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The important thing is not to stop questioning. Curiosity has its own reason for existence. 
One cannot help but be in awe when he contemplates the mysteries of eternity, of life, of the 
marvelous structure of reality. It is enough if one tries merely to comprehend a little of this 
mystery each day.

Albert Einstein

Obtaining the Journal Impact Factor (JIF) by “Dental and Medical Problems” 
(Dent Med Probl) has resulted in an  influx of  scientific manuscripts of  high 
quality and relevance from the world’s leading dental schools, e.g., Harvard 
School of  Dental Medicine or ACTA (Academisch Centrum Tandheelkunde 
Amsterdam) – a collaboration between the Faculty of Dentistry of the University 
of Amsterdam and the Vrije Universiteit Amsterdam.1–4 This phenomenon has 
great scientific and image significance, and indeed raises the position and prestige 
of our journal, which in turn is of great importance for the Faculty of Dentistry 
of Wroclaw Medical University, as well as for Polish dentistry in general.

Considering the most frequently cited articles in 2023 and 2024, the key 
topics seem to be sleep disorders (especially sleep-related breathing disorders), 
bruxism, temporomandibular disorders, orofacial pain, and headache.5–10 
What is also noticeable is the appearance of articles from the frontiers of den-
tistry and medicine.11,12 Indeed, Dent Med Probl is registered in the Dentistry, 
Oral Surgery & Medicine (Q1) and Medicine, General & Internal (Q1) (Web 
of Science), and General Dentistry (Q2) and General Medicine (Q2) (Scopus) 
categories. Thus, it strongly represents a  multidisciplinary approach, and 
a comprehensive view of different general disorders and conditions which can 
involve the oral and facial region. This type of attitude appears to be optimal 
from the perspective of human well-being.

In 2024, we introduced guidelines for authors on data sharing and the use 
of  artificial intelligence (AI) while preparing manuscripts for submission, as 
well as guidelines for reviewers on the use of  AI in reviewing manuscripts. 
In the coming years, special emphasis should be put on raising the reporting 
quality of  studies, and further internationalizing the journal. We think that 
large international cohort studies and translational studies, of which there have 
been a  few in Dent Med Probl to date, will also play a major role, as well as 
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research on digital dentistry and the use of AI in dentistry. 
We also hope that the number of manuscripts presenting 
Mendelian randomization (MR) and genome-wide associa-
tion studies (GWAS) will increase in the future.

We would like to acknowledge the editorial staff, section 
editors, Editorial Board members, reviewers, authors, and 
readers for their contribution to the development of our 
journal. We do believe that Dent Med Probl will continue 
to advance with the help of the scientific community from 
around the world.
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Abstract
Background. The persistence of dental plaque is attributable to the inaccessibility to all surfaces of the 
oral cavity. Thus, an integrated team designed an innovative toothbrush comprising a brush head assembly 
with an upper end and a lower end, and a handle rotatably configured with the lower end of the brush 
head assembly. The brush head is connected to the handle through a socket–ball joint, which allows the 
shank and the handle to rotate at any angle between 0° and 360° with respect to one another around 
an axis. Additionally, the brush head bends toward the handle, maintaining a bending angle of 15°.

Objectives. The aim of  the present randomized controlled trial (RCT) was to analyze and assess the 
effectiveness of a toothbrush with a rotatable shank in comparison to toothbrushes with flexible and straight 
handles with respect to supragingival plaque and gingival health outcomes. The secondary objective of the 
study was to evaluate the feedback of individuals who used the rotatable shank toothbrush. 

Material and methods. Three toothbrushes – one with a rotatable shank, one with a flexible handle 
and one with a straight handle – were compared in terms of efficacy in plaque and gingivitis control at 
3 clinical centers (a multicenter trial). A total of 270 patients, aged 18–65 years, were included in the study. 
The collected data was analyzed and compared using the analysis of variance (ANOVA) with Tukey’s post 
hoc test.

Results. All groups demonstrated improvement in gingival health and a reduction in the plaque index 
(PI) scores. Nonetheless, the improvement was more pronounced in the group that used the toothbrush 
with a rotatable shank.

Conclusions. The enhanced plaque removal and improved gingival health at all surfaces achieved with 
the rotatable shank toothbrush are ascribable to the incorporation of 2 features: the ability to rotate the 
toothbrush neck along its axis; and an inclination that facilitates access to all surfaces.

Keywords: ergonomics, toothbrush, plaque removal, rotatable shank

Cite as
Pendyala GS, Chaudhary PK, Pawar BR, Mani A, Joshi SR. 
Assessment of the effectiveness of a rotatable shank toothbrush 
compared to a conventional handle toothbrush: A multicenter, 
single-blind, randomized controlled trial. Dent Med Probl. 
2024;61(6):809–820. doi:10.17219/dmp/168373

DOI
10.17219/dmp/168373

Copyright
Copyright by Author(s)
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/).

Original paper 

Assessment of the effectiveness of a rotatable shank 
toothbrush compared to a conventional handle toothbrush: 
A multicenter, single-blind, randomized controlled trial
Gowri Swaminatham Pendyala1,A–C, Pradeep Kumar Chaudhary2,B,C, Babita Ratnakar Pawar3,B,C, Ameet Mani1,F, Saurabh Ramesh Joshi4,D,E

1 Department of Periodontology, Rural Dental College, Pravara Institute of Medical Sciences (Deemed to be University) (PIMS-DU), Loni, India
2 Department of Periodontology, Rajasthan Dental College and Hospital, Jaipur, India
3  Department of Periodontology, Chhattisgarh Dental College and Research Institute, Rajnandgoan, India 
4 Department of Pedodontics and Preventive Dentistry, Rural Dental College, Pravara Institute of Medical Sciences (Deemed to be University) (PIMS-DU), Loni, India

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. 2024;61(6):809–820

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


G.S. Pendyala et al. Innovative toothbrush design810

Introduction
Periodontitis is a  chronic multifactorial inflammatory 

disease that is associated with dysbiotic dental biofilm. 
It is characterized by the progressive destruction of  the 
tooth-supporting apparatus and, if left untreated, leads to 
tooth loss. Periodontitis is a vital public health issue due 
to its high prevalence, which accounts for a  substantial 
proportion of  edentulism and masticatory dysfunction, 
and has a negative impact on general health.1

Mechanical plaque control is one of the most important 
health promotion strategies in dentistry, and is of utmost 
importance in the prevention of gingivitis and periodon-
titis.2 Studies on the subject emphasize the importance 
of oral hygiene in reducing the incidence of tooth loss, the 
number of new decayed surfaces, and periodontal attach-
ment loss, thereby reinforcing its importance in preven-
tive dentistry.3–6

Manual toothbrushes are the most frequently used de-
vices for the regular removal of  plaque. A  wide variety 
of toothbrushes are currently available on the market.7

In conjunction with the appropriately employed brush-
ing technique, a  brush should enable complete plaque 
removal. The advancement of the toothbrush design has 
been a continual process through the centuries, with the 
innovations aimed at enhancing efficiency and promoting 
dental health. The literature on the design of toothbrush-
es is unequivocal in its assertion that no single design is 
superior to another in achieving the most effective re-
moval of dental plaque. The analysis of the investigations 
assessing the cleaning efficiency of different toothbrushes 
used with the same brushing method does not provide 
conclusive evidence to determine which toothbrush is 
superior to others.8,9

The trial conducted by Sripriya and Shaik Hyder Ali, 
which compared the efficacy of 4 different types of com-
mercially available manual toothbrushes, concluded that 
although some minor differences in the plaque removal 
efficacy of  the brushes were observed, they were not 
statistically significant, implying that none of the tooth-
brush designs was effective in terms of complete plaque 
removal.10 In a  study evaluating the plaque removal 
efficacy of 4 different designs of manual toothbrushes, 
Sial  et  al. hypothesized that, despite the introduction 
of  various toothbrush designs to the market, no single 
toothbrush was found to be more effective than the 
others in removing plaque.11 In a  study conducted by 
Claydon  et  al., no superior design of  a  manual tooth-
brush was identified in the removal of  plaque when 
8 manual toothbrushes were compared by a professional 
tooth brusher.12

When adults are asked to manually perform oral 
hygiene procedures with conventional toothbrushes, to the 
best of  their abilities, clinical studies have documented 
the persistence of a considerable amount of plaque. This 
is because the majority of  the population is either not 

trained or suffers from a  lack of  skill to follow the re-
commendations, which limits the clinical effectiveness 
of self-performed oral hygiene.13 Most individuals tend to 
brush surfaces that are easily accessible and neglect areas 
that are more challenging to reach. The buccal surfaces 
and the anterior teeth are most thoroughly cleaned and 
exhibit the lowest plaque accumulation, whereas the 
lingual/palatal aspects of the teeth demonstrate the greatest 
plaque accumulation.14,15

In light of  these observations, it was pivotal to design 
a toothbrush that would provide better access to all areas, 
thereby improving an  overall plaque reduction. Hence, 
an  attempt was made to develop and evaluate a  novel, 
ergonomic, rotatable toothbrush. The process of  concept 
generation entailed an  insightful understanding of  user 
needs and the conversion of  these needs into product 
requirements. The concept of  keeping the bristles in 
a  similar configuration to that of a  standard toothbrush 
and incorporating a ball–socket mechanism at the shank, 
enabling it to rotate through 360° and bend up to 15°, was 
developed through a rapid ideation and prototyping pro-
cess in conjunction with users.

Therefore, the purpose of the present study was to as-
sess the safety and effectiveness of  the rotatable shank 
toothbrush in the elimination of supragingival plaque at all 
sites of the oral cavity, with a particular focus on gingival 
health, in comparison to a flexible handle toothbrush and 
a  straight handle toothbrush. The secondary objective 
of the study was to evaluate the feedback and experience 
of  individuals who used the rotatable shank toothbrush. 
This could prove beneficial for the general public in 
selecting the more efficacious toothbrush among all 
com mercially available options. The null hypothesis 
of the study stated that the rotatable shank toothbrush is 
equally effective in removing dental plaque by laypeople 
after 30 days of twice-daily use compared to conventional 
straight and flexible handle toothbrushes.

Material and methods

Study design 

This experimental, multicenter, single-blind, random-
ized controlled trial (RCT) was conducted at Rural 
Dental College (Loni, India), Rajasthan Dental College 
and Hospital (Jaipur, India), and Chhattisgarh Dental 
College and Research Institute (Rajnandgaon, India). The 
study was designed in accordance with the CONSORT 
(Consolidated Standards of Reporting Trials) 2010 criteria 
(Fig. 1), approved by the Ethics Committee at the Pravara 
Institute of Medical Sciences (Deemed to be University) 
(PIMS-DU), Ahmednagar, India (approval No. PIMS/
DR/RDC/2022/138), and registered with Clinical Trials 
Registry – India (CTRI) under the identification No. 
CTRI/2022/02/049838.
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Patient recruitment and eligibility criteria 

The participants were recruited from the outpatient 
clinics of  the periodontology departments at Rural 
Dental College, Rajasthan Dental College and Hospital, 
and Chhattisgarh Dental College and Research Institute, 
after signing a fully descriptive informed consent form. 
The patients were enrolled in the study in accordance 
with the established eligibility criteria. The participants 
were dental laypeople (i.e., individuals without any dental 
background), aged between 18 and 65 years, of  either 
gender, having at least 20 natural, scorable teeth, with 
visible plaque accumulation represented by a  continu-
ous band of plaque (up to 1 mm) at the cervical margin 
on at least 30% of all facial tooth surfaces. The measure-
ments were made using the Turesky modification of the 
Quigley–Hein plaque index (TMQHPI) (a score ≥2) 
and the Löe and Silness gingival index (GI) (a score ≤2 
– redness, edema and glazing with bleeding on prob-
ing (BoP)). The participants exhibited signs of  moder-
ate inflammation and sought treatment for teeth scaling 
(cleaning) during the study period. The patients were 
excluded if they had undergone any surgical, chemical 
or antibiotic/dental prophylaxis procedures in the ex-
perimental area within 3 months prior to the study, had 
any major tissue lesions, had orthodontic banding or 
an  intraoral prosthesis, or were pregnant. Additionally, 
bidi or cigarette smokers, oral tobacco or gutkha users, 
subjects with irregular brushing frequency (≤2 times/
day), incomplete dentition, carious teeth, and those 
with periodontitis (probing depth (PD) ≥4 mm, clinical 
attachment loss (CAL) ≥1–2 mm and horizontal bone 
loss)16 were excluded from the study.

Sample size calculation 

The requisite sample size was estimated using the 
G*Power software, v. 3.1.9.7 (https://www.psychologie.
hhu.de/arbeitsgruppen/allgemeine-psychologie-und-ar-
beitspsychologie/gpower). With an  effect size of  0.8, the 
minimum calculated sample size in each group was 20. 
With a 10% loss to follow-up, the sample size was 22 in each 
group. These values were rounded up, and a  minimum 
of  25 participants were included in each group at each 
center, resulting in a total of 75 participants per center.

The total sample size was calculated to be 225. However, 
following the screening process, 336 participants were 
assessed for eligibility to participate in the study. A total 
of 30 individuals were excluded from the study due to fail-
ure to meet the inclusion criteria, while 36 participants 
declined to participate. Hence, a final excess of 45 partici-
pants were included (Fig. 1).

Sample grouping 

Eventually, 90 individuals were selected at each center 
for the current study. The participants were further divided 
into 3 groups of 30 individuals each, according to the desig-
nated toothbrush, as follows: group A – the straight handle 
toothbrush; group B –the flexible handle toothbrush; and 
group C – the rotatable shank toothbrush. The assessments 
were conducted at baseline, and at 15 days and 30  days 
following the usage of the investigated toothbrushes.

All of the toothbrushes had identical bristles (tapered, 
round-ended, with a  medium thickness diameter of 
0.23–0.29 mm),17,18 and all the individuals were advised to use 
the same toothpaste with the Bass toothbrushing technique.

Fig. 1.  CONSORT (Consolidated Standards of Reporting Trials) 2010 flowchart

https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
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Randomization, allocation concealment 
and blinding 

The participants were randomly assigned to the treat-
ment groups following a  simple randomization proce-
dure, specifically the lottery method. A total of 270 chits 
were created as per the final sample size. Each participant 
was asked to select a chit following the baseline examina-
tion from the investigator. The chits were divided into 
3 groups, designated as group A, group B and group C, 
with 90 participants in each group. 

For allocation concealment, the sequentially numbered, 
opaque, sealed envelope (SNOSE) method was used. The 
group name was written on a chit and kept in an opaque, 
sealed envelope. The envelope was labeled with a  serial 
number. Once the patient had consented to participate, 
the investigator opened the sealed envelope and assigned 
the treatment group accordingly.

In this single-blind trial, all procedures were conducted 
by 2 dental examiners at each center. The first examiner 
(the primary investigator) was responsible for all clinical 
procedures, whereas the other one was responsible for 
the assessment of plaque and gingivitis. The primary in-
vestigator and the participants were not blinded in this 
process. However, to ensure the reliability of the results, 
3 examiners (one at each center) were blinded to the type 
of toothbrush the participants were using.

