabasal layers of oral mu-
cosa. The immunoexpression of these markers was ana-
lyzed along with the clinicopathological parameters of to-
bacco users, including age, gender, type of habit (smoking,
smokeless and mixed, i.e., with alcohol), duration of habit,
and tobacco contact time, and histopathological features,
such as basilar hyperplasia and the grade of inflamma-
tion. Male gender, mixed habit and the presence of basi-
lar hyperplasia significantly contributed to the alteration
of the percentage expression of SOX2, OCT4 and Nanog
(Table 3). For SOX2 expression, the type of tobacco habit
was found to be a significant predictive variable, whereas
age, duration of habit, basilar hyperplasia, and the grade
of inflammation emerged as independent predictive vari-
ables for OCT4 expression in linear regression analysis.
Gender, tobacco contact time and the grade of inflamma-
tion were observed to have significantly influenced Nanog
immunoexpression (Table 4). The intensity of immunore-
activity of all markers was noticed to increase along with
an increase in the grade of inflammation.

Intergroup comparison of SOX2,
OCT4 and Nanog expression

The mean value of percentage expression of OCT4
(9.74 +4.79%) was found to be statistically higher in
tobacco users when compared to non-tobacco users
(0.95 +£0.99) (p < 0.001). A similar increasing trend was
observed in SOX2 expression under the influence of to-
bacco, though the result was not statistically significant.
In the case of Nanog, the 2 groups were not compared, as
this marker was expressed only in tobacco users and was
absent in the NOM of non-tobacco users.

Co-expression of SOX2, OCT4 and Nanog

The co-expression of SOX2, OCT4 and Nanog was
assessed by evaluating the percentage expression in
the same area of the tissue specimens. In tobacco us-
ers, a higher co-expression of SOX2 and OCT4 (76%)
was observed in comparison with non-tobacco users
(30%), though the statistical correlation was found to
be non-significant (Spearman’ coefficient p = 0.120;
p = 0.408). The co-expression of all 3 markers was ob-
served in 58% of all tobacco users. The overall inten-
sity of immunoreactivity of all markers was observed
to be higher in tobacco users in comparison with non-
tobacco users.
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Table 3. Correlation between demographic features and the percentage expression of SOX2, OCT4 and Nanog in normal-appearing oral mucosa (NAOM)
in tobacco users

Samole size Percentage expression Percentage expression Percentage expression
Variables (n E ) of SOX2 of OCT4 of Nanog
- [%] [%] [%]
Age <40 28 5.06 £6.20 9.85+7.14 3.96 +4.65
0.559 0.908 0.291
[years] >40 22 413 462 9.60 +8.07 2.54 +4.66
male 41 538 +5.82 10.71 +£7.50 407 +4.89
Gender <0.001* 0.034* 0.016*
female 9 137 £1.37 5324593 0.00 £0.00
smoking 15 3114156 1266 £7.11 3.71+358
Type of habit smokeless 23 2.81 +£4.66 <0.007** 4.54 +4.04 <0.007** 1.24+1.71 0.003**
mixed 12 10.10 £6.98 15.38 +6.90 6.72£7.21
Buiiisn <5 26 5.94 +6.20 1209 +7.52 446 £5.39
of habit 6-10 16 372522 0.196 7.69 £6.55 0.060 271 +£3.90 0.136
lyears] >10 8 2324172 6224735 0904176
Tobacco <1 36 3.84+437 944 +7.63 354 +541
contact time 0.197 0.662 0.609
I >1 14 6.73 +7.57 1049 +7.33 278 +163
Basilar absent 20 198+185 544 +580 145 +172
. 0.001* <0.001* 0.016*
hyperplasia present 30 644 +6.42 12,60 £7.17 459 +555
no 9 333 +£3.09 5.96 £8.01 191 £1.92
Grade mild 15 473 4652 6.09 +6.11 198 +1.77
; . 0.535 0.025* 0.260
ofinflammation  moderate 24 468 +4.96 1237 £7.05 463 4627
severe 2 9.80 +13.85 16.30 £8.02 4.25+0.63

Data presented as mean + standard deviation (M +5D). * statistically significant (unpaired two-sample t test); ** statistically significant (one-way ANOVA (two-tailed)).

Table 4. Multiple regression analysis showing the association of predictive variables with the percentage expression of SOX2, OCT4 and Nanog
in the normal-appearing oral mucosa (NAOM) of tobacco users

Unstandardized coefficients | Standardized coefficient 95% Cl for B
upper bound
age -0.636 1.886 —-0.058 —0.337 0.738 —4.448 3.176
gender -2913 2.903 —0.204 —1.004 0.322 —8.781 2954
type of habit 3.259 1.254 0436 2599 0.013* 0.724 5.793
Zgézession duration of habit 0.701 1451 0.095 0483 0.632 —2.232 3633
tobacco contact time -0.972 2.078 —-0.080 —-0.468 0.642 =5.171 3227
basilar hyperplasia 2.075 1.710 0.186 1214 0.232 —1.381 5.531
grade of inflammation 0.343 1.090 0.052 0.315 0.754 —1.860 2.547
age 4.971 2131 0333 2332 0.025* 0.663 9.278
gender —4.440 3302 —-0.230 —1.347 0.185 -11.120 2.225
type of habit 0.552 1.644 0.055 0.336 0.739 —2.771 3.875
S)i)Trgssion duration of habit —4.020 1.634 —0403 —2463 0.018* —7.329 —0.722
tobacco contact time —5.060 2676 —0.307 —1.892 0.066 -10470 0.346
basilar hyperplasia 4460 1.937 0.295 2304 0.027* 0.547 8378
grade of inflammation 4.302 1.223 0477 3517 0.001* 1.830 6.773
age 0.694 1464 0.075 0474 0.638 —2.265 3.653
gender —4.752 2.049 —0.395 —2.320 0.026* —8.893 -0.612
type of habit 1.739 1.028 0.276 1.691 0.099 —0.340 3817
Sf;‘rziion duration of habit ~0.904 1125 ~0.145 ~0.804 0426 -3177 1369
tobacco contact time —5407 1.590 -0526 —3.400 0.002* -8.621 -2.193
basilar hyperplasia 1.089 1322 0.115 0.824 0415 —-1.582 3.760
grade of inflammation 2132 0.839 0.380 2.540 0.015*% 0436 3.829

* statistically significant.
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Discussion

The cumulative evidence of a positive correlation
between the immunoexpression of SOX2, OCT4 and
Nanog and various oral potentially malignant disorders
and oral carcinoma indicates the putative role of these
proteins in oral carcinogenesis. Though previous re-
search has reported on the presence or absence of these
pluripotent stem cell markers in normal mucosa as com-
pared to that of the lesional tissues, an exclusive study
targeting their expression in adult stem cells in NOM
has not been conducted until now. In this context, the
present study observed only SOX2 and OCT4 expres-
sion in NOM, which is in agreement with the observa-
tions of Qiao et al.,'® whereas all the samples showed
negative immunoreactivity toward Nanog.!%!> SOX2 is
thought to be a guardian of the embryological develop-
ment of the head and neck region through its expression
in neural crest cells. Since most of the oral and orofacial
structures are derived from the migrated neural crest
cells, the presence of SOX2 in the NOM of non-tobacco
users explains its putative role in oral mucosa differen-
tiation through a precise cell flow.1®

The lower mean value of OCT4 percentage expres-
sion as well as the absence of Nanog expression in NOM
could be explained by the regulatory and repressing ef-
fect of SOX2 on OCT4 and Nanog during specific lin-
eage differentiation.!'” We observed the parabasal layer
expression of these pluripotent stem cells, in contrast to
the basal layer expression reported by many authors. As
NOM is thought to have its stem cell population distrib-
uted in the quiescent basal cell and active parabasal cell
layers, this justifies the peculiar pattern of parabasal lay-
er expression of SOX2 and OCT4 rather than the basal
cell layer expression, as observed in previous studies.!®
The presence of inflammation not only was found to be
significantly associated with an increased immunoreac-
tivity of these markers, but also emerged as a predictive
variable for the same in the NOM of non-tobacco users.
Inflammation has an inducible effect on stem cell pro-
liferation through cytokine production. In NOM, even
sterile inflammation (non-microbial), which may result
from chemical and physical insults, can cause the prolif-
eration of stem cells. At the site of injury, inflammatory
cells recognize danger-associated molecular patterns
and secrete molecules that prime the tissue restoration
via stem cell induction.??

In tobacco users, an increased expression of SOX2 and
OCT4 and the appearance of Nanog in tobacco-affected
oral mucosa were observed. Naini et al. reported similar
results in the adjacent non-tumor oral tissue, which in-
dicated the potential role of these markers in the early
molecular stages of carcinogenesis.!? Fu et al. also ob-
served a similar higher expression of Nanog in the cor-
responding tumor-adjacent normal tissues as compared
to their normal counterparts, which supports its under-
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explored behavior in carcinogenesis.® Significant associa-
tions between tobacco-related parameters, including the
type of habit and tobacco contact time, and an increased
immunoreactivity of all these markers indicate a critical
role of nicotine in oral carcinogenesis through the regula-
tion of the expression and stemness of SOX2, OCT4 and
Nanog.?’ In addition, a mixed habit that includes alcohol
use was shown to be associated with an increased expres-
sion of all of these ES cells markers, which is in accor-
dance with the experimental findings showing the alco-
hol-activated induction of cancer stem cells.?!

Histopathological factors, including basilar hyperpla-
sia, were correlated with an elevated expression of stem
cell markers in the present study. Under the influence
of tobacco, the shift and expansion of the stem cell niche
from the parabasal cell layer (active stem cell population)
to the basal cell layer (quiescent stem cell population)
was evident from the basal cell hyperplasia observed in
histopathological examinations and the criteria depict-
ing architectural changes in epithelial dysplasia. In addi-
tion, the grade of inflammation also correlated positively
with an increased expression of stem cell markers. Both
smokeless and smoke tobacco can cause genetic and pro-
teomic alterations through the dysregulation of inflam-
mation-associated pathways, such as MAPK/ERK as well
interferon signaling in oral keratinocytes.??

The mean percentage expression values of all of the
markers were significantly elevated in tobacco users in
comparison with non-tobacco users, which may indicate
the cumulative effect of long-term tobacco exposure on
oral keratinocytes by inducing the expansion of the em-
bryonic stem cell population. The co-expression of SOX2
and OCT4 was found to be increased in the oral mucosa
of tobacco users, similar to the observations made by
Qiao et al., who reported an elevated SOX2*OCT4* pro-
file in the transforming oral mucosa of the rat and in pre-
cancerous lesions of humans that displayed simple hyper-
plasia.’® The co-expression of all 3 markers in over a half
of tobacco users could be a result of the mechanical and
chemical impact of tobacco on oral keratinocytes.

Conclusions

The use of tobacco and the tobacco habit can induce
early molecular changes at the cellular level through
the expansion of the stem cell niche, which could be
recognized histopathologically as basilar hyperplasia.
Increased expression and co-expression of pluripotent
stem cell markers SOX2, OCT4 and Nanog in NAOM
may indicate another molecular pathway of tobacco-
induced oral carcinogenesis. The observations of the
present study could be used as a baseline for further re-
search on the impact of tobacco on oral mucosal stem
cells in the development of various oral potentially ma-
lignant disorders and oral cancer.
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Abstract

Background. Using different software to evaluate the airways, with different thresholds, but within the
range for airway recognition, could yield different measurements in the same patient with or without
craniofacial disharmony.

Objectives. The aim of the present study was to compare the volume and the most constricted area (MCA)
of the oropharynx in individuals with or without an open bite by using 2 software programs meant for
cone-beam computed tomography (CBCT).

Material and methods. This comparative study included 60 cases selected from 137 (BCT scans ob-
tained from individuals with the presence or absence of an open bite. Each group included adults of both
genders — in total 30 women and 30 men — with a mean age of 27.57 +11.85 years in the open bite
group and 26.23 +6.78 years in the control group. The oropharyngeal volume and MCA were measured
with 2 three-dimensional (3D) software packages: Planmeca Romexis®: and Nemotec NemoStudio®. Two
calibrated orthodontists trained in the use of the software made the measurements. Data was analyzed
using Student’s t tests for independent and paired samples (p < 0.05).

Results. In general, the oropharynx volume measurements obtained with the NemoStudio soft-
ware were significantly higher than those obtained with Romexis (19,007.17 +8005.79 mm?* and
17,823.47 +7148.62 mm’, respectively) (p = 0.020). However, when the groups were analyzed sepa-
rately, the measurements of the group with an open bite did not differ according to the software used
(p =0.352). The measurements of the MCA of the oropharynx were significantly higher when obtained
with the NemoStudio software (MD (mean difference) = 19.02 mm?) (p = 0.005). In contrast, no differ-
ence in the MCA results for the 2 software packages was found in the open bite group (p = 0.728).

Conclusions. The volumetric and cross-sectional measurements of the oropharyngeal airway, particularly
inindividuals without an open bite, were affected by the software used.

Keywords: airways, software, cone-beam computed tomography, CBCT, open bite
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Introduction

Craniofacial disharmony is considered a predisposing
factor for respiratory disorders during sleep in children.!
The symptoms of respiratory disorders are reportedly as-
sociated with facial and dental morphometry,? highlight-
ing the important role of craniofacial and airway mor-
phology.? Hence, an open bite accompanied by clockwise
mandibular rotation and different associated factors, in-
cluding the skeletal pattern, influence the airway dimen-
sions. The repositioning of the mandible significantly af-
fects these dimensions.*

In context of the above, conducting airway studies is
vital. The research was initially performed using lateral
radiographs. However, with the emergence and develop-
ment of new technologies, computed tomography (CT)
is currently being applied.>® The measurements based on
two-dimensional (2D) images have been questioned, tak-
ing into account the three-dimensional (3D) structures
of the airways. However, studies have found a similarity
between the linear measurements obtained with lateral
radiographs and those obtained with cone-beam com-
puted tomography (CBCT),” as well as a correlation be-
tween the sagittal and axial areas and the volume on 2D
images.8 In the search for more reliable information about
the airways, recent research findings have validated the
use of both lateral radiographs and CBCT.>!0

With technological advancement, different software
packages for airway analysis have been developed. A sys-
tematic review conducted in 2011 reported 18 software
packages for airway studies.” However, this review did
not mention the threshold (automatic or interactive) or
the measurement method (automatic or manual) used,’
which only a few studies specified. Indeed, only one study
determined the ideal threshold for the airway volume un-
der experimental conditions!!; therefore, this threshold
cannot be used as a standard protocol for airway assess-
ment. Another study used a fixed threshold, which was
based on the average of previously determined thresh-
olds for each tomography scan.!? The objective of that
study was to delimit the airways by using reliable refer-
ences based on the 3D images obtained with the use of the
Dolphin™ software in order to establish a protocol and to
set normative upper airway values for patients with the
following characteristics: Caucasian; adult (23-35 years);
healthy; Class I occlusion; and a Class I profile without
asymmetries.!? In terms of the measurement method
used, studies have examined the use of different software
packages and found high reliability for automatic mea-
surements, which differed from manual measurements.!?
Software packages are continually updated and improved,
prompting the question of whether the above issues have
been corrected. Several studies have used prototypes or
phantoms to verify the obtained results.>!1%1> However,
if such devices are to be used to represent the airways, the
materials they are made of should have the same density
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as soft tissues to ensure that the threshold values obtained
with these prototypes are representative.!® Furthermore,
using different tomography modalities to scan the same
tissue can lead to significant differences in the results,'
and differences in the voxel and artifact sizes can affect
CBCT images.!81° Recently, a study comparing 2 software
packages, Invivo™ and Dolphin, was conducted, using
fixed and interactive thresholds, respectively. It aimed to
propose normative values for children to be used in the
diagnosis and early management of pediatric sleep apnea,
and they found differences depending on which software
was used.?? The same software packages were applied to
make measurements in adults and in prototypes used
as a control in another recent study measuring the vol-
ume, the minimum area and the location of the minimum
area.”! The authors of that study also found overestimated
values when Dolphin was used and underestimated val-
ues when Invivo was used, though both software packages
were considered reliable and strongly correlated.?!

The aforementioned issues raised the question
of whether different software packages used with different
thresholds, but within the range for airway recognition,
would yield different measurements in a sample of pa-
tients with craniofacial disharmony, in whom the dimen-
sions of the airways may be altered. Therefore, the objec-
tive of the present study was to determine the volume and
the most constricted area (MCA) of the oropharynx in
individuals with and without an open bite and with dif-
ferent skeletal patterns by using the automatic software
mode for Romexis® (Planmeca, Helsinki, Finland) and
NemoStudio® (Nemotec, Madrid, Spain) in 3D, applying
different thresholds.

Methodology

This retrospective and cross-sectional study was ap-
proved by the Research Committee and Ethics Committee
of the Scientific University of the South (Universidad
Cientifica del Sur — UCSUR), Lima, Peru, and Federal
University of Rio Grande do Sul (Universidade Federal do
Rio Grande do Sul — UFRGS), Porto Alegre, Brazil (No.
of approval: 2018-00014). The sample for this study includ-
ed 60 cases selected from 137 CBCT scans obtained from
a private imaging center in Lima, Peru. The CBCT scans
were done for reasons other than the present study. Gender
and the skeletal pattern were considered inclusion criteria.
Based on different skeletal patterns, both anteroposteri-
or and vertical, the sample was divided into 2 groups: 30
CBCT images from individuals with an open bite; and 30
CBCT images from individuals without an open bite (the
control group). To describe the sagittal and vertical fea-
tures of both groups, we evaluated the skeletal relationship
(A point—nasion-B point angle (ANB)), facial divergence
(Frankfort mandibular plane angle (FMA)) and the verti-
cal overbite depth indicator (ODI), as shown in Table 1.
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For this purpose, cephalograms were derived from the
CBCT scans. To get an adequate distribution of the
sample related to the anteroposterior skeletal patterns,
Class I (ANB = 2 +2°), Class II (ANB > 4°) and Class III
(ANB < 0°) were included in both groups, and the follow-
ing characteristics of overbite were considered: the open
bite group — 0 mm or negative; and the non-open bite
group — positive. The CBCT images were taken from 30
males and 30 females, with 15 males and 15 females in each
group, with or without an open bite, and aged between 15
and 56 years. The mean age was 27.57 +11.85 years for the
open bite group and 26.23 +6.78 years for the non-open
bite group. All excess CBCT images were excluded after
the required number of 60 was achieved. The sample was
obtained as scrutinized in the flow chart (Fig. 1).

Image acquisition

Cone-beam computed tomography was performed
according to the standardized protocol of the radio-
logical center and the images were obtained by means
of the Picasso Master 3D scanner/E-woo model (Vat-
ech, Hwaseong, South Korea). The CBCT scans were
acquired with the patient in a seated and erect posi-
tion, and with a craniocervical alignment of 90-110°.
The sagittal midline, the Frankfort plane, the occlusal
plane, and the incisor line were the anatomical points
used to position the head. Instructions were given to
the patients to keep their eyes open, not to move their
head, not to swallow, to breath slowly, and to be in
maximum intercuspation during scanning. The follow-
ing settings of the 3D scanner were used to acquire the
images: 8 mA; 90 kVp; flat-panel detector 25 x 20 ¢cm?
with a field of view (FoV) of 20 x 19 cm? an isotro-
pic voxel size of 0.3 mm; and an exposure time of 20 s.

Table 1. Initial characteristics of the samples in both groups

[aasimmart | oo sz e |

non-open bite 30 85.30 +4.48
SNA T[] 0.112
open bite 30 83.64 £3.41
non-open bite 30 82.90 +£5.88
SNB [] 0.571
open bite 30 82.02 +£6.08
non-open bite 30 241 +381
ANB [] 0.501
open bite 30 1.63 +£5.01
non-open bite 30 2927 £5.76
FMA [°] 0.244
open bite 30 31.05 +£5.98
non-open bite 30 61.70 £10.36
ODI[7] 0.042*
open bite 30 56.65 +8.31
non-open bite 30 26.23 +6.78
Age P 0.595
[years] open bite 30 27571185

SNA - sella—nasion—A point angle; SNB — sella—nasion-B point angle;

ANB - A point-nasion-B point angle; FMA — Frankfort mandibular plane angle;
ODI - vertical overbite depth indicator (ODI); M — mean; SD — standard
deviation; * statistically significant (independent ¢ test).
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CBCT scans of young adults aged 15-56 years
(N=137)

g

non-open bite group (n = 90)
skeletal pattern Class |, II, lll
® Class I: ANB = 2 +2°

o Class Il: ANB >4°

® Class lll: ANB < 0°
overbite: positive

open bite group (n = 47)
skeletal pattern Class |, II, 1l
@ Class I: ANB = 2 +2°
o Class Il: ANB > 4°
@ Class lll: ANB < 0°
overbite: 0 mm or negative

Exclusion criteria @

CBCT scans after obtaining
the data of 15 males and 15 females, the data of 15 males and 15 females,
10 for each skeletal pattern 10 for each skeletal pattern
(n=17) (n=60)

Inclusion criteria @

| open bite group (n = 30) |

CBCT scans after obtaining

| non-open bite group (n = 30)

Fig. 1. Flow chart of the sample collection
CBCT - cone-beam computed tomography.

The CBCT images were converted into the DICOM
(Digital Imaging and Communications in Medicine)
format, and analyzed with the Planmeca Romexis soft-
ware, v. 5.1.1.R, and the Nemotec NemoStudio soft-
ware, v. 2017 (NemoFAB).

Calibration

In order to ensure uniform intra- and inter-observer
measuring procedures, a calibration process was per-
formed. Ten CBCT scans were randomly selected from
the sample and the variables of interest were measured
twice at an interval of 15 days between the 2 measure-
ments for both software packages studied.

Measurement of variables

A Toshiba Satellite L845, Intel Core i3, 8 GB RAM com-
puter, with a 64-bit operating system (Toshiba, Tokyo,
Japan), was used for the selected upper airway measure-
ments. The orientation of the head in the reconstruction
of all 3D images was standardized by aligning the Frank-
fort plane (porion—orbitale (Po—Orb) on both sides) with
the horizontal guideline in the sagittal and coronal sec-
tions. The anterior nasal spine (ANS) and the posterior
nasal spine (PNS) were aligned with the vertical guideline,
and the pupils were aligned with the horizontal guideline.
Both alignment procedures were performed in the axial
section.

For some years, the automatic airway measurement
method has been used by most, if not all, software pack-
ages. The Romexis and NemoStudio software require
a manual procedure to establish the limits of the selected
part of the airway being measured. Indeed, these software
packages, when used for the detection of the airway at the
level of the oropharynx, define limits by prism, cube, or
by locating points along the airway, including the location
of the seed point (s-point), and the established threshold
or tolerance.
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For the measurements of volume and MCA in Romexis,
the head icon was used to perform the measurements in
an automatic mode. The procedure for demarcating the
airway limits involved locating the vertical guide as cen-
tral as possible in the oropharynx and perpendicular to the
horizontal guide. Next, one point was located at the inter-
section of the vertical guide with the upper limit of the oro-
pharynx, which begins in PNS, and then runs posteriorly
toward the vertebrae. The horizontal guide was located at
the lower limit of the oropharynx, tangent to vertebra C3 in
its most caudal medial portion, which is directed forward.
The 2" point was placed at the lower limit of the orophar-
ynx, following the projection of the 1% point at the intersec-
tion with the vertical guide. With this 2"¢ point, the manual
procedure to demarcate the airway limits was completed
by clicking ‘done’ The anterior limit of the oropharynx was
automatically defined by the formation of a cube where the
anterior vertical line starts from PNS and extends toward
the lower limit, and where the posterior limit of the oro-
pharynx is defined by a line parallel to the anterior limit
located on the vertebrae. The lateral walls of the pharynx
and the total extensions of the lateral projections were in-
cluded automatically. The measurement of the airway was
done automatically. In order to standardize the protocol,
a threshold of 300 HU (Hounsfield unit) was used for all
of the images. The value was chosen while establishing the
protocol as with this threshold, the researcher could visual-
ize all images of the upper airways clearly (Fig. 2).

In NemoStudio, the NemoFAB component containing
a tool for measuring the airways was used. In this pro-
gram, the procedure was performed by demarcating the
upper limit of the oropharynx. Starting at PNS, the pro-
cedure continued in a posterior direction along the hori-
zontal guide until the middle of the vertebra was visible at
that height, and then descended to the lower limit of the
oropharynx, passing the horizontal guide line, tangent
to the middle caudal portion of C3. From this point, the
procedure was directed forward until a point that was in
the direction of PNS was reached. From that point, and in
the direction of the upper limit of the oropharynx, PNS

\

\

o (Q
Airway vol 10.257 c@ ‘;
Region area 108 mif

Fig. 2. Evaluation with the use of the Romexis software — upper airways,
oropharynx, volume, and the most constricted area (MCA)
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Fig. 3. Evaluation with the use of the NemoStudio software — upper
airways, oropharynx, volume, and the most constricted area (MCA)

was reached again, forming a prism. Next, an s-point was
placed on the epiglottis within the demarcated area and
the measurement of the airway was done automatically.
The tolerance was defined as 500 HU (Fig. 3).

Statistical analysis

For this study, the statistical program IBM SPSS Statis-
tics for Windows, v. 22.0 (IBM, Inc., Armonk, USA), was
used. The normality of the distribution of quantitative
variables was assessed with the Shapiro—Wilk test. There-
after, the sample characteristics were evaluated by apply-
ing Student’s independent-samples ¢ test. To compare the
mean values of the volume and the MCA of the orophar-
ynx determined by the different software packages for
both the total sample and each group, Student’s paired-
samples ¢ test was used for related samples. The statisti-
cal tests were performed at a significance level of p < 0.05.
A calibration process was performed previously by apply-
ing the intraclass correlation coefficient (ICC) for both
software packages.

Results

The results from the /CC analysis showed intra-observ-
er values of 0.999 and 0.994 for volume and MCA, respec-
tively, and inter-observer values of 0.982 and 0.888 for
volume and MCA, respectively, for Romexis. NemoStudio
showed intra-observer values of 0.994 and 0.995 for vol-
ume and MCA, respectively, and an inter-observer value
of 0.997 for both variables.

Table 1 displays the characteristics of both groups, which
tend to show maxillary protrusion and a well-positioned
but slightly protruding mandible in the group without
an open bite. The ANB showed skeletal pattern variability
in both directions, which was slightly more marked in the
open bite group. The FMA showed that both groups were
hyperdivergent, and the mean age indicated that the sam-
ple consisted of young adults. The only variable that pre-
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sented a significant difference was ODI. In this regard, the
open bite group presented more marked values of a skel-
etal open bite as compared with the group without an open
bite, as well as skeletal open bite characteristics, despite
a lack of clinical expression of an open bite.

