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Abstract
Background. Patients who are partially dentate or edentulous can receive both conventional and im-
plant-supported fixed prostheses, which leads to improvement in function, esthetics and self-esteem. Cur-
rently, implant dentistry is one of the fastest-growing disciplines in dentistry.

Objectives. The aim of the study was to assess the education and training of dentists practicing implant 
therapy in the Riyadh region of Saudi Arabia, including their preferred dental implant systems, the clinical 
complications experienced as well as the barriers to implant therapy they encounter.

Material and methods. A self-administered questionnaire was distributed among dentists in Riyadh perform-
ing dental implants in both the state and private sectors. The questionnaire included demographic data, such as na-
tionality, the practitioner’s affiliated specialist category and their respective qualifications. Other data included their 
main sources of education pertaining to implant dentistry, the most commonly used implant systems, common 
clinical complications, and barriers to implant therapy. A descriptive statistical analysis of the data was carried out.

Results. A significant majority of non-Saudi dental practitioners were employed in the private sector (p = 0.001), 
whereas a significant majority of Saudi dental practitioners were employed in the state sector (p = 0.001). The 
largest group of practitioners performing implants were general dentists (48.1%). The 3iTM implant system was the 
most widely utilized (35.4%). Failed osseointegration (12.6%) and peri-implantitis (12%) were the most com-
mon clinical complications. The biggest barrier to placing implants was the cost of implants to patients (59.1%).

Conclusions. Fundamental to implant practice is the clinical practitioner and patient selection. The utiliza-
tion of  implant systems should preferably be based on the chemical properties of  implant surfaces which 
promote early osseointegration. Comparative studies investigating the reasons for failed osseointegration and 
other clinical complications are needed locally and internationally. Further research, together with advanced 
clinical specialist training, can lead to improvement in the quality of implant therapy for the benefit of patients.

Key words: implant practice survey, implant systems, implant complications, hydrophilic implants, hy-
drophobic implants

Słowa kluczowe: przegląd praktyk implantologicznych, systemy implantologiczne, powikłania implan-
tologiczne, implanty hydrofilowe, implanty hydrofobowe
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Introduction 
The replacement of lost teeth is achievable by utilizing 

removable partial dentures, complete dentures, overden-
tures, and fixed partial prostheses. Expanded treatment 
options available to the general population suffering from 
tooth loss include implant therapy.1 Partially dentate and 
edentulous patients may significantly benefit from the 
placement of  implants in terms of  both esthetics and 
function.2

Male patients in Saudi Arabia complained that tooth 
loss affected their profile as well as the chewing function.3 
A study in Saudi Arabia reported that 61.5% of the par-
ticipants believed that the utilization of dental implants 
was the best treatment option for replacing missing 
teeth.4 Another study in Riyadh revealed that 75.7% of the 
respondents would willingly undergo implant therapy 
again, and 79.3% would encourage others to consider im-
plant treatment.5

In both Saudi Arabia and elsewhere, few studies regard-
ing the practice of implant dentistry refer to the practitio-
ners’ level of education. There is every indication that the 
majority of oral surgeons perform implants, followed by 
periodontists and general dental practitioners (GDPs).6–8 
Education and training in implant dentistry in different 
countries can also vary, including undergraduate and for-
mal post-graduate training, fellowship/board training as 
well as the attendance of courses and/or seminars.8

The choice of  implant system utilized also varies be-
tween studies and is determined by different factors. 
Practicing dentists placing implants may be employed 
either in the private sector or in state institutions, where 
budget constraints may limit the choice of  implant sys-
tem to be used.8 Other factors may be the consideration 
of  long-term implant success rates as well as the finan-
cial barriers experienced by patients.4,8 However, the cost 
of implants has been given the lowest priority by practic-
ing dentists when choosing an implant system, especially 
in the private sector.9

Implant therapy complications resulting in the loss or 
failure of implants are attributed to inaccurate treatment 
planning, surgical mistakes or improper prosthodontic 
restoration.9 The reported complications include dehis-
cence/fenestration, gingival inflammation and fistulae. 
Surgical complications such as hemorrhage and neuro-
sensory disturbances have also been reported.10 The pre
valence of peri-implantitis as a complication varies from 
study to study.8,11,12 This may be due to the inconsisten-
cies in the precise diagnoses of peri-implantitis and peri-
implant mucositis in different clinical settings.8 Implant 
placement location, poor oral hygiene, the patient’s medi-
cal condition, and patient noncompliance are also reasons 
that may underlie implant therapy complications.7,8,13

A recent study in the Eastern Province of Saudi Ara-
bia indicated that far more non-Saudis than Saudis 
practiced implant dentistry.8 This was attributed to the  

recruitment of a large number of non-Saudi dentists into 
the private sector due to an increased demand for im-
plant therapy. The study reported that the largest pro-
portion of dentists performing implants were oral sur-
geons (44.7%), followed by GDPs (21.1%), periodontists 
(18.4%), and prosthodontists (13.2%).8 It was therefore 
the purpose of the present study to assess the education 
and training of dentists practicing implant therapy in the 
Riyadh region of Saudi Arabia, including their preferred 
dental implant systems, the clinical complications expe-
rienced and the barriers to implant therapy they encoun-
ter. This would allow us to compare the practice of im-
plant therapy in the Riyadh region to that in the Eastern 
Province of Saudi Arabia.

Material and methods
The study was conducted between May 2017 and March 

2018. A self-administered English-language questionnaire 
was distributed among practicing dental practitioners 
currently placing dental implants. The practitioners were 
working in state hospitals, and in various private centers 
in and around the city of Riyadh. Access and permission 
to distribute the questionnaires was obtained from both 
the state and private institutions.

The questionnaire included demographic data to ascer-
tain the total number of  practicing dentists performing 
both stage 1 and stage 2 of implant surgery. Their respec-
tive qualifications including their specialist category were 
also noted. Saudi and non-Saudi practitioners were dif-
ferentiated, as were state and private sectors.

The questionnaire also referred to the practitioners’ 
main source of education pertaining to implant dentist-
ry as well as the most commonly used implant systems. 
The most common clinical complications experienced by 
practitioners were investigated as well as the barriers to 
implant therapy they encountered. A descriptive statisti-
cal analysis was carried out using IBM SPSS Statistics for 
Windows, v. 22.0. (IBM Corp., Armonk, USA). Statistical 
significance was set at 0.05.

Results
Out of  a  total of  248 questionnaires, 192 were com-

pleted, signifying a response rate of 77.4%. The majority 
of the respondents were male (n = 127; 66.1%). Non-Saudi 
dental practitioners were in the majority (56.6%), with 
a  significant proportion employed in the private sector 
(89.2%; p = 0.001). A significant majority of Saudi dental 
practitioners, however, were employed in the state sector 
(82.14%; p = 0.001).

Formal education regarding implant placement was re-
ported to consist mostly of post-graduate training during 
the acquisition of a Master’s degree (43.2%), followed by 
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the attendance of  courses and/or seminars (30.7%), un-
dergraduate training (13%), fellowship/board training 
(9.9%), and doctoral studies (8.3%).

Of a  total of 192 respondents placing implants, 48.1% 
were GDPs, 30.8% periodontists, 11.9% oral surgeons, 
5.4% prosthodontists, and 3.8% restorative specialists. 
The percentage distribution of  the qualifications held 
by the listed proportions of the practitioners is depicted 
in Fig. 1. The highest qualification held by the majority 
of GDPs was a Bachelor’s degree (90.9%), that held by the 
majority of  periodontists and oral surgeons was a  Mas-
ter’s degree (57.9% and 61.9%, respectively), and that held 
by the largest number of prosthodontists was a fellowship 
(50%). The largest number of restorative specialists held 
either a Master’s degree (42.86%) or a fellowship (42.86%).

Regarding the dental implant systems being used, it 
was found that the 3iTM system was the most commonly 
used (35.4%), followed by Astra TechTM (22.4%), Osstem® 
(10.4%), Noble BiocareTM (9.4%), Straumann® (7.8%), and 
Zimmer® (5.2%) (Fig. 2).

Regarding the criteria for selection when consider-
ing a specific implant system, 18.3% of the respondents 
reported that the particular implant system was chosen 
by the administration of  their hospital and/or clinic, 
followed by the popularity of the system (15.7%), easy 
handling (7.3%) and the long-term prognosis (5.7%). 

The consideration of  costs (1.04%) and esthetics 
(1.04%) were given the lowest priority by the practitio-
ners (Table 1).

Of the respondents, both state and private employees, 
who reported performing implants every month (Fig. 3):
–	25.5% stated that they placed an average  

of 1–5 implants/month; 
–	31.2% – 6–10 implants/month; 
–	17.1% – 11–15 implants/month; 
–	10.4% – 16–20 implants/month; 
–	14.3% – >20 implants/month.

The most common clinical situation for the place-
ment of  implants was single posterior tooth loss (89%), 
followed by single anterior tooth loss (71%), edentulous 

Table 1. Implant system selection criteria in terms of the percentage  
of practicing dentists

Implant system selection criteria Percentage of practicing dentists 
[%]

Hospital/clinic administration 18.3

Popularity of the system 15.7

Easy handling 7.3

Long-term prognosis 5.7

Cost 1.04

Esthetics 1.04

Fig. 1. Percentage distribution of qualifications held by the percentage proportions of practitioners

GDP – general dental practitioner. 
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Fig. 2. Percentage distribution of the implant systems used

Fig. 3. Percentage distribution of respondents placing n number of implants per month
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cases (56.5%), free-end saddles (42.4%), multiple tooth 
loss (39.8%), and abutments for either fixed partial den-
tures (FPDs) or overdentures (26.9%) (Table 2). In this 
study, the lower first molar was the most common pos-
terior tooth to be replaced with an implant. The recom-
mendation of substituting missing teeth with implants as 
the first choice of treatment was reported by 87.8% of the 
respondents, in contrast to utilizing FPDs or removable 
dentures.

Common challenges encountered before the surgi-
cal placement of implants were reported to be low sinus  
levels (38.4%), smoking (15.6%), the patient’s medical con-
dition (15.1%), the severity of bone loss (11.9%), the pre
sence of gingivitis/periodontal disease (7.8%), and a high 
caries risk (6.2%) (Table 2).

The biggest barrier to performing implant surgery was 
the cost of  implants to the patient, reported by 59.1% 
of the respondents, followed by the patient’s fear (9.9%), 
a shortage of equipment (6.8%), and a lack of time report-
ed by the patient (1.6%). (Table 2).

The clinical complications most frequently encountered 
after implant surgery were reported to be failed osseoin-
tegration (12.6%), peri-implantitis (12%) and peri-implant 
mucositis (9.3%). This was followed by dehiscence/fenes-
tration (7.3%) and local infection (6.7%). The underlying 
reasons for these clinical complications as perceived by 
the respondents were patient noncompliance, poor oral 
hygiene and smoking (24.5%). Other indicated reasons 

were periodontal diseases and infection (22.9%), followed 
by improper implant placement and the practitioner’s in-
experience (20.8%).

Regarding the referral of patients for the management 
of  unexpected complications, 74.3% of  all respondents 
reported that they referred their patients for the appro-
priate treatment of any clinical complications. Of these, 
the highest referral rate (91%) was reported among GDPs, 
followed by restorative specialists (85.7%), oral surgeons 
(63.6%) and periodontists (56.3%). Prosthodontists had 
the lowest referral rate (40%).

Discussion
The population of  Saudi Arabia was estimated to be 

33.5 million in 2018. The demand for implant therapy has 
been increasing in the Saudi population.4 Al-Houtan et al. 
in their study investigated implant therapy practices in 
the Eastern Province of Saudi Arabia, which is the largest 
administrative area in the country.8 The Eastern Province 
has an estimated population of  4.6 million, distributed 
over 5 cities in the region. The total number of dentists 
placing implants in the Eastern Province is estimated to 
be 55. The survey-based study in the Eastern Province 
had a response rate of 69% (n = 38), which was regarded as 
weak.8 On the other hand, the city of Riyadh – the capital 
and the largest city in the country, situated in the central 
part of Saudi Arabia – alone has an estimated population 
of 4.21 million.14 The total number of dentists placing im-
plants in Riyadh is estimated to be 248. The response rate 
in the present study was 77.4% (n = 192). Although the 
response rates in these 2 studies may seem to be compa-
rable, the number of respondents in the present study is 
considered more acceptable.

The prevalence of  clinical complications may vary 
between studies, both on a  local and international ba-
sis. In the present study, failed osseointegration was the 
most commonly reported complication, along with peri-
implantitis. The Eastern Province study also reported 
peri-implantitis as the main clinical complication.8 Other 
studies with larger population samples did not, however, 
uphold this tendency.11,12,15 Patient noncompliance and 
poor oral hygiene were identified as the main reasons 
underlying these clinical complications in both of  the 
Saudi Arabian studies as well as in a study conducted in 
Sweden.7 Also, in the present study, periodontal diseases, 
infection, improper implant placement, and the inexperi-
ence of practitioners were highlighted as causes of com-
plications.

In this study, a high referral rate was reported by GDPs 
for the treatment of the complications they encountered. 
A  more thorough understanding and knowledge of  po-
tential clinical complications is needed, which means that 
further research regarding implant practices and compli-
cations, with larger sample sizes, both regionally and in-

Table 2. Clinical indications, pre-surgical challenges and barriers 
encountered in terms of the percentage of practicing dentists

Clinical indications, pre-surgical 
challenges and barriers

Percentage of practicing dentists 
[%]

Clinical indications

Single posterior tooth loss 89.0

Single anterior tooth loss 71.0

Edentulism 56.5

Free-end saddle 42.4

Multiple tooth loss 39.8

Abutment for FPD/overdenture 26.9

Pre-surgical challenges

Low sinus levels 38.4

Smoking 15.6

Patient’s medical condition 15.1

Severity of bone loss 11.9

Gingivitis/periodontal disease 7.8

High caries risk 6.2

Barriers

Cost of implants to the patient 59.1

Patient’s fear 9.9

Shortage of equipment 6.8

Lack of time for the patient 1.6

FPD – fixed partial denture.
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ternationally, should be conducted. Furthermore, from an 
educational perspective, in both the present study and the 
Eastern Province study, the attendance of courses and/or 
seminars was listed by a large proportion of the respon-
dents as part of their training in implant placement. The 
increased popularity of  such courses was described in 
another study.16 However, as the Eastern Province study 
pointed out, the ideal practitioner to place implants is 
a surgically trained periodontist or oral surgeon.8 There-
fore, it should be reiterated that such courses and semi-
nars should concentrate on considering the complexity 
of  the various aspects of  implant planning and surgical 
placement as well as the involved difficulties. This would 
allow the future development of complications and com-
promises in the quality of implant therapy to be avoided 
to a larger extent.8

Further comparisons between the present study in  
Riyadh with the Eastern Province study reveal certain ma-
jor differences (Table 3). The predominant gender prac-
ticing implant dentistry in both studies was male; how-
ever, a larger pro rata percentage of males is evident in the 
Eastern Province (81.6%).8 This may be attributed retro-
spectively to a larger number of dental schools in Riyadh, 
qualifying more female students. These Riyadh schools 
have been open significantly longer than dental schools in 
the Eastern Province. Only recently have female students 
been graduating from schools in the Eastern Province. It 
may also be postulated that more male dentists are re-
cruited into the private sector in the Eastern Province.

Of all practicing dentists in Riyadh, a smaller percent-
age were in private practice (54.8%) as compared to the 
Eastern Province (65.8%). However, due to the sample 
sizes in the 2 studies (n = 192 and n = 38, respectively), 
there was a much larger number of private practitioners 
in Riyadh. This may possibly be ascribed to the Riyadh 
region being more affluent than the Eastern Province.

The Riyadh region had a larger proportion of Saudi na-
tionals practicing implant dentistry as compared to the 
Eastern Province. However, there is still a slightly higher 
proportion of  non-Saudis practicing implant dentistry, 
albeit fewer than in the Eastern Province. Riyadh has 
a larger population, with more state and private teaching 
dental hospitals than the Eastern Province. It is under-

standable that Saudis who are permanently resident and 
educated in Riyadh would prefer to remain and practice 
in Riyadh.

A larger number of  implants were being placed in  
Riyadh as compared to the Eastern Province. Riyadh has 
a far greater population than any of the 5 cities in the East-
ern Province, along with a  larger number of  practicing 
dentists placing implants. The demand for implant thera-
py is therefore expected to be higher. A survey conducted 
in Riyadh indicated the increased popularity of implants 
as a  treatment option, with wide acceptance and a high 
level of satisfaction expressed after placement.4

The present study found that the majority of practitio-
ners placing implants in Riyadh were GDPs, whereas in 
the Eastern Province, implants are mostly placed by oral 
surgeons. The reasons for this tendency may be twofold. 
Firstly, there is a greater number of both state and private 
dental schools in the Riyadh region as compared to the 
Eastern Province, so by implication, more Saudi GDPs are 
being qualified. Secondly, this study showed that a  sig-
nificant majority of non-Saudi dental practitioners were 
employed in the private sector (89.2%), and the majority 
of GDPs in Riyadh are non-Saudis. This may be ascribed 
to a higher number of non-Saudi GDPs being recruited to 
the private sector in Riyadh as compared to the Eastern 
Province.

Both locally and internationally, the factors influencing 
the choice of implant system may vary. A greater propor-
tion of practicing dentists in Riyadh utilize the 3i system, 
whereas in the Eastern Province, the Straumann system is 
more frequently used. The reasons for different implant 
systems being preferred in these 2 regions in the same 
country are not clear. In this study, the popularity of the 
system, easy handling in use and the long-term prognosis 
were among the reasons for the choice of implant system. 
A limitation of this study regarding the choice of implant 
system is the absence of any investigation of whether the 
preferred use was based on published scientific literature 
that included clinical data. Studies in other countries also 
indicated the preferential use of  particular implant sys-
tems, such as Noble Biocare and Straumann.17,18 The use 
of  a  particular implant system during the practitioner’s 
specialist training, the influence of  aggressive commer-

Table 3. Comparison of implant practices between Riyadh and the Eastern Province of Saudi Arabia

Difference Riyadh Eastern Province of Saudi Arabia

Predominant gender of the practitioners placing implants male (67.2%) male (81.6%)

Employment sector private (54.8%) private (65.8%)

Percentage of non-Saudi practitioners 56.6% 68.4%

Number of practitioners placing 6–10 implants per month 57 (342–570 implants) 13 (78–130 implants)

Practitioners placing the most implants GDPs (48.1%) oral surgeons (44.7%)

Implant system mostly used 3i (35.4%) Straumann (34.2%)

Clinical complication encountered most frequently failed osseointegration (12.6%) peri-implantitis (23.7%)
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cial marketing, lower costs as well as personal preferences 
for specific implant systems, for example due to resto
rative convenience, may underlie this tendency. Glob-
ally, implant manufacturers profess that their various im-
plant systems have ‘the best’ physicochemical, biological 
and clinical properties.19 However, the current basis for 
implant treatment protocols is early osseointegration, 
which comprises the immediate and early loading of im-
plants.19 The enhancement of  the bone-to-implant con-
tact (BIC) interface is an important parameter affecting 
the speed of osseointegration.20 The modification of the 
topographical features of  dental implant surfaces at the 
micro- and nanoscale can significantly improve BIC and 
bone anchorage at the early stages of osseointegration.19 
Hydrophilicity has been shown to positively affect the 
initial stages of  wound healing during osseointegration, 
whereby the adsorption of plasma proteins essential for 
the initial osteogenic interaction is accomplished.21 This 
leads to beneficial gene expression, intense and rapid 
osteogenesis, bone mineralization, and early osseointe-
gration.19,22 Various studies compared hydrophobic and 
hydrophilic implant surfaces having the same microto-
pography. These studies concluded that osseointegration 
was enhanced by super-hydrophilic surfaces, demonstrat-
ing a stronger bone response in comparison with hydro-
phobic surfaces with the same topographical features.20,23

Surface chemistry that promotes hydrophilicity, and not 
micro-surface topography, has been shown to accelerate 
implant osseointegration and increase BIC.19,20,23 Surface 
chemistry potentially alters ionic interactions, protein 
adsorption and cellular activity at the implant surface.24 
Protein adsorption at the implant surface influences the 
attachment and migration of cells. A higher affinity to in-
dividual protein molecules, which influences the bonding 
strength and maintains the conformation, orientation and 
function of these proteins, is exerted on hydrophilic sur-
faces than on hydrophobic ones.25,26 This is of consider
able importance, since initial protein interactions with the 
implant surface largely mediate the impact of hydrophilic-
ity on cellular and tissue reactions toward biomaterials.25 
This includes biological signals activating and expressing 
the receptors located on the membranes of cells, subse-
quently determining initial cellular attachment as well as 
cell proliferation and differentiation.25 Hydrophobic sur-
faces, however, may induce the denaturation of proteins 
by bringing about conformational changes.27,28

Various studies found that hydrophilic surfaces enhance 
the early stages of cell adhesion, proliferation and differ-
entiation as well as bone mineralization as compared to 
hydrophobic surfaces.29 This includes promoting the dif-
ferentiation and maturation of osteoblasts, thereby con-
tributing to accelerated osseointegration, as well as initial-
izing the earlier onset of secondary implant stability.28,30  
Furthermore, other studies described a significantly lower 
overall early failure rate of hydrophilic implants as com-
pared to hydrophobic ones.31 The majority of  implant 

surfaces currently being utilized in clinical practice are  
hydrophobic.25,32,33 The examples of  hydrophobic im-
plants are 3i, Astra Tech, Straumann, and Dentsply Fri-
adent; the examples of  hydrophilic implants are Astra 
Tech, Osstem, Nobel Biocare, and Straumann.25

Lastly, in the present study, failed osseointegration 
was recorded as the most common clinical complication 
(12.6%), as compared to the Eastern Province study, which 
reported peri-implantitis to be more common. However,  
due to the larger total number of  implants placed in  
Riyadh (between 342 and 570 per month), along with 
the similar reported prevalence of peri-implantitis (12%) 
among the Riyadh patients, failed osseointegration may 
be ascribed to poor patient compliance, smoking and bad 
oral hygiene, as reported in this study.

Conclusions
The majority of  practitioners placing implants in  

Riyadh were GDPs. Failed osseointegration and peri-im-
plantitis were the most common clinical complications. 
The cost of implants to patients was the biggest barrier to 
placing implants.

The practice of implant placement can differ from one 
region to another, both locally and internationally. How-
ever, what is fundamental is the choice of implant system. 
It should be based on factors that promote early osseoin-
tegration for the purpose of the immediate and early load-
ing of implants. Therefore, consideration should be given 
to the advantages of  chemically modified surfaces that 
promote hydrophilicity, rather than to the topographical 
features alone. Implant placement, as practiced by various 
qualified clinicians, also involves the aspects of  patient 
selection and clinical complications. Studies with larger 
sample sizes are needed to ascertain and compare the de-
mand and practice of implant placement in other regions 
of Saudi Arabia.

Additional comparative research should be undertaken  
on a  local as well as international basis. The research 
should incorporate patient selection, restorative plan-
ning and the surgical placement of implants as well as the 
prevalence and reasons for implant complications and 
failures. Appropriate patient selection for implant thera-
py cannot be overemphasized. By this means, additional 
knowledge, insight and expertise regarding proficiency in 
clinical therapeutic guidelines may be further developed. 
This knowledge, in addition to advanced clinical special-
ist training, will inevitably lead to the improvement in the 
quality of implant therapy for the benefit of patients.
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Abstract
Background. Now that healthcare systems have helped successfully extend the human lifespan, the 
next challenge is to improve the patient’s quality of life (QOL), in particular health-related quality of life 
(HRQOL). A proper HRQOL assessment requires using reliable instruments that are well-adapted to the 
population.

Objectives. The objective of this study was to validate a modified Polish version of the Oral Health Impact 
Profile scale (OHIP-14) for patients with oral mucosa lesions or periodontal disease.

Material and methods. The sample consisted of 180 adults seeking highly specialized treatment at the 
Periodontology Department of the University Dental Clinic in Kraków, Poland. The main modification made 
to OHIP-14 was the inclusion of subquestions regarding the teeth (subscale 1), oral mucosa and other soft 
tissues (subscale 2), and dentures (subscale 3).

Results. The Cronbach’s alpha values were excellent for all 3 subscales (subscale 1: α = 0.924; subscale 2: 
α = 0.937; subscale 3: α = 0.936). In the case of subscale 1, the Kaiser criterion showed a model with 
3 factors (“psychological and social limitations”; “physical limitations”; “functional limitations”), which to-
gether explained 67.1% of the variance, in the case of subscale 2 – a model with 1 factor, and in the case 
of subscale 3 – a 2-factor model (“social interactions limitations”; “basic activities disorder and personal 
discomfort”).

Conclusions. Statistical testing demonstrated that a modified OHIP-14 questionnaire is a reliable tool for 
evaluating QOL in patients with periodontal or oral mucosa diseases.

Key words: oral health, periodontal disease, validation, health-related quality of life
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Introduction
Now that healthcare systems have helped successfully 

extend the human lifespan, the  next challenge is to im-
prove the patient’s quality of  life (QOL), in particular 
health-related quality of  life (HRQOL). This goal ac-
cords with the World Health Organization’s own defini-
tion of health, namely that “health is a state of complete 
physical, mental and social well-being, and not merely 
the absence of disease or infirmity”.1 The HRQOL assess-
ment is based on the patient’s own subjective evaluation 
and may significantly improve the patient’s treatment (by 
improving compliancy and the physician–patient com-
munication, and helping to focus more on  the patient’s 
needs, expectations and satisfaction),2,3 but, at the same 
time, may also indicate suitable ways of  improving the 
healthcare system itself.4 This is especially important in 
the case of chronic diseases,5 which may require regular 
medical appointments, longer treatment, some sacrifices, 
and changes in the patient’s habits, which often need to 
be maintained for the rest of their life. A proper HRQOL 
assessment requires using reliable instruments that are 
well-adapted to the population. Many of  these have al-
ready been developed to evaluate oral health-related 
quality of life (OHRQOL) in adults, e.g., Oral Health Im-
pact Profile (OHIP-49,6 OHIP-147), Geriatric Oral Health 
Assessment Index (GOHAI),8 Liverpool Oral Rehabilita-
tion Questionnaire (LORQ),9,10 and Chronic Oral Muco-
sal Diseases Questionnaire (COMDQ).11

The original English version of  OHIP-14 was devel-
oped from OHIP-49 and validated by Slade.7 Since then, 
this instrument has been applied in many different lan-
guages, e.g., German,12 Italian,13 Greek,14 Turkish,15 Japa-
nese,16 Vietnamese,17 and Polish.18 The original OHIP-14 
is a self-administered questionnaire consisting of 14 items 
divided into 7 dimensions: functional limitation (items 1 
and 2), physical pain (items 3 and 4), psychological dis-
comfort (items 5 and 6), physical disability (items 7 and 8), 
psychological disability (items 9 and 10), social disability 
(items 11 and 12), and handicap (items 13 and 14). The 
respondents answer questions regarding the frequency 
of  the factors that have impacted their QOL in the last 
12 months and their responses are recorded on a 5-point 
Likert scale: never – 0; hardly ever – 1; occasionally – 2; 
fairly often – 3; very often – 4.

The aim of this study was to validate a modified Polish 
version of OHIP-14 in a population of patients with mu-
cosal lesions or periodontal disease in order to make this 
scale applicable to this group.

Material and methods
Two hundred and thirty-two adult patients looking 

for treatment at the Periodontology Department in the 
University Dental Clinic in  Kraków, Poland, between 

January 2017 and July 2018 were approached. Out 
of the 232 individuals, 180 agreed to participate in the 
study (a response rate of 77.6%). The study comprised 
a modified short Polish version of Oral Health Impact 
Profile (mOHIP-14-pl) and was part of a  larger ques-
tionnaire-based study that included a clinical examina-
tion. The cross-cultural adaptation process of the Eng-
lish version of OHIP-14 was carried out according to 
the suggested guidelines.19 The original questionnaire 
was translated into Polish by 2 persons with advanced 
English language skills, then the back-translation was 
performed and the review committee agreed on the fi-
nal Polish version.

In this study, the authors used their own modified 
version of  the standard OHIP-14 (Table 1) that fea-
tures 2 adjustments. The first involved asking about 
the same items separately in relation to the teeth (sub-
scale 1), oral mucosa and other soft tissues, e.g., gingiva 
or tongue (subscale 2), and dentures (subscale  3).  
The purpose of  this modification was to explore the 
differences in the respondents’ opinions, which could 
influence the clinical approach. The second adjust-
ment concerned the inclusion of 2 additional answers: 
“I don’t know”, because some of the respondents found 
it difficult to determine the proper frequency of a given  
factor, and “not applicable”, which was useful in the 
questions regarding the teeth in edentulous patients or 
dentures in patients who do not use any of them. Two 
supplementary answers were thus recorded: “I don’t 
know” – 5 and “not applicable”– 6.

Each of  the enrolled subjects was provided with 
detailed information about the study. All the partici-
pants gave their written informed consent. The ex-
clusion criterion was only lack of  consent. The study 
was approved by the Ethics Committee of  the Jagiel-
lonian University Medical College in Kraków, Poland 
(No. 122.6120.354.2016).

The data was analyzed using the IBM SPSS Statis-
tics for Windows, v. 24 (IBM Inc., Armonk, USA). The 
reliability analysis based on Cronbach’s alpha test was 
performed to evaluate the internal consistency of  the 
scales. Additionally, to  check if the reliability of  the 
scale could be improved by excluding any items, Cron-
bach’s alpha for the scale without this item was esti-
mated. The factor analysis was used to make an  ini-
tial decision about the number of  underlying factors 
contributing to a set of  responses. The varimax rota-
tion was used to simplify the structure, with each item 
loading on as few dimensions as possible. The number 
of  factors chosen was based on the inspection of  the 
scree plot and the Kaiser criterion with an eigenvalue 
≤1.20 Eigenvalues show the degree of variance of all fac-
tors, explained by the factor with greater eigenvalues, 
accounting for more of the variance. The level of sig-
nificance was set at p < 0.05 for all analyses.
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Table 1. Authors’ modified, Polish version of Oral Health Impact Profile (mOHIP-14-pl)

Original dimension Question No. Item Subscale

Functional limitation

1. Have you had trouble pronouncing any words because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

2. Have you felt that your sense of taste has worsened because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

Physical pain

3. Have you had painful aching in your mouth because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

4. Have you found it uncomfortable to eat any foods because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

Psychological discomfort

5. Have you been self-conscious because of your:

A. teeth?

B. oral mucosa?

C. denture?

6. Have you felt tense because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

Physical disability

7. Has your diet been unsatisfactory because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

8. Have you had to interrupt meals because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

Psychological disability

9. Have you found it difficult to relax because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

10. Have you been a bit embarrassed because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

Social disability

11. Have you been a bit irritable with other people because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

12. Have you had difficulty doing your usual jobs because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

Handicap

13. Have you felt that life in general is less satisfying because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?

14. Have you been totally unable to function because of problems with your:

A. teeth?

B. oral mucosa?

C. denture?
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Results
A group of  180 subjects (age: 24–82 years; mean age: 

55 years; 40.6% men; details in  Fig. 1 and Table 2) self-
completed the modified Polish language version of  the 
OHIP‑14 questionnaire for all 3 subscales. The main dis-
orders diagnosed in patients are presented in Table 3.

The internal consistency assessed on the basis of Cron-
bach’s alpha test was excellent for all 3 subscales (sub-
scale  1: α  =  0.924; subscale 2: α  =  0.937; subscale 3: 
α = 0.936). Excluding items in each subscale did not sig-
nificantly improve the Cronbach’s alpha value, so the au-
thors decided that all items were necessary in the scale.

The factor structure of  the examined scales was ex-
plored using the factor analysis. Bartlett’s test of spheri
city (subscale 1: χ = 1102.7, df = 91, p < 0.001; subscale 2: 
χ = 1303.8, df = 91, p < 0.001; subscale 3: χ = 888.2, df = 91; 
p  <  0.001) revealed significant correlations between 
the studied items, thereby enabling further analysis.  
The Kaiser–Meyer–Olkin (KMO) test for sampling ad-
equacy (subscale 1: 0.907, p  <  0.001; subscale 2: 0.897, 
p < 0.001; subscale 3: 0.882, p < 0.001) indicated that the 
items could be implemented as a scale and the factor anal-
ysis could be applied.

In the case of  subscale 1, the Kaiser criterion showed 
a model with 3 factors, which together explained 67.1% 
of  the variance (Table 4). The 1st factor, accounting for 
32.9% of the variance, represented psychological and so-
cial limitations. The highest factorial load was observed 
for the following items: 6, 10, 5, 11, 13, 14, and 12. The 
2nd factor, constituting 22.0% of the variance, represented 
physical limitations. The items with a high factorial load 
were as follows: 3, 8, 9, 4, and 7. The 3rd factor, making up 
12.2% of the variance, determined functional limitations. 
A high factorial load was observed for items 1 and 2.

The Kaiser criterion for subscale 2 as well as the inspection 
of the scree plot produced a single-factor model (Fig. 2). This 
means that there are no other subscales for this scale.

In the case of  subscale 3, the Kaiser criterion produced 
a model with 2 factors, which together explained 65.2% of the 
variance (Table 5). The 1st factor, accounting for 38.9% of the 
variance, referred to physical and psychological limitations 
that were particularly disruptive during social interactions. 
The highest factorial load was observed for the following  

Table 3. Disorders diagnosed in the patients

Disorders n (%)

Gingivitis: dental biofilm-induced 56 (31.1)

Periodontitis 79 (43.9)

Periodontal abscesses and endodontic-periodontal lesions 1 (0.6)

Gingival recession 8 (4.4)

Oral mucosa diseases (oral lichen planus, leukoplakia, burning 
mouth syndrome, candidosis, xerostomia, geographic tongue, 
aphthous stomatitis, Sjögren’s syndrome)

74 (41.1)

Neuralgia 1 (0.6)

Caries 7 (3.9)

Teeth to extraction 9 (5.0)

Temporomandibular joint disorders 4 (2.2)

Fetor ex ore 4 (2.2)

Prosthesis-related oral mucosa injuries 5 (2.8)

Defect after maxillectomy or mandibulectomy 4 (2.2)

Fig. 1. Age structure of the respondents

Table 2. General diseases of the patients

General disease n (%)

No general diseases 66 (36.7)

Any cardiovascular disease (including hypertension) 73 (40.6)

Hypertension 54 (30.0)

Diabetes mellitus 7 (3.9)

Osteoarticular diseases 32 (17.8)

Nervous system diseases (e.g., depression) 5 (2.8)

Any gastrointestinal diseases  
(including gastroesophageal reflux)

20 (11.1)

Gastroesophageal reflux 6 (3.3)

Respiratory diseases  
(asthma, chronic obstructive pulmonary disease)

6 (3.3)

Obesity 1 (0.6)

Lichen planus cutis 1 (0.6)

Other 52 (28.9)

The questionnaires with 1 and more “I don’t know”, 
“not applicable” and missing answers were excluded 
from the statistical analysis. One hundred and twenty-
eight patients (71.1%) gave detailed answers to the ques-
tions regarding the teeth (subscale 1). In subscale 2, 134 
respondents (74.4%) and in subscale 3, 82 patients (45.6%) 
were considered in the analysis. Ninety-three  patients 
(51.7%) were fixed or removable prosthesis users.
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items: 5, 4, 10, 6, 3, 8, 7, and 9. The 2nd factor, accounting 
for 26.3% of the variance, comprised basic activities and per-
sonal comfort limitations. A high factorial load was observed 
for the following items: 14, 12, 13, 11, 1, and 2.

Discussion
An objective assessment of  QOL requires the use 

of reliable tools. Reliability is tested using a standard-
ized statistical process called validation. Its purpose 

is not only to create new reliable scales and question-
naires, but also to improve the already constructed 
ones. Validation should be conducted carefully and 
precisely for every surveyed population in view of lin-
guistic differences and other factors related to age, dis-
ease, environment, etc.

To the authors’ knowledge, this is the first study con-
firming the hypothetical factorial model of the OHIP-14 
questionnaire in patients with periodontal disease and 
oral mucosa diseases. The assessment of  QOL among 
such patients performed separately in relation to the 
teeth, oral mucosa and dentures showed a  different 
structure of these scales. The factor analysis showed that 
using the same set of questions but in relation to distinct 
parts of the oral cavity raises the importance of different 
aspects of QOL. The factor structure of subscale 1 related  
to the teeth shows that the psychological and social, 
physical, and functional aspects of QOL should be treated  
separately. On the contrary, QOL for the oral mucosa 
subscale was shown to have only a 1-dimensional struc-
ture, suggesting that all aspects of QOL are mixed and 
strongly correlated. Subscale 3 is related to the denture 
usage and for this subscale, a  2-factor structure was 
found. In addition, those factors were different from the 
factors for subscale 1 – social relations were found to 
be most pronounced and other problems/aspects con-
stituted the 2nd factor. These results suggest that oral 
health related to QOL, especially from the point of view 
of the periodontal patient, should be analyzed carefully, 
not only as a general oral health measure, but also in re-
lation to the specific problems.

Fig. 2. Scree plot for subscale 2

Table 4. Factor loadings in the rotated factor solution for subscale 1  
(loadings below 0.3 are not displayed)

OHIP-14 item

Factor

psychological 
and social 
limitations

physical 
limitations

functional 
limitations

Item 6 0.893 – –

Item 10 0.846 – –

Item 5 0.825 – –

Item 11 0.789 0.304 –

Item 13 0.615 0.389 –

Item 14 0.552 0.367 –

Item 12 0.519 0.431 –

Item 3 – 0.808 –

Item 8 0.316 0.803 –

Item 9 0.517 0.598 –

Item 4 0.366 0.540 0.368

Item 7 0.476 0.484 0.305

Item 1 – – 0.919

Item 2 – 0.448 0.596

Variance 
explained

32.9% 22.0% 12.2%

OHIP – Oral Health Impact Profile. 