Intervention 

Once the initial assessments and randomization were 
completed, the participants were led to a separate room, 
equipped with a  washbasin and a  mirror. Toothbrushes 
were given to the subjects by the study coordinator. The 
same toothpaste was provided to all participants. The use 
of a toothbrush was demonstrated in accordance with the 
standard operating procedure (SOP) for toothbrushing. 
Subsequently, the participants were requested to use the 
provided toothbrush for the first time at the investigation 
center under the supervision of  a  study coordinator to 
confirm that it was being used correctly. A video demon-
strating the proper toothbrushing technique was pre-
pared and shared on the WhatsApp group for the partici-
pants to reinforce the technique. The participants were 
instructed to use the assigned toothbrush with toothpaste 
in accordance with the demonstrated technique at home 
on a twice-daily basis for 30 days (D1–D30). At the end 
of  each week, the participants were contacted via tele-
phone for a follow-up interview.

The objectives and procedures of the study were eluci-
dated to the participants in their vernacular language. The 
study participants were free to withdraw at any point in 
time, and doing so would not affect the treatment they re-
ceived at hospital. Throughout the entire duration of the 
study, the participants were instructed to refrain from 
any oral hygiene procedures other than brushing. They 

were also informed that they would be excluded from the 
study in the occurrence of any circumstances that might 
affect plaque accumulation, including oral prophylaxis, 
the placement of a restoration, any course of antibiotics, 
the use of mouthwash, the use of dental floss, and any 
systemic illness.

A follow-up visit for a clinical assessment was scheduled 
at 15 days (D15) and the participants were asked to return 
to the study center on D30. It was recommended that the 
participants refrain from any oral hygiene procedures, 
as well as from eating, drinking and gum chewing, for 
a period of 4 h before each visit. The clinical evaluations 
performed on D1 (the assessment of  the plaque index 
(PI)) were repeated on D15 and D30. On D30, the subjects 
from group C, who were acquainted with the rotatable 
shank toothbrush, were invited to respond to a subjective 
evaluation questionnaire regarding their acceptability 
of the toothbrush and its efficacy.

The following instructions for use were given to the 
participants of the study:
– wet the toothbrush bristles and apply a  small amount 

of the assigned toothpaste;
– place the toothbrush bristles in contact with the tooth 

at an angle of 45° to the gingiva;
– brush each tooth (or 2–3 at a time) using a gentle vibra-

tory motion;
– brush each tooth well and, when finished, flick the 

toothbrush down the tooth, away from the gum line 
(rotate the brush shank in case of  a  rotatable shank 
toothbrush);

– maintain an  inclination of  45° and constant contact 
with the teeth during brushing;

– be sure to clean all surfaces of your teeth, including the 
inner and outer surfaces, the chewing surfaces, and the 
ones behind the back teeth; do not forget about your 
tongue;

– guide the toothbrush slowly from tooth to tooth, follow-
ing the curve of the teeth and gums;

– brush your teeth for approx. 2 min.

Assessment 

Three dental examiners, one at each center, recorded 
the participants’ dental status, and carried out the assess-
ments of plaque and gingivitis independently. The intra- 
and inter-examiner reliability coefficients were 0.83 and 
0.88, respectively.

The assessments of plaque and gingivitis were conduct-
ed using TMQHPI and the Löe and Silness GI, respec-
tively.

According to the TMQHPI assessment procedure,19 
the subject’s mouth was rinsed with the plaque disclosing 
solution (MIRA-2-TON®; Hager & Werken, Duisburg, 
Germany) for 1 min to disclose any accumulated plaque. 
All  natural teeth were assessed. The labial/buccal and 
lingual/palatal aspects of all teeth were scored on a scale 
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from 0 to 5, as follows: score 0 – no plaque; score 1 – sepa-
rate flecks of plaque at the gingival margin of the crown; 
score 2 – a thin continuous band of plaque at the gingival 
margin of  the crown; score 3 – a  band of  plaque wider 
than 1 mm, but covering less than ⅓ of the crown; score 
4 – plaque covering less than ⅔ of the crown; and score 
5 – plaque covering more than ⅔ of the crown. The PI for 
the subject was calculated by summing the indices for all 
surfaces (labial/buccal and lingual/palatal) and dividing 
the result by the number of surfaces examined. The afore-
mentioned scale was used to score both anterior teeth 
and posterior teeth (overall PI, PI in the region of  first 
and second molars, and PI for the labial/palatal surfaces 
of anterior teeth).

The gingival status was evaluated according to the 
criteria established by Löe and Silness20: score 0 – absence 
of  inflammation; score 1 – a  slight change in color and 
a  little change in texture; score 2 – moderate redness, 
edema and hypertrophy, and BoP; and score 3 – marked 
redness and hypertrophy, and a tendency to spontaneous 
bleeding. The GI for the subject was calculated by sum-
ming the values for each tooth and dividing the result by 
the number of teeth examined.

Toothbrushes tested 

The toothbrushes tested in the study included a tooth-
brush with a straight handle, a toothbrush with a flexible 
handle and a toothbrush with a rotatable shank.

The toothbrush with a  rotatable shank comprises 
a  brush head assembly with an  upper end and a  lower 
end, a plurality of brush bristles configured on the surface 
of the upper end, and a handle rotatably configured with 
the lower end of the brush head assembly. The brush head 
is connected to the handle through a  socket–ball joint, 
enabling the shank and the handle to rotate with respect 
to one another (Fig. 2).

The brush head assembly comprises 2 distinct compo-
nents – a replaceable brush head and a component rotat-
ably configured with the handle. The replacement of the 
brush head is a simple, plug-and-play process. The brush 
head assembly is designed to rotate at any angle between 
0° and 360° with respect to the handle around an  axis. 
Additionally, the brush head bends toward the handle, 
main taining a bending angle of 15° (Fig. 3).

In other words, one of  the components – the brush 
head assembly or the handle – may be in a fixed position, 
while the other one may rotate with respect to the sta-
tionary element. When the brush head assembly rotates 
with respect to the handle, the rotating axis is parallel to 
the length of the handle. Holding the handle between the 
thumb and the index finger while rotating it facilitates 
three-dimensional (3D) rotation, thereby making the 
toothbrush more user-friendly.

The present invention provides an  improved tooth-
brush design, as the rotation and bending of  the brush 

Fig. 3. Size of the components of the rotatable shank toothbrush and the 
bending angle

Fig. 2. Components of the rotatable shank toothbrush
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head enables adaptation and facilitates the brushing of the 
lingual/palatal surfaces of  teeth, which are difficult to 
reach with a wrist and arm motion. The improved tooth-
brush with an ergonomic grip enables users to maneuver 
the toothbrush with their thumb and index finger while 
the other 3 fingers are used to press the handle against the 
palm to acquire a firm grip of the toothbrush. As a result, 
sweeping the brush downward and upward through 
a wrist and arm movement is avoided.

Statistical analysis 

The obtained data was entered into Microsoft Excel, 
v. 13 (Microsoft Corporation, Redmond, USA). The data 
was subjected to statistical analysis using the IBM SPSS 
Statistics for Windows software, v. 21.0 (IBM Corp., 
Armonk, USA). For categorical data, the frequency and 
percentage values were obtained, and for continuous data, 
the mean and standard deviation (M ±SD) values were 
obtained.

The primary endpoint was the comparison of groups A, 
B and C for changes in PI (overall, in the molar region and 
on the lingual/palatal surfaces of the anterior teeth) and 
GI at baseline, day 15 and day 30. The mean reduction in 
the plaque and gingival scores from baseline to 15 days 
and from baseline to 30 days was assessed. To analyze 
the data, we used the analysis of  variance (ANOVA) 
with Tukey’s post hoc test for pairwise comparisons. The 
analysis was conducted based on the pre–post values 
obtained for each group.

All statistical tests were performed with a  95% 
confidence interval (CI). A p-value <0.05 was considered 
statistically significant.

Results
In the present study, there were 160 (59.3%) male 

parti cipants and 110 (40.7%) female participants. The 
differ ence in the proportion of  male and female parti-
cipants was statistically significant (p < 0.05) (Table 1). 
The majority of  the participants were in the age group 
of 18–34 years, and only 10 patients were above 65 years 
of age (Table 2).

The participants from group C (the rotatable shank 
toothbrush group) completed a questionnaire, which re-
vealed that most of  them had previously used a straight 
handle toothbrush, followed by a flexible handle toothbrush. 

Following the use of  our toothbrush, the individuals 
indicated a preference for the rotatable shank toothbrush, 
as it offered them an overall better experience. They also 
reported that the rotatable shank toothbrush provided 
greater accessibility to posterior teeth. The majority 
of  the study participants ascertained that the rotatable 
shank toothbrush was more effective in removing the 
lodged food. On the other hand, the participants report-
ed bleeding when using the straight handle toothbrush 
(Table 3).

In the present study, we compared PI (overall, in the 
molar region and on the lingual/palatal surfaces of ante-
rior teeth) and GI at baseline, day 15 and day 30 in all 
3 groups (Table 4).

In group A, the mean values for PI (overall, in the molar 
region and on the lingual/palatal surfaces of  anterior 
teeth) and GI at baseline were 2.42 ±0.30, 2.42 ±0.59, 2.42 
±0.59, and 1.65 ±0.17, respectively. The results of ANOVA 
showed that after using the straight handle toothbrush for 
a period of 30 days, the PI and GI values decreased to 1.43 
±0.58, 1.36 ±0.46, 1.38 ±0.50, and 1.43 ±0.16, respectively. 
The reduction in the PI and GI values was statistically 
significant (p < 0.05).

In group B, the mean values for PI (overall, in the molar 
region and on the lingual/palatal surfaces of  anterior 
teeth) and GI at baseline were 2.38 ±0.35, 2.57 ±0.55, 2.57 
±0.55, and 1.57 ±0.33, respectively. A reduction in the PI 
and GI values was observed between baseline, day 15 and 
day 30. The results of ANOVA stated that at day 30, the 
PI and GI values decreased to 1.18 ±0.41, 1.23 ±0.56, 1.30 
±0.67, and 1.23 ±0.33, respectively. The reduction in the 
PI and GI values was statistically significant (p < 0.05).

Similarly, in group C, the results of  ANOVA showed 
that the mean PI (overall, in the molar region and on the 
lingual/palatal surfaces of  anterior teeth) and GI values 
had decreased from 2.40 ±0.29, 2.17 ±0.55, 2.16 ±0.55, 
and 1.59 ±0.30 at baseline to 0.53 ±0.33, 0.80 ±0.45, 0.80 
±0.45, and 0.69 ±0.14 at day 30, respectively. The reduc-
tion in the PI and GI values was statistically significant 
(p < 0.05).

The overall comparison of groups A, B and C revealed 
statistically significant differences in the values measured 
(p < 0.05).

Table 1. Distribution of the study participants according to gender (N = 270)

Gender n (%) p-value

M 160 (59.3)

0.000*F 110 (40.7)

Total 270 (100.0)

M – male; F – female;* statistically significant (χ2 test).

Table 2. Distribution of the study participants according to age (N = 270)

Age 
[years] n (%) p-value

<18 35 (13.0)

0.000*

18–24 70 (26.0)

25–34 70 (26.0)

35–44 33 (12.2)

45–54 33 (12.2)

55–64 19 (7.0)

≥65 10 (3.7)

* statistically significant (χ2 test).
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The pairwise comparisons of  the mean PI (overall, 
in the molar region and on the lingual/palatal surfaces 
of ante rior teeth) and GI values for straight, flexible and 
rotatable shank toothbrushes with regard to baseline, 
day 15 and day 30 were performed using Tukey’s post hoc 
test (Table 5).

In group A, there was a statistically significant reduc-
tion in the PI (overall, in the molar region and on the 
lingual/palatal surfaces of  anterior teeth) and GI values 
from baseline to 15 days (0.50, 0.58, 0.58, and 0.11, respec-
tively) (p < 0.05). Similarly, Tukey’s post hoc test displayed 
a  reduction in the PI and GI values from baseline to 
30 days (0.99, 1.06, 1.04, and 0.22, respectively), which was 
statistically significant (p < 0.05). The comparison of the 
PI and GI values between 15 and 30 days also depicted 
a decrease (0.49, 0.48, 0.46, and 0.11, respectively), with 
the difference being statistically significant (p < 0.05).

The post hoc analysis of group B revealed a statistically 
significant reduction in the PI (overall, in the molar region 
and on the lingual/palatal surfaces of the anterior teeth) 
and GI values from baseline to 15 days (0.71, 0.93, 0.87, 
and 0.16, respectively) (p < 0.05). The reduction in the PI 
and GI values from baseline to 30 days was also statisti-
cally significant (1.20, 1.34, 1.27, and 0.34, respectively) 
(p < 0.05). Additionally, the post hoc analysis revealed that 
the plaque and gingival scores decreased significantly be-
tween 15 and 30 days, and the mean difference was 0.49, 
0.41, 0.40, and 0.18, respectively (p < 0.05).

In group C, the post hoc analysis revealed a mean re-
duction in the PI (overall, in the molar region and on the 
lingual/palatal surfaces of  anterior teeth) and GI values 
from baseline to 15 days (1.21, 0.96, 0.94, and 0.72, 
respectively), from baseline to 30 days (1.87, 1.37, 1.36, 
and 0.90, respectively), and between 15 and 30 days (0.66, 

Table 3. Feedback provided by the study participants who used the toothbrush with a rotatable shank (n = 90)

Questions inquired Straight handle toothbrush Flexible handle toothbrush Rotatable shank toothbrush p-value

Type of toothbrush used before 54 (60.0) 36 (40.0) – –

Toothbrush with better handle and grip 10 (11.1) 22 (24.4) 58 (64.4) 0.000*

Preferable neck design 11 (12.2) 26 (28.9) 53 (58.9) 0.000*

Toothbrush with better accessibility to posterior teeth 6 (6.7) 22 (24.4) 62 (68.9) 0.000*

Toothbrush better in removing the lodged food 3 (3.3) 31 (34.4) 56 (62.2) 0.000*

Toothbrush causing bleeding while brushing 47 (52.2) 29 (32.2) 14 (15.6) 0.000*

Toothbrush with an overall better experience 13 (14.4) 26 (28.9) 51 (56.7) 0.000*

Data presented as frequency (percentage) (n (%)).
* statistically significant (ANOVA).