Table 2 compares the measurements of the volume and
the cross-sectional assessment of the MCA of the oro-
pharynx performed with the Romexis and NemoStudio
software. The table shows significant differences in the
average volume for the entire sample between the two
software packages (Romexis: 17,823.47 +7,148.62 mm?3;
NemoStudio: 19,007.17 +8,005.79 mm3) (p = 0.020).
The average values of MCA for the entire sample also
showed significant differences between the 2 software
packages (Romexis: 227.32 +102.61 mm? NemoStudio:
246.34 +£118.97 mm?) (p = 0.005). For both the volume and
MCA, higher values were observed with NemoStudio.

Table 3 compares the volume and the MCA of the oro-
pharynx obtained with both software packages for the
group with an open bite and the group without an open
bite. A significant difference was observed between the
2 software packages in terms of volume for the group
without an open bite (Romexis: 17,051.90 +7,193.83 mm3;
NemoStudio: 18,747.00 +8,496.91 mm?) (p = 0.021). The
group with an open bite did not show a significant dif-
ference in volume (Romexis: 18,595.03 +7,140.37 mm?3;
NemoStudio: 19,267.33 +7,619.58 mm?) (p = 0.352).
However, the volume values for this group were higher
with both software packages than the values obtained
for the group without an open bite. The difference in
MCA determined by the 2 software packages was more

noticeable in the group without an open bite (Romexis:
216.43 +111.78 mm? NemoStudio: 251.68 +130.06 mm?)
(p = 0.001), while in the open bite group, the MCA
values were 238.20 +93.17 mm? with Romexis and
240.99 +108.73 mm? with NemoStudio (p = 0.728).

Discussion

Despite the time elapsed and the efforts made, no gold
standard is available for use as a reference for airway
measurements,® even though airway problems are rela-
tively frequent, with a prevalence of snoring of approx.
14.51%.?? The literature on airway analysis highlights the
need to address several factors with more studies. A thor-
ough examination of the airways that includes informa-
tion only on the volume would not help to identify the
areas of greatest constriction.?>?* Therefore, the develop-
ment of software packages that would allow reliable, valid
and efficient airway measurements, as well as the com-
parisons of the semiautomatic and manual measurement
methods,? are still issues of concern for researchers.

Upper airway changes are observed over adolescence
and late adolescence due to the periods of growth.26-28
At maturity, the likelihood of changes is lower, and for
that reason, the analysis of an adult sample enables the
accurate comparisons of the groups.? Also, studies per-
formed to determine the accuracy of the measurements
of oropharyngeal morphology indicated that the images
obtained with the Vatech equipment yielded more precise
measurements of the volume and the axial area.®

Table 2. Comparison of the oropharyngeal volume and most constricted area (MCA) between the 2 evaluated software packages with regard to the total sample

Measurement

Volume with RS [mm?] 60 1782347 £7,148.62
‘ Volume with NS [mm?] 60 19,007.17 +£8,005.79

MCA with RS [mm?] 60 22732 +10261

MCA with NS [mm?] 60 246.34 £118.97

95% C/
0.020* —1,183.70 —2,178.01 —189.39 ‘
0.005* —19.02 —31.95 —6.09

RS — Romexis software; NS — NemoStudio software; MD — mean difference; C/ — confidence interval; * statistically significant (paired-samples t test).

Table 3. Comparison of the oropharyngeal volume and most constricted area (MCA) between the 2 evaluated software packages within both groups

95% CI
Measurement
volume with RS [mm?] 30 17,051.90 +7,193.83
0.021* —1,695.10 -3,113.99 —276.21
volume with NS [mm?] 30 18,747.00 +£8,496.91
Non-open bite
MCA with RS [mm?] 30 21643 +111.78
0.001* —35.25 —54.50 —-16.00
MCA with NS [mm?] 30 251.68 £130.06
volume with RS [mm?] 30 18,595.03 +£7,140.37
0.352 —672.30 —2,126.25 781.65
volume with NS [mm?] 30 19,267.33 £7,619.58
Open bite
MCA with RS [mm?] 30 23820+93.17
0.728 -2.79 —19.04 13.46
MCA with NS [mm?] 30 240.99 +108.73

* statistically significant (paired-samples t test).
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The knowledge of the software being used is impor-
tant, and the computer characteristics must be suitable
for the software being used. The Romexis tools used for
the measurements of the upper airway volume and area,
as well as MCA, are easy to learn and apply. The jar icon
is designated for manual procedures to demarcate limits
by obtaining a cube, and then placing an s-point for the
automatic measurement of the airway. Also, a human
head icon is available for a simpler manual procedure to
demarcate the limits of the airway. By locating at least 2
points, one at the upper limit and one at the lower limit,
and then by clicking ‘done; it is possible to obtain the cube
and the measurement of the airway automatically. Other
tools for identifying angle and linear measurements are
also available. Obviously, the user must be able to recog-
nize the anatomic structures and to establish a protocol
for the measurements.

NemoStudio has an organized protocol established,
since upper airway measurements are part of surgical pro-
cedures for treatment. NemoFAB is divided into sections
and NemoFAB upper airway measurement tools belong
to section E. With the Romexis software, it is also pos-
sible to verify all airway measurements. In the case of the
Romexis software head icon and the NemoFAB software,
verification is only possible after the measurements have
been obtained. It may translate into the amount of time
required to make the measurements and it depends on
the researcher’s desire to work.

Studies on the airway measurement software have main-
ly evaluated its accuracy, precision and reliability.1%141>
Several of these studies used phantoms or prototypes as
the gold standard, which resulted in the underestimation
of the dimensions, although the software showed the reli-
ability of the obtained data.!*"1¢ Although the results were
highly correlated, the software did not have good accu-
racy, which suggests systematic errors.’> Other studies
revealed that although some software packages provided
underestimated results while others provided overestima-
tions, they were still considered reliable.!*? The present
study did not use any gold standard; consequently, the
values may be underestimated or overestimated relative
to the reference values provided in the literature. It would
be desirable for upper airway studies that include the use
of software packages to describe the characteristics of the
software. Since many of software packages are only com-
mercially available, the information they provide is ori-
ented to selling, and not to the details of the approaches,
especially regarding the behavior of algorithms in each
software package. That is why it is difficult to find the
equivalent value for each approach.

The software packages that are most frequently com-
pared or evaluated are Mimics® and Dolphin (the mea-
surements of the airway volume)!%; Amira®, 3Diagnosys®
and OnDemand3D® (the measurements of the volume,
the minimum axial area and the length)'%; Mimics, ITK-
SNAP, OsiriX®, Dolphin 3D, Invivo, and OnDemand3D
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(the measurements of the volume)'; 3dMvultus® (the
measurements of the volume, the area and the length)';
and Dolphin 3D, Invivo, OnDemand3D, and OrthoSeg-
ment® (the measurements of the upper airway volume).!3
One study compared the Beta NemoCeph® 3D and Invi-
vo5 programs with lateral cephalometric radiographs, but
only to determine the coincidence of the reference points
used in the study.?’ Recently, a study compared Invivo5
and Romexis (v. 3.8.2.R) programs in order to test the reli-
ability of the software in measuring the upper airways.3!
The present study compared the Romexis and NemoStu-
dio software packages for measuring the volume and the
MCA of the oropharynx. With Romexis, the head icon
was used for a simpler, automatic airway measurement,
and the NemoStudio program had the NemoFAB auto-
matic airway measurement tool. Both software packages
required a previous manual procedure to establish airway
limits, and although it was not manual segmentation, the
authors of the study would consider it as a semiautomatic
method to obtain airway measurements.

The results of a study comparing 6 programs revealed
that segmentation is influenced by the selected threshold,
the algorithm of the software and the complexity of the
airway.’® The study also revealed that when an interac-
tive threshold was used, significant differences were found
between the volume measurements of the different soft-
ware packages, and a lower error rate occurred due to the
underestimation of the volume as compared to the gold
standard. When a fixed threshold was used, the total dif-
ferences were also significant, but the rate of error among
the software packages was greater, even though they yield-
ed the same results for the measurements of the phantom.
This phenomenon may be due to differences in the algo-
rithms used in each software package to identify the most
complex morphology of the oropharynx.!® The results
of the present study are consistent with investigations us-
ing a fixed threshold, since the comparison of the measure-
ments performed with the Romexis and NemoStudio soft-
ware showed significant differences for the entire sample.
However, the threshold used in both software packages was
within values that can differentiate bone (250-1,000 HU)
from air (between -600 and -1,000 HU).??> Cone-beam
computed tomography is not used in a routine examina-
tion, since there are specific indications for it; it offers
an advantage over multi-slice computed tomography
(MSCT) by generating a lower dose of radiation and being
less expensive. The airways can be evaluated with MSCT,
also known as multi-detector computed tomography
(MDCT), or with CBCT.® Usually, Hounsfield units (HU)
are used for MDCT, as its characteristics are adequate for
mA and kVp. The HU method is used to measure the air-
ways in CBCT. Since the pharyngeal evaluation in CBCT
is made through the scale of gray tones, due to a great vari-
ability in the sensitivity of different commercially available
software packages, different images are acquired, even
with the same tomography equipment.
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Studies have demonstrated diversity in the values obtained
with the airway measurement tool available for the assess-
ment of the pharyngeal space.” In the present study, when
the values obtained from the 2 software packages were com-
pared, no significant differences were found for the open bite
group. However, significant differences were found for the
group without an open bite. This difference may be related
to the sample itself, since the airway dimensions determined
by both software packages were smaller for the non-open
bite group. Due to the intentional use of a lower threshold in
the Romexis software, the values remained lower than those
determined with the use of the NemoStudio software, which
corresponds to the theory that “the higher the threshold
used, the greater the value obtained” and vice versa.!! Most
likely, the configuration of the Romexis software algorithm
compensated for using a low threshold and did not show
significant differences in the open bite group, since the di-
mensions of the airways were greater in this group than in
the group without an open bite. This was regardless of the
software used due to the tendency to maxillary protrusion
and non-retrognatic mandible in the individuals from our
sample, and a lesser value of ANB in the open bite group.
The aforementioned issue is referred to just to provide a bet-
ter understanding, but the focus of this study was the influ-
ence of software, and there is no intention to draw attention
to the findings of previous studies.?3-%

Since the group without an open bite had smaller dimen-
sions according to both software packages, and given the
intentional use of a higher threshold for the NemoStudio
software, as well as the relationship of this threshold with
the algorithm configuration, the values obtained with Ne-
moStudio were higher, leading to significant differences
in the measurements for the non-open bite group.

Other studies measuring different structures have sug-
gested that the influence of the threshold on the systematic
error in the voxel measurement method of the programs
may affect measurements in small structures, but not in
large ones.!® However, this would require a true value to
obtain a constant value, which is generally provided by
the measurement of a prototype or a phantom as the gold
standard; however, this did not occur in the present study.
Nonetheless, we might consider the possibility that the
threshold could affect the airway measurements due to the
complexity of the airways, and would be particularly likely
in the group without an open bite, as the airways in that
group were smaller. The literature also mentions the effect
of partial volume and density due to the voxel size in the
software depending on the threshold, where high thresh-
old values would underestimate the measurement, whereas
low values would overestimate it by forming a hybrid voxel
when it includes 2 structures of different density.’® In the
present study, this theory would not apply, since the Ro-
mexis software used a lower threshold than the NemoStu-
dio software. According to the literature, the ideal threshold
value for measuring the volume has not been standardized,
as the airway volume has been found to vary with regard
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to the selected threshold, !> and greater or smaller airway
volume values result from an increase or a decrease in the
threshold, respectively.!! The present study supports this
direct relationship between a higher threshold and a great-
er volume. Finally, differences between these 2 software
packages, including the time used to obtain measurements,
also depends on the characteristics of the computer used.
Furthermore, using an ideal graphics card, as well as the in-
dividual capability of the user factor into these differences.
Based on time registration during the establishment of the
protocol through the development of videos for manual
procedures for automatic airway measurements, it is clear
that the time spent on measurements also depends on head
positioning and, to some extent, on the selected structures.
In the Romexis program, obtaining information with the
use of the head icon is faster than using the jar icon. It is
comparable to the NemoFAB automatic airway measure-
ment in terms of the time required, since verification can
only be done after the measurements have been obtained,
and only if an ideal graphics card has been used.

An advantage of the NemoStudio software is that it can
delineate the soft palate. Furthermore, the time required
to perform airway measurements using the automatic
mode varies, depending on the computer characteristics
and previous manual procedures. This gives a definitive
advantage over the manual mode reported in the litera-
ture for other software packages.?* Additionally, Romexis
facilitates the visual identification of MCA through the
use of color differentiation to indicate its location and
value (Fig. 2), whereas NemoStudio uses solid colors and
values that appear only beyond the image (Fig. 3). Both
software packages require from the user the adherence to
the standardized protocol in addition to the interactive
thresholds reported in the literature to ensure a low error
rate in the measurement of the structures.’®

The sample of skeletal and clinical open bite group was not
easy to find in CBCT records. From a clinical point of view,
special care must be taken in the planning of extraction
treatment or orthodontic treatment combined with surgical
procedures for patients with an open bite. Indeed, the posi-
tion of the tongue is usually more anterior in those patients,
and treatment plans must be adapted according to the risk
of malocclusion risk to the modified position of the soft pal-
ate position, commonly affected by treatment. Also, respira-
tory function therapy must take in account the relationship
between the volume and ANB. For diagnosis, and while plan-
ning orthodontic or surgical treatment, it is important to pay
attention to both groups studied. The non-open bite group
had structures with small dimensions and the risk might go
unnoticed, whereas in the open bite group, the greater the
volume obtained, the lower the chance of finding differenc-
es between the software packages studied due to influence
of the threshold or the segmentation mode. Finally, other
variables related to the modification of the airways, such as
obesity and apnea, have not been evaluated. However, their
influence could be evaluated in future studies.
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Conclusions

The volumetric and cross-sectional assessment of the
oropharyngeal airway, particularly in individuals without
an open bite, may affect the measurement results, de-
pending on the use of the instruments available for par-
ticular software.
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Abstract

Background. Familiarity with the anatomy of the arteries in the sinus wall is essential to prevent the
perforation of the sinus membrane and bleeding during dental implant surgery.

Objectives. The aim of the study was to evaluate the anatomical position of the posterior superior alveolar
artery (PSAA), using cone-beam computed tomography (CBCT).

Material and methods. A total of 245 (BCT scans met the eligibility criteria for this cross-sectional
study. The vertical distance from the lower border of the artery to the lower border of the sinus floor, the
diameter of the artery, and the type of artery (intrasinusoidal, intraosseous or superficial) in the first and
second premolar and molar regions were measured. The data was analyzed with the t tests, the one-way
analysis of variance (ANOVA) and the ” tests.

Results. The maxillary PSAA was recognized in 187 (76.3%) scans. The mean distance between the artery
and the floor of the sinus was 6.87 +3.68 mm. The mean diameter of the artery was 1.37 £0.61 mm.
The greatest mean diameter of the artery was observed in the second premolar region, and the smallest
in the first molar region. As many as 63.6% of the arteries were intraosseous, 28.9% intrasinusoidal, and
7.5% superficial.

Conclusions. Due to the high prevalence of the intraosseous type, in most cases of sinus lift surgery there
is an increased possibility of PSAA damage. As the largest diameter of the artery was observed in the
second premolar region, the possibility of severe bleeding during sinus lift surgery in this area is increased.
The average distance between the artery and the floor of the sinus was approx. 7 mm. Consequently, it is
recommended that the lower border of the sinus access window should be as high as 7 mm to the floor
of the sinus.

Keywords: (BCT, cone-beam computed tomography, maxillary sinus, posterior superior alveolar artery,
PSAA
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Introduction

Sufficient alveolar bone in terms of width and length is
essential for the successful insertion of dental implants.
However, the vertical dimension of the bone is reduced in
the posterior region of the maxilla due to the pneumati-
zation of the maxillary sinus following tooth loss, making
implant placement difficult.?

The maxillary sinus is pyramidal in shape and retains its
overall size when the posterior teeth are in use. However,
it expands with age, especially when the posterior teeth
are lost. In this case, the sinus cavity expands in both the
lower and upper directions. The maxillary sinus cavity is
lined with respiratory epithelium, beneath which the con-
nective tissue is immediately adjacent to the bony walls
covered with the periosteum. This complex of structures
is known as the Schneiderian membrane. Most blood
supply to the maxillary sinus and the Schneiderian mem-
brane is provided by the posterior superior alveolar ar-
tery (PSAA) and the infraorbital artery (IOA), which are
branches of the maxillary artery.>* The maxillary artery
itself is a branch of the external carotid artery, which di-
vides into 5 branches in the pterygopalatine fossa.

The PSAA and IOA have intraosseous and extraosseous
branches that anastomose about 19 mm from the alveo-
lar bone crest in the anterior-lateral antral bone wall.3-
The PSAA travels to the end of the maxillary tuberos-
ity to reach the bone and the periosteum. The location
of this artery is usually determined between the lower and
middle third of the lateral wall of the sinus.” With the de-
velopment of implant treatment, Tatum and then Boyne
introduced a technique called sinus floor elevation, which
provides the required bone height to correctly place im-
plants.!2

The most common complication of dental implant in-
sertion in the maxilla is the perforation of the sinus mem-
brane.® Bleeding during sinus lift surgery is the second
most common complication after the perforation of the
Schneiderian membrane, mostly caused by an injury to
PSAA.3 This complication prolongs the surgical process
due to reduced vision followed by reduced patient coop-
eration, and a higher risk of inflammation, pain and infec-
tion after surgery. Other reported complications include
postoperative bleeding, nose bleeds, nasal congestion,
hematoma, empyema, and sinus infection. The adequate
pre-surgical and intra-surgical localization of the arteries,
particularly of the PSAA, can prevent the injury to these
structures and make the surgery less complex.>®

Cone-beam computed tomography (CBCT) is the cur-
rent diagnostic imaging technique used for the planning
of most kinds of dental treatment. In recent years, it has
reached extremely high resolution levels. However, this
procedure is always to the detriment of the patient, who re-
ceives a dose of ionizing radiation. On the other hand, these
radiation doses are becoming lower thanks to technologi-
cal advancements.!®!! There is increasing evidence that

M. Tofangchiha et al. CBCT anatomical localization study

the use of magnetic resonance imaging (MRI) can bring
the same effects as CBCT, but with the absence of ionizing
radiation, which allows more frequent examinations with-
out biological damage. For now, there is limited availabil-
ity of this type of imaging for surgical use in dentistry, but
in the near future, it may represent an excellent technique
for this purpose.!>!? In the implant treatment plan, CBCT
provides valuable information about the width and height
of the alveolar bone, bone morphology, pathologies, and
important anatomical landmarks.%”

Considering the necessity of familiarity with the anat-
omy of these arteries and genetic variations in different
populations, the present study aimed to evaluate the an-
atomical position of PSAA by means of using CBCT in
a defined group of patients in Qazvin, Iran.

Material and methods

In this descriptive, analytical cross-sectional study, all
the maxillary CBCT scans from the archives of the Maxil-
lofacial Radiology Clinic in Qazvin, Iran, were examined
by the enumeration method and after reviewing the inclu-
sion criteria, 537 cases were found to be eligible for the
study. All patients had signed an informed consent form
and gave permission to use their tomographic data anon-
ymously for scientific purposes.

The exclusion criteria were: poor quality of CBCT
scans; the presence of sinus pathologies; jaw fractures; the
presence of dental implants in the maxillary sinus area;
sinus grafts; complete edentulism (bilateral maxilla—man-
dible in the posterior area), no sinus observations, and du-
plex incontinence.

The images were taken with the ProMax® 3D imag-
ing unit (Planmeca, Helsinki, Finland) with a voxel size
of 0.3 x 0.3 mm?. In each case, each quadrant was exam-
ined separately. In the presence of the teeth, the location
of PSAA (in the area of first and second molars as well
as first and second premolars) was determined based on
the long axis of the teeth.!* In the edentulous areas, the
approximate location of the teeth was determined by the
opposite or adjacent teeth, and the long axis of the alveo-
lar crest was drawn.

All measurements were performed separately by
2 trained individuals (an oral radiologist and an implanto-
logist) and the correlation coefficient was 93.6%.

Irradiation conditions, including kVp, mA and time,
were adjusted based on the patient size. The observers
examined the CBCT images in the sagittal plane by us-
ing the Romexis® Viewer, v. 3.8.3 (Planmeca, Helsinki,
Finland). In all cases, the vertical distance from the lower
border of the artery to the lower border of the sinus floor
(Fig. 1), the diameter of the artery (Fig. 2) and the type
of artery (intrasinusoidal, intraosseous or superficial) in
the first and second premolar and molar areas (Fig. 3)
were examined and categorized based on age and gender.
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Fig. 1. Measurement of the vertical distance from the lower border of the
artery to the lower border of the sinus floor

Fig. 2. Measurement of the diameter of the artery
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Fig. 3. Type of artery

A - intrasinusoidal; B — intraosseous; C - superficial.

Statistical analysis

The data was analyzed with the IBM SPSS Statistics for
Windows software, v. 21.0 (IBM Corp., Armonk, USA).
The Kolmogorov—Smirnov test was used to evaluate the
normality of data distribution. Descriptive results were
calculated by frequency, mean (M) and standard devia-
tion (SD), based on the type of variable. The independent
t tests and the one-way analysis of variance (ANOVA)
were used to investigate the relationships between the
quantitative variables. The y? tests were used to investi-
gate the relationships between qualitative variables. The
level of significance was set at p < 0.05.

Results

A total of 245 CBCT scans from 80 males (32.7%) and
165 females (67.3%) met the eligibility criteria of this
study. The patients were aged 17-68 years, with an aver-
age age of 38.46 years. Among the 245 samples, PSAA was
recognized in 187 cases (76.3%), but not observed in 58
cases (23.7%).

The x? tests were used to explore the relationships be-
tween age and the visibility of PSAA. There was a signifi-
cant relationship between the arterial observation and age
(p = 0.040). The highest rate of observation was noted in
the age range of 40—50 years, and the lowest rate at the age
of <30 years (Table 1).

The PSAA was observed in 77.5% of men and 75.8%
of women. There was no significant difference between
the rate of observation and gender (p = 0.400).
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Table 1. Relationship between the rate of observation of the posterior
superior alveolar artery (PSAA) and age

Rate of observation
Age n (%)

[years]
<30 40 (63.5) 23 (38.5)
30-39 66 (79.5) 17 205)
0.040*
40-50 47 (82.5) 10(17.5) ‘
550 34(81.0) 8(190) |

* statistically significant.

The mean distance from the artery to the sinus floor
was 6.87 £3.68 mm. The longest distance from the artery
to the floor of the sinus was in the second molar region,
and the shortest in the second premolar region. The mean
distances obtained in the areas of second premolars, first
premolars, second molars, and first molars were 6.52 mm,
6.58 mm, 7.43 mm, and 6.85 mm, respectively. There were
no significant differences in the distances to the sinus
floor in the different areas (p = 0.790).

In male patients, the mean distance from the artery to
the floor of the sinus was 6.49 mm, and in females it was
7.2 mm. No significant difference was found between
males and females in this respect (p = 0.950). The mean
distances from the artery to the sinus floor in age groups
<30 years, 30—39 years, 40-50 years, and >50 years were
6.44 mm, 6.01 mm, 7.64 mm, and 6.94 mm, respectively.
The relationship between the distance and age was not
significant (p = 0.800).

The mean diameter of the artery was 1.37 +0.61 mm.
The largest mean diameter of the artery was observed
in the second premolar region, and the smallest in the
first molar region. No significant relationships were
found between the artery diameter and the dental area
(p = 0.800) or age (p = 0.630) (Table 2). In addition, the
difference between the mean artery diameter in men
(0.35 +1.33 mm) and women (0.41 +1.49 mm) was not
significant (p = 0.070).

The PSAA was intraosseous in 63.6% of cases, intrasinu-
soidal in 28.9% of cases, and superficial in 7.5% of cases.

Table 2. Differences in the diameter of the posterior superior alveolar
artery (PSAA) between different dental areas and age groups

Variable PRGN p-value
[mm]

second premolar 144 +0.39
first premolar 1.37 £0.59

Dental area 0.800
second molar 1.37 +0.88
first molar 1.25+0.40
<30 1.40 +0.20
30-39 140 £041

Age 0630
lyears] 40-50 1.39 4044
>50 1.28 £0.30

Data presented as mean + standard deviation (M +SD).

The highest distribution was related to the intraosseous
type, and the lowest to the superficial type. No significant
differences were found between the artery type and age or
gender (p > 0.05) (Table 3).

Table 3. Distribution of the posterior superior alveolar artery (PSAA ) type
according to age and gender

Percentage

Variable PSAA type [%] p-value

intraosseous 65.0
<30 intrasinusoidal 250
superficial 100
intraosseous 60.6
30-39 intrasinusoidal 318
superficial 76

ggezrs] intraosseous 61.7 7005
40-50 intrasinusoidal 36.2
superficial 2.1
intraosseous 706
>50 intrasinusoidal 17.6
superficial 11.8
intraosseous 66.1
male intrasinusoidal 274

. superficial 6.50 005
intraosseous 62.4
female intrasinusoidal 296
superficial 80

Discussion

Bleeding from PSAA is the second most common com-
plication during sinus lift surgery. The occurrence of this
complication can restrict vision and access during sur-
gery, leading to the perforation of the sinus membrane or
the inadequate removal of the Schneiderian membrane.

The percentage of arterial observation with the use
of CBCT in the current study was 76.3%, which agrees
with the studies of Chitsazi et al. (71.0%)'> and Kho-
jastehpour et al. (80.6%).1° Rosano et al. reported 47% for
this rate,!” Giincii et al. 64.5%,'® Mardinger et al. 55.0%,"
Iigiiy et al. 89.3%,%° and Anamali et al. 93.9%.2! Regarding
these differences in the percentage of observation, sev-
eral factors can be considered. First, some of these stud-
ies used CT to assess the arteries, and it is known that
CBCT provides more accurate linear assessment than CT.
Also, the observer’s skill in examining radiographs could
be considered a contributing factor. In the present study,
2 observers were involved for more accuracy. In addition,
some of these studies used printed CBCT images for the
measurements. Thus, it was not possible to change the
magnification and contrast for more accurate assessment.
Finally, the most important factor related to these dis-
crepancies may be racial differences.
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In the present study, a significant relationship was not-
ed between the rate of the arterial observation and age.
The highest rate of observation was seen in the age range
of 40— 50 years, and the lowest at the age <30 years. This
indicates that aging increases the likelihood of artery
recognition on radiographs, which may be attributed to
an increased probability of the presence of osteoporosis
in the sinus walls with aging.

There was no significant difference between the arte-
rial observation rate and gender, which is consistent with
Khojastehpour et al.!® and Ilgily et al,®° but in contrast to
Kim et al.??