Table 5. Factor loadings in the rotated factor solution for subscale 3  
(loadings below 0.3 are not displayed)

OHIP-14 item
Factor

social interactions 
limitations

basic activities disorder 
and personal discomfort

Item 5 0.842 –

Item 4 0.842 –

Item 10 0.828 0.371

Item 6 0.813 0.372

Item 3 0.731 –

Item 8 0.684 0.394

Item 7 0.663 0.418

Item 9 0.510 0.465

Item 14 – 0.884

Item 12 – 0.826

Item 13 0.442 0.648

Item 11 0.616 0.621

Item 1 0.490 0.516

Item 2 0.326 0.442

Variance 
explained

38.9% 26.3%
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The statistical test used most frequently to assess the 
internal consistency of an instrument is Cronbach’s alpha.  
In the present study, conducted among Polish adults 
suffering from periodontal or oral mucosa diseases, 
the Cronbach’s alpha value was high for each subscale 
(subscale 1: α = 0.924; subscale 2: α = 0.937; subscale 3: 
α = 0.936). Similar results were found for the validation 
of the Polish (α > 0.9),18 Turkish (α = 0.91),15 and Greek 
and Spanish (α = 0.90)14,21 version of the OHIP question-
naire. Excellent internal consistency was found in  the 
German version of OHIP-49 (α = 0.96).12 Values above 0.7 
show a factorial structure with good internal consistency, 
but according to Bland and Altman, for the clinical appli-
cation, very high values of Cronbach’s alpha are needed.22 

The desirable value is 0.95 and the minimum – 0.90.
The internal reliability of  the original English version 

of the scale obtained by Slade, who recalibrated the origi-
nal English version of OHIP-14 for a group of 1217 Aus-
tralians,7 was worse than in this study (α = 0.88).

Periodontal patients often suffer from tooth mobility, 
displacement and loss. These problems may cause limita-
tions in social interactions (fear of smiling and laughing, 
problems during eating related to mobile teeth and/or  
dentures, etc.), but also influence private life (fear of sud-
den tooth loss, tension, etc.). In periodontal patients, 
OHRQOL decreases23–27 and is multidimensional. Oral 
rehabilitation as well as many factors related to treat-
ment (e.g., the sort of denture, the frequency and regular-
ity of follow-up appointments) can influence OHRQOL. 
McKenna et al. investigated the influence of prosthetic re-
habilitation on OHRQOL in 2 groups of partially dentu-
lous older people: group 1 was treated with removable par-
tial dentures and group 2 – with fixed adhesive bridges.28  
The OHRQOL of the patients improved after oral reha-
bilitation in both groups. The improvement was greater  
in group 2 and was maintained at the same level for 
24 months following the treatment. In group 1, the initial 
pace of improvement started to diminish after 6 months.

This study has some limitations. Firstly, it was con-
ducted in a  highly specialized university clinic, where 
many patients are referred because of the severity of their 
diseases, which may adversely influence the patients’ 
HRQOL. Secondly, the majority of the respondents were 
elderly and their life experience, general diseases and so-
cial expectations may have affected the results. On this 
account, it is possible that the patients modified the an-
swers to seem healthier or to emphasize their complaints 
and the severity of the disease. There is no doubt that the 
general health condition (such as insomnia or depression) 
can also influence the patient’s responses.29,30 It may be 
related to lowering the individual’s acceptance level, some 
sacrifices or new habits in the case of chronic diseases, or 
with cognitive functions disorders in the case of mental 
diseases. Thirdly, the study population consisted not only 
of  first-time patients, but also of  regular patients. This 
means that some of  the patients had undergone at least 

the initial treatment (in some cases, also the long-term 
treatment), and that their awareness of their disease had 
changed and acute symptoms had been eliminated, which 
could influence subjective HRQOL.23

On the other hand, this study is innovative in the way 
HRQOL is assessed using a modified OHIP-14 question-
naire, in which this aspect is separately analyzed in re-
lation to the teeth, oral mucosa and dentures. This may 
point out the dimensions that are especially affected 
in periodontal patients; in their case, the problem relates 
not only to the teeth and the surrounding tissues, but also 
to tooth loss and the necessity of  prosthetic treatment.  
In the future, this innovative view of  assessing the pa-
tient’s HRQOL could be applied in clinical settings and 
influence the individual patient’s treatment plan, compli-
ancy and satisfaction.

Conclusions
Statistical testing showed the mOHIP-14-pl question-

naire to be a  reliable tool for evaluating OHRQOL in 
patients with periodontal or oral mucosa diseases. The 
factor analysis confirmed 3 dimensions which should 
be considered regarding the teeth (“physical and social 
limitations”, “physical limitations” and “functional limita-
tions”) and 2 dimensions regarding dentures (“social in-
teractions limitations” and “basic activities disorder and 
personal discomfort”). Regarding oral mucosa, all stan-
dard dimensions should be taken into account. Very high 
values of Cronbach’s alpha indicate that the questionnaire 
can be used in clinical settings.
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Abstract
Background. Various materials are used for vital pulp capping and the bond strength of restorative mate-
rials to these pulp-capping agents significantly affects the success rate of vital pulp therapy.

Objectives. The aim of this study was to determine the shear bond strength of a flowable composite resin 
and a single-component glass-ionomer to mineral trioxide aggregate (MTA), calcium-enriched mixture 
(CEM) cement and BiodentineTM as pulp-capping agents.

Material and methods. Seventy-two cylindrical acrylic resin blocks, with a central hole 4 mm × 2 mm, 
were prepared. Mineral trioxide aggregate, CEM cement and Biodentine were placed in the cavities (n = 24 
in each group) and incubated for 24 h. The blocks were subdivided into the composite resin and glass-
ionomer subgroups. Cylindrical plastic molds, measuring 3 mm in height and diameter, were used to 
place the restorative materials on the samples. The shear bond strength test was performed at a  strain 
rate of 1 mm/min in a universal testing machine. The samples were evaluated under a stereomicroscope 
at ×25 magnification for fracture modes. The data was analyzed with the one-way analysis of variance 
(ANOVA) and Tukey tests.

Results. The maximum and minimum mean shear bond strength values were recorded in the Bioden-
tine–composite resin (4.77 MPa) and MTA–glass-ionomer (2.20 MPa) groups, respectively. There were 
significant differences in the mean shear bond strength values of MTA, CEM cement and Biodentine to the 
composite resin and glass-ionomer (p < 0.001).

Conclusions. A composite material may be preferable for definitive filling after pulp capping with Biodentine.

Key words: shear bond strength, mineral trioxide aggregate, composite resin, glass-ionomer cement, 
Biodentine

Słowa kluczowe: wytrzymałość wiązania na ścinanie, agregat trójtlenków mineralnych, żywica kompo-
zytowa, cement szkło-jonomerowy, Biodentyna
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Introduction 
Vital pulp therapy consists in placing a biocompatible 

material on the exposed pulp of  the teeth with an open 
apex.1 Various materials are used for pulp capping, in-
cluding calcium hydroxide, mineral trioxide aggregate 
(MTA) and newer silicate-based cements, such as BioAg-
gregate®, EndoSequence®, BiodentineTM, etc.2

Mineral trioxide aggregate is a hydrophilic cement com-
posed of calcium oxide, silica and bismuth oxide. Several 
successful clinical applications have been reported for 
MTA.1 Long-term studies (over 3 years) have reported that 
the success rate of vital pulp therapy with MTA is higher 
than in the case of calcium hydroxide (78% vs 60%).2 These 
favorable outcomes for direct pulp therapy with MTA 
have been confirmed in recent systematic reviews.3 De-
spite the various reported advantages, MTA has also some 
disadvantages, including potential for discoloration, dif-
ficult handling, long setting time, high cost, unavailability 
of a solvent, and difficulty with its removal after setting.4

Biodentine is a  new calcium silicate-based cement with 
high purity, which has drawn attention as a  substitute for 
dentin in composite resin restorations, direct pulp capping 
and endodontic treatment.5,6 Biodentine consists of  trical-
cium silicate, calcium carbonate (as a filler), zirconium oxide 
(as  an opacifier), and a  water-based liquid containing cal-
cium chloride. Calcium chloride serves as a water-reducing 
agent and decreases the initial and final setting times. The 
incorporation of calcium chloride into the liquid not only re-
sults in the acceleration of the setting time of Biodentine, but 
also improves the handling properties and strength of the ce-
ment.5 In previous studies, Biodentine has exhibited better 
sealing ability, higher compressive strength, shorter setting 
time, lower microleakage, better antimicrobial properties, 
less toxic effects, and better biocompatibility, bioactivity and 
biomineralization compared to MTA.7

Calcium-enriched mixture (CEM) cement is a  newly 
introduced material in endodontics. It is a  water-based 
cement with clinical properties similar to those of MTA; 
however, its chemical properties are different.8 This new 
material is recommended for direct pulp capping and 
pulpotomy in deciduous and permanent molars.9

One of the most important issues in vital pulp therapy is 
the ability to seal the pulp-capping agents, because keep-
ing them intact affects the prognosis of  the therapeutic 
procedure. Composite resins are common restorative 
materials, especially in the esthetic zones. A proper bond 
between the composite resin and the pulp-capping agent 
can distribute stresses beyond the bonded area on the 
tooth surface, decrease microleakage and increase the 
strength of the remaining tooth structure.10

In cases with an  insufficient amount of enamel around 
the access cavity, resin-modified glass-ionomer (RMGI) 
is considered a suitable restorative material for the recon-
struction of the crowns of the teeth that have undergone 
pulp therapy.11 Glass-ionomers bond to the tooth structure 

chemically, exhibit proper bio-compatibility, no polymer-
ization shrinkage and no free monomers, and have dimen-
sional stability in the presence of moisture, as their advan-
tages.12 At present, newer types of glass-ionomer cements 
have been introduced to overcome the disadvantages of old 
cements, including sensitivity to water and low translucen-
cy, and preserve their advantages, such as fluoride release 
and adhesion, at the same time.13 A proper bond between 
the restorative material and the pulp-capping agent results 
in the distribution of stresses on all bonded surfaces, en-
sures the vitality of the pulp and its sealing, and improves 
the prognosis of vital pulp therapy.7,14

Cantekin and Avci evaluated the shear bond strength 
of  a  methacrylate-based and a  silorane-based composite 
resin and a  glass-ionomer to MTA and Biodentine.7 They 
reported that the highest bond strength was related to the 
methacrylate-based composite resin bonded to Biodentine.7 
Later on, Doozaneh et al. reported that the bond strength 
of a self-adhering flowable composite resin to CEM cement 
and MTA was higher than in the case of improved RMGI 
with an additional application of an adhesive.15 Also, in 2018, 
Elmi et al. concluded that irrespective of the type of adhesive 
system, the shear bond strength of a composite resin to CEM 
cement is higher than that of RMGI.16

The purpose of the present in vitro study was to deter-
mine the shear bond strength of  a  composite resin and 
a single-component glass-ionomer to MTA, CEM cement 
and Biodentine as pulp-capping agents.

Material and methods
A total of 72 cylindrical acrylic resin blocks (Acropars®; 

Marlic Medical Ind. Co., Tehran, Iran) were prepared for 
the purpose of this in vitro study. A cavity, measuring 4 mm 
in diameter and 2 mm in depth, was prepared at the center 
of each cylinder. Mineral trioxide aggregate (ProRoot® MTA; 
Dentsply Sirona Inc., York, USA), CEM cement (Yektazist 
Dandan, Tehran, Iran) and Biodentine (Septodont, Saint-
Maur-des-Fossés, France) were used according to the manu-
facturers’ instructions. Mineral trioxide aggregate was mixed 
at a powder-to-liquid ratio of 3:1.4 The liquid and powder 
of CEM cement were mixed according to the manufacturer’s 
instructions to achieve a proper consistency. Biodentine was 
prepared in an amalgamator by adding 5 drops of Biodentine 
liquid to the capsule containing its powder in 30 s. Then, the 
prepared materials were placed in the cavities at the center 
of the acrylic blocks.

The blocks were divided into 3 groups according to the 
material used: MTA, CEM cement and Biodentine (n = 24 
in each group). The acrylic blocks were incubated at 37°C 
and 100% relative humidity for 24 h for the complete set-
ting of the materials.7 As the acid-etching procedure af-
fected the compressive strength and surface microhard-
ness, after 24 h, surface changes occurred, which enhanced 
bonding.17 Then, each group was divided into 2 subgroups  
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– Grandio Flow® composite resin and Ionoseal® glass-
ionomer (VOCO GmbH, Cuxhaven, Germany). 

The blocks receiving the composite resin were acid-
etched with 35% phosphoric acid for 15  s to avoid over-
etching, which decreases the shear bond strength.18 Af-
terward, they were rinsed with water for 30 s, followed by 
drying with an oil-free air stream for 5 s. At the next stage, 
the adhesive Solobond® M (VOCO GmbH) was applied on 
the specimen surfaces. It was applied twice and dried with 
an air flow for 5 s in order to evaporate its solvent. The next 
step was light-curing (LED D; Guilin Woodpecker Medical 
Instrument Co. Ltd., Guilin, China) for 15 s. 

Cylindrical plastic molds, measuring 3  mm in diame
ter and height, were used to place the flowable compo
site resin.19 The molds were filled with the Grandio Flow 
composite resin and placed on the prepared surfaces 
of the samples before setting, followed by light-curing for 
20 s from the top, based on the manufacturer’s instruc-
tions. Then, the plastic molds were gently detached from 
the composite resin molds, which was followed by light-
curing for 20 s from the sides. Similar plastic molds were 
used for the Ionoseal glass-ionomer. The glass-ionomer 
was placed within the transparent molds put on the 
samples, followed by light-curing from the top for 20  s. 
Then, the plastic molds were gently separated from the 
glass-ionomer samples, which was followed by light cur-
ing from the sides for 20 s. Next, the samples were stored 
at 37°C and 100% relative humidity for 24 h. 

Subsequently, the samples were transferred to a universal 
testing machine (Walter+Bai AG, Löhningen, Switzerland), 
equipped with a  chisel-shaped head measuring 5 mm in 
width. A perpendicular force was applied at the restorative 
material–pulp-capping agent interface at a crosshead speed 
of 1 mm/min to detach the composite resin and glass-iono
mer from the endodontic materials and to draw a  graph. 
Before carrying out statistical analyses, the resultant data, 
recorded in N, was divided by the surface area of the samples 
(7.06 mm2) in order to determine the bond strength in MPa. 
Finally, all samples were evaluated under a stereomicroscope 
(trinocular zoom stereo microscope SMP-200; HP Inc., Palo 
Alto, USA) at ×25 magnification to evaluate the fracture 
modes (cohesive, adhesive or mixed). 

The data was analyzed with the one-way analysis 
of  variance (ANOVA), t-test and post hoc Tukey tests. 

The significance level was assumed at p < 0.05. The tables 
were drawn using the software IBM SPSS Statistics for 
Windows, v. 20 (IBM Corp., Armonk, USA). 

Results
As shown in Table 1, the maximum and minimum mean 

shear bond strength values were recorded in the Bioden-
tine–composite resin (4.77 MPa) and MTA–glass-ionomer 
(2.20 MPa) groups, respectively. There were significant dif-
ferences in the mean shear bond strength values of MTA, 
CEM cement and Biodentine to the composite resin and 
glass-ionomer (p  <  0.001). Since the differences in the 
mean shear bond strength value of MTA, CEM cement and 
Biodentine to the composite resin and glass-ionomer were 
significant, the post hoc Tukey tests were used. The mean 
shear bond strength value of MTA to the composite resin 
was 3.19 MPa, which was significantly higher than those in 
the MTA–glass-ionomer and CEM cement–glass-ionomer 
groups (p < 0.001). On the other hand, the mean shear bond 
strength value of  the MTA–composite resin group was 
lower than those in the CEM cement–composite resin and 
Biodentine–composite resin groups, which was statistically 
significant (p  <  0.001). However, despite the lower mean 
shear bond strength value in the MTA–composite resin 
group compared to the Biodentine–glass-ionomer group, 
the difference was not statistically significant (p = 0.88).

Based on the data in Table 2, the shear bond strength 
values for the CEM cement–composite resin group was 

Table 2. Two-by-two comparisons of the shear bond strength value between the study groups

Study groups
MTA 

–composite
CEM cement 
–composite

Biodentine 
–composite

MTA 
–glass-ionomer

CEM cement 
–glass-ionomer

Biodentine 
–glass-ionomer

3.19 4.00 4.77 2.20 2.36 3.35

MTA–composite – p < 0.001 p < 0.001 p < 0.001 p < 0.001 p = 0.88

CEM cement–composite p < 0.001 – p < 0.001 p < 0.001 p < 0.001 p < 0.001

Biodentine–composite p < 0.001 p < 0.001 – p < 0.001 p < 0.001 p < 0.001

MTA–glass-ionomer p < 0.001 p < 0.001 p < 0.001 – p = 0.87 p < 0.001

CEM cement–glass-ionomer p < 0.001 p < 0.001 p < 0.001 p = 0.87 – p < 0.001

Biodentine–glass-ionomer p = 0.88 p < 0.001 p < 0.001 p < 0.001 p < 0.001 –

Table 1. Mean shear bond strength values of MTA, CEM and Biodentine to 
composite resin and glass-ionomer

Pulp-capping 
agent

Restorative  
material Number

 Mean bond  
strength  

[MPa]
SD

MTA
composite resin 12 3.19 0.23

glass-ionomer 12 2.20 0.27

CEM cement
composite resin 12 4.00 0.47

glass-ionomer 12 2.36 0.39

Biodentine
composite resin 12 4.77 0.30

glass-ionomer 12 3.35 0.38

SD – standard deviation; MTA – mineral trioxide aggregate;  
CEM – calcium-enriched mixture.
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higher compared to all other groups except for the Bio-
dentine–composite resin group and the differences, 
whether higher or lower, were significant (p < 0.001). The 
Biodentine–composite resin group had a  higher shear 
bond strength value than all other 5 groups and the differ-
ence was statistically significant (p < 0.001).

Also, the mean shear bond strength value in the MTA 
–glass-ionomer group was lower compared to other 
groups and this difference was not significant only with re-
gard to the CEM cement–glass-ionomer group (p = 0.87); 
however, the difference was significant in the case of the 
other groups (p < 0.001).

The mean shear bond strength value in the CEM ce-
ment–glass-ionomer group was not significantly different 
only from that in the MTA–glass-ionomer group (p < 0.87); 
however, the difference with regard to other groups was 
significant (p < 0.001). The comparison of the mean shear 
bond strength values between the Biodentine–glass-iono
mer and other groups showed no significant difference 
between this group and the MTA–composite resin group 
(p = 0.88); however, the differences between this group and 
other groups were significant (p < 0.001).

Discussion 
After vital pulp therapy, the treated tooth requires a suit-

able restoration. Recently, composite resins have been 
widely used for this purpose, but in some areas, where there 
is not enough enamel around the preparation site, RMGIs 
can be a good alternative.20 The bond strength of  restor-
ative materials to pulp-capping agents plays a crucial role 
in the coronal sealing, and consequently the success of vital 
pulp therapy.7 A proper bond between the restorative ma-
terial and the pulp-capping agent also distributes stresses 
on the bonded surface area of dentin.14

Therefore, in the present study, the shear bond strength 
test was used to evaluate the adhesive properties of  re-
storative materials (composite resin and glass-ionomer) 
to 3 pulp-capping agents (MTA, CEM cement and Bio-
dentine). The shear bond strength of different restorative 
materials to MTA has been evaluated in previous stu
dies.11,15 However, only a few studies on the bond strength 
of different restorative materials to CEM cement and Bio-
dentine are available.11,15,16,21 

The results of the present study showed that the highest 
shear bond strength between the pulp-capping agent and 
the restorative material was in the Biodentine–composite 
resin group. Furthermore, Biodentine exhibited higher 
shear bond strength to the composite resin and glass-iono
mer compared to that of  MTA and CEM cement. This 
result is in agreement with Cengiz and Ulusoy’s study.22 
Such a difference might be explained by the fact that, un-
like MTA, in which  only distilled water is used for setting, 
the liquid of  Biodentine contains a  mixture of  distilled 
water, calcium chloride and a water-soluble monomer.23 

Calcium chloride accelerates the setting reaction, and the 
water-soluble monomer serves as a water-reducing agent 
and decreases the amount of  water in the material, in-
creasing the strength of the material.23,24

In the present study, the surfaces of  the pulp-capping 
agents were not polished; therefore, they had some in-
dentations, resulting in the greater penetration of  the 
composite resin and glass-ionomer. The use of a bonding 
agent in the composite resin groups could result in higher 
bond strength. Composite resin is a hydrophobic material 
and forms a better bond with surfaces that have low wa-
ter content. The bonding agent used in the present study 
was of the total-etch type (Solobond® M; VOCO GmbH), 
which creates a better bond with drier surfaces. Consider-
ing the presence of a water-reducing agent in Biodentine, 
the water content of the material decreases, resulting in 
better conditions for bonding with composite resin.

The exact mechanism of bonding restorative materials 
to Biodentine has not been elucidated. Since Biodentine 
and MTA have a similar chemical structure, it is prob-
able that their water absorption is also similar. Etchants, 
during shorter than usual times, might cause the selec-
tive elimination of  the matrix around crystal structures, 
leading to successful bonding through micromechanical 
interlocking.17

The majority of studies on various adhesive systems ap-
plied on MTA have shown favorable shear bond strength 
obtained with the use of  total-etch adhesive systems; 
it has been demonstrated that phosphoric acid creates 
deeper and more retentive microscopic pores compared 
to self-etch adhesive systems.17 In the present study, the 
samples receiving composite resin were acid-etched with 
35% phosphoric acid. Since no resin structure is present in 
MTA and CEM cement, it can be claimed that their bond-
ing to restorative materials is completely mechanical. 

Altunsoy et al. evaluated the shear bond strength 
of 2 different types of composite resin to MTA, CEM ce-
ment and Biodentine.25 The results showed that the low-
est bond strength was related to Biodentine–composite 
resin, contrary to the results of  the present study. They 
used a  self-adhesive flowable composite resin, without 
etching and dentin bonding. In addition, in their study, 
the specimen surfaces were polished with abrasive paper 
for 1 min, which resulted in a decrease in bond strength.25 

Cantekin and Avci evaluated the shear bond strength 
of a methacrylate-based and a silorane-based composite 
resin as well as a glass-ionomer to MTA and Biodentine.7 
They reported that the highest bond strength was re-
lated to methacrylate-based composite resin bonded to 
Biodentine. The results of their study are consistent with 
those of the present study. It should be pointed out that in 
the study by Cantekin and Avci, contrary to the present 
study, the composite resins were packable; in the present 
study, a  flowable composite resin was used. In addition, 
the glass-ionomer used in the study by Cantekin and Avci 
was a type of conventional self-cured glass-ionomer.7 
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Ajami et al. compared the shear bond strengths of com-
posite resin and glass-ionomer to MTA, CEM cement and 
white MTA (WMTA) mixed with Na2HPO4 (NAMTA)  
as pulp-capping agents.11 The highest bond strength 
was recorded in the NAMTA–composite resin group.  
It should be pointed out that some properties of NAMTA 
are different from those of MTA. The study carried out by  
Ajami et al. was different from the present one with re-
gard to the methods and the materials used. In their study, 
all samples were sandblasted and a  packable composite 
resin was used in association with a one-step self-etch ad-
hesive system.11

Based on the results of the present study, the minimum 
shear bond strength value between the pulp-capping 
agent and the restorative material was recorded in the 
MTA–glass-ionomer group. When a  restorative glass-
ionomer is placed on MTA, one of the following reactions 
might occur: 
–	the COO– group in polyacrylic acid might react with 

calcium in MTA to produce calcium salts; 
–	the MTA hydrated silicate gel might be compressed by the 

glass-ionomer hydrated silicate gel to create byproducts.26

Given the high percentage of  metallic oxides in MTA 
and the porous surface topography of MTA, it is expect-
ed that glass-ionomer will form a relatively strong bond 
with MTA.27 The glass-ionomer used in the present study 
was Ionoseal, which is a  single-component material. 
Since no etching or bonding were used in the glass-iono
mer groups, possibly this material exhibited lower bond 
strength compared to the composite resin bonded to the 
pulp-capping agents. However, since in the present study, 
the surfaces of the pulp-capping agents were not polished 
and had some inherent porosity as well as considering the 
fact that the glass-ionomer used in the present study was 
flowable and exhibited proper adaptation to the surface, 
the restorative material formed a relatively strong bond to 
the pulp-capping agents.

In the study by Cantekin and Avci, in which the bond 
strength of  Biodentine and MTA to a  silorane-based 
composite resin, a  methacrylate-based composite resin 
and a self-curing conventional glass-ionomer was evalu-
ated, the lowest bond strength was recorded in the MTA 
–glass-ionomer group,7 which is consistent with the re-
sults of the present study.

In the study by Ajami et al., in which the shear bond 
strength of composite resin and glass-ionomer to MTA, 
CEM cement and NAMTA was evaluated, the lowest 
bond strength values were recorded in the CEM cement 
–glass-ionomer group,11 which does not agree with the 
results of the present study. It should be pointed out that 
such a discrepancy in the results might be attributed to 
the differences in the methodologies, including the use 
of sandblasting and the use of polyacrylic acid as a condi-
tioner before the application of RMGI. 

In the present study, the fracture mode in all samples 
was cohesive within the pulp-capping agents. Recent stu

dies have demonstrated that the fracture mode between 
MTA and dentin was cohesive within MTA. However, the 
number of cohesive fractures decreased and the number 
of  adhesive fractures increased over time.28 In addition, 
the researchers pointed out that when CEM cement was 
used as a root-end filling material, the fracture mode was 
cohesive in the push-out test.29 In order to carry out a suc-
cessful restorative procedure with 2 different materials, 
there should be a proper bond between the 2 materials. 
Generally, a  bond is favorable when the fracture occurs 
within the material rather than at the bonded interface 
(i.e., a cohesive fracture is better than adhesive failure).19

Since in the present study, the failure mode in all samples 
was cohesive within the pulp-capping agents, the results 
indicate a  favorable bond between the restorative mate-
rial and the pulp-capping agent. In the evaluation of failure 
modes, especially in the shear bond strength tests, one im-
portant issue should be taken into account. The tendency 
toward a cohesive fracture might be attributed to the un-
even distribution of stresses within the bonded materials, 
resulting in early failure before the bonded surface is af-
fected.30 This is an inherent problem with the shear bond 
strength test, in which a lot of tensile force is applied to the 
area below the force application point, with simultaneous 
compressive stresses at the point opposite the force appli-
cation point.31

Conclusions 
Within the limitations of an in vitro study, the composite 

resin exhibited stronger bonds to all the evaluated pulp-
capping agents compared to the glass-ionomer. Among 
the pulp-capping materials, Biodentine exhibited a higher 
bond strength value to the flowable composite resin and 
the glass-ionomer. Therefore, to achieve a proper bond, the 
use of a composite resin on Biodentine is recommended. 
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Abstract
Background. Considering the increasing demand of patients for esthetic and durable restorations, zirco-
nia, with its excellent mechanical properties, has overcome most of the limitations of all-ceramic restora-
tions. However, bonding to zirconia is still challenging.

Objectives. This study compared the effect of  2 universal adhesives on the microshear bond strength 
of resin cement to zirconia after 24 h and 6 months of water storage.

Material and methods. This in vitro experimental study was performed on 56 zirconia (Prettau® Zirco-
nia) blocks, which were randomly divided into 2 groups. The ScotchbondTM Universal single-component 
adhesive and the All-Bond UniversalTM 2-component adhesive were used. The PANAVIATM F 2.0 resin ce-
ment was bonded to all samples, and they were stored in distilled water for 24 h and 6 months. The mi-
croshear bond strength test was then performed, and the data was analyzed using the Kruskal–Wallis and 
Mann–Whitney tests.

Results. After 24 h of water storage, the All-Bond samples showed significantly higher microshear bond 
strength than the Scotchbond samples (p  <  0.001), but at 6 months, the microshear bond strength 
of Scotchbond was higher. The bond strength of All-Bond decreased after 6 months (p < 0.001), but no 
significant change occurred in the bond strength of the Scotchbond samples over time.

Conclusions. The microshear bond strength of resin cement to zirconia depends on the type of adhesive 
and the duration of water storage. The Scotchbond Universal adhesive resulted in a stronger bond in the 
long term.

Key words: zirconium oxide, adhesives, resin cement, All-Bond system

Słowa kluczowe: tlenek cyrkonu, systemy łączące, cement kompozytowy, system All-Bond
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Introduction 
From among different dental ceramics, zirconia has be-

come highly popular among clinicians due to its biocom-
patibility, favorable mechanical properties, long-term du-
rability, and optimal esthetics.1 Zirconia can well mimic 
the natural appearance of the teeth. However, it is brittle, 
fragile and susceptible to fracture.2 Saliva, thermal changes 
and the acidity of  the oral environment after food con-
sumption decrease the mechanical stability of  zirconia.3 
Several methods have been suggested for the ceramic 
surface preparation, such as micromechanical retention, 
sandblasting with alumina particles, laser treatment, and 
chemical bonding. However, difficult handling of alumina 
particles is one limitation of  this method. Thus, a  strong 
bond is required to provide retention. For the cementa-
tion of zirconia restorations, the application of a bonding 
agent can significantly enhance the bond strength of resin 
cement to zirconia.4–6 The manufacturers claim that the 
universal adhesives available on the market can be used for 
different substrates. Two-component universal adhesives 
are also available. These adhesives require fewer procedur-
al steps, which consequently saves time and decreases the 
technical sensitivity of the procedure.7 The new universal 
adhesives contain the 10-methacryloyloxydecyl dihydro-
gen phosphate (10-MDP) monomer and, therefore, can 
form a chemical bond to resin cement.8 

Several studies have searched for a  suitable bonding 
agent to be applied on zirconia, but no simple scientific 
method has been introduced for this purpose. This study 
aimed to compare the effect of 2 universal adhesives on 
the microshear bond strength of resin cement to zirconia 
after 24 h and 6 months of water storage.

Material and methods
Fifty-six zirconia (Prettau® Zirconia; Zirkozahn GmbH, 

Gais, Italy) blocks measuring 8 mm × 15 mm × 2 mm were 
fabricated, sintered and polished. The surface of all samples 
was rinsed with alcohol and water to remove debris, and 
dried with air spray. The zirconia blocks were divided into 
2  groups, for the ScotchbondTM Universal single-compo-
nent adhesive (3M ESPE, St. Paul, USA) and the All-Bond 
UniversalTM 2-component adhesive (Bisco Inc., Schaum-
burg, USA) to be used. Each group was divided into 2 sub-
groups for water storage for 24 h and 6 months.

In the Scotchbond groups, 1  layer of Scotchbond was 
applied on the clean surface of the samples using a micro-
brush and dried with air spray to obtain a uniform layer 
of  the adhesive on the surface. Curing was performed 
for 10  s, according to the manufacturer’s instructions. 
For the application of All-Bond, 1 drop from each bottle 
was poured into an amalgam mixing bowl and mixed for  
10–15 s. The mixture was then applied on the surface 
of  zirconia using a  microbrush, dried with air spray  

and cured for 10 s. To bond the resin cement to the zir-
conia blocks, the TYGON® tubes (Saint-Gobain Perfor-
mance Plastics Corp., Akron, USA) with an internal dia
meter of 0.7 mm were used. They were cut to the height 
of 1 mm and fixed to glass slides using glue. 

For the preparation of the PANAVIATM F 2.0 resin ce-
ment (Kuraray Noritake Dental Inc., Kurashiki, Japan), 
pastes A and B were mixed according to the manufactur-
er’s instructions, and applied to the TYGON microtubes 
using a  fine plugger. The TYGON tubes filled with the 
resin cement were placed on the zirconia blocks coated 
with the adhesive and excess cement was removed using 
a dental explorer. Each cement tube was cured for 20 s us-
ing a light-emitting diode (LED) light-curing unit (Guilin 
Woodpecker Medical Instrument Co. Ltd., Guilin, China) 
with a light intensity of 1000 mW/cm². 

After 24 h of  water storage, the TYGON tubes were 
separated from the PANAVIA F 2.0 resin cement using 
a  scalpel, whereas the resin cylinders with a  diameter 
of 0.7 mm and a height of 1 mm remained attached to the 
zirconia surface. Half of the samples were subjected to the 
microshear bond strength test after 24 h of immersion in 
distilled water and incubation at 37°C. The remaining half 
were immersed in distilled water and incubated at 37°C 
for 6 months. 

The Microtensile Tester machine (Bisco Inc.) was used 
for the measurement of  the microshear bond strength 
of the PANAVIA F 2.0 resin cement to the zirconia ceramic. 

The zirconia blocks bonded to the resin cement were 
fixed to the testing machine using cyanoacrylate glue. 
An orthodontic wire in the form of a hook was used for 
the load application to the resin cylinders. These wires 
were fixed to the cylinders. The maximum load causing 
failure of the bond between the resin cylinders and zirco-
nia was recorded for all samples. 

After the measurement of  microshear bond strength, 
the surface of all samples was inspected under a light mi-
croscope at ×25 magnification (Carl Zeiss, Oberkochen, 
Germany) to determine the mode of  failure. The mode 
of  failure was recorded for all samples and divided into 
3 groups as follows:
–	adhesive failure: fracture at the zirconia–resin cement 

interface;
–	cohesive failure: fracture within the resin cement;
–	mixed failure: a combination of adhesive and cohesive 

failures.
Table 1 shows the chemical composition of the materials 

used in this study.
The Shapiro–Wilk test was used to assess normal dis-

tribution of the data. Since the data was not normally dis-
tributed in 2 of the 4 subgroups (p < 0.05), and the interac-
tion effect of the type of adhesive and the storage time on 
bond strength was significant, the non-parametric Krus-
kal–Wallis test was used for comparing the bond strength 
of the 4 groups and the Mann–Whitney test was used for 
multiple comparisons (Fig. 1). Type I error was set at 0.05.
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Results 
Table  2 shows the mean bond strength in the 4  sub-

groups. The results of  the Kruskal–Wallis test showed 
that the 4 subgroups were significantly different in terms 
of bond strength (p < 0.001). Pairwise comparisons using 
the Mann–Whitney test showed that the microshear bond 
strength of the All-Bond samples was significantly differ-
ent after 24 h and 6 months of water storage, and it was 
significantly higher at 24 h (p < 0.001). The bond strength 
of the Scotchbond samples was not significantly different 
at 24 h and 6 months (p = 0.603). A significant difference 
was noted between the All-Bond and Scotchbond samples 
at 24 h – the microshear bond strength of All-Bond was 
higher than that of Scotchbond (p < 0.001).

Figure 1 shows the comparison of All-Bond and Scotch-
bond. At 6 months, the Scotchbond samples proved to 
have higher microshear bond strength (p = 0.039).

A significant difference was noted between the All-
Bond samples stored for 24 h and the Scotchbond samples 
stored for 6 months, with the former having higher bond 
strength (p = 0.001). No significant difference was noted 
between the All-Bond samples stored for 6 months and 
the Scotchbond samples stored for 24 h (p = 0.085). The χ2 
test showed that the 4 groups were not significantly differ-
ent in terms of mode of failure (p = 0.587).

Discussion 
Yttrium-stabilized tetragonal zirconia is the most com-

monly used type of zirconia in dentistry.9 Thus, this ce-
ramic was used in this study. PANAVIA F 2.0 contains 
a  functional phosphate monomer (10-MDP) that forms 
a  stronger bond to metal oxides such as zirconia oxide. 
Many researchers believe that PANAVIA F 2.0 is the best 
choice of cement for bonding to zirconia.10,11 

Bonding to zirconia can be mechanical or chemical. 
Numerous studies have assessed the effect of sandblast-
ing with aluminum oxide particles on the zirconia sur-
face. It causes the tetragonal-to-monoclinic phase trans-
formation in zirconia and eventually affects the long-term 
function of zirconia restorations.12–14 Phark et al. assessed 
the bond strength of different kinds of cement to zirco-
nia, with and without sandblasting, and did not suggest 
the sandblasting of the zirconia surface to increase reten-
tion.15 Reddy et al. showed that the application of a primer 
provides a stronger bond between zirconia and resin ce-
ment than sandblasting.16 Thus, in this study, we did not 
perform sandblasting and only assessed the effect of the 
type of adhesive on the microshear bond strength of resin 
cement to zirconia.

Since single-step universal adhesives contain a combi-
nation of  hydrophilic and hydrophobic resins as well as 
acid and water, hydrolysis occurs, and as a result, the shelf 
life and primary bond strength decrease. The presence 
of  hydrophilic monomers in these adhesives interferes 
with polymerization. They serve as a  semi-permeable 
membrane and allow the passage of  liquids through the 

Table 2. Mean bond strength in the 4 subgroups (n = 14)

Groups Mean  
[MPa] SD Minimum Maximum

All-Bond – 24 h 28.52a,d 4.40 21.06 35.88

All-Bond – 6 months 14.43b,e 6.93 4.93 23.40

Scotchbond – 24 h 20.42c,e 4.16 16.11 27.29

Scotchbond – 6 months 19.82c,f 6.76 9.88 30.16

SD – standard deviation; values with a different supercript letter show 
statistical significance (p < 0.001).