Table 4. Comparisons within and between the study groups with regard to the plaque index (PI) and gingival index (GI) scores

Variable
Group A Group B Group C

p-value
baseline day 15 day 30 baseline day 15 day 30 baseline day 15 day 30

Overall PI

M ±SD 2.42 ±0.30 1.92 ±0.47 1.43 ±0.58 2.38 ±0.35 1.67 ±0.38 1.18 ±0.41 2.40 ±0.29 1.19 ±0.39 0.53 ±0.33

0.000*
min 2.00 0.90 0.20 1.90 0.50 0.30 2.00 0.30 0.06

max 2.97 2.80 2.50 3.50 2.80 2.40 2.96 2.40 1.70

p-value 0.000* 0.000* 0.000*

PI in the molar 
region

M ±SD 2.42 ±0.59 1.84 ±0.52 1.36 ±0.46 2.57 ±0.55 1.64 ±0.60 1.23 ±0.56 2.17 ±0.55 1.21 ±0.48 0.80 ±0.45

0.000*
min 1.00 0.60 0.50 1.30 0.50 0.40 1.00 0.30 0.10

max 3.70 3.00 2.60 3.80 3.10 2.80 3.50 2.10 2.00

p-value 0.000* 0.000* 0.000*

PI on the 
lingual/palatal 
surfaces of anterior 
teeth

M ±SD 2.42 ±0.59 1.84 ±0.52 1.38 ±0.50 2.57 ±0.55 1.70 ±0.62 1.30 ±0.67 2.16 ±0.55 1.22 ±0.50 0.80 ±0.45

0.000*
min 1.00 0.60 0.50 1.30 0.50 0.40 1.00 0.30 0.10

max 3.70 3.10 3.00 3.80 3.10 3.00 3.50 2.40 2.00

p-value 0.000* 0.000* 0.000*

GI

M ±SD 1.65 ±0.17 1.54 ±0.16 1.43 ±0.16 1.57 ±0.33 1.41 ±0.32 1.23 ±0.33 1.59 ±0.30 0.87 ±0.19 0.69 ±0.14

0.000*
min 1.20 1.00 0.80 1.00 0.90 0.80 1.10 0.50 0.40

max 2.00 1.90 1.80 3.20 3.10 2.90 2.90 1.70 1.10

p-value 0.000* 0.000* 0.000*

Groups: A – straight handle toothbrush; B – flexible handle toothbrush; C – rotatable shank toothbrush; M – mean; SD – standard deviation; min – minimum; 
max – maximum; * statistically significant (ANOVA).
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0.41, 0.42, and 0.18, respectively). The reduction in the PI 
and GI values at different time intervals was statistically 
significant (p < 0.05).

The ANOVA comparisons of  the pre–post scores be-
tween baseline and day 15 depicted that group C (rotat-
able shank toothbrush) exhibited the greatest reduction 
in the PI and GI values. Similarly, the comparisons of the 
pre–post scores between baseline and day 30 demonstrat-
ed the greatest reduction in the PI and GI scores in the 
rotatable shank toothbrush group, followed by the flexible 
handle toothbrush group and the straight handle tooth-
brush group (p < 0.05) (Table 6).

The pairwise comparisons of  the pre–post changes in 
the PI and GI values from baseline to 15 days and from 

baseline to 30 days were conducted using Tukey’s post 
hoc test (Table 7).

The results indicated that in the pre–post compari-
son at day 15 between groups A and B, the overall PI was 
reduced significantly in the flexible handle toothbrush 
group (mean difference: −0.21). With regard to groups 
A  and C, the latter exhibited a  greater reduction of  the 
overall PI (mean difference: −0.71). The difference in 
mean between groups B and C demonstrated that the 
reduction was more pronounced for the rotatable shank 
toothbrush group (mean difference: −0.50). All the differ-
ences were statistically significant (p < 0.05).

The mean differences in PI in the molar region depicted 
a similar observation, whereby the pre–post comparisons 

Table 5. Pairwise comparisons of the plaque index (PI) and gingival index (GI) scores within the study groups

Dependent variable
Overall PI PI in the molar region PI on the lingual/palatal 

surfaces of anterior teeth GI

mean difference p-value mean difference p-value mean difference p-value mean difference p-value

Group A
baseline

15 days 0.50 0.000* 0.58 0.000* 0.58 0.000* 0.11 0.000*

30 days 0.99 0.000* 1.06 0.000* 1.04 0.000* 0.22 0.000*

15 days 30 days 0.49 0.000* 0.48* 0.000* 0.46 0.000* 0.11 0.000*

Group B
baseline

15 days 0.71 0.000* 0.93 0.000* 0.87 0.000* 0.16 0.000*

30 days 1.20 0.000* 1.34 0.000* 1.27 0.000* 0.34 0.000*

15 days 30 days 0.49 0.000* 0.41 0.000* 0.40 0.000* 0.18 0.000*

Group C
baseline

15 days 1.21 0.000* 0.96 0.000* 0.94 0.000* 0.72 0.000*

30 days 1.87 0.000* 1.37 0.000* 1.36 0.000* 0.90 0.000*

15 days 30 days 0.66 0.000* 0.41 0.000* 0.42 0.000* 0.18 0.000*

Groups: A – straight handle toothbrush; B – flexible handle toothbrush; C – rotatable shank toothbrush; * statistically significant (Tukey’s post hoc test).

Table 6. Mean pre–post change in the plaque index (PI) and gingival index (GI) scores for the study groups

Variable
Reduction between baseline and 15 days Reduction between baseline and 30 days

p-value
group A group B group C group A group B group C

Overall PI

M ±SD 0.50 ±0.39 0.71 ±0.38 1.21 ±0.42 0.99 ±0.50 1.20 ±0.44 1.87 ±0.42

0.000*
min 0.05 0.04 0.28 0.10 0.20 1.00

max 1.90 2.46 2.42 2.24 2.56 2.70

p-value 0.000* 0.000*

PI in the molar region

M ±SD 0.58 ±0.28 0.93 ±0.56 0.96 ±0.30 1.06 ±0.36 1.34 ±0.62 1.37 ±0.40

0.000*
min −0.50 0.10 0.40 0.20 0.20 0.50

max 1.40 2.40 1.70 1.90 1.60 2.20

p-value 0.000* 0.000*

PI on the lingual/palatal 
surfaces of anterior teeth

M ±SD 0.58 ±0.28 0.87 ±0.60 0.94 ±0.29 1.04 ±0.36 1.27 ±0.65 1.36 ±0.40

0.000*
min −0.50 0.10 0.10 0.20 0.20 0.50

max 1.40 1.10 1.70 1.90 1.60 2.20

p-value 0.000* 0.000*

GI

M ±SD 0.11 ±0.06 0.16 ±0.13 0.72 ±0.30 0.22 ±0.09 0.34 ±0.24 0.90 ±0.31

0.000*
min −0.20 0.03 0.10 −0.12 0.00 0.15

max 0.30 0.20 1.80 0.80 0.50 2.32

p-value 0.000* 0.000*

Groups: A – straight handle toothbrush; B – flexible handle toothbrush; C – rotatable shank toothbrush;  * statistically significant (ANOVA).
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at day 15 between groups A and B, groups A and C, and 
groups B and C exhibited a reduction, with the rotatable 
shank toothbrush group demonstrating the greatest re-
duction, followed by the flexible handle toothbrush group 
and the straight handle toothbrush group. The differences 
were found to be statistically significant (−0.35, −0.38 and 
−0.03, respectively) (p ≤ 0.05).

The pre–post 15-day pairwise comparisons between 
the groups showed that PI on the lingual/palatal surfaces 
of  anterior teeth was reduced to the greatest extent by 
the rotatable shank toothbrush, followed by the flexible 
handle toothbrush and the straight handle toothbrush. 
The differences between the groups were statistically 
signifi cant (−0.29, −0.36 and −0.07, respectively) (p ≤ 0.05).

Tukey’s post hoc comparison of GI with regard to differ-
ent types of toothbrushes revealed a significant reduction 
in the GI scores for the rotatable shank toothbrush group, 
followed by the flexible handle toothbrush group and the 
straight handle toothbrush group. However, despite the 
superiority of  the flexible handle toothbrush over the 
straight handle toothbrush in reducing GI, the difference 
in mean was not statistically significant (p > 0.05). Con-
versely, the comparison between groups A and C, as well 
as between groups B and C, demonstrated that the rotat-
able shank toothbrush exhibited a  significantly elevated 
performance in GI reduction (mean difference: −0.61 and 
−0.56, respectively) (p < 0.05).

The pre–post 30-day pairwise comparisons between 
groups A and B, groups A and C, and groups B and C 
revealed a  mean difference in the overall PI of  −0.21, 
−0.88 and −0.67, respectively. With regard to PI in the 
molar region, the mean differences were −0.28, −0.31 
and −0.03, respectively. In the case of PI on the lingual/
palatal surfaces of  anterior teeth, the mean differences 
between the toothbrush groups were −0.23, −0.32 and 
−0.09, respectively. As far as GI is concerned, the mean 
difference values for the respective toothbrush groups 
were −0.12, −0.68 and −0.56. Tukey’s post hoc analysis 
demonstrated that at 30 days, the PI and GI scores ex-
hibited a  superior reduction with the rotatable shank 
toothbrush, followed by the flexible handle toothbrush 
(p ≤ 0.05).

Discussion
The major rationale for daily oral hygiene is to maintain 

teeth devoid of plaque, which is essential for preserving 
healthy periodontal tissues. As suggested by Armitage, 
the presence of  supragingival plaque is not a  good pre-
dictor of  disease progression; however, its absence has 
a  good negative predictive value.21 A  toothbrush repre-
sents the most common tool for daily plaque removal and 
it plays a pivotal role in plaque control.

A wide variety of  toothbrushes is available on the 
market. Most of them are capable of adequately removing 
plaque from the accessible surfaces of the teeth. However, 
they face limitations in reaching areas that are difficult 
to access.22,23 Interventional studies have explicitly demon-
strated the persistence of  plaque despite good levels 
of plaque control, underscoring the importance of deve-
loping tools that can assist individuals in maintaining 
a higher level of oral hygiene.24,25

A scientifically and ergonomically designed toothbrush 
with a  rotatable shank was developed to address the 
limitations of a generic toothbrush in reaching all areas 
of  the mouth. The design aims to provide patients with 
optimal cleaning regardless of  the brushing technique, 
and to maximize user comfort and acceptability, thereby 
fostering compliance with the recommended brushing 
time and frequency during normal home use. Once the 
product had been developed and validated, a multicenter 
clinical study was conducted to ascertain the clinical 
bene fits of its usage.

The present RCT compared the efficacy of the rotatable 
shank toothbrush with that of the flexible handle tooth-
brush and the straight handle toothbrush in the elimina-
tion of supragingival plaque at all sites of the oral cavity 
and in the development of gingival health.

The results of the present study should be interpreted 
in light of  the toothbrush design, as the study aimed to 
verify its efficacy. They should be understood as an  in-
dication of the efficacy of the toothbrushes in removing 
dental plaque. The study outcomes – plaque and gingivi-
tis resolution – were measured by means of  TMQHPI 
and GI (Löe and Silness), similar to previous studies.26–30 

Table 7. Pairwise comparisons of pre–post changes in the plaque index (PI) and gingival index (GI) scores between the study groups

Dependent variable
Overall PI PI in the molar region PI on the lingual/palatal 

surfaces of anterior teeth GI

mean difference p-value mean difference p-value mean difference p-value mean difference p-value

15-day 
pre–post 
change

group A
group B −0.21 0.001* −0.35 0.000* −0.29 0.000* −0.05 0.216

group C −0.71 0.000* −0.38 0.000* −0.36 0.000* −0.61 0.000*

group B group C −0.50 0.000* −0.03 0.050 −0.07 0.050 −0.56 0.000*

30-day 
pre–post 
change

group A
group B −0.21 0.004* −0.28 0.000* −0.23 0.000* −0.12 0.001*

group C −0.88 0.000* −0.31 0.000* −0.32 0.000* −0.68 0.000*

group B group C −0.67 0.000* −0.03 0.050 −0.09 0.050 −0.56 0.000*

Groups: A – straight handle toothbrush; B – flexible handle toothbrush; C – rotatable shank toothbrush; * statistically significant (Tukey’s post hoc test).
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The strength of  these indices lies in their application in 
clinical trials of preventive and therapeutic agents.

Plaque was assessed on the facial and lingual/palatal 
surfaces of  all teeth after the application of  a  disclosing 
agent. The whole-mouth plaque scores were calculated, 
as well as the scores for inaccessible areas (in the molar 
region and on the lingual/palatal surfaces of anterior teeth). 
Plaque examinations were conducted at 3 experimen-
tal time points (baseline, 15 days and 30 days) to assess 
whether a learning curve affected the results.

The objective of  toothbrushing is to eliminate dental 
plaque from all surfaces of the teeth, including the gingival 
crevice, while minimizing damage to the teeth and the sur-
rounding structures. The American Dental Association 
(ADA) recommends positioning the toothbrush against the 
buccal and palatal surfaces of the teeth so that the bristles 
are at a  45-degree angle to the gingiva, and performing 
a slight vibratory motion for thorough plaque removal.31 
Vibratory action has been proposed to contribute to 
a gingival massage effect at the gingival sulcus, potentially 
alleviating gingivitis. Thus, in the present study, the 
patients were instructed to position the toothbrush at 
a 45-degree angle relative to the gingiva. The plaque and 
gingivitis scores were evaluated and compared across all 
surfaces of all teeth at baseline, and at 15 and 30 days.

At baseline, the highest plaque scores were observed in 
the molar region and on the lingual/palatal surfaces of ante-
rior teeth, probably due to the difficulty in accessing 
these sites during toothbrushing. In contrast, the lowest 
plaque accumulation was observed on the facial surfaces 
of anterior maxillary teeth, presumably due to better and 
easier access during toothbrushing.

The null hypothesis, which stated that there would be 
no difference in the efficacy in plaque removal between 
the examined toothbrushes, was rejected in the analysis.

The mean PI and GI scores, evaluated for groups A, B 
and C at baseline, and at 15 and 30 days, demonstrated 
a statistically significant reduction. A comparable statisti-
cally significant reduction in the PI and GI scores was 
observed in the post-hoc analysis from baseline to day 
15, from baseline to day 30, and from day 15 to day 30, 
thereby proving the efficacy of all toothbrushes in plaque 
removal.

The comparison of the pre–post reduction in the PI and 
GI values from baseline to day 15 and from baseline to day 
30 revealed that group C (the rotatable shank toothbrush) 
exhibited the greatest reduction in the PI and GI scores 
(p < 0.05).

The pairwise comparison of  the pre–post change in 
the PI and GI scores from baseline to 15 days and from 
baseline to 30 days between the 3 types of toothbrushes 
demonstrated the highest reduction in overall plaque, and 
also in plaque in inaccessible areas for the rotary handle 
toothbrush, followed by the flexible handle toothbrush 
and the straight handle toothbrush. This difference was 
statistically significant. 

The results of  our study indicate that the rotatable 
shank toothbrush is most effective in eliminating plaque 
from all sites, followed by the flexible handle toothbrush. 
These findings consequently reject the null hypothesis, 
which asserts that there is no difference in the efficacy in 
plaque removal between different types of toothbrushes.