There are 3 types of PSAA: intraosseous; intrasinusoidal;
and superficial. In this study, the prevalence of intraos-
seous, intrasinusoidal and superficial arteries was 63.6%,
28.9% and 7.5%, respectively. It should be noted that in all
age and gender groups, the most common type was an in-
traosseous artery, and the least common the superficial
type. These findings agree with the observations of Danesh-
Sani et al.,” Ilgiiy et al.,”® Giincii et al.,'® and Chitsazi et al.!®

The alveolar ridge undergoes changes after tooth ex-
traction, which mainly depend on the anatomy and qual-
ity of the bone. From the age of 20, the maxillary sinus
reaches its final size, about 5 mm below the nasal cavity.
The protruding dental roots are associated with a thin
cortex in the apex region and after the extraction of the
root, a great deal of resorption occurs in the buccal apical
region. However, the reduction of the ridge dimensions is
particularly due to the trauma caused by tooth extraction
rather than the pneumatization of the maxillary sinus.'®

In most studies, the distance between the artery to the apex
of the alveolar ridge has been evaluated, but the sinus floor
is a more suitable starting point for this measurement, as it
changes less than the alveolar ridge. Therefore, in the present
study, the distance from the artery to the sinus floor in the
areas of first and second molars and premolars was evaluated.

In the current study, the mean distance from the artery
to the sinus floor was 6.87 +3.68 mm. The longest dis-
tance was observed in the second molar region, and the
shortest in the second premolar region. These findings
are also in line with the results of Danesh-Sani et al.2® and
Jung et al.* The distance in Danesh-Sani et al’s study was
about 8.17 mm,? and in Jung et al’s study it was 8.8 mm.?*
These values are a little higher than those obtained in the
present study and the discrepancy may be attributable to
racial differences and the number of samples. It indicates
that the distance of PSAA from the second molar region
to the first molar and second premolar regions decreases,
but it increases in the first premolar region due to the
more cranial position of the sinus floor and a higher ar-
tery position relative to the infraorbital cavity.

In previous studies, the distance from the artery to the
floor of the sinus was evaluated based on age and gender.
In the present study, it was found that there were no sig-
nificant differences in the distance from the artery to the
floor of the sinus between the age and gender groups.

an

In this study, the mean diameter of PSAA was
1.37 £0.61 mm, with the largest diameter observed in the
second premolar region, and the smallest in the first molar
region. In a study by Danesh-Sani et al., the average diame-
ter was 1.17 mm,? in Chitsazi et al’s study it was 1.37 mm,*®
and in Giincii et al’s study it was 1.3 mm,!® all of which are
in agreement with the present results. All of these previous
studies did their evaluations using CBCT images. Studies
using CT reported larger diameters, indicating differences
in the measurement instruments. Researchers that evalu-
ated the diameter of PSAA in cadaver, such as Ella et al.?®
and Hur et al.,%¢ reported diameters of 1.2 mm and 0.8 mm,
respectively, which are smaller than the diameters reported
in CBCT studies. There is a direct relationship between the
artery diameter and the likelihood of bleeding during si-
nus lift surgery. Consequently, with diameters greater than
2 mm, the probability of bleeding increases.?” According to
the results of the present study, as well as those of previous
studies, a diameter greater than 2 mm is not common.

No significant difference was observed between the ar-
tery diameter and gender, which agrees with the results
obtained by Mardinger et al.!® and Chitsazi et al.,!® but is
in contrast to Khojastehpour et al.1®

In this study, no significant difference was found
between the artery diameter and age, which agrees
with Danesh-Sani et al.”® but is in contrast to Kho-
jastehpour et al.'® and Giincii et al.,'® where the relation-
ship between the diameter and age was significant. In
these latter studies, it was found that as age increases, the
diameter of the artery increases as well. The reason for
these differences across studies may be attributed to the
age range in Khojastehpour et al’s study, which was 25-86
years, with an average of 46 years, which was higher than
in this study. We recommend that further studies use
a larger sample size, and similar age and gender groups.

Limitations

The limitation of this study was the lack of a uniform dis-
tribution for the studied age groups. Thus, differences in
the visibility of PSAA within each group were not evaluated
separately.

Conclusions

In all age and gender groups, the most common type
of PSAA was the intraosseous type. Therefore, due to
the high prevalence of the intraosseous type, in most
cases of sinus lift surgery there is an increased possibility
of PSAA artery damage. The largest artery diameter was
observed in the second premolar region. Consequently,
the possibility of severe bleeding during sinus lift surgery
is the highest in this area. Based on these results, we sug-
gest to provide the lower border of the sinus access win-
dow as high as 7 mm to the floor of the sinus.
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Abstract

Background. The accuracy of the estimation of radiological bone density with the use of the cone-beam
computed tomography (CBCT) grayscale is still questionable. Standardization and correlation with the gold
standard computed tomography (CT) Hounsfield units (HU) is required prior to clinical application.

Objectives. The objective of the present study was to evaluate the reliability of the grayscale for the esti-
mation of bone density, using samples with intact soft tissue in order to substantiate the clinical use of the
scale.

Material and methods. A total of 240 sites in 20 goat heads were scanned to obtain radiological bone
mineral density via Hounsfield units in CT and the grayscale in (BCT. The anatomical architecture of soft
tissues was preserved for all samples. Two observers obtained the data, which consisted of 3 variables
(mean, minimum and maximum) for both scales. The statistical analysis of the data was conducted us-
ing Cronbach’s alpha, Pearson’s correlation coefficients, the independent samples ¢ tests, and regression
analysis.

Results. Differences in the means of the mean, minimum and maximum values between the 2 scales
were statistically highly significant (p = 0.000). The correlation coefficients for the mean, minimum and
maximum values of the 2 scales were 0.496, 0.037 and 0.396, respectively. Regression analysis revealed
that the R? values for the mean, minimum and maximum values were 29.79%, 21.05% and 19.45%,
respectively.

Conclusions. The positive but weak correlation between the 2 scales and the low predictive reliability
of the grayscale reveals its questionable applicability for the estimation of density in comparison with the
standard HU.

Keywords: (T, (BT, bone density, Hounsfield units, grayscale
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Introduction

Constant remodeling due to physiological processes
and aging phenomena have immensely increased the need
to study bone quality and its importance while planning
surgical and non-surgical procedures. The rehabilitative
management of post-menopausal osteoarthritis and os-
teoporosis, fracture healing, orthodontic correction, and
implant-supported occlusion rehabilitative surgeries in-
clude the radiological estimation of bone mineral density
as an integral part of procedure planning and execution.!

The superimposition and consequent camouflage of the
bony landmarks by anatomical structures compromise the
visualization of regions of interest (ROI) in two-dimension-
al (2D) radiography. Such limitations are overcome by pre-
cise quantitative and qualitative imaging techniques, such
as computed tomography (CT). Bone density is represent-
ed by Hounsfield units (HU) on CT scans, and is consid-
ered the standard for qualitative bone estimation.? The HU
value depends on several factors, including the composi-
tion and nature of the tissue being imaged.

Medical CT is commonly used for the imaging of sev-
eral pathologies. This technique provides high precision
and better visualization of hard tissues, making it a favor-
able approach for the evaluation of mineral density. High
radiation exposure and the high cost of CT scans under-
score the need for advances in this imaging modality.
Comparable high resolution with low radiation exposure
and cost-efficiency can be achieved by using cone-beam
computed tomography (CBCT).

The calibration of the grayscale is done by taking HU
as the standard base scale for the evaluation of mineral
density. The HU value used in CT is calculated from the
linear attenuation coefficient of each tissue and takes the
linear attenuation coefficient of water into account. The
grayscale also shows a linear relationship with the attenu-
ation coefficient of the scanned material.* The reliability
of the grayscale for the evaluation of mineral density has
been a subject of discussion, as there have been many
studies performed to assess the correlation between HU
and the grayscale, with varying results.>”

The available literature demonstrates the use of corti-
cal and trabecular bone equivalent materials, along with
the soft tissue simulations done by homogenous resin
coverage, in experiments to derive mineral density. The
homogeneity of the bio-like material, along with the ab-
sence of multi-level anatomical architecture in soft tissue
imitations, fails to replicate heterogeneous human tissue,
which can be a roadblock for the application of such bio-
like materials in clinical scenarios.® It has been established
that the attenuation of radiation is a direct linear function
of the density of the matter. Furthermore, it is certain that
the data formulated while working with dried preserved
tissues cannot be compared with human tissues of vari-
able densities due to their complex architecture. The var-
ied densities of fat, vessels, hair and skin, and hard and
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soft connective tissues, are important variables, consider-
ing the attenuation of the radiation beam.” Even though
a positive correlation has been revealed in previous stud-
ies, several authors have mentioned the need for the in-
clusion of living physiological tissue rather than using ca-
daveric mandibles and tissue equivalent materials for the
sake of the attenuation offered by the adherent soft tissue
in the actual patient.?

The present study aimed to evaluate the accuracy and
applicability of the grayscale values of CBCT as compared
to the HU of CT in estimating radiological bone mineral
density. The study further aimed to obtain the conversion
ratios for transmuting the available CBCT grayscale into
the gold standard HU in order to establish a standardized
scale for density estimation.

Material and methods

This study was conducted in the Department of Oral
Medicine and Radiology at the LT.S. Centre for Den-
tal Studies and Research, Ghaziabad, India, and at
the Advanced Diagnostic Center, Hargobind Enclave,
Delhi, India, to evaluate the accuracy of the CBCT
grayscale in determining bone density. The study
was approved by the institutional Ethics Committee
(ITSCDSR/IIEC/2018-21/OMR/OMR). The radiologi-
cal mineral density of the specific anatomical areas in the
goat mandible and maxilla at the same spatial coordinates
was measured using CBCT (grayscale) and CT (HU).

Goat heads with intact physiological soft tissue were ac-
quired from the local butcher. The goats were butchered
for the purpose of consumption. To preserve the integrity
of soft tissues, the goat heads were stored at a tempera-
ture of 4°C in an icebox. The scans were done on the same
day when the samples were acquired.

The mean, minimum and maximum values were ob-
tained for each ROI in the CBCT and CT scans. Two radi-
ologists procured the data for both types of scans. A radiol-
ogist with an experience of more than 10 years obtained the
initial values for both scales, which were then confirmed by
another radiologist with 3 years of experience.

During scanning, the occlusal plane of the goat head was
kept parallel to the floor. A customized wooden stool was
made to standardize the position of the goat heads during
CBCT. Sterilization was maintained by using a mackin-
tosh sheet and a transparent cellophane sheet while the
head was placed in the CBCT scanner.

A total of 20 samples were included in the study. The
axial sections of each sample obtained with CBCT and
CT were used for the evaluation. A total of 240 sites were
evaluated in 20 samples (i.e., 12 sites for each sample; 6 in
the maxillary arch and 6 in the mandibular arch).

The ROI in the maxilla were as follows: the region an-
terior to first premolar; the region posterior to first pre-
molar; and the region distal to second molar. The ROI in
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the mandible were as follows: the region anterior to first
premolar; the region posterior to first premolar; and the
region distal to the last present molar.

The sites were evaluated bilaterally to obtain the grayscale
values from the CBCT scan and HU from the CT scan.

First premolar was used as a standardized marker to en-
sure the overlapping of the focused sites from both the scans
of an individual sample. The sections were adjusted to obtain
the largest vertical dimension of first premolar in the sagittal
and coronal sections bilaterally in the respective arch. The
ROI was then analyzed for the grayscale values and HU from
the CBCT and CT scans, respectively. To determine the bone
density values of the ROI, a region of an area of 12 mm? was
traced on to all sites adjacent to the respective tooth. In case
of the absence of the reference tooth, the posterior tooth was
used as a reference.

The CBCT scans were taken using the NewTom® GiA-
NO scanner (model SN 70820432; Cefla, Imola, Italy,)
with the following specifications: field of view (FoV)
of 11 x 8 cm?; slice thickness of 0.15 mm; tube voltage
of 90 kVp; tube current of 32 mA; and exposure time of 9 s
(pulsed). The CT scans were obtained using the Somaton®
scanner (Siemens, Erlangen, Germany) with the follow-
ing specifications: 120 kV; 118 mA; high-resolution ker-
nel; slice thickness of 0.75 mm; interval of 0.5 mm; pitch
of 0.5 mm; and gray density 31.78 bit.

Statistical analysis

The statistical analysis was carried out using the IBM
SPSS Statistics for Windows software, v. 22.0 (IBM Corp.,
Armonk, USA). The inter-observer reliability was calcu-
lated using Cronbach’s alpha and intraclass correlation
coefficients (/CC). The means for the mean, minimum
and maximum values of the grayscale from CBCT and
HU from CT were compared using the independent
samples t tests and Pearson’s correlation coefficients.
Scatter plots were prepared using the Minitab® statistical
software, v. 19 (Minitab, State College, USA). Regression
analysis was performed to examine the relationship be-
tween the grayscale (independent variable) and HU (de-
pendable variable) in relation to the mean, minimum and
maximum values.

Results

The present in vitro study comprised a total of 20 sam-
ples. For each sample, 12 sites (6 maxillary and 6 man-
dibular) were measured for the grayscale values from the
CBCT scans and for HU from the CT scans with the aim
of the qualitative estimation of radiological bone mineral
density. For every site, the mean, minimum and maxi-
mum values for both scales were recorded (Fig. 1-3). Two
researchers independently recorded the grayscale values
and HU for each sample.
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Fig. 1. Placement of the regions of interest (ROI) in the mandibular arch
of sample l'in the axial section of the computed tomography (CT) scan
(left) and in the corresponding axial section of the cone-beam computed
tomography (CBCT) scan (right)

2D 6 Min/Max: -80 /808
D6 2D 6 Area: 0.12 sq.chi

2D 6 Mean/SD:| 25.6 /130.3

2D 6 Pixel: 204

2D 5 Min/Max: 24 /430

2D 5 Area: 0.12 sgiem

2D 5 Mean/SD: 2281 /96.3
2D 5 Pixel: 200

2D 4 Min/Max: -106 /477
2D 4 Area: 0.12 sq.cm
2D 4 Mean/SD: 96.8(/95.5
2D 4 Pixel: 195

1 Min/Max: -111 /748
1 Area: 0.12 sq.cm

2D 1 Mean/SD: 122.5/161.1
1 Pixel: 185

Fig. 2. Axial section of the CT scan of sample Il, indicating multiple
placements of regions of interest (ROI)

Fig. 3. Axial section of the CBCT scan of sample Il indicating multiple
placements of regions of interest (ROI)

The statistical analysis of the recorded values revealed
an overall ICC of 0.979 (97.9%). The evaluation of the
inter-observer data reliability with Cronbach’s alpha re-
vealed excellent agreement (99%).

The means for the mean, minimum and maximum val-
ues for the CT HU were 257.25 +186.71, 15.18 +122.61
and 720.98 +338.07, respectively. The mean values for
the mean, minimum and maximum values for the CBCT
grayscale values were 355.14 +188.13, -47.63 +214.18
and 1,142.39 +457.72, respectively (Table 1). The statisti-
cal analysis using the independent samples ¢ test revealed
statistically highly significant differences for all 3 sets
(p = 0.000).
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Table 1. Comparison of means between computed tomography (CT) and cone-beam computed tomography (CBCT) for different values

CBCT
M+SD M+SD MD +SD t-value
Minimum

15.18 £122.61 —47.63 £214.18 62.81 £91.57 3.943 0.000%
‘ Mean 257.25 £186.71 355.14 +£188.13 97.89 £1.42 5.722 0.000% ‘
‘ Maximum 720.98 £338.07 1,142.39 +457.72 42141 £119.65 11.473 0.000* ‘

M —mean; SD - standard deviation; MD — mean difference; * statistically significant (independent samples t test).

Pearson’s correlation analysis was applied to all 3 value
sets (i.e., mean, minimum and maximum values) to establish
the relationships between the 2 scales. The analysis revealed
that the correlation coefficients for the mean, minimum and
maximum values of the 2 scales were 0.496, 0.037 and 0.396,
respectively. The analysis further revealed that the correla-
tion between the maximum and mean values of the 2 scales
was statistically significant (p = 0.000), but non-significant
for the minimum values (p = 0.566). The correlations be-
tween the mean CBCT grayscale values and the mean, mini-
mum and maximum CT HU were 0.496, 0.426 and 0.410,
respectively, demonstrating a statistically significant correla-
tion between the 2 scales in relation to the respective mean
values (p = 0.000) (Table 2).

Table 2. Correlation between CT and CBCT

CBCT min | CBCT mean | CBCT max

0.037 0426 0.349
CT min
p-value 0.566 0.000* 0.000*
r 0.016 0.496 0464
CT mean
p-value 0.804 0.000* 0.000*
r 0.117 0410 0.396
CT max
p-value 0.070 0.000* 0.000*

min — minimum; max — maximum; r — Pearson’s correlation coefficient;
* statistically significant (two-tailed t test).

Furthermore, the scatter plot revealed a strong linear
correlation between the HU minimum and the grayscale
maximum and mean values, whereas the correlation with
the grayscale minimum values was a non-linear relation-
ship (Fig. 4). Similarly, the scatter plot for the HU mean
values revealed a strong linear correlation with the gray-
scale maximum and mean values, and a weak correlation
with respect to the minimum values (Fig. 5). The scatter
plot for the HU maximum values revealed a strong linear
correlation with the grayscale maximum and mean values,
but a weak correlation with the minimum values (Fig. 6).

The weak correlation coefficients obtained here reveal
the poor reliability of the grayscale for predictions, i.e., for
the known CBCT grayscale values, the prediction of the
standard CT HU for radiological mineral density is not
very reliable.

The findings further reveal that, even though the gray-
scale accuracy is questionable in relation to the density
estimation for all 3 registered variables, there is a com-

paratively higher reliability of the CBCT grayscale mean
values for the prediction of all 3 (i.e., minimum maximum
and mean) variables of CT HU.

CBCT min CBCT mean

CBCT max
2000 . .,’ e o o
3

CT min

Fig. 4. Scatter plot of the CBCT minimum, CBCT maximum and CBCT mean
values vs. the CT minimum values

0 250 500 750 1,000
CBCT min CBCT mean

Fig. 5. Scatter plot of the CBCT minimum, CBCT maximum and CBCT mean
values vs. the CT mean values
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1,000
0
1,000
2,000
1,500
1,000
500
o
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Fig. 6. Scatter plot of the CBCT minimum, CBCT maximum and CBCT mean
values vs. the CT maximum values
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Regression analysis was done to determine the coeffi-
cient of determination for all 3 variables (Table 3). The re-
gression equations for the prediction of CT HU (depend-
able variable) from the available CBCT grayscale values
were as follows (Equations 1-3):

CT min = -110.9 - 0.1028 CBCT min
+0.3176 CBCT mean (1)
+0.0073 CBCT max (R® = 21.05%)

CT mean = 9.8 —0.1816 CBCT min
+0.4933 CBCT mean 2)
+0.0557 CBCT max (R? = 29.79%)

CT max = 366.9 — 0.014 CBCT min
+ 0.484 CBCT mean (3)
+0.1590 CBCT max (R* = 19.45%)

As the mean values of the CBCT grayscale showed the
highest prediction capability with the lowest chances
of error for the prediction of the minimum, maximum
and mean values of the CT HU, the regression equations
in regard to the CBCT grayscale mean value were as fol-
lows (Equations 4—6):

CT min = -83.5 + 0.2777 CBCT mean (R? = 18.16%) (4)

CT mean = 82.3 + 0.4927 CBCT mean (R* = 24.65%) (5)

CT max = 459.5 + 0.736 CBCT mean (R? = 16.79%) (6)

The low R? shows a low reliability of the predicted CT
HU obtained from the available CBCT grayscale values
for the minimum, maximum and mean.

Table 3. Regression analysis
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Discussion

Non-physiological tissues or cadaveric samples without
the preservation of the adherent soft tissues may produce
grayscale values that deviate from the actual values. This
is one of the significant concerns for the clinical appli-
cability of CBCT for the estimation of radiological bone
mineral density. The available literature has demonstrat-
ed a strong positive correlation between the standard
protocols and several prediction models for estimating
mineral density by means of CBCT. The samples used in
such studies range from dried mandibles and phantoms
to homogenous density inserts.> The present study used
preserved physiological tissue and its anatomical archi-
tecture, addressing the substantial variation offered by the
various components of biological tissues, which artificial
simulations cannot duplicate. Parsa et al. emphasized that
anatomical soft tissue simulations affect the attenuation
values while measuring the mineral density.> Further-
more, the same authors expressed concern regarding the
presence of high-density metal markers and restorative
materials, leading to qualitative shortcomings, such as
streaking, high noise ratios and beam-hardening artifacts,
causing histogram shift and unreliable grayscale values.
Previous studies have also stated that, if a varied range
of background materials is used, it is quintessential to
include the attenuation offered by soft tissues when cor-
relating the 2 scales for clinical application,”1%-!2 which is
the issue addressed in the current study.

Previous studies have used a varied array of restorative
materials and metal markers to overlap the sections ob-
tained via different imaging techniques. In the present
study, an anatomical site was used as a landmark for over-
lapping ROI in both scans from the same sample, which
is unique in comparison with the available literature.
A CBCT scanner has a highly sensitive receptor, with the
ability to differentiate subtle changes in attenuation,® and
evidence indicates that the grayscale is subject to variabil-

2
Dependent variables Regression equations [';]
CTmin=16.19+0.0213 CBCT min 0.14
CT min=-83.5+0.2777 CBCT mean 18.16
CT min
CT min=-91.6 4+ 0.0935 CBCT max 12.18
CTmin=-110.9 — 0.1028 CBCT min + 0.3176 CBCT mean + 0.0073 CBCT max 21.05
CT mean =257.9 +0.0141 CBCT min 0.03
CT mean =82.3 + 04927 CBCT mean 24.65
CT mean
CT mean =41.1 +0.1892 CBCT max 21.51
CT mean =9.8 - 0.1816 CBCT min + 0.4933 CBCT mean + 0.0557 CBCT max 29.79
CT max =729.8 + 0.185 CBCT min 1.37
CT max =459.5 +0.736 CBCT mean 16.79
CT max
CT max = 387.1 +0.2923 CBCT max 15.66
CT max =366.9 — 0.014 CBCT min + 0.484 CBCT mean + 0.1590 CBCT max 19.45
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ity according to the density of objects in ROL* There is
great concern regarding the use of high-density objects
and restorative materials as reference points, as they may
cause a shift in the determined grayscale values of the
sample.> The presence of implants and metal markers
cause abrupt changes in densities. The variety of densi-
ties around the scanned object results in beam hardening,
along with other possible associated phenomena, such
as the scattered radiation and projection data-related ef-
fects, which make the applicability of the grayscale values
questionable.>!® The use of an anatomical marker in our
study assures that the retrieved values are more reliable.

The reliability of the CBCT grayscale has been depict-
ed by either a coefficient of determination (R?) or a cor-
relation coefficient (r) in previous studies. The available
literature mentions the presence of huge bias values and
no agreement with regard to applicability.” In contrast,
the present study considered values form both scales to
derive relevant evidence for the suitability of the CBCT
grayscale for estimating bone mineral density. The r coef-
ficient for the mean, minimum and maximum values was
0.496, 0.037 and 0.396, respectively, and the R? coefficient
for the mean, minimum and maximum variables were
29.79%, 21.05% and 19.45%, respectively.

In their review, Pauwels et al. mentioned the question-
able potential of considering the correlation coefficient
alone, for there can be a significant deviation from the
linear fit (coefficient of determination) for statistically
significant correlations.? It has also been mentioned that
for substantiating the clinical use of the grayscale values,
both r and R? have to be taken into account, and the val-
ues are not interchangeable. Both the values of Pearson’s
correlation coefficient (r) and the coefficient of determi-
nation (R?) considered in our study further validate the
disputed use of the grayscale for density estimation.

In contrast to the current results, Casetta et al. reported
that differences between the CBCT voxel values (VV)
and the CT (HU) gray density values were statistically
significant (p < 0.05).}* In addition, an r-value of 0.978
demonstrated a statistically significant linear correlation
between VV and HU gray density values.!*

The current study shows a positive but weak correla-
tion between the 2 scales, not per the previous literature.
The statistical analysis showed that among the 3 variables
that were compared, the highest correlation (r = 0.496,
R? = 29.79%) was observed for the relationship between
the mean values of the 2 scales, which implies that the
mean values of the grayscale are the most reliable for the
evaluation of density.

According to de Carvalho Crusoé Silva et al., the mean
HU value obtained using CBCT (418.06) was significantly
higher than that obtained using multi-slice computed
tomography (MSCT) (313.13).1> Thus, the authors con-
cluded that bone density in HU obtained from the CBCT
images proved unreliable, since it was higher than that ob-
tained using MSCT.'> Similarly, the differences between
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the minimum, mean and maximum values noted in our
study were 62.81 £91.57, 97.89 £1.42 and 421.41 +119.65,
respectively. Differences between all the variable values
were statistically significant, and thus question the appli-
cability of the grayscale for density estimation.

Challenges regarding the applicability of the grayscale
are also likely due to shortcomings in the basic radiation
physics principle, beam geometry, and the assumptions
and limitations of the available reconstruction algorithms.
The artifacts resulting from variability in the axial plane
(e.g., cupping and doming artifacts), beam hardening,
the concepts of endomass and exomass, the divergence
of the beam, and a high noise ratio in CBCT scans are
also a matter of concern in terms of measuring radiologi-
cal bone mineral density.*

Similar to the present study, comparative studies per-
formed for the standardization of the grayscale used
a limited number of scanning protocols and a limited va-
riety of machine models. In addition, the array of scan-
ning protocols and the models used fluctuate in the lit-
erature. Varshowsaz et al. conducted an in vitro study to
compare the density values of different tissue phantoms,
with 2 different thicknesses, 2 different image acquisition
settings and 3 locations in the phantoms.!® The analysis
found significant differences between the density values
obtained from the CBCT and CT scans in most situations.
Furthermore, the CBCT values were not similar to the
CT values in any of the phantoms using different thick-
nesses and acquisition parameters, or the 3 different sites,
which is analogous to our findings. The abovementioned
authors also stated that machine-related factors could be
responsible for the questionable reliability reported in the
literature, supporting the applicability of the grayscale for
radiological bone density estimation.'®

The use of a single scanning protocol and a single ma-
chine model can be considered as shortcomings of the
present study, and may provide a scope for future detailed
studies. The obtained data, even when showing a strong
positive correlation, cannot be applied to multiple avail-
able models due to the characteristic variation in device
calibration and the scanning protocol used for imag-
ing.117 Even for the same machine, the imaging protocol
has a varied range according to the required radiological
insights. Image acquisition requires different settings and
changes in calibration, which can be manually adjusted or
automatically applied, depending upon the model in use.?