Table 1. Chemical composition of the materials used in the study

Material Composition Manufacturer

Prettau Zirconia
ZrO2 (+HfO2) 95%,   

Y2O3 4.95–5.26%, Al2O3 0.15–0.35%, SiO2 max 0.02%, Na2O max 0.04%, Fe2O3 max 0.01%
Zirkonzahn GmbH,  

Gais, Italy

Scotchbond Universal 10-MDP, dimethacrylate resin, HEMA, ethanol, water, poly(acrylic acid) compolymer, silane, fillers, initiators 3M ESPE, St. Paul, USA

All-Bond Universal 10-MDP, dimethacrylate resin, HEMA, ethanol, water, initiators Bisco Inc., Schaumburg, USA

PANAVIA F 2.0
paste A: 10-MDP, BPEDMA, aliphatic dimethacrylate;  
paste B: composite containing Al-Ba-B-Si glass/silica

Kuraray Noritake Dental Inc.,  
Kurashiki, Japan

BPEDMA – bisphenol-A polyethoxydimethacrylate; HEMA – hydroxyethylmethacrylate; 10-MDP – 10-methacryloyloxydecyl dihydrogen phosphate.

Fig. 1. Mean microshear bond strength according to the type of adhesive 
and the duration of storage
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interface. This increases water sorption, swelling and dis-
integration.6,17,18 In 2-bottle universal adhesives such as 
All-Bond Universal, the components are separate, and 
thus the bond strength and shelf life of the adhesives in-
crease. Hence, in the current study, we assessed the effect 
of these factors on microshear bond strength.

In many previous studies on the bond strength of ad-
hesives, macro-tests have been used. Although conduct-
ing such a test and the sample preparation are easier, the 
rate of error and false failures increase due to the larger 
size of samples.19 Therefore, to obtain more accurate re-
sults, a micro-test was used for the measurement of bond 
strength in this study. On the other hand, since most 
loads applied to the teeth, especially those requiring es-
thetic restorations, are shear forces, the microshear bond 
strength test was performed in this study.

The results showed that the mean bond strength 
of  All-Bond was higher than that of  Scotchbond after 
24 h of  water storage. This difference can result from 
several factors. The pH can play a  role in this respect 
and if the pH of  the adhesive is acidic, the compatibil-
ity of the adhesive and the resin cement decreases. This 
is mainly due to the inactivation of aromatic amines by 
acid. These amines play an important role in the chemi-
cal curing of  materials.20 Of universal adhesives, All-
Bond has less acidic pH (3.2) compared to Scotchbond 
(2.7). The 10-MDP monomer, present in All-Bond and 
Scotchbond, also affects bond strength. This monomer 
is in the composition of several materials, such as a zir-
conia primer. There are studies that have assessed the 
microshear bond strength of these materials and all have 
indicated the important role of this monomer in achiev-
ing high bond strength.21,22 

The 10-MDP monomer has a  hydrophobic meth-
acrylate group at one end, with the ability to bond to 
methacrylate-based restorations and cement, and a po-
lar phosphate group at the other end, which can bond to 
dental surfaces, zirconia and metal. This property alone 
is responsible for the optimal efficacy of this monomer 
used in universal adhesives.23,24 Research showed that 
materials with the same monomers do not necessarily  
possess similar properties.25 Similarly, despite the pres-
ence of  the 10‑MDP monomer in the composition 
of both adhesives in our study, different bond strength 
values were obtained. 

The presence of the silane monomer in the composi-
tion of Scotchbond Universal is another factor causing 
a reduction in the bond strength of this adhesive com-
pared to All-Bond Universal, as the silane monomer in 
acidic conditions (due to the presence of the MDP acidic 
monomer in water and pH  =  2.7) may be unstable be-
cause of the reactions of  silanol groups. Moreover, the 
presence of the bisphenol A-glycidyl methacrylate (Bis-
GMA) monomer in universal adhesives along with silane 
and MDP in 1 bottle interferes with the bond of silane 
and hydroxyl groups (−OH).26 The new All-Bond Uni-

versal adhesive is supplied in 2 bottles and is dual-cure. 
Thus, it has a higher polymerization rate, even in the ab-
sence of adequate light. 

Our study showed that after 6 months of  water stor-
age, the All-Bond Universal adhesive showed lower bond 
strength than Scotchbond Universal. This was in line with 
the results of  Davis et al., who demonstrated that bond 
strength decreases over time and this reduction depends 
on the chemical composition of the adhesives.27 One im-
portant factor affecting bond strength is the concentra-
tion of a solvent in the composition of the adhesive; higher 
amounts of the residual solvent dilute the monomer and 
limit the process of cross-linking of the resin. The solvent 
remaining in the polymer network forms areas of unreact-
ed monomers that increase the susceptibility to solubility 
and water sorption.17,28 According to the product bro-
chure, the approximate percentage of a solvent is 10–15% 
in Scotchbond Universal and over 20% in All-Bond Uni-
versal. This difference in the amount of a solvent affects 
the clinical performance of the bond and bond strength 
decreases over time. This is more significant for All-Bond 
Universal, since it has a higher percentage of a solvent.

Evidence shows that saliva and aqueous environ-
ments negatively affect the bond strength of restorations. 
Ito et al. and Nishitani et al. reported that water sorption 
occurred in universal adhesives due to the presence of hy-
drophilic monomers in their structure, and as a result, 
bond degradation appeared over time.29,30 

Universal adhesives are self-etching due to the pres-
ence of  hydrophilic monomers. They contain adequate 
concentration of water for adequate ionization of acidic 
monomers with no reduction in the monomer concen-
tration for adequate bond strength. Water causes the 
ionization of  acidic groups and results in the formation 
of H3O+ ions, which cause the etching of hydroxyapatite.31 
On the other hand, water enhances the elimination of the 
products of  the etching reaction from the environment. 
An increase in the concentration of water decreases the 
concentration of acidic monomers, and consequently the 
strength and adequacy of  the bond. An increase in the 
concentration of hydrophilic monomers increases water 
sorption over time and decreases bond strength.32 

Also, there are some other explanations for the reduc-
tion of  bond strength over time, such as the presence 
of  the hydroxyethylmethacrylate (HEMA) molecule, 
which is small and liquid, and serves as a solvent in the 
structure of the bond. When the process of polymeriza-
tion is almost complete, long-chain monomers in the 
structure of the polymer are limited. In such conditions, 
a  low-molecular-weight molecule such as HEMA can 
move in the resin and react with unreacted C=C bonds. 
This hydrophilic molecule causes greater water sorption 
in bonds with monomers such as bis-GMA.24 Scotchbond 
Universal showed higher stability after 6 months of water 
storage, which is probably due to the presence of  1–5% 
of the polyalkenoic acid monomer in its structure. 
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Conclusions
The microshear bond strength of resin cement to zir-

conia depends on the type of adhesive and the duration 
of water storage. The bond strength of  a  single-compo-
nent universal adhesive did not significantly change over 
time, but the bond strength of a 2‑component universal 
adhesive decreased over time.
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Abstract
Background. Many dental and facial components affect smile esthetics, and dental professionals’ opinions 
regarding dental esthetics may not always coincide with the perceptions and expectations of the patients.

Objectives. This work is designed to determine the dimensions of the interproximal contact areas that are 
considered the most or least attractive according to a group of laypersons, dentists and technicians.

Material and methods. Two photographs of female and male smiles showing a full smile were taken 
with a Nikon® camera and digitally altered using Adobe® Photoshop. The length of the interproximal con-
tact areas was altered to generate 2 sets of images (3 images of the female and 3 images of the male smile 
in each set). A group of 40 laypersons, 40 dentists and 40 dental technicians were asked to select the most 
and the least attractive image in each set.

Results. An interproximal contact ratio of 50:40:30 [%] was the most attractive arrangement (40.00% 
and 38.33% for the female and male smiles, respectively). The ‘reversed’ ratio of 30:40:50 [%] was the 
least attractive to the participants (57.50% and 44.17% for the female and male smiles, respectively). 
There were differences in the rankings of  the most and the least attractive smiles among the 3 groups 
of evaluators.

Conclusions. The ‘ideal’ interproximal contact ratio of 50:40:30 [%] is perceived to be the most attractive. 
However, the smile esthetics perception among dental professionals is not always in agreement with the 
perception of laypersons.

Key words: esthetics, dental, proximal, smile attractiveness

Słowa kluczowe: estetyka, zębowy, proksymalny, atrakcyjność uśmiechu
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Introduction 
Smile is a significant determinant of dental and facial es-

thetics. Several dental and facial components affect smile 
esthetics, and a  harmonizing esthetic smile requires the 
successful integration of dental and facial composition.1 Es-
thetic treatment should always be preceded by a thorough 
analysis of both facial and dental composition.2

The perception of esthetics is influenced by one’s social 
environment, culture and individual experiences. Con-
sidering dental professionals’ scientific and professional 
background, their opinions regarding dental esthetics 
may differ from the expectations of  their patients.3–11 
Thus, it is imperative for dental professionals to continu-
ously study changes in the perception of smile esthetics in 
their communities.12

The length and sequence of  the interproximal contact 
area – an area where 2 adjacent teeth appear to touch – in 
the maxillary anterior teeth have been considered impor-
tant factors affecting dental esthetics.13 Normally, the in-
terproximal contact area between the 2 central incisors is 
located at the incisal third. The level of the interproximal 
contact area moves apically as we move posteriorly.14 For 
the most attractive smile, the 50:40:30 rule has been pro-
posed, in which the contact area between the maxillary 
central incisors constitutes 50% of  the length of  the cen-
tral incisors; the contact area between the maxillary lateral 
incisor and the central incisor is 40% of the length of the 
central incisor; and the contact area between the maxillary 
canine and the maxillary lateral incisor is 30% of the length 
of the central incisor.15 However, further studies are needed 
to investigate the impact of the length and sequence of the 
proximal contact area on the perception of smile esthetics.

Therefore, this study aimed to investigate which in-
terproximal contact area dimensions are considered the 
most attractive among laypersons, dentists and techni-

cians. Furthermore, this study assessed whether there are 
any differences in the smile esthetic perception between 
dental professionals and laypersons.

Material and methods
Ethical approval was obtained from the institutional re-

view board of Riyadh Elm University, Saudi Arabia, before 
conducting the study (approval No. RC/IRP/2016/398). The 
sample size calculation was done using the free software 
G*Power, v.  3.1.9.213 (http://www.psychologie.hhu.de/ar-
beitsgruppen/allgemeine-psychologie-und-arbeitspsychol-
ogie/gpower.html). Assuming the significance level of alpha 
at ≤0.05 and an effect size of 0.26, the sample size required 
to achieve 90% power was 120 subjects (40 in each group).

Two photos were taken with a  professional Nikon® 
camera (D5200; Nikon Corp., Shinagawa, Tokyo, Japan), 
1  for a male smile and 1 for a  female smile. The photos 
were then altered digitally using the Adobe® Photoshop 
CS6 software (Adobe Systems Inc., San Jose, USA) to 
produce standard, bilaterally symmetrical images. The 
standard images were modified to produce 2 sets of smile 
images in order to evaluate the effect of the interproximal 
contact area on perceived smile esthetics.

In the 1st set, the levels of  the interproximal contact 
areas of  maxillary anterior teeth in the standard images 
were altered to produce 3 images for the female and 3 im-
ages for the male smiles with a different order of the proxi
mal contact lengths (Fig. 1):
–	ideal – the ratio of the interproximal contact areas fol-

lowed the 50:40:30 rule;
–	equal – the interproximal contact areas were equal 

(50:50:50);
–	reversed – the ratio of the interproximal contact areas 

was reversed (30:40:50).

Fig. 1. The 1st set of images with a different order of the proximal contact lengths 

A1 and A2 – ‘ideal’ 50:40:30 [%] ratio, female and male smiles, respectively; B1 and B2 – ‘equal’ 50:50:50 [%] ratio, female and male smiles, respectively;  
C1 and C2 – ‘reversed’ 30:40:50 [%] ratio, female and male smiles, respectively.

http://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower.html
http://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower.html
http://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower.html
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In the 2nd set, the levels of  all interproximal contact 
areas in the standard images were modified apically or 
coronally to produce 3 images for the female and 3 images  
for the male smiles with different proximal contact lengths 
(Fig. 2):
–	reduced – the ratio of the interproximal contact areas 

was decreased (40:30:20);
–	ideal – the ratio of  the interproximal contact areas  

followed the 50:40:30 rule;
–	exaggerated – the ratio of  the interproximal contact  

areas was increased (60:50:40).
The ratios of interproximal contact lengths in all ima

ges were based on the length of the left maxillary central 
incisor.

The images were presented to the participants as 
slides, with 3 smile images on each slide, on a Samsung 
tablet screen, 8.4 inches, LTE (Galaxy Tab S; Samsung, 
Seoul, South Korea). Data collection was conducted via 
a  secured online research platform (https://www.qual-
trics.com). One hundred and twenty participants con-
sented to participate in the study. The participants were 
divided into 3 groups: 40 laypersons; 40 dentists; and 
40 dental technicians. Among all participants, 79 were 
males (M) and 41 were females (F). Their age ranged be-
tween 20 and 60 years with a  median age of  31 years. 
The group of laypersons consisted of adults undergoing 
prosthodontic or restorative esthetic treatment (veneers 
or crowns). Only dentists practicing esthetic dentistry 
were included in the 2nd group. The group of technicians 
comprised only ceramist technicians. Any participants 
complaining of  visual impairment were excluded from 
the study.

The smile images were examined by each partici-
pant under adequate standard light and they were given 
enough time to render their final decision regarding their 
preference.

The statistical analysis of  their responses was per-
formed using the IBM SPSS Statistics for Windows soft-
ware, v. 22.0 (IBM Corp., Armonk, USA). The χ2 tests were 
carried out to test for significant differences between the 
groups. The significance level was set at p ≤ 0.05.

Results
For the 1st set of images, the order of the proximal con-

tact ratios was changed. The results show that the ‘ideal’ 
50:40:30 ratio was considered the most attractive to the 
majority of  the participants (40.00% and 38.33% for the 
female and male smiles, respectively). The ‘reversed’ 
30:40:50 ratio was the least attractive arrangement to the 
participants (57.50% and 44.17% for the female and male 
smiles, respectively) (Table 1).

The majority of  the dentists and technicians select-
ed the ‘ideal’ 50:40:30 ratio as the most attractive, both 
in the female and male smiles (F:  52.5%; M:  35.0% and 
F:  42.5%; M:  45.0%, respectively). However, more lay-
persons selected the ‘equal’ 50:50:50 ratio for the female 
smile (F: 42.5%) and the ‘reversed’ 30:40:50 ratio for the 

Table 1. Smile esthetics perceived by the participants in terms  
of the interproximal contact area sequence ratio

Sequence ratio Most 
attractive Middle Least 

attractive Total

Female smile  
   ideal 50:40:30 [%] 
   reversed 30:40:50 [%] 
   equal 50:50:50 [%]

 
48 (40.00) 
28 (23.33) 
44 (36.67)

 
47 (39.17) 
23 (19.17) 
50 (41.66)

 
25 (20.83) 
69 (57.50) 
26 (21.67)

 
120 
120 
120

Male smile  
   ideal 50:40:30 [%] 
   reversed 30:40:50 [%] 
   equal 50:50:50 [%]

 
46 (38.33) 
40 (33.33) 
34 (28.34)

 
44 (36.67) 
27 (22.50) 
49 (40.83)

 
30 (25.00) 
53 (44.17) 
37 (30.83)

 
120 
120 
120

Data presented as number (percentage). 

Fig. 2. The 2nd set of images with different proximal contact lengths

A1 and A2 – ‘reduced’ 40:30:20 [%] ratio, female and male smiles, respectively; B1 and B2 – ’ideal’ 50:40:30 [%] ratio, female and male smiles, respectively; C1 
and C2 – ‘exaggerated’ 60:50:40 [%] ratio, female and male smiles, respectively.
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male smile (M: 42.5%) as the most attractive. On the other 
hand, the majority of the dentists perceived the ‘reversed’ 
30:40:50 ratio as the least attractive (F: 70.0%; M: 55.0%), 
as did the majority of the technicians (F: 57.5%; M: 47.5%). 
However, a higher percentage of laypersons selected both 
the ‘ideal’ 50:40:30 and ‘equal’ 50:50:50 ratios as the least 
attractive male smile.

No statistically significant differences in the ranking 
were found among the 3 groups (p = 0.093 for the female 
smiles; p = 0.507 for the male smiles) (Table 2).

In the 2nd set of images, the length of the interproximal 
contact areas was different. The ‘ideal’ 50:40:30 contact 
area length was considered the most attractive by the 
majority of the participants (F: 50.83%; M: 38.33%). The 
‘exaggerated’ 60:40:50 length was the least attractive ar-
rangement for the female smile (F: 61.66%), whereas the 
‘reduced’ 40:30:20 length was the least attractive for the 
male smile (M: 44.17%) (Table 3).

The majority of the dentists and technicians selected 
the ‘ideal’ 50:40:30 ratio as the most attractive, both 
in the female and male smiles (F: 55.0%; M: 35.0% and 
F: 52.5%; M: 45.0%), whereas the majority of laypersons 
selected the ‘ideal’ 50:40:30 ratio in the female smile and 
the ‘reduced’ 40:30:20 ratio in the male smile as the most 
attractive (F:  45.0%; M:  42.5%). No statistically signifi-
cant differences in the ranking were found between the 
3 groups (p = 0.054 for the female smiles; p = 0.507 for 
the male smiles) (Table 2).

In terms of  the least attractive smiles, the ‘exaggera
ted’ 60:40:50 length ratio was selected by both the den-
tists (F: 72.5%; M: 62.5%) and the technicians (F: 72.5%; 
M: 67.5%), whereas more laypersons selected the ‘reduced’ 
40:30:20 length ratio as the least attractive (F:  42.5%; 
M:  42.5%). The analysis revealed statistically significant 
differences in the ranking of the 2nd set of images of the 
female smile between the 3 groups (p = 0.017) (Table 2).

Discussion
Presenting images of smiles to participants in order to 

investigate their perception of  attractiveness regarding 
smile esthetics is a method which can be frequently found 
in the literature, though the specifics vary from study to 
study. In the current study, cropped images, showing only 
the subjects’ smiles were used in order to eliminate the 
potential distraction of the evaluator’s perception.16

The results show that the ‘ideal’ interproximal contact 
area ratio arrangement proposed by Morley and Eubank 
– 50:40:30 – is considered the most attractive among 
dentists and dental technicians.acc.15 On the other hand, 
a higher percentage of laypersons selected the ‘equal’ ar-
rangement for the female smile and the ‘reversed’ one 
for the male smile as the most attractive. Similarly, in 
examining the ratio of  the length of  the interproximal 
contact areas, the majority of the participants ranked the 
‘ideal’ ratio (50:40:30) as the most attractive. One excep-
tion was the rating of  the male smile by the layperson 
group, where a  higher percentage found the ‘reduced’ 
ratio (40:30:20) to be the most attractive.

Table 2. Univariate analysis for the association between perceived smile 
esthetics in terms of various interproximal contact area ratios and the type 
of respondent

Factor
Respondent type

p-valuedentist  
(n = 40)

layperson 
(n = 40)

technician 
(n = 40)

MA (F)  
   ideal 50:40:30 [%] 
   reversed 30:40:50 [%] 
   equal 50:50:50 [%]

 
21 (52.5) 

5 (12.5) 
14 (35.0)

 
10 (25.0) 
13 (32.5) 
17 (42.5)

 
17 (42.5) 
10 (25.0) 
13 (32.5)

0.093

MA (M)  
   ideal 50:40:30 [%] 
   reversed 30:40:50 [%] 
   equal 50:50:50 [%]

 
14 (35.0) 
13 (32.5) 
13 (32.5)

 
14 (35.0) 
17 (42.5) 

9 (22.5)

 
18 (45.0) 
10 (25.0) 
12 (30.0)

0.507

LA (F)  
  ideal 50:40:30 [%] 
  reversed 30:40:50 [%] 
  equal 50:50:50 [%]

 
6 (15.0) 

28 (70.0) 
6 (15.0)

 
13 (32.5) 
18 (45.0) 

9 (22.5)

 
6 (15.0) 

23 (57.5) 
11 (27.5)

0.109

LA (M)  
   ideal 50:40:30 [%] 
   reversed 30:40:50 [%] 
   equal 50:50:50 [%]

 
9 (22.5) 

22 (55.0) 
9 (22.5)

 
14 (35.0) 
12 (30.0) 
14 (35.0)

 
7 (17.5) 

19 (47.5) 
14 (35.0)

0.139

MA (F)  
   ideal 50:40:30 [%] 
   exaggerated 60:50:40 [%] 
   reduced 40:30:20 [%]

 
22 (55.0) 

2 (5.0) 
16 (40.0)

 
18 (45.0) 
11 (27.5) 
11 (27.5)

 
21 (52.5) 

4 (10.0) 
15 (37.5)

0.054

MA (M)  
   ideal 50:40:30 [%] 
   exaggerated 60:50:40 [%] 
   reduced 40:30:20 [%]

 
14 (35.0) 
13 (32.5) 
13 (32.5)

 
14 (35.0) 

9 (22.5) 
17 (42.5)

 
18 (45.0) 
12 (30.0) 
10 (25.0)

0.507

LA (F)  
   ideal 50:40:30 [%] 
   exaggerated 60:50:40 [%] 
   reduced 40:30:20 [%]

 
3 (7.5) 

29 (72.5) 
8 (20.0)

 
7 (17.5) 

16 (40.0) 
17 (42.5)

 
4 (10.0) 

29 (72.5) 
7 (17.5)

0.017*

LA (M)  
   ideal 50:40:30 [%] 
   exaggerated 60:50:40 [%] 
   reduced 40:30:20 [%]

 
7 (17.5) 

25 (62.5) 
8 (20.0)

 
7 (17.5) 

16 (40.0) 
17 (42.5)

 
5 (12.5) 

27 (67.5) 
8 (20.0)

0.079

Data presented as number (percentage).  
MA – most attractive; LA – least attractive; F – female smile; M – male smile;  
* statistically significant (p ≤ 0.05); the χ2 test. 

Table 3. Smile esthetics perceived by the participants in terms of the 
interproximal contact area length ratio

Sequence ratio Most 
attractive Middle Least 

attractive Total

Female smile  
   ideal 50:40:30 [%] 
   exaggerated 60:50:40 [%] 
   reduced 40:30:20 [%]

 
61 (50.83) 
17 (14.17) 
42 (35.00)

 
45 (37.50) 
29 (24.17) 
46 (38.33)

 
14 (11.67) 
74 (61.66) 
32 (26.67)

 
120 
120 
120

Male smile  
   ideal 50:40:30 [%] 
   exaggerated 60:50:40 [%] 
   reduced 40:30:20 [%]

 
46 (38.33) 
34 (28.34) 
40 (33.33)

 
44 (36.67) 
49 (40.83) 
27 (22.50)

 
30 (25.00) 
37 (30.83) 
53 (44.17)

 
120 
120 
120

Data presented as number (percentage). 
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In agreement with previous studies, our findings re-
vealed variations in the preferences of dental profession-
als and laypersons regarding smile esthetics.3,5,6,10,11 These 
variations, although minor, highlight the need for effec-
tive communication between dentists and dental techni-
cians to ensure that the planned esthetic treatment meets 
the individual patient’s expectations.

The interproximal contact areas can be altered by es-
thetic gingival surgeries, orthodontic treatment, or de-
signing and contouring dental restorations. Moreover, 
when replacing missing teeth, the interproximal contact 
area represents the connector that joins pontics and re-
tainers. It is common practice to increase the length 
of the connector area to ensure the strength and rigidity 
of fixed dental prostheses and to compensate for the re-
cession of the interproximal papilla, which often follows 
tooth extraction. However, these alterations in the proxi-
mal contact area must be carefully planned to make sure 
they are within the acceptable esthetic range.5

The perception of  esthetics could be affected by the 
interaction of multiple variables. In the current study, as 
with similar ones which preceded it, standardized photo-
graphs were used and only 1 esthetic variable was changed 
per set of images. This was done to isolate each variable 
and to investigate its individual effect on the perception 
of smile esthetics. Nevertheless, this limitation should be 
taken into consideration when interpreting the results 
of the current study.

Conclusions
The ‘ideal’ interproximal contact ratio (50:40:30) re-

garding the sequence and length is perceived as the most 
attractive arrangement, whereas the ‘reversed’ sequence 
ratio (30:40:50) and ‘exaggerated’ length ratio (60:50:40) 
are perceived as the least attractive arrangement. There 
are differences in perception between dental profession-
als and laypersons regarding the attractive order and 
length of proximal contact areas.
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Abstract
Background. Orthodontic treatment modalities and biomechanics are important factors influencing soft 
and hard tissues.

Objectives. The aim of this study was to compare soft and hard tissue changes after implementing asym-
metric and symmetric extraction patterns.

Material and methods. A retrospective cross-sectional study was conducted using the orthodontic files of 62 pa-
tients from the dental clinics of a tertiary care hospital. Patients were divided into 2 groups, each of 31 patients. 
Group 1 referred to the symmetric extraction patterns (SEP), whereas group 2 regarded the asymmetric extraction 
patterns (AEP). The Wilcoxon signed-rank test was used to determine differences between the initial and final cepha-
lometric parameters. The Mann–Whitney U-test was used to compare the treatment changes between SEP and AEP. 
The SEP and AEP groups were divided into subgroups for further analyses. The Kruskal–Wallis test was used to deter-
mine significant differences in the cephalometric changes among the different subgroups. In order to further establish 
inter-group differences, a pairwise comparison between the subgroups was made using the Mann–Whitney U-test.

Results. In the symmetric group, the pre- and post-treatment values for all soft tissue variables, upper 
incisor-sella-nasion plane angle (UI-SN), lower incisor mandibular plane angle (L-IMPA), and Frankfurt-
mandibular plane angle (FMA) showed significant differences (p ≤ 0.05). In the asymmetric group, none 
of  the soft tissue parameters showed any significant difference in the pre- and post-treatment values; 
however, FMA and L-IMPA differed significantly (p ≤ 0.05). The parameters UI-SN and FMA as well as all 
soft tissue variables except Z-angle (Z), were significantly different between the SEP and AEP groups. The 
medians and interquartile ranges (IQRs) of the cephalometric changes among the subgroups were com-
pared using the Kruskal–Wallis test. All soft tissues parameters except Z showed significant differences.

Conclusions. The symmetric extraction patterns leads to a greater change in the patient’s profile, whereas 
asymmetric extractions can be carried out to remedy occlusal discrepancies without the risk of profile flat-
tening. While employing premolar extractions aiming to reduce the facial height, due consideration with 
respect to biomechanics must be given.
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Introduction
One of  the most essential reasons why patients seek 

orthodontic treatment is to improve their facial appear-
ance.1,2 The patient’s profile is predominantly associated 
with ideal facial esthetics. A  convex profile with an un-
esthetic display of  incisors at rest and procumbent lips is 
displeasing. In such a case, an orthodontist faces a dilem-
ma whether to extract the teeth or not. The employment 
of either of the 2 treatment modalities (extraction or non-
extraction) has been a debatable issue.3,4 Treating patients 
with balanced soft tissue profiles becomes even more diffi-
cult. In such cases, discrepancies in dental parameters such 
as crowding, rotations or increased incisal inclinations may 
lead to an extraction decision for long-term stability.

Another leading reason for extractions is the dentoal-
veolar protrusion in patients with normal skeletal bases. 
Closing extraction spaces by retracting the anterior teeth 
can significantly improve dental inclinations and the soft 
tissue profile. The extractions of all first premolars, or up-
per first and lower second premolars are employed in the 
cases with the bimaxillary dental protrusion. Skeletal dys-
plasias, e.g., maxillary prognathism, may produce certain 
features, like procumbent soft tissues and protrusive an-
terior dentition, which leads to an excessive display of the 
gingivae, lip incompetency and the tension of  the men-
talis muscle on lip closure. Premolar extractions are often 
required to remedy such problems.5,6

Asymmetric extraction patterns (AEP) can be chosen 
when one or more teeth are congenitally missing,7,8 an 
asymmetric molar relationship is present, the facial mid-
line is deviated, or significant dental arch asymmetries 
are present.9 Asymmetric extraction therapy in Class  II 
malocclusion may require only 1 premolar extraction or 
3 premolar extractions. Mandibular incisor extraction is 
an alternative option to the extraction of lower premolars 
in carefully selected cases, such as Class  I malocclusion 
with moderate crowding in the lower anterior teeth and 
little or no crowding in the upper arch, cases with midline 
deviation, Bolton’s discrepancy, increased lower incisor 
inclination, Class  III incisal relationship, and cases with 
minimal overbite and overjet.10–12 The important advan-
tages of  this option are as follows: a harmonious profile 
can be maintained; treatment time and cost may be re-
duced; and more stable results can be achieved.

Implementing treatment modalities that maintain the 
facial equilibrium while correcting occlusal disharmonies 
involves an unceasing learning process.13 Differences in 
treatment modalities and biomechanics are important 
factors influencing soft tissues.14 Changes in the soft-tis-
sue contour result from the interplay between certain ana-
tomical and functional variables, including lip length and 
thickness, the architecture and function of facial muscles, 
and ethnicity.15–17 The change in dental inclinations and 
the resulting alteration of the lip position, achieved with 
orthodontic treatment, has been extensively studied.18–21 

However, most studies have compared the profile changes 
in extraction vs non-extraction treatment modalities.22,23 

In the present study, we compared the changes in the hard 
and soft tissue parameters after implementing AEP and 
symmetric extraction patterns (SEP).

Material and methods
This cross-sectional study was approved by the Ethical 

Review Committee of Aga Khan University Hospital in Ka-
rachi, Pakistan. The sample size was calculated considering 
80% as power of the study at a significance level of 5%. This 
revealed that a minimum of 31 individuals were necessary 
in each of the 2 groups. Therefore, 62 patients of Pakistani 
origin reporting for orthodontic treatment were retrospec-
tively selected from the files of  the orthodontic depart-
ment. These patients, treated between 2008 and 2014, were 
divided into 2 groups, according to their treatment ap-
proach. Group 1 consisted of 31 patients treated with SEP, 
whereas group 2 consisted of 31 patients treated with AEP. 
The symmetric group included patients with the extrac-
tion of all first premolars (all 4’s), or upper first and lower 
second premolars (upper 4’s, lower 5’s). The asymmetric 
group included patients with the extraction of 3 premolars 
in any combination or a single lower incisor extraction.

The inclusion criteria comprised patients aged ≥12 years 
undergoing orthodontic treatment with planned extrac-
tions, presence of  all maxillary and mandibular perma-
nent teeth up to second molars, and complete orthodontic  
records. The exclusion criteria were the following: pre
sence of any supernumerary or impacted tooth; any history  
of  facial trauma or previous orthodontic treatment; and 
syndromic or isolated cleft lip and palate (CLP) patients.

All patients were treated with preadjusted fixed appli-
ances (0.022 × 0.028˝), slotted by postgraduate students 
trained by the same supervisor. The wire sequence began 
with 0.012˝ nitinol (NiTi) archwires, followed by 0.014˝, 
0.016˝ and 0.018˝ ones. Leveling was achieved using the 
accentuated and/or reversed curve of Spee archwires. In 
the cases of  premolar extractions, the retraction of  ca-
nines was carried out with 0.018˝ stainless steel (SS) arch-
wires. After the canine retraction, the incisor retraction 
was done with 0.017 × 0.025˝ SS bull loop. Class II elas-
tics were used for minor anteroposterior adjustments at 
the final stages with 0.017 × 0.025˝ SS archwires. Pre- and 
post-treatment cephalometric radiographs were taken, 
and tracings were done using transparent 0.003˝ acetate 
paper and 0.03 mm HB lead pencil. Each radiograph was 
manually traced by the same operator. The soft tissue 
parameters measured were as follows: E‑line‑upper and 
lower lip distance (EU and EL, respectively); S‑line‑upper  
and lower lip distance (SU and SL, respectively); Z‑an-
gle (Z); and nasolabial angle (NL). The skeletal para
meters measured were as follows: sella-nasion plane-point  
A  angle (SNA); sella-nasion plane-point B angle (SNB); 
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point A-point B angle (ANB); facial angle (FA); sella-na-
sion plane-gonion-gnathion plane angle (SN-GoGn); and 
Frankfurt-mandibular plane angle (FMA). The dental pa-
rameters measured were upper incisor-sella-nasion plane 
angle (UI-SN) and lower incisor-mandibular plane angle 
(L-IMPA). All angular measurements were made to the 
nearest 0.5° and the linear measurements – to 0.5  mm. 
To identify any intra-examiner error, 10 radiographs were 
randomly selected and retraced by the same investigator 
after an interval of 1 week. The intraclass correlation coef-
ficient (ICC) was used to evaluate the level of agreement, 
which proved to be excellent (0.8–0.9) for all variables.

The data was analyzed using IBM SPSS Statistics for 
Windows, v. 19 (IBM Corp., Armonk, USA). Descriptive 
statistics, e.g., frequencies and proportions, were calcu-
lated. The applied Kolmogorov–Smirnov test showed that 
the data had a non-normal distribution. Medians and in-
terquartile ranges (IQRs) for each variable were calculated 
for each group. To determine significant differences be-
tween the initial and final cephalometric parameters, the 
Wilcoxon signed-rank test was used. The Mann–Whitney 
U-test was applied to compare the treatment changes be-
tween the SEP and AEP groups.

The SEP and AEP groups were divided into subgroups for 
further analyses. The Kruskal–Wallis test was used to deter-
mine significant differences in the cephalometric parameters 
among the different subgroups. In order to further determine 
inter-group differences, a pairwise comparison between the 
subgroups was made using the Mann–Whitney U-test.

The difference in cephalometric parameters, calculated 
by subtracting the post-treatment cephalometric mea-

surements from the pre-treatment values, was appropri-
ately indicated by signs + or −.

A p-value ≤0.05 was considered statistically significant.

Results
The SEP group consisted of  31 patients with mean 

age of  18.62 ±7.64 years, whereas AEP group consisted 
of 31 patients with mean age of 16.80 ±4.40 years.

The frequency of  different extraction patterns in the 
SEP and AEP group is shown in Table 1.

In the SEP group, the pre- and post-treatment values for 
all soft tissue variables, i.e., EU, EL, SU, SL, Z, and NL, were 
significantly different (p < 0.001). Both dental variables, i.e., 
UI-SN and L-IMPA, were also significantly different (p ≤ 0.05 
and p ≤ 0.001, respectively), whereas among the skeletal vari-
ables, only FMA showed a statistically significant difference in 
the pre- and post-treatment assessment (p ≤ 0.001) (Table 2).

Table 1. Frequency of different extraction patterns in the symmetric and 
asymmetric groups

Extraction  
group Extraction pattern Frequency  

n (%)

Symmetric

all first premolars 27 (87.1)

upper first and lower second premolars 4 (12.9)

total 31 (100)

Asymmetric

single lower incisor 24 (77.4)

3 premolars in any combination 7 (22.6)

total 31 (100)

Data presented as number (percentage).

Table 2. Pre- and post-treatment changes in the cephalometric parameters in the symmetric extraction patterns (SEP) and asymmetric extraction patterns (AEP) groups

Parameter

Asymmetric extraction

p-value

Symmetric extraction

p-valuepre-treatment post-treatment pre-treatment post-treatment

median IQR median IQR median IQR median IQR

EU [mm] −3.00   −6.00, −2.00 −3.00   −5.00, −2.00 0.586 −1.00   −3.00, 1.00 −4.00 −5.00, −2.00 0.000**

EL [mm] 1.00   −2.00, 2.00 0.00   −2.00, 2.00 0.854 2.00   −2.00, 4.00 −1.00 −3.00, 1.00 0.000**

SU [mm] 1.00     0.00, 2.00 0.00   −1.00, 2.00 0.161 2.00     0.00, 4.00 0.00 −2.00, 1.00 0.000**

SL [mm] 3.00     2.00, 4.00 3.00     1.00, 4.00 0.818 4.00     1.00, 6.00 1.00 −1.00, 3.00 0.000**

Z [°] 63.00   60.00, 72.00 68.00   62.00, 75.00 0.148 64.00   56.00, 72.00 68.00 64.00, 74.00 0.001**

NL [°] 105.00   95.00, 109.00 100.00   95.00, 107.00 0.553 97.00   90.00, 105.00 105.00 94.00, 114.00 0.001**

SNA [°] 80.00   78.00, 84.00 80.00   79.00, 83.00 0.171 82.00   79.00, 83.00 82.00 80.00, 83.00 0.388

SNB [°] 76.00   75.00, 80.00 77.00   75.00, 79.00 0.758 77.00   75.00, 79.00 77.00 74.00, 79.00 0.933

ANB [°] 3.00     2.00, 5.00 3.00     2.00, 5.00 0.283 4.00     3.00, 6.00 4.00 3.00, 5.00 0.951

FA [°] 87.00   85.00, 89.00 88.00   83.00, 91.00 0.535 85.00   82.00, 87.00 86.00 82.00, 87.00 0.908

SN-GoGn [°] 32.00   30.00, 34.00 32.00   29.00, 35.00 0.322 33.00   30.00, 36.00 32.00 28.00, 35.00 0.284

FMA [°] 23.00   22.00, 27.00 25.00   22.00, 29.00 0.021* 27.00   26.00, 31.00 28.00 25.00, 30.00 0.000**

UI-SN [°] 105.00 102.00, 111.00 107.00 100.00, 108.00 0.930 110.00 105.00, 117.00 102.00 96.00, 105.00 0.002*

L-IMPA [°] 101.00   96.00, 103.00 96.00   90.00, 105.50 0.029* 101.00   95.00, 105.00 95.00 92.00, 100.00 0.000**

IQR – interquartile range; EU – E-line-upper lip distance; EL – E-line-lower lip distance; SU – S-line-upper lip distance; SL – S-line-lower lip distance; Z – Z-angle;  
NL – nasolabial angle; SNA – sella-nasion plane-point A angle; SNB – sella-nasion plane-point B angle; ANB – point A-point B angle; FA – facial angle;  
SN-GoGn – sella-nasion plane-gonion-gnathion plane angle; FMA – Frankfurt-mandibular plane angle; UI-SN – upper incisor-sella-nasion plane angle;  
L-IMPA – lower incisor-mandibular plane angle; * p ≤ 0.05; ** p ≤ 0.001; the Wilcoxon signed-rank test.
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groups. Among the skeletal parameters, FMA and ANB, 
whereas among the dental parameters, UI-SN showed 
a significant difference between the SEP and AEP groups  
(Table 3).