The superior plaque elimination demonstrated by the 
experimental product (the rotatable shank toothbrush) 
– overall and in inaccessible areas (in the molar region and 
on the lingual/palatal surfaces of anterior teeth) – is likely 
related to the brush design, with the 360-degree rotation 
of the neck around its axis, along with an inclination up to 
15°, allowing reachability to all surfaces of the oral cavity 
(labial/buccal and lingual/palatal tooth surfaces). This 
could be considered as a clinically relevant advantage.

The fringe benefit of  incorporating a  rotatable and 
inclinable neck into the toothbrush design is a significant 
reduction in handle stiffness in the neck and head regions. 
This results in a lesser movement, which allows the place-
ment of the brush bristles at 45° to the gingival surface, 
and the reduction of the force applied to the oral mucosa 
and tooth surfaces as compared to other toothbrush 
types. These modifications result in a more gentle brush-
ing action, which may prevent overbrushing and injury to 
the gingiva.

The product design enables the manipulation of  the 
device by solely using the thumb and the index finger, which 
overcomes the limitations of a wrist and arm movement, 
and offers better reachability. This innovation represents 
a  significant advance in the field of  manual toothbrush 
design.

The superiority of the flexible handle toothbrush over 
the straight handle toothbrush could be due to the in-
corporation of  a  flexible component in the neck of  the 
toothbrush, which increases neck flexibility under typical 
toothbrushing forces and provides comparatively im-
proved simulated plaque control at all risk areas when 
compared to their rigid-neck counterpart. Theoretically, 
this could contribute to the prevention of  dental caries 
and gingivitis, and potentially improve dental health. The 
results of our study align with those of  the clinical trial 
conducted by Acherkouk et al., who, after comparing flex-
ible and rigid neck designs, suggested that flexible tooth-
brushes might provide superior plaque removal, even in 
at-risk sites.32

Gingivitis, a non-destructive disease associated with the 
accumulation of plaque, causes the inflammation of  the 
gingiva and can be reversed through the implementation 
of  good oral hygiene practices. The removal of  plaque 
from sites with gingivitis results in the resolution of soft 
tissue inflammation.33 Our investigation divulged that 
the rotatable shank toothbrush brought pronounced im-
provement in the gingivitis scores in comparison with 
flexible and straight handle toothbrushes. The rationale 
is based on the premise that the device provides superior 
plaque control at all risk areas. Consequently, this could 
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contribute to the amelioration of gingivitis and potentially 
improve dental health.

The assessment of  the suitability of  each toothbrush 
was conducted on all subjects who used the tested tooth-
brush. The number of reactions related to the toothbrush 
was documented, and the final assessment was sub-
sequently conducted. The rotatable shank toothbrush was 
found to be well tolerated and received high levels of ap-
preciation. We hypothesize that such a  commendation 
of the new product may facilitate long-term compliance 
with oral health recommendations and improve global 
oral wellness.

Limitations 

A limitation of  the present study was the unequal 
gender distribution of  the participants. Additionally, we 
could not monitor the brushing habits of the participants. 
However, this may also be considered a main strength, as 
the utilization of the rotatable shank toothbrush resulted 
in a higher reduction in the plaque and gingival scores, 
irrespective of the surveillance.

Furthermore, the effectiveness of  the rotatable shank 
toothbrush was not evaluated in individuals with special 
needs or in comparison with powered toothbrushes, due 
to the high market cost of the latter, which was identified 
as a potential limitation.

Conclusions
The present investigation provides evidence that the 

ergonomically designed rotatable shank toothbrush effec-
tively removed plaque from all surfaces of  the teeth, in-
cluding inaccessible areas. This substantiates its potential 
to improve oral hygiene when compared with flexible and 
straight handle toothbrushes. The rotatable shank tooth-
brush is a safe and effective brushing aid that can be used 
by anyone, irrespective of manual dexterity or training. It 
is an innovative addition to the field of manual toothbrush 
design.

Trial registration

The trial was registered with Clinical Trials 
Registry – India (CTRI) under the identification No. 
CTRI/2022/02/049838.

Ethics approval and consent to participate 

The study was approved by the Ethics Committee at 
the Pravara Institute of Medical Sciences (Deemed to be 
University) (PIMS-DU), Ahmednagar, India (approval 
No. PIMS/DR/RDC/2022/138). The respondents 
provided written informed consent prior to completing 
the question naire.
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Abstract
Background. The present study was performed to rehabilitate maxillary single denture cases with im-
plant-retained telescopic or ball-and-socket attachments, and to evaluate the validity of  two-implant-
retained maxillary overdentures as a treatment approach in the maxillary arch.

Objectives. The aim of the present study was to evaluate patient satisfaction in maxillary single denture 
wearers with 2 different attachment systems (telescopic attachment vs. ball-and-socket attachment). 

Material and methods. A total of 18 completely edentulous maxillary ridge patients (45–60 years old; 
mean age: 53 years) were selected for this study. Maxillary single dentures were constructed for all the 
patients. Group 1 patients received 2 implants with a telescopic attachment and group 2 patients received 
2 implants with a ball-and-socket attachment. Patient satisfaction with the implant-retained maxillary 
single denture was evaluated after insertion, and 3 months after the delivery of each implant-retained 
maxillary single overdenture.

Results. All 18 patients completed the study. After 3 months, the telescopic group showed significant 
improvement in terms of comfort, chewing, handling, and overall satisfaction, and in the ball-and-socket 
group, significant improvement was recorded for appearance only. When comparing the 2 groups, after 
insertion, group 1 showed significantly better results for the ‘handling’ and ‘hygiene’ parameters, whereas 
group 2 showed a significantly better mean score for the ‘appearance’ parameter. After 3 months, group 1 
showed significantly better results for the ‘comfort’, ‘handling’, ‘hygiene’, and ‘overall satisfaction’ param-
eters, and group 1 proved significantly better in terms of ‘appearance’ and ‘speech’ parameters.

Conclusions. Maxillary single dentures with a telescopic attachment showed an advantage over those 
with a ball-and-socket attachment regarding patient satisfaction. Concerning the implant number, two-
implant-retained maxillary overdentures can be considered a promising approach for patients from devel-
oping countries.

Keywords: patient satisfaction, telescopic attachment, ball-and-socket attachment, implant overdenture, 
maxillary single complete denture
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Introduction
Patients who are completely edentulous in one jaw, but 

have all or some of  their natural teeth in the other jaw, 
represent one of  the most frequent clinical scenarios. It 
is difficult, and perhaps nearly impossible, to get an  ef-
fective complete denture for these people, There are 
2 reasons that make the task so challenging. First, the oc-
clusal form of  the denture will be greatly influenced by 
the occlusal shape of the remaining natural teeth, which 
may be overerupted or slanted. Another issue is how hard 
and firm the natural teeth are when they are embedded 
in the bone.1

In the literature, maxillary implant overdentures are 
described with the implant survival rates ranging from 
81% to 100% for up to 5 years, and being retained with 
2–6  unsplinted implants.2–4 According to a  systematic 
review, at least 4 implants should be placed, both ante-
riorly and posteriorly.5 However, short-term results from 
a prospective study show that outcomes with 4 unsplinted 
implants placed in the canine and molar regions were less 
successful.6 Later on, Boven  et  al. in their clinical study 
found that patients with all implants in the anterior posi-
tion had marginally higher bone loss around 4 unsplinted 
implants as compared to splinted implants.7 In a  cross-
over clinical trial, the placement of 2 and 4 unsplinted im-
plants to retain a maxillary overdenture resulted in com-
parable clinical outcomes, although patients preferred 
4 implants.8 Moreover, according to the systematic review 
performed by Klemetti, neither the number of  implants 
nor the type of attachment in the maxilla had any influ-
ence on the long-term reliability of the final prosthesis or 
the satisfaction of the patient.9

Patients with edentulous maxillary arches now have 
new confidence with the advent of dental implant therapy, 
which improves prosthetic retention, support, stability, 
and biting force. Different attachment methods are em-
ployed to keep an overdenture in place, including studs, 
telescopes, bars with clips, and magnets. Studs have be-
come very popular in clinical therapy due to their straight-
forward application. Bars are more difficult to clean and 
more technique-sensitive than solitary attachments.10

Due to the intimate fit between the primary and sec-
ondary copes, and the improved force dissemination 
caused by the axial transmission of the occlusal load, tele-
scopic attachments offer excellent retention. Additionally, 
the overdentures are self-locating and simple to remove. 
In order to gage patient satisfaction, dentists should pay 
close attention to each patient’s perception of  their de-
gree of comfort, appearance, emotion, function, speech, 
and confidence. The ultimate objective is to reach a level 
where edentulous patients are completely satisfied with 
the therapy, and are more aware of how edentulism affects 
their quality of life.11,12

Consequently, this clinical research was conducted to 
assess if implant-retained maxillary single dentures with 

a  telescopic attachment are an  effective alternative to 
implant-retained maxillary single dentures with a  ball-
and-socket attachment. The PICOT question addressed 
here was: In patients with maxillary single dentures (P), 
will implant-retained maxillary single overdentures with 
a  telescopic attachment (I) result in the equivalence 
of  patient satisfaction (O) in comparison with implant-
retained maxillary single overdentures with a  ball-and-
socket attachment (C) after 3 months of  follow-up (T) 
This trial was done following the CONSORT (Consoli-
dated Standards of Reporting Trials) statement.

Material and methods

Trial design and setting 

A parallel-group, 1:1 allocation ratio, randomized clini-
cal trial (RCT) was intended for the investigation. A to-
tal of 18 Egyptian patients, 13 males and 5 females, aged 
45–60 years (mean age: 53 years), with a fully edentulous 
maxillary arch opposite a fully or partially dentate man-
dibular arch, were chosen for this clinical trial from the 
outpatient clinic of the Department of Prosthodontics at 
Ahram Canadian University, 6th of October City, Egypt, 
and the dental clinic of  the National Research Center, 
Cairo, Egypt. The chosen patients had either totally or 
partially dentate mandibular arches, as well as fully eden-
tulous maxillary ridges. The patients were randomly as-
signed to the following groups: group 1 (intervention) 
– the patients received maxillary single dentures retained 
with a  telescopic attachment (a resilient, custom-made 
telescopic crown); or group 2 (control) – the patients re-
ceived maxillary single dentures retained with a ball-and-
socket attachment (Dentis Implant System Attachment; 
Dentis Co., Ltd., Daegu, South Korea).

Randomization process 

Using a research randomizer (https://www.randomizer.
org), the 18 patients were randomly assigned to 2 groups 
(intervention or control), each containing 9 patients, after 
the manufacture of maxillary full dentures.

Allocation concealment 

Only one investigator (M.H.M.), who took no part in 
patient selection or treatment, was aware of the random-
ization sequence and had access to the randomization 
lists kept on a  portable computer that was password-
protected. The randomly generated codes were placed in 
identical, sequentially numbered, sealed, opaque enve-
lopes. The patients were asked to choose one of the en-
velopes. The investigator who was aware of the random-
ization procedure was then asked to designate the group, 
and the patient was treated appropriately.

https://www.randomizer.org
https://www.randomizer.org
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Blinding 

Apparently, neither the participants nor the care pro-
viders could be blinded, as the 2 attachment systems were 
obviously different, but the care providers were instructed 
to avoid commenting about treatment possibilities to the 
subjects. Patient satisfaction was assessed by an indepen-
dent assessor, who was not aware of the type of interven-
tion. The statistician was blinded.

Eligibility criteria for the selected cases 

The inclusion criteria were as follows: patients having 
a completely edentulous maxilla; aged 45–60 years; free 
from any systemic diseases that may affect bone metabo-
lism; non-smokers; with sufficient interarch space (not 
less than 15 mm); with maxillary ridges well-formed and 
covered with firm and healthy mucosa, free from inflam-
mation, ulceration and flappy tissues; with angle Class I 
maxillomandibular relationship; at least 6–12 months 
having elapsed since the last tooth extraction; and no pre-
vious denture experience.

The exclusion criteria were as follows: patients with 
the dysfunction of the temporomandibular joint (TMJ), 
which would impair the prosthetic outcomes; medically 
compromised patients (an impact on the surgical place-
ment of  implants); subjects with a partially edentulous 
maxillary arch (it could affect the value of  the study); 
uncooperative patients, who might not return for the 
follow-up, examinations or evaluation; and patients with 
a history of a surgical operation in the maxillofacial re-
gion.

All patients were requested to sign an  informed con-
sent form, which was translated into Arabic to be under-
stood. The trial was conducted in accordance with the 
Declaration of Helsinki (2008).

Preparations 

All the required mouth preparations were carried out 
for the lower natural teeth, including periodontal, surgi-
cal, restorative, and prosthetic procedures, as well as oc-
clusal corrections. A  conventional single maxillary den-
ture was constructed after the rehabilitation and occlusal 
adjustment of  the mandibular teeth. The patients were 
asked to wear their denture after it was modified by add-
ing gutta-percha as a  radiopaque detector for achieving 
dual scanning.

The cone-beam computed tomography (CBCT) radio-
graph of  the maxillary arch was evaluated to determine 
the available bone height, using the Blue Sky Plan® soft-
ware, v. 3.29.28 (https://blueskybio.com). Virtual implants 
(Dentis Implant System; Dentis Co., Ltd.) were placed and 
checked to be at least 2 mm away from any of  the vital 
structures. Also, 1.5 mm of bone was checked to be pres-
ent, both labially and lingually. Two virtual implants were 

placed in each maxillary edentulous arch, and the paral-
lelism between them was checked. Once the positions 
of the implants were accepted in the virtual guide, 2 holes 
were designed in the software, corresponding to the pre-
fabricated metal sleeves.

This trial was carried out using CBCT imaging and the 
flapless surgical technique to place 2 implants in the max-
illary arch, utilizing tissue-supported computer-aided 
surgical guides. The 2 implants were then prosthetically 
restored with either telescopic or ball-and-socket attach-
ments.

Surgical procedures 

Root-formed, tapered, threaded dental implants, hav-
ing dimensions of 4 mm in diameter and 12 mm in length 
(for canine regions) were prepared before surgery. Two 
implants were installed according to the flapless delayed 
implant placement protocol in the canine areas.

Prosthetic procedures 

Once the implant osseointegration appeared satisfac-
tory, patients were randomly divided into 2 equal groups 
according to the attachments used for retaining the max-
illary overdenture.

The principles of  clinical and laboratory procedures 
were followed for the construction of a single denture.

In group 2 (control), the ball-and-socket attachments 
were placed, and the direct pick-up technique was ap-
plied, as conventionally as possible.