The accuracy of density estimation with a smaller FoV
is greater than with a larger FoV due to the high resolu-
tion of the target area. The largest FoV available was used
while scanning the goat heads, which is a shortcoming
of the present study. On the other hand, a small FoV can
result in reduced density values, as the diameter of the
X-ray beam decreases. This may lead to a decrease in the
number of low-energy photons and an increase in the
penetration of radiation, which leads to a reduction in the
attenuation of X-rays, and finally the gray values.?
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Another way in which FoV affects the evaluation of den-
sity involves the concept of exomass. The exomass is the
mass that is present outside the dimensions of FoV during
image acquisition. The literature shows that variability in
the amount of exomass evaluated in different FoV sizes
is related to the gray values.* Preserved physiological tis-
sue architecture provides a non-homogenous exomass in
close proximity to ROI, which can produce variation in
the grayscale values and HU provided by natural tissue.
Candemil et al., while studying the effects of non-homog-
enous hyperdense artifacts in homogenous regions, con-
cluded that not only was there a great discrepancy in the
data obtained by 3 machines, but also in the distribution
of hyperdense artifacts from the exomass that followed
the inherent gray value dispersion of CBCT images, with
less homogeneity in the inner zone of FoV.!8 This is exac-
erbated when metal objects are in the exomass. Katsuma-
ta et al. found that a greater FoV eliminates the exomass,
resulting in less variability in the gray values,'® which can
justify the use of a large FoV in the present study.

Conclusions

The mean and maximum variables of the grayscale were
positively but weakly correlated with HU, whereas the
minimum values showed a non-significant correlation.
While the correlation is positive, the predictive reliability
of the grayscale is low for HU. With the current results as
evidence and a review of the available literature, it can be
concluded that the accuracy of the CBCT grayscale in mea-
suring bone density, in contrast to CT HU, is questionable
and needs to be standardized before clinical application.
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Abstract

Background. Pain from dental injections is a common reason why people fear dentistry and avoid dental
treatment. Thus, researchers have attempted to find methods to decrease dental injection pain.

Objectives. Considering the analgesic effect of the photobiomodulation therapy (PBMT), the aim of this
study was to evaluate the effects of PBMT on the pain caused by dental anesthetic injections.

Material and methods. This randomized, split-mouth, triple-blind clinical trial evaluated 60 bilateral
canine teeth in 30 dental students. After the random selection of the test (laser) quadrant, the injection site
was irradiated with a 940 nm diode laser. Buccal infiltration anesthesia was then administered by inject-
ing lidocaine plus epinephrine with a short needle. The level of pain experienced during the injection was
determined using a 100-millimeter visual analog scale (VAS). The same procedure was performed for the
control (no laser) quadrant, with the difference being that the laser handpiece was turned on, but no radia-
tion was administered. The 2 groups were compared using the non-parametric Wilcoxon signed-rank test.

Results. The mean VAS pain scores were 21.2 15.7 for the laser quadrant and 27.9 +18.9 for the control
quadrant; this difference was statistically significant (p = 0.030), but did not seem to be clinically relevant.

Conclusions. The photobiomodulation therapy prior to dental anesthetic injections has no clinical advan-
tage for reducing injection pain.

Keywords: pain, local anesthesia, laser, injection, low-level laser therapy
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Introduction

Pain is defined as an unpleasant feeling that is experi-
enced when actual tissue damage or trauma with the po-
tential to cause tissue damage occur.! Pain from dental
anesthetic injections has always been a challenge during
dental treatment. Evidence has shown that the fear of den-
tal injections is a major reason why people avoid dental
visits and dental care services, which can adversely affect
a person’s oral health status.? Dental injection pain can
be due to the mechanical trauma caused by the insertion
of the needle into the tissue, the release of the anesthetic
agent into the tissue or the removal of the needle. Several
factors can affect the level of anesthetic injection pain,
such as the type of anesthetic agent injected, the gauge
of the needle, and the temperature and pH of the injected
agent.? Topical anesthetic agents in the form of anesthetic
gels and sprays have been proposed to reduce injection
pain. Some simple techniques, such as the compression
and precooling of the injection site, have also been sug-
gested for this purpose.*> Moreover, some fundamental
advances have been made in anesthetic injection tech-
niques in recent years, such as the use of computerized in-
jection systems, which aim to reduce anesthetic injection
pain and improve the patient’s comfort. However, further
studies are required to develop painless anesthetic injec-
tion techniques that can be applied for widespread use in
dental offices.®

In recent vyears, the photobiomodulation therapy
(PBMT) and the application of biostimulative lasers have
gained prominence in this field. In this treatment modali-
ty, the laser beam is able to penetrate deeply into the tissue
due to its low output power, which is usually <500 mW,
and the selected laser wavelengths, which are usually be-
tween 630 nm and 1,300 nm. In PBMT, the absorbed en-
ergy does not heat or damage the living tissue; instead,
the energy of the laser photons is absorbed by the cells
and stimulates them, which is referred to as photostimu-
lation.” The photobiomodulation therapy has several ad-
vantages at the cellular level, including the metabolic acti-
vation of the cells and the improvement of their function,
the stimulation of the repair process, anti-inflammatory
effects, analgesic effects due to the release of endorphins,
the stimulation of the immune system, and an increased
anti-oxidative capacity of the blood.®

Over the years, since its approval by the U.S. Food and
Drug Administration (FDA) as a pain reduction modality,
PBMT has become increasingly popular.”!® Although the
exact mechanism of action of PBMT for pain reduction
is not completely understood, evidence supports the idea
that PBMT activates certain peripheral analgesic mecha-
nisms that can affect pain perception. Thus, the PBMT
protocols for pain control have been studied under dif-
ferent conditions.!* The analgesic effects of PBMT in the
management of pain following endodontic surgery, tem-
poromandibular joint pain, trigeminal neuralgia, myalgia,
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aphthous ulcers, and tooth hypersensitivity have previ-
ously been confirmed.!? However, the effect of PBMT on
pain from anesthetic injections in the oral cavity has not
been thoroughly examined. Thus, the aim of this study
was to evaluate the effect of PBMT on pain from dental
anesthetic injections.

Material and methods

This randomized, split-mouth, triple-blind clinical trial
included 30 candidates who were selected from dental
students at Tehran University of Medical Sciences, Iran.
The study was conducted in the Laser Department of the
university.

The study was approved by the institutional Ethics Com-
mitteeat Tehran University of Medical Sciences (IR. TUMS.
DENTISTRY. REC. 1397.067) and registered in the Ira-
nian Registry of Clinical Trials (IRCT2019042904418N1).
All patients signed informed consent forms prior to their
participation in the study, and they were free to withdraw
at any point during the study.

A total of 60 sound maxillary canine teeth were selected
bilaterally. The teeth had no carious lesions, periapical le-
sions, extensive restorations, or anatomical anomalies or
cracks; teeth with any of these problems were excluded
from the study. The participants were healthy and had no
cardiovascular diseases, thyroid disorders, or any other
systemic conditions. There could be no history of tak-
ing antibiotics or nonsteroidal anti-inflammatory drugs
(NSAIDs) in the past 2 months, which would contraindi-
cate lidocaine plus epinephrine injections.

Considering the results of a pilot study on 3 samples
and using the feature for comparing two means with the
Minitab® Sample Size Calculation software (Minitab,
State College, USA), the minimum sample size was cal-
culated to be 22. The following were assumed: a = 0.05;
S = 0.2, standard deviation of the mean of 5, and a mini-
mum difference between the 2 mean values of 4.4. Thirty
patients were recruited to ensure accuracy and an ad-
equate sample size. Since the study had a split-mouth
design, the statistician randomly selected the test (laser)
quadrant by flipping a coin and reported the result to the
laser specialist.

In the test (laser) quadrant, the handpiece of a semi-
conductor diode laser (Epic 10; BIOLASE Inc., Foothill
Ranch, USA) was positioned at the buccal vestibule of the
maxillary canine and the injection site, with a cross-sec-
tional area of 0.785 cm?. It was irradiated with 15.28 J/cm?
energy density, 200 mW power, and 940 nm wavelength
for 60 s, using the continuous-wave mode. The anesthetic
was injected immediately after the removal of the laser tip
by means of the buccal infiltration anesthesia technique
with a short 27-gauge needle (Soha, Tehran, Iran). Half
of the anesthetic cartridge containing 2% lidocaine plus
epinephrine 1:100,000 (Persocaine-E; Darou Pakhsh, Teh-
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ran, Iran) was injected. The bevel of the needle faced the
bone at the site of the apex of the canine tooth at an angle
of 45° and the anesthetic agent was injected at a speed
of 1 mL/min. All injections were performed by the same
operator to ensure optimal quality and consistency, and to
eliminate the confounding effect of interindividual differ-
ences in experience and expertise.

Immediately after the completion of the injection in
the test quadrant, the level of pain experienced by the
participant during the injection was quantified using
a 100-millimeter visual analog scale (VAS). The partici-
pants had been instructed on how to use the scale earlier.

The same procedure was performed for the control
quadrant, with the difference being that the laser hand-
piece was turned on, but no radiation was administered.

The participants, the operator who performed the in-
jections and the examiner who recorded the VAS pain
scores were all blinded to the laser and control quadrants
(triple-blind design).

Statistical analysis

For statistical analysis, the IBM SPSS Statistics for Windows
software, v. 21.0 (IBM Corp., Armonk, USA), was used.

The measures of central dispersion, such as mean (M),
standard deviation (SD), and minimum and maximum
levels of pain according to VAS, were calculated for the
laser and control groups. Since the pain score was an or-
dinal variable and the pain score data was not normally
distributed, the 2 groups were compared using the non-
parametric Wilcoxon signed-rank test. A p-value <0.05
was considered statistically significant.

Results

A total of 30 patients between 22 and 30 years of age
(with a mean age of 26.5 years) were evaluated in this study.
Twenty (66.7%) were males, and 10 (33.3%) were females.
The level of pain was measured using VAS. A VAS score
of 0 indicated no pain at all, while a score of 100 indicated
the most excruciating pain imaginable. Table 1 presents
the measures of central dispersion of the pain scores.

The distribution was assessed using the Shapiro—Wilk
normality test, and it was determined to be not normal.
According to the Wilcoxon signed-rank test, the mean
VAS pain score in the laser group was significantly lower
than in the control group (p = 0.030).

Table 1. Measures of central dispersion of the dental injection pain score
determined with a 100-millimeter visual analog scale (VAS)

laser 21.1£15.7 0.0 60.0
control 279+189 0.0 70.0

Pain

M — mean; SD - standard deviation.
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Discussion

Anesthesia through injection is an essential aspect
of most kinds of dental treatment. Patients seeking dental
treatment are often concerned about anesthetic injections
and the pain they cause. Painless anesthetic injections can
increase the patient’s comfort and cooperation, positive-
ly affect the quality of treatment, and build the patient’s
trust. Thus, several methods have been suggested to re-
duce dental anesthetic injection pain.!** Considering the
favorable biological effects of PBMT, including its analge-
sic action,? this study evaluated the influence of PBMT on
the pain caused by dental anesthetic injections.

The results of this study indicate that applying PBMT
prior to an anesthetic injection significantly decreased the
level of pain experienced during the injection. In vivo stud-
ies on the effects of PBMT on oral mucosal innervation
have shown that PBMT decreases the frequency of pain
signals transferred by the nerve fibers and increases the
stimulation threshold of the nerve fibers.” Laser has an in-
hibitory effect on A-delta and C fibers, and consequently
decreases the speed of transfer of pain signals, lowers the
action potential and inhibits neurogenic inflammation.!
In this study, the pain reduction experienced on the laser
side can be attributed to changes in the synthesis, release
and metabolism of the chemical mediators of pain in the
peripheral nervous system.!¢

Evidence indicates that PBMT can be used as an effec-
tive non-pharmaceutical modality for pain relief following
nonsurgical endodontic treatment.}”!® In their study on
10 children between 6 and 9 years of age, Tanboga et al.
evaluated the effect of a low-level erbium-doped yttrium
aluminum garnet (Er:YAQG) laser on the pain caused by
cavity preparation.’ They concluded that patients who
underwent PBMT prior to cavity preparation experienced
a lower level of pain during this process.! Shapiro et al.
reported that the application of a low-level Er:YAG laser
in a laser anesthesia device along with lidocaine caused
a significant reduction in needle insertion pain in intra-
muscular injections.?’ This finding was attributed to the
destruction of the stratum corneum layer through PBMT,
which consequently enhanced the penetration and faster
action of lidocaine.?° In addition, it has been demonstrat-
ed that the use of aluminum gallium arsenide (AlGaAs)
PBMT along with regional intravenous anesthesia can
decrease the level of pain experienced during and after
treatment.!! Jagtap et al. determined that PBMT prior to
anesthetic injections for tooth extraction caused a signifi-
cant reduction in the level of pain experienced during the
injection.?

On the contrary, some studies have reported that PBMT
did not have any clinical advantage with regard to pain
reduction in dental procedures.??? Payer et al. evaluated
the effects of PBMT on inflammation, the course of heal-
ing and pain following endodontic surgical procedures,
and concluded that there were no significant differences
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between the laser and placebo groups in any of the as-
sessed parameters.?? There are a number of factors, such
as radiation dosage, wavelength, exposure time, the type
of tissue, and the optical properties of the laser, that can
affect the efficacy of PBMT in pain control.38 In addition,
variability in the results of studies can be due to different
treatment protocols.

In 2016, Ghaderi et al. evaluated the effect of PBMT on
the pain caused by dental anesthetic injections and dem-
onstrated that patients who received topical anesthetic gel
along with PBMT prior to anesthetic injections reported
significantly lower VAS pain scores as compared to those
who received topical anesthetic gel alone; however, this dif-
ference was not clinically significant.'* Similar results were
obtained in the present study. Although the mean pain
score was significantly lower in the laser group, this differ-
ence may not have been clinically relevant, as several stud-
ies have determined that a minimum change of 13-30 mm
in the VAS score is needed in order to achieve clinical sig-
nificance.?* In this study, the difference in the mean pain
scores between the 2 groups was below this range.

This prospective clinical trial had a split-mouth design,
which eliminated the confounding effects of interindivid-
ual differences. Moreover, considering the blinding of the
participants to the laser side and the random allocation
of the laser and control sides, the carry-over effect, which
is an inherent drawback of split-mouth studies,? was
eliminated in this design.

This study used a triple-blind design. The dental cli-
nician who performed the anesthetic injections and the
examiner who recorded the pain scores were not aware
of which side underwent irradiation. In addition, the la-
ser handpiece light was turned on for both the laser and
control sides. Furthermore, laser irradiation did not cause
any visual or auditory stimulation, did not create heat,
and had no vibration.?® Thus, the patients were not aware
of which side received PBMT.

To quantify the level of pain experienced, VAS was
employed in the present study. This scale was used due
to its simplicity and compatibility with different popula-
tions and study designs. Its application does not require
a training course and it can be easily completed in less
than 1 min. Moreover, evidence has demonstrated that
VAS is sensitive to changes in pain perception.?”

Accelerated collateral circulation as well as an increased
blood vessel diameter can be observed with PBMT.
Therefore, when PBMT is applied prior to injection, the
risk of hematoma formation should be considered.

Laser therapy is a novel field of science, and its applica-
tion methods and treatment protocols are under constant
development. Considering the inconsistency and contro-
versy in the results of other PBMT studies, and the fact that
this study had a small sample size and was performed on
dental students, further investigations with larger sample
sizes from the general public are imperative. Furthermore,
due to the small sample size, it was impossible to make
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a comparison between men and women concerning the
VAS scores, or a comparison between the 1%t and 2" injec-
tion. Future studies should evaluate the efficacy of PBMT
for other dental conditions that cause pain, such as the root
canal treatment of inflamed teeth, as well as its potential for
use as an alternative to supplement anesthetic injections. It
should be noted that the risks and possible complications
of laser therapy should be carefully investigated.

Conclusions

The results of the current study indicate that although
PBMT with the set parameters had a statistically signifi-
cant impact on the pain caused by injections with the buc-
cal infiltration anesthesia technique, there was not a con-
siderable clinical effect.
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Abstract

Background. Nanosized titanium dioxide (Ti0,) particles are among the most widely used nanoparticles
(NPs) worldwide due to their unique properties. The lingual mucosa is still neglected in terms of risk as-
sessment with respect to the NP uptake.

Objectives. The aim of this study was to evaluate the effect of intragastric administration of TiO, NPs on
the mucous membranes of the tongues of albino rats, as well as the potential benefits of a 4-week recovery
period.

Material and methods. Twenty-one male albino rats were randomly divided into 3 groups (n =7
per group). Group | served as a control group and received saline intragastrically daily for 30 days. The
experimental groups included group Il, which received Ti0, NPs in the amount of 50 mg/kg of body
weight (b.w.) intragastrically daily for 30 days, and group ll, which also received Ti0, NPs in the amount
of 50 mg/kg b.w. intragastrically daily for 30 days, and then was allowed to recover for 4 weeks. Tongue
specimens were collected for histological, immunohistochemical and morphometric examinations.

Results. The Ti0, NP group Il showed significant atrophic and degenerative changes in the tongue mu-
cosa, which included reduced epithelial thickness in the ventral surface, with disfigurement in the filiform
and fungiform papillae. Weak B cell lymphoma-2 (Bcl-2) immunoreactivity was also noted. The 4-week
recovery group displayed improvement in the histological picture, with moderate to strong Bcl-2 immuno-
reactivity in the epithelial cell layers and the underlying connective tissue.

Conclusions. The use of TiO, NPs caused severe histological and apoptotic changes in the filiform and
fungiform papillae, and the ventral surface of the tongue of the rats, while allowing recovery minimized
the toxic effect of the NPs.

Keywords: titanium, titanium dioxide, nanoparticle, Bcl-2, rats
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Introduction

Continuous improvement in nanotechnology en-
gineering has led to the extensive manufacturing and
use of nanomaterials. Usually, nanomaterials are nano-
sized solid particles with a diameter ranging from 1 nm
to 100 nm. Among the popular metals and metal ox-
ides occurring in the nanosized form are gold, silver,
iron, and titanium oxide nanoparticles (NPs), which
are widely used due to their superior physicochemi-
cal properties, such as optical features and magnetic
activity, and high thermal and electrical conductivity.
Another favorable characteristic is their large surface
area to volume ratio.? However, their escalating con-
sumption raises concerns with regard to their impact
on biological systems.3

Titanium dioxide nanoparticles (TiO, NPs) are
widely used, as they exhibit unique properties, in-
cluding antiviral, antibacterial and antifungal effects.
Moreover, TiO, NPs are highly biocompatible, with
great strength, corrosion resistance and low density.**
However, their specific large surface area and quan-
tum effects increase their chemical reactivity in the
human body. Strikingly, the incorporation of TiO, NPs
in numerous products, such as food additives, cos-
metics and dental care products, raises the exposure
risk related to these NPs. Owing to their non-degrad-
ability and ability to accumulate in different tissues,
elevated exposure to TiO, NPs may lead to chronic
cytotoxicity.®’

Previously published research reports that TiO,
NPs exert toxic effects on the human body. These in-
clude changes in the cell cycle, damage to the nuclear
membrane and apoptosis.®? Additionally, it has been
proposed that TiO, NPs might cause mitochondrial
and DNA destruction within cells.!®!! The mechanism
of TiO, NP toxicity can be summarized in 3 processes:
(1) the production of reactive oxygen species (ROS)'% (2)
damage to the cell wall and the lipid peroxidation of the
cell membrane; and (3) the attachment of TiO, NPs to
intracellular organelles and biological macromolecules,
following damage to the cell membrane.!3

Exposure to TiO, NPs can occur by many routes, in-
cluding inhalation, injection, dermal and mucosal con-
tact, and intragastric absorption. This can lead to the
precipitation of TiO, NPs in different internal organs.!*1®
Weir et al. reported that the highest amount of TiO, as
particles sized <100 nm was found in candies and chew-
ing gum.'® Thus, such products expose the oral mucosa
to high doses of TiO,.

The aim of the present study was to investigate the
histopathological changes in the filiform and fungiform
papillae, and the ventral surface of the tongue, follow-
ing the intragastric administration of TiO, NPs in al-
bino rats, as well as the possible effect of recovery after
the withdrawal of the NPs.
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Material and methods

Chemicals

Titanium dioxide NPs were purchased from Nano Gate,
Cairo, Egypt. The TiO, powder consisted of 95-97% ana-
tase phase and 3—-5% brookite phase, with NPs of an av-
erage size of 15 +3 nm and a spherical shape (based on
transmission electron microscopy (TEM)). The TiO, ana-
tase particles were prepared by precipitation from a ho-
mogeneous solution, using titanium (IV) isopropoxide as
a precursor in an aqueous solution acidified with nitric
acid to a pH of 2, with a water-to-titanium mole ratio
of about 200.7

Animals

Twenty-one male albino rats weighing 150-200 g were
used in the study. The rats were 2 months old, which is
equivalent to the age of a human child. Children are sus-
ceptible to consuming up to 4 times more TiO,/kg of body
weight (b.w.) as compared to adults.!®

Experimental protocol

The experiment was conducted according to the guid-
ance and approval of the Ethical Committee at the Faculty
of Dentistry of Ain Shams University, Cairo, Egypt (ap-
proval No.: 615/2017).

The animals were provided by and housed in the
Animal Research Center of Ain Shams University. The
animals were housed in a sterile, controlled environ-
ment, with a temperature of 29 +2°C and 12-hour dark/
light cycles. They were kept in individual cages, with 5
rats per cage. The size of the cage was 20 cm in width
and 40 cm in length. The cages were cleaned on a dai-
ly basis, and the rats were allowed free access to food
and water. Each rat was given a unique number. The
rats were randomly and equally allocated into 3 main
groups (n =7):

— group I: the rats received saline intragastrically daily for

30 days to serve as controls;

— group IL: the rats received TiO, NPs in the amount
of 50 mg/kg b.w. intragastrically daily for 30 days'’; and
— group IIL: the rats received TiO, NPs in the amount
of 50 mg/kg b.w. daily for 30 days as in group II, and
were then allowed to recover for 4 weeks after treatment.

The rats were euthanized with an intracardiac overdose
of sodium thiopental (80 mg/kg b.w.), following the differ-
ent experimental periods.?®

Postmortem specimen processing

The rats’ tongues were excised and fixed immediately
in 10% phosphate-buffered formaldehyde solution for
48 h. The specimens were washed adequately under run-
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ning water, dehydrated by transferring through a series
of graded alcohol, cleared in xylene, and embedded in
paraffin wax according to the standard technique.?!

Hematoxylin and eosin staining

Longitudinal sections, 5-micron-thick, were obtained.
The right sides of the tongues were stained with hema-
toxylin and eosin (H&E).2! A light microscope (Leica,
Wetzlar, Germany) with x400 magnification was used to
obtain images that were transferred to a computer system
for analysis. The epithelial thicknesses of the filiform and
fungiform papillae, and the ventral surface of the tongue
were measured (in microns) using the Image] software,
v. 1.41a (National Institutes of Health (NIH), Bethesda,
USA; https://imagej.nih.gov/ij/).

Immunohistochemical staining

The left sides of the tongue tissue specimens (formalin-
fixed and paraffin-embedded) were used for anti-active
B cell lymphoma-2 (Bcl-2) localization.?? The polyclonal
primary rabbit anti-active Bcl-2 supplied by Biocare Med-
ical (Pacheco, USA) (1:100 in phosphate-buffered saline
(PBS)), code No. CP 229 A, was applied. All sections were
counterstained with hematoxylin, incubated for 2—3 min,
rinsed in distilled water, dehydrated in graded alcohol,
and cleared in xylene. Finally, the specimens were mount-
ed by using an aqueous mounting medium, cover slips
were put in place and the samples were examined with
a light microscope.

For immunohistochemical evaluation, the Bcl-2-stained
cell surface area percentage was measured using the Im-
age] software, v. 1.41a.
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Statistical analysis

The mean (M) and standard deviation (SD) values for
the epithelial thickness (um) and the Bcl-2 mean area per-
centage were analyzed using the IBM SPSS Statistics for
Windows software, v. 26.0 (IBM Corp., Armonk, USA).
The one-way analysis of variance (ANOVA) and Student’s
t test were used to compare the data. A p-value equal to
or less than 0.05 was considered statistically significant.

Results

Histopathological results (H&E staining)
Filiform papillae

Group | (control)

The control group specimens showed a normal dorsum
surface of the tongue with abundant slender filiform pa-
pillae that were regularly arranged and covered with ke-
ratinized stratified squamous epithelium. These papillae
presented a uniform arrangement of the epithelial cell
layers, and the keratin layer was evident. There were dis-
persed clear cells. The underlying lamina propria revealed
normal cellular and fibrous elements, and appeared to
merge with the subjacent tongue muscles without a clear
line of demarcation (Fig. 1A).

Group Il (TiO, NPs)

As compared to group I, there was noticeable disfigure-
ment in the structure of the filiform papillae, with a marked
reduction in their height; they exhibited blunt-ended tops.
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Fig. 1. Photomicrographs of the dorsal surface of the rat tongue, demonstrating the filiform papillae (hematoxylin and eosin (H&E), x400 magnification)

A - group | showing normal, cone-shaped keratinized filiform papillae with a normal architecture of the lamina propria (LP) and tongue muscles (white
arrows); B — group Il showing disfigured papillae with blunt-ended tops (black arrows), a short papilla (red arrow head), the loss of the papillae with
hyperkeratosis (wavy black arrows), the loss of the papillae with evident hyperkeratosis (curved black arrow), focal areas of separation in the keratin layer
(black stars), the epithelium with basilar hyperplasia (black arrow head), cytoplasmic vacuolation (red arrow), clear cells (thin black arrow), inflammatory cell
infiltrate in the lamina propria (LP), and separation between muscle fibers (yellow arrow); C - group Ill showing the papillae seemingly regaining their normal
appearance; still, with the epithelium revealing mild basilar hyperplasia (yellow arrow head), binucleated cells (curved red arrow), cytoplasmic vacuolation
(red arrow), clear cells (thin black arrow), focal areas of separation in the keratin layer (black stars), and inflammatory cell infiltrate in the lamina propria (LP).
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Also, some areas revealed a complete loss of the papillae
with evident hyperkeratosis. Focal separation of the keratin
layer from the underlying epithelial cells was also observed.
The basal cell layer appeared disorganized, with basilar hy-
perplasia and some nuclear alterations in the form of pyk-
nosis. Some of the basal and suprabasal epithelial cells had
vacuolated cytoplasm. Numerous clear cells were recog-
nized. The lamina propria showed signs of degeneration,
with moderate inflammatory cell infiltration. Separation
between tongue muscle fibers was noted (Fig. 1B).