The medians and IQRs of  the cephalometric changes 
among the subgroups were compared using the Kruskal 
–Wallis test (Table 4). All soft tissues parameters except 
Z showed significant differences. Other parameters that 
differed significantly among the subgroups include ANB, 
FMA and UI-SN.

Table 5 shows a  pairwise comparison of  the cephalo-
metric changes between the particular subgroups.

Discussion
The present study determined the soft as well as hard 

tissue alterations after different extraction patterns. Apart 
from the treatment modality, other factors, such as head 
posture, muscle function, weight, age, and gender, may 
also affect the interpretation of real soft tissue displace-
ment.24,25 Careful diagnosis and treatment planning can 
eliminate undesirable changes in the soft tissue profile 
post-treatment. A  relaxed lip posture during perform-
ing the cephalograms may reduce the variability and the 
strategic employment of technological advances, such as 
digital photography and videography, may help better de-
termine the modality of choice.26

In a previous study of Class II cases, a greater reduction 
in maxillary incisor inclination was noticed in patients 
who were treated by extracting maxillary first premolars 
only as compared to those who were treated with all first 
premolar extractions.27

In the AEP group, none of  the soft tissue parameters 
showed any significant difference in the pre- and post-
treatment values. In the pre- and post-treatment assess-
ment, a  statistically significant difference was found in 
FMA among the skeletal variables and in L-IMPA among 
the dental variables (p ≤ 0.05) (Table 2).

To compare the differences in the pre- and post-
treatment values of  all variables between the SEP and 
AEP groups, the Mann–Whitney U-test was applied 
and it showed that all soft tissue parameters except Z 
were significantly different between the SEP and AEP 

Table 3. Comparison of the cephalometric changes between the symmetric 
extraction patterns (SEP) and asymmetric extraction patterns (AEP) groups

Parameter
Asymmetric extraction Symmetric extraction

p-value
median IQR median IQR

EU [mm] 0.00 −1.00, 1.50 2.00     0.00, 3.00 0.003*

EL [mm] 0.00 −1.00, 2.00 2.00     0.00, 4.00 0.001**

SU [mm] 0.00 −1.00, 2.00 2.00     1.00, 4.00 0.002*

SL [mm] 0.00 −1.00, 2.50 3.00     1.00, 4.00 0.000**

Z [°] −1.00 −4.00, 1.00 −3.00   −9.00, 0.00 0.150

NL [°] 0.00 −4.50, 4.50 −8.00 −12.00, 0.00 0.001**

SNA [°] 0.00 −1.00, 0.00 1.00   −1.00, 3.00 0.070

SNB [°] 0.00 −1.50, 1.00 0.00   −1.00, 1.00 0.977

ANB [°] 0.00 −1.00, 0.00 0.00     0.00, 1.00 0.007*

FA [°] 0.00 −2.50, 1.00 0.00   −1.00, 2.00 0.593

SN-GoGn [°] −1.00 −2.50, 2.00 0.00   −1.00, 1.00 0.518

FMA [°] −3.00 −3.00, 0.50 0.00   −1.00, 3.00 0.026*

UI-SN [°] 3.00 −7.50, 7.00 12.00     2.00, 14.00 0.000**

L-IMPA [°] 2.00 −1.50, 8.50 5.00     0.00, 9.00 0.544

* p ≤ 0.05; ** p ≤ 0.001; the Mann–Whitney U-test.

Table 4. Comparison of the cephalometric changes among different subgroups

Parameter

SEP AEP

p-valueall 4’s upper 4’s, lower 5’s lower incisor 3 premolars

median (IQR) median (IQR)

EU [mm]   2.00 (2.00, 3.00)     4.50 (1.50, 6.00)   0.00 (−1.00, 0.75)   2.00 (−1.00, 4.00) 0.002*

EL [mm]   2.00 (1.00, 4.00)     3.00 (0.50, 5.00)   0.00 (−1.75, 1.00)   2.00 (2.00, 2.00) 0.004*

SU [mm]   2.00 (1.00, 4.00)     3.50 (0.50, 5.00)   0.00 (−2.00, 1.00)   0.00 (0.00, 3.00) 0.001**

SL [mm]   3.00 (1.00, 4.00)     5.50 (0.25, 7.00)   0.50 (−2.00, 1.00)   2.00 (−1.00, 3.00) 0.001**

Z [°] −3.00 (−9.00, 0.00) −12.50 (−18.00, −1.75) −1.00 (−4.00, 0.00) −3.00 (−4.00, 4.00) 0.172

NL [°] −7.00 (−12.00, −7.00) −12.00 (−13.50, −11.25)   1.50 (0.00, 10.00) −8.00 (−10.00, −4.00) 0.000**

SNA [°]   1.00 (−1.00, 3.00)     1.00 (0.25, 2.20)   0.00 (−1.00, 0.00)   1.00 (0.00, 1.00) 0.053

SNB [°]   0.00 (−1.00, 1.00)     1.50 (−2.25, 3.00)   0.00 (−2.75, 1.00)   0.00 (−1.00, 2.00) 0.771

ANB [°]   0.00 (0.00, 1.00)     1.50 (0.00, 3.00) −1.00 (−1.00, 0.00)   0.00 (−1.00, 1.00) 0.009*

FA [°]   0.00 (−1.00, 2.00)   −5.00 (−5.00, −1.25)   0.00 (−3.75, 1.00)   0.00 (−1.00, 10.00) 0.063

SN-GoGn [°]   0.00 (−1.00, 1.00)   −1.50 (−3.00, 1.50)   0.00 (−3.00, 2.00)   0.00 (−4.00, 1.00) 0.647

FMA [°]   0.00 (−1.00, 2.00)     4.50 (0.00, 6.00) −1.00 (−3.00, 1.75)   0.00 (−1.00, 0.00) 0.042*

UI-SN [°] 12.00 (2.00, 14.00)   25.00 (25.00, 32.00) −3.00 (−9.50, 5.00)   9.00 (5.00, 10.00) 0.000**

L-IMPA [°]   5.00 (1.00, 9.00)   −6.00 (−11.25, −1.50)   3.50 (−1.00, 7.25)   5.00 (−6.00, 10.00) 0.047

SEP – symmetric extraction patterns; AEP – asymmetric extraction patterns; * p ≤ 0.05; ** p ≤ 0.001; the Kruskal–Wallis test.
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In the study conducted by Janson et al., the extraction 
of a single maxillary premolar was compared with the ex-
traction of 2 maxillary and 1 mandibular premolars.28 The 
latter group showed increased palatal tipping and dento-
alveolar height of incisors after the treatment.28 In our re-
sults, UI-SN showed a  significant variance between the 
SEP and AEP groups. A reduction in UI-SN was noted in 
the SEP group, whereas in the AEP group, an increase in 
the UI-SN inclination was found. This was due to the non-
extraction approach in the upper arch, which resolved 
crowding in the maxilla at the expense of inclination.

In a similar study by Janson et al., the group which un-
derwent the extraction of 2 maxillary and 1 mandibular 
premolars showed a  reduction in L-IMPA, whereas the 
group in which the extraction of only 1 premolar was car-
ried out showed the proclination of lower incisors.28 This 
could be attributed to the fact that crowding and the curve 
of Spee were managed without any mandibular extraction 
in that group.29,30 In our study, L-IMPA showed a signifi-
cant reduction in the post-treatment assessment of both 
groups and no significant difference was observed amid 
the SEP and AEP groups, as lower incisors were retracted 
in both groups. However, further SEP subgroup analysis 
showed that L-IMPA significantly differed between the 
“all 4’s” and “upper 4’s, lower 5’s” extraction subgroups. 
The former group showed a decrease in L-IMPA, whereas 
an increase in L-IMPA was noted in the latter. This could 
be due to the fact that the “upper 4’s, lower 5’s” extraction 
pattern was employed in Class II molar cases, where the 
extraction spaces were predominantly utilized to correct 
the molar relationship rather than to affect L-IMPA.

Weyrich and Lisson noted that both EU and EL increased 
in both 4 premolars and 2 maxillary premolars extraction 
groups.27 Also, NL became obtuse, but the result was not 
significant. However, Janson et al. reported that EU de-
creased to a greater extent in the cases where 3 premolars 
had been extracted.28 Our results showed a significant re-
duction in both EU and EL in the SEP group, whereas no 
significant change was noticed in the AEP group. The rea-
son is that the asymmetric extractions, e.g., single maxil-
lary premolar, 3 premolars in different quadrants or lower 
incisor are aimed to correct the occlusal discrepancies and 
the associated soft tissues remain unaffected.31

Scott Conley and Jernigan attained a reduction of 8 mm 
in the overjet, associated with a significant decrease in den-
tal inclination and the lip profile, leading to an increase in 
NL.32 However, it was stated that the response of  the lip 
contour was not consistent with the change in dental incli-
nation; therefore, the possible alterations of the soft tissue 
profile should not cause any concern in the cases with den-
tal discrepancies but with balanced soft tissues.32 Katsaros 
and Katsaros et al. also emphasized that the nasal and chin 
growth affect soft tissues, and those changes are more im-
perative than the effects of extraction patterns.33,34

Kirschneck et al. in their study of all first premolars ex-
traction in borderline cases reported a significant decrease 
in SNA along with a reduction in incisor inclination, and 
no significant change in SNB35; our study showed no sig-
nificant change in either.

Orthodoxly, one of the aims of premolar extraction may be 
to decrease the vertical facial height. However, in our study, 
we found that FMA significantly increased in both groups 

Table 5. Pairwise comparison of the cephalometric changes between the subgroups

Parameter

Treatment modalities

all 4’s 
vs 

U 4’s, L 5’s

all 4’s 
vs 

lower incisor

all 4’s 
vs 

3 premolars

U 4’s, L 5’s 
vs 

lower incisor

3 premolars 
vs 

lower incisor

3 premolars 
vs 

U 4’s, L 5’s

p-values

EU 0.114   0.001* 0.667 0.005* 0.256 0.153

EL 0.721 <0.001** 0.076 0.230 0.280 0.557

SU 0.570 <0.001** 0.167 0.043* 0.195 0.174

SL 0.246 <0.001** 0.218 0.044* 0.105 0.122

Z 0.147   0.154 0.564 0.063 0.668 0.128

NL 0.076 <0.001** 0.701 0.001* 0.002* 0.022*

SNA 0.473   0.068 1.000 0.018* 0.026* 0.298

SNB 0.450   0.817 0.539 0.386 0.532 0.564

ANB 0.238   0.062 0.722 0.015* 0.113 0.242

FA 0.050*   0.136 0.401 0.134 0.113 0.033*

SN-GoGn 0.341   0.676 0.343 0.571 0.352 0.848

FMA 0.098   0.062 0.282 0.015* 0.615 0.082

UI-SN 0.124 <0.001** 0.701 0.019* 0.005* 0.183

L-IMPA 0.005*   0.248 0.814 0.025* 0.686 0.086

U – upper; L – lower; * p ≤ 0.05; ** p ≤ 0.001; the Mann–Whitney U-test.
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in the post-treatment assessment. While comparing the 
SEP and AEP groups, the difference was also significant and 
showed a greater increase in the asymmetric group. These 
findings are in concordance with the study conducted by 
Zafarmand and Zafarmand, where the bicuspid extraction 
theory (neither 2 nor 4 premolar extractions) for reducing 
the facial height did not provide any significant changes 
post-treatment.36 The vertical angle and the lower anterior 
facial height increased in both of their groups. This was also 
highlighted in a study conducted by Staggers, according to 
whom the biomechanical justification for this could be the 
intrinsic extrusive effect of  most orthodontic modalities, 
e.g., the protraction of posterior teeth, which can unfavor-
ably compensate any reduction in the facial height.37

This study was based primarily on the changes in soft 
and hard tissue parameters assessed on cephalomet-
ric images. It is now advocated that soft tissue changes 
should be evaluated with three-dimensional (3D) imaging 
techniques, both pre- and post-treatment, to correctly as-
sess the treatment changes. There was an unequal distri-
bution of extraction patterns in our groups, which could 
affect the results. A small sample size indicates that fur-
ther studies need to be conducted to ensure that the re-
sults are generalizable to the population and that alternate 
treatment mechanics produce variable results.

Conclusions
The present study determined the alterations in soft 

and hard tissues after different extraction patterns. It can 
be concluded that a significant change in soft tissue para
meters in the SEP group led to a greater improvement in 
the patient’s profile. The inclinations of the upper and lower 
dentition can be improved in both the SEP and AEP groups,  
which may help position the teeth over the basal bone and 
enhance long-term stability. Asymmetric extractions can 
be carried out to remedy occlusal discrepancies without 
any risk of  profile flattening. While employing premolar  
extractions aiming to reduce the facial height, due consider
ation with respect to biomechanics must be given.
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Abstract
Background. Disk displacement without reduction (DDwoR) is one of the most common temporoman-
dibular joint disorders (TMDs); it can manifest itself in joint pain and limited mouth opening. Nowadays, 
many arthrocentesis techniques are used with no consensus on which technique is optimal.

Objectives. The aim of this study was to investigate the efficacy of 3 techniques in the treatment of TMD 
known as DDwoR and to compare them in order to determine whether one is superior to the others.

Material and methods. A prospective study was conducted between May 2015 and June 2018. The sample 
consisted of 30 adult patients (6 males and 24 females; mean age: 38.87 ±6.40 years) with DDWoR, confirmed with 
magnetic resonance imaging (MRI). The patients were randomly divided into 3 groups according to the treatment 
technique applied: arthrocentesis only (control); arthrocentesis plus hyaluronic acid (HA); and arthrocentesis plus 
platelet-rich plasma (PRP). The maximum mouth opening (MMO) as well as pain intensity and masticatory effi-
ciency on a visual analog scale (VAS) were measured at the time of diagnosis (baseline) and at 1-month, 3-month, 
6-month, and 9-month follow-up appointments. The significance level was set at 0.05 for all statistical tests.

Results. The 3 techniques resulted in significant improvement in MMO and all VAS parameters. The one-way 
analysis of variance (ANOVA) revealed significant differences (p < 0.05) in the variables between the 3 groups. 
The increase in MMO in the PRP and HA groups was significantly greater than in the case of the control group, 
whereas no significant difference was found between the PRP and HA groups. The pain intensity and mastica-
tory efficiency results were significantly better in the PRP group than in the HA group or the control group; at 
the same time, no significant differences were noted between the HA group and the control group.

Conclusions. Despite the fact that patients benefited from all of the 3 techniques, arthrocentesis plus PRP 
appeared to be superior to arthrocentesis plus HA or arthrocentesis alone.

Key words: temporomandibular joint disorders, temporomandibular joint arthrocentesis, platelet-rich 
plasma, hyaluronic acid
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Introduction 
Disc displacement without reduction (DDwoR) ac-

counts for 35.7% of  temporomandibular joint disorders 
(TMDs).1 The articular disc is displaced relative to the 
condyle when the mouth is open or closed, and the symp-
toms include severe pain in the temporomandibular joint 
(TMJ), limitation of mouth opening and, in unilateral dis-
placements, deviation of the mandible to the painful side.2

The pathogenesis of  this temporomandibular joint 
dysfunction has pointed to biochemical factors, separate 
from the disc displacement theory.3 For example, inflam-
matory reactions that occur in TMJ are essential for the 
development and progression of  the disease, including 
high levels of  inflammatory mediators in the synovial 
fluid, such as interleukin 1 beta (IL-1β), tumor necrosis 
factor alpha (TNF-α) and others. Furthermore, the dis-
integration of  the important component of  the synovial 
fluid – hyaluronic acid (HA) – leads to a decrease in the 
viscosity of the synovial fluid and the deterioration of the 
joint proteoglycan matrix.4

Additionally, many researchers have stated that in-
creased friction of  the articulating surfaces might be 
a pivotal cause of the articular disk displacement. There-
fore, in any suggested procedure, the abovementioned pa-
thologies must be taken into consideration.5

Many conservative approaches have been proposed 
throughout the years, including occlusal splint therapy,6 
physical therapy,7 pharmacotherapy,8 and arthrocentesis. 
Nitzan et al. first described TMJ arthrocentesis as the sim-
plest form of surgery aiming to remove the inflamed syno-
vial fluid from the joint space, restore the viscosity of the 
synovial fluid and get rid of the adhesions by applying hy-
draulic pressure.9 It is considered the first surgical choice in 
patients who do not respond to conservative treatment.10

Later, many arthrocentesis techniques have been deve
loped; some studies have mentioned the benefit of addi-
tional medication following arthrocentesis, e.g., with cor-
ticosteroids, HA and platelet-rich plasma (PRP).

Intra-articular HA preparations are widely used in 
orthopedics for their curative effects, such as reducing 
pain,11 lubricating the joint surfaces, preventing degene
ration by decreasing friction, and providing cushioning to 
absorb pressure and vibration.12

On the other hand, the primary advantage of PRP treat-
ment is the topical administration of platelet-derived growth 
factors (PDGFs), which are involved in healing and regene
rating the damaged tissue as well as regulating inflammatory 
mediators13 and stimulating the HA synthesis.14

The medical literature is abundant in studies on the op-
timal procedure for dealing with TMDs. Therefore, the 
aim of the present study was not just to evaluate the ef-
ficacy of 3 techniques in the treatment of TMJ DDwoR, 
but also to compare them in order to determine whether 
arthrocentesis plus PRP is superior to arthrocentesis plus 
HA or arthrocentesis only.

Material and methods

Study design

A prospective study with a 9-month follow-up period 
was conducted between May 2015 and June 2018 at the 
Department of  Oral and Maxillofacial Surgery, Faculty 
of Dental Medicine of the University of Damascus, Syria.

This study was carried out with the approval of the uni-
versity Ethics Committee at the Ministry of Higher Edu-
cation of Syria (protocol No. 1394), and written informed 
consent was obtained from all the patients.

Sample size estimation

The required sample size was calculated using the 
G* power software v. 3.1.8 (Heinrich Heine University, 
Düsseldorf, Germany) using the following assumptions in 
accordance with a study by Hegab et al.15: α = 0.05; study 
power: 90%; and effect size: 0.85. Twenty-seven patients 
were required, so 30 patients (10 patients in each group) 
were enrolled in the current study to avoid attrition af-
fecting the results.

Patient selection

Patients were selected from a large group admitted to 
the Department of Oral and Maxillofacial Surgery, Facul
ty of  Dental Medicine of  the University of  Damascus, 
Syria, who had been clinically and radiologically (mag-
netic resonance imaging – MRI) diagnosed with unila
teral TMJ DDwoR. All patients had been unsuccessfully 
treated using conservative therapies (pharmacotherapy, 
soft diet, jaw exercises, or occlusal splint therapy) for at 
least 3 months.

The study sample included 30 adult patients – 6 males 
(20%) and 24 females (80%) – and their mean age was 
38.87 ±6.40 years.

The inclusion into the study was based on the diagnosis 
of DDwoR with limited mouth opening according to the 
Diagnostic Criteria for Temporomandibular Disorders 
(DC/TMD)16 as follows:
– clinical criteria:

•• the jaw locked so that the mouth does not open wholly,
•• the limitation in jaw opening severe enough to inter-
fere with the ability to eat,
•• the maximum assisted opening (passive stretch) 
movement, including vertical incisal overlap, <40 mm;

– radiological criteria:
•• in the maximum intercuspal position, the posterior 
band of the disk located anterior to the 11:30 position 
and the intermediate zone of the disk anterior to the 
condylar head,
•• at full opening, the intermediate zone of the disk lo-
cated anterior to the condylar head.
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The exclusion criteria comprised patients with systemic 
diseases (rheumatoid arthritis, psoriatic arthritis and ju-
venile arthritis) or who had received treatment with an-
ticoagulants.

According to the undertaken arthrocentesis technique, 
the patients were randomly assigned to 1 of the 3 follow-
ing equal groups (Table 1):
– group I – patients receiving arthrocentesis with 100 mL 

of Ringer’s lactate solution only (control group);
– group II – patients receiving an intra-articular injection 

of  1  mL of  HA following arthrocentesis with 100  mL 
of Ringer’s lactate (HA group);

–  group III – patients receiving an intra-articular in-
jection of  1  mL of  PRP following arthrocentesis with 
100 mL of Ringer’s lactate (PRP group).

Outcome measurements

The preoperative maximum mouth opening (MMO) 
was measured in mm as the distance between the incisal 
edge of the upper and lower central incisors. The visual 
analog scale (VAS; range: 0–10) values for pain intensity 
and mastication efficiency were recorded. For the pain 
intensity assessment, the scale ranged from 0, represent-
ing no pain, to 10, representing the worst imaginable 
pain. For masticatory efficiency, the scale ranged from  
0 – eating only liquid foods, to 10 – eating any solid  
and/or hard foods.17 These clinical parameters were as-
sessed by the same operator at the time of  diagnosis 
(baseline) and at each follow-up appointment (1-month, 
3-month, 6-month, and 9-month).

Injection technique

Intravenous sedation was performed in order to gain 
complete control of  the pain, and then the skin surface 
was disinfected with povidone iodine. Once the joint was 
locally anesthetized, 2 points were marked over the gle-
noid fossa and the articular eminence along the canthal 
–tragus line (Holmlund–Hellsing line), similar to the en-
try points used for arthroscopic procedures (Fig. 1).18,19

A 19-gauge needle was then inserted into the upper joint 
cavity (UJC) at the glenoid fossa (point A), approx. 5 mL 
of Ringer’s lactate was injected to distend UJC and some 
movements of the patient’s mandible were performed for 
several minutes in order to mix Ringer’s lactate with the sy-
novial fluid (in our practice, we have found this to be a very 
important step, since without the proper mixing of  the 
synovial fluid and Ringer’s lactate solution, arthrocente-
sis does not proceed easily and effectively). Then, another 
19-gauge needle was slowly and carefully inserted into the 
area of the articular eminence (point B) until the solution 
appeared in order to establish a free flow of the irrigation 
solution through UJC. The joint was irrigated with 100 mL 
of Ringer’s lactate solution. The outflow needle was inter-
mittently blocked in an attempt to get rid of the adhesions 
and to distend UJC by injecting under pressure, and the pa-
tient’s mandible was gently moved to release the disk if it 
was stuck. At the end of lavage, the needles were removed 
in group I; 1 mL of HA was injected into the joint before re-
moving the needles in group II and 1 mL of PRP was inject-
ed into the joint before removing the needles in group III.

During the follow-up phase, we did not administer any 
physical therapy or splint therapy.

Table 1. Comparison of the baseline values of the outcome variables between the study groups

Variable Control HA group PRP group p-value

Sample size n = 10 n = 10 n = 10 1.000

Sex
  female
  male

8
2

7
3

9
1

0.945

Age [years] 40.53 38.26 37.82 0.910

MMO [mm] 33.30 ±3.71 31.60 ±4.55 32.30 ±8.68 0.960

Pain intensity [VAS] 6.40 ±1.57 5.60 ±1.43 6.10 ±1.59 0.897

Masticatory efficiency [VAS] 3.60 ±1.38 4.40 ±1.65 3.90 ±1.48 0.955

Data for MMO, pain intensity and masticatory efficiency presented as mean ± standard deviation (SD).
Control group – arthrocentesis only; HA group – arthrocentesis plus hyaluronic acid (HA); PRP group – arthrocentesis plus platelet-rich plasma (PRP); MMO – 
maximum mouth opening; VAS – visual analog scale.

Fig. 1. Technique used for injections into the temporomandibular joint (TMJ)

LC – lateral canthus; T – tragus; A – 10 mm from the middle of the tragus 
and 2 mm below the canthotragal line; B – 10 mm further along the 
canthotragal line and 10 mm below it.
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The one-way analysis of variance (ANOVA) was used to 
determine any differences in the mean values and standard 
deviations (SD) of the variables (MMO, pain intensity and 
masticatory efficiency) between the 3 groups. When there 
was a significant difference among the means, the Šidák  
significant difference post-hoc test (α = 0.05) was applied.

Results
In general, from a descriptive point of view, it was evi-

dent that the mean values of  MMO, pain intensity and 
masticatory efficiency increased during the 9 months 
of  follow-up for each of  the 3 arthrocentesis techniques 
(Table 2).

No adverse effects or major complications were re-
ported except for some minor complications associated 
with arthrocentesis, such as swelling of  the preauricular 
region, caused by lateral extravasation of  the irrigation 
fluid, which disappeared spontaneously after 2 or 3 days.

Statistically significant differences between the 2 pe-
riods (before treatment and at the 9-month follow-up) 
were observed for each of the values: MMO, pain inten-
sity and masticatory efficiency. In the control group, they 
were 9.3 mm, −3.8 and 3.6, respectively; in the HA group  
– 13.8  mm, −4.4 and 4.0, respectively, and in the PRP 
group – 15.9 mm, –5.4 and 5.1, respectively. 

The one-way ANOVA revealed significant differences 
(p < 0.05) in the variables (MMO, pain intensity and mas-
ticatory efficiency) between the 3 groups (Fig. 2–4).

Platelet-rich plasma preparation

Platelet-rich plasma was prepared according to the fol-
lowing protocol:

1.5  cm3 of  anticoagulant (3.8% sodium citrate) was 
drawn into a 20-cubic centmeter syringe prior to taking 
blood and the inside walls were coated with the antico-
agulant; 13.5  cm3 of  venous blood was then drawn; af-
terward, the blood and the anticoagulant were mixed by 
slowly swinging the syringe and the gathered blood was 
transfused into a  YcellbioTM tube (Ycellbio Medical Co. 
Ltd., Seoul, South Korea).

The tube was then centrifuged with the following pa-
rameters: 3400 rpm for 4 min; and relative centrifugal 
force (RCF) of 1.888 × g.

After separation, 1 mL of pure platelet-rich plasma (P-PRP),  
without any leukocytes, was carefully aspirated into a sepa-
rate syringe; immediately before injecting it into the joint, it 
was activated with 0.1 mL of 10% calcium chloride.

Statistical analysis

The software SPSS Statistics for Windows, v. 17.0 (SPSS 
Inc., Chicago, USA) was used for the data management 
and statistical analysis. The level of significance was set at 
0.05 for all statistical tests.

The data fit normal distribution, as confirmed by the 
Shapiro–Wilk tests. The paired sample t-test was used to 
compare the mean values of the variables (MMO, pain in-
tensity and masticatory efficiency) over time.

Table 2. Comparison of the mean values of maximum mouth opening (MMO), pain intensity and masticatory efficiency before the treatment and after 9 months 
of observation between the study groups

Variable Group Period Mean SD Mean difference p-value

MMO
[mm]

control
before treatment 33.30 3.71

9.300 0.002*
after 9 months 42.60 4.32

HA group
before treatment 31.60 4.55

13.800 0.000*
after 9 months 45.40 3.53

PRP group
before treatment 32.30 8.68

15.900 0.000*
after 9 months 48.20 5.11

Pain intensity
[VAS]

control
before treatment 6.40 1.57

–3.800 0.000*
after 9 months 2.60 2.91

HA group
before treatment 5.60 1.43

–4.400 0.000*
after 9 months 1.20 2.39

PRP group
before treatment 6.10 1.59

–5.400 0.000*
after 9 months 0.70 0.82

Masticatory efficiency
[VAS]

control
before treatment 3.60 1.38

3.600 0.000*
after 9 months 7.20 2.74

HA group
before treatment 4.40 1.65

4.000 0.000*
after 9 months 8.40 2.22

PRP group
before treatment 3.90 1.48

5.100 0.000*
after 9 months 9.00 0.66

* statistically significant. 
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The increase in MMO in the PRP and HA groups 
was significantly greater than that in the control group 
(p  <  0.05), whereas no significant difference was found 
between the PRP and HA group (p = 0.970) (Table 3).

The pain intensity and masticatory efficiency results 
were significantly better in the PRP group than in the HA 
group or the control group (p < 0.05); at the same time, no 
significant differences were noted between the HA group 
and the control group (p = 0.700 and p = 0.560, respec-
tively) (Table 3).

Overall, within the competitive framework, there has 
been improvement and consistency in the outcomes 
of the 3 techniques during the 9 months of follow-up.

Discussion
The substantial development of biochemical studies has 

drawn attention away from disk displacement theory20 to 
focus instead on the role of  increasing friction between 
the contiguous parts of the joint in the incidence and exa
cerbation of TMDs.5

In the past, various kinds of  conservative treatment 
were suggested to deal with TMDs, and when they failed, 
surgical disk repair and repositioning was the only avail-
able choice.21 However, there has been increased interest 
in arthrocentesis since improvement was observed in the 
clinical parameters of patients who had arthroscopy, even 
though their articular disks had not been operated on.9 
In order to improve the results of arthrocentesis, the HA 
injection at the end of lavage was suggested due to the role 
of HA in the joint stabilization and nutrition, so this treat-
ment might be useful in healing the lubrication system.22 
The same is also true for PRP, which has recently been 
used as in orthobiologic adjuvant treatment.15

Thus, there was a need to clearly determine whether there 
was any benefit from injecting any drug after arthrocentesis 
or not, and which substance was the most effective.

In the present study, there were no statistical differen
ces in age, sex or any of the baseline values of the outcome 
variables (Table 1). Consequently, the treatment technique 
used remained the main affecting variable. All treatment 
techniques resulted in significant clinical improvement in 
both VAS parameters (pain intensity and masticatory ef-
ficiency) and MMO. The mean differences for these values 
in the control group were –3.8, 3.6 and 9.3  mm, respec-
tively; in the HA group, they were –4.4, 4.0 and 13.8 mm, 
respectively, and in the PRP group, they were –5.4, 5.1 and 
15.9  mm, respectively (Table  2). The improvement was 
gradual throughout the observation period. Two studies 
described minor adverse effects after the PRP application, 
such as pain during the injection, postoperative discom-
fort,15 or temporary swelling and soreness over TMJ,23 but 
in the present study, no adverse effects were recorded.

These results are consistent with the results of most pre-
vious studies. The positive outcomes might be explained 
by the direct effect of  arthrocentesis, since washing out 
UJC eliminates inflammation mediators from the syno-
vial fluid and causes a  reduction in pain. Furthermore, 
the hydraulic distention during arthrocentesis increases 

Fig. 2. Mean of maximum mouth opening at the time of the study

* statistically significant.

Fig. 3. Mean of pain intensity at the time of the study

* statistically significant.

Fig. 4. Mean of masticatory efficiency at the time of the study

* statistically significant.
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the mandibular mobility by removing the intra-articular 
adhesions, getting rid of the negative pressure within the 
joint between the disk and the fossa space (vacuum ef-
fect), and thus reducing the mechanical obstruction.

Two things made it difficult to compare the results 
of  our research with those of  other studies. Firstly, it is 
a new study, since no previous ones have dealt with these 
3 techniques simultaneously. Secondly, there is a wide va-
riety of arthrocentesis techniques being used, in addition 
to different target groups for these techniques, such as pa-
tients with osteoarthritis, disk displacement, etc. There-
fore, we tried to approach this discussion with the studies 
that most closely matched our study.

There are some discrepancies in the literature regarding 
the addition of medication after arthrocentesis. Alpaslan 
and Alpaslan examined the efficacy of  arthrocentesis 
with and without the injection of  sodium hyaluronate 
(SH) in the treatment of  TMJ internal derangements.24 
Although they found that both techniques improved the 
outcome parameters, arthrocentesis with the SH injection 
seemed to be superior to arthrocentesis alone.24 Cömert 
Kiliç et al. conducted a randomized clinical trial on adult 
patients with temporomandibular joint osteoarthritis 
(TMJ-OA).25 The patients were randomly treated with ar-
throcentesis alone (control group) or with initial arthro-
centesis plus the PRP injection followed by 4 consecutive 
PRP injections (experimental group). Painless interincisal 
opening and lateral motion increased significantly only 
in the experimental group. Cömert Kiliç et al. suggested 
that arthrocentesis plus the PRP injection is superior to 
arthrocentesis alone.25

Lin et al. compared the efficacy of 2 approaches – ar-
throcentesis plus PRP and PRP alone – and concluded 
that arthrocentesis plus PRP demonstrated superior im-
provement in the jaw range of motion <6 mm and pain 
when chewing foods.26

Zotti et al. presented a narrative review on the effects 
of  arthrocentesis with PRP and PRP injections in the 
management of TMDs and compared them to those of ar-
throcentesis alone or with HA. They found encouraging 
results in terms of the effectiveness of the PRP therapy.27

In the present study, the increased MMO in the HA group 
was significantly greater than in the control group; our re-
sults for this parameter were similar to those obtained by 
Alpaslan and Alpaslan.24 This might be explained by the 
lubricating properties of  HA, described in many studies 
by the term viscosupplementation – HA allows smoother 
movements within the joint with less friction, which results 
in improved mouth opening. This effect was not observed 
by Bergstrand et al., who compared arthrocentesis alone to 
arthrocentesis with the HA injection.28 They did not find 
a statistically significant difference between those groups. 
However, the results of  that study cannot be thoroughly 
evaluated, as one very important issue was omitted, namely,  
the lavage volume of the perfusate for arthrocentesis was 
not mentioned in the study.28

Additionally, we found a significant increase in MMO in 
the PRP group as compared to the control group – a result 
which is consistent with that of Cömert Kiliç et al.25 This 
could be interpreted by the positive impact of growth fac-
tors, which restore the viscosity of the synovial fluid and 
lead to improvement in the jaw movement.

Table 3. Comparison of the mean differences of the studied variables between the study groups during the observation period

Variable Group Mean difference SE Absolute value p-value

MMO
[mm]

control 9.300
1.955 4.500 0.000*

HA group 13.800

control 9.300
1.955 6.600 0.000*

PRP group 15.900

HA group 13.800
1.955 2.100 0.970

PRP group 15.900

Pain intensity
[VAS]

control –3.800
0.997 0.600 0.700

HA group –4.400

control –3.800
0.997 1.600 0.000*

PRP group –5.400

HA group –4.400
0.997 1.000 0.000*

PRP group –5.400

Masticatory efficiency
[VAS]

control 3.600
0.997 0.400 0.560

HA group 4.000

control 3.600
0.997 1.500 0.000*

PRP group 5.100

HA group 4.000
0.997 1.100 0.000*

PRP group 5.100

SE – standard error; * – statistically significant. 
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On the other hand, we found that although the MMO 
result in the PRP group was better than in the HA group, 
there was no significant difference between the MMO 
values. This resembles the results obtained by Cömert 
Kiliç and Güngörmüş in their later randomized clinical 
trial conducted on adult patients with TMJ-OA.17 The 
patients were randomly divided into 2 groups: the PRP 
group patients underwent initial arthrocentesis plus the 
PRP injection followed by 4 consecutive PRP injections, 
whereas the HA group patients underwent 1 session 
of  arthrocentesis plus the HA injection. No statistically 
significant differences were observed between the groups, 
so the researchers suggested that arthrocentesis plus PRP 
injections is not superior to arthrocentesis plus a  single 
HA injection.17 Contradictory results were presented by 
Hegab et al., who enrolled patients with TMJ-OA in their 
study.15 One group received 3 injections of 1 mL of PRP, 
whereas the other received 3 injections of 1 mL of  low-
molecular-weight HA. The PRP group exhibited better 
outcomes than the HA group in terms of the recurrence 
of  pain and joint sounds, and an increased interincisal 
distance.15 This discrepancy may result from the different 
sample sizes — if our sample had been larger, we may have 
found a  significant difference — and from the different 
arthrocentesis technique, since repeated PRP injections 
may be more effective than the single injection we ap-
plied, particularly because the target group in that study 
had degenerative joint disease.

The present study demonstrated that the pain intensity 
and masticatory efficiency scores among the PRP group 
were better than among the HA group and the control 
group. Only in this parameter did we find a consensus be-
tween our results and the findings of Hegab et al.15

There was no difference between the HA group and the 
control group in this respect; this is contrary to the results 
of Alpaslan and Alplaslan24 and may be due to the differ-
ent solutions applied in the 2 studies. We used Ringer’s 
lactate solution, whereas Alpaslan and Alplaslan applied 
a saline solution. Shinjo et al. suggested that Ringer’s lac-
tate solution is more compatible with the articular tissues 
than isotonic saline29; in addition, we think that Ringer’s 
lactate solution makes the synovial fluid more viscous, 
which facilitates arthrocentesis and increases its effec-
tiveness. Therefore, arthrocentesis in our study may have 
been more effective.

Based on the abovementioned results, we think that ar-
throcentesis plus PRP yields better outcomes in patients 
with arthralgia and dysfunction as the major complaint. 
When limited mouth opening is the primary symptom, 
there is no preference between PRP and HA as an additive 
after arthrocentesis. This agrees to a large extent with the 
results reported by Fernández-Ferro et al.30

Finally, it should be noted that the present study has 
some limitations. Firstly, our sample size was too small 
to achieve definitive conclusions. Secondly, our study in-
cluded subjective estimations and observational compo-

nents. Thirdly, our study was not designed as a double-
blind study, since the operator cannot be blinded to the 
material injected into the joint after arthrocentesis.

With the above limitations in mind, the present study 
has tried to shed some light on how to deal with TMDs, 
being one of  the most difficult problems that oral and 
maxillofacial surgeons may encounter.

Conclusions
There is a preference for techniques including the injec-

tion of some agent, regardless of the agent used. Arthro-
centesis plus PRP seemed to be superior to arthrocentesis 
plus HA or arthrocentesis alone, especially in patients 
with intense pain along with a regression in masticatory 
efficiency. However, additional studies with larger sample 
sizes may be valuable in determining the optimal tech-
nique for the treatment of TMJ disk displacement.
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Abstract
Background. Porcelain sectional veneers with no preparation (no-prep) are an ultra-conservative choice 
for the esthetic treatment of the anterior teeth. They can be made from a sintered feldspathic porcelain, 
which gives a great appearance with small thickness, but there are still concerns about the fracture strength 
of this material.