For group 1, permanent transmucosal titanium (Ti) 
abutments (Octa®; Dentis Co. Ltd.) were fastened into 
the implant fixtures with an Octa driver until resistance 
was achieved, and then torqued up to 35 N·cm, using 
torque ratchets. Impression copings were placed over 
the abutments, and then splinted at the abutment level 
(the open-tray impression technique). The centric jaw 
relation was recorded using the wax wafer technique. 
The mounting and and setting up of cross-linked acrylic 
teeth (Vertex™ Quint Teeth; Vertex Dental, Soesterberg, 
the Netherlands) was performed like in conventional 
denture construction. The putty index was obtained us-
ing a rubber base (Labor Plus; Dental Line LTD, Inofita 
Viotias, Greece), and applied over the labial and occlusal 
surfaces to estimate the ideal size for primary and sec-
ondary copings. Then, an anti-rotational plastic cap was 
screwed to the analog and a  resilient telescopic crown 
was fabricated. The wax pattern of  the primary coping 
was built up with the use of milling wax. The primary 
copings of  the telescopic attachments were cast into 
chrome-cobalt (Cr-Co) alloy. The primary crown was 
designed with a taper of 6° and a height of 5 mm. Next, 
secondary metal copings were fabricated over the pri-
mary copings. The secondary crown was designed with 
an  occlusal free space of  0.4 mm between the primary 



S.H. Salem, A.A. AlSourori, M.H. Mostafa. Maxillary implant-supported overdenture824

and secondary crowns, and a small amount of circum-
ferential space of 0.04 mm between the 2 crowns, so that 
vertical movement between the 2 crowns could be al-
lowed. After waxing up, the try-in with artificial teeth 
in the patient’s mouth was done. Then, the laboratory 
procedures continued in the usual manner. The inser-
tion of the final denture in the patient’s mouth was done 
following the same conventional steps.

Examination procedures – patient 
satisfaction 

A valid version of the visual analog scale (VAS) ques-
tionnaire was used and translated to Arabic for record-
ing patient satisfaction in terms of comfort, appearance, 
speech, retention, stability, chewing, handling, hygiene, 
and overall satisfaction. The patients were instructed to 
rate the denture parameters on a 100-point scale. Most 
patients were unsatisfied with their conventional single 
dentures and were looking for an  implant therapy op-
tion.

The records were taken after implant insertion and 3 
months post-insertion.

Sample size and power analysis 

Taking into account the t test results based on the over-
all satisfaction scores at 3 months postoperatively (group 
1: 90.5 ±2.56 vs. group 2: 86.8 ±1.48), the standardized 
mean difference two-tail effect size (d) amounted to 
1.769 and the power (1β error probability) was 94.06%. 
A sample size of 9 patients per group (2 groups in total) 
was sufficient to conduct the study with a power >80%. 
The post hoc calculations were made using G*Power, 
v. 3.1.9.2 (https://www.psychologie.hhu.de/arbeitsgrup-
pen/allgemeine-psychologie-und-arbeitspsychologie/
gpower).13

The study sample comprised 18 patients with a  com-
pletely edentulous maxillary arch opposing a fully or par-
tially dentate mandibular arch. A total of 36 implants were 
placed. The follow-up was completed by all patients. No 
implant failed in any of the included patients, giving a fi-
nal follow-up success rate of 100% (Fig. 1).

Statistical analysis 

The mean and standard deviation (M ±SD) values were 
used to represent numerical data. To check for normality, 
the Shapiro–Wilk test was applied. The Mann–Whitney 
U  test for intergroup comparisons and the Wilcoxon 
signed-rank test for intragroup comparisons were used to 
assess the non-parametric data. For all tests, the Bonfer-
roni adjustment was used to adjust p-values for multiple 
comparisons. The significance level was set at p < 0.05. 
The R program, v. 4.1.3 (https://www.r-project.org), was 
used to conduct the statistical analysis.

Results
The results of intragroup comparisons for the satisfac-

tion scores are presented in Table  1. They showed that 
in group 1 there was a  significant increase in the mea-
sured scores after 3 months for the ‘comfort’, ‘chewing’, 
‘handling’, and ‘overall satisfaction’ categories (p < 0.05), 
while in group 2 there was a significant increase in the ‘ap-
pearance’ parameter only (p < 0.05); for other parameters, 
the change was not statistically significant (p > 0.05). The 
mean satisfaction scores for the telescopic and ball-and-
socket groups are presented in Fig. 2 and 3.

Fig. 3. Bar chart showing the visual analog scale (VAS) satisfaction scores 
for group 2 (ball-and-socket attachment)

Fig. 1. CONSORT (Consolidated Standards of Reporting Trials) flowchart

Fig. 2. Bar chart showing the visual analog scale (VAS) satisfaction scores 
for group 1 (telescopic attachment)

https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
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The results of intergroup comparisons for the satisfac-
tion scores are presented in Table 2. After insertion, group 
1 showed significantly better results for the ‘handling’ and 
‘hygiene’ parameters, whereas group 2 showed a signifi-
cantly better mean score for the ‘appearance’ parameter 

(p < 0.05). After 3 months, group 1 showed significantly 
better results for the ‘comfort’, ‘handling’, ‘hygiene’, and 
‘overall satisfaction’ parameters, and group 1 proved sig-
nificantly better in terms of ‘appearance’ and ‘speech’ pa-
rameters (p < 0.05).

Table 2. Intergroup comparisons of the satisfaction scores for the study groups

Time point Parameter
Satisfaction score

u-value p-value
group 1 (telescopic) group 2 (ball-and socket)

After insertion

comfort 89.6 ±3.80 75.3 ±3.46 81.00 0.990

appearance 82.8 ±6.45 93.6 ±2.39 5.50 0.002*

speech 83.1 ±4.56 88.0 ±4.87 18.50 0.060

retention 90.7 ±5.14 91.7 ±1.78 44.50 0.620

stability 89.8 ±5.88 89.6 ±2.78 52.00 0.830

chewing 89.2 ±4.91 88.8 ±2.75 47.00 0.700

handling 90.3 ±3.67 78.1 ±5.84 78.00 0.009*

hygiene 90.1 ±3.95 80.0 ±4.33 79.00 0.007*

overall satisfaction 88.2 ±3.49 85.6 ±1.66 62.50 0.970

At 3 months

comfort 94.0 ±2.69 76.8 ±5.88 81.00 0.003*

appearance 84.6 ±5.31 95.6 ±1.41 0.00 0.003*

speech 85.8 ±3.21 91.7 ±3.23 8.50 0.002*

retention 90.2 ±4.68 91.5 ±1.81 39.00 0.920

stability 92.7 ±4.35 91.0 ±2.17 60.50 0.950

chewing 93.0 ±3.67 90.4 ±2.65 65.00 0.980

handling 93.6 ±2.73 80.7 ±5.97 80.50 0.000*

hygiene 90.0 ±3.50 76.7 ±3.70 81.00 0.003*

overall satisfaction 90.5 ±2.56 86.8 ±1.48 71.00 0.008*

Data presented as M ±SD.
* statistically significant.

Table 1. Intragroup comparisons of the satisfaction scores for the study groups

Group Parameter
Satisfaction score

u-value p-value
after insertion at 3 months

Group 1 
(telescopic)

comfort 89.6 ±3.80 94.0 ±2.69 13.00 0.008*

appearance 82.8 ±6.45 84.6 ±5.31 30.50 0.200

speech 83.1 ±4.56 85.8 ±3.21 23.50 0.070

retention 90.7 ±5.14 90.2 ±4.68 47.00 0.700

stability 89.8 ±5.88 92.7 ±4.35 25.50 0.090

chewing 89.2 ±4.91 93.0 ±3.67 18.50 0.020*

handling 90.3 ±3.67 93.6 ±2.73 18.50 0.020*

hygiene 90.1 ±3.95 90.0 ±3.50 7.50 0.420

overall satisfaction 88.2 ±3.49 90.5 ±2.56 19.50 0.030*

Group 2 
(ball-and socket)

comfort 75.3 ±3.46 76.8 ±5.88 35.00 0.320

appearance 93.6 ±2.39 95.6 ±1.41 21.00 0.040*

speech 88.0 ±4.87 91.7 ±3.23 22.00 0.056

retention 91.7 ±1.78 91.5 ±1.81 44.50 0.620

stability 89.6 ±2.78 91.0 ±2.17 28.00 0.140

chewing 88.8 ±2.75 90.4 ±2.65 26.50 0.110

handling 78.1 ±5.84 80.7 ±5.97 28.50 0.150

hygiene 80.0 ±4.33 76.7 ±3.70 58.00 0.930

overall satisfaction 85.6 ±1.66 86.8 ±1.48 27.50 0.130

Data presented as mean ± standard deviation (M ±SD).
* statistically significant.
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Discussion
Our trial evaluated 2 different attachment systems – 

telescopic and ball-and-socket – in terms of  their effect 
on patient satisfaction in the wearers of implant-retained 
maxillary single overdentures. At the end of  the follow-
up, the telescopic group in our study displayed a signifi-
cantly higher level of comfort, handling, cleanliness, and 
general satisfaction as compared to the control group, 
whereas the ball-and-socket group displayed a  signifi-
cantly higher satisfaction level with regard to appearance 
and speech. The levels of patient satisfaction were mea-
sured using VAS.

With regard to the 1st assessment, our study found that 
the telescopic group showed significantly better results 
for the ‘handling’ and ‘hygiene’ satisfaction categories 
as compared to the ball-and-socket group. This could 
be due to a proper path of insertion and more freedom 
while placing the telescopic attachments as compared 
to ball attachments; which is in agreement with a previ-
ous study.14

Furthermore, there was a significant difference between 
the study groups concerning the ‘appearance’ parameter 
in the initial period, in favor of the ball-and-socket group. 
This could be explained by the presence of  the primary 
and secondary copings of  the telescopic attachment, 
which increased the bulk of the prosthesis and decreased 
the satisfaction level regarding appearance.

After 3 months, the telescopic group showed a signifi-
cant increase in comfort, handling, hygiene, and overall 
satisfaction as compared to the ball-and-socket group, 
which confirms the fact that ball-and-socket attachments 
make it more challenging to position the denture in the 
mouth when compared to other attachments. Even with 
2 such attachments, the patient still requires some addi-
tional ability to properly place a denture.15

As far as the telescopic attachments are concerned, our 
findings are in conformity with those of a previous study 
by Krennmair  et  al.16 The patients had no trouble with 
cleaning the overdenture, as evidenced by the periodic 
recall visits, which implied no signs of irritation of the tis-
sues around the implants.16 The absence of the undercut 
stagnation areas in telescopic attachments is the reason 
for considering them as hygienic attachments, which al-
low easy access for cleaning.14,17 This may explain the sig-
nificant increase in satisfaction with the cleaning of  the 
prosthesis.

After 3 months, the ball-and-socket group showed sig-
nificant improvement in appearance and speech. On the 
other side, the telescopic group showed a decrease in the 
scores for appearance and speech due to the increased 
bulk of the prosthesis labially and palatally, affecting ar-
ticulation and increasing lip fullness. Improvement in 
speech occurred also in the telescopic group at 3 months; 
yet, the intergroup comparison revealed a significant dif-
ference between the groups in this regard.

Despite the fact that the use of  telescopes to retain 
conventional overdentures on the natural teeth is a well-
known treatment method, there is a scarcity of informa-
tion on the use of  telescopic crowns with implant-sup-
ported overdentures. Thus, the findings far suggest that 
this approach can result in predictable long-term thera-
peutic effects.18

Telescopic crowns are utilized as abutments, as they 
have several advantages over other types of attachments 
where cost-effectiveness is a major priority. Despite cost-
ing more than simple ball-and-socket attachments, they 
might give the prosthesis additional stability and reten-
tion due to their design. The requirement for continuing 
maintenance may be lessened by the fact that telescopic 
crowns last longer than conventional attachments. Some 
dentists may also choose telescopic crowns due to their 
versatility in being employed as a component of a  fixed 
prosthesis or as a  support for a  removable partial den-
ture.16

According to a  study that examined a  resilient tele-
scopic connection over a  10-year period, non-rigid 
telescopic connectors with 2 interforaminal implants 
appeared to be a  long-term treatment option that was 
efficient and successful.19 This idea may offer benefits 
in terms of handling, cleanliness and long-term satisfac-
tion, particularly in the care of  senior patients. In our 
study, we used a  resilient telescopic attachment to en-
able straightforward manipulation, reduce the stresses 
reflected on the implant and permit some degree of ver-
tical movement, comparable to that observed for a ball-
and-socket attachment.

Patients with severe maxillary resorption, who do not 
want to have reconstructive surgery, may benefit from 
two-implant-supported maxillary overdentures. In a pre-
vious study, the efficiency of  maxillary overdentures 
supported by 2 implants in individuals with an atrophic 
maxilla was examined.20 The findings demonstrated posi-
tive implant and overdenture survival rates, while the 
masticatory function and patient satisfaction consider-
ably improved with regard to baseline. The patients had 
a comparably significant chance of implant loss. Maxillary 
implant overdentures on 2 or 4 implants were both sug-
gested, within the limitations of the study.20

A computerized stent can provide a high degree of par-
allelism among the dental implants needed for telescopic 
attachments, improving the passive fit of the superstruc-
ture, preventing determinant lateral forces on the implant 
fixture, and minimizing tipping forces on the implants 
during prosthesis placement and removal.21

Our results agree with the results of  other studies, 
which suggested that implant-retained telescopic attach-
ments may be an appropriate alternative for the standard 
ball-and-socket attachments. In comparison with other 
types of implant-supported solitary attachments, the ap-
plication of a double crown over dentures provides a long-
term therapeutic effect.22
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Due to rotational stability and the presence of  a  fric-
tional fit, the use of  telescopic attachments may offer 
an  acceptable and prosthetically straightforward reten-
tion modality. This kind of retention functions similarly 
as in other single attachments, including one-piece abut-
ments, like a  ball-and-socket attachment, because the 
abutment and the inner telescope form an integral unit. 
Nevertheless, it definitely offers broad prosthetic, techno-
logical, economic, and clinical benefits.23,24

On the other hand, experimental investigations on im-
plant overdentures that evaluated denture-bearing areas, 
using 4 types of attachments found that telescopic crowns 
showed similar results as bars, balls and magnets; some 
studies revealed that there was a  low dropout rate in 
both the ball-and-socket group and the telescopic group 
throughout the whole follow-up period.25,26

Additionally, a  study comparing the retention of  Ti 
and biocompatible high-performance polymer (BioHPP) 
telescopic abutments found that after simulating a  year 
of overdenture use, the telescopic overdenture supported 
by abutments at a 2-degree angle demonstrated a signifi-
cant decrease in the retentive force values. Titanium and 
BioHPP were both regarded as appropriate materials to 
hold telescopic implant overdentures in place.27

Patient satisfaction with a newly constructed implant-
retained maxillary single overdenture was assessed us-
ing VAS, which is frequently employed as a  guide for 
an agreed-upon or refused treatment outcome. Patients’ 
pleasure with their implant-retained maxillary single 
overdenture is often recognized as vital for adaptation to 
newly constructed overdentures. The VAS is considered 
a reliable and efficient tool for evaluating the main vari-
ances between different countries and cultures.28,29

According to our study results, the telescopic attach-
ment group showed a significant increase in overall satis-
faction as compared to the ball-and-socket group; this is 
in agreement with a recent systematic review performed 
to compare the effects of different attachment systems.30

Due to higher expenses and the fact that more implants 
necessitate more expensive treatment, many patients 
decide not to receive four-implant overdenture therapy. 
Thus, the 2-implant maxillary overdenture with full pal-
atal coverage acts as a bridge between the conventional 
complete denture and the four-implant overdenture.