Group Il (TiO, NPs with 4-week recovery)

The tongues of the rats that were allowed a recovery pe-
riod of 4 weeks after 30 days of TiO, NP induction were
similar to those in the control group in the histological
picture of the surface epithelium and the lamina propria.
The epithelium appeared to have a considerable thickness
and a regular basement membrane. The basal cell layer
exhibited mild basilar hyperplasia and large hyperchro-
matic nuclei. The prickle cell layer displayed a few binu-
cleated cells. The granular cells exhibited distinct kerato-
hyalin granules, but a few cells appeared with vacuolation.
The keratin layer was irregular, had nonuniform thickness
in certain areas, and had focal areas of separation. A few
clear cells were identified throughout the epithelial layers.
The underlying lamina propria showed less degenerative
areas, deeply stained basophilic fibroblasts and a small
population of inflammatory cells (Fig. 1C).

Fungiform papillae

Group | (control)

The fungiform papillae were of normal mushroom
shape and were composed of normal stratified squamous
epithelium with a thin uniform layer of keratin and a vas-
cular connective tissue core. A single barrel-shaped taste
bud with peripherally arranged cells was observed on the
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upper surface of the papillae. Lingual muscle fibers ran in
different directions (Fig. 2A).

Group Il (TiO, NPs)

The fungiform papilla was shorter and distorted, and
showed signs of epithelial atrophy. Atrophic changes in
the shape and orientation of the taste bud cells, which were
separated, were also observed. Atrophy in the connective
tissue and tongue musculature was noted (Fig. 2B).

Group Il (TiO, NPs with 4-week recovery)

Similar to the control group, the fungiform papillae as-
sumed a mushroom-like appearance, with almost normal
epithelial covering and a barrel-shaped taste bud with
normal cells. Reduced signs of degeneration within the
lamina propria and the blood vessels engorged with blood
cells were observed. Lingual muscle fibers appeared to
run in different directions (Fig. 2C).

Ventral surface of the tongue

Group | (control)

The mucous membrane of the ventral surface of the
tongue had a regular, thin keratin layer that lacked the lin-
gual papillae. The lamina propria was formed of the con-
nective tissue. Muscle fibers were composed of the inter-
lacing bundles running in different directions (Fig. 3A).

Group Il (TiO, NPs)

The ventral surface of the tongue showed the atrophy
of the surface epithelium, observed as a reduction in the
thickness of the surface epithelium. An apparent loss
of the keratin layer was observed. The dissociation of the
collagen fibers of the lamina propria and congested blood
vessels were noted. Skeletal muscle fibers were apparently
atrophied and separated (Fig. 3B).

Fig. 2. Photomicrographs of the dorsal surface of the rat tongue, demonstrating the fungiform papillae (hematoxylin and eosin (H&E), x400 magnification)

A - group | showing a normal mushroom shape of the papilla with a normal barrel-shaped taste bud (dotted circle); B — group Il showing the distortion
of the papilla with signs of atrophy in a taste bud (dotted circle) and the lamina propria (LP); C — group Ill showing a nearly normal shape of the papillae
and a taste bud with almost a regular arrangement of taste cells (dotted circle), the lamina propria (LP), blood vessels (black arrows), and muscle fibers

(white arrows).
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Fig. 3. Photomicrographs of the ventral surface of the rat tongue (hematoxylin and eosin (H&E), X400 magnification)

A - group | showing no lingual papillae and the presence of a regular, thin keratin layer; B — group Il showing an irregular contour with thin epithelium, the
loss of the keratin layer, congested blood vessels (black arrows), and atrophied muscle fibers (white arrows) with separation between muscle fibers (yellow
arrow); C — group lll showing the presence of normal epithelium with a thin keratin layer, muscle fibers (white arrows) and the lamina propria (LP).

Group IIl (TiO, NPs with 4-week recovery)

The ventral surface of the tongue regained its normal
surface epithelium thickness, with a thin keratin layer and
a normal pattern of epithelial ridges. Lingual muscle fi-
bers ran in different directions (Fig. 3C).

Morphometric analysis

Statistical analysis for the mean epithelial thickness
of the filiform and fungiform papillae, and the ventral sur-
face of the tongue in the 3 groups is presented in Tables 1
and Tables 2.

The ANOVA revealed statistically significant differ-
ences between the 3 groups in the mean epithelial thick-
ness of the filiform and fungiform papillae, and the ventral
surface of the tongue (p < 0.01). The highest mean epithe-
lial thickness of the filiform and fungiform papillae, and
the ventral surface of the tongue was recorded in group
I (control), whereas the lowest mean epithelial thickness
was recorded in group II (TiO, NPs).

The pairwise comparison conducted with the use of un-
paired Student’s ¢ test revealed a statistically significant
decrease in the mean epithelial thickness of the filiform
and fungiform papillae, and the ventral surface of the
tongue in group II (TiO, NPs) as compared to both group
I (control) and group III (TiO, NPs with 4-week recovery)
(p < 0.01).

Table 1. Epithelial thickness [um] of the filiform and fungiform papillae,
and the ventral surface of the tongue in the 3 examined groups

Filiform Fungiform Ventral surface

papillae papillae of the tongue
| 364.03 £8.81 202.59+£7.28 11820 +£13.20
Il 163.19 £12.41 128.77 £5.79 61.63 £5.80
M1l 356.83 £5.09 196.34 £2.40 108.50 £6.70

Data presented as mean + standard deviation (M £SD).

Table 2. Pairwise comparison between the examined groups with regard
to the mean epithelial thickness [pum] of the filiform and fungiform
papillae, and the ventral surface of the tongue

Variable Comparison MD p-value

group | vs. group |l 200.84 <0.010*

Filiform

papillae group | vs. group Il 7.20 0.090
group Il vs. group Il 193.64 <0.010*
group | vs. group Il 73.82 <0.010*

Fungiform

papillae group | vs. group Il 6.25 0.052
group Il vs. group Il 67.57 <0.010*
group | vs. group |l 56.57 <0.010*

Ventral surface

of the tongue group | vs. group Il 9.70 0.100
group Il vs. group Il 46.87 <0.010*

MD - mean difference; * statistically significant.

Immunohistochemical results

The immunostained sections obtained from the filiform
and fungiform papillae, and the ventral surface of the tongue
of group I showed numerous cells with positive Bcl-2 im-
munoreactivity, indicating a strong reaction affecting the
epithelial layers and extending to the underlying connec-
tive tissue cells in the form of brownish coloration (Fig. 4A,
5A and 6A). The Bcl-2-immunostained sections of group II
demonstrated a marked reduction in positively stained cells,
indicating a weak reaction (Fig. 4B, 5B and 6B). The Bcl-
2-immunostained sections of group III revealed a moderate-
to-strong reaction in the epithelial cell layers and the under-
lying connective tissue (Fig. 4C, 5C and 6C).

Morphometric analysis

Statistical analysis for the mean percentage of the area
of the cells positively stained with Bcl-2 immune stain in
all groups for the different examined specimens is shown
in Tables 3 and Tables 4.
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1" s

Fig. 4. Photomicrographs of the dorsal surface of the rat tongue, demonstrating the filiform papillae (B cell lymphoma-2 (Bcl-2), X400 magnification)

A - group | showing a strong cytoplasmic reaction to Bcl-2 in several epithelial layers and the underlying connective tissue; B — group Il showing a negative
cytoplasmic reaction in most epithelial cells except for few positive cells; C - group Il showing a moderate-to-strong cytoplasmic reaction to Bcl-2 in the
basal cell layer, which is evident in some prickle cells, with few positive cells in the connective tissue. White arrows indicate positively stained cells.

Fig. 5. Photomicrographs of the dorsal surface of the rat tongue, demonstrating the fungiform papillae (B cell lymphoma-2 (Bcl-2), x400 magnification)

A - group | showing a strong cytoplasmic reaction to Bcl-2 in the basal and suprabasal cell layers, and the underlying connective tissue; B - group Il showing
a negative cytoplasmic reaction except for few positive cells; C — group Il showing a moderate-to-strong cytoplasmic reaction to Bcl-2. White arrows indicate
positively stained cells.

Fig. 6. Photomicrographs of the ventral surface of the rat tongue (B cell lymphoma-2 (Bcl-2), X400 magnification)

A - group | showing a strong cytoplasmic reaction to Bcl-2 in the epithelial layers and the underlying connective tissue; B — group Il showing a weak reaction,
mainly in the basal cell layer and the underlying connective tissue; C — group Il showing a moderate-to-strong cytoplasmic reaction to Bcl-2 in all epithelial
layers and the underlying connective tissue. White arrows indicate positively stained cells.
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Table 3. B cell lymphoma-2 (Bcl-2)-stained cell surface area percentage in
the filiform and fungiform papillae, and the ventral surface of the tongue
in the 3 examined groups

Filiform Fungiform Ventral surface
papillae papillae of the tongue
I

3249 £0.90 3254 £1.32 37.18 £0.52
‘ Il 12.24 +0.96 14.06 £1.31 24.62 £0.83 ‘
‘ M1l 31.46 £0.97 31.14 £1.31 36.60 £0.46 ‘

Data presented as M £SD.

Table 4. Pairwise comparison between the examined groups with regard to
the mean B cell lymphoma-2 (Bcl-2)-stained cell surface area percentage in
the filiform and fungiform papillae, and the ventral surface of the tongue

Variable Comparison m p-value

group | vs. group Il 20.25 <0.010*

Filiform

papillae group I vs. group Il 1.03 0.060
group Il vs. group Il 19.22 <0.010*
group | vs. group I 1848 <0.010*

Fungiform

el group | vs. group Il 1.40 0.070
group llvs. group Il 17.08 <0.010*
group | vs. group Il 12.56 <0.010*

Ventral surface

of the tongue group | vs. group Il 0.58 0.060
group Il vs. group Il 11.98 <0.010*

* statistically significant.

The ANOVA displayed statistically significant differ-
ences between the 3 groups (p < 0.01), with the highest
mean Bcl-2-stained cell surface area percentage in the
filiform and fungiform papillae, and the ventral surface
of the tongue observed in group I (control), and the low-
est mean area percentage recorded in group II (TiO, NPs).

The pairwise comparison conducted with the use of un-
paired Student’s ¢ test revealed a statistically significant
decrease in the mean Bcl-2-stained cell surface area per-
centage in the filiform and fungiform papillae, and the
ventral surface of the tongue in group II (TiO, NPs) as
compared to both group I (control) and group III (TiO,
NPs with 4-week recovery) (p < 0.01).

Discussion

Titanium dioxide NPs are extensively and frequently
utilized in many fields of industry, which increases the risk
of exposure and gives rise to serious controversies about
their potential effects on the human body. Hence, under-
standing the effects of TiO, NPs on biological systems is
essential for the development of safe nanotechnology.

Even though TiO, NPs have been considered inert and
nontoxic, and are among the most often used NPs, there
is increasing evidence suggesting the contrary. General-
ly, the cytotoxic effects of TiO, NPs are accompanied by
cell growth inhibition in different cell types.®?32* With
the growing use of TiO, NPs in the food industry and
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dentistry, as shown in several studies,® there is an ur-
gent need to evaluate the histopathological changes in
the lingual mucosa following the administration of TiO,
NPs in albino rats, as well as possible recovery after their
withdrawal.

The TiO, administration methods and doses assessed
in rats are variable. In this study, the rats received TiO,
NPs at a dose of 50 mg/kg b.w. per day intragastrically for
30 days as subchronic exposure.!”” The intake of dietary
TiO, NPs in the United Kingdom has been estimated to
be about 5 mg/person/day,?® which is equivalent to ap-
prox. 0.1 mg/kg b.w. per day.? In this study, 500 x the es-
timated human exposure dose (50 mg/kg b.w.) was used
as low-dose TiO, NP exposure.

Intragastric administration was the route of choice
in this study. Previous studies investigated the capac-
ity of TiO, NPs to cross biological barriers, such as the
gastrointestinal tract. Wang et al. provided evidence that
TiO, NPs can pass from the gastrointestinal tract through
the circulation to the lungs, spleen, liver, and kidneys up
to 2 weeks after exposure.?® Moreover, even when the
dose was low, orally administered TiO, NPs (5, 50 and
500 mg/kg b.w.) accumulated in mice permanently, which
caused inflammation, apoptosis and oxidative stress, and
consequently gave rise to chronic gastritis.?’

The TiO, powder with an average size of NPs
of 15 +3 nm, consisting of 95-97% anatase phase and
3-5% brookite phase was used in this study. Weir et al.
reported that TiO, NPs with a diameter <25 nm in the
anatase crystalline phase caused genotoxicity.®® In com-
parison with rutile and brookite, anatase has more indus-
trial applications, but it is the most toxic form.3°

Usually, the shape of the particle plays a key role in
the accumulation of TiO, NPs in the tissue and cellular
response.?32 In this study, TiO, NPs were spherical in
shape. An in vitro study demonstrated a correlation be-
tween the shape of TiO, NPs and cell penetration.®* Tita-
nium dioxide NPs penetrated into normal reconstituted
human buccal epithelium, with the sphere-shaped NPs
found deeper in the epithelium as compared to the spin-
dle-shaped ones.?® This might be explained by the lower
cellular uptake being associated with a high aspect ratio,
in which it takes longer for the cell membrane to wrap
around the elongated particles.*

The light microscopic findings of this study clearly re-
vealed that the administration of TiO, NPs caused evi-
dent structural changes in the tongue mucosa of the rats
(Fig. 1B, 2B and 3B). These changes included atrophied
filiform papillae, with an alteration in their normal height
and number. They exhibited blunt-ended tops, with a to-
tal or partial loss of their characteristic conical shape, and
evident hyperkeratosis. Moreover, the fungiform papil-
lae were shrunken and displayed malformed architecture
with degenerated taste buds. Similarly, the ventral surface
of the tongue displayed atrophied epithelium with an ap-
parent loss of the keratin layer.
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This cytotoxic effect of TiO, NPs on the tongue mucosa
might be mediated by oxidative stress, as reported in an in
vitro study.!® Human hepatocellular cells were exposed to
TiO, NPs at a concentration of 250 mg/mL, which caused
an increase in ROS levels up to two-fold at 5-hour expo-
sure duration, thereby causing DNA damage.!° An in vivo
investigation revealed nuclear shrinkage and chromatin
condensation in the nuclei of neurons as well as the DNA
ladder in the hippocampus of mice as a result of TiO, NP
deposition; these features are considered the classical
characteristics of apoptosis.®

Strikingly, there were areas devoid of the lingual papillae
on the dorsal surface of the tongue. This might also be due
to a direct effect on the genetic constituents of cells, whereby
TiO, NPs were able to induce DNA strand breaks and ge-
netic instability.*® Thus, it could be expected that the wide-
spread use of TiO, NPs in many products leads to repeated
exposure, which might exhaust the proliferative capability
of the epithelium, and ultimately lead to epithelial atrophy.%”

Occasional inflammatory cell infiltration was observed
in the lamina propria of the tongues of the rats exposed
to TiO, NPs, which might designate the activation of the
defense mechanism.3*° Parallel results were observed in
animals exposed to TiO, NPs in other studies; they exhib-
ited inflammation in the tissues of the kidneys and liver.334°
Moreover, in the present study, congested blood ves-
sels were noticed (Fig. 3B). This coincides with an in vivo
study, which determined that the intraperitoneal injection
of TiO, NPs created capillary congestion and hemorrhage
in the alveolar wall, which resulted from ROS generation.*!

There was remarkable atrophy and separation in the un-
derlying tongue musculature; this is consistent with the find-
ings of Wang et al., who reported damage in cardiac muscles
after 30 days of oral exposure to TiO, NPs (0, 10, 50, 200 mg/
kg b.w. perday).? This muscular damage was further corre-
lated to disrupted levels of proinflammatory cytokines and
transcription regulators in the hearts of mice.*?

In group III (TiO, NPs with 4-week recovery), the his-
tological findings (Fig. 1C, 2C and 3C) revealed similar
results to those in group I (control) (Fig. 1A, 2A and 3A).
The epithelium appeared to have a considerable thickness,
with a regular basement membrane, and the underlying
lamina propria showed fewer degenerative areas. These
results are consistent with those of El-Sheikh et al., who
reported moderate improvement in the histopathologi-
cal changes in rat spleens after the administration of TiO,
NPs was ceased for 8 weeks.*

There was a significant decrease in the mean epithelial
thickness in group II (TiO, NPs) as compared to both group
I and group III (p < 0.01 and p < 0.01, respectively). The
fact that the epithelial thickness was almost back to normal
after the recovery period, despite the marked atrophy, indi-
cates notable basal cell proliferation to compensate for this
cell loss. Desquamation is one of the most efficient process-
es by which the stratified squamous epithelium of the body
eliminates potentially harmful agents.*
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The immunohistochemical results showed a statistical-
ly significant decrease in the mean Bcl-2 area percentage
expressed in group II (TiO, NPs) as compared to group I
(control) and group III (TiO, NPs with 4-week recovery)
(p < 0.01, p < 0.01, respectively). Hu et al. clearly demon-
strated that hippocampal apoptosis in response to TiO, NP
exposure significantly reduced Bcl-2 expression in the hip-
pocampus of mice.*® Thus, they concluded that TiO, NP-
induced apoptosis in the mouse hippocampus was primar-
ily mediated through the intrinsic apoptosis pathway.>

Conclusions

Our research suggests that a low dose and extended
exposure duration, which mimics the potential human
exposure to TiO, NPs, can lead to cytotoxic effects on
the lingual mucosa of albino rats. These cytotoxic ef-
fects could be moderately improved by discontinuing
the administration of TiO, NPs for a period of time. We
recommend increasing the period of discontinuation,
as complete improvement may occur. In this sense, it
is important that people who consume food containing
engineered TiO, NPs for long periods of time should be
particularly concerned. Moreover, our data suggests that
the oral cavity should be the subject of TiO, NP risk as-
sessment studies in the future.

Ethics approval and consent to participate

The experiment was conducted according to the guid-
ance and approval of the Ethical Committee at the Faculty
of Dentistry of Ain Shams University, Cairo, Egypt (ap-
proval No.: 615/2017).

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

Mohamed Shamel @ https://orcid.org/0000-0003-0061-5163
Dina Rady @ https://orcid.org/0000-0002-9672-6935
Mahmoud Al Ankily @ https://orcid.org/0000-0002-8935-4619

References

1. Banfield JF, Zhang H. Nanoparticles in the environment. Rev Mineral
Geochem. 2001;44(1):1-58. doi:10.2138/rmg.2001.44.01

2. Aderibigbe BA. Metal-based nanoparticles for the treat-
ment of infectious diseases. Molecules. 2017;22(8):1370-2017.
doi:10.3390/molecules22081370



Dent Med Probl. 2022;59(3):427-435

20.

21.

22.

23.

24.

. Nel A, Xia T, Madler L, Li N. Toxic potential of materials at the nano-
level. Science. 2006;311(5761):622-627. doi:10.1126/science.1114397

. Gupta SM, Tripathi M. A review of TiO, nanoparticles. Chin Sci Bull.
2011;56(16):1639-1657. doi:10.1007/511434-011-4476-1

. Ortlieb M. White giant or white dwarf?: Particle size distribution
measurements of TiO,. GIT Lab J Europe. 2010;14:42-43.

. Hong J, Zhang YQ. Murine liver damage caused by exposure
to nano-titanium dioxide. Nanotechnology. 2016;27(11):112001.
doi:10.1088/0957-4484/27/11/112001

. Shi H, Magaye R, Castranova V, Zhao J. Titanium dioxide nanopar-

ticles: A review of current toxicological data. Part Fibre Toxicol.
2013;10:15. doi:10.1186/1743-8977-10-15

. Acar MS, Bulut ZB, Ates A, Nami B, Kocak N, Yildiz B. Titanium diox-
ide nanoparticles induce cytotoxicity and reduce mitotic index in
human amniotic fluid-derived cells. Hum Exp Toxicol. 2015;34(1):74-82.
doi:10.1177/0960327114530742

. Coccini T, Grandi S, Lonati D, Locatelli C, De Simone U. Compara-
tive cellular toxicity of titanium dioxide nanoparticles on human
astrocyte and neuronal cells after acute and prolonged exposure.
Neurotoxicology. 2015; 48:77-89. DOI: 10.1016/j.neuro.2015.03.006

. PetkovicJ, ZeguraB, Stevanovi¢ M, et al. DNA damage and alteration

in expression of DNA damage responsive genes induced by TiO,
nanoparticles in human hepatoma HepG2 cells. Nanotoxicology.
2011;5(3):341-353. doi:10.3109/17435390.2010.507316

. Baranowska-Wdjcik E, Szwajgier D, Oleszczuk P, Winiarska-Miec-

zan A. Effects of titanium dioxide nanoparticles exposure on
human health - a review. Biol Trace Elem Res. 2020;193(1):118-129.
doi:10.1007/512011-019-01706-6

. Aillon KL, Xie Y, EI-Gendy N, Berkland CJ, Forrest ML. Effects

of nanomaterial physicochemical properties on in vivo toxicity. Adv
Drug Deliv Rev. 2009;61(6):457-466. doi:10.1016/j.addr.2009.03.010

. Hou J, Wang L, Wang C, et al. Toxicity and mechanisms of action

of titanium dioxide nanoparticles in living organisms. J Environ Sci
(China). 2019;75:40-53. doi:10.1016/j.jes.2018.06.010

. Bahadar H, Magbool F, Niaz K, Abdollahi M. Toxicity of nanoparti-

cles and an overview of current experimental models. Iran Biomed J.
2016;20(1):1-11. d0i:10.7508/ibj.2016.01.001

. Song B, Zhang Y, Liu J, Feng X, Zhou T, Shao L. Is neurotoxicity

of metallic nanoparticles the cascades of oxidative stress?
Nanoscale Res Lett. 2016;11(1):291. d0i:10.1186/5s11671-016-1508-4

. Weir A, Westerhoff P, Fabricius L, Hristovski K, von Goetz N. Titanium

dioxide nanoparticles in food and personal care products. Environ
Sci Technol. 2012;46(4):2242-2250. doi:10.1021/es204168d

Powell JJ, Faria N, Thomas-McKay E, Pele LC. Origin and fate of dietary
nanoparticles and microparticles in the gastrointestinal tract.
J Autoimmun. 2010;34(3):J226-J233. doi:10.1016/j.jaut.2009.11.006

. Musial J, Krakowiak R, Mlynarczyk DT, Goslinski T, Stanisz BJ. Titanium

dioxide nanoparticles in food and personal care products — what do
we know about their safety? Nanomaterials (Basel). 2020;10(6):1110.

. Chen Z, Wang Y, Zhuo L, et al. Effect of titanium dioxide nanoparti-

cles on the cardiovascular system after oral administration. Toxicol
Lett. 2015;239(2):123-130. doi:10.1016/j.toxlet.2015.09.013

Rady D, Mubarak R, Abdel Moneim RA. Healing capacity of bone
marrow mesenchymal stem cells versus platelet-rich fibrin in tibial
bone defects of albino rats: An in vivo study. F1000Res. 2018;7:1573.
doi:10.12688/f1000research.15985.1

Bancroft JD, Layton C. The hematoxylins and eosin. In: Suvarna S,
Layton C, Bancroft JD eds. Bancroft’s Theory and Practice of Histo-
logical Techniques. 7" ed. Philadelphia, PA: Churchill Livingstone/
Elsevier; 2013:173-186.

Ozer H, Yenicesu G, Arici S, Cetin M, Tuncer E, Cetin A. Immunohisto-
chemistry with apoptotic-antiapoptotic proteins (p53, p21, bax,
bcl-2), c-kit, telomerase, and metallothionein as a diagnostic aid in
benign, borderline, and malignant serous and mucinous ovarian
tumors. Diagn Pathol. 2012;7:124. d0i:10.1186/1746-1596-7-124
Armand L, Biola-Clier M, Bobyk L, et al. Molecular responses of alve-
olar epithelial A549 cells to chronic exposure to titanium dioxide
nanoparticles: A proteomic view. J Proteomics. 2016;134:163-173.
doi:10.1016/j.,jprot.2015.08.006

Wang J, Ma J, Dong L, et al. Effect of anatase TiO, nanoparticles
on the growth of RSC-364 rat synovial cell. J Nanosci Nanotechnol.
2013;13(6):3874-3879. d0i:10.1166/jnn.2013.7145

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45,

435

Ziental D, Czarczynska-Goslinska B, Mlynarczyk DT, et al. Titanium
dioxide nanoparticles: Prospects and applications in medicine.
Nanomaterials (Basel). 2020;10(2):387. doi:10.3390/nan010020387
Skocaj M, Filipic M, Petkovic J, Novak S. Titanium dioxide in our
everyday life; is it safe? Radiol Oncol. 2011;45(4):227-247.d0i:10.2478/
v10019-011-0037-0

Chen Z, Wang Y, Ba T, et al. Genotoxic evaluation of titanium dioxide
nanoparticles in vivo and in vitro. Toxicol Lett. 2014;226(3):314-319.
doi:10.1016/j.toxlet.2014.02.020

Wang J, Zhou G, Chen C, et al. Acute toxicity and biodistribution of dif-
ferent sized titanium dioxide particles in mice after oral administra-
tion. Toxicol Lett. 2007;168(2):176-185. doi:10.1016/j.toxlet.2006.12.001
Hamad Mohamed HR. Estimation of TiO, nanoparticle-induced
genotoxicity persistence and possible chronic gastritis-induction in
mice. Food Chem Toxicol. 2015;83:76-83. doi:10.1016/j. fct.2015.05.018
Weir A, Westerhoff P, Fabricius L, Hristovski K, von Goetz N. Titanium
dioxide nanoparticles in food and personal care products. Environ
Sci Technol. 2012;46(4):2242-2250. doi:10.1021/es204168d

Duan X, Li Y. Physicochemical characteristics of nanoparticles
affect circulation, biodistribution, cellular internalization, and traf-
ficking. Small. 2013;9(9-10):1521-1532. doi:10.1002/smll.201201390
Fubini B, Ghiazza M, Fenoglio I. Physico-chemical features of engi-
neered nanoparticles relevant to their toxicity. Nanotoxicology.
2010;4:347-363. doi:10.3109/17435390.2010.509519

Konstantinova V, Ibrahim M, Lie SA, et al. Nano-TiO, penetration of oral
mucosa: In vitro analysis using 3D organotypic human buccal mucosa
models. J Oral Pathol Med. 2017;46(3):214-222. doi:10.1111/jop.12469
Verma A, Stellacci F. Effect of surface properties on nanoparticle-
cell interactions. Small. 2010;6(1):12-21. doi:10.1002/smll.200901158
Hu R, Zheng L, Zhang T, et al. Molecular mechanism of hippo-
campal apoptosis of mice following exposure to titanium dioxide
nanoparticles. J Hazard Mater. 2011;191(1-3):32-40. doi:10.1016/j.
jhazmat.2011.04.027

Trouiller B, Reliene R, Westbrook A, Solaimani P, Schiestl RH. Tita-
nium dioxide nanoparticles induce DNA damage and genet-
ic instability in vivo in mice. Cancer Res. 2009;69(22):8784-8789.
doi:10.1158/0008-5472.CAN-09-2496

Weir A, Westerhoff P, Fabricius L, Hristovski K, von Goetz N. Titanium
dioxide nanoparticles in food and personal care products. Environ
Sci Technol. 2012;46(4):2242-2250. d0i:10.1021/es204168d

Gui S, Zhang Z, Zheng L, et al. Molecular mechanism of kidney inju-
ry of mice caused by exposure to titanium dioxide nanoparticles.
JHazard Mater. 2011;195:365-370. d0i:10.1016/j.jhazmat.2011.08.055
Moon C, Park HJ, Choi YH, Park EM, Castranova V, Kang JL. Pulmonary
inflammation after intraperitoneal administration of ultrafine titanium
dioxide (TiO,) atrest orinlungs primed with lipopolysaccharide.J Toxicol
Environ Health A. 2010;73(5):396—409. doi:10.1080/15287390903486543
Li N, Ma L, Wang J, et al. Interaction between nano-anatase TiO(2)
and liver DNA from mice in vivo. Nanoscale Res Lett. 2009;5(1):108-115.
doi:10.1007/511671-009-9451-2

Mohammadi F, Sadeghi L, Mohammadi A, Tanwir F, Babadi VY, Izad-
nejad M. The effects of Nano titanium dioxide (TiO,NPs) on lung tis-
sue. Bratisl Lek Listy. 2015;116(6):363-367. doi:10.4149/bll_2015_069
Wang Y, Chen Z, Ba T, et al. Susceptibility of young and adult
rats to the oral toxicity of titanium dioxide nanoparticles. Small.
2013;9(9-10):1742-1752. d0i:10.1002/sml1.201201185

Hong F, Wang L, Yu X, Zhou Y, Hong J, Sheng L. Toxicological effect
of TiO, nanoparticle-induced myocarditis in mice. Nanoscale Res
Lett. 2015;10(1):1029. doi:10.1186/5s11671-015-1029-6

El-Sheikh A, Ameen S, Ibrahim H, AbdEl-Fatah S. The immunotoxic
effects of short term chronic exposure to Titanium Dioxide Nanopar-
ticles on spleen of adult albino rats and the role of after toxic effect
follow up. AJFM. 2016;26(1):115-128. doi:10.21608/AJFM.2016.18550
Senel S, Kremer M, Nagy K, Squier C. Delivery of bioactive peptides
and proteins across oral (buccal) mucosa. Curr Pharma Biotechnol.
2001;2(2):175-186. d0i:10.2174/1389201013378734






Root resorption factors associated with orthodontic treatment
with fixed appliances: A systematic review and meta-analysis

Humberto Villaman-Santacruz®-°, Rafael Torres-Rosas>*£, Alfonso Enrique Acevedo-Mascaria®*”, Liliana Arqueta-Figueroa®A<F

' Department of Orthodontics, Division of Postgraduate Studies, School of Dentistry, Benito Judrez Autonomous University of Oaxaca (UABJO), Mexico
2 Laboratory of Inmunology, Research Center for Health Sciences and Disease, School of Dentistry, Benito Jurez Autonomous University of Oaxaca (UABJO), Mexico
3 National Council on Science and Technology (CONAGYT) — School of Dentistry, Benito Jurez Autonomous University of Oaxaca (UABJO), Mexico

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
Liliana Argueta-Figueroa
E-mail: |_arqueta_figueroa@hotmail.com

Funding sources
Scholarship No. 746531 from the National Council on Science
and Technology (CONACYT) in Mexico.