Objectives. The aim of  this study was to evaluate the fracture strength of  porcelain sectional veneers 
made from 2 different sintered feldspathic porcelains.

Material and methods. Twenty recently extracted human incisors were randomly divided into 2 groups 
according to the porcelain material (n = 10). The 1st group was applied the IPS Style® Ceram feldspathic 
porcelain and the 2nd group – GC InitialTM MC. The porcelain sectional veneers were fabricated following 
the manufacturers’ instructions. After the veneers bonded with resin cement (Variolink® N), the fracture 
strength was measured using a universal testing machine (Instron®1195) at 1 mm/min until failure oc-
curred. Failure modes were determined under a stereomicroscope.

Results. The mean fracture strength for group IPS Style Ceram was higher than that for group GC Initial MC 
(182.7 N and 155.7 N, respectively). The lowest value was observed in group IPS Style Ceram (78 N) and 
the highest value – also in the group IPS Style Ceram (294 N). Student’s t-test demonstrated no statistically 
significant differences between the 2 groups (p > 0.05).

Conclusions. There was no difference in the fracture strength of the porcelain sectional veneers for the 
2 types of sintered porcelain used in this study. Cohesive failure within the porcelain sectional veneer was 
the most common mode of failure.

Key words: fracture strength, porcelain sectional veneers, no-prep, feldsphatic porcelain, ultra-thin ve-
neers

Słowa kluczowe: wytrzymałość na złamanie, częściowe licówki porcelanowe, no-prep, ceramika skale-
niowa, ultracienkie licówki
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Introduction 
Demands for esthetic and conservative treatment are in-

creasing nowadays, especially with regard to the anterior 
region for malpositioned teeth and diastema.1,2 Progress 
in adhesive technologies has led to a variety of more con-
servative restoration techniques. For example, ultra-thin 
veneers with minimal or no preparation (no-prep),3–7and 
recently porcelain sectional veneers, which are ultra-thin 
pieces that partially cover the teeth, and can be etched 
and adhered to the enamel to restore only the defected 
area while being ultra-conservative. These restorations 
can have biologically healthy and optically beautiful mar-
gins and emergence profiles if properly selected and ma
naged to avoid overcontouring.8 Sectional veneers were 
an acceptable solution for patients, with high survival 
rates in several case reports.9–11

Composite resin can be used to restore the defects in 
the anterior teeth. It has the advantage of  direct place-
ment at 1 appointment. It is also easily modified and 
repaired as well as inexpensive. However, low wear re-
sistance and durability, discoloration, surface staining, 
and polymerization shrinkage are still the disadvantages 
of this material.12,13

Dental porcelain is usually characterized by color sta-
bility, clinical longevity, esthetic appearance, and com-
patibility with periodontal tissues14; these characteristics 
make porcelain a good choice for such treatment. In addi-
tion, it can be thinned to less than 0.3 mm, which distin-
guishes sectional veneers from traditional 0.3–1-millime-
ter-thick laminate veneers.3,15,16

Porcelain sectional veneers can be made from hot-
pressed ceramic, but it does not yield the same esthetic 
results as build-up feldspathic porcelain, which closely re-
sembles the natural tooth, and due to the presence of flu-
oroapatite crystals, this kind of  porcelain gains a  poly-
chromatic appearance and high translucency.14,17,18 Many 
in-vivo studies revealed good survival rates for veneers 
made from feldspathic porcelain.18–20 The main limita-
tion of sintered feldspathic porcelain is its fragile nature, 
especially in the case of  low thicknesses as in sectional 
veneers,14 so there are still concerns about the fracture 
strength of this material and its ability to be used for fab-
ricating sectional veneers. In addition, in vitro studies on 
sectional veneers are not available, so the aim of this study 
was to evaluate the fracture strength of  porcelain sec-
tional veneers made from 2 different sintered feldspathic 
porcelains.

Material and methods
Twenty recently extracted caries-free human incisors 

of  similar dimensions were randomly selected for this 
study, and adhering soft tissues and calculus deposits 
were removed with a hand scaler. The teeth were stored 

in 0.5% chloramine-T solution for a  week and then in 
distilled water. Chloramine-T solution was chosen to 
store the extracted teeth according to the ISO recom-
mendations.21

The teeth were divided into 2 groups (n = 10) accord-
ing to the type of feldspathic porcelain used: the 1st group 
was applied sectional veneers made from the IPS Style®  
Ceram (Ivoclar Vivadent, Schaan, Liechtenstein) porcelain  
and the 2nd group – the GC InitialTM MC (GC Nordic AB, 
Stockholm, Sweden) porcelain. Then, the teeth were em-
bedded perpendicularly in self-cure acrylic resin blocks 
(18 mm × 18 mm × 18 mm), 2 mm below the cemento
enamel junction, using a dental surveyor so that during 
the loading test, the load could be applied parallel to the 
long axis of the tooth.

Fabrication  
of the porcelain sectional veneers

No preparation was made for the teeth. Customized 
trays were used for making the impressions with a polyvi-
nyl siloxane impression material (Elite® HD+; Zhermack 
SpA, Badia Polesine, Italy).

The veneers were fabricated from a sintered feldspathic 
porcelain material using the conventional refractory die 
technique according to the manufacturer’s recommenda-
tions. The sectional veneers extended gingivally to the 
cementoenamel junction, buccally to the bucco-proximal 
line angle and lingually to the lingual-proximal line angle; 
the incisal edge was extended by 1 mm with a sectional 
veneer following the same natural incisal thickness of the 
tooth without covering it. The bucco-lingual thickness 
of the tooth was measured before and after bonding the 
sectional veneers. The difference between the 2 measure-
ments resembled the sectional veneer thickness and was 
limited to 0.1 mm.

The impressions were cast in an investment material 
(G-Cera® Orbit Vest; GC America Inc., Alsip, USA) using 
a dental vibrator. After an hour, the cast dies were care-
fully separated from the impressions. A degassing process 
was performed for the dies in 2 stages; firstly, the tem-
perature was gradually raised to 700°C over 1 h in a heat-
ing furnace, secondly, the dies were placed in a porcelain 
furnace with the temperature being raised from 700°C to 
1,050°C and maintained for 5 min at this temperature. 
A  thin layer of connector paste was applied on the dies 
using a brush. Then, the dies were placed again in a porce-
lain furnace, heated up to 950°C, removed, and cooled to 
room temperature. The porcelain sectional veneers were 
built up on refractory dies using the conventional tech-
nique (powder/liquid), shade A1 for GC Initial MC and 
A3.5 for IPS Style Ceram. Then, the veneers were fired 
in a furnace according to the manufacturers’ instructions. 
The veneers were gently sandblasted to remove the re-
sidual investment material using aluminous oxide 50 μm 
from a distance of 10 mm at a pressure of 1 bar.
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Bonding  
of the porcelain sectional veneers

The enamel was etched for 30 s using a  37% phos-
phoric acid etching gel (Total Etch®; Ivoclar Vivadent). 
Then, the tooth surface was rinsed with water for 20 s 
and gently air-dried. One layer of  a  bonding agent 
(Tetric® N-Bond Universal; Ivoclar Vivadent) was ap-
plied and light-cured for 20 s. The inner surface of the 
sectional veneer was etched with 5% hydrofluoric acid 
(IPS® Ceramic Etching Gel; Ivoclar Vivadent) for 60 s, 
rinsed thoroughly and air-dried. One thin layer of a si-
lane coupling agent (Monobond® S; Ivoclar Vivadent) 
was applied for 60 s.

The porcelain sectional veneers were bonded us-
ing light-cure translucent resin cement (Variolink® N; 
Ivoclar Vivadent). The veneers were positioned on the 
teeth, held in place with finger pressure and light-cured 
with LED curing light (Guilin Woodpecker Medical In-
strument Co., Ltd., Guilin, China) for 5 s at light inten-
sity of 800 mW/cm2. The excess cement was removed 
with blade 12. Then, the veneer was light-cured from 
the lingual, facial and incisal sides for 40  s. The mar-
gins were finished with a  diamond bur and rubber 
disks. Figure  1 shows the final sectional veneers after 
bonding. The specimens were stored in distilled water 
at room temperature for 24 h before being subjected to 
mechanical tests.

Fracture strength test

A fracture strength test was performed by applying 
progressive load to the specimen until fracture occurred. 
A universal testing machine (Instron® 1195; Instron, High 
Wycombe, UK) was used (Fig. 2). The load was applied at 
a crosshead with a speed of 1 mm/min at the incisal edge 
of the porcelain sectional veneer parallel to the long axis 
of  the tooth. The maximum force that produced failure 
was recorded in newtons. The failure mode was catego-
rized as cohesive (failure within the porcelain sectional 

veneers or teeth), adhesive (failure between the porce-
lain sectional veneer and the tooth) or mixed. The fail-
ure mode was examined under a stereomicroscope at ×20 
magnification.

Statistical analysis

The data was analyzed statistically using SPSS Statistics 
for Windows v. 17 (SPSS Inc., Chicago, USA). Student’s 
t-test was used to compare the mean values of  fracture 
strength between the 2 groups at a  significance level 
of 95% (p < 0.05).

Results
Figure 3 and Table 1 show the mean values of  frac-

ture load and standard deviations (SD) for each group. 
Although the IPS Style Ceram group presented higher 
fracture strength, Student’s t-test showed no significant 
differences between the sectional veneers made from 
GC Initial MC and IPS Style Ceram porcelain. The use 
of  different sintered feldspathic materials did not affect 
the fracture strength at the significance level (p > 0.05) 
(Table 2).

Figure 4 shows the failure modes for the 2 groups. Co-
hesive failure of the porcelain sectional veneer occurred 
in most specimens, whereas a  tooth fractured in only 3 
specimens. There was no adhesive failure.

Fig. 1. Final sectional veneers

On the left – IPS Style Ceram porcelain; on the right – GC Initial MC porcelain.

Fig. 2. Load applied at the incisal edge using the Instron testing machine



R. Shurbaji Mozayek, et al. Porcelain sectional veneers fracture strength276

Discussion
The present study investigated the difference in frac-

ture strength of 2 types of sintered feldspathic porcelain 
used to fabricate porcelain sectional veneers. This type 
of restorations is an esthetic and conservative option that 
requires no tooth preparation and is ultra-thin, which 
makes the bonding remain on the enamel, consequently 
ensuring the best adhesion possible. Sectional veneers 
have many advantages, such as the needlessness of pro-
visional restorations, no post-operative sensitivity and 
a simplified impression technique. The advantages of us-
ing sintered feldspathic porcelain include esthetics, low 
laboratory cost and excellent mechanical retention after 
bonding with resin cement.

Fracture is an important clinical problem. The most fre-
quent kinds of failure associated with feldspathic porce-
lain veneers are fracture, debonding and microleakage,22 

so the fracture strength of these materials must be taken 
into consideration.

In the present study, natural anterior teeth were used 
instead of acrylic or metallic dies, because they differ in 
elasticity and strength compared to the teeth. Besides, 
the study aimed to mimic the clinical situation as much 
as possible with respect to the adhesive bonding protocol.

In the present investigation, the teeth were embedded in 
acrylic resin blocks to facilitate testing procedures, such as 
preparing the impressions and bonding, and the specimens 
were later put into a testing machine. All specimens were 
embedded in acrylic resin without a simulated periodon-
tal ligament that is usually used as a shock-absorbing layer. 
Currently, there is no consensus in the dental literature 
whether or not to use it; it may be of no importance in the 
case of progressive load like in this study.23–25 This research 
was conducted with regard to exact laboratory and clinical 
procedures, such as preparing impressions, casting with in-
vestment, sandblasting, and bonding to the teeth with resin 
cement, which make the results more clinically relevant.

Different load direction and placement were observed 
in the literature. In some studies, the teeth were loaded 
at the palatal surface,23,26,27 whereas in most other studies,  
the force was applied at the incisal edge parallel to the 
long axis of the tooth.24,28–33 Loading the force at the pala-
tal surface would lead to the failure of the tooth structure 
itself. This angle might also cause the Instron crosshead to 
slide along the palatal surface of the tooth. Therefore, in 
the present study the load was applied at the incisal edge 
and according to the longitudinal axis of the specimens.

The sample size involved 10 teeth in each group like in 
many previous studies.23,27,29,31,32 When dividing SD by the 
mean (which is called the coefficient of variation), the re-
sult is <1. Such a  large deviation can be considered low 
variance and statistically correct.

There were no statistically significant differences in the 
fracture strength of  the porcelain sectional veneers be-
tween the 2 studied materials.

Fig. 3. Means of fracture strength [N] for the materials tested

Fig. 4. Incidence of fracture modes

Table 1. Descriptive data for the fracture strength values [N] for the test groups

Group SD SEM Minimum Maximum

IPS Style Ceram (n = 10) 76.4 28.9 78 294

GC Initial MC (n = 10) 86.7 28.9 78.4 284.2

SD – standard deviation; SEM – standard error of the mean. 

Table 2. Results of paired comparisons using Student’s t-test

Statistical data Value

t 0.6499

df 18

difference between the means 27

SE of the difference 41.5

p-value 0.5263*

df – degrees of freedom; SE – standard error;  
* statistically non-significant (p > 0.05). 
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No previous in vitro or in vivo studies on sectional veneers 
were found in the literature except for a  few case reports. 
However, 1 study found that minimally invasive tooth prepa-
ration (0.2 mm) allowed higher fracture resistance in the 
case of restorations with lithium disilicate ceramic veneers.34  
Another study compared the fracture strength and other 
properties of the veneers fabricated using different techniques 
and materials, and concluded that there were fewer marginal 
discrepancies with feldsphatic porcelain and that the fracture 
strength decreased when more covering to the dental tissue 
was applied.24 Yet another study showed that more prepara-
tion for the dental tissue could be associated with a decreased 
shear strength of lithium disilicate laminate veneers.35

The results of this study showed that the mean fracture 
strength of the IPS Style Ceram porcelain was 182.7 N and 
in the case of the GC Initial MC porcelain, it was 155.7 N. 
This result is close to that obtained by Alghazzawi et al., 
who found that the mean fracture strength was 161 N,36 
whereas Zarone et al. found that it was 220 N.37 In the 
study conducted by Lin et al., laminate veneers fractured 
at 450 N.24 They investigated the fracture load of  feld-
spathic porcelain veneers using standardized composite 
resin dies, which may have affected their results.24 How-
ever, Turkaslan et al. reported higher results (800 N),31 which might be due to the use of  full veneers as well as 

the differences in the thickness of porcelain and the fabri-
cation technique (computer-aided design and computer-
aided manufacturing (CAD CAM)).

This study showed no adhesive failure; the main fail-
ure mode was the cohesive failure of  the porcelain ve-
neers (Fig. 5) followed by the tooth fracture. This find-
ing may imply that the bond strength was high enough 
to withstand loading and eventually failure would occur 
cohesively within the veneer or the tooth itself. This re-
sult coincides with previous studies.24,32,36,38–40 However, 
different failure modes were reported by other research-
ers,29,30,37 which could be explained by the differences in 
the load direction, type of ceramic, adhesive cement, and 
bonding procedure. Three specimens showed cohesive 
failure in the tooth structure (Fig. 6). A possible reason for 
this could be that the load was high enough to exceed the 
proportional limit of the tooth,33–39 especially in the teeth 
with thin roots. In general, extracted human teeth vary in 
quality and standardizing this factor is difficult.

The average masticatory force reaches 130 N in the ante
rior teeth and the mean value of fracture strength in the pres-
ent study was higher than the average masticatory force.41

Some limitations of  this study need to be mentioned. 
Extracted human teeth greatly vary in size, shape and 
quality, which may influence the results, so it is better to 
use a  larger sample size. Further studies involving other 
types of  ceramic should be performed. This study was 
conducted under dry and static conditions, therefore not 
exactly mimicking the wet and cyclic nature of  the oral 
environment. Apart from that, porcelain in the oral en-
vironment is subjected to thermal and chemical factors, 
which is why in vivo studies are needed.Fig. 5. Different modes for fractured sectional veneers

Fig. 6. Cohesive failure of the tooth
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Conclusions
Within the limitations of  this in vitro study, it can be 

concluded that sintered feldspathic porcelain used for 
sectional veneers did not affect the fracture strength. The 
fracture of  the porcelain sectional veneer was the most 
common failure mode.
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Abstract
Background. The mandibular incisive canal (MIC) is a neural canal containing one of the lower branches 
of  the inferior alveolar nerve, called the mandibular incisive nerve, which can get damaged and cause 
complications during the removal of bone from the interforaminal region.

Objectives. The aim of this study was to determine the effect of the inversion filter (IF) on improving the 
visibility of MIC as compared to the original images.

Material and methods. In this retrospective, descriptive, analytical study, 343 samples of digital pano­
ramic radiography were examined. The images were analyzed with and without IF. The frequency and 
confidence intervals (CIs) of identifying MIC were used to determine its visibility, both with IF and in the 
original images. Besides, the difference between the maximum and minimum diameters of the canal as 
well as the distance from MIC to the alveolar crest and to the mental foramen were examined. For statistical 
analysis, McNemar’s test and the paired t-test were used, and the concordance was calculated using the 
kappa coefficient.

Results. No significant differences were found in the prevalence of the incisive canal, or in its unilateral 
or bilateral visibility between the original and filtered radiography in this study (p = 0.42 and p = 0.67, 
respectively). The absolute values of  the interval difference between MIC and the mental foramen, the 
maximum and minimum diameters of  MIC, and the distance from MIC to the alveolar crest were sta­
tistically significant between the filtered and original radiography, although the difference was clinically 
unimportant.

Conclusions. The use of IF produced results similar to the original radiography; its application neither in­
creased the clarity nor improved the visibility of the incisive canal.

Key words: mandible, software, digital dental radiography, mandibular nerve

Słowa kluczowe: żuchwa, oprogramowanie, cyfrowa radiografia stomatologiczna, nerw żuchwowy
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Introduction 
The mandibular incisive canal (MIC) is a neural canal 

containing one of  the lower branches of  the inferior al-
veolar nerve, called the mandibular incisive nerve.1 It was 
Olivier who first described it as an extension of the lower 
alveolar canal.acc.2 The mandibular incisive canal, which 
supplies the nerves of the anterior teeth of the mandible,3 
sometimes extends to the midline, and in some cases, 
ends up between the canine region and the premolar re-
gion.4 Various studies reported different frequencies for 
the observation of MIC.2,5–7 In certain studies, MIC was 
detectable in only 15% of panoramic images, and only 1% 
of the images had good resolution, whereas in cone-beam 
computed tomography (CBCT), it was detectable in 93% 
of cases.5

Although CBCT is considered to be more accurate than 
panoramic imaging for observing anatomical structures in 
the oral cavity,8 its radiation dosage and costs are higher 
than in the case of panoramic radiography,9–11 so it would 
be very practical to develop a  technique to improve the 
observation of MIC in panoramic radiography. Nowadays, 
digital filters are used to improve the quality of radiogra-
phy and the inversion filter (IF) is one of them.12 It reverses 
the grayscale of the image by exchanging low-density pix-
els (black) with high-density pixels (white), thus turning 
radio-opaque structures into radiolucent ones, and vice 
versa.13 This filter improves the optical contrast of images 
and shows objects with better contours.14

Given that the mandibular anterior region is one of the 
less problematic zones in oral surgery, the results of some 
studies suggest that panoramic radiography is sufficient 
for this zone and that more advanced imaging techniques 
such as CBCT are unnecessary. On the other hand, 
damaging the mandibular incisive nerve may cause com-
plications in the interforaminal area, although these are 
less frequent anyway.3 Since panoramic radiography is re-
lated to a lower dosage and cost, the aim of this study was 
to investigate the visibility of  MIC in panoramic radio
graphy using IF in comparison with the original images in 
order to determine the effect of IF.

Material and methods
In this retrospective, descriptive, analytical study, 

343 digital panoramic radiography images were selected 
from the medical records of patients referred to a private 
oral-maxillofacial radiology clinic in Rasht, Iran (the 
study was approved by the Ethics Committee of Guilan 
University of Medical Sciences with Code of  Ethics 
IR.GUMS.REC.1396.384).

The exclusion criteria used in the study were as follows: 
low-quality radiography, technical errors in the patients’ 
head position, radiography with artifacts or of  patients 
with fractures, surgery, pathological lesions, impacted or 
unerupted teeth in the interforaminal region, and, finally, 
edentulous patients.

All panoramic radiographs were prepared with the 
CRANEX®  D digital device (SOREDEX, Tuusula, Fin-
land) at 75–85 kVp, 10 mA and 11–17 s. All images were 
studied by 2 experienced oral-maxillofacial radiologists 
on a  22-inch LED monitor using the SCANORA® soft-
ware v. 5.1.2 by SOREDEX.

Initially, the images were evaluated without any digital 
manipulations. Then, they were re-evaluated after 10 days, 
applying IF under similar conditions (Fig.  1). If either or 
both of the upper or lower edges of the canal were visible, 
they were considered visible; if neither of  the edges were 
visible, they were considered invisible. In the case when 
both upper and lower edges were visible, the diameter 
of the canal as well as the distance from MIC to the mental 
foramen and to the alveolar crest were measured in mil-
limeters (if MIC was in the region between the 2 mental 
foramina without any interruption, the diameter was exa
mined in the middle of the canal region). The results were 
decided based on the agreement of both observers, and in 
the event of disagreement between the 2 observers, the ra-
diograph was excluded from the study. In order to measure 
the intra-observation reliability, the test–retest reliability 
was assessed on 10 samples at the 2 stages, 10 days apart. 
The achieved reliability was >96% for all measurements.

The data was entered into the IBM SPSS Statistics 
for Widows software v. 21 (IBM Corp., Armonk, USA).  

Fig. 1. Cropped panoramic images showing inversion filter (IF) modification

A – without IF; B – with IF.  
MIC – mandibular incisive canal; red line – distance from MIC to the mental foramen; yellow line – distance from MIC to the alveolar crest;  
green line – maximum diameter of MIC; blue line – minimum diameter of MIC.

A B
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To determine the visibility of  MIC, the frequency and 
confidence intervals (CIs) were evaluated; to determine 
the occurrence of  MIC, McNemar’s test was imple-
mented. In order to figure out the differences between 
the quantitative measurements (the maximum and mini-
mum diameters of  the canal, the distance from MIC to 
the crest and the mental foramen), the mean CI was cal-
culated using the paired t-test. If the assumptions were 
not met through that, the Wilcoxon test was used. The 
kappa coefficient was used to determine the percentage 
agreement. The significance level of the tests in this study 
was set at p < 0.05.

Results
Out of  the 343 radiography images, 143 (41.7%) be-

longed to men and 200 (58.3%) to women. Overall, 
through filtered radiography, the incisive canal was de-
tected in 54  cases (15.7%), whereas this number was 
62  cases (18.1%) for the original radiographs. However, 
these 2 methods did not show a  statistically significant 
difference. It is worth mentioning that MIC was not found 
to significantly correlate with sex or age.

Regarding the unilateral or bilateral aspect of the canal, 
out of the 62 original radiographs where the incisive canal 
was identified, 18 were detected as bilateral (5.2%) and 44 
as unilateral (12.8%). The other 281 cases had undetected 
incisive canals.

In the case of filtered radiography, out of the 54 incisive 
canals, 14 cases (4.1%) were detected as bilateral and the 
remaining 40 as unilateral (11.7%). The mandibular inci-
sive canal was not found in 289 of the images.

The difference between the unilateral and bilateral 
figures regarding the observation of MIC in the original 
and filtered radiography was not statistically significant 
(Table 1).

Based on the one-sample t-test, the absolute value of the 
interval difference between the observation of MIC and 
the mental foramen compared to zero was significant in 
both the original and filtered radiographs (test value = 0).

Likewise, the absolute values of the interval difference 
between MIC and the alveolar ridge, and the difference 
between the maximum and minimum diameters of MIC 
were statistically significant in both methods used in the 
study (Table 2).

Discussion
Although the effect of different filters on the visual im-

provement of  digital images is not yet completely clear, 
several studies reported using some software modifica-
tions.12,13,15 The inversion filter is one of the tools enabling 
such a modification and it works by reversing radiographic  
density.13 In this study, the effect of using IF to improve 
the visibility of MIC was investigated by comparing it to 
the original images. Out of 343 digital panoramic radio-
graphs, 41% belonged to men and 58% to women; the sub-
jects’ age ranged between 10 and 82 years.

This study found the frequency of the visibility of MIC 
to be 18.1% in the original images and 15.7% in the fil-
tered radiographs. These results were higher than those 
obtained by Romanos et al. (2.7%),2 but lower than in the 
studies by Jalili et al. (51.7%),6 Sahman et al. (61.8%)4 and 
Abesi et al. (31.8%).12 Regarding the distribution of  fre-
quency in panoramic radiography, the results of the cur-
rent study were close to those of Jacobs et al. (15%).8 This 
discrepancy may be due to various conditions of observa-
tion, the differences in the devices used or in the study 
population. In the present study, similarly as in the one 
conducted by Abesi et al.,12 dentulous cases were taken 
into consideration.

It must also be mentioned that the visibility of MIC in 
CBCT was 91% in the study by Makris et al.1; this rate 
was 98.3% in the research by Sahman et al.4 The latter 
study reported a  rate of  61.8% for the visibility of  MIC 
in panoramic radiography. This could be due to higher 
accuracy of  CBCT as compared to panoramic imaging.  
In this study, the frequency of MIC in panoramic radiogra-
phy was 16.9%, of which 12.2% were unilateral (in both the 
original and filtered images; the left canal was observed 
more often than the right one) and 4.7% were bilateral.  
No significant differences between the 2 methods were 
found. In the study by Romanos et al., 21.4% of the ra-
diographs in which MIC was visible were bilateral and 
the rest were unilateral: 21.4% of them were observed 
on the right side and 57.1% on the left side.2 In the study 
by Abesi et al., however, MIC was observed more often 

Table 1. Comparison of the frequency of the visibility of the mandibular 
incisive canal (MIC) and its unilateral or bilateral appearance in the original 
and filtered radiography

Canal status IF Original p-value

MIC visibility 54 (15.7) 62 (18.1) 0.42

Unilateral 40 (11.7) 18 (5.2)
0.67

Bilateral 14 (4.1) 44 (12.8)

Data presented as number (percentage).  
IF – inversion filter; McNemar’s test.

Table 2. Comparison of the absolute values of the interval differences 
between the mandibular incisive canal (MIC) and the alveolar ridge and 
the mental foramen, and the difference between the maximum and 
minimum diameters of MIC in the original and filtered radiography

Parameter Mean ±SD p-value

Absolute value of the interval difference 
between MIC and the mental foramen 

1.16 ±1.49 0.0001*

Absolute value of the interval difference 
between MIC and the alveolar ridge

0.37 ±0.52 0.0001*

Absolute value of the difference in the 
maximum MIC diameter

0.08 ±0.17 0.021*

Absolute value of the difference in the 
minimum MIC diameter

0.08 ±0.15 0.017*

SD – standard deviation; * statistically significant.
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in the interforaminal zone.6,8 In the present study, there 
was a significant agreement regarding the clarity of MIC 
between the 2 methods and in all age groups, which 
means that in the studied case, the frequency of the visi
bility of MIC did not change with increasing age in either 
of the methods. In the study by Jalili et al., patients in the 
3rd and 4th decade of life demonstrated the highest clarity, 
whereas those in the 1st and 2nd decade showed the least 
structural clarity.6 The latter finding can be attributed to 
the coexistence of deciduous teeth and permanent teeth 
buds in both jaws. According to Jacobs et al., however, age 
had no effect on the clarity of MIC.8 The reason for such 
differences in various studies might be the variations in 
the study groups’ age and ethnic background.

Conclusions
Based on the findings of  this study, the use of  IF pro-

duced similar results to the original radiography and its 
application did not increase the clarity and would not im-
prove the visibility of the incisive canal over the original 
images. Moreover, the interval difference between the 
MIC and the mental foramen, the differences in the maxi-
mum and minimum diameters of MIC, and the interval 
difference between MIC and the alveolar crest were not 
clinically important, either.

In general, according to the results of the present study, 
the use of  IF did not affect the detection of  the incisive 
canal in digital radiographic images. Thus, if a more pre-
cise method for such a task is required, a more advanced 
imaging technique such as CBCT is suggested.

ORCID iDs
Farzaneh Ostovarrad  https://orcid.org/0000-0002-2618-6056
Somayeh Nemati  https://orcid.org/0000-0002-0442-4359
Abbas Shokri  https://orcid.org/0000-0002-3434-3672
Elaheh Baghizadeh  https://orcid.org/0000-0003-3450-1973
Zahra Yousefi  https://orcid.org/0000-0001-7598-0478

References
  1.	 Makris N, Stamatakis H, Syriopoulos K, Tsiklakis K, van der Stelt PF. 

Evaluation of the visibility and the course of the mandibular inci-
sive canal and the lingual foramen using cone‐beam computed 
tomography. Clin Oral Implants Res. 2010;21(7):766–771.

  2.	 Romanos GE, Papadimitriou DE, Royer K, et al. The presence of the 
mandibular incisive canal: A panoramic radiographic examination. 
Implant Dent. 2012;21(3):202–206.

  3.	 Kütük N, Demirbaş AE, Gönen ZB, et al. Anterior mandibular zone 
safe for implants. J Craniofac Surg. 2013;24(4):e405–e408.

  4.	 Sahman H, Sekerci AE, Sisman Y, Payveren M. Assessment of  the  
visibility and characteristics of the mandibular incisive canal: Cone-
beam computed tomography versus panoramic radiography.  
Int J Oral Maxillofac Surg. 2014;29(1):71–78.

  5.	 Jacobs R, Mraiwa N, van Steenberghe D, Gijbels F, Quirynen M. 
Appearance, location, course, and morphology of  the mandibu-
lar incisive canal: An assessment on spiral CT scan. Dentomaxillofac 
Radiol. 2002;31(5):322–327.

  6.	 Jalili MR, Esmaeelinejad M, Bayat M, Aghdasi MM. Appearance 
of anatomical structures of mandible on panoramic radiographs in 
Iranian population. Acta Odontol Scand. 2012;70(5):384–389.

bilaterally than unilaterally in both the original and fil-
tered radiography.12 The difference between left- and 
right-side observation has only been reported in studies 
using panoramic radiography, and no differences have 
been reported in CBCT studies. That being said, accord-
ing to Sahman et al., there were no significant differences  
in the diameter of  the canal on either side when using 
CBCT.4 Thus, the difference between the left and right 
sides in panoramic images may be related to the weak-
ness of the said technique.

In the present study, the mean intervals from the men-
tal foramen (the canal length) in the original and filtered 
radiography were 13.94 ±5.24 mm and 13.61 ±5.14 mm, 
respectively. The absolute value of  the difference in the 
canal length was statistically significant in both methods, 
though this difference was not clinically meaningful. The 
mean length of  the canal in the study by Makris et  al.  
was 15.13  mm (using CBCT) and in the study by  
Romanos et al., it was 10.7 mm (using panoramic radio
graphy).1,2 Those results were higher and lower, respec-
tively, than these of  the current study. This difference 
may be attributed to the measurement methods and the 
study group. In this study, the mean maximum diameters 
of the canal in the original and filtered radiographs were 
equal (2.16 ±0.65 mm), whereas the mean minimum dia
meter in the original radiographs was 1.77 ±0.69 mm and 
in the filtered radiography – 1.7 ±0.65  mm. Although 
these absolute value differences were statistically signifi-
cant, they were not clinically important. In the study by  
Sahman et  al., the diameter of  the canal was generally 
larger than the diameter measured in the current study; 
it could be due to their observation on CBCT, which is 
more accurate than panoramic radiography, or to the 
differences in the measurement group.4 In the study by  
Romanos et  al., the diameter of  the canal (an average 
of  the maximum and minimum diameter) was reported 
to be 1.4 mm using panoramic radiography, which is less 
than in the present study.2

Out of  the studies reviewed, only Romanos et al. re-
ported the distance from MIC distance to the alveolar 
crest (as in this study).2 In the present study, this dis-
tance in the original radiographs was 20.03 ±2.48 mm and  
19.86 ±2.58  mm in the filtered ones. The effect of  fil-
tration on MIC was not investigated in the research by 
Romanos et al. However, considering the fact that both 
of  the mentioned studies were carried out using pan-
oramic radiography, the difference in the distance from 
MIC to the alveolar crest in the 2 studies could be due to 
the effect of the racial background on the location of MIC 
in different populations.

In the present study, the visibility of MIC was similar in 
men and women, and no significant differences were found 
between them. Romanos et al. reported that 75% of  the 
MICs found belonged to women and 25% to men.2 In the 
studies by Jalili et al. and Jacobs et al., gender had no ef-
fect on the clarity of MIC and other anatomical structures  

https://orcid.org/0000-0002-2618-6056
https://orcid.org/0000-0002-0442-4359
https://orcid.org/0000-0002-3434-3672
https://orcid.org/0000-0003-3450-1973
https://orcid.org/0000-0001-7598-0478


Dent Med Probl. 2019;56(3):279–283 283

  7.	 Pires CA, Bissada NF, Becker JJ, Kanawati A, Landers MA. Mandibu-
lar incisive canal: Cone-beam computed tomography. Clin Implant 
Dent Relat Res. 2012;14(1):67–73.

  8.	 Jacobs R, Mraiwa N, van Steenberghe D, Sanderink G, Quirynen M. 
Appearance of the mandibular incisive canal on panoramic radio-
graphs. Surg Radiol Anat. 2004;26(4):329–333.

  9.	 Miresmaeili A, Basafa M, Shamsabadi RM, Farhadian N, Moghym-
beigi  A, Mollabashi V. Treatment decision analysis for palatally-dis-
placed canines based on orthodontists’ opinion and CBCT. Int Orthod. 
2017;15(4):625–639.

10.	 Miresmaeili A, Farhadian N, Mollabashi V, Yousefi F. Web-based evalu
ation of experts’ opinions on impacted maxillary canines forced erup-
tion using CBCT. Dental Press J Orthod. 2015;20(2):90–99.

11.	 Eskandarloo A, Mirshekari A, Poorolajal J, Mohammadi Z, Shokri A.  
Comparison of cone-beam computed tomography with intraoral 
photostimulable phosphor imaging plate for diagnosis of end-
odontic complications: A simulation study. Oral Surg Oral Med Oral 
Pathol Oral Radiol. 2012;114(6):e54–e61.

12.	 Abesi F, Nikafshar N, Haghanifar S, Khafri S, Hamzeh M. Can the 
inversion filter improve the visibility of  the mandibular incisive 
canal? Iran J Radiol. 2016;13(1):e22698.

13.	 van der Stelt PF. Filmless imaging: The uses of digital radiography 
in dental practice. J Am Dent Assoc. 2005;136(10):1379–1387.

14.	 Hildebolt CF, Couture RA, Whiting BR. Dental photostimulable 
phosphor radiography. Dent Clin North Am. 2000;44(2):273–297.

15.	 Sparavigna AC. An image processing approach based on GNU 
Image Manipulation Program GIMP to the panoramic radiography. 
Int J Sci. 2015;4(5):57–67.





Address for correspondence
Grażyna Marczuk-Kolada
E-mail: grazyna.kolada@umb.edu.pl

Funding sources
None declared

Conflict of interest
None declared

Received on February 5, 2019
Reviewed on April 9, 2019
Accepted on May 21, 2019

Published online on August 7, 2019

Abstract
Background. An assessment of the therapeutic effects of vital pulp treatment is based on both clinical 
and radiological evaluation.

Objectives. The aim of the research was a long-term (after 1, 2, 4, 6, and 8 weeks) radiological assess-
ment of X-ray absorption by 8 selected materials used for the vital treatment of dental pulp.

Material and methods. The materials, prepared in accordance with the manufacturers’ recommen-
dations, were placed in molds measuring 10  mm in diameter and 2  mm in thickness. The molds with 
the samples were placed on an occlusal film with an aluminum step wedge, and then X-rayed using an 
intraoral X-ray unit. After processing, an X-ray image with varying degrees of opacity was obtained. The 
radiological density of  the samples, the step wedge and the background was measured 6 times using 
a densitometer. The tests were repeated at the following intervals: after 7 days, and after 2, 4, 6, and 8 
weeks. The molds with the material samples were stored in an incubator at 37°C and 95% humidity.

Results. The obtained results were statistically analyzed. The mineral trioxide aggregate (MTA) materials 
exhibited the highest degree of contrast, whereas the lowest radiopacity was shown for the non-setting 
calcium hydroxide preparations (p < 0.0001). Calcium hydroxide cements presented medium radiopacity 
values.

Conclusions. The radiopacity of all the evaluated materials showed a statistically insignificant increasing 
tendency with regard to the duration of the experiment. All the tested preparations showed acceptable ra-
diopacity, enabling radiological detection in the course of vital pulp therapy.