The suggested treatment option is most successful in 
patients who have an atrophic maxilla, a shallow palatal 
vault or xerostomia, without an anterior maxillary under-
cut. In order to address the limitations of the current study 
(a short follow-up period and a small sample size), longer 
follow-up times and a larger sample size are required.

Conclusions
Within the constraints of this investigation, the follow-

ing conclusion can be drawn: 

Implant-retained maxillary single overdentures with 
a  telescopic attachment showed an  advantage over im-
plant-retained maxillary single overdentures with a ball-
and-socket attachment regarding comfort, handling, hy-
giene, and overall patient satisfaction.

Recommendation 

It is advisable to do larger, expertly conducted RCTs, 
with extended follow-up times, and a range of functional, 
prosthodontic and patient-reported outcome measures.
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Abstract
Background. The ability to predict the extent and direction of horizontal growth of the patient’s face at 
an early age allows clinicians to timely identify cases that require treatment during the growth period and 
to ensure that appropriate treatment can be administered.

Objectives. The aim of this study was to investigate the role of the antegonial angle, gonial angle, antego-
nial notch depth, and the type of the antegonial notch on predicting horizontal facial growth in individuals 
with normal facial height. 

Material and methods. In this descriptive analytic study, lateral and panoramic radiographs of 180 pa-
tients aged 17–30 years with normal facial height who were referred to the School of Dentistry of Qazvin 
University of Medical Sciences and private dental clinics were investigated. The indices of the gonial angle, 
antegonial angle, type of antegonial notch, and antegonial notch depth were plotted bilaterally on tracing 
paper and subsequently measured using panoramic radiographs. Additionally, the relationship between 
the desired radiomorphometric indices and the occlusion class in the samples was investigated.

Results. There was a statistically significant relationship between the occlusion class and the antegonial 
notch depth (analysis of variance (ANOVA), p = 0.048), as well as the antegonial angle (Kruskal–Wallis 
test, p = 0.002).

Conclusions. The results of this study indicate that the antegonial notch depth and angle indices can be 
clinically valuable in predicting the process of mandibular growth and developing appropriate treatment 
plans.
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Introduction
The variability of occlusion, which can range from a de

sired state to a severe malocclusion in different individuals, 
is attributed to the interplay of  bone growth, dental 
development and neuromuscular maturation. A  better 
understanding of  the relationship between occlusion, 
dental development and skeletal structure will facilitate 
the orthodontic diagnosis.1 Orthodontists must be able 
to discern the relationship between the major functional 
facial parts, namely the cranial base, jaw and teeth.2 The 
correlation between occlusion and craniofacial skeletal 
structure is well established within the field of orthodon
tics.1,3

A thorough diagnosis and treatment plan for malocclu
sions require a  clear understanding of  both the dento
alveolar and skeletal components in anterior–posterior 
and vertical directions.4

The capacity to predict a  patient’s growth pattern is 
valuable for orthodontists, as it enables the implemen
tation of  corrective measures at critical time periods 
to address skeletal discrepancies and avoid or decrease 
the necessity for surgical or orthodontic treatment. The 
direction of the growth of the mandible can significantly 
affect a person’s occlusion, which in turn has an  influ
ence on their function and aesthetics. The type of facial 
growth is primarily determined based on radiographic 
imaging.5

Mandibular stimuli are present from the developmental 
stage to adulthood and can change the growth of the man
dible and its bone remodeling.6 Some of the most notable 
changes that have been suggested include alterations in 
the antegonial, gonial, condylar, and ramus regions.7 
Panoramic radiography is the preferred method in the 
assessment of mandibular morphology, including vertical 
and angular measurements.6

Panoramic radiography is a  valuable tool for evaluat
ing mandibular indices.8 Dental panoramic radiography 
is a  reliable method for diagnosing and evaluating the 
mandibular position from the dentist’s perspective.9 The 
majority of  authors who have conducted research into 
mandibular remodeling have performed morphometric 
evaluations using panoramic radiographs.7 The morpho
logical changes of  the mandible have been investigated 
mainly through the analysis of radiomorphometric mea
surements.6

Skieller  et  al. used multivariate statistical methods to 
identify 4 morphological variables that, when evaluated 
in lateral cephalograms, may predict future mandibu
lar rotation. However, their sample included individuals 
with highly abnormal morphological patterns.10 Further 
research using this method conducted by Lee  et  al. 
and Leslie  et  al. did not yield promising results.11,12 
Halazonetis et al. discovered that the overall rotation of the 
mandible during growth was not related to the mandibu
lar shape.13 However, the authors observed a correlation 

between the Fourier coefficient, which explained most 
of the variability in the ramus slope, and gonial and ante
gonial angles.13 Two studies examined the possibility that 
the mandibular antegonial notch morphology may pre
dict the mandibular growth.14,15

Given the paucity of studies in this field that have con
sidered sample matching and the ongoing debate sur
rounding the study of gonial angle and antegonial notch 
area changes in mandibular growth, this study aimed to 
investigate the crucial role of the antegonial angle, gonial 
angle, antegonial notch depth, and the type of the antego
nial notch in predicting horizontal facial growth in indi
viduals with normal facial height.

Material and methods
This descriptive analytic study evaluated 180 individu

als between the ages of 17 and 30 who were candidates 
for orthodontic treatment and referred to the School 
of Dentistry of Qazvin University of Medical Sciences and 
Qazvin private dental clinics between 2011 and 2016. The 
participants were divided into 3 groups of  60 individu
als each, according to the occlusion class (Angle’s Class I, 
Class II and Class III occlusion).

The samples were selected from patients who had been 
referred to orthodontic clinics using simple random sam
pling and following the conclusion of  a  clinical study, 
based on established inclusion and exclusion criteria. The 
study included patients with normal facial height.

One of the criteria for evaluating and detecting the ver
tical facial growth pattern is the Jaraback index, which 
was calculated with the help of  natural head position 
(NHP) cephalometric imaging using the following for
mula (Equation 1)16:

 (1)

where:
S–Go – linear distance between Sella (S) and Gonion 

(Go) (posterior facial height) [mm];
N–Me – linear distance between Nasion (N) and 

Menton (Me) (anterior facial height) [mm]. 
The Jaraback index falls within the normal range 

of 62–65%.17 
The exclusion criteria were as follows: a  mismatch 

between the ANB and Wits indices in the patient; a discrep
ancy between the occlusion of  the both sides of  the pa
tient; patients with mixed dentition; individuals with long 
or short faces; and individuals with retrusion or severe 
maxillary protrusion based on the cephalometric index.

All certified digital panoramic radiographs were 
attached to the parchment paper of the Ortho Organizer 
type. Tracing was performed by a  trained senioryear 
student, while radiomorphometric indices were deter
mined by a maxillofacial radiologist on digital panoramic 
radiographs.
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The radiomorphologic and radiomorphometric indices 
evaluated in this study are as follows:
– gonial angle: a  line is drawn tangent to the inferior 

border of  the mandibular body, and another line is 
drawn tangent to the posterior border of  the ramus 
and condyle. The intersection of  these 2 lines forms 
the gonial angle (Fig. 1)18;

– antegonial angle: 2 lines are drawn tangent to the edge 
of  the inferior border of  the mandible that intersect 
each other at the deepest part of the antegonial notch. 
The angle between these 2 intersecting lines is re
ferred to as the antegonial angle (Fig. 2)19;

– antegonial notch depth: the distance of a perpendicu
lar line from the deepest point of the antegonial notch 
concavity to a line tangent to the inferior border of the 
mandible (Fig. 2–4)19;

– type of antegonial notch: the triangular shape of  the 
antegonial notch is drawn by connecting 3 points 
(A, B and E) (Fig.  4); antegonial notch is classified 
into 3 types, including asymmetrical posterior notch 
(type 1), symmetrical notch (type 2), and asymmetrical 
anterior notch (type 3) (Fig. 4,5).15

Fig. 1. Gonial angle formed by the junction of the posterior and lower 
borders of the mandible

Fig. 2. Antegonial notch depth and the antegonial angle in panoramic 
radiography

Fig. 3. Antegonial notch depth

Fig. 4. Shape of the antegonial notch drawn by connecting 3 points (A, B 
and E) and the antegonial notch depth (E and D)

A – distal border of the antegonial notch; B – proximal border of the antegonial 
notch; E – fundus of the antegonial notch; D – extrapolated point of the 
position of the antegonial notch fundus at its basis.

Fig. 5. Types of the antegonial notch 

type 1 – asymmetrical posterior notch; type 2 – symmetrical notch; 
type 3 – asymmetrical anterior notch.
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The antegonial notch depth was measured with the 
use of a digital caliper (Guanglu Instruments Co., Ltd., 
Guilin, China). The measurements included the gonial 
angle and the antegonial angle. The obtained data was 
recorded in the patient form. In instances where the 
indices were bilaterally visible, twoway measurements 
were performed and the mean values were recorded. In 
cases where the index was not visible on one side, only 
the index of the side that was clearly visible was used in 
the measurements. 

Statistical analysis 

The data was analyzed using analysis of  variance 
(ANOVA), and Tukey’s post hoc test was employed to 
facilitate the comparison between the 3 groups. The 
χ2  test was utilized to investigate the relationship be
tween qualitative traits. A paired ttest was employed to 
compare the left and right indices, while Wilcoxon test 
and the Kruskal–Wallis test were utilized to compare 
indices with a nonnormal distribution. The data was ana
lyzed using the IBM SPSS Statistics for Windows soft
ware, v. 20.0 (IBM Corp., Armonk, USA). In this study, 
a   pvalue of  less than 0.05 was considered statistically 
significant. 

Results
The present study was conducted on a total of 180 sub

jects aged 17–30 years, who were candidates for ortho
dontic treatment at the School of  Dentistry of  Qazvin 
University of Medical Sciences and Qazvin private den
tal clinics between 2011 and 2016. Of the total number 
of  subjects, 47 (26.1%) were male and 133 (73.9%) were 
female. The results demonstrated no statistically significant 
relationship between sex and the occlusion class.

The mean and standard deviation of the right and left 
gonial angles were 123.0 ±6.7° and 123.1 ±7.9° for Class I, 
124.1 ±5.8° and 122.9 ±6.5° for Class II, and 123.3 ±7.1° 
and 122.9 ±6.3° for Class III of occlusion. The statistical 
analysis revealed no statistically significant differences 
between the mean values of the gonial angle on both sides 
across the 3 occlusion classes (Table 1).

The results of the statistical analysis indicated a statisti
cally significant difference in the mean value of the ante
gonial notch depth between the 3 occlusion classes on the 
right side and in the total sample (Fig. 6).

The data revealed that in Class I, 1.7% of the antegonial 
notches were tangible, 28.3% were type 1, 45.0% were 
type  2, and 25.0% were type 3. In Class II, 2.5% of  the 
antego nial notches were tangible, 29.2% were type 1, 50.8% 
were type 2, and 17.5% were type 3. In Class III, 0.8% of the 
ante gonial notches were tangible, 26.7% were type 1, 42.5% 
were type 2, and 30.0% were type 3 (Table 2).

The statistical analysis demonstrated statistically signif
icant differences between the right and left sides of the ante
gonial notch in 3 occlusion classes (p < 0.001) (Table 3).

Table 2. Relative frequency distribution of the occlusion class and the type 
of the antegonial notch in the total sample (N = 360)

Antegonial 
notch type

Occlusion class 
n (%)

Class I Class II Class III

Tangible 2 (1.7) 3 (2.5) 1 (0.8)

Type 1 34 (28.3) 35 (29.2) 32 (26.7)

Type 2 54 (45.0) 61 (50.8) 51 (42.5)

Type 3 30 (25.0) 21 (17.5) 36 (30.0)

Table 3. Comparison of the type of the antegonial notch on both sides 
across 3 occlusion classes

Occlusion 
class Side

Antegonial notch type 
(1, 2 or 3) p-value

Me IQR

Class І
right 1 1

<0.001*
left 2 1

Class II
right 1 1

<0.001*
left 2 1

Class III
right 1 1

<0.001*
left 3 1

Me – median; IQR – interquartile range; * statistically significant (p < 0.05, 
Wilcoxon test). 

Table 1. Comparison of the mean gonial angle across 3 occlusion classes 

Occlusion class Side Gonial angle [°] 
M ±SD p-value

Class І
right 123.0 ±6.7

0.860
left 123.1 ±7.9

Class II
right 124.1 ±5.8

0.110
left 122.9 ±6.5

Class III
right 123.3 ±7.1

0.470
left 122.9 ±6.3

M – mean; SD – standard deviation. 

Fig. 6. Comparison of the mean antegonial notch depth by occlusion class

* statistically significant (p < 0.05, Dunn’s post hoc test). 
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The results of the statistical analysis revealed no sta
tistically significant difference between the occlusion 
groups on the right side of  the antegonial notch and 
in total. However, a  statistically significant difference 
was observed between the 3 groups on the left side 
(p = 0.007) (Table 4).

In evaluating the antegonial angle across 3 occlusion 
groups, the median value of the left antegonial angle was 
observed to be greater than that of the right angle. How
ever, no statistically significant difference was identified 
between the 2 sides (p > 0.001) (Table 5).

The statistical analysis revealed a  statistically signifi
cant difference in the antegonial angle values between 
the 3 occlusion classes on the right (p = 0.002) and left 
sides (p = 0.040) of the body, as well as in the total sample 
(p = 0.002) (Table 6).

Discussion
The study investigated the relationship between 4 radio

morphometric indices, including the gonial angle, the 
antegonial angle, antegonial notch depth, and the type 
of antegonial notch. A statistically significant relationship 
was identified between the antegonial angle, antegonial 
notch depth and the occlusion class. There was no signifi
cant relationship between the gonial angle and the type 
of antegonial notch in relation to the occlusion class.