Conflict of interest
None declared

Acknowledgements

The study was conducted within the “Cuerpo Académico
Investigacién en Salud” program and the “Investigadoras

e Investigadores por México” program of the National Council
of Science and Technology (CONAGYT) in Mexico.

Received on October 2, 2021
Reviewed on December 12, 2021
Accepted on December 27, 2021

Published online on September 30, 2022

Cite as

Villaman-Santacruz H, Torres-Rosas R, Acevedo-Mascariia AE,
Argueta-Figueroa L. Root resorption factors associated with
orthodontic treatment with fixed appliances: A systematic re-
view and meta-analysis. Dent Med Probl. 2022;59(3):437—-450.
d0i:10.17219/dmp/145369

DOl
10.17219/dmp/ 145369

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. 2022;59(3):437-450

Abstract

External apical root resorption (EARR) is a serious complication that should be avoided during orthodontic
treatment; this pathology depends on multiple factors. Data from clinical studies should be assessed to
determine the influence these factors have on the development of EARR. This systematic review aims to
compare EARR produced by different factors (orthodontic systems, dental trauma, and dental vitality). The
protocol was registered on the PROSPERO database. The search was performed on 5 databases. Accepted
study designs included randomized controlled trials, nonrandomized clinical trials, and observational
studies. Full-text articles from clinical studies of EARR associated with orthodontic treatment in English,
Spanish, or Portuguese with no publication date restrictions were selected. Data from the studies, such
as age, population, study groups, and outcome measures, were recorded. Multiple meta-analyses were
performed with data from the included studies. Evidence suggests that EARR induced by orthodontic
treatment is similar, regardless of the technique used. Evidence of the effect of previous dental trauma on
EARR during orthodontic treatment is limited. There is less EARR associated with orthodontic treatment in
endodontically treated teeth than in vital teeth. These conclusions should be considered with caution due
to the low certainty of the evidence.

Keywords: root resorption factors, external apical root resorption, self-ligating brackets, conventional
brackets
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Introduction

Orthodontic treatment can lead to complications such
as external apical root resorption (EARR),! tooth loss,?
dental fractures,® root exposure,* demineralization,®> white
spots on the enamel,® early closure of the apex,? pulpitis,”®
periodontal disease,” bone resorption,!® traumatized soft
tissues,!! temporomandibular joint dysfunction,!? and
condylar resorption.!*!* Individual factors such as short
roots and trauma can predispose the patient to these
complications.!>1¢

Root resorption (RR) is a serious complication that
should be avoided during orthodontic treatment. This pa-
thology depends on multiple factors, including: 1) factors
specific to the patient, such as genetics (interleukin (IL)-
1B polymorphism),” age and gender,'® personal habits,>*
shape of the root,!° systemic factors,? periodontal dis-
ease, 2172 occlusal relationship,?#?> dental morphology,?
dental size,?” traumatized teeth,?® periapical infection,?
and previous root resorption'®; and 2) factors related to
orthodontic treatment,*® such as inadequate biomechan-
ics,3 long duration of treatment,?? type of orthodontic
movements,* intensity of the forces,?* range of move-
ments, and type of orthodontic appliances.®*® The man-
dibular and maxillary incisors have been reported as the
teeth most susceptible to RR due to orthodontic treat-
ment3%; therefore, the orthodontist should consider de-
termining factors for proper management during orth-
odontic treatment.? Root resorption can be classified as
internal resorption and EARR. The latter is defined as any
reduction in the radiographic lengths of the maxillary and
mandibular teeth from the tip of the incisal edge or the tip
of the most prominent cuspid to the apex of the root. This
can be assessed with numerous methods, such as radiog-
raphy, computed tomography (CT) and the Malmgren
root resorption scoring system 339

This review synthesizes the available evidence regard-
ing EARR; its results will allow orthodontists to make
proper clinical decisions in order to minimize the risk
of EARR severity. Thus, the aim of this systematic re-
view was to compare EARR due to different conditions:
1) orthodontic systems (self-ligating compared to conven-
tional), 2) dental trauma and 3) dental vitality.

Methods

Protocol and registration

The protocol for this systematic review was registered
in the International Prospective Register of Systematic
Reviews (PROSPERO) database. It was conducted ac-
cording to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)? and the Co-
chrane Handbook for Systematic Reviews of Interven-
tions.*! The PRISMA flow diagrams summarize all of the
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steps in the selection of included studies and were devel-
oped using an online tool.*?

Eligibility criteria and participant
characteristics of the studies

The eligibility criteria for inclusion were defined con-
sidering the Participants, Intervention, Comparator, and
Outcome (PICO) strategy. The types of studies included
in the systematic review were randomized controlled tri-

< . N . . .
& | Identification of new studies via databases and registers I Q1
©
o
:‘E Records identified from: Records removed before screening:
g ® Databases (n = 390) —3» | @ Duplicate records (n = 65)
o ® Registers (n =11) @ Records marked as ineligible
— by automation tools (n =0)
¢ ® Records removed for other reasons (n = 0)
Records screened Records excluded
(n =336) > (n=324)
e v
=
S Reports sought for retrieval Reports not retrieved
] l (n=12) —> n=0)
S
. v
Reports assessed for eligibility > Reports excluded:
(n=12) ® The study does not answer
E— the research question (n=1)
¢ @ Full text in the Chinese language (n=1)
@ Insufficient follow-up time (n=1)
9 Studies included in review
s (n=9
S | | Studies included in meta-analysis
= (n=4)
< . N . . .
& Identification of new studies via databases and registers I Q2
©
o
:‘E Records identified from: Records removed before screening:
g @ Databases (n = 481) —3» | @ Duplicate records (n = 52)
o ® Registers (n =11) @ Records marked as ineligible
— by automation tools (n =0)
¢ ® Records removed for other reasons (n = 0)
Records screened Records excluded
(n = 440) -> (n=438)
e v
=
S Reports sought for retrieval Reports not retrieved
S l n=2) -> (n=0)
S
(2]
Reports assessed for eligibility — Reports excluded:
n=2) ® The journal was not yet indexed (n = 1)
B Studies included in review
'g (n=1
S | | Studies included in meta-analysis
£ n=0)
< . N . . .
& Identification of new studies via databases and registers I Q3
©
o
:‘E Records identified from: Records removed before screening:
g @ Databases (n = 459) —3» | @ Duplicate records (n = 55)
o ® Registers (n =11) @ Records marked as ineligible
— by automation tools (n =0)
¢ @ Records removed for other reasons (n = 0)
Records screened Records excluded
(n = 404) > (n =359)
e v
=
H Reports sought for retrieval Reports not retrieved
8 I n=9) —> n=0)
S
. v
Reports assessed for eligibility > Reports excluded:
(n=9) ® The study does not answer
E— the research question (n=1)
@ Duplicate publication (n = 2)
B Studies included in review
3 (n=86)
S | | Studies included in meta-analysis
£ (n=5)

Fig. 1. PRISMA flow diagram search for studies of external apical root
resorption (EARR) factors according to each research question
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Table 1. Algorithms used in the search strategy adapted for each database and question

PICO strategy

found for each
database

PubMed:
Q1 =7
Q2=2
Q3=4

Q1 =334
Q2 =439
Q3 =395

Clinical Trials: 11

ProQuest:
Q1=7
Q2=2
Q3=4

Focused questions

Number of registers

Google Scholar:

Population: Patients with orthodontic treatment
Interventions/condition: Q1 - self-ligating, Q2 — traumatized teeth, Q3 — non-vital teeth
Comparator: Q1 — conventional brackets, Q2 — non-traumatized teeth, Q3 - vital teeth

Outcomes: Root length, root resorption, root volume, Malmgren score

Q1 - What is the effect on the external apical root resorption induced by orthodontic treatment with self-ligating vs. conventional
techniques?
Q2 - What is the efffect of dental trauma on external apical root resorption in patients with orthodontic treatment?
Q3 - What is the efffect on the external apical root resorption induced by orthodontic treatment in non-vital teeth vs. vital teeth?

Algorithms used in the search strategy adapted for each database and question

Q1 = (“fixed appliances” OR “orthodontic treatment”) AND (self-ligating AND (conventional OR “non-self-ligation” OR “traditional
brackets”)) AND (“apical root resorption” AND “external apical root resorption”)
Q2 = ("fixed appliances” OR “orthodontic treatment”) AND (“traumatized teeth” OR “dental trauma”) AND (“apical root resorption” AND
“external apical root resorption”)
Q3 = (“fixed appliances” OR “orthodontic treatment”) AND (“root canal treatment” OR “endodontic treatment” OR “non-vital teeth”) AND
(“apical root resorption” AND “external apical root resorption”)

Q1 = ("fixed appliances” OR “orthodontic treatment”) AND (“self-ligating” AND (“‘conventional” OR “non-self-ligation” OR “traditional
brackets”)) AND (“apical root resorption” AND “external apical root resorption”)
Q2 = ("fixed appliances” OR “orthodontic treatment”) AND (“traumatized teeth” OR “dental trauma”) AND (“apical root resorption” AND
“external apical root resorption”)
Q3 = ("fixed appliances” OR “orthodontic treatment”) AND (“root canal treatment” OR “endodontic treatment” OR “non-vital teeth”) AND
(“apical root resorption” AND “external apical root resorption”)

orthodontic treatment | root resorption
Applied filters: completed

Q1 = ("fixed appliances” OR “orthodontic treatment”) AND (self-ligating AND (conventional OR “non-self-ligation” OR “traditional
brackets”)) AND (“apical root resorption” AND “external apical root resorption”)
Q2 = ("fixed appliances” OR “orthodontic treatment”) AND (“traumatized teeth” OR “dental trauma”) AND (“apical root resorption” AND
“external apical root resorption”)
Q3 = (“fixed appliances” OR “orthodontic treatment”) AND (‘root canal treatment” OR “endodontic treatment” OR “non-vital teeth”) AND

Web of Science:
Q1 =6
Q2=2
Q3=4

(“apical root resorption” AND “external apical root resorption”)

TS3 = (“fixed appliances” OR “orthodontic treatment”)
TS2 = (self-ligating AND (conventional OR “non-self-ligation” OR “traditional brackets"))
TS1 = (“apical root resorption” AND “external apical root resorption”)

TS = (“fixed appliances” OR “orthodontic treatment”)
TS = (“traumatized teeth” OR “dental trauma”)
TS = (“apical root resorption” AND “external apical root resorption”)

TS = (“fixed appliances” OR “orthodontic treatment”)
TS = (“root canal treatment” OR “endodontic treatment” OR “non-vital teeth”)
TS = (“apical root resorption” AND “external apical root resorption”)

Q1:

Q2

Q3:

als, nonrandomized clinical trials and observational stud-
ies. Case reports, case series, letters, comments, short
communications, pilot studies (10 patients or less), ani-
mal studies, in vitro studies, in silico studies, and litera-
ture reviews were excluded. The eligible studies were full-
text articles in English, Spanish or Portuguese. There were
no publication date restrictions.

Information sources and search strategy

The search was performed on the electronic databas-
es PubMed, ProQuest and Web of Science. The Google
Scholar database was used to identify registers and pro-
tocols at ClinicalTrials.gov. The manual search was per-
formed through bibliographical references of the studies
included in the review (Fig. 1 and Table 1). This search was

carried out from July 2019 to October 2019 and updated
on June 15, 2021. The keywords and algorithms used for
the search strategy are shown in Table 1. Two reviewers
(HVS and RTR) performed the search and selection pro-
cess. In the case of any disagreement, a 3" reviewer (LAF)
resolved the conflict.

Selection process

The studies were evaluated for inclusion in this sys-
tematic review by reading the title and abstract of each
record identified by the search. The full text of each se-
lected article that matched the eligibility criteria was re-
trieved for detailed analysis. If the full text did not fully
meet the eligibility criteria, those studies were excluded
with reasons.
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Data collection process and data items

Microsoft Excel (Microsoft Corp., Redmond, USA)
was used to generate spreadsheets to record the rel-
evant data of the included studies. These included the
demographic characteristics of the participants, groups
studies, methodology used, results, baseline measures,
follow-up measures, and p-values. Two reviewers were
responsible for the data extraction (HVS and RTR). In
addition, the corresponding authors of the included
studies were contacted by email to obtain missing data
or additional details.

Risk of bias in individual studies
and quality assessment

Two reviewers (HVS and RTR) assessed the risk of bias
of the included studies using the Risk of Bias in Non-Ran-
domized Studies of Interventions (Robins-I) tool.** Next,
the 2 reviewers (HVS and RTR) assessed the quality of the
included studies using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) ap-
proach.** When there was a disagreement, a 3" reviewer
(LAF) resolved the differences of opinion.

Effect measures and synthesis methods

The main outcome of interest in this review was a de-
crease in root length related to orthodontic treatment.
The effect measure of interest was the mean difference
(MD) calculated for each study. Qualitative and quantita-
tive syntheses were performed from the data of the in-
cluded articles. The studies were grouped according to
the outcomes that answered the review questions. For the
meta-analysis, the information collected from the select-
ed studies was carefully analyzed to determine whether
the studies could be pooled. The standardized MDs were
calculated from the individual studies and combined us-
ing a random-effects model. A 95% confidence interval
(95% CI) and two-sided values were calculated. The het-
erogeneity between the studies in terms of measures of ef-
fect was evaluated using the heterogeneity statistic (I2),
considering that an I? value greater than 70% indicated
substantial heterogeneity.

Results

Study selection and the results
of individual studies

This section was divided according to the answers
to Q1, Q2 and Q3. Regarding the archwire sequences
used across the studies, the information was provided
for some of the studies. Spurrier et al,* Brin et al.,*
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Blake et al.*” Mirabella and Artun,? Kreia et al.,*8 Es-
teves et al.,* Llamas-Carreras et al.,® Kawashima-Ichi-
nomiya et al.,>! and Castro et al.>? did not provide such
data. Pandis et al.> reported that the conventional group
included 0.016 in and 0.020 in copper-nickel-titanium
and finished with 0.019 in x 0.025 in stainless steel. In
the self-ligating group, the archwire sequence involved
a 0.014 in, a 0.016 in x 0.025 in copper-nickel-titanium,
and a 0.019 in x 0.025 in stainless steel for finishing.
Leite et al. only described that in both groups, the treat-
ments used the same sequence of 0.013 in, 0.014 in, and
0.016 in nickel-titanium archwires; each kind of archwire
remained for 2 months.* Jacobs et al. used an archwire
sequence of a 0.015 in twistflex (stainless steel), 0.016 in
nickel-titanium, 0.016 in x 0.022 in nickel-titanium,
0.017 in x 0.025 in nickel-titanium, and 0.019 in x 0.025 in
stainless steel in all patients.*® Chen et al.* utilized an ini-
tial 0.012 in or 0.014 in nickel-titanium, followed by
0.016 in, 0.018 in, 0.019 in x 0.025 in nickel-titanium,
and 0.019 in x 0.025 in stainless steel archwires. For the
self-ligating group, Aras et al. used an archwire sequence
of 0.014 in copper-nickel-titanium, 0.016 in x 0.025 in
copper-nickel-titanium, and 0.019 in x 0.025 in stainless
steel, while the control group used 0.016 in copper-nickel-
titanium (35°), 0.016 in x 0.022 in copper-nickel-titanium
(35°), and 0.019 in x 0.025 in stainless steel archwires.>®
Qin and Zhou followed an archwire sequence that con-
sisted of 0.012 in, 0.016 in, and 0.019 in x 0.025 in cop-
per-nickel-titanium and finished with 0.019 in x 0.025 in
stainless steel in the conventional group.”” The archwire
sequence for the self-ligating group included 0.014 in,
0.014 in x 0.025 in copper-nickel-titanium, and finished
with 0.019 in x 0.025 in stainless steel.

Q1. EARR associated with orthodontic
systems

A total of 390 records of articles were identified in the
databases. Sixty-five duplicate records were removed,
so 336 records remained, and their titles and abstracts
were screened. Twelve articles were retrieved in full text;
of these, 3 articles were removed, leaving 9 studies that
met all eligibility criteria. The screening process is detailed
in the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow diagram (Fig. 1), and
the synthesis of the results is presented in Table 2.

Except for 2 studies, evaluations of the treatments were
carried out at the beginning of the orthodontic treat-
ment and after treatment.3?47:535557-59 1 ejte et al. mea-
sured EARR before and 6 months after orthodontic treat-
ment initiation.>* Aras et al. evaluated EARR before and
9 months after the treatment started.*

Blake et al. found no statistically significant dif-
ference in EARR between self-ligating and conven-
tional appliances.*” In particular, gender and duration
of treatment were not indicators related to EARR. Pan-
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dis et al. reported no significant difference between the
appliances used.>® In particular, age, gender, duration
of treatment, and dental extractions were not variables
related to EARR. Leite et al. found no differences in
EARR between the groups studied on the maxillary and
mandibular incisors.>* Kawashima-Ichinomiya et al. re-
ported a statistically significant difference in EARR in
favor of self-ligating appliances.®! In addition, IL-6 lev-
els were evaluated, which were lower in patients treated
with self-ligating brackets than conventional brackets.
Jacobs et al. reported that there was no difference in
EARR between the appliances used.”® However, using
the Malmgren score, they found that the right maxil-
lary central incisors and left maxillary lateral incisors
had less EARR (grade 1), while the mandibular central
incisors exhibited more EARR (grade 4). Chen et al.
also reported no statistically significant differences in
EARR using different appliances.® Likewise, that study

M

evaluated EARR according to the Malmgren system
and found that the self-ligating system group showed
a greater distribution of frequencies in grades 1 and 2
compared to conventional appliances. However, the au-
thors did not perform a statistical analysis to determine
if there were differences between the grades according
to the Malmgren score. Handem et al. found no statis-
tically significant difference between self-ligating and
conventional brackets.>® Aras et al. reported that there
were no statistically significant differences in root vol-
ume loss between the self-ligating and conventional
systems.®® Qin and Zhou evaluated EARR in patients
with class I malocclusion and dental extractions.””
They found no statistically significant differences in
the amount of EARR between the brackets used. Age
and gender were not associated with EARR; however,
EARR was positively correlated with duration of treat-
ment.

Table 2. Characteristics and results of the included studies of the EARR associated with orthodontic treatment

Reference | Patients Groups Age Teeth ASSESSIENE Results
[years] method
EARR M +SD
) ) ) maxillary lateral maxillary central incisors:
aG" ﬁ?;fg“jg?ggfg incisors Gl: 9.41 +8:63; GlI: 7.29 £6.44
(E%p evvise)/ (n= 3'3) M 4SD maxillary central mandibular lateral incisors:
Blake et al. n—63 9 B GI'_1 3427 incisors panoramic Gl: 12.83 £8.65; GlI: 12.21 £9.25
1995 B Gll: self-liaating fixed sz 1_0 ‘+2 3 mandibular lateral  radiograph mandibular central incisors:
e ootg 7 incisors Gl: 460 +7.94; Gll: 7.36 £6.86
(:gdata) (r/r B 30)' mandibular central mandibular lateral incisors:
- incisors Gl:7.27 £7.91; GlI: 5.00 £7.63
(p > 0.05)
EARR M +SD
Gl: conventional fixed maxillary incisors:1.23 £0.97
appliances, slot 0.022 maxillary incisors mandibular incisors:1.36 +£0.90
2 Pandis et al. n=9% (Microarch) (n = 48) M +SD mandibﬁlar panoramic univariate model:
2 2008 - Gll: self-ligating fixed 1321 +1.64 incisors radiograph (B=0.40, SE=0.26, p = NS)
‘_g appliances slot 0.022 multivariate model:
9 (Damon 2) (n = 48) (B=037,SE=0.20, p = 0.06)
= (p>0.05)
C
2 EARRM £5D
§ Gl: passive self- maxillary central maxillary central incisor:
5 ligating fixed incisor Gl: —0.34 £0.24; GlI: —0.33 £0.19
a appliances, slot 0.022 maxillary lateral maxillary lateral incisor:
; Leite et al. h=19 (Easyclip) (n=11) M: 20.6 incisor CBCT Gl: =043 +0.33; GlI: —0.44 +0.33
% 2012 Gll: conventional range: 11-30  mandibular central mandibular central incisor:
2 pre-adjusted fixed incisor Gl: =0.39 £0.52; GlI: =0.31 £0.21
% appliances, slot 0.022 mandibular lateral mandibular lateral incisor:
f (3M Unitek) (n=8) incisor Gl: =0.23 £0.23; GlI: —0.40 +£0.24
o (p>0.05)
Gl: passive self-
ligating fixed -
Kawashima- appliances, slot no . per'lap\ca\ EARR IS0 L
[ — data (Damon) (1 = 30) M +SD maxillary central radiographs maxillary central incisor:
. . 18 £5.3 incisor and Gl 2.5+1.5;Gl:0.88 +0.9
etal. 2012 GlI: conventional fixed
appliances, slot 0.022 GEpelleg i (P=E0s)
(Edgewise) (n = 30)
Gl: self-ligating fixed (RR M 15D
appliances, slot 0.022 ) SR
Jacobs et al. n=213 (Smart clip) (n=139) M +SD mz;:l(ljl?k%l?d panoramic sGE‘A3R(F)< ;‘;}5'6' Gll: 4.5 +66
2014 Sgpigggi?iﬂaggéezd 124222 incisors radiograph . — 3039, Gll:n = 3-0.5%
(Victory) (n =74) (p=033)
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Q1. Self-ligating vs. conventional techniques

Reference

Chenetal.
2015

Handem
etal.
2016

Patients

n=70

n=>52

Age

Groups [years]

Gl: passive self-

ligating fixed

appliances, slot 0.022 M +SD
(Damon 3) (n = 35) Gl:13.52 +2.84
GlI: conventional fixed Gll:13.42 +£2.50
appliances, slot 0.022

(3M Unitek) (n = 35)

Gl: self-ligating fixed

appliances, slot 0.022 range:
(GDIIZ'arcT]o(;r:/)e(r?t;rfaS I) fixed 61:16.04-18.06
) GI6.77-18.47

appliances, slot 0.022
(Roth) (n =27)

Assessment

s method

maxillary central
incisor

maxillary lateral
incisor

mandibular central
incisor

mandibular lateral
incisor

periapical
radiograph

maxillary central
incisor

maxillary lateral
incisor

mandibular central
incisor

mandibular lateral
incisor

periapical
radiograph

Results

EARR M +SD

maxillary central incisor:
Gl: 0.3 £04; GlI: 0.5 +0.3
maxillary lateral incisor:
Gl: 0.2 £0.3; GlI: 0.3 £0.5
mandibular central incisor:
Gl: 0.4 £04; GlI: 0.4 +0.5
mandibular lateral incisor:
Gl: 0.3 £0.3; GlI: 0.3 £0.5
(p > 0.05)

Malmgren score:

Gl:n =280 (%)

score 0: 0 (0%)

score 1: 188 (67.14%)
score 2: 67 (23.93%)
score 3: 22 (7.86%)
score 4:3 (1.07%)

Gll: n = 280 (%)

score 0: 0 (0%)

score 1: 156 (55.71%)
score 2: 70 (25.00%)
score 3:48 (17.14%)
score 4:6 (2.14%)

teeth n =560 (%)

score 0: 0 (0%)

score 1:344 (61.4%)
score 2: 137 (24.4%)
score 3: 70 (12.5%)
score 4:9 (1.6%)
(p=ND)

EARR M [+SD7]

maxillary right central incisor:
Gl:0.72; GlI: 0.59

maxillary right lateral incisor:
Gl:0.72; GlI: 0.70

maxillary left central incisor:
Gl: 0.88; GI: 0.66

maxillary left lateral incisor:
Gl:0.80; GIl: 0.74

mandibular right central incisor:
Gl: 0.64; GI: 0.66

mandibular right lateral incisor:
Gl: 0.48; GlI: 0.40

mandibular left central incisor:
Gl:0.60; GII: 0.62

mandibular left lateral incisor:
Gl:0.56; GII: 0.55

(p > 0.05)

Malmgren score:

Gl:n'=200 (%)

score 0: 93 (46.5%)

score 1: 83 (41.5%)

score 2: 20 (10%)

score 3:4 (2%)

score 4: 0 (0%)

Gll: n=216 (%)

score 0: 114 (52.7%)

score 1: 74 (34.2%)

score 2: 24 (11.1%)

score 3:4 (1.85%)

score 4: 0 (0%)

teeth n =560 (%)

score 0: 207 (49.7%)

score 1: 157 (37.7%)

score 2: 44 (10.5%)

score 3: 8 (1.92%)

score 4: 0 (0%)

(p=ND)
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Q1. Self-ligating vs. conventional techniques

Q2. Dental trauma vs.
non-dental trauma

Q3. Non-vital vs. vital teeth

Reference

Aras et al.