Key words: mineral trioxide aggregate, densitometry, calcium hydroxide, X-ray absorption, vital dental 
pulp therapy

Słowa kluczowe: agregat trójtlenków mineralnych, densytometria, wodorotlenek wapnia, pochłanianie 
promieni rentgenowskich, leczenie biologiczne miazgi zębów
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Introduction 
The aim of  conservative dental pulp treatment is to 

maintain the function of the dentin pulp complex, which 
enables healing and dentin bridge formation. Addition-
ally, in the case of  teeth with incomplete root develop-
ment, viable, healthy crown and root pulp ensures nor-
mal apexogenesis.1 Although viable pulp preservation in 
carious pulp exposure is controversial, such management 
is commonly accepted in teeth with incomplete root de-
velopment.1,2

The use of pulp-coating materials, marked by biocom-
patibility, insolubility in tissue fluids, antibacterial activity, 
long-term sealing ability, and mechanical strength as well 
as the ability to stimulate and form mineralized tissues, is 
one of  the conditions for successful vital pulp treatment. 
Until recently, non-setting calcium hydroxide preparations 
were conventionally used for this purpose. However, due 
to some defects of these materials, such as poor adhesion 
to dentin, rapid loss of sealing ability, high solubility, low 
mechanical strength, and tunnel defects in dentin bridges, 
research has been conducted to develop other prepara-
tions.1,3 In order to eliminate these defects, setting calcium 
hydroxide cements were developed. Although improved 
dentin adherence, higher mechanical strength and lower 
solubility were achieved, tunnel defects in dentin bridges 
have still not been eliminated.4,5 In the 1990s, mineral tri-
oxide aggregate (MTA), which showed very good sealing 
properties, mechanical strength and low solubility, was in-
troduced into the vital treatment of dental pulp.6 It was also 
observed that the reparative dentin formed upon contact 
with MTA was homogeneous.4

An assessment of the therapeutic effects of vital pulp 
treatment is based on both clinical and radiological 
evaluation. Only radiological evaluation allows tracing 
the formation of mineralized tissues at the site of con-
tact with the therapeutic material as well as the progress 
of apexogenesis in the case of teeth with incomplete root 
development. The degree of X-ray absorption seems to 
be an important characteristic of  these preparations, 
enabling their differentiation from mineralized den-
tal tissues. The process of  formation of  these tissues is 
of  varying duration due to the effects of  odontotropic 
medication.7 In the case of calcium hydroxide, minera
lized barrier formation was observed not earlier than 
after 30 days, although most authors report longer pe-
riods, i.e., at least 60 days.8 The use of  MTA accelera
tes the healing process with a hard tissue bridge being 
formed, which, according to Parolia et al., becomes no-
ticeable after 15–45 days.9

Therefore, a long-term radiological assessment of X-ray 
absorption by the abovementioned materials seems to be 
of importance.

Material and methods

Preparation of test specimens

The 8 materials included in this study were: MTA 
Angelus White® (Angelus Indústria de Produtos Odon-
tológicos S/A, Londrina, Brazil); MTA Angelus Grey® 
(Angelus Indústria de Produtos Odontológicos S/A);  

Table 1. Composition of evaluated materials as provided by the manufacturers

Material Composition Manufacturer Batch number

MTA Angelus 
White

tricalcium silicate, dicalcium silicate, tricalcium aluminate, bismuth 
oxide, calcium oxide

Angelus Indústria de Produtos Odontológicos S/A, 
Londrina, Brazil

9874

MTA Angelus 
Grey

tricalcium silicate, dicalcium silicate, tricalcium aluminate, bismuth 
oxide, calcium oxide, tetracalcium aluminoferrite

Angelus Indústria de Produtos Odontológicos S/A, 
Londrina, Brazil

12872

ProRoot MTA
tricalcium silicate, dicalcium silicate, tricalcium aluminate, bismuth 

oxide, calcium sulfate dihydrate
Dentsply International Inc., 

Johnson City, USA
10003598

Biopulp
calcium dihydroxide, dibasic calcium phosphate, magnesium oxide, 
sodium chloride, anhydrous calcium chloride, potassium chloride, 

anhydrous sodium carbonate

Chema-Elektromet, 
Rzeszów, Poland

090903

Calcipro calcium dihydroxide, barium sulfate
lege artis Pharma GmbH + Co. KG, 

Dettenhausen, Germany
0940907

Calcipulpe
calcium dihydroxide, barium sulfate, carboxymethylcellulose, 

excipients
Septodont, 

Saint-Maur-des-Fossés, France
42698AE

Dycal

base: 1,3-butylene glycol disalicylate, zinc oxide, calcium phosphate, 
calcium tungstate, iron oxide pigments; 

catalyst: calcium dihydroxide, N-ethyl-o/p-toluene sulfonamide, zinc 
oxide, titanium dioxide, zinc stearate, iron oxide pigments

Dentsply DeTrey GmbH, 
Konstanz, Germany

070821

Life

base: calcium dihydroxide, N-ethyl-o/p-toluene sulfonamide, zinc 
oxide, calcium oxide; 

catalyst: methyl salicylate, barium sulfate, titanium dioxide, 
2-2-dimethylpropane-1,3-diol

Kerr Italia S.r.l., 
Scafati, Italy

3628677

MTA – mineral trioxide aggregate. 
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ProRoot® MTA (Dentsply International Inc., Johnson 
City, USA); Biopulp® (Chema-Elektromet, Rzeszów, Po-
land); Calcipro® (lege artis Pharma GmbH + Co. KG, 
Dettenhausen, Germany); Calcipulpe® (Septodont, Saint-
Maur-des-Fossés, France); Dycal® (Dentsply DeTrey 
GmbH, Konstanz, Germany); and Life® (Kerr Italia S.r.l., 
Scafati, Italy). The main components of each material are 
described in Table 1. The materials were placed in molds, 
which allowed obtaining samples that were 10 mm in dia
meter and 2 mm in thickness.

Evaluation of the radiopacity  
of the tested materials

The molds with the samples were placed on a Kodak 
occlusal film, size 4, with D speed (Caresteam Health 
France, Noisy-le-Grand, France) with an aluminum 
step wedge, and then X-rayed using a Planmeca Intra® 
intraoral X-ray unit (Planmeca Oy, Helsinki, Finland) 
with the following exposure parameters: 70 kV and 
8 mA. The distance between the tube and the film sur-
face was 30  cm. The exposure time was selected ex-
perimentally using a step wedge filter. The aluminum 
step wedge, made of 99% pure aluminum, with 16 in-
cremental steps, each 1-millimeter-thick, was used as 
a standard for comparing the radiodensity of the tested 
materials and controlling for any variations in expo-
sure and processing (Fig. 1).

After irradiation, the films were processed in an XR 25S 
automatic imager (Dürr Dental SE, Bietigheim-Bissingen, 
Germany). Processing was done using freshly prepared 
original chemical reagents. This way, an X-ray image 
with varying degrees of  opacity was obtained. The ra-
diological density of the samples, the step wedge and the 
background was measured 6 times using a  Duolight  A 
densitometer, v. 2.47 (IBA Dosimetry GmbH, Schwartz
enbruck, Germany), choosing places with a  homoge-
neous structure.

The obtained results were presented in a  numerical 
form as mean radiodensity. The tests were repeated at the 
following intervals: after 7 days, and after 2, 4, 6, and 8 
weeks. The molds with the material samples were stored 
between the subsequent tests in an incubator at 37°C and 
95% humidity.

In order to determine the radiopacity of  the 2-milli-
meter-thick samples of the tested materials, a calibration 
curve for the step wedge was generated (creating a regres-
sion curve for the aluminum step wedge). The radiopacity 
of the specimens was expressed in terms of the equivalent 
thickness of  aluminum, according to the methodology 
presented by other authors.10–12 The comparison of  the 
numerical values obtained during the irradiation of  the 
tested materials and from the step wedge filter made it 
possible to determine the degree of X-ray absorption by 
evaluating the preparations relative to the thickness of the 
X-rayed aluminum.

Statistical analysis

The statistical analysis was performed using the Statis-
tica, v.  8.0 (StatSoft Inc., Tulsa, USA) software package. 
The data was analyzed by means of the analysis of vari-
ance (ANOVA) and the post hoc Tukey test. The level 
of significance was set at p < 0.05.

Results
The mean values and standard deviations of radiopa

city, expressed in mm of aluminum thickness, for all ma-
terials at 6 time points are shown in Fig. 2.

Mineral trioxide aggregate exhibited the highest degree 
of radiopacity. Among the MTA products, MTA Angelus 
Grey showed significantly higher radiopacity at all time 
points (p < 0.0001). No significant differences were found 
in the radiopacity of  MTA Angelus White and ProRoot 
MTA after 2, 4 and 6 weeks only.

The lowest radiopacity was shown for the non-
setting calcium hydroxide preparations. No signifi-
cant differences were found between Biopulp and  
Calcipro at any time points. Calcipulpe showed higher 
radiopacity compared to other non-setting calcium 
hydroxide materials, but only at 2 and 4 weeks after 
preparation. Calcium hydroxide cements – Life and 
Dycal – had medium radiopacity values compared 
to the previously described groups. No statistically 
significant differences were found between Life and  
Dycal at any study time points. All other differences in 
radiopacity at different study time points were highly 
significant (p < 0.0001).

The changes in the radiopacity of  the study materials 
throughout the experiment are shown in Fig. 3. The ra-
diopacity of all the evaluated materials showed a statisti-
cally insignificant increasing tendency.

Fig. 1. Radiograph with sample disks of the freshly prepared study materials 
and the aluminum step wedge
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Discussion
The ability to absorb X-rays – radiopacity – is an im-

portant and required feature of  materials used in den-
tal treatment. The use of  an aluminum step wedge is 
recommended as a reference standard. According to ISO 
6876/2001 specifications, a step wedge should have a pu-
rity of at least 98% aluminum.13 It has been used with an 
occlusal film in most published studies to determine the 
optical density of materials.10,11,14,15 We used this method 
in our experiment to determine the radiopacity of mate
rials used in the vital treatment of dental pulp.

Some authors have compared the radiopacity of materials 
to that of mineralized dental tissues (enamel and dentin).16–18 
However, the optical density of both enamel and dentin is 
variable. It depends on the patient’s age and the individual 
degree of tissue mineralization. The storage method for the 
removed tooth used for comparisons also seems important.16 
Furthermore, it has been demonstrated that the radiopacity 
of pure aluminum is similar to that of human dentin.12 Thus, 
we only used a step wedge in our study.

However, studies on the radiopacity of  dental mate
rials conducted by other authors are not unanimous re-
garding the thickness of  the analyzed samples. Samples  

Fig. 2. Mean values and standard deviations of radiopacity for all materials at 6 time points

Values which have not been tagged with identical superscript letters in the same line indicate statistically significant differences at p < 0.0001; values which 
have been tagged with identical superscript letters in the same line show statistically insignificant differences (p > 0.05). 

Fig. 3. Radiopacity of the study materials throughout the duration of the 
experiment
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of  a  thickness from 0.5 up to 2.5 mm have been evalu-
ated.11,15,19–21 According to Watts and McCabe, using 
2-millimeter-thick samples is one of  the ways to obtain 
good contrast in relation to the degree of shading of the 
film background.12 We used the same sample thickness in 
our study, similarly to other authors.19

According to ISO standards, the radiopacity of  dental 
cements should be equal to or higher than that of alumi-
num of the same thickness.16 We found no studies in the 
available literature comparing the groups of materials or 
observing the time points described in our experiment. In 
our study, we evaluated the radiopacity of fresh samples at 
baseline, and then 5 times – after 1, 2, 4, 6, and 8 weeks. 
We believe that a long-term radiopacity assessment of the 
materials used in vital pulp treatment is important from 
a clinical practice point of view. According to the litera-
ture, the duration of hard tissue bridge mineralization is 
from 21 to 60 days.8,9,22 This depends on the type of mate-
rial used. In our experiment, we used 3 groups of mate
rials, and therefore, the observation period was prolonged 
to 8 weeks. In the available literature, only Cutajar et al. 
presented the radiopacity observations of MTA 7 and 28 
days after preparation.23 In other studies, the materials 
were evaluated once, immediately after preparation18,24–26 
or after setting.11 However, Islam et al.27 and Chng et al.28 
measured the MTA radiopacity 4 times – from baseline 
(fresh samples) until complete setting.

In our experiment, the first radiopacity assessment was 
performed immediately after preparation. Only a  fresh 
sample from Calcipro, despite the addition of barium sul-
fate, showed lower radiopacity, with an aluminum equiva-
lent value of 1.98 mm. Other tested non-setting calcium 
hydroxide materials reached the minimum required radio
pacity, ranging from 2.10 to 3.19 mm Al. This result is dif-
ficult to interpret. Manufacturers do not provide full in-
gredient lists; they only use terms such as ‘excipients’. This 
may suggest that other ingredients besides barium sulfate 
influence radiopacity, which is confirmed by the literature 
data.26 The authors also noted that non-setting calcium 
hydroxide materials are characterized by high X‑ray per-
meability.18 The most radiopaque materials among the 
tested objects were the MTA preparations, with radiopa- 
city ranging from 8.70 to 11.38 mm Al. Laghios et al. showed  
lower radiopacity of MTA samples of 2 mm (6.43 mm Al) 
than what we observed in our study.24 This may be due 
to different exposure conditions. Other authors made 
similar observations.27,28 Kim et al. found high radio
pacity of  1-millimeter-thick samples of  ProRoot MTA 
(6.92 mm Al).25 Researchers who evaluated samples after 
setting also showed high radiopacity of MTA.14,29 Differ-
ences in radiopacity between the assessed MTA prepara-
tions, despite similar bismuth oxide content, could be the 
result of varying chemical compound proportions in the 
materials.30 Setting calcium hydroxide cements – Dycal 
and Life – obtained radiopacity values lower than MTA 
preparations (6.41 mm Al and 6.00 mm Al, respectively). 

Both these cements belong to a group showing medium 
radiopacity values, as confirmed by Devito et al.15 Life and 
Dycal showed similar radiopacity despite certain differ-
ences in their chemical composition.

While analyzing the changes in the radiopacity of each 
of  the evaluated preparations during the 8-week experi-
ment, we noticed that the optical density of all materials 
increased insignificantly. Our study showed a steady, in-
significant increase in optical density 6 and 8 weeks after 
sample preparation. Also, all materials exceeded the mini-
mum values of recommended radiopacity.

Difficulties in determining the detailed concentrations 
of radiopaque substances in the tested materials and prob-
lems with the simulation of the oral environment may be 
possible limitations of the present study.

Conclusions
Within the limitations of the present study, based on the 

obtained results, the tested materials can be divided into 
3 groups in terms of their radiopacity. The highest radio
pacity was produced by the MTA preparations, followed 
by the setting calcium hydroxide materials, and was the 
lowest in the non-setting calcium hydroxide group.

To conclude, considering that a  material must be ra-
diopaque, a  clinician must pay careful attention to the 
chemical composition characteristic to a  certain group 
of preparations. It can be stated that all the tested prepa-
rations showed acceptable radiopacity, enabling radio-
logical detection during vital pulp therapy. However, 
radiopacity is only one of  the components that affect 
the efficacy of  therapeutic procedures. Therefore, other 
factors determining the choice of  therapeutic materials 
should also be taken into account.
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Abstract
Patients who have suffered a  heart attack often require dental treatment. The inflammation of  the oral 
cavity not only reduces the quality of life, but also negatively affects the course of ischemic heart disease. 
Dental treatment in patients with a history of myocardial infarction seems complicated, since these patients 
require special consideration with regard to the timing and form of  dental treatment as well as to the 
precautions required. Patients at risk of cardiac complications that are greater than the benefits of dental 
treatment should be identified and only the most urgent conditions should be treated. The aim of this study 
was to present the latest guidelines for dental treatment in patients who have suffered myocardial infarc-
tion. We reviewed the available literature explaining when dental treatment can be undertaken, whether 
antibiotic prophylaxis is required, whether the patient can be anesthetized locally, and how to provide the 
maximum safety during the visit. The principles of the surgical treatment of patients receiving drugs that 
affect hemostasis were also reviewed.

Key words: dental care, oral anticoagulants, antibiotic prophylaxis, myocardial infarction

Słowa kluczowe: opieka stomatologiczna, doustne antykoagulanty, profilaktyka antybiotykowa, zawał 
mięśnia sercowego

Cite as
Samulak-Zielińska R, Dembowska E, Lizakowski P. Dental 
treatment of  post-myocardial infarction patients: A review 
of the literature. Dent Med Probl. 2019;56(3):291–298. 
doi:10.17219/dmp/109232

DOI
10.17219/dmp/109232

Copyright
© 2019 by Wroclaw Medical University
This is an article distributed under the terms of the  
Creative Commons Attribution 3.0 Unported License (CC BY 3.0) 
(https://creativecommons.org/licenses/by/3.0/)

Reviews

Dental treatment of post-myocardial infarction patients:  
A review of the literature

Leczenie stomatologiczne pacjentów po przebytym zawale 
mięśnia sercowego – przegląd piśmiennictwa
Renata Samulak-Zielińska1,A,B,D,F, Elżbieta Dembowska1,D–F, Piotr Lizakowski2,B,D–F

1 Departament of Periodontology, Pomeranian Medical University in Szczecin, Poland
2 Specialist Medical Practice in Szczecin, Poland

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

Dental and Medical Problems, ISSN 1644-387X (print), ISSN 2300-9020 (online)� Dent Med Probl. 2019;56(3):291–298

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


R. Samulak-Zielińska, E. Dembowska, P. Lizakowski. Dental treatment after myocardial infarction292

Introduction 
The number of patients with general diseases requiring 

dental treatment is on the increase. According to the esti-
mates presented in Bhateja’s report, out of 36,729 patients 
of Dental College and Hospital in Mathura, India, 58% 
had a history of cardiovascular disease.1 Such patients re-
quire an individualized treatment plan and the continuous 
monitoring of oral health. The current state of knowledge 
indicates that inflammation in the oral cavity, particularly 
periodontitis, affects the general state of health, including 
the development and course of atherosclerosis. Cardiovas-
cular disease has an inflammatory origin. Firstly, there is 
an increase in the level of pro-inflammatory mediators in 
response to the presence of  Gram-negative lipopolysac-
charides (LPSs), C-reactive protein (CRP), interleukin 1β 
and interleukin 6 (IL-1β and IL-6), tumor necrosis fac-
tor  alpha (TNF-α), fibrinogen, and matrix metallopro-
teinase  9 (MMP-9). These substances contribute to the 
destabilization of  the atherosclerotic plaque.2 Secondly, 
there is a  cross-reaction of  the patient’s antibodies with 
heat shock protein (HSP) present in the damaged vascu-
lar endothelium and atherosclerotic plaques. This leads to 
the continuation of the inflammatory process, and thus to 
the progression of the disease. Cross-reactivity is triggered 
by the presence of oral bacteria Porphyromonas gingivalis 
and Tannerella forsythia, whose HSP is in 60% homolo-
gous to HSP found in mammals.3 Thirdly, direct bacterial 
mechanisms (e.g., bacterial enzyme activity) contribute to 
the progression of cardiovascular disease. Bacterial DNA 
of Tanerella forsythia, Porphyromonas gingivalis, Aggrega-
tibacter actinomycetemcomitans, and Prevotella interme-
dia has been found in the atherosclerotic plaque.4 Finally, 
the concept of ‘vascular endothelial activation’ can explain 
the mechanism underlying inflammatory-induced athe
rosclerotic plaque formation. The LPS binding, bacterial 
outer membrane vesicles, fimbriae, and other bacterial an-
tigenic structures have an impact on the local and systemic 
host response. This leads to the upregulation of endothe-
lial cell receptors followed by monocyte adhesion to the 
vascular wall. Monocytes migrate into the subendothelial 
space, absorb low-density lipoprotein cholesterol (LDL-C) 
and become foam cells. After their apoptosis, lipids are ac-
cumulated in the vessel wall, covered by matrix and ac-
companied by smooth muscle cell proliferation, which is 
induced by invasive periodontal pathogens. The enzyma
tic degradation of the extracellular matrix results in plaque 
rupture, the exposure of prothrombotic components and 
subsequent thrombus formation, which ultimately leads to 
blood vessel occlusion.4 This results in a  need for treat-
ment of oral cavity diseases as well as in intensive efforts 
toward periodontal disease prevention in patients with 
cardiovascular diseases.5 

The need for periodontal treatment is significant 
among Polish patients after myocardial infarction. With 
regard to the Community Periodontal Index of Treatment 

Needs (CPITN), 38.6% of them have a score of 3 and 46% 
a score of 4, meaning they are in urgent need of periodon-
tal treatment.6 Questions concerning the safety of dental 
treatment of patients after myocardial infarction need to 
be addressed.

Material and methods
To identify key words, a  Population, Intervention, 

Comparison and Outcome (PICO) question was for-
mulated as: What are the safety rules for dental care 
of patients following myocardial infarction? A compre-
hensive search of the MEDLINE (PubMed), Scopus and 
Google Scholar electronic databases was undertaken in 
January 2019 to find relevant articles, using the follow-
ing search terms: [dental care OR dental anesthesia OR 
tooth extraction] AND [myocardial infarction OR isch-
emic heart disease]. The timeframe was 2000–2019. Ad-
ditionally, a manual search of the bibliographies of full-
text articles was also conducted. The guidelines of  the 
American Heart Association (AHA), American College 
of  Cardiology (ACC), European Society of  Cardiology  
(ESC), and Polish Society of  Cardiology were also re-
viewed. We considered reviews, systematic reviews, 
guidelines and statements of dental and cardiological as-
sociations, randomized controlled trials (RCTs) as well 
as cohort, case and cross-sectional studies. Papers with 
abstracts written in English or Polish were included. Let-
ters, book chapters, case reports, and studies without an 
abstract or with no full text available were not included. 
Only publications addressing the protocol for the treat-
ment of  post-myocardial infarction patients were ana-
lyzed. Articles dealing with the influence of oral inflam-
mation on cardiovascular disease or the effects of dental 
treatment on general health were excluded. 

The limitations of  this review include the open PICO 
question, the broad spectrum of relevant issues requiring 
urgent explanation, and the restriction to cardiological 
society guidelines and reviews rather than RCTs. Taking 
all this into account, only some of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) rules could be fulfilled. The study selection was 
conducted independently by 2 reviewers (PL and RSZ), 
with any disagreements resolved by the 3rd reviewer (ED). 
A total of 37 articles were included in the review. No me-
ta-analyses or systematic reviews were found.

Our findings were compatible with those presented by 
Napeñas et al. at a panel of experts during World Work-
shop on Oral Medicine VI.7 They stated that “with a lack 
of  consensus statements, guidelines, or systematic re-
views focused on these specific issues related to dental 
treatment for patients with cardiovascular diseases, the 
vast majority of current recommendations are not linked 
to levels of evidence and are presumably derived from ex-
pert opinion”.7
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Appropriate time to start dental treatment  
in post-myocardial infarction patients

Dental procedures are classified as minor surgical pro-
cedures of a low cardiovascular risk. The risk of death or 
myocardial infarction within 30 days of a dental procedure 
is less than 1%. However, a patient after a heart attack is 
at high risk of recurrence of cardiovascular events. Only 
considering patients with acute ST-elevation myocardial 
infarction (STEMI), the risk of  in-hospital death ranges 
from 4% to 14% and the annual mortality after a surgical 
intervention is 10%.8 Over 70% of  relapses occur in the 
1st month after the initial incident. The risk of recurrence 
depends on the severity of  the disease, type of disease, 
treatment applied, and possible complications of the in-
farction.5

The most burdened group of patients are those treated 
conservatively − currently only a small number, due to the 
pressure of  cardiac society guidelines pertaining to ear-
ly invasive treatment. In these cases, the natural course 
of  the disease lasts for more than 6 weeks.9 This is the 
period needed for a post-infarction scar to form, to cre-
ate collateral circulation and to restore the contractility 
of  the damaged (but not necrotic) areas of  the myocar-
dium. To avoid late infarction complications, all proce-
dures excluding emergency treatment should be avoided 
in this period. This also applies to dental surgery. Former 
AHA guidelines extended this period to 6 months, during 
which avoiding dental surgery was recommended, as the 
risk of complications was considered the highest in this 
period.10

Due to advances in cardiac management in the last 
2 decades, these limitations are no longer recommended. 
Firstly, there is widespread access to the invasive methods 
of treatment of infarctions, allowing the immediate reper-
fusion of  tissues, thus avoiding early and late complica-
tions. In addition, on the 2nd day after myocardial infarc-
tion patients are subjected to early cardiac rehabilitation; 
this is continued after discharge in rehabilitation centers, 
where patients undergo fitness tests in the 1st month 
of  convalescence. When the patient’s test tolerance is 
found to be good, the risk of recurrence is considered low, 
and if the attending physician does not find otherwise, 
there are no contraindications to dental treatment.5 Pa-
tients who had myocardial infarction in the past and are 
in a stable period of coronary heart disease do not need 
stress tests and can be assessed on the basis of an inter-
view. In terms of  metabolic equivalents of  task (METs), 
efficiency at 4 METs is sufficient to qualify the patient for 
dental procedures.

Patients at risk of cardiac complications exceeding the 
benefits of dental treatment should be identified and only 
the most urgent conditions should be treated. However, 
pain and inflammation, which may be a  consequence 
of avoiding dental treatment as a precaution against car-
diac complications, are a source of endogenous catechol-

amines that burden the already damaged heart muscle, 
which means caution might not always be the safest solu
tion. The priority is to cure inflammation in the oral cavi
ty, as it can cause pain similar to angina pectoris, with the 
same characteristic pain radiation. In addition, painful 
inflammation hinders food intake and interrupts sleep, 
resulting in a significant reduction in the quality of life.11 
Endodontic treatment, conservative treatment, non-sur-
gical periodontal treatment, or prophylactic treatment 
are considered procedures entailing a low risk of compli-
cations. In addition, the risk decreases in stable periods 
of coronary heart disease or after heart failure, when the 
symptoms have a constant intensity, are predictable and 
occur only after intense physical activity. A good deter-
minant of  the patient’s condition is a  lack of  chest pain 
for 2 weeks and satisfactory test results.12 Most authors 
recommend a cautious 4–6-week period after myocardial 
infarction to stabilize the disease.13 During this period, the 
most indispensable procedures, such as extractions, the 
drainage of abscesses or pulpotomies can be performed 
in a hospital setting. After this period, unless the cardio
logist recommends otherwise, complex dental treatment 
can be carried out.13

Antibiotic prophylaxis  
in post-myocardial infarction patients

Another issue is antibiotic prophylaxis prior to treat-
ment, associated with the risk of bacteremia in patients 
who have suffered myocardial infarction. Patients with 
angina pectoris, cardiovascular events or coronary artery 
bypass surgery (bypass grafts) are classified as patients at 
low risk of infective endocarditis, and therefore antibiotic 
prophylaxis is not indicated.14 The same applies to stent-
injected patients. Guidelines set by the Polish Dental As-
sociation and the National Antibiotic Protection Program 
in 2019 continue to support the 2015 guidelines of ESC 
on the prevention and treatment of infective endocardi-
tis (Table 1). They recommend the use of  antibiotics in 
a number of situations, including the presence of an ar-
tificial prosthetic valve, the presence of artificial material 
used to repair the valve (e.g., a mitral ring) and cyanotic 
congenital heart disease. In the cases of congenital heart 
defects repaired with artificial material, prophylaxis is 
recommended for 6 months after surgery, or perma-
nently if the defect has not been completely corrected 
and there is intracardiac leakage. The guidelines do not 
include a history of myocardial infarction or bypass sur-
gery as posing an increased risk of  infection. They limit 
high-risk dental procedures to those in which the conti-
nuity of the mucous membranes is disrupted and the risk 
of injury to the gingival or periapical area is present. Such 
procedures require antibiotic prophylaxis only in select-
ed cases mentioned above.15,16 However, some authors 
recommend antibiotics in the case of  invasive proce-
dures up to 30 days after the cardiological intervention.17  
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incidence of  myocardial infarction, and late afternoon 
hours, when fatigue and stress levels are high, should be 
avoided. 

During dental procedures, a supine position should be 
avoided, as it leads to the return of blood from peripheral 
areas to the central circulation system and may overload 
pulmonary circulation. In cases of  systolic heart failure 
following myocardial infarction, this overload may result 
in the aggravation of heart failure, including pulmonary 
edema after re-verticalization, and further contribute 
to orthostatic syncope.8 The patient should continue to 
take the medication before the appointment as directed 
by the attending physician. If the patient’s regular the
rapy includes nitrates, the patient should bring them. In 
cases of anxiety disorders and stress, the administration 
of 5–10 mg of diazepam is recommended the night prior 
to the visit and 1–2 h before the treatment. In this case, 
the patient should not drive a motor vehicle.5

Local anesthesia  
in post-myocardial infarction patients 

Another important aspect of  dental treatment is lo-
cal anesthesia. If the patient’s condition is stable and the 
medication is taken as prescribed, there are no contra-
indications for local anesthesia with adrenaline. Patients 
with ischemic heart disease are more vulnerable to the 
negative effects of  the release of  endogenous adrena-
line as a  result of  severe pain during surgery than they 
are to a  small amount of  adrenaline in an anesthetic.22 
A visit to the dental office is a stressful event, meaning 
the level of endogenous catecholamines increases more 
than after the administration of  anesthesia.23 The level 
of  endogenous adrenaline is naturally the highest be-
tween 8 and 11  a.m., so the visits should not be in the 
morning.9 Vanderheyden et al. showed that the highest 
increase in the level of adrenaline is associated with the 
beginning of the visit and the treatment itself.24 However, 

In each case, the benefits and risks of possible antibiotic 
usage should be balanced. It should be noted that in post-
myocardial infarction patients there may be indications 
for antibiotic prophylaxis resulting from other concomi-
tant diseases.18 The most important factors in the preven-
tion of  infective endocarditis are good oral hygiene and 
oral inflammation prophylaxis.19,20 

Rules for safe dental treatment

The basics of  safe dental treatment of  patients with 
cardiovascular diseases comprise a detailed medical his-
tory, including complaints, allergies, medications, and 
specialist recommendations. It is important to monitor 
the patient’s condition and to interrupt the procedures 
when the patient becomes restless or cardiac problems 
arise. An angina attack can occur in the dental chair due 
to stress, pain and anxiety triggers.3 Pain can be felt in the 
jaw, from where it can radiate to the neck and throat, so 
in some cases, the patient and the dentist may interpret it 
as toothache. If the patient experiences retrosternal pain, 
the procedure should be interrupted, and sublingual ni-
troglycerin (0.4–0.8 mg) and oxygen (3L/min) should be 
administered. If the pain subsides within 5 min, the ap-
pointment can be continued or postponed to the next day. 
If the pain persists after 5 min, nitrates should be given 
again. If there is no improvement after 15 min since the 
first symptoms occurred, a  re-infarction should be sus-
pected, and in this situation the patient should be trans-
ferred as soon as possible to an emergency department.5 

Psychological and physiological stress during dental 
appointments has the potential to significantly alter he-
modynamic stability. Therefore, a stress-reduction proto-
col is suggested for post-myocardial infarction patients, 
including profound local anesthesia, preoperative or in-
traoperative sedation and excellent post-operative analge-
sia.21 The dental visit should be short − up to 30 min − and 
in the middle of the day. Morning hours, with the highest  

Table 1. Comparison of guidelines for the antibiotic prophylaxis of endocarditis

AHA 2007 
American Heart Association20

ESC 2015  
European Society of Cardiology15

Polish Dental Association  
and National Antibiotic Protection Program 

201916

–	 patients with a prosthetic heart valve or who have had 
a heart valve repaired with prosthetic material

–	 patients with a history of endocarditis
–	 patients with a heart transplant with abnormal heart 

valve function
–	 patients with certain congenital heart defects, including:

•	 cyanotic congenital heart disease (birth defects, 
with oxygen levels lower than normal) that has not 
been fully repaired, including children who have had 
surgical shunts and conduits

•	 a congenital heart defect that has been completely 
repaired with prosthetic material or a device, for the 
first 6 months after the repair procedure

•	 repaired congenital heart disease with residual 
defects, such as persisting leaks or abnormal flow at or 
adjacent to a prosthetic patch or prosthetic device

–	 patients with any prosthetic valve, 
including a transcatheter valve, or those 
in whom any prosthetic material was 
used for cardiac valve repair

–	 patients with a previous episode 
of infective endocarditis

–	 patients with congenital heart defects:
•	 any type of cyanotic congenital heart 

defects
•	 any type of congenital heart defects 

repaired with prosthetic material, 
whether placed surgically or by 
percutaneous techniques

•	 up to 6 months after the procedure 
•	 lifelong if a residual shunt or valvular 

regurgitation remains

–	 patients with an artificial heart valve, including 
those implanted percutaneously, or patients 
who have been treated with artificial material 
for valve repair

–	 patients after an episode of infective 
endocarditis

–	 patients with congenital heart disease, 
including:
•	 patients with a congenital cyanotic heart 

defect
•	 patients after the repair of a congenital 

malformation of the heart with artificial 
material, both during surgery and using 
transcutaneous techniques for up to 6 
months after surgery, or lifelong if residual 
leakage or valve regurgitation remains
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during the administration of anesthesia and immediately 
after the injection, increases in adrenaline levels were 
not observed.24 This means that most of  the adrenaline 
is of  endogenous origin, hence the reduction of  stress 
and good, effective anesthesia are indicated. Moreover, 
local anesthetics without vasoconstrictors do not pro-
vide satisfactory hemostasis or anesthesia during dental 
procedures.25 However, it is recommended not to exceed 
0.04  mg of  adrenaline, which corresponds to 2 1.8-cc 
cartridges of an anesthetic with adrenaline at a dilution 
of 1:100,000.14 If it is necessary to administer more an-
esthesia, subsequent portions should be administered 
without a  vasoconstrictor. Intravascular anesthesia 
should be avoided.4 The use of  intrapulpal and intraos-
seous anesthesia is contraindicated, as this could lead to 
the excessive absorption of adrenaline.9 For this reason, 
retraction cords impregnated with adrenaline should be 
avoided. However, in the case of untreated, unregulated 
arythmias or unstable angina, vasoconstrictor substan
ces are contraindicated. Similarly, caution with the use 
of  vasoconstrictors is indicated in patients with pace-
makers, especially implantable automatic defibrillators.23 
Elad et al. showed that local anesthesia using 4% articaine 
hydrochloride with adrenalin 1:200,000 is as safe as local 
anesthesia with 2% lidocaine and adrenalin 1:100,000 in 
cardiovascular patients.26 They observed neither severe 
adverse effects nor cardiac ischemic changes on electro-
cardiography (ECG) in either group.26 

Hemostasis  
in post-myocardial infarction patients 

Today the risk of complications of dental procedures is 
dependent more on the anticoagulant therapy used than on 
the severity of coronary heart disease. Patients who have had 
acute myocardial infarction always take medications that 
affect hemostasis.27 Depending on the indications, these 
are either antiplatelet drugs, vitamin K antagonists or new 
non-vitamin K antagonist oral anticoagulants (NOACs).  
The discontinuation of  therapy with these drugs is asso-
ciated with a high risk of complications, including death. 
This risk far exceeds the risk of increased bleeding during 
and after surgery. In addition, a surgical intervention itself 
increases the risk of  deep vein thrombosis. Double anti-
platelet therapy (DAPT) is aimed at preventing thrombosis 
in the coronary artery. The risk of  thrombosis lasts until 
the atherosclerotic plaque stabilizes (a process taking about 
4–6 weeks) or − in the case of stent implantation − until it 
is covered with the vascular endothelium (the convention-
al limit for metal stents is 1 month, and for coated stents 
6–12 months). Double antiplatelet therapy includes acetyl-
salicylic acid (ASA) and an inhibitor of the P2Y12 glycopro-
tein receptor (clopidogrel, prasugrel or ticagrelor) (Table 2).28  
In cases when there is also a risk of cardiac embolism (atrial 
fibrillation, intracardiac thrombus) or concomitant venous 
thromboembolism, DAPT treatment is supplemented with 
an oral anticoagulant.28 

Table 2. Recommendations for patients receiving drugs that affect hemostasis depending on the risk of excessive bleeding after dental procedures28

Risk of bleeding in dental procedures Patients on ASA  
and/or clopidogrel

Patients on oral 
anticoagulants Patients on NOACs

Low risk of excessive bleeding:
  1. conservative and endodontic treatment;
  2. supragingival scaling;
  3. periodontal pocket probing;
  4. air polishing;
  5. extraction of 1 tooth or teeth that are loose;
  6. single implant placement;
  7. laser evaporation of oral mucosa lesions.

continue therapy  
without  

any changes
check if INR < 3

continue therapy  
without  

any changes

Moderate risk of excessive bleeding: 
  1. subgingival scaling;
  2. root debridement;
  3. frenulectomy;
  4. periodontal flap surgery;
  5. guided tissue regeneration;
  6. tooth extraction with flap elevation;
  7. extraction of impacted teeth;
  8. root resection;
  9. vestibuloplasty;
10. several implant placement;
11. closed sinus lift procedure;
12. excisional or incisional biopsy.

continue therapy  
without  

any changes
check if INR < 3 

stop therapy with rivaroxaban  
– 24 h before surgery,  

and with dabigartan – 1–2 days 
before surgery

restart therapy 24–48 h after 
surgery

High risk of excessive bleeding: 
  1.	soft tissue augmentation with free gingival grafts  

or connective tissue grafts;
  2.	placement of 6–8 implants in the edentulous 

alveolar ridge;
  3.	bilateral open sinus lift procedure;
  4.	oncological, orthognathic and reconstructive surgery.

continue therapy with ASA

stop therapy with P2Y12 inhibitors  
24–72 h before surgery

in patients at high risk of thrombosis, 
consider glycoprotein IIa/IIIa inhibitors 

check if INR = 2–2.5

convert to heparin  
only in selected cases

stop therapy with rivaroxaban  
– 24 h before surgery,  
and with dabigartan  

– 1–2 days before surgery

restart therapy 24–48 h  
after surgery

ASA – acetylsalicylic acid; NOACs – non-vitamin K antagonist oral anticoagulants.
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Coronary angiography is routinely performed in pa-
tients with acute coronary syndrome, and if the coronary 
artery responsible for myocardial infarction is identified, 
a revascularization procedure is performed. Coronary an-
gioplasty is the most common one, with the implantation 
of an anti-proliferative eluting stent, coated with a cyto-
static agent that inhibits cell division. This limits the in-
flammatory process and the formation of restenosis in the 
vessel, but at the same time slows down the epithelializa-
tion of  the stent and prolongs the need for DAPT. New 
drug-eluting stents require the use of 2 antiplatelet drugs 
for about 6 months, or 12 months if they are implanted 
due to acute coronary syndrome. This is a conventional 
time period to allow the vascular endothelium to grow. 
The earlier discontinuation of therapy may result in acute 
thrombosis in the stent, myocardial infarction and death. 
In exceptional situations, metal stents are used; their epi-
thelialization takes 1 month.28