Dental panoramic radiography is a reliable method for 
diagnosing and evaluating the mandibular position from 
the dentist’s perspective.9 Since panoramic radiography is 
a routine procedure, it can be used effectively to evaluate 
mandibular indices.8

Some studies have reported a significant difference be
tween individuals with very deep and those with very shal
low antegonial notches with regard to mandibular growth 
indices.14,20 Singer et al. performed a 4year longitudinal 
study on 25 patients undergoing orthodontic treatment 
with a deep antegonial notch, along with a similar group 
with a shallow antegonial notch.14 They used lateral ceph
alometric radiographs and found that cases with a deep 
antegonial notch exhibited greater retrusion of the man
dible, a shorter body length, a shorter ramus, and greater 
gonial angles than those with a shallow antegonial notch.14 
During the study period, patients with a deeper antegonial 
notch demonstrated a smaller increase in the mandibular 
body length and less chin displacement in the horizon
tal direction (resulting in greater retrusion of  the man
dible) than subjects with a shallow antegonial notch. The 
results of this study indicate that the presence of a deep 
antegonial notch is associated with reduced mandibular 
growth potential and a distinct vertical growth pattern.14 
Although the present study and the study by Singer et al.14 
are consistent in terms of the orientation of the antegonial 
notch and its impact on mandibular growth, the pattern 
of mandibular growth differs. Based on the present study, 
cases with a higher antegonial angle and a deep antegonial 
notch are prone to mandibular protrusion. Moreover, no 
statistically significant difference was identified between 
the gonial angle and the occlusion class, in contrast to the 
findings of the study by Singer et al.14 

The differences between the results of the present study 
and those of the study by Singer et al. include different sam
pling methods, different implementation methods, a  low 
sample size, a  lack of  attention to maxillary horizontal 
growth, sample mismatch in terms of maxillary horizontal 
growth, and racial differences.14 The study sample employed 
by Singer et al. consisted of patients who had undergone 
orthodontic treatment, which represents a  confounding 
factor in the study. Additionally, the subjects of the study 
were individuals with deep and shallow antegonial notches.

Lambrechts et al. investigated the craniofacial features 
in lateral cephalometric radiography of 40 patients with 
a  shallow antegonial notch and 40 patients with a  deep 

Table 4. Comparison of the type of the antegonial notch between 
3 occlusion classes on the right and left sides, and in the total sample

Side Occlusion 
class

Antegonial notch type  
(1, 2 or 3) Average rank p-value

Me IQR

Total

Class І 2 0.5 90.6

0.120Class ІI 2 0.5 81.7

Class III 2 0 99.1

Right

Class І 1 1 92.8

0.890Class ІI 1 1 89.3

Class III 1 1 89.3

Left

Class І 2 1 88.7

0.007*Class ІI 2 1 77.3

Class III 2 1 103.6

* statistically significant (p < 0.05, Dunn’s post hoc test). 

Table 5. Comparison of the antegonial angle on both sides across 
3 occlusion classes

Occlusion class Side
Antegonial angle [°]

Me  IQR

Class I
right 166.0 7.6

left 168.0 6.5

Class II
right 162.8 5.8

left 164.5 9.6

Class III
right 165.0 6.8

left 165.5 8.8

Table 6. Comparison of the antegonial angle by occlusion class in the total 
sample

Side Occlusion 
class

Antegonial angle [°] Average 
rank p-value

Me IQR

Total

Class I 167.0 7.3 109.9

0.002*Class II 164.1 7.5 80.4

Class III 164.6 7.9 81.7

* statistically significant (p < 0.05, Kruskal–Wallis test). 
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antegonial notch in order to evaluate different dimen
sions in craniofacial morphology between the 2 groups.20 
Their findings indicated that, on average, subjects with 
a deep mandibular antegonial notch had a  larger gonial 
angle, a  deeper posterior ramus notch, and a  steeper 
occlusal plane in examination than those with a shallow ante
gonial notch, whose mandible exhibited a more anterior 
position than subjects with a deep antegonial notch. The 
anterior face height of  individuals with a  shallow ante
gonial notch was significantly lower than the anterior 
face height of  those with a deep antegonial notch. Also, 
the maxillary position in relation to the cranial base was 
more protruding in patients with a deep antegonial notch 
than in those with a shallow antegonial notch.20 While the 
present study and the study by Lambrechts et al. are con
sistent in terms of the efficacy of the antegonial notch in 
mandibular growth, the growth pattern of  the mandible 
presented in the study by Lambrechts et al.20 is inconsis
tent with the results of our study. Also, in contrast to the 
findings of Lambrechts et al.,20 the present study did not 
identify a statistically significant relationship between the 
gonial angle and the occlusion class. This discrepancy can 
be attributed to different sampling methods, racial dif
ferences, different implementation techniques, a  small 
sample size, a  lack of  attention to maxillary horizontal 
growth, and sample mismatch in terms of maxillary hori
zontal growth. Moreover, the study by Lambrechts et al.
included individuals with deep and shallow antegonial 
notches, which is indicative of  nonrandom sampling.20 
Furthermore, previous studies14,20 have not addressed the 
issue of vertical growth matching, which may be a con
founding factor in the study.

The study by Ghosh et al. revealed no significant rela
tionship between mean angles and the depth of the ante
gonial notch in relation to age.21 However, antegonial 
angles decreased with age, while the antegonial notch depth 
demonstrated an increase with age.21 The findings of our 
study are consistent with those of Dutra et al., who found 
no significant correlations between age and the antego
nial angle and depth change.19 The results indicate that 
the 17–30 age range is not considered as a confounding 
factor in the study.

In the study by Ghosh et al., a comparison of the abso
lute values of the right and left antegonial angles revealed 
that the values   on the left side were significantly higher 
than those on the right side in each group.21 This result 
is consistent with the findings of  our study. It supports 
the theory that even in the absence of malformations and 
skull base asymmetry, the mandible may be physiologi
cally asymmetric.

In the study by Ghosh et al., a significant decrease in the 
values of the antegonial angle and a significant increase in 
the values of  the antegonial notch depth were observed 
as the dentition status changed from completely dentu
lous to partially dentulous and from partially dentulous 
to completely edentulous on both the right and left sides 

and in both sexes.21 Therefore, the dental position can be 
considered a confounding factor in the evaluation of the 
antegonial area. In the present study, all samples had at 
least 1 interdental position in each side of the jaw, thereby 
eliminating the confounding role of  dental position as 
a variable.

In a  longitudinal study conducted by Kolodziej  et  al., 
40 subjects were examined in 3 age groups (8.5, 12 and 
>17 years) with no history of treatment.22 The study con
cluded that the antegonial notch depth was not a reliable 
indicator for investigating the potential of facial growth.22 
This result is inconsistent with the findings of our study. 
The discrepancy between the 2 studies may be attri
buted to the longterm nature of the study conducted by 
Kolodziej et al., a small sample size, the use of different 
implementation methods, racial differences, inadequate 
consideration of maxillary horizontal growth, and sample 
mismatch in terms of maxillary horizontal growth.22

Conclusions
In evaluating the indices, it was observed that changes 

based on the occlusion class, the antegonial angle and the 
type of antegonial notch were affected by the growth pat
tern in patients with normal facial height. Individuals with 
a  deep antegonial notch and a  greater antegonial angle 
were more prone to mandibular protrusion. Therefore, it is 
recommended that timely therapeutic measures be taken 
prior to the growth spurt in patients with a deeper antego
nial notch and a wider angle in order to control the growth 
of the mandible. However, further research is required to 
determine a suitable cutoff point for these indices.
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Abstract
Background. Periodontitis is a chronic inflammatory disease of  the supporting tissue surrounding the 
teeth. The disease is caused by specific bacteria, such as Porphyromonas gingivalis, which lead to the 
destruction of periodontal ligaments and alveolar bone.

Objectives. The study aimed to evaluate the relationship between the prevalence of P. gingivalis in subgin-
gival plaque and coronary artery disease (CAD). 

Material and methods. Fifty patients with CAD and 50 healthy controls (non-CAD) participated in 
this case–control study. The periodontal health in the groups was evaluated through the assessment 
of  the pocket depth (PD), clinical attachment loss (CAL) and bleeding on probing (BoP). The presence 
of P. gingivalis in subgingival plaque samples was determined through real-time polymerase chain reaction 
(RT-PCR). The data was analyzed using the χ2 test and the Mann–Whitney U test.

Results. The mean PD was 3.30 ±1.55 mm and 3.56 ±0.97 mm in CAD patients and non-CAD sub-
jects, respectively (p = 0.028). No significant differences were observed in the CAL (p = 0.858) and BoP 
(p = 1.000) between the groups. The RT-PCR results revealed the presence of P. gingivalis 16S rDNA in 
32% and 22% of the subgingival plaque of patients with CAD and non-CAD, respectively, with a mean 
concentration of 7.7 × 106. No statistically significant association was observed between the prevalence 
of  P. gingivalis and CAD (p  =  0.260). The results of  the multiple logistic regression analysis showed 
an association between CAD and male sex (p = 0.004, odds ratio (OR): 4.163), as well as age (p = 0.011, 
OR: 1.067).

Conclusions. The findings of  this study indicated that there is no statistically significant correlation 
between the prevalence of P. gingivalis in subgingival plaque and CAD.

Keywords: periodontitis, Porphyromonas gingivalis, coronary artery disease
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Introduction
Periodontitis is a highly prevalent multifactorial chronic 

inflammatory disease of the teeth-supporting tissue.1 It is 
caused by the activity of dental plaque bacteria in the oral 
cavity and is the 6th most common human disease, with 
an overall prevalence of 45–50%. The most severe form 
of periodontitis affects 11.2% of the global population.2

There is an  association between severe periodontitis 
and several non-communicable diseases (NCDs), includ-
ing diabetes, chronic kidney disease (CKD), cardiovas-
cular disease (CVD), and chronic obstructive pulmonary 
disease (COPD).2 As an  inflammatory condition, CVD 
comprises coronary heart diseases, atherosclerotic, cere-
brovascular, and peripheral vascular diseases.3 Over the 
last decades, a significant body of evidence has indicated 
a correlation between chronic periodontitis and an increased 
risk of developing CVD.4–6 

It is hypothesized that in patients with periodontitis, 
an  acute inflammatory immune response is involved in 
the transition from a  symbiotic microbiota that is com-
patible with the host to an incipient dysbiotic microbiota, 
which supplies bacteria with resources from tissue break-
down and initiates a  self-replicating pathogenic cycle. 
This cyclical interaction can persist for years in non-
susceptible individuals, but it can develop quickly in those 
who are sensitive, leading to overt dysbiosis accompanied 
by an  inefficient, protracted inflammatory or immune 
response.7,8

The tissue destruction caused by periodontitis increases 
the amount of  cytokines involved in the development 
of cardiovascular diseases. For example, matrix metallo-
proteinase-8 (MMP-8) has been identified as a key stimu-
latory and activating factor of pro-inflammatory media-
tors in the development of both cardiovascular diseases 
and periodontitis.9,10

Indeed, periodontal pathogens or harmful endotoxins 
and exotoxins may penetrate from the oral cavity into 
the bloodstream during chewing or eating via damaged 
periodontal pocket epithelium. Therefore, bacterial dis-
semination and systemic infection lead to an  inflamma-
tory response, establishing a  link between periodontitis 
and CVD.11–13

Periodontal pathogens are capable of directly invading 
the cardiovascular system. Reports indicate the presence 
of periodontal pathogens in human cardiac tissue, heart 
valves, pericardial fluids, and atherosclerotic lesions.1 
The periodontal pathogens often identified in subgingi-
val plaque of patients with chronic periodontitis include 
Porphyromonas gingivalis, Prevotella intermedia, 
Tannerella forsythia, and Treponema denticola.14 Among 
these, P.  gingivalis is the principal pathogen in the ini-
tiation and development of  chronic periodontitis.15 
Additionally, it may act as a risk factor for several diseases, 
including CVD.16 For example, a study by Holmlund et al. 
demonstrated that the level of  immunoglobulin G (IgG) 

antibodies against P. gingivalis increased in patients with 
myocardial infarction.17 Thus, assessing the clinical risk 
of oral infection with P. gingivalis is essential in patients 
with coronary artery disease (CAD). However, the imple-
mentation of oral hygiene training and the early diagno-
sis and treatment of  periodontal problems can reduce 
the prevalence of CAD and its associated consequences. 
The aim of  this study was to investigate the prevalence 
of P. gingivalis in subgingival plaque of patients with peri-
odontitis and CAD, diagnosed by angiography as the gold 
standard due to the lack of adequate studies on the sub-
ject among the Iranian population. The hypothesis of the 
study was that the prevalence of P. gingivalis is greater in 
patients with CAD.

Material and methods

Study design 

A total of  100 individuals were randomly selected 
from those referred to the Fatemeh Zahra Hospital 
(Mazandaran Heart Center), Mazandaran University 
of  Medical Sciences, Sari, Iran, for inclusion in this 
observational study. The patients were divided into 
2 groups of 50 individuals each, with one group serving 
as the case group (CAD group) and the other as the 
control group (non-CAD group). Only individuals with 
CAD as their sole systemic condition were included 
in the case group. Additionally, the study’s inclusion 
criteria encompassed the willingness to participate 
in the study and the absence of  any other systemic 
illnesses. Individuals with artificial valves, those on 
immunosuppressive medications, those with infective 
endocarditis, pregnant women, those who declined to 
participate in the study, and edentulous patients were 
excluded from the study.18 Following the provision 
of informed consent, subjects were invited to participate 
in the study. Individuals who underwent angiography 
were divided into 2 groups based on the results of  the 
procedure: patients without CAD; and patients with 
CAD involving 1, 2 or 3 arteries. All procedures were 
conducted in accordance with the ethical standards set 
forth by the Medical Ethics Committee of Mazandaran 
University of Medical Sciences and in alignment with 
the 1964 Helsinki Declaration and its subsequent 
amendments. The study was approved by the Medical 
Ethics Committee of Mazandaran University of Medical 
Sciences (ethics code: IR.MAZUMS.REC.1396.3183).

Sample size 

According to the study conducted by Hyvärinen et al., 
the prevalence of  P.  gingivalis was 65.2% in patients 
with CAD and 37.5% in patients with normal coronary 
arteries.19 Based on a  confidence interval (CI) of  95% 
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and a  study power of 80%, the requisite sample size for 
our study was determined to be 100 (i.e., 50 subjects in 
the CAD group and 50 subjects in the non-CAD group). 
The sample size was calculated using G*Power software 
(https://www.psychologie.hhu.de/arbeitsgruppen/allge-
meine-psychologie-und-arbeitspsychologie/gpower).

Periodontal examination 

The researchers obtained pertinent information about 
the patients, including their family history of heart disease, 
diabetes, age, and smoking status. A trained periodontist 
performed examinations on the subsequent day follow-
ing the angiography. The bleeding on probing (BoP), peri-
odontal pocket depth (PD) and clinical attachment loss 
(CAL) were recorded in 6 teeth based on the method pro-
posed by Ramfjord20 with a manual UNC-15 periodontal 
probe (Medisporex Company, Sialkot, Pakistan).

A diagnosis of periodontitis was based on the presence 
of at least 1 site with a PD ≥ 3 mm and a CAL ≥ 2 mm.21

Subgingival plaque samples 

Subgingival bacterial samples were obtained from the 
deepest pockets in the 4 quadrants. After the removal 
of  the supragingival sample, the site was isolated from 
saliva using cotton rolls. The paper cones were then in-
serted into the periodontal pocket for 30 s.18,22 Subse-
quently, they were placed in a sterile microtube contain-
ing phosphate-buffered saline (PBS) for storage at −20°C 
until analysis for bacterial identification. 