2018 n=32

Qinand
Zhou
2019

n=98

Brin et al.

1991 =1eb

Spurrier et

al. 1990 n=43

Mirabella
and Artun
1995

Kreia et al.

2005 n=40

Esteves et al.
2007

Llamas-
Carreras et
al. 2012

n=38

Castro et al.

2015 Sy

Patients

Gl: self-ligating fixed
appliances, slot 0.022
(Damon Q) (n = 16)
GlI: conventional fixed
appliances, slot 0.022
(Titanium Orthos)
(n=16)

Gl: self-ligating fixed
appliances, slot 0.019
(Damon 3) (n =49)
GlI: conventional fixed
appliances, slot 0.019
(3M Unitek) (n = 49)

group T:‘trauma’
group (n = 56)

group O: 'orthodontic'
group (n =29)

group TO: 'trauma-
orthodontic' group
(n=28)

group C: 'intact’
control group (n = 26)

split-mouth
Gl RFT
Gll: VHT

split-mouth
Gl: RFT
Gll: VHT

split-mouth
Gl RFT
GlI: VHT

split-mouth
Gl RFT
Gll: VHT

split-mouth
GI:RFT
GlI: VHT

split-mouth
GI: RFT
GlI: VHT

Age

[years]

M +SD:
Gl:15.00 £1.03
GlI:14.94 +£1.06

M +SD:
Gl:15.21 +4.43
GlI:15.15 +4.52

M:13.7

range:
13-11

range:
20-70

ND

ND

M +S5D
31«10

range:
11-15

central incisor
lateral incisor

maxillary central
incisor

maxillary lateral
incisor

mandibular central
incisor

mandibular lateral
incisor

maxillary incisors

incisors

anterior maxillary
teeth

maxillary incisors

maxillary incisors

maxillary incisors

posterior teeth

Assessment
method

CBCT

panoramic
radiograph

periapical
radiograph

periapical
radiographs

periapical
radiographs
and
cephalograms

periapical
radiographs

periapical
radiographs

digital
panoramic
radiographs

CBCT

Results

volumetric changes M +SD
central incisor:

Gl:27.08 £12.71; GlI: 28.29 +£13.48
intergroup differences:
(p=0712)

lateral incisor:

Gl: 2032 +11.67;Gll: 19.77 £11.05
intergroup differences:
(p=0.587)

EARRM +SD

maxillary right central incisor:
Gl: =0.32 +£0.24; GlI: —0.40 +0.28
maxillary right lateral incisor:
Gl: =027 +£0.28; GII: =0.30 £0.25
maxillary left central incisor:

Gl: =033 +£0.27; GI: =0.39 £0.31
maxillary left lateral incisor:

Gl: —0.28 £0.25; GIl: =0.31 £0.26
(p>0.05)

prevalence of root resorption (%):
group T: 7.8%

group O: 6.7%

group TO: 27.8%

group C: 0.0%

EARR M £SD
RFT: 1.28 £1.09
VHT: 2,05 +1.49
(p=0.006)

The mean difference in root resorption
between the contralateral pairs of teeth
(n = 39) with and without endodontic
treatment was 0.45 £1.21

(p < 0.05).

EARR M 25D
RFT:1.14 £1.03
VHT: 134 £1.35
(p=0.903)

EARR M £5D
RFT:0.82 £1.19
VHT: 1.04 1
(p=029)

EARR M 5D
RFT: 1.1 £0.8
VHT: 1.1 £1.0
PRR: 1.0 £0.2
(p>005)

tooth length M £SD

RFT

before orthodontic treatment: 20.55 +1.21
after orthodontic treatment: 20.25 £1.18
VHT

before orthodontic treatment: 20.29 +1.33
after orthodontic treatment: 20.13 £1.57
(p=04197)

Gl - group I; Gll - group II; rRR — relative root resorption; EARR — external apical root resorption; SEARR — severe external apical root resorption; M — mean;
M +SD — mean + standard deviation; 95% C/ - 95% confidence interval; OR — odds ratio; SE — standard error; ND — no data; NS — not statistically significant;
CBCT - cone-beam computed tomography; RFT — root filled tooth; VHT — vital homologous teeth; PRR — proportion of root resorption.
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Risk of bias and quality assessment high (I> = 89%). No statistically significant difference
was found between the EARR of teeth orthodontically

The studies included in this review showed moderate treated with self-ligating and conventional techniques
risk of bias. The main deficiencies were found in the do- (p = 0.76). When analyzing the variations between the
mains Confounding (100%), Missing data (55%), Devia- results of the studies, it was found that there were dif-
tions from interventions (11%), and Measuring outcomes ferences in both the age and sex of the participants that
(11%). The quality of the articles was low to moderate, could have influenced the effect of the intervention.
with a critical level of evidence. Risk of bias and the results The age of the participants varied considerably. In 2
of quality assessments are shown in Fig.2 and Tables 3-5, of the studies,”*** the mean age was 18.0 +5.3 years
respectively. and 20.6 years, while in the other 2 studies,?**” the
mean age was 13.52 +2.84 years and 15 years. Thus, it

Meta-analysis is apparent that the participants in the first 2 studies
were young adults, while the last 2 studies evaluated

The heterogeneity found in the meta-analysis adolescent participants. Additionally, the female:male
of EARR of maxillary central incisor teeth was very ratio in 1 study was 3:1,°! while it was 1:1 in the other

Table 3. Quality assessment of the included studies that evaluated EARR associated with orthodontic treatment (Q1. Self-ligating vs. conventional appliances)

. Numb
Certainty assessment um. =
of patients
> g
c > = c
D § e ﬁ 5 o= [} % ‘g
g N - 2 32 E 5 | 8
2 S 2 o o B 2 o £
e = o 5 [e% [ o)) o0 -
2 = z £ £ -
Maxillary central 4 observational serious serious not not 106 106 B MD 0.3 lower @200 critical
incisors studies serious  serious (0.86 lower to 0.26 higher) low
Maxillary lateral 3 observational serious not not not 76 76 B MD 0.07 higher D0 critical
incisors studies serious  serious  serious (0.09 lower to 0.24 higher) moderate
Mandibular 3 observational serious not not not 76 %6 B MD 0.04 lower EEle) critical
central incisors studies serious  serious  serious (0.25 lower to 0.18 higher) moderate
Mandibular 3 observational serious not not not 76 %6 B MD 0.08 higher EEle) critical
lateral incisors studies serious  serious  serious (0.1 lower to 0.27 higher)  moderate

95% CI - 95% confidence interval; MD — mean difference.

Table 4. Quality assessment of the included studies that evaluated EARR associated with orthodontic treatment (Q2. Dental trauma vs. non-dental trauma)

DMBEr NUMBEE Certainty | Importance
of studies of participants
Reabsorption from dental trauma. Evaluated Reabsorption was more frequent indirectly
1 using periapical radiographs. injured teeth than in the group with dental 139 @000 critical
Follow-up: Half a year after the end of the trauma before orthodontic treatment. No very low
retention period. further information.

95% CI - 95% confidence interval; MD — mean difference.

Table 5. Quality assessment of the included studies that evaluated EARR associated with orthodontic treatment (Q1. Self-ligating vs. conventional appliances)

Number

Certainty assessment s

Certainty
Importance

indirectness
imprecision
treated
Vital teeth
relative %
(95% CI)
absolute %

= «
wv
.9 ‘@ o
o L} 2
€S ° =
ER7 > &
Z“6 -g )
= =
wv

inconsistency
Endodontically

Non-vital vs. vital observational not not MD 0.28 lower ®D00

. : rio rio ) ) 14 14 - ritical

incisor teeth studies SErious  SEMOUS  carious  serious > > (0.51 lower to 0.05 lower) low critica

Non-vital vs. vital observational serious  serious not not 20 20 5 MD 0.2 higher CLle) critical
posterior teeth studies serious  serious (042 lower to 0.82 higher) moderate

95% (I - 95% confidence interval; MD — mean difference.
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Fig. 2. Risk of bias in the included studies that assessed EARR factors
according to each research question

3 studies.?*>*57 Although the 4 studies included in this
meta-analysis exhibited moderate risk of bias, 1 pre-
sented more domains with risk of bias®! compared to
the other studies (Fig. 3). In the meta-analysis of the
EARR of the maxillary lateral incisor teeth, there was
no statistically significant difference (Fig. 3). In the
meta-analysis of the EARR of the mandibular central
incisor teeth, there was no statistically significant dif-
ference between the appliances (Fig. 3). There was no
heterogeneity in either analysis. In the meta-analysis
of the EARR of the mandibular lateral incisor teeth,
it was found that there was no statistically significant
difference (p = 0.49); moderate heterogeneity was
demonstrated (Fig. 3).

Q2. EARR associated with dental trauma

The search identified a total of 481 articles. Fifty-two
duplicate records were removed, so the titles and ab-
stracts of 440 records that remained were screened. Two
articles were retrieved in full text; 1 article was removed,8
resulting in 1 study that met all of the eligibility criteria.
The screening process is detailed in the PRISMA flow di-
agram (Fig. 1), and the synthesis of the results is presented
in Table 2.
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Brin et al. evaluated the EARR of traumatized perma-
nent maxillary incisors which underwent orthodontic
treatment using periapical radiographs, with a 6-month
follow-up after completion of the retention period.* That
study examined 4 groups: with dental trauma, with orth-
odontic treatment, with trauma and orthodontic treat-
ment, and the control group without trauma or orthodon-
tic treatment. The results suggest that the combination
of dental trauma and orthodontic treatment results in
teeth that are more susceptible to RR. This study evalu-
ated EARR linked to treatment duration without finding
any correlation.

Risk of bias and quality assessment

The included study showed moderate risk of bias;
the main deficiencies were found in the Confounding,
Selection bias, Missing data, and Measuring outcome
domains. In the quality assessment, very low certain-
ty of the evidence was observed due to 1) risk of bias,
2) non-assessable consistency between findings in the
literature for a single study on the effect of trauma on
RAS during orthodontic treatment, and 3) indirec-
tion due to the evaluation of a surrogate variable. Risk
of bias and quality assessments are shown in Fig. 2 and
Tables 3-5, respectively.

Q3. EARR associated with dental vitality

The search identified a total of 459 records of articles.
Fifty-five duplicate records were removed, so 404 records
remained, and their titles and abstracts were screened.
Nine articles were retrieved in full text; of these, 3 ar-
ticles were removed,*°-%2 resulting in 6 studies¢4>48-50552
that met all of the eligibility criteria; there were 173 par-
ticipants in total. Mirabella and Artun® reported the
results from 2 articles, and Llamas-Carreras et al.>%®! re-
ported results from the same sample. Thus, this review
included only 1 study by Mirabella and Artun3® and 1
study by Llamas-Carreras et al.® which provided the
necessary data for answering the review question. The
screening process is detailed in the PRISMA flow dia-
gram (Fig. 1), and the synthesis of the results is shown
in Table 2.

The measurements to determine the amount of EARR
in all of the studies were performed before and after orth-
odontic treatment and had a split-mouth design. Corre-
sponding vital homologous teeth were used as controls for
comparison. Spurrier et al.*> demonstrated that vital ho-
mologous teeth suffered more resorption than endodon-
tically treated teeth; this difference was statistically sig-
nificant. This study assessed EARR linked to gender and
found no correlation. Mirabella and Artun,3® Kreia et al., %8
Esteves et al.,*° Llamas-Carreras et al.,’* and Castro et al.>?
reported that non-vital teeth exhibited similar resorption
to their contralateral vital teeth.
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Q1. Maxillary central incisors

H. Villaman-Santacruz et al. Root resorption in orthodontic treatment

non-SL SL Std. Mean Difference Std. Mean Difference
Study or Subgroup M SD Total M SD Total Weight IV, Random, 95% CI/ Year IV, Random, 95% CI
Kawashima-Ichinomiya et al. 0.88 0.9 30 25 15 30 254% -1.29(-1.85,-0.73) 2012 — &
Leite et al. 0.33 0.19 8 034 024 1 21.3% -0.04 (-0.95, 0.87) 2012 .
Chen et al. 0.5 0.3 35 03 04 35 26.3% 0.56 (0.08, 1.04) 2015 —
Qin & Zhou. 0.39 0.34 49 0.32 0.25 49 27.0% 0.23 (-0.16, 0.63) 2019 T
Total (95% CI) 122 125 100.0% -0.13 (-0.94, 0.69) "'
Heterogeneity: 72=0.60; x2=27.05, df=3(p<0.00001); /2=89% =_2 _‘1 0 1' 2‘

Test for overall effect: Z=0.31 (p=0.76)

Q1. Maxillary lateral incisors

Favours non-SL Favours SL

non-SL SL Std. Mean Difference Std. Mean Difference
Study or Subgroup M SD Total M SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Leite et al. 0.44 0.33 8 043 0.33 11 10.0% 0.03(-0.88, 0.94) 2012 -
Chen et al. 03 05 35 02 03 35 37.4% 0.24(-0.23,0.71) 2015 —
Qin & Zhou. 0.3 0.25 49 0.27 0.26 49 52.6% 0.12(-0.28,0.51) 2019 ——
Total (95% CI) 92 95 100.0% 0.15 (-0.13, 0.44) ?
Heterogeneity: 72=0.00; x2=0.23, df=2(p=0.89); 12=0% =_2 _=1 5 1 2
Test for overall effect: Z=1.05 (p = 0.29) Favours non-SL Favours SL
Q1. Mandibular central incisors
non-SL SL Std. Mean Difference Std. Mean Difference
Study or Subgroup M SD Total M SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Leite et al. 0.31 0.21 8 0.39 0.52 11 20.8% -0.18 (-1.09, 0.73) 2012
Chen et al. 04 05 35 04 04 35 79.2% 0.00 (-0.47,0.47) 2015
Total (95% CI) 43 46 100.0% -0.04 (-0.45, 0.38)
Heterogeneity: 72=0.00; x2=0.12, df=1(p=0.73); 12=0% =_2 _=1 5 1 2
Test for overall effect: Z=0.18 (p = 0.86) Favours non-SL Favours SL
Q1. Mandibular lateral incisors
non-SL SL Std. Mean Difference Std. Mean Difference
Study or Subgroup M SD Total M SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Leite et al. 0.4 0.24 8 023 023 11 31.8% 0.69 (-0.25, 1.64) 2012 ' =
Chen et al. 03 05 35 03 03 35 68.2% 0.00 (-0.47,0.47) 2015
Total (95% CI) 43 46 100.0% 0.22 (~0.41, 0.85)
Heterogeneity: 72=0.10; x%2=1.66, df=1(p=0.20); />=40% =_2 _=1 S 1 2
Test for overall effect: Z =0.68 (p = 0.49) Favours non-SL Favours SL
Q3. Anterior teeth
non-vital Teeth Vital teeth Std. Mean Difference Std. Mean Difference
Study or Subgroup M SD Total M __ SD Total Weight IV, Random, 95% CI Year IV, Random, 95% C/
Spurrier et al. 1.28 1.09 43 2.05 1.49 43  28.9% -0.58 (-1.02, -0.15) 1990 e
Mirabella & Artun 091 1.03 28 1.38 1.53 28 19.3% -0.36 (-0.88, 0.17) 1995a .
Kreia et al. 1.14 1.03 20 1.34 1.35 20 14.0% -0.16 (-0.78, 0.46) 2005 - 1
Esteves et al. 082 1.19 16 1.04 1 16 11.2% -0.20(-0.89, 0.50) 2007 - -1
Llamas-Carreras et al. 1.1 0.8 38 1.1 1 38 26.7% 0.00 (-0.45, 0.45) 2012 —
Total (95% CI) 145 145 100.0% -0.28 (-0.51, -0.05) ‘
Heterogeneity: 72=0.00; x2=3.67, df=4(p=0.45); [2=0% =_2 _=1 5 1 2

Test for overall effect: Z=2.38 (p=0.02)

Favours non-vital teeth Favours vital teeth

Fig. 3. Forrest plots of EARR on anterior teeth using self-ligation (SL) compare to conventional (Non-SL) appliances and non-vital compared to vital teeth

Risk of bias and quality assessment

The included studies showed moderate risk of bias;
the main deficiencies were found in the Confounding
(85.7%), Missing data (42.8%), Measuring outcomes

(42.8%), and Reporting bias (14%) domains. The qual-

ity of the studies was low, with a critical level of ev-
idence. The risk of bias and quality assessments are
shown in Fig. 2 and Tables 3-5, respectively.
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Meta-analysis

The sample analyzed by Mirabella and Artun3 con-
sisted of 36 patients with 39 endodontically treated and
their vital homologous anterior teeth, which included
the canines. However, for the meta-analysis, the remain-
ing studies used the incisors only. As a result, a subgroup
from the sample was used following the same strategy as
previously reported in a systematic review by Ioannidou-
Marathiotou et al.%® The study that evaluated the amount
of EARR in molar teeth was not included in the meta-
analysis due to the type of teeth studied.>? The data from
145 patients was pooled in the meta-analysis of EARR for
non-vital and vital teeth.364>48-50 [t was determined that
there was a statistically significant difference between the
groups; i.e., the non-vital teeth showed less EARR com-
pared to their contralateral vital teeth following orth-
odontic treatment (Fig. 3).

Discussion

Q1. EARR produced by the self-ligating
compared to conventional techniques

Analysis of the articles included in this systematic re-
view suggested that there is no statistically significant dif-
ference in EARR when comparing self-ligating and con-
ventional techniques. However, 9 observational articles
were analyzed that had moderate risk of bias and moder-
ate quality of evidence. No controlled clinical trials were
found; therefore, the studies provide limited evidence.

A review performed by Yi et al. evaluated studies
of EARR due to orthodontic treatment with self-ligating
and conventional techniques.®* They assessed 7 studies, 5
of which were pooled for a meta-analysis.3>47546>6¢ Their
results suggest that the use of self-ligating brackets causes
less EARR in maxillary central incisor teeth during orth-
odontic treatment (without differences in the rest of the
teeth evaluated). However, the studies included in that re-
view had moderate risk of bias, and no quality assessment
was performed. Their heterogeneity results (12 = 0) did
not correlate with the confidence intervals and direction
of effect from the included studies. Finally, concerning the
maxillary lateral incisors, mandibular central incisors and
mandibular lateral incisors, there was no statistically sig-
nificant difference in the amount of EARR between the 2
techniques.

Q2. EARR of traumatized compared
to non-traumatized teeth
Resorption was more frequent in directly injured teeth

in the group with dental trauma before orthodontic treat-
ment; however, that study was observational and had
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moderate risk of bias and very low quality. No controlled
clinical trials were found. Consequently, the evidence is
limited, so more studies are required to determine wheth-
er there is a direct relationship between previous dental
trauma and EARR in patients undergoing orthodon-
tic treatment. In the same sense, no systematic reviews
of this topic were found.

Q3. EARR of non-vital compared
to vital teeth

The included studies suggest that there is a statistical-
ly significant difference in the amount of EARR in end-
odontically treated teeth compared to homologous vital
teeth after orthodontic treatment. In this systematic re-
view, 6 observational studies were analyzed; 5 of those
included in the meta-analysis showed low quality.36:45:48-50
When conducting the bias assessment, these studies were
determined to have moderate risk of bias. No controlled
clinical trials were found. Consequently, the evidence is
limited regarding the effect of orthodontic treatment on
the amount of EARR in non-vital compared to vital teeth.

The systematic review carried out by Ioannidou-Mara-
thiotou et al.% assessed 6 studies364548496061 that focused
on the amount of EARR in endodontically treated teeth
after orthodontic treatment. They reported that end-
odontically treated teeth exhibited relatively less RR than
teeth with vital pulps. Their meta-analysis included 4 ar-
ticles364>4849 and revealed a statistically significant differ-
ence (p = 0.005) between the groups and low heteroge-
neity (I = 0%) across the studies. In the review by this
research team, no evaluation of bias was performed. In
addition, the overall quality of the included studies was
considered low.

Currently, there are no specific and effective treatments
for EARR. Nanotechnology has been used as a novel ap-
proach for dentistry treatments®”~7% in that sense, chi-
tosan and hydroxyapatite nanoparticles have been de-
veloped for the treatment of EARR. Unfortunately, the
studies that have been carried out so far have been animal
models and case reports.””2 Consequently, the only prov-
en available management of EARR is preventive through
adequate diagnosis and orthodontic treatment.

On the current market, clear aligner therapy (CAT) has
become a popular option when compared to fixed appli-
ances due to its advantages of superior esthetics and com-
fort.”> Aldeeri et al. performed a systematic review that
aimed to evaluate the evidence concerning EARR in CAT
during orthodontic treatment.”* They reported a low risk
of EARR associated with CAT. However, due to the de-
sign and quality of the included studies, solid evidence
could not be established. Later, Fang et al. performed
a meta-analysis aimed at assessing the amount of EARR
in patients undergoing orthodontic treatment with CAT
compared to those treated with fixed appliances.”” They
reported that the incidence and severity of EARR were
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lower in those using CAT. Finally, Gandhi et al. carried
out a meta-analysis that aimed to investigate EARR in
patients treated with pre-adjusted edgewise appliances
compared to those treated with CAT.”® They concluded
that neither pre-adjusted edgewise appliances nor CAT
resulted in clinically significant EARR. However, the
amount of EARR was higher in the pre-adjusted edgewise
appliance users only in tooth 12. We can conclude that
the use of CAT could diminish the risk of EARR. How-
ever, there is a lack of satisfactory quality of evidence in
the studies included in the previously mentioned reviews.

At present, the number of publications in basic science,
observational studies and clinical trials has been increas-
ing exponentially. However, randomized clinical trials are
considered the best evidence to evaluate a health prob-
lem. The literature includes mixed reports of basic sci-
ence results that are not automatically reflected in clinical
practice.”””® Moreover, several publications in dentistry
report divergent results despite presenting characteristics
that superficially seem similar or use different variables to
determine the effect of an intervention.”®%° Hence the im-
portance of evidence-based medicine aimed to determine
the validity and analyze the data set of published studies
through systematic reviews.

Limitations

This review encountered several limitations, including
limited research in the field, risk of bias, low quality of the
observational studies, and lack of randomized clinical tri-
als that met the inclusion criteria.

Conclusions

The evidence suggests that the EARR induced by orth-
odontic treatment with self-ligating or conventional
brackets is similar, regardless of the technique used. How-
ever, although the meta-analysis had low heterogeneity,
the included studies exhibited a moderate risk of bias and
low to moderate quality. Future studies are required with
adequate internal and external validity, and EARR assess-
ment methods used in the future should be more accu-
rate.

The evidence on the effect of dental trauma on EARR
during orthodontic treatment is limited, with very low
quality and moderate risk of bias in the studies assessed.
There are no conclusive results from this analysis.

The current evidence suggests that the amount of EARR
during orthodontic treatment in endodontically treated
teeth is lower than in vital teeth. However, the included
studies showed a moderate risk of bias and low quality.
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Abstract

The prevalence of dentin hypersensitivity (DH) is increasing around the world. At least one in 10 individu-
als in the general population has been diagnosed with DH. It is a diagnosis that has significant negative
effects on a person's oral health-related quality of life. This condition, which is characterized by sharp, short
tooth pain in response to thermal, chemical, tactile, and evaporative stimuli, is more commonly seen in
adults. DH has a tremendous impact on the social and financial aspects of patients and society at large. It
is essential to recognize the factors that can contribute to a successful treatment outcome to guarantee the
overall well-being of DH patients.

The aim of this narrative review was to highlight strategies that can lead to successful DH treatment out-
comes, along with current updates on DH mechanisms, treatment options, and the latest management
approaches. A positive treatment outcome for DH requires a concerted effort from both the patient and
the dental practitioner. Highly motivated patients and dental practitioners with sound knowledge of DH
diagnosis and available treatment options will ensure successful long-term improvement of DH symptoms.

Keywords: therapy, treatment outcome, pain, dentin hypersensitivity
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Introduction

Tooth sensitivity, which is clinically referred to as den-
tin hypersensitivity (DH), is becoming increasingly more
common in dental practice.!”®> DH is described as short,
sharp pain arising from the teeth in response to hot and
cold temperatures and evaporative, tactile, osmotic, and
chemical stimuli. It cannot be attributed to any dental
defects or disease.* At least one in 10 individuals in the
general population suffers from DH, which causes dis-
comfort and pain and compromises quality of life.>>7
Reports of DH prevalence range from as low as 1.3% to
as high as 92.1%, depending on sociodemographic char-
acteristics, recruitment strategies, and number of study
sites involved.! DH is more prevalent in adults and impos-
es significant impacts on social and financial aspects for
patients and society at large.®*® Understanding DH and
identifying the factors that contribute to successful treat-
ment outcomes are essential to ensure not only improve-
ment of DH patients’ oral health condition but their over-
all well-being. Thus, the aim of this narrative review was
to highlight strategies for successful DH treatment out-
comes, along with current updates on DH mechanisms,
treatment options, and the latest management protocols.

Material and methods

A computerized literature search on DH management
was performed using the PubMed and Google Scholar da-
tabases. The keywords searched included “dentin hyper-
sensitivity management’, “dentin hypersensitivity treat-
ment’;, “dentin hypersensitivity prevention’, “dental pain’,
“therapy for dentin hypersensitivity’, and “dentin hyper-
sensitivity and treatment outcome” The articles included
in this review were from 2011 to 2021. Moreover, some
earlier references were also cited according to their rel-
evance to current research progress on the management
of DH. All relevant original articles, review articles, and
case reports available in full text and published in English
were included.