The time limits for DAPT were modified by the ESC 
guidelines published in 2017.28 Two scales were created to 
establish a safe date for ending the treatment. The PRE-
CISE-DAPT score is used for stent implantation based on 
the results of  laboratory tests (hemoglobin, leukocytes, 
creatinine clearance) and the patient’s data (age, history 
of bleeding), and indicates either a brief (3–6 months) or 
extended (12–24 months) use of DAPT. Longer therapy 
may be beneficial and may lower the risk of stent closing. 
However, the duration of therapy depends on individual 
factors (e.g., age, comorbidities, left ventricular ejec-
tion fraction (LVEF), bleeding risk, or smoking) as well 
as on the procedure technique (implanted stent caliber, 
type of substance released, presence of a stent in the vein 
bridge).28,29

In 2016, Pruszczyk et al. published (in Polish) a paper de-
tailing a protocol for preparing patients on anticoagulants 
for dental surgical procedures.30 It follows the guidelines 
set out by ESC and the European Association for Cardio-
Thoracic Surgery (EACTS).28 Most dental procedures are 
defined as low-risk in terms of blood loss, and hemosta-
sis can be achieved through the use of  local hemostatic 
agents. There is a greater risk of blood loss associated with 
major reconstructive procedures, bone block transplants, 
implantological procedures, extractions of  more than 
3 teeth, treatment with the elevation of the mucoperiosteal 
flap, soft tissue augmentation procedures, connective tis-
sue grafts, and open sinus lift procedures. The 4 criteria 
for abundant post-operative bleeding are: bleeding lasting 
longer than 12 h, forcing the patient to report to the dental 
office or the emergency room, hematoma or bruising, and 
need for a blood transfusion.30

The effect of antiplatelet therapy may double the bleed-
ing time, but in most cases, it remains within the normal 
range or only slightly over it.30 The results of  the plate-
let aggregation test might be abnormal, although with-
out clinical consequences.31 Prolonged bleeding time 
is not a major clinical problem, since hemostasis can be 

achieved by pressure, suturing, applying collagen sponges,  
or prescribing tranexamic acid. As mentioned above, the 
discontinuation of antiplatelet therapy is the main cause 
of late stent thrombosis, which can result in serious com-
plications, including death (in up to 45% of  cases) and 
significant damage to the heart.32 The safety of  surgical 
dental procedures during antiplatelet therapy was con-
firmed by Park et al.33 Among 100 patients undergoing 
combined antiplatelet therapy with ASA, clopidogrel and, 
in some cases, with the addition of cilostazol, only 2 pa-
tients had increased post-operative bleeding after tooth 
extraction and in both, it was enough to apply pressure 
to stop the bleeding.31 Dodson demonstrated that the 
amount of bleeding measured during invasive procedures 
was similar in the group of patients who suspended their 
ASA therapy for 7  days before tooth extraction and in 
patients who continued their ASA therapy.32 However, 
Buhatem Medeiros et al. showed that patients on DAPT 
presented a  larger volume of  bleeding during invasive 
procedures than patients not using these medications.34 
Local hemostatic methods were sufficient to control the 
bleeding and there were no post-operative bleeding com-
plications in any of the presented cases.34 When in doubt, 
it is recommended to check prothrombin time (PT), par-
tial thromboplastin time (PTT) and the number of plate-
lets. If PT and PTT are found to be within the normal 
range and the number of platelets exceeds 100,000/mm3,  
surgery can safely be performed.31 In more complicated 
surgical procedures with a  moderate bleeding risk, pa-
tients should be maintained on aspirin, while P2Y12 in-
hibitor therapy should be discontinued.30 

Vitamin K antagonists warfarin and acenocoumarol are 
used in conditions associated with coronary heart disease, 
including the prophylaxis of  venous thromboembolism, 
and in patients with arythmias, artificial valves, throm-
bophilia, and antiphospholipid syndrome.35,36 In these 
cases, the administration of vitamin K antagonists should 
not be stopped before any dental procedures – including 
procedures of a higher risk of bleeding – if the patient’s 
international normalized ratio (INR) <3 24 h before the 
planned procedure.34 If the patient’s INR > 3, the attend-
ing physician should adjust the therapy to achieve a lower 
INR.30 The withdrawal of  oral anticoagulants does not 
guarantee that bleeding will not occur; serious bleeding 
occurs also in patients who have never taken anticoagu-
lants. Only 0–3.5% of cases of excessive bleeding are so 
severe that they cannot be controlled with local measures. 
A higher risk of death or permanent disability is associ-
ated with the discontinuation of anticoagulant treatment. 
In a relapse of venous thromboembolism, the risk of death 
is 6% and of permanent disability 2%. In the case of arte-
rial embolism, the former risk is 20% and the latter 40%.37 
It should be emphasized that there is no description in 
the literature of any case of death or permanent disability 
resulting from massive bleeding after a dental procedure 
in a patient taking anticoagulants. It should be borne in 
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mind that during anticoagulant therapy, the administra-
tion of  tetracyclines, erythromycin, clarithromycin, and 
metronidazole is contraindicated.9 

Newer anticoagulants are direct inhibitors of  factor Xa 
− rivaroxaban, apixaban and edoxaban, and direct thrombin 
inhibitor dabigatran. They are used in deep vein thrombosis, 
pulmonary embolism, embolism due to non-valvular atrial 
fibrillation, following orthopedic surgery as well as in acute 
coronary syndrome and venous thromboembolism. There 
are no unambiguous guidelines of  how to proceed with 
the use of these drugs in planned surgical procedures. The 
manufacturers of these drugs recommend a break of 1 day 
in pharmacotherapy, extended to 2 days in cases of impaired 
renal function with glomerular filtration rate (GFR) lowering 
to 30 mL/min/1.73 m2. It is recommended that the proce-
dure should be performed when the drug concentration is 
the lowest, i.e., 12 h or 24 h after the last dose, depending on 
whether the drugs are taken once or twice daily. If procedures 
of a high risk of bleeding are planned and the medications 
are taken in the morning, the dose of  the drug used once 
a day (edoxaban) should be delayed until after the procedure, 
whereas in the case of the drugs taken twice daily (apixaban, 
dabigatran and rivaroxaban), the evening dose should be 
skipped. If edoxaban is taken in the evening, there is no need 
to skip the dose. If complete hemostasis is obtained during 
the procedure, the dose that was previously skipped can be 
taken after 6–8 h.37 In patients taking medications affect-
ing hemostasis, it is recommended that dental procedures 
should be performed early enough during the day to allow 
the patient to seek help in case of prolonged bleeding. Like-
wise, treatment should be carried out at the beginning of the 
week, as re-bleeding usually takes place after 24–48 h.38 The 
use of an infiltration anesthetic with a vasoconstrictor is re
commended and nerve block anesthesia should be avoided 
if possible. If nerve block anesthesia is necessary, it should 
always be performed with aspiration. 

Following an extraction, the tooth socket should be 
provided with a hemostatic dressing and sutured well for 
7–14 days, and gauze pad compression should be main-
tained for 30 min after treatment.36 The patient should be 
advised not to rinse their mouth for 24 h, not to perform 
suction or create negative pressure in the mouth, not to 
touch the alveolus with the tongue or any foreign body, to 
avoid hot and hard food, and not to bite on the side of the 
procedure. The patient should be advised to apply pres-
sure for 20 min with a clean gauze pad in case of bleeding, 
and contact the dentist if hemostasis does not occur.30,38 

Conclusions
Patients who have suffered a heart attack often require 

dental treatment. The inflammation of  the oral cavity 
not only reduces the quality of life, but can also contrib-
ute to the deterioration of  the course of  ischemic heart 
disease. In most cases, dental treatment can be under-

taken 6 weeks after myocardial infarction. It is important 
to eliminate pain, so local anesthesia with a  vasodilator 
in a  dose not exceeding 0.04 mg should be used. Anti
biotic prophylaxis is usually not required. Visits should be 
short and carried out in the early afternoon. The patient 
should be in a comfortable sitting position. If the patient 
complains of retrosternal pain, the procedure should be 
discontinued, and oxygen and nitrates should be admini
stered. If there is no improvement, a re-infarction should 
be suspected and an ambulance should be called imme-
diately. In the vast majority of  cases, antiplatelet drugs 
and anticoagulants should not be discontinued prior to 
planned surgery, since there is a significantly higher risk 
of thromboembolism than of increased bleeding in these 
patients. In case of any doubts as to the patient’s health 
and the possibility of dental treatment, the patient should 
be referred to a  specialist to establish an individualized 
treatment plan.
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Abstract
A lack of knowledge about biopsy techniques and the management of biopsy specimens can cause arti-
facts. Artifacts are false structures that change the normal morphological and cytological features of tissues. 
This review article aimed to familiarize clinicians / dentists / surgeons with the factors causing artifacts and 
with the efficient strategies to prevent or minimize their occurrence. Non-adherence to several rules can 
result in the formation of artifacts. The clinician’s performance during and after the surgical procedure (until 
the sample is received by the laboratory) may damage the biopsy specimen or make it susceptible to dama- 
ge. Artifacts may not be clinically considered noteworthy. However, by modifying the histopathological 
features of the specimen, they can lead to serious errors in the interpretation of lesions. Knowledge on the 
part of clinicians / dentists / surgeons regarding the factors and potential conditions that can lead to arti-
facts can decrease the risk of their occurrence, and considerably help pathologists and patients by paving 
the way for a correct diagnosis, and consequently an appropriate treatment plan.
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Introduction 
The detection of oral lesions by dentists is highly impor­

tant,1,2 because in many diseases or conditions, oral lesions 
manifest themselves sooner than cutaneous lesions.3 This 
can help in an early diagnosis and the subsequent manage­
ment of the disease in its initial stages.3 The clinical diagnosis 
of lesions is confirmed with different techniques.1 The gold 
standard of diagnostic procedures is biopsy.4–6 Biopsy is de­
fined as taking a sample of a living organism,4,5,7 which can 
include the entire lesion or a part of it.5,8 Biopsy is performed 
to allow a histopathological analysis of the specimen under 
a microscope to make a definite diagnosis.9,10 This assess­
ment is important for the diagnosis of the lesion and also to 
determine the presence/absence of evidence of malignancy. 
Biopsy provides information about the clinical course of the 
lesion and may even provide prognostic data. All these can 
directly affect the patient management.11,12

Nonetheless, in some cases, dentists fail to send tissue 
specimens to histopathological laboratories and explain 
that they are concerned about the risk of misdiagnosing 
the lesion.12

One challenge in the correct interpretation of histopatho­
logical sections is the presence of defects not related to the 
existing disease.13,14 In microscopic analysis, such defects can 
create manifestations that are not necessarily related to the 
actual histological/histopathological features of  the speci­
men.13 These defects are known as artifacts.13 The term ‘ar­
tifact’ is derived from 2 Latin terms: ‘ars’ and ‘factum’, and is 
defined as a false or altered tissue structure in a microscopic 
feature as a result of some external factors.5 Artifacts are il­
lusive structures, although they can be misinterpreted as real 
ones.13 Artifacts can interfere with the histopathological as­
sessment of the specimen6 and affect the pathologist’s ability 
to correctly diagnose lesions, especially in small samples.12 
They also compromise the correct histopathological inter­
pretation of specimens, especially at the margins.15 

Biopsy is a simple, minor surgical procedure.16,17 How­
ever, achieving an accurate and correct diagnosis requires 
more than just a correct surgical technique.18,19 Suitable 
tissue preparation for microscopic analysis depends on 
the correct performance of the dentist/surgeon, assistant 
and lab staff to minimize the risk of artifact occurrence.19 

Biopsy (taking a tissue sample) comprises 6 steps: selection 
of the biopsy site, preparation of the surgical field, anesthetic 
injection, incision, handling of  the biopsy sample, and su­
turing of the surgical wound.20 The processing of the tissue 
sample is a  long process, from surgical removal to staining 
and mounting the tissue sections on the slides. Artifacts may 
occur at any step, from the time of performing biopsy to the 
final step of mounting.13 It is imperative for clinicians / den­
tists / surgeons to have adequate knowledge about artifacts5 

and this study is aimed to familiarize them with tissue arti­
facts. This review article discusses the causes of artifacts dur­
ing surgery, the fixation and transfer of the samples to the lab 
in order to find strategies to minimize their occurrence. 

Preoperative surgical artifacts 
Artifacts can change the normal morphological and 

cytological appearance of  the biopsied samples.5,21 They 
may be confined to only a  small portion of  the sample. 
As such, they can be easily detected by an experienced 
pathologist and no longer interfere with an accurate pa­
thology report and a correct diagnosis.5 However, in some 
cases, the artifactual damage may be extensive or involve 
the entire sample. Then, artifacts result in a suboptimal 
quality or quantity of  the sample for diagnosis or may 
even render the tissue useless.21

Artifacts caused by the surface preparation  
of the surgical field prior to biopsy 

After the biopsy site has been precisely selected,1 the 
preparation of  the site with iodine tincture or other 
colored solutions should be avoided.5,22 Colored an­
tiseptics or similar agents are not recommended for 
disinfecting the surface or the external margins of the 
incision site,6 since they can interfere with tissue pro­
cessing and staining procedures. If they are never­
theless used, dentists must inform the lab about it.21 
It should be noted that toluidine blue, used to deter­
mine the most representative part of premalignant and 
malignant oral lesions,3,23 does not interfere with the 
aforementioned processes.6

Artifacts caused by injection 

Injecting the anesthetic solution into the biopsy site 
can damage the tissue sample4,8 and cause 2 major tissue 
changes24: 
–	bleeding and extravasation of  red blood cells due to 

needle insertion into the tissue, and the subsequent 
possible masking of tissue structures7,24,25;

–	splitting of  connective tissue bands, associated with 
vacuolization.20,24

In a microscopic feature, the area into which the anes­
thetic agent has been directly injected shows artifactual 
tissue edema or distortion, which can lead to misdiagno­
sis. For instance, the formation of a bulla or artifactual ede­
ma in the gingival tissue may mistakenly lead to the dia- 
gnosis of Crohn’s disease or orofacial granulomatosis.26 

Block injection is recommended to prevent artifacts. 
If not possible,3 the site of  infiltration anesthesia injec­
tion should be adequately far from the lesion.25 Injection 
should be administered at a distance of at least 3–4 mm 
from the lesion and at 4 points around it (superior, infe­
rior, right, and left).3 

Excessive pressure should be avoided7 and the anesthetic  
solution should be injected slowly.19 

If achieving hemostasis is among the objectives of  in­
jection, it should be administered deeply into the lesion or 
postponed to immediately after the biopsy.25



Dent Med Probl. 2019;56(3):299–306 301

Artifacts during surgery 

Artifacts due to the use  
of biopsy instruments

Some cutting instruments, such as a  scalpel, forceps, 
a punch, electrode blades/electroscalpels, and laser blades, 
are used to take biopsy samples.7,15,27

Scalpel 

Biopsy samples are usually obtained using surgical 
scalpels.3,11 This is considered a  conventional method 
of biopsy.11,28 It seems that an incision with a sharp scal­
pel causes less tissue damage.8,14 Sharp instruments are 
required for biopsy.3 The sample should be taken with 
one sharp incision.7 Multiple incisions with a blunt scal­
pel5,8,22,28 can cause a number of artifacts in the sample.28 
A  blunt scalpel can cause squeeze artifacts,22 which are 
a form of tissue distortion that may result from even the 
slightest compression of the tissue.5,20 These artifacts in­
clude crush, hemorrhage, split, fragmentation,5,20 or the 
occurrence of pseudocysts in the tissue (Fig. 1A–E).20,22

The split artifact can occur at the surface or margins 
of  the samples taken with a  scalpel (especially a  blunt 
scalpel).5,28 Several incisions made with a scalpel result in 
a split between the epithelium and the connective tissue 
(Fig. 1F).5,28 The split artifact creates a  false impression 

of vesiculobullous lesions.5,28 The crush artifact is destruc­
tive and dangerous,24 and can occur even at the slightest 
compression of the tissue.5 It changes the morphology of 
the tissue and squeezes chromatin out of  the nucleus.24 
Microscopically, crushed cells appear as black chromatin 
strands, which may be mistaken for a dysplastic lesion.5 
Inflammatory and tumor cells are most susceptible to the 
crush artifact (Fig. 2A–C).24

Forceps 

They also can be used to perform biopsy.7,29 They fa­
cilitate the biopsy of  oral soft tissues and small salivary 
glands. Forceps have 2 cusps and a window that allows the 
compaction of the target tissue between them.7 The use 
of dentate forceps is an old technique. They firmly hold 
the tissue and acceptably protect it during removal.26 If 
used inappropriately, forceps can also cause squeeze ar­
tifacts, just like blunt scalpels.5,22 Forceps should never 
grasp the lesion,25 because it can result in the crush arti­
fact.4,8 Dentate forceps can create holes in the tissue when 
used carelessly with great force.3,16 Such holes can histo­
logically mimic mucosal pits or an epidermoid cyst.16 An 
inappropriate use of forceps can also result in the forma­
tion of pseudocysts in the tissue.5,16,24,25 The teeth of for­
ceps can push the superficial epithelium into the underly­
ing connective tissue. This, along with the compression 
of  the connective tissue, can create pseudocysts.5,24,25  

Fig. 1. A – epithelial tissue crush artifact; B – connective tissue crush artifact; C – fragmentation of the tissue sample; D – hemorrhage artifact; E – split artifact; 
F – split between the epithelial and connective tissues, false impression of a vesiculobullous lesion

Hematoxylin and eosin staining (H & E), ×100 original magnification.
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These psedocysts, which apparently line with the sur­
face epithelium, can make the exact assessmment of the 
sample difficult.5,24,25 When the teeth of forceps perforate 
the tissue, they not only create voids or tears, but also 
compress the surrounding tissue.19,25 Microscopically, the 
tissue appears distorted with scalloped serrations (caused 
by the forceps tip) and crushed cells (Fig. 3A–C).5,25 The 
compression of  the tissue eliminates its cytological de­
tails. It also changes the dimensions of the nucleus, and 
particularly its ratio to the cytoplasm.24,25 These changes 
may be sufficient to complicate diagnosis16 or lead to mis­
diagnosis.25 Forceps artifacts can be overcome by the cor­
rect handling and careful use of this instrument.5 

The lesion should not be directly grasped with for­
ceps25; the grasped tissue should be acceptably far from 
the biopsy site.26,29 Blunt forceps should be used instead 
of toothed forceps.13,24 

Excessive force at the time of grasping should be avoid­
ed in order to prevent significant changes in the epithe­
lium and the underlying connective tissue.25 

Suturing should be performed at the sample border and 
used instead of forceps for tissue immobilization.24

Punch 

The use of a punch is an affordable, fast, simple, and 
safe technique for biopsy.7 Evidence shows that it cre­
ates fewer artifacts in the tissue compared to a  scal­
pel.13,15 In punch biopsy, artifacts are in the form of tis­
sue fragmentation, probably due to the use of scissors 
for separating the sample from the underlying tissue 
base.13 It cannot be used for deep lesions and punch 
biopsy is limited to the epithelial or superficial mesen­
chymal tissues.7 The use of a punch in some areas, such 
as the soft palate, maxillary tuberosity or floor of  the 
mouth, is difficult due to the mobility of  the site and 
the absence of a hard, fixed tissue.3,7 The punch biop­
sy of  freely mobile tissues3 can damage the tissue and 
cause artifacts.3,7

Fig. 2. A – crushed cells that microsopically mimic dysplastic features (H & E; ×400 original magnification); B – crush artifact of inflammatory cells (H & E; 
×100 original magnification); C – crush artifact of tumor cells (H & E; ×100 original magnification)

Fig. 3. Artifacts due to forceps 

A – pseudocyst; B – tearing of the connective tissue; C – compression of the 
tissue samples; H & E; ×100 original magnification.
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Electrical cautery instruments and laser 

The surgical electrical cautery instruments and la­
ser have the advantage of  causing hemostasis during 
surgery.3 On the other hand, overheating generated by 
these devices can cause changes in the epithelial and 
connective tissues (the  fulguration artifact).5,21,30 In 
the tissue sections with the fulguration artifact, epithe­
lial cells appear detached.24,25 The nuclei of cells have 
a spindled, palisading shape24,25 and are hyperchroma­
tic.3 These changes can mimic the presence of epithe­
lial dysplasia and lead to an incorrect histopathology 
report of  the lesion, especially at the margins, which 
are extremely important for the clinician in terms 
of presence/absence of dysplasia and invasion.28 In the 
fulguration artifact, the separation of  the epithelium 
from the basement membrane can be observed,24,25 
which may be associated with epithelial loss.28 The un­
derlying tissues, such as the fibrous connective tissue, 
fat and muscle tissues, have an opaque amorphous ap­
pearance.24,25,30 Protein is deposited when the gener­
ated heat results in the boiling of the tissue fluids.24 
Microscopically, such a  tissue has a  coagulated and 
torn appearance.24 In the lesion, particularly along 
the surgical margins, tissue protein coagulation in the 
form of a wide, extensive basophilic coagulum band is 
seen, giving an amorphous appearance to the epithe­
lium and the connective tissue (Fig. 4A–C).20 

To prevent this, it has been recommended that these 
instruments should be used according to the dysplastic 
potential of  the lesion.31 For lesions suspected of dys­
plasia or neoplasia, their use should be avoided or the 
incision margin should be sufficiently far from the in­
terface of the lesion and the normal tissue.7,24,25,27 

The use of a laser should be limited to excisional bio­
psy and relatively large samples, where an  adequate 
margin is available.3,28 

Low power settings of the laser should be used to ef­
fectively decrease the risk of separating the epithelium 
from the basement membrane and of  epithelial loss 
during tissue processing.28 

A combination of  electrosurgery and scalpel should 
be used instead of  electrosurgery alone, because the 
former would yield more favorable results. In this tech­
nique, a scalpel is used for the primary incision around 
or within the lesion, and then the lesion is completely 
excised using electrosurgery. This method results in 
optimal hemostasis and minimizes the heat exposure 
of the sample.7,24,25 

Cutting electrodes should be used for tissue sampling 
rather than coagulation electrodes.19,24 This is conven­
tionally done by using low-milliampere current.5,20,24,25 

The intentional or incidental contact of the tip of the 
cutting electrode with metal instruments used for 
holding the sample should be prevented, because it can 
cause tissue changes.24,25

Artifacts due to the improper handling  
of the tissue specimens 

Care must be taken when handling mucosal biopsy 
samples, since the tissue specimen can be easily dama­
ged. The presence of  artifacts in the histopathological 
sections of damaged tissue can decrease their diagnostic 
accuracy or render them useless.26 Traumatic injuries and 
rough handling can cause artifacts in the specimen.3,26 Su­
turing is one common method to limit them. It enables 
the traction and elevation of  the tissue during biopsy.26  

Fig. 4. Fulguration artifact 

A – detached epithelium (H & E; ×400 original magnification); B – separation 
of the epithelium from the baseline membrane (H & E; ×100 original 
magnification); C – extensive basophilic coagulum band along the surgical 
margin (H & E; ×100 original magnification).
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Moreover, it prevents the unwanted movement of the tissue 
(especially mobile structures, such as the tongue) during 
the procedure.26,29 They orientate at least one side of the le­
sion, facilitate the surgical procedure, and prevent the com­
pression and destruction of the tissue specimen.7 However, 
care must be taken, since the excessive traction of the tissue 
can cause the laceration or crushing of the specimen, and 
significantly damage the epithelium or connective tissue.7 
It can also split the epithelium from the connective tissue 
and mimic the appearance of vesiculobullous lesions.5 The 
forced traction of the surface epithelium against the under­
lying connective tissue can cause pseudocysts, and result in 
the loss of cytoplasmic and nuclear features.21 The exces­
sive traction can cause tissue fragmentation28 and the sub­
sequent bleeding can be interpreted as a pathologic change 
by an inexperienced pathologist.13

Thus, it is important:
–	to handle the tissue specimen with care21,29;
–	not to apply too much pressure during tissue traction 

with the sutures5;
–	to ensure that the sutures have not been placed within 

the area designated for biopsy8;
–	to ensure that the suture knots are loose, since firm 

knots can cause tissue crush26 (inflammatory cells28 and 
tumor cells are susceptible to crush artifacts, which can 
make the specimen uninterpretable).24

Vacuum artifact 

This type of artifact is caused by vacuuming the tissues,4 
especially the connective tissue around odontogenic cysts 
and dental follicles, with surgical suction tips. These arti­
facts are seen as large and mostly pleomorphic vacuoles in 
the connective tissue, similar to the traumatized fat tissue.19 

Artifacts due to the contamination  
of the specimens 

Some artifacts are due to the contamination of  the 
specimen with foreign bodies, which may occur during 
surgery.21,30 Cotton and starch are among the most com­
mon contaminants.20 Starch artifacts may occur due to 
the contamination of  the specimen with starch powder, 
which is used as a lubricant in surgical gloves.5,20,21 Starch 
granules may be superficially similar to atypical epithe­
lial cells,5,20 and mimic the appearance of  salivary gland 
diseases, autoimmune disorders, granulomatous lesions, 
or benign epithelial lesions.5 These spore-like structures 
with a  dark central area could be mistaken as pyknotic 
nuclei or mitotic nuclei.20,21 Starch granules appear light 
blue on hematoxylin and eosin staining (H  &  E), blue-
black with Lugol’s solution and deep lilac-red on periodic 
acid–Schiff staining (PAS).5,20 The starch artifact can be 
prevented by using latex gloves.5 The presence of  cot­
ton in the histopathological sections (cotton contamina­
tion) may resemble eosinophilic, amyloid-like or black  

substances.5,20 The similarity of cotton to an amyloid-like 
material, which is among the characteristics of  odonto­
genic tumors, may result in misdiagnosis.5

To control bleeding during surgery, gel foam or surgical 
sponges are used.13 In the histopathological sections con­
taminated with gel foam, the characteristic appearance 
of distorted superficial spaces is seen. These spaces may 
be filled with blood and surrounded by slightly basophilic 
gelatin walls.13 Dentists/surgeons should be careful to pre­
vent the foreign body contamination of the specimens.19 
On the other hand, knowledge about these materials and 
their correct identification in the sections can help in es­
tablishing an accurate pathologic interpretation.5 

Post-surgical artifacts  
(occurring after specimen removal 
until a transfer to the lab) 

Artifacts due to a delay in fixation 

After tissue removal, the biopsy specimen should be 
fixed.5,7,17 Autolysis and bacterial attack start immedia­
tely after tissue removal.19,32 Fixation stops these chan­
ges.19,32,33 It maintains the integrity of cells and their chemi­
cal components,34 preserving the tissue in conditions like 
when alive.13,34 The time interval between the surgical 
removal of the sample and its immersion in a proper fix­
ative is referred to as the ischemia or hypoxia time,34,35  
which is associated with the activation of tissue enzymes, 
autolysis, and the degradation of  proteins, DNA and 
RNA.34 A delay in fixation yields a poor histopathologic 
feature.5 It also changes the quality of  cell staining24,25 
and makes mitosis hard to detect.5 Cells shrink and cy­
toplasmic clumping is observed.7,25 Chromatin in the nu­
clei cannot be detected and the nucleoli are not visible 
in some cases.5,7 Some changes occur in tissue structures 
as well.5,7,25 Vascular, nervous and gland structures lose 
their details,5,7,25 simulating scar tissue formation25 or the 
loss of cellularity.5,7,25 To prevent the occurrence of these 
changes, the biopsy samples should be placed in a suitable 
fixative immediately after removal.19,36 

Artifacts due to the type of fixative used 

The 10% neutral buffered formalin is an alternative 
fixative to optimize the fixation of the biopsy specimen 
for the routine histopathological assessment.12,24,36 De­
spite attempts to find a  replacement for it,35,37 formalin 
remains the most popular, reliable and affordable fixation 
solution.34 

Tap water,3 distilled water or saline are occasionally 
used for tissue fixation.18,20,33 Tissues fixed with these 
solutions often show abnormal cellular or structural 
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changes33 that can pose a challenge for the correct diag­
nosis of the lesion.33 Saline does not cause any fixation at 
all19 and should not be used even for a short time.33 The 
immersion of  the specimen in saline causes the bizarre 
appearance of  epithelial cells, which can suggest malig­
nancy.5 Antiseptics, mouthwashes or local anesthetic 
solutions are also inappropriate for tissue fixation.3,5,15,26 
The specimen cannot be properly fixed with these solu­
tions,3,5,15,26 and thus, tissue autolysis continues.24 Fixa­
tives that are protein precipitants, such as ethanol and 
methanol (irrespective of  their osmotic pressure), cause 
tissue shrinkage. Thus, tissues that are attached to each 
other when alive may be pulled apart in these fixatives and 
leave empty spaces.5 Alcohol makes the tissue fragile and 
creates artifacts following microtome sectioning (chatter­
ing and the Venetian blind artifact).24 The use of ethanol 
as a fixative can cause the crush artifact, which is due to 
protein coagulation seen as intense eosinophilic staining 
at the center of the tissue specimen in H & E. Ethanol does 
not completely fix proteins.5 The use of alcohol as a fixa­
tive results in the weak staining of  the epithelium and 
an  inadequate fixation of  the connective tissue. In such 
conditions, collagen bundles have an amorphous feature, 
which is not due to scar tissue formation; it is an artifact.24 
When encountering the tissue specimen in an unsuitable 
fixative, it should be immediately replaced with the 10% 
neutral buffered formalin5 to prevent further morpholo­
gical changes in the tissue.20 

Freezing the specimen before or instead of  fixation is 
not suitable.4,5,7,25,37 It can cause the dehydration of cells 
and the subsequent condensation of  the cytoplasm.5,7,24 
This change is characterized by the granular paranuclear 
condensation of  the cytoplasm.24 The formation of  ice 
crystals following the freezing of the tissue specimen re­
sults in the formation of interstitial and intracytoplasmic 
vacuoles.5,7,24 In the histopathologic sections of the frozen 
tissues, gaps in the tissue cause the appearance of Swiss 
cheese holes in the epithelium, indicative of areas where 
ice crystals have perforated the tissue.24

Artifacts caused by formalin 

The 10% neutral buffered formalin is the best tissue fix­
ative introduced so far.5,24 Fixation with formalin prevents 
autolysis and the occurrence of some artifacts.19 However, 
some considerations should be taken into account when 
using it. Formalin itself can cause tissue artifacts.5,7,19,34

The concentration of  formalin should be adequate to 
ensure accurate fixation.7 Formalin is a  diluted solution 
of buffered formaldehyde.6 However, sometimes the ancil­
lary staff may overdilute it.3 This can result in the weak fix­
ation of the tissue specimen.3 Artifactual changes occur in 
the form of the acantholysis of epithelial cells, whereas the 
basal cell layer remains attached to the underlying connec­
tive tissue. This acantholytic artifact can mimic pemphi­
gus, as well as Hailey–Hailey disease or Darier’s disease.24 

To ideally preserve the morphological details of  the 
tissue, fixation should be done at room temperature. Al­
though a rise of temperature (45–55°C)13,20 increases the 
rate of  fixation, the overheating of  formalin can cause 
vacuolization, the overstaining of cytoplasm and the ap­
pearance of pyknotic nuclei.13 

The tissue specimen fixed in the 10% neutral buffered 
formalin should be sent to the lab as soon as possible.7 
Formalin fixation is often associated with color change,3 
volume change (33% shrinkage)19,24 and the hardening 
of the tissue.3,25 Moreover, secondary shrinkage may oc­
cur in the specimen following long-term immersion in 
formalin.5,24 Similar to delayed or inadequate fixation, 
long-term fixation also causes some changes in the tis­
sues.19,25 Long-term formalin fixation can cause second­
ary shrinkage and hardening.5 This can result in tissue 
separation, microscopically mimicking empty spaces.5

Formalin fixation can cause the pigmentation artifact. 
The bonding of formalin with the heme of red blood cells 
forms the formalin–heme complex, which is seen as black 
precipitates in the tissue specimen.5,20,21 The fast trans­
fer of  the formalin-fixed specimen to the pathology lab 
enables the lab staff to start tissue processing in optimal 
fixation conditions.38

The preservation of the specimen depends both on the 
pathologist and on the dentist. Unfortunately, it seems 
dentists believe that the lab would start processing on 
their specimen immediately after receipt; however, that is 
not really the case.39

Artifacts due to the size of the specimen 

The ability of  oral pathologists to correctly interpret 
the biopsy sample depends not only on the quality, but 
also on the quantity of the sample.20,30 In biopsy, and more 
commonly in incisional biopsy, if the specimen is thin, 
especially if it is in the form of a thin, delicate oral mu­
cosa ribbon,5 its shrinkage in formalin causes the curling 
and bending of the tissue.5,30 This change, known as the 
curling artifact, complicates the orientation of the speci­
men.5,20,30 Unsuitable orientation can lead to the tangen­
tial incisions of the specimen, or the sectioning of only the 
epithelium or the connective tissue, and not both.3 

Moreover, the curling of the specimen onto itself dur­
ing fixation often results in the loss of junction between 
the epithelium and the connective tissue, especially if the 
specimen does not have the submucosal layer or the un­
derlying muscle.7

This artifact can be prevented by ensuring an adequate 
depth of the specimen.5 

If the biopsy sample is small, thin and narrow, the speci­
men should be immediately placed on a piece of stiff,3,24 
sterile/clean paper1,3 for a short time (i.e., 1 min)4,15,22 be­
fore its immersion in a  fixative so that its surface faces 
upward3 and its connective tissue side faces downward.15 
By doing so, the epithelium is preserved in its correct  



M. Zargaran. Clinicians and oral biopsy artifacts306

position,24 and one can ensure that the tissue specimen 
is positioned straight during fixation and is well-oriented 
for the histopathological assessment.15 

Surgeons can use sutures to help in the correct orienta­
tion of the specimen and send a note to the lab regarding 
the relation between the sutures and the specimen.3

Conclusions 
Knowledge on the part of  clinicians  /  dentists  /  sur­

geons regarding the factors and potential conditions that 
can lead to artifacts can decrease the risk of their occur­
rence, and considerably help pathologists and patients by 
paving the way for a correct diagnosis, and consequently 
an appropriate treatment plan. 
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Abstract
The Shprintzen–Goldberg syndrome (SGS) is an autosomal dominant disorder with multiple congenital 
abnormalities. It is the result of de novo gene mutations. Recently, mutations in the SKI gene are considered 
to be related to this syndrome. This gene is responsible for the manufacturing of protein which regulates 
the transforming growth factor beta (TGF-β) signaling pathway. There are characteristic craniofacial, skele
tal, neurological, and connective tissue abnormalities associated with SGS.

This is a case report of a 6-year-old male child who reported to the Department of Pediatric Dentistry at 
the Government Dental College and Hospital, Aurangabad, India, with decayed teeth. He had craniofacial, 
skeletal, cardiovascular, and other abnormalities suggestive of SGS. The patient had a tall forehead with 
plagiocephaly and a  high-arched palate with hypoplastic teeth. His ears were apparently low-set with 
posterior rotation. The child had eyes with proptosis, myopia, hypertelorism, and down-slanting palpebral 
fissures. The child had moderate mental retardation with craniofacial features typical of this syndrome. The  
Shprintzen–Goldberg syndrome has many similarities with the Marfan syndrome (MFS) or the Loeys–Dietz  
syndrome (LDS) due to considerable phenotypic overlapping.
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Introduction 
The Shprintzen–Goldberg syndrome (SGS) is a very rare 

congenital disorder affecting craniofacial, skeletal, neu-
rological, and connective tissues. Craniosynostosis with 
marfanoid habitus and characteristic facial dysmorphism 
are the key features of  this syndrome.1–3 Dolichocephaly, 
low-set ears, a high prominent forehead, proptosis, hyper-
telorism, divergent strabismus, down-slanting eyes, a high-
arched narrow palate, and maxillary hypoplasia are the 
most frequent craniofacial abnormalities in SGS.1,2 Arach-
nodactyly, flat feet, pectus deformity, scoliosis, and hyper-
mobile joints are the skeletal abnormalities.1 Myopia and 
telecanthus are some other important ophthalmic features 
characteristic of SGS.2 Affected individuals also suffer from 
hypotonia, cardiac defects and umbilical hernia.3–5

The Shprintzen–Goldberg syndrome has many simi-
larities with the Marfan syndrome (MFS) or the Loeys 
–Dietz syndrome (LDS) due to considerable phenotypic 
overlapping.3–5 Differential diagnosis includes MFS, LDS, 
the Idaho syndrome-II, the Antley–Bixler syndrome 
(ABS), congenital contractural arachnodactyly (CCA), 
and several other craniosynostotic syndromes.4,5 There is 
no male or female predilection. The development of the 
affected individual is delayed, with mild to moderate in-
tellectual disability.

This is a case report of a 6-year-old male child who re-
ported to the Department of  Pediatric Dentistry at the 
Government Dental College and Hospital, Aurangabad, 
India, with decayed teeth. He had craniofacial, skeletal, 
cardiovascular, and other abnormalities suggestive of SGS.

Case report
A six-year-old male patient was brought to our de-

partment by his parents with a chief complaint of de-
cayed teeth. The child was carried by his father, as 
he was unable to walk without support. The parents 
were healthy, in a non-consanguineous marriage. They 
had a  poor socioeconomic background. The boy was 
their first-born child. He was born without any history 
of complications during pregnancy. There was no his-
tory of known exposure to teratogens during the peri-
natal period. His parents reported delayed develop
mental milestones. The child had defective hearing 
and speech. He was not able to express his problems. 
The parents reported that the child did not attend any 
school. The boy was suffering from moderate mental 
retardation. He presented with facial dysmorphism 
and musculoskeletal abnormalities.

Our physical examination revealed that the boy’s 
limbs were weak and he had difficulty with walking. 
He had a  tall forehead with plagiocephaly. His ears 
were apparently low-set with posterior rotation. The 
child had eyes with proptosis, myopia, hypertelorism, 
and down-slanting palpebral fissures. He was suffering 
from strabismus. His nasal bridge was flattened. The 
face profile was convex with marked facial asymmetry. 
His lips were potentially competent. The skeletal find-
ings included pectus carinatum and flat feet. Umbilical 
hernia was also present (Fig. 1–3). The intraoral exam-
ination revealed that the child had deciduous dentition 
with multiple carious teeth (Fig. 4). His maxillary arch 

Fig. 1. Frontal view of the patient Fig. 3. Craniofacial featuresFig. 2. Lateral view of the patient
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was high with a narrow and deep palate. He had a ne
gative history of thumb sucking. Crowding was present 
in the mandibular teeth. The maxilla was hypoplastic. 
Besides, the child had congenital heart disease with 
aortic regurgitation.

In 1998, Greally et al. described the clinical features 
typical of  SGS.1 Based on the unusual and atypical 
clinical findings, the patient was subsequently diag-
nosed to be a possible case of SGS.

Discussion
The Shprintzen–Goldberg syndrome is sometimes 

called the marfanoid-craniosynostosis syndrome, the 
Shprintzen–Goldberg craniosynostosis syndrome, cra-
niosynostosis with arachnodactyly and abdominal her-
niae, marfanoid disorder with craniosynostosis, or type I 
marfanoid-craniosynostosis syndrome. Shprintzen and 
Goldberg described this syndrome in 1982.3 Sugarman 
and Vogel were the first to report this condition in 1981, 
in a  17-year-old male with plagiocephaly, multiple cra-
niofacial, vertebral and skeletal anomalies, umbilical and 
inguinal herniae, hypotonia, and mental retardation.6 
This syndrome has a variable phenotypic expression, as 
it involves the abnormalities of skeletal, connective, cra-
niofacial, cardiovascular, and neurological tissues. Greally  
et al. gave a thorough review of the clinical features of SGS 
(Table 1).1

Mutations in the SKI gene are considered to be the 
most common etiology. This gene is responsible for the 
manufacturing of protein which regulates the transform-
ing growth factor beta (TGF-β) signaling pathway. The 
TGF-β signaling pathway is responsible for the regula-
tion of  cellular proliferation, differentiation, apoptosis, 
and motility. The SKI protein plays a crucial role in the 
development of the tissues of the skull, bones, skin, and 
brain. In this syndrome, a  mutation in the SKI gene al-
ters the SKI protein. This altered protein is not able to 
attach to proteins in the TGF-β pathway and to block sig-
naling. This results in an abnormally active TGF-β path-
way. Excess signaling of TGF-β affects the gene activity.  

Fig. 4. Decayed and malaligned teeth

Table 1. Characteristic features of the Shprintzen–Goldberg syndrome (SGS) as described by Greally et al.1

Features Description

Craniosynostosis premature fusion of certain skull bones, involving the coronal, sagittal or lambdoid sutures

Craniofacial  
features

head dolichocephaly, scaphocephaly, plagiocephaly, prominent forehead

palate  
and jaws

flattening/hypoplasia of the malar bone, high and narrow palate with prominent palatine ridges,  
micrognathia and/or retrognathia

ears apparently low-set with posterior rotation

eyes myopia, proptosis, strabismus, hypertelorism, telecanthus, down-slanting palpebral fissures

Neurological abnormalities mild to moderate intellectual disability, delayed motor and cognitive milestones

Brain abnormalities hydrocephalus, dilatation of the lateral ventricles, Chiari malformation type I

Cardiovascular abnormalities prolapsed mitral valve, dilatation of the aortic root, mitral regurgitation/incompetence, aortic regurgitation

Skeletal  
anomalies

joints hypermobility of joints, osteopenia

skull craniosynostosis, wide anterior fontanel

spine  
and vertebrae

C1–C2 vertebral abnormality (fusion or subluxation), scoliosis (abnormal side-to-side curvature of the spine),  
square-shaped vertebral bodies

extremities
dolichostenomelia, arachnodactyly (long, slender fingers), camptodactyly (1 or more fingers permanently bent),  

metatarsus adductus, talipes equinovarus, flat feet

chest pectus excavatum (sunken chest) or pectus carinatum (protruding chest), thin ribs, 13 pairs of ribs

Genitourinary abnormalities inguinal hernia, cryptorchidism in males

Other findings
herniae and abdominal wall defects, loss of subcutaneous fat, arterial tortuosity and aneurysms, broad/bifid uvula,  

cleft palate, dural ectasia
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2019. 

Consequently, the development of many body systems, in-
cluding the bones and brain, is disturbed, producing a wide 
range of  signs and symptoms of  SGS.4,7 In a  case report 
describing a  Japanese boy with clinical findings consis-
tent with SGS, Kosaki et al. identified a 3662E-A transition 
(134797.0045) resulting in the cys 1221-to-tyr (C 1221 Y) 
substitution in the FBN 1 gene.8 A defect in the gene pre
sent on chromosome 15 is also considered to be respon-
sible for this syndrome.9 Germline mosaicism with muta-
tions in 3 genomic loci have been linked to SGS, thereby 
making it a  molecularly heterogeneous disorder.10 The 
4th region (15q25-qter) is also considered to be the cause 
of this syndrome.11 Most investigators believe that multiple 
genes are responsible for a single phenotype. Thus, muta-
tions in other genes may also be related to SGS. 

The differential diagnosis of SGS should embrace LDS, 
MFS, CCA, frontometaphyseal dysplasia, the Melnick 
–Needles syndrome (MNS), the Idaho syndrome-II, and 
ABS.12–23

The occurrence of SGS is very rare. As of 2016, approx.  
60  cases of  SGS have been described in the medical  
literature since the first case was reported in the original 
publication by Sugarman and Vogel in 1981.6,24

In our case, the 6-year-old male child had the major-
ity of  the characteristic features of SGS as described by  
Greally et al.1 The child had moderate mental retardation 
and craniofacial features typical of  this syndrome. His 
skeletal, cardiovascular and neurological features could 
also be associated with SGS.

There was no positive family history in our case. The 
parents and siblings of the patient were without any ab-
normalities. The Shprintzen–Goldberg syndrome is 
mostly the result of de novo gene mutations. In very rare 
cases, this syndrome is inherited from normal parents 
with defective or altered genes.

Conclusions
Patients with SGS can have variable phenotypes and ab-

normalities. A thorough and meticulous clinical examina-
tion along with a detailed history are required to diagnose 
this syndrome. This condition is not life-threatening, but 
the patient can suffer from the complications arising from 
cardiac, respiratory or skeletal abnormalities. A  team 
of a pediatrician, cardiologist, ophthalmologist, radiolo-
gist, speech pathologist, physical therapist, and surgeon is 
needed to treat and manage such patients. Standard thera
pies are limited to symptom management, such as the re-
pair of aneurysms and heart valves as well as spinal and 
chest malformations, and the operation of  craniosyno
stosis, which has to be done in the 1st year of life. 
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Abstract
The glandular odontogenic cyst (GOC) is a rare pathology of odontogenic origin, which can behave un-
predictably. It is problematic in clinical, radiographic and histological diagnostics. Intraosseous mucoepi-
dermoid carcinoma (MEC) is a  rare tumor which affects the jaws, typically found in the mandible. This 
malignancy, which usually originates from the salivary glands, can also be caused by a  transformation 
of the mucous cells found in odontogenic cysts.

This article presents a rare case of GOC transforming into MEC of the mandible, which was reported during 
the treatment of a 52-year-old male patient. The aim of this work was to present some of the therapeutic 
and clinical difficulties encountered when GOC transforms into mucoepidermoid cancer in the mandible, 
considering the pathomorphological and histological differentiations. The differentiation between MEC 
and GOC might be difficult through microscopic examination and requires the cooperation of a clinician 
– a maxillofacial surgeon – and a histopathologist. 

Key words: glandular odontogenic cyst, mucoepidermoid carcinoma, neoplastic transformation
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Introduction 
According to the current literature, glandular odonto-

genic cysts (GOCs) are rare and they constitute 0.012–1.3%  
of  all cysts located in the facial part of  the skull.1 The 
condition was first described in 1987 by Padayachee and 
Van Wyk in 2 cases known as ‘sialo-odontogenic cysts’.2 In 
1988, Gardner et al. introduced the term ‘glandular odon-
togenic cyst’,3 and the World Health Organization (WHO) 
included this term in their classification of odontogenic 
tumors published in 1992. Approximately 180 GOC cases 
have been documented in the medical literature to date.2–4  
The glandular odontogenic cyst is marginally more com-
mon in men (1.3:1), with peak morbidity occurring in the 
patient’s 60s. In most cases described, these cysts were 
located in the mandible, primarily in its anterior section.5 
At its early stages, the cyst develops slowly and asymp-
tomatically in the form of a tumor located in the bone; it 
is frequently detected accidentally. Even when a tumor is 
detected randomly in the X-ray of the bone, with minimal 
facial asymmetry but without the presence of pain, it does 
not raise any concern in the patient.6

The etiology of the glandular cyst is still not clear. In the 
literature, the link between GOCs and the salivary gland 
tissue has been primarily stressed. At present, most au-
thors point to the association with the odontogenic epi-
thelium, and the etiological resemblance to lesions such 
as periodontal cysts, follicular cysts and odontogenic 
acinic cysts. Clinically, GOC is manifested in the ten-
derness of the bone, which is deformed, and the dilation 
of the cortical bone layer, frequently with discontinuation 
(perforation), accompanied by parchment crunch or fluc-
tuation. Advanced lesions are accompanied by sensory 
disorders, pain and paresthesia.7,8

Microscopy often presents diagnostic difficulties. The 
morphological structure of the GOC epithelium contains 
the odontogenic cells and the elements of the secretory 
gland cells. Fowler et al. stated that the microscopic dia
gnosis of  GOC should be based on the presence of  at 
least 7 out of 10 microscopic parameters: surface eosino-
philic cuboidal cells, intraepithelial microcysts, apocrine 
snouts, vacuolated cells, variable thickness of the cyst lin-
ing, papillary projections, mucous goblet cells, epithelial 
spheres, cilia, and multiple cystic spaces.4 The pathomor-
phological diagnosis may be impaired and requires differ-
entiation with intraosseous mucoepidermoid carcinoma 
(MEC). There are some features that are present in GOC 
but not in MEC, which permit a histopathologist to dif-
ferentiate the 2 conditions. These include a  lack of  the 
aforementioned structures and a swirling pattern within 
the carcinoma. Another important feature to differenti-
ate between GOC and MEC is the presence of more com-
plex solid or follicular structures within the proliferating 
epithelium in MEC and its unequivocal invasion.9,10 Ad-
ditional immunohistochemistry (the expression of  cy-
tokeratin 18 (CK‑18), cytokeratin 19 (CK‑19), p53, and 

Ki-67) may be helpful in the differential diagnosis.11–13 
The MAML2 gene rearrangements have been found to 
be specific to MEC.14

The radiological image is unremarkable, exhibiting no 
pathognomonic features distinguishing GOC from other 
pathological lesions in the facial part of  the skull which 
take the form of  multi-cavity bone structure defects, 
and cause bulging and dilatation, mainly of  the cortical 
layer of  the involved bone. Cavities in the cortical bone 
layer are often described as perforations. In radiological 
diagnostic imaging, GOC should be differentiated from 
radicular cyst, ameloblastoma, odontogenic keratocyst, 
solitary bone cyst, and central giant cell lesions.15

The choice of treatment depends on the size, shape and 
structure of the lesion. Large lesions, with a multi-cham-
ber structure, may have a more aggressive course and re-
quire complete eradication with a wide excision margin 
of healthy tissue, frequently with peripheral osteoecto-
my. The prevalence of GOC recurrence is estimated to be  
approx. 10–30%.9 The onset of  recurrence takes place  
approx. 2.7 years after resection on average. Due to the 
risk of  GOC transforming into highly differentiated 
MEC, patients require regular clinical and radiological 
follow-ups, for up to 3 years or even longer.16

Numerous authors have identified the similarity and 
association of  GOC with MEC.17 Microscopically, both 
of  these lesions exhibit some common features. Gard-
ner et al. presented a case of MEC which developed from 
the GOC lining cells.3 The microscopic morphology 
of GOC and MEC may be similar, and they may frequent-
ly appear ambiguous in their differentiation.18,19

An example of therapeutic difficulties is the case of GOC 
transforming into MEC in the mandible of a 52-year-old 
man who was recently treated at the Department of Max-
illofacial Surgery at Fryderyk Chopin Clinical Voivode-
ship Hospital No. 1 in Rzeszów, Poland.

Case report
A 52-year-old male patient was referred by a dentist to 

the Department of the Maxillofacial Surgery at the Clini-
cal Voivodeship Hospital No.1 in Rzeszów, Poland, due to 
a bulge in the alveolar region of his left mandible, which 
he had noticed 3 months earlier; there were no other clini-
cal signs and the patient was otherwise in good general 
health. Examination revealed some asymmetry in the left 
cheek, due to the presence of a  lump in the mandibular 
angle. The regional lymph nodes were impalpable. Intra-
oral examination revealed a hard painless lump, covered 
with thickened, otherwise normal mucosa. This lesion 
caused the shortening of  the oral vestibule due to the 
toothless alveolar part of  the mandible, in the section 
from tooth 35 to the area of the retromolar trigon, toward 
the mandibular ramus. Tooth 35, directly adjacent to the 
lesion, did not exhibit pathological mobility. The multiple 
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osteolytic defects of  the alveolus of  the left side of  the 
mandible, from tooth 35 to the mandibular ramus, were 
found in pantomographic imaging (Fig. 1).

Computed tomography (CT) revealed multiple, exten-
sive osteolytic defects associated with the bone lesions 
in the area of  the mandibular corpus and the alveolar 
part of the left mandible, measuring 36 mm ×  27 mm ×  
27  mm, which caused the thinning of  the cortex layer. 
These lesions approached the mandibular ramus. On 
the side of the proper oral cavity, at the level of the man-
dibular ramus, a  focus of  soft tissue measuring approx. 
2  cm  ×  1.3  cm  ×  1.5  cm was found; it showed a  strong 
contrast enhancement from 62  HU to 92  HU. Lymph 
node levels Ib, II and III of the neck on the left side were 
enlarged to as much as 13 mm (Fig. 2). The microscopic 
examination of the tumor specimen revealed the presence 
of GOC (Fig. 3). The patient was qualified for the surgi-
cal removal of the cyst located in the mandibular corpus 
and ramus as well as for the extraction of tooth 35, which 
was in the lumen of the cyst. The surgical procedure was 
performed. Intraoperatively, the lesion was found to have 
a  typical capsule filled with fluid on the medial side, in 
the area of teeth 34–36. In the distal aspect, located in the 
mandible angle, the bone cavity was filled with something 
that macroscopically resembled the granulation tissue.  

The postoperative course was uneventful. The histo
pathological examination of  the surgical specimen con-
firmed the presence of GOC. The patient was discharged 
on the 5th day after surgery with a  recommendation for 
periodic monitoring and follow-ups at the hospital outpa-
tient clinic. The microscopic image of the surgical speci-
men is shown in Fig. 4.

In the 1st year after surgery, the patient regularly re-
turned for follow-ups. During the follow-ups, uneventful 
healing was observed. After a year, he arbitrarily discon-
tinued monitoring and did not appear at the clinic for 
his appointments. He reappeared 2 years later because 
of swelling in his cheek, difficulties in opening and clos-
ing his jaw, and pain in his left mandibular angle. These 
ailments had appeared a few days earlier. External and in-
ternal oral examination suggested the recurrence of  the 
cyst in the area of  teeth 35–36, in the form of  a  lump Fig. 1. Orthopantomography showing the tumor on the left side

Fig. 3. Microscopic image of the characteristic epithelium of the glandular 
odontogenic cyst (GOC), composed of a slightly atrophic squamous layer 
with overlying ciliated, columnar epithelium

Hematoxylin and eosin staining (H & E); ×4 magnification. 

Fig. 2. Computed tomography (CT) scan of the left side of the mandible 
showing the tumor

Fig. 4. Microscopic image exhibiting the details of the glandular odontogenic 
cyst (GOC) epithelium, in this case with only a few cilia present

H & E; ×40 magnification.
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During the operation, damage to the bone lamella in 
the lower margin of  the mandibular corpus was found. 
The tumor mass was primarily composed of what mac-
roscopically appeared to be the granulation tissue. The 
histopathological examination of  the surgical specimen 
revealed intermediate-grade MEC (MEC  G2), adjacent 
to GOC. Coexisting GOC-specific areas were also pre
sent, which, coupled with the previous histopathological 
findings of the lesion, implicated a diagnosis of MEC aris-
ing from the previous GOC (Fig. 7). Due to the location 
and malignant nature of the tumor as well as the history 
of previous surgeries, a partial mandibular resection was 
planned in order to remove the MEC foci from the bone, 
combined with a selective left suprascapular-hyoid lym-
phangiectomy. The patient was offered a  simultaneous 
reconstruction with microvascular bone transplant from 
the iliac bone and postoperative radiotherapy, but the pa-
tient did not consent to the proposed microvascular bone 
graft, instead accepting the alternative of reinforcing the 
mandible with a standard titanium implant for stabilizing 
bone stumps. The resection of  the left mandibular cor-
pus was extended to include a preventive excision of the 
left lymphatic system on the neck, up to the level of the 
omohyoid muscle. The post-resection bone defect of the 
mandible was managed with a standard titanium plate.

The histopathological examination of the final surgical 
specimen after mandibular tumor resection confirmed 
the presence of MEC arising from the pre-existing GOC 
(Fig.  8  A–D). The postoperative course was uneventful. 
The patient was discharged on the 5th day after surgery 
and referred to the Radiotherapy Clinic to continue treat-
ment with postoperative radiotherapy, where he received 
60 Gy in 35 fractions. The course of the therapy was un-
eventful. Since radiotherapy, the patient has maintained 
regular surgical and oncological follow-ups.

3  cm in diameter, which was non-movable, elastic-hard 
and covered with normal-appearing mucosa. It caused 
the shortening of the oral vestibule and manifested itself 
in facial asymmetry on the left side. Computed tomogra-
phy in combination with examination performed prior to 
the operation exhibited a progression in the form of exa
cerbated degenerative-osteolytic lesions in the mandible, 
including the mandibular corpus and ramus, i.e., the area 
of  teeth 35–37 (Fig.  5), with damage to the mandibular 
lower margin. The defect was filled with low-density soft 
tissue. The lymph nodes were not enlarged. Computed 
tomography pointed to the recurrence of the cyst (Fig. 5). 
The histopathological examination of  the recurrent cyst 
biopsy specimen revealed a relapse of GOC (Fig. 6).

Based on the histopathological and CT examination, the 
cyst was re-enucleated with more radical surgery, with the 
surrounding bone curetted to widen the surgical margins.  

Fig. 5. Three-dimensional (3D) computed tomography (CT) scan presenting 
the recurring tumor on the left side

Fig. 7. Microscopic image of the surgical specimen after the removal  
of the recurring cyst. The malignant component on the left side  
of the picture are malignant glandular structures infiltrating the stroma; 
on the right side of the picture there is the remaining part of the glandular 
odontogenic cyst (GOC) with overlying epithelium

H & E; ×20 magnification.

Fig. 6. Histopathologic diagnosis of the glandular odontogenic cyst (GOC) 
recurrence. Microscopic image showing overlying ciliated epithelium 
with pseudopapillae formation, with more basally located squamous 
differentiating cells

H & E; ×40 magnification.
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Fig. 8. Post-surgical specimen showing 2 components: one benign (glandular odontogenic cyst – GOC) and the other malignant (mucoepidermoid carcinoma – MEC)

A – fragment of the benign component with the GOC overlying epithelium (H & E; ×4 magnification); B – bony structure infiltrated by MEC (H & E; ×20 
magnification); C – MEC, positive for intraepithelial mucin (pink-colored) (mucicarmine staining; ×20 magnification); D – solid and glandular areas of invasive 
MEC (H & E; ×20 magnification). 

A

D

B

C

Discussion
The literature shows examples of the neoplastic transfor-

mation of epithelial jaw cysts, most of which are associated 
with keratocysts or inflammatory radicular cysts.20–22 Ac-
cording to Stoelinga and Bronkhorst, the prevalence of ma-
lignant neoplasms developing from epithelial cysts is approx. 
2 out of 1,000 cases.23 The pathogenesis of this phenomenon 
has thus far remained unclear. The authors emphasize that 
the process of  the malignant transformation of  GOC into 
MEC can be attributed to factors occurring inside the cyst, 
including chronic and prolonged inflammation accompany-
ing the cyst, various biochemical processes in the fluid of the 
cyst, and the mechanical irritation of the cyst by the fluid, 
resulting in the remodeling and keratinization of the cystic 
epithelium.24 In the case described herein, the cyst transfor-
mation may have been affected by a prolonged chronic con-
dition prior to treatment and recurrence after cyst removal. 
Fowler et al. observed recurrence in half of the 46 patients 
treated.4 Mascitti et al. reported recurrence after ineffective 
cyst removal in 19.8% of the patients.25

Pires et al. suggested that many cases which were dia
gnosed as intraosseous MEC could be classified as low-
grade MEC.11 The glandular odontogenic cyst and low-
grade MEC have many features in common in terms 
of the similarity of clinical, radiological and microscopic 
images. Some authors highlight the possibility of  the 
neoplastic transformation of  the glandular epithelium 
of GOCs as one of the causes of MEC. According to the 
literature, GOCs have a  higher likelihood of  transform-
ing into cancer.15,17,18 The clinical picture of MEC in the 
52-year-old patient presented in this paper is consistent 
with the literature.5,9,18,24,26 Mucoepidermoid carcinoma, 
like GOC, belongs to a  family of  rare jawbone tumors. 
Cancer can develop from the ectopic foci of  the glan-
dular tissue associated with the bone itself, or, as in this 
case of the 52-year-old man, from the GOC epithelium. 
The tumor equally affects men and women. It is usually 
located in the lateral aspect of  the mandible. The clini-
cal and radiological pictures of  both GOCs and MEC 
lesions, as mentioned above, do not differ significantly. 
A diagnosis of MEC dictates a  therapeutic management 
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involving a broad excision of the lesion with bone resec-
tion and lymphangiectomy. Approximately 10% of MEC 
tumors cause regional metastases to the cervical lymph 
nodes. The presented case is an example of the difficul-
ties encountered by medical practitioners in the diagno-
sis and differentiation of GOC and MEC. As previously 
mentioned, there was a need for a maxillofacial surgeon 
and a histopathologist to provide clinical data, radiologi-
cal images and other important test results that are neces-
sary for a proper, unequivocal histopathological diagno-
sis. Therapeutic decisions should be made on the basis 
of a thorough individual assessment of the clinical picture, 
enhanced by radiographic images, taking into account 
the results of microscopic examination. The appearance 
of recurrent cysts at short intervals after surgery should 
arouse suspicion of transformation into low-grade MEC. 
Manojlović et al. observed the recurrence most frequently 
2–3 years after surgery.17 Numerous authors believe that 
in the differential diagnosis between GOC and MEC, im-
munohistochemistry, cytokine expression, markers, and  
– more and more frequently – genetic tests are needed.10–14

Conclusions
Mucoepidermoid carcinoma can develop from the epi-

thelial lining of GOC, which is confirmed by the available 
literature and our case of the 52-year-old patient. Despite 
the fact that both MEC and GOC are rare, they should be 
taken into account in the case of multiple large, cyst-like 
osteolytic defects located in the facial skeleton, prima
rily in the mandible, in the clinical radiological diagno-
sis, pathomorphology and differentiation between cysts 
and malignant bone tumors. The differentiation between 
MEC and GOC might be difficult on microscopic exami-
nation, requiring the cooperation of a maxillofacial sur-
geon and a histopathologist.
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Abstract
Recurrent aphthous stomatitis (RAS) is a  chronic, ulcerative condition of  the oral mucosa that affects  
10–25% of the population. The etiopathogenesis of the disease is not fully understood, although a poly-
genic mode of  inheritance and immunological dysregulation have been suggested in several studies. 
The contribution of numerous predisposing factors, such as a deficiency of iron, vitamin B12 or folic acid, 
trauma, emotional stress, endocrine disturbances, or allergy, have also been considered. So far, no causative 
treatment for RAS has been developed; instead, topical and systemic drugs are used to reduce pain and 
inflammation, and to lengthen the period of remission.

Low-level laser therapy (LLLT) is a non-invasive and atraumatic therapeutic method that involves the local 
application of a high-density, monochromatic, narrow-band light source. With the use of the appropriate 
power and wavelength, the therapy brings anti-inflammatory and analgesic results, and wound healing is 
promoted. Several reports on the beneficial effects of LLLT in RAS have been presented recently.

This report describes 2 cases of adult patients with RAS treated with LLLT to relieve pain and promote the 
healing of the ulcers. The clinical presentations with the signs and symptoms are discussed and illustrated, 
along with the treatment algorithms and outcomes.

Key words: oral mucosa, low-level laser therapy, aphthous stomatitis
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Clinical cases

Low-level laser therapy (LLLT) in the treatment of recurrent aphthous 
stomatitis (RAS) – a promising treatment option: A report of two cases
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Introduction 
Recurrent aphthous stomatitis (RAS; aphthae) is 

a  common, painful, chronic inflammatory disease af-
fecting up to 25% of  the population, with a  slightly 
higher prevalence in women and in groups of a higher 
socioeconomic status.1,2 The etiopathogenesis of  RAS 
remains unclear, but an abnormal immune interaction 
within the oral mucosal cells caused by the impaired 
activation of the immune system in genetically predis-
posed subjects has been considered to be an essential 
contributor in this process.3–5 In aphthous lesions, the 
barrier function of the oral epithelium is destroyed. The 
exposure of  danger-signal receptors, such as Toll-like 
receptors (TLRs), to pathogen- or microbe-associated 
(PAMP/MAMP) and damage-associated (DAMP) mo-
lecular patterns leads to an acute inflammatory reac-
tion with cytokine production in the epithelial cells.6 
The possible modifiers of  the immune system in RAS 
include various local and systemic factors, e.g., stress 
and anxiety, mineral and vitamin deficiencies, hemato-
logical disorders, viral and bacterial infections, food al-
lergies, trauma, smoking, or even left- or right-handed-
ness. Systemic diseases and medications have also been 
suggested as the potential triggers of  RAS in several 
studies, although the results remain equivocal.5,7,8

Familial accumulation was observed in up to 40% of pa-
tients with RAS.3,9 The genetic risk factors determining 
an individual’s susceptibility to the disease include vari-
ous DNA polymorphisms distributed in the human ge-
nome, especially those related to alterations in the me-
tabolism of  cytokines.5,10 Recent research has suggested 
that dysregulation in the production of  defensins might 
be involved in the development of  several oral patholo-
gies, including those with an autoimmune background.6,11

Aphthous lesions may be associated with systemic dis-
eases, such as Behçet’s disease, Crohn’s disease, HIV in-
fection, anemia, cyclic neutropenia, and celiac disease.2,12 
Recurrent aphthous lesions have been classified into 3 va-
rieties: major (Sutton), minor (Mikulicz) and herpetiform 
ulcers. Minor aphthae present as yellowish, shallow, ovoid 
erosions surrounded by an erythematous halo, smaller 
than 5 mm in diameter. They heal within 10–14 days and 
are typically located on the non-keratinized oral mucosa 
(the floor of the mouth and the labial or buccal mucosa). 
Major aphthae appear as deep ulcers, larger than 10 mm 
in diameter, which heal within 6 weeks, sometimes leav-
ing a  scar. The lesions are painful and show a  predilec-
tion for the soft palate, palatal fauces, lips, and tongue. 
Herpetiform aphthae are small (1–2 mm in diameter) and 
multiple (up to 100), occurring throughout the oral cavity 
and lasting for 7–10 days.12,13

The treatment of RAS is difficult and not always effec-
tive. The standard treatment regime includes the local 
application of steroids and non-steroidal anti-inflamma-
tory drugs, together with agents which enhance epithelial  

regeneration. The therapy is mainly symptomatic and 
may lead to several side effects, including steroid-induced 
candidiasis. No effective causal treatment option is cur-
rently available.1,2,12,13

Low-level laser therapy (LLLT) involves the use 
of photons with non-thermal irradiance to alter biologi-
cal activity. It is a non-invasive and atraumatic therapeu-
tic method that involves the local application of a high-
density, monochromatic, narrow-band light source. The 
main medical usage of LLLT is for pain and inflamma-
tion reduction, promoting the regeneration of  differ-
ent tissues and preventing damage to tissues. With the 
use of  the appropriate power (from 5 to 200 mW) and 
wavelength (630–680 nm, 700–830 nm or 900 nm), the 
therapy brings anti-inflammatory and analgesic results, 
and wound healing is promoted.14,15 The mechanism 
of  action of  LLLT may be very beneficial in the treat-
ment of oral erosions and ulcers. There are few reports 
on accelerated healing in erosive mucocutaneous disor-
ders and they are often presented as case series rather 
than large randomized clinical trials (RCTs). The effects 
on skin wound healing and periodontal inflammation 
management with laser biostimulation suggest that this 
treatment modality may also be useful for oral erosive 
conditions.16,17

This report describes 2 adult patients with RAS treated 
with LLLT to relieve pain and promote the healing of the 
ulcers. The clinical presentations with the signs and 
symptoms are discussed and illustrated, along with the 
treatment algorithms and outcomes.

Case reports

Case 1

A 25-year-old, generally healthy woman, reporting 
no detrimental habits was admitted to the Depart-
ment of Gerodontology and Oral Pathology of Poznan 
University of Medical Sciences, Poland, with 2 painful 
ulcers on her tonsil and palatoglossal arch, which had 
developed 3 days earlier. Informed consent for exami-
nation was obtained from the patient as part of a rou-
tine protocol. According to the patient, the condition 
was recurrent, with flare-ups at 2–3-month intervals. 
The 1st episode appeared approx. 10 years earlier, and 
was exacerbated in the period 2009–2011, when she 
received orthodontic treatment with a fixed appliance. 
It was previously diagnosed as RAS by a general den-
tist. Usually, 1 or 2 major aphthae would appear simul-
taneously during a flare-up. The treatment of the pre-
vious lesions included a  coating ointment composed 
of protein-free dialysate of calf blood and policresulen, 
which was not satisfactory for the patient. Upon ad-
mission, the patient suggested stress and tiredness as 
the cause for the lesions to recur.
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On examination, 2 ulcers with an erythematous halo 
and fibrous coating, 2  cm in diameter, were revealed 
on the left tonsil and on the left palatoglossal arch 
(Fig.  1).  Other regions of  the oral mucosa were un-
affected. The lymph nodes were normal. Due to the 
unfavorable location of the lesions and their large size, 
laser therapy was suggested. Low-level laser therapy 
was applied with a diode laser (DiodeLX, SMART M; 
Lasotronix, Piaseczno, Poland) set to a  wavelength 
of 635 nm, a spot size of Ø 8 mm, a power of 100 mW, 
and an energy fluency of 4  J/cm2 in continuous mode 
for 20 s per lesion (Fig. 2). It was administered 3 times 
– on the 1st, 3rd and 4th day of the therapy. A baseline 
complete blood count (CBC) test performed on the 
day of the 1st visit showed no abnormalities. After the 
1st session, the ulcers were less painful and the process 
of  healing was evident (Fig.  3). After 3 sessions, the 
lesions were painless and the patient reported faster 
healing than during the previous episodes of  RAS  
(Fig. 4).

Case 2

An 81-year-old woman suffering from hypertension 
and type 2 diabetes (T2D) was admitted to the Depart-
ment of Gerodontology and Oral Pathology of Poznan 
University of  Medical Sciences, Poland, with a  com-
plaint of  painful lesions in the oral cavity, which in-
terfered with eating and speaking. Informed consent 
for examination was obtained from the patient as part 
of a routine protocol. The duration of the disease was 
6  months with regular periods of  remission and exa
cerbation. The patient had previously been treated by 
an otorhinolaryngologist and a  general practitioner 
with topical choline salicylate, chlorhexidine mouth 
rinses and herbal extracts without satisfactory results. 
The CBC test results from the general outpatient clinic 
showed no abnormalities according to the patient.

Clinical examination revealed numerous minor aph-
thous erosions of the oral mucosa located on the buc-
cal, labial, palatal, vestibular, gingival, tonsillar, and 
uvular surfaces (Fig.  5). Based on the anamnesis and 
the characteristic presentation of  lesions, a  diagnosis 

Fig. 1. Major aphthous ulcers on the tonsil and palatoglossal arch prior to 
treatment

Fig. 3. Ulcers after the 1st session of low-level laser therapy (LLLT), showing 
the visible initiation of the healing process

Fig. 2. SMART M diode laser with a wavelength of 635 nm and a spot size 
of Ø 8 mm

Fig. 4. Ulcers after 3 sessions of low-level laser therapy (LLLT)
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Discussion
Although several multi-center studies have been per-

formed worldwide, the etiology of  RAS remains elusive 
and only non-specific, symptomatic treatment is current-
ly available. Pain management in RAS is a  challenge in 
oral medical practice. A typical treatment algorithm be-
gins with excluding systemic diseases and correcting any 
predisposing factors, such as nutritional deficiencies.3,12,13 
Treatment options include non-steroidal and steroidal 
agents, antibiotics to prevent secondary infections, an-
algesic drugs, and coating films. Topical corticosteroids, 
which are widely used in immune-mediated oral diseases, 
eliminate pain and shorten the healing time, although 
they may induce acute pseudomembrane candidiasis in 
non-immunocompetent patients, e.g., those who suffer 
from diabetes mellitus or are HIV-positive. Mouthwashes 
containing tetracycline or chlorhexidine may reduce ul-
cer duration, although they may also cause tooth discolor
ation and are contraindicated in children.1,3,12 A  topi-
cal coating salve prevents the irradiation of  the lesions.  
Low-level laser therapy may be successfully administered 
as a non-invasive method to patients with large aphthous 
ulcers to accelerate the healing process.18

The cases described in this paper demonstrated the 
analgesic and healing-promoting effects of  LLLT as the 
only therapy, and in combination with a  topical steroid 
and a coating salve.

Several articles describing the effects of laser therapy in 
patients with RAS and lichen planus (LP) have been pub-
lished in recent years. Diode, Nd:Yag and CO2 lasers have 
been used in trials. The beneficial effects of  LLLT with 
diode lasers which have been reported in RCTs on RAS 
include immediate pain reduction and a shorter healing 
time in comparison with the placebo groups.19–22 More-
over, De Souza et al. reported faster regression of lesions 
when using LLLT than in patients treated with cortico-
steroids (4 days vs 5–7 days).23 In 2 case series presented 
by Anand et al. and Gandhi Babu et al., pain relief and 
faster healing times were reported, compared to previ-
ous episodes, by all RAS subjects who underwent diode 
laser stimulation.24,25 Recent studies performed by Lala-
bonova and Daskalov revealed a greater efficacy of LLLT 
as compared to conventional pharmacotherapy in reduc-
ing pain and the symptoms of inflammation, and in pro-
moting healing and epithelialization.26 Albrektson  et  al. 
showed the analgesic effect of LLLT after the 1st session, 
persisting for up to 3 days according to the visual analog 
scale (VAS). Patients also reported pain relief while eat-
ing, drinking and tooth brushing.19 On the other hand, 
Jijin et al. presented similar results for both LLLT and am-
lexanox – a  topical anti-inflammatory and anti-allergic 
drug.27 Likewise, Kashmoola et al., who examined 47 RAS 
subjects in Iraq, did not observe significant differences in 
the healing time between the experimental groups and 
the controls.28 Attempts to manage RAS with CO2 lasers 

of  RAS was established. Low-level laser therapy was 
administered with a diode laser (DiodeLX, SMART M; 
Lasotronix) set to a wavelength of 635 nm, a spot size 
of Ø 8 mm, a power of 100 mW, and an energy fluency 
of 4 J/cm2 in continuous mode for 20 s per lesion a to-
tal of 3 times – on the 1st, 2nd and 4th day of treatment.

Additionally, a  topical steroid and a  coating salve 
were prescribed and applied to the available surfaces.

After the 1st session, the patient claimed that her 
pain had lessened and after 3 sessions, a  significant 
improvement in her clinical condition was observed 
(Fig. 6).

Fig. 5. Minor aphthous erosion on the labial surface prior to treatment

Fig. 6. Minor aphthous erosion on the labial surface after the 3rd session 
of low-level laser therapy (LLLT)
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in a non-contact, non-ablative manner, where the mucosa 
was protected from the heat produced by the laser with 
a thick layer of a transparent gel, also resulted in signifi-
cant pain reduction with a sustained analgesic effect and 
an accelerated healing process.16,17,20 The use of  Nd:Yag 
laser stimulation in 2 RCTs resulted in pain relief and 
a faster healing time in the experimental group as com-
pared to the controls,29 and led to a significant analgesic 
effect in the experimental group.30 The diversity of LLLT 
parameters used in many of the studies, including treat-
ment dosage, wavelength, exposure time, or tissue type, 
prevents an unambiguous interpretation of the results.

Pain reduction and the acceleration of  healing in the 
case of recurrent flare-ups are extremely relevant to the 
quality of  life of  patients with RAS. Further studies are 
required to define the efficacy of LLLT in the treatment 
of RAS in comparison with more traditional, anti-inflam-
matory treatment modalities.

Conclusions
Low-level laser therapy may be considered an effec-

tive and non-invasive method of reducing symptoms and 
promoting the healing of aphthous ulcers in patients with 
RAS without addressing the cause. There is, however, still 
an urgent need to develop an effective, causative treat-
ment for RAS.
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