Pathophysiology and mechanisms
of pain in dentin hypersensitivity

Dentin is the middle layer of the tooth that makes up
the bulk of a tooth’s structure. It is composed of closely
packed dentinal tubules that are aligned throughout its
thickness and contain odontoblastic processes. The odon-
toblast cell bodies that synthesize dentin are aligned at the
inner dentinal layer, which indirectly forms the boundary
of the dentin-pulp complex. Under normal conditions,
dentin is protected from the external oral environment
by the outermost mineralized enamel layer (for coronal
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dentin) or cementum (for cervical dentin). The innermost
layer is composed of pulpal tissue and is where the pri-
mary dental afferents are found. Dentin loses its protec-
tion when the enamel layer disappears or when gingival
tissue recedes, exposing the dentin layer and the dentinal
tubules within. These structural changes can result from
acidic food intake, overzealous dental hygiene practices,
and parafunctional habits.?!° The discomfort and pain as-
sociated with DH develop as a result of these activities;
however, as pain signaling requires stimulation of the free
nerve endings on the primary afferent neurons and that
dentin is lacking neuronal fibers,!! the exact mechanism
to explain this common intraoral condition remains elu-
sive.

Three theories have been proposed to explain the
mechanism of pain in DH: the hydrodynamic, direct in-
nervation, and odontoblast transducer theories (Fig. 1).
The hydrodynamic theory proposed by Braennstroem
and Astroem!2 remains the most widely accepted mecha-
nism.

The neural theory was among the earliest DH theo-
ries brought forward. Indeed, the involvement of nerve
fibers in pain signaling is an ideal hypothesis to explain
DH, as it has already served as a well-established expla-
nation for pain mechanisms in other parts of the body.
However, there are conflicting reports about the presence
of nerve fibers in dentin and dentinal tubules; more stud-
ies support the absence of nerve fibers within dentin and
dentinal tubules.'"*31* In this regard, state-of-the-art 3D
imaging techniques — CLARITY and light sheet micros-
copy — have enabled imaging of intact tissues with high
resolution and preserved anatomical structures.'* Using
fluorescent dyes, the initial findings of this technique re-
vealed pronounced nerve bundles and their branches run-
ning along the longitudinal axis of the root from the apical
foramina toward the coronal pulp with terminal endings
close to the dental pulp periphery.!* However, as this
study only involved imaging of the pulp tissue, extension
of the peripheral terminals (whether or not they reach the
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Fig. 1. Scheme for dentin hypersensitivity
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periphery of the dentin) has yet to be determined. Future
studies using CLARITY and light sheet microscopy that
preserve the dentin-pulp complex could resolve the con-
flicting findings on the extension and presence of nerve
terminals into the dentin.

Another theory, the odontoblast transducer theory, was
proposed by Rapp et al.!> They hypothesized that odonto-
blasts act as sensory cells that are triggered by increased
intratubular fluid movement, transducing this movement
into electrical signals and synapsing with nearby primary
dental afferent nerve endings at the dentin-pulp junction.
This posited role of odontoblasts as sensory cells prob-
ably stems from their embryogenic origin; they are de-
rived from the ectomesenchyme cells of the neural crest,®
similar to neurons.!” Recent research has revealed that
mechanosensitive and thermosensitive receptor channels
(Piezo channels) and several members of the transient re-
ceptor potential superfamily ion channels are expressed
in odontoblasts,'®!° which further supports the odonto-
blast transducer theory.

The concept of the hydrodynamic theory was proposed
by Gysi, when he explained that dentinal pain is associated
with fluid movement in the dentinal tubules.?® However,
it was only in the 1960s that Braennstroem and Astroem
were able to demonstrate that when mechanical stimu-
lation, cold and hot temperatures, and osmotic pressure
(caused by sugar or salt intake) were introduced at the site
of exposed dentin, there was an increase in fluid move-
ment into the dentinal tubules; this led to DH.!2 Brin-
nstrom proposed this mechanism as the hydrodynamic
theory.2! Further studies have demonstrated that this in-
creased fluid movement into the dentinal tubules excites
both C- and A8-fibers in the dentin—pulp junction, which
in turn activates the dental pain signaling pathway.?2?
The expression of thermosensitive and mechanosensitive
receptors, as well as voltage-gated ion channels involved
in pain signaling in the primary dental afferent neurons,"”
further supports the hydrodynamic theory.

Management
of dentin hypersensitivity

Preventive measures for dentin
hypersensitivity

There is a well-known phrase: Prevention is better
than cure. The search for advances toward better man-
agement of DH is ongoing, and better modes of treat-
ment are becoming available. However, to date, the gold
standard for DH that provides long-lasting and sustained
improvement of the hypersensitivity condition has yet to
be discovered. Among the many predisposing factors and
etiologies for DH, incorrect tooth brushing technique is
cited as the most common cause of DH.®?* Thus, dental
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education is essential to prevent DH and provide better
oral health and overall well-being of the patient. Because
DH may result from inappropriate/incorrect oral hygiene
practices, educating the public on correct dental hygiene
techniques may help prevent or improve DH. In addi-
tion, recommending healthier dietary habits to reduce or
avoid acidic foods and beverages should be emphasized.
Furthermore, destructive parafunctional habits, such as
tooth grinding, which may result in erosive tooth struc-
ture loss, should be discouraged.

Diagnosis of dentin hypersensitivity

The diagnosis of DH is very subjective and difficult to
establish despite several DH guidelines already published
and available online.#?#% The difficulty in diagnosing
DH may partially be due to the numerous dental condi-
tions that can present with symptoms similar to those
of DH.2* For this reason, DH is considered a diagnosis
of exclusion—only when the signs and symptoms fail to
meet the criteria of any other oral conditions or diseas-
es can the diagnosis of DH be made. The sharp, sudden
pain experienced upon consuming hot, cold, and sweet
foods and beverages is a common complaint for both DH
and reversible pulpitis. To a lesser extent, the symptoms
of DH may also mimic those associated with tooth crack
syndrome involving enamel or dentin, dental caries, post-
bleaching/whitening dental hypersensitivity, and peri-
odontal disease and its treatment.?® As some patients may
confuse the pain of DH with other types of pain, making
an accurate diagnosis of DH requires a significant amount
of time to take a proper and thorough history regarding
the chief complaints and to conduct a complete intraoral
clinical examination. Certain tests might also be required
to exclude the other aforementioned oral conditions that
mimic the symptoms of DH. Thus, a complete history and
clinical examination are vitally important to obtain a de-
finitive diagnosis of DH.

Since several common oral conditions can cause dental
pain, distinguishing these conditions from DH is essential
before a diagnosis of DH can be made. Some of the tech-
niques that are commonly used to exclude the diagnosis
of DH include eliciting a pain response upon percussion
of the affected teeth (which would indicate periodontal or
pulpal involvement), pain upon biting a tongue depres-
sor, and the use of transilluminating lights or dyes (which
would indicate tooth fractures). The presence of recent
defective restorations may also be the source of pain.
However, DH usually occurs at the area of gingival reces-
sion that is associated with loss of cementum on the root
surface.”’

After these common dental conditions that cause pain
have been excluded, the diagnosis of DH can be confirmed
by means of exposing the dentinal tubules to stimuli that
mimic those that trigger DH. Some of the diagnostic tools
that are commonly used for this purpose include the use
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of an air or cold water jet, thermal testing, electrical de-
vices, a dental explorer, a periodontal probe, radiographs,
caries diagnostic devices, percussion testing, assessment
of occlusion, and the bite stress test.®28

Acknowledging a patient’s complaints is the first step
toward making a successful diagnosis and managing DH.
Despite the high prevalence of DH, dental practitioners
do not routinely assess their patients for this condition
and rely more on the patient to self-report it.® Surpris-
ingly, some dental practitioners even have a lack of con-
fidence in diagnosing DH,* which could explain the low
prevalence of DH in certain regions.

Soares et al. assessed the quality of life of people diag-
nosed with DH and concluded that DH was associated
with a significantly high oral health impact.? In particular,
the oral health impact was highest in terms of psychoso-
cial discomfort, followed by physical pain, psychological
disability, physical disability, social disability, and func-
tional limitations. Thus, managing DH not only resolves
patients’ complaints but, more importantly, improves the
physical and psychosocial aspects of their lives.

Treatment of dentin hypersensitivity

Since DH is caused by exposed dentinal tubules, oc-
cluding these tubules is the foundation of any therapeutic
agents developed for DH treatment. Several treatment
modalities are available for DH. They are classified by
their mechanism of action — physical and chemical oc-
clusion of the dentinal tubules, nerve desensitization, and
photobiomodulation.

Physical occlusion of dentinal tubules

Physical occlusion of dentinal tubules is achieved by
incorporating particles or nanoparticles into the dentin-
al tubules. Sources of particles that are commonly used
for the physical occlusion of dentinal tubules include
hydroxyapatite and bioactive glass. Hydroxyapatite com-
poses approximately 70% of dentin’s structure; thus, its
use as a bone substitute and for tooth remineralization
has shown promising results due to its biocompatibility
and because it is nontoxic and harmless to human bio-
logical tissues.?* Hydroxyapatite has been incorporated
in desensitizing toothpaste as an agent to promote the
repair of exposed dentinal tubules. Research is ongoing
to further improve the effectiveness of hydroxyapatite in
the management of DH.31-3% Unlike hydroxyapatite, bio-
active glass is an exogenous material that releases calcium
and phosphate ions upon contact with fluids, such as sa-
liva and water during drinking. These ions subsequently
crystalize into hydroxycarbonate apatite to occlude the
dentinal tubules.>*-3¢ Similar to hydroxyapatite, bioactive
glass shows promising results as a bone substitute and for
dentin remineralization, particularly due to its improved
durability.36-3°
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Chemical occlusion of dentinal tubules

It has been widely reported that exposed dentinal tubules
can also be treated with chemical agents, such as fluoride.
Fluoride has long been known to play a vital role in pre-
venting dental caries. Fluoride ions bind to calcium and
phosphate by replacing the hydroxyl ion in the hydroxyap-
atite crystal structure, thereby forming a stronger enamel
structure. In the management of DH, the use of desensitiz-
ing fluoride toothpaste has been recommended as the first-
line noninvasive treatment.* Fluoride relieves DH by form-
ing calcium-phosphate precipitates, calcium fluoride, and
fluorapatite within the dentinal tubules, which prevents
the intratubular fluid movement that would otherwise be
triggered by the external stimuli that cause DH.%-42 Other
agents that regenerate hydroxyapatite similar to fluoride
include oxalate, which is also commonly used in tooth-
paste and mouthwash for indirect occlusion of dentinal tu-
bules.®*-% Although chemical occlusion of dentinal tubules
using fluoride, nitrate, and oxalate is common, its effects
are not immediate and less efficient in withstanding acid
challenges and mechanical stress.3>4647

Nerve desensitization

Considering the proposed theory of nerve fiber in-
volvement, nerve desensitization by means of applying
potassium salts has become another treatment option for
DH. Different formulations of potassium salts have been
widely used in the management of DH. The use of potas-
sium salts in DH was first introduced by Hodosh, whose
clinical trial demonstrated that the use of 1-15% potassi-
um nitrate (KNO3) was able to mitigate DH symptoms.*8
The mechanism of action of potassium salts in reducing
DH symptoms in vitro and in human subjects has been
discussed in depth elsewhere.** Briefly, increasing the
concentration of potassium ions in the extracellular fluid
around the peripheral dental afferent neurons depolarizes
the nerve terminals and subsequently blocks conduction
of an action potential.>® Consequently, less pain is per-
ceived in the brain, which improves the symptoms of DH.
A systematic review and follow-up analysis on the effec-
tiveness of different treatments for DH showed that the
use of potassium nitrate desensitizing agents resulted in
a significant long-term reduction in DH symptoms.>!

Photobiomodulation

The concept of photobiomodulation for the treatment
of DH was introduced by Matsumoto in the 1980s, who
originally used neodymium-doped yttrium aluminum gar-
net (Nd:YAG) laser to treat cervical hypersensitivity.>? This
method is currently the most advanced technique for the
treatment of DH. Nd:YAG is delivered by directing lasers
of different wavelengths (ranging from ~600-800 nm) and
laser powers (35—-100 mW )3 onto the exposed dentin.
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In general, there are two types of photobiomodulation
treatment depending on the laser power used for the treat-
ment: low-level and high-level laser power. Low-power
lasers such as gallium-aluminum-arsenide laser (GaAlAs)
offer pain control in DH by increasing the production
of mitochondrial ATP and increasing the threshold of the
free nerve endings.>* High-power lasers, such as carbon
dioxide (CO,), Nd:YAG, erbium-doped yttrium alumi-
num garnet (Er:YAG), and erbium, chromium-doped yt-
trium scandium gallium garnet (Er,Cr:YSGG), obliterate
the dentinal tubules by inducing the formation of sec-
ondary and tertiary dentin produced by odontoblasts.>3%
Studies have shown that when applied correctly, photo-
biomodulation with both low- and high-power lasers pro-
vides therapeutic relief for the treatment of DH without
any detrimental effects to the pulp and dentin.>5¢

Other treatment options

Depending on the clinical evaluation and assessment,
DH can be managed with restoration when there is loss
of tooth structure, such as due to abrasion. An appropri-
ate choice of restorative materials should be used, or a root
coverage procedure for DH caused by gingival recession
can be performed. A systematic review of the effective-
ness of surgical root coverage found reduced cervical DH
following surgery®’; however, more clinical studies are still
required before surgical intervention is recommended for
the management of cervical DH. In this regard, more re-
cent clinical studies have demonstrated promising out-
comes using a gingival flap combined with connective
tissue grafts to augment and promote root coverage.>8-%

Management of dentin
hypersensitivity: How can
successful outcomes be achieved?

Failure to treat its symptoms significantly affects the
quality of life of patients suffering from DH. As prolonged
hypersensitivity is manifested as pain, it may disturb an in-
dividual’s daily activities, eating, drinking, and socializing.
The resulting disruption of the patient’s normal lifestyle
may lead to the decision to remove the tooth causing the
problem. Tooth loss may lead to even more functional
impairment, as well as esthetic problems, depending on
the location of the tooth. Depending on the type of ma-
terials used, tooth replacement can be a financial burden;
thus, the vicious cycle of financial and psychosocial bur-
dens continues. Identifying the factors that may lead to
DH management failure may save a tooth from being re-
moved and liberate the patient from a poor quality of life.
Failure of DH management can be attributed to several
factors, including dental practitioner factors,*?*¢! patient
factors,®>% and the methods and materials used.>1:6465

455

Dental practitioner

Making the correct diagnosis

Failure to identify the causative factor may lead to un-
successful treatment of DH. Some dental practitioners
overlook DH and manage their patients’ complaints with
invasive procedures. Mismanagement and misdiagnosis
of DH cases may lead to irreversible loss of tooth struc-
ture and pulp vitality, or even tooth loss,* which could be
prevented if an accurate diagnosis is made and the cor-
rect management performed. Dental practitioners should
take a thorough history and perform a complete intraoral
examination. This step is essential to establish the correct
diagnosis, which must be achieved before treatment is
initiated in patients.

Identifying factors that contribute to dentin
hypersensitivity

It is now known that oral hygiene practices and dietary
habits are significant etiologic factors that predispose in-
dividuals to DH. In addition to these well-accepted and
well-known scientifically proven causes, an emerging as-
sociation of DH with medication use has been reported.
A recently published case report suggested an association
between DH and steroid use. In this case report, a 47-year-
old woman complained of symptoms similar to DH, i.e.,
generalized pain from all teeth, which was triggered by
hot, cold and sweet foods, and beverages. The patient was
on steroid treatment for her medical condition, and taper-
ing and discontinuing the steroids improved her DH-like
pain symptoms,®’ thus indicating that the DH was related
to the steroids. Prior to this case report, a survey of 220
subjects was conducted to study the association between
steroid use and DH. Surprisingly, almost 20% of the sub-
jects reported DH-like symptoms similar to those in the
aforementioned case report; the pain symptoms subsided
following tapering and discontinuing of the steroids.®

In another study conducted by Farag and Awooda, 40
asthmatic patients who presented to an emergency de-
partment and were diagnosed with an acute asthmatic
attack were monitored for DH and dental erosions.®
The authors found significantly more DH in the asth-
matic patients compared to the non-asthmatic patients.
Studies have shown that the use of inhalers in asthmatic
patients decreases salivary flow and salivary composi-
tion, which in turn reduces the buffering effect of saliva
that protects tooth structures from erosion.”®72 In this
regard, the medications used to treat asthma, which in-
clude inhaled Beta2 agonists and inhaled steroids, may
play a role in these salivary changes. For example, Beta2
agonists have been shown to impair saliva production”
and lower esophageal sphincter function, which leads to
gastroesophageal reflux.”#”> Several studies, including
a recent meta-analysis of clinical studies from 2012 to
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2020, have suggested that gastroesophageal reflux is a risk
factor for dental erosions.”® The low pH of most inhal-
ers also contributes to dental erosions and DH in asth-
matic patients.”® There is still limited literature about the
association between DH and medical conditions and the
use of certain medications. More studies are required to
confirm this association and the possible mechanism that
could link DH to medication use and/or other diseases.

Appropriate management

Similar to the management of other diseases, manag-
ing DH requires a holistic approach. Patients need to be
motivated to change the habits that contribute to DH,
and dental practitioners should consult with patients and
develop appropriate and effective treatment plans. To
ensure treatment success, both patients and dental prac-
titioners must work together to eliminate the causative
factors of DH and improve the discomfort and pain as-
sociated with this condition. Lack of commitment from
either party—patient or dental practitioner—will lead to
further tooth structure damage, for which some dental
practitioners resort to a root canal.”” Dental practitioners
should keep themselves aware and updated about current
advances in DH treatment. The choice of treatment op-
tions should consider the patient’s conditions. Patients
need to be evaluated with respect to their desire to im-
prove their health and their motivation to achieve their
treatment goals in order to ensure successful treatment.
The initial management of DH often begins with patient
education about the etiology and contributing factors,
followed by in-office treatment in which chemical agents
are professionally applied. Continuation with in-home
treatment, which is cheaper and more convenient for the
patient, is highly recommended to maintain the reduction
of DH symptoms. However, when there is no improve-
ment in symptoms, more advanced treatments, such as
tooth restoration, root canal therapy, or even surgery, may
be required. Dental practitioners need to assess and eval-
uate the most effective treatment methods and whether
they should be provided by themselves or in combination
with other treatments. Studies have shown that all types
of treatment (physical occlusion, chemical occlusion,
nerve desensitization, and photobiomodulation) signifi-
cantly improved pain symptoms in DH patients compared
to placebo group patients. However, there is no consen-
sus in the literature regarding the effectiveness of one
method compared to the others;*#578-8! this divergence
may be attributed to confounding factors, such as the type
of study (in vivo or in vitro), study population, and study
methods.

Patient habits and motivation

There are several risk factors for DH, including loss
of tooth structure by erosion, attrition, abrasion or ab-
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fraction, bruxism, gingival recession, occlusal trauma,
and abnormal tooth position.®? These risk factors, in turn,
are closely linked to the patient’s dietary habits, such as
frequent consumption of fruit juice, soft drinks, and al-
cohol, and tooth brushing habits, which include method
of tooth brushing, type of toothbrush and toothpaste, and
frequency of tooth brushing.?

In this regard, compliance and adherence to instruc-
tions are of paramount importance to ensure the suc-
cess of DH treatment. Compliance and adherence are
two different terms that are sometimes confused as
having the same meaning. Compliance is defined as
the consistency and accuracy with which a patient fol-
lows any regimen prescribed by a dentist, physician,
or other healthcare professional.®® Compliance does
not reflect a stable state of the patient abiding by the
healthcare provider’s instructions. Therefore, compli-
ance is complemented by adherence, which is defined
as the extent to which the patient continues with the
agreed-upon mode of treatment under limited super-
vision when faced with conflicting demands.®* Thus,
patients play a principal role in the treatment and man-
agement of their sensitive teeth, so they need to take
control of their own efforts to modify unhealthy behav-
iors in order to reduce or eliminate DH symptoms. In
this regard, dental professionals play a vital role in edu-
cating their patients and emphasizing the importance
of compliance and adherence in changing behaviors
and achieving a successful treatment outcome.

A patient’s lack of motivation to comply and adhere
to instructions provided by clinicians during therapy
has been recognized as one of the main problems that
prevent successful therapy. In their book chapter “Ad-
vances in the management of the patient with dentine
hypersensitivity: Motivation and prevention’, Gillam
and Ramseier explain the challenges of modifying health
behaviors in the management of dental conditions and
outline their recommendations for managing DH using
a motivational interviewing technique.®? Motivational
interviewing is defined as “a client (patient)-centered,
directive method for enhancing intrinsic motivation
to change by exploring and resolving ambivalence”?
This technique helps patients recognize the importance
of changing the detrimental habits that contribute to
their DH and take ownership and responsibility of their
problems through improvement of oral hygiene and di-
etary habits, i.e., by reducing acidic food and beverage
consumption.®?

While it may be unrealistic to expect patients to un-
derstand the professional advice on DH management,
this can be accomplished by a few visits to a dental clinic.
Although frequent dental visits may be inconvenient for
patients, establishing good rapport during the first visit
may help develop an effective dental practitioner-patient
relationship and improve the patient’s willingness to at-
tend dental appointments.
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Method chosen for the management
of dentin hypersensitivity

A meta-analysis of the use of three DH management
methods — physical occlusion, chemical occlusion, and
nerve desensitization — for in-office and at-home treat-
ment showed that only chemical occlusion and nerve de-
sensitization were effective for at-home treatment. For in-
office treatment, all three methods were very effective in
managing DH compared to a placebo group.?® A system-
atic review and network meta-analysis of in-office treat-
ments for DH concluded that all methods of treatment
were effective in reducing DH symptoms. The author
reported no significant difference in the efficacy of the
methods used to manage DH.”®

Materials used for the management
of dentin hypersensitivity

Regardless of the type of materials used to improve
DH symptoms—by occlusion of dentinal tubules, nerve
desensitization, or photobiomodulation—several fac-
tors need to be considered to ensure treatment success.
These factors include, but are not limited to, physical
properties, potential for microleakage, and durabil-
ity of the materials. These materials should be able to
withstand acidic environments (diet) and mechanical
removal (tooth brushing) as well as avoid salivary clear-
ance (dissolution in saliva).

A meta-analysis of the use of toothpaste as a desensi-
tizing agent for DH found that incorporating potassium,
stannous fluoride, potassium and strontium, potassium
and stannous fluoride, calcium sodium phosphosilicate,
arginine, and nanohydroxyapatite is effective in reduc-
ing sensitivity and improving symptoms compared to pa-
tients who used toothpaste without active ingredients.
However, the results may be biased in terms of the ef-
fectiveness of these active ingredients, as the studies had
variable degrees of bias; some of them were funded by the
manufacturers of the toothpastes studied.

Managing DH with photobiomodulation has gained
considerable attention and is becoming more popular
among dental practitioners. Many studies comparing la-
sers with other DH treatments support the use of lasers as
being as effective as other techniques, including nerve de-
sensitization and chemical and physical occlusion, 6648788
Several other studies have reported that combining laser
therapy with any other method provides better outcomes
for successful DH treatment.”®79%

Suri et al. compared physical occlusion using 5% sodium
fluoride with 980 nm diode laser treatment at one-week,
one-month, and two-month intervals.” They determined
that both methods improved DH symptoms, with no sig-
nificant difference between methods. However, the com-
bined use of 5% sodium fluoride and laser improved DH
symptoms more than sodium fluoride or laser alone.”
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Praveen et al. studied the application of glutaraldehyde
topical desensitizer and compared it with low-level GaA-
1As laser.®* They concluded that both methods reduced
DH immediately and after one week, but only GaAlAs
laser improved symptoms after both one week and three
months.% Interestingly, a clinical study conducted by
Sgreccia et al. comparing potassium oxalate with low-lev-
el GaAlIA laser treatment concluded that occluding den-
tinal tubules with potassium oxalate provided relief of DH
symptoms immediately after the first application and af-
ter three weeks (with four applications), while laser was
only effective in reducing cervical DH after three weeks.*
These conflicting results may be due to the shorter du-
ration of study by Sgreccia et al. compared to the other
studies.

Lopes et al. assessed different DH treatment protocols
that included low-level laser (with different doses), high-
level laser, and desensitizing agents.’’ They studied 32
patients with 117 lesions who underwent one of the fol-
lowing DH protocols: low-power laser alone, high-power
laser alone, or low-power laser combined with a desensi-
tizing agent (Gluma desensitizer). The level of sensitivity
was measured using a visual analog scale (VAS) for pain
with a triple syringe and an exploration probe. The as-
sessments were performed at intervals of five minutes, 12
months, and 18 months. At the end of their study, they
found that all treatment protocols significantly reduced
DH but that there was no significant difference in VAS
scores between the different protocols used. Thus, they
concluded that low-power laser, high-power laser, and
low-power laser combined with a desensitizing agent
were equally effective in reducing DH symptoms.

The photobiomodulation method used in the treatment
of DH does not cause damage to the pulp tissue despite
a slight rise in intrapulpal temperature, as reported in the
systemic review of photobiomodulation effectiveness on
DH by Machado et al.>® Photobiomodulation has further
been proven to improve the oral health-related quality
of life of DH patients.”

Although a large body of evidence supports the use
of photobiomodulation as superior to other DH treat-
ments, given alone or in combination with other meth-
ods, many confounding factors affect its clinical success.
A recent systematic review and meta-analysis of photo-
biomodulation parameters determined that the clinical
outcome depends on variations in anatomy, site location,
clinical condition, and subject individuality.>* To achieve
a better prognosis and successful treatment outcome, it is
essential that these factors, combined with sound knowl-
edge and understanding of laser parameters, tissue vol-
ume, and target depth to deliver an adequate dose, are
considered during treatment planning.>

Photobiomodulation is known to be a safe nonsurgical
therapy for DH that does not cause significant tissue hy-
perthermia. A recent randomized clinical trial reported
a slight rise in intrapulpal temperature (<5°C) following
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two diode laser protocols—1 W diode laser for 10 seconds
or 0.5 W diode laser for 60 seconds.®! Despite only a small
rise in temperature, dental practitioners should be cau-
tious when performing photobiomodulation for DH as
any damage to pulp tissue can compromise tooth vitality
and increase pain instead of relieve it.

Conclusions

DH is highly prevalent, especially in females. DH signif-
icantly affects the quality of life of many patients, which
can impact their psychological and social well-being.
Management of DH with a sound treatment plan is cru-
cial to ensure successful treatment outcomes, which will
improve the patient’s oral health condition and quality
of life. This review provides an update on the mechanisms
of DH and its management and emphasizes the factors
that determine the success of DH treatment. Pharmaco-
logical management of DH using desensitizing agents will
only be successful if there is a concerted effort from both
the dental practitioner and the patient.
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Abstract

Dentistry as a profession should take into account the goals of sustainable development in daily practice
and encourage the transition to a green economy. Consumers are becoming more conscious about
the impact of