DNA extraction 

According to the manufacturer’s instructions, the bacte-
rial DNA was isolated from the samples using a G-spin™ 
Total DNA Extraction Mini Kit (iNtRON Biotechnology 
DR, Seongnam, South Korea). Briefly, 200 µL of PBS was 
added to the microtube containing the paper cones, vor-
texed for 10 s, and centrifuged at 19,000 g for 2 min. Finally, 
the supernatant was discarded. The protocol included 
treatment with RNase A  and proteinase K, which were 
incubated at 56°C for 10 min. After isolation, the DNA was 
eluted in 100 µL of elution buffer. The quality, quantity and 
integrity of the purified DNA were analyzed using a nano-
spectrophotometer (NanoDrop Spectrophotometer; 
DNA Technologies Core, Davis, USA) and 1% agarose gel.

Polymerase chain reaction 
for the detection of P. gingivalis 

This study employed real-time polymerase chain 
reaction (RT-PCR) for the detection of P. gingivalis. The 
DNA samples were analyzed to determine the pres-
ence of  P.  gingivalis by means of  a  16S rRNA-based 
RT-PCR detection method.23 The sequences of  the 

16S rRNA-specific primers were as follows: forward 
5’-ACCTTCAACCAATTCTCCTTA-3’; and reverse 
5’-GGTAATAATCGGCGTCTGA-3’. Amplifications were 
conducted in a  final volume of 25 µL, containing 0.2 µL 
of Taq DNA polymerase, 1 µL of deoxynucleotide triphos-
phate (dNTP), 1 µL of each primer, 1 µL of template DNA, 
1.7 µL of MgCl2, 2.5 µL of PCR buffer, and 16.6 µL of H2O. 
The PCR temperature profile was as follows: an  initial 
denaturation at 94°C for 4 min; annealing at 60°C for 60 s; 
and extension at 72°C for 45 s. After 38 cycles, the PCR 
products underwent electrophoresis through 1% agarose 
gel in Tris/acetic acid–ethylenediaminetetraacetic acid 
(EDTA) buffer. The gel was stained with a  green viewer 
and visualized under ultraviolet (UV) light.

Quantitative measurement 
of P. gingivalis by RT-PCR 

The RT-PCR assay was performed using the 
PrimeScript™ RT  Master Mix (Takara Bio Inc., 
Shiga, Japan). The specific primers were designed 
based on the 149bp sequence of  the 16S rRNA gene. 
The primer sets comprised the forward primer 
(5’-GGGCGATACGAGTATTGCAT-3’) and the reverse 
primer (5’-TTCACCGCTGACTTACCG-3’). The ampli-
fication of the samples was conducted in duplicate using 
the ABI StepOne RT-PCR system (Applied Biosystems, 
Foster City, USA). A  master mix without isolated DNA 
was used as a negative control. The absolute quantifica-
tion of P. gingivalis was performed using the cycle thresh-
old (Ct) of  the samples and its comparison with the Ct 
of the standard samples.

Statistical analysis 

The collected data was analyzed using the IBM SPSS 
Statistics for Windows software, v. 22.0 (IBM Corp., 
Armonk, USA). The χ2 test was applied to assess the preva-
lence of  P.  gingivalis in grouped variables. The Mann–
Whitney U test was used to ascertain the differences 
between the CAD and non-CAD groups. The mean and 
standard deviation (M ±SD) were employed for quanti-
tative data. Finally, a multiple logistic regression analysis 
was utilized to analyze the relationship between CAD 
and periodontal disease. The calculations were based on 
a 95% CI and a p-value of less than 0.05.

Results
In this case–control study, 100 subjects (50 CAD and 50 

non-CAD patients) with a mean age of 54.86 ±9.59 years 
were analyzed. Of these, 47 were female and 53 were male. 
The prevalence of  CAD differed significantly between 
male and female patients (p = 0.028). Specifically, 32 males 
(60.4%) and 18 females (38.2%) were diagnosed with CAD.

https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
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As illustrated in Table  1, a  significant difference was 
observed in the mean age between CAD patients (57.46 
±10.18 years) and non-CAD individuals (52.26 ±8.27 
years), with a  p-value of  0.006. Moreover, the mean PD 
was 3.30 ±1.55 mm in CAD patients and 3.56 ±0.97 mm in 
non-CAD individuals, indicating a significant difference 
between these 2 groups (p = 0.028). On the other hand, 
no significant difference was observed in the mean CAL 
between the CAD group (4.16 ±1.93 mm) and the non-
CAD group (4.02 ±1.37 mm) (p = 0.858).

The prevalence of  periodontitis in the CAD patients 
was 34%, while this proportion was 32% in the non-
CAD patients, indicating that there was no significant 
relationship between periodontal problems and CAD 
(p = 0.674). The 16S rDNA of P. gingivalis was identified 
in 16 (32%) and 11 (22%) subgingival plaque samples 
obtained from patients with CAD and non-CAD individu-
als, respectively (Table 2). Moreover, 27 patients exhibited 
the presence of P. gingivalis, with a mean concentration 
of 7.7 × 106, as identified by RT-PCR. Therefore, no statis-
tically significant association was observed between the 
prevalence of P. gingivalis and CAD (p = 0.260).

Finally, multiple logistic regression analyses were con-
ducted to examine the association between CAD and 
periodontitis, along with some potential risk factors (i.e., 
age and sex). There was a statistically significant associa-
tion between CAD and male sex (p  =  0.004, odds ratio 
(OR): 4.163), as well as age (p = 0.011, OR: 1.067) (Table 3). 

Discussion
Cardiovascular disease is responsible for 17.9 million 

deaths and accounts for 45% of  non-communicable 
disease-induced mortality worldwide.2 Several risk factors 
have been identified for CVD, including smoking, dyslip-
idemia, altered glucose metabolism, and hypertension.2

In recent decades, many studies have focused on the role 
of chronic infections, such as periodontitis, in the patho-
genesis of CVD. Cumulative evidence from several studies 
has supported the role of periodontitis as an independent 
risk factor for CVD.1 Two meta-analyses have investigated 
the potential association between periodontal disease and 
CVD.24,25 The studies concluded that periodontal disease is 
associated with an increased risk of cardiovascular events, 
including stroke and coronary heart disease.1

The purpose of  this study was to determine the 
association between periodontitis and the prevalence 
of P. gingivalis in patients with CAD diagnosed by angi-
ography. A significant difference in PD was observed be-
tween the groups. The mean CAL of patients with CAD 
was observed to be higher in comparison to non-CAD 
patients; however, this difference was not statistically sig-
nificant. These results indicate that CAD patients exhib-
ited poor oral and periodontal health.

In line with our report, Akbari et al. identified a signifi-
cant difference only in PD between CAD and non-CAD 
cases.26 They reported that individuals with CAD had 
poorer periodontal health than those with normal angi-
ography.26 Bateni et al. presented similar results, indicat-
ing that CAL and PD were elevated in the CVD group 
compared to the control group.27

Saliva plays a significant role in sustaining oral health 
by maintaining the integrity of dental tissues and prevent-
ing caries due to its biological functions, such as lubrica-
tion of oral tissue, antimicrobial and cleansing activities, 
removal of  food debris and sugars, buffering capacity, 
control of  plaque pH, remineralization of  enamel with 
calcium and phosphates, and tissue repair. Moreover, oral 
hygiene is severely affected by a decrease in the salivary 
flow rate, dilution capacity, self-cleansing, and pH.28 
Multiple factors can affect the salivary flow rate, including 
aging, pharmacological agents, certain health conditions, 
and stress.29 Therefore, poor periodontal status in patients 
with CAD may be attributed to the use of medications for 
the treatment of CAD.30 The use of statins and angio-
tensin II receptor blockers (ARBs) has been observed 
to result in a higher prevalence of periodontal disease.30 

Table 1. Comparative analysis of age and periodontal status between 
patients with and without coronary artery disease (CAD)

Variable
CAD patients  

(n = 50) 
M ±SD

Non-CAD patients  
(n = 50) 
M ±SD

p-value

Age  
[years]

57.46 ±10.18 52.26 ±8.27 0.006*

PD  
[mm]

3.30 ±1.55 3.56 ±0.97 0.028*

CAL  
[mm]

4.16 ±1.93 4.02 ±1.37 0.858

PD – pocket depth; CAL – clinical attachment loss; M – mean; SD – standard 
deviation; * statistically significant (p < 0.05, Mann–Whitney U test).

Table 2. Comparative analysis of the prevalence of P. gingivalis in subgingival 
plaque of patients with and without coronary artery disease (CAD) 

Group P. gingivalis, n (%) p-value

CAD patients (n = 50) 16 (32)
0.260

Non-CAD patients (n = 50) 11 (22)

Table 3. Results of the multiple logistic regression analysis between 
coronary artery disease (CAD) and periodontitis

Variable p-value OR (95% CI)

Age 0.011* 1.067 (1.015–1.122)

Sex (male) 0.004* 4.163 (1.585–10.934)

Periodontal problems 0.137 7.089 (0.536–93.758)

PD 0.082 0.609 (0.349–1.065)

CAL 0.302 1.234 (0.828–1.840)

BoP 0.171 0.151 (0.01–2.266)

P. gingivalis 0.168 2.131 (0.727–6.248)

BoP – bleeding on probing; OR – odds ratio; CI – confidence interval; 
* statistically significant (p < 0.05).
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In addition, periodontium tissue changes and immunologi-
cal alterations due to the aging process contribute to the 
causation and perpetuation of periodontal disease.31

This study revealed a  prevalence rate of  32% for 
P. gingivalis in CAD patients and 22% in non-CAD cases, 
with no statistically significant differences between 
these groups. Similarly, Ardakani  et  al. have indicated 
that there is no meaningful relationship between the 
prevalence of P. gingivalis in subgingival plaque and the 
incidence and severity of atherosclerosis in experimental 
groups.18 The results demonstrated the presence of rDNA 
of P. gingivalis in 71.4% of Iranian patients diagnosed with 
periodontitis and atherosclerosis.18

In another study, the prevalence rate of P. gingivalis was 
reported at 61% in gingival sulcus plaque of patients with 
CAD and chronic periodontitis in the Iranian popula-
tion.32 The contradictory results can be due to differences 
in the severity of periodontitis, sampling methods and ra-
cial differences.

The results of our study indicate a significant associa-
tion between CAD and sex and age, which aligns with the 
findings of Bazile et al.33 The multiple logistic regression 
analysis demonstrates that age and male sex are com parable 
to other CAD-associated coronary risk factors. This study 
presents an OR of 1.067 (95% CI: 1.015–1.122, p = 0.011) 
and 4.163 (95% CI: 1.585–10.934, p = 0.004) between age 
and male sex, respectively, with CVD. Thus, it can be 
concluded that there is a  close relationship between 
these variables.

Aging is recognized as a potential independent risk fac-
tor for CVD. Additional factors, such as obesity, diabetes 
and frailty, complicate and increase the cardiovascular 
risk factors associated with advanced age.34 The study 
performed by Mosca et al. indicates that the prevalence 
of  coronary heart disease is higher in males within 
every age group until after 75 years of age compared to 
females.35 The estrogen hormone plays a cardioprotective 
role in females against coronary heart disease by regulat-
ing several metabolic factors, including lipids, the coagu-
lation system and inflammation markers.35

The limitation of  this study was its sample size. It is 
recommended that further research be conducted with 
a larger number of samples.

Conclusions
The results of this study indicated that there was no sta-

tistically significant association between the prevalence 
of P. gingivalis in subgingival plaque of patients with CAD 
compared to healthy subjects. However, the PD and CAL 
in the CAD patients were greater than those of the healthy 
participants. Consequently, it can be concluded that pa-
tients with CAD exhibit a more adverse periodontal sta-
tus. It is therefore imperative that patients with CVD 
receive more comprehensive oral health instruction.
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Abstract
Background. The body is in a continuous state of inflammatory burden due to local and systemic inflam-
mation, which is triggered in periodontal tissues in response to microorganisms. A number of studies have 
linked periodontitis to systemic diseases such as diabetes mellitus, cardiovascular disease and respiratory 
disease. Periodontal inflammation acts as a  focus of  infection, which can cause detrimental effects on 
distant target organs. In some cases, it may lead to tumor progression in various cancers.

Objectives. The aim of the study was to evaluate the correlation between periodontal disease (PD) and its 
potential role as a risk factor for the development of systemic cancer and its metastasis. 

Material and methods. A  single-center, cross-sectional study was conducted, including 66 patients 
with different systemic malignancies (group 1, the test group) and 66 healthy individuals (group 2, 
the control group). Group 1 was further subdivided into 2 categories: M0, comprising patients without 
metastases (n = 34); and M1, comprising patients with distant metastases (n = 32). The number of missing teeth, 
Greene and Vermilion’s simplified oral hygiene index (OHI-S), probing pocket depth (PPD), Löe and Silness’ 
bleeding on probing (BoP), clinical attachment loss (CAL), and Ramfjord’s periodontal disease index (PDI) 
were recorded. Appropriate statistical tests were performed to analyze the data. A  p-value <0.05 was 
considered statistically significant.

Results. The differences between the PDI, CAL and PPD values in both group 1 and group 2 were found to 
be statistically significant (p = 0.000). In M0 and M1, no statistically significant differences were observed 
between any of the parameters. The odds ratios (ORs) between group 1 and group 2 for CAL and PDI were 
3.986 and 4.286, respectively. The ORs for M0 and M1 with regard to CAL and the mean number of teeth 
lost were 0.373 and 0.188, respectively.

Conclusions. The findings of the study indicate a significant association between the overall risk of cancer 
and PD. In cases of known systemic malignancies, no significant correlation has been identified between 
PD and the risk of metastasis.

Keywords: periodontitis, metastasis, attachment loss, total cancer risk, periodontal inflammation
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Introduction
Cancer, or malignant neoplasm, is characterized by 

uncontrolled cell growth, tissue invasion and metas
tasis to various organs via the hematological and lym
phatic systems.1 Inflammation plays a  critical role in 
tumor progression, enhancing cellular proliferation 
and mutagenesis, among others.2 As stated in a report 
by Papapanou et al., “periodontitis is a chronic multi
factorial inflammatory disease associated with dys
biotic plaque biofilm and characterized by progressive 
destruction of  the toothsupporting apparatus.”3 This 
is clinically detectable as periodontal pockets and 
alveolar bone loss.3 The inflammatory response to 
peri odontal infection extends beyond the oral cavity 
and leads to elevated levels of circulating inflammatory 
markers. Periodontal infection has been linked to vari
ous organs and systemic diseases such as cardiovas
cular disease, diabetes mellitus or adverse pregnancy 
outcomes.4 

Chronic diseases, including type 2 diabetes, heart 
disease, stroke, hypertension, and cancer, can affect 
morbidity and quality of life of patients. While the ma
jority of these diseases are not lifethreatening, cancer 
is a notable exception, as it requires immediate atten
tion. In a  study by Michaud  et  al., it was found that 
after adjustment for known risk factors such as smoking 
and diet, patients with a history of periodontal disease 
(PD) had an increased risk of overall cancer compared 
to those without PD.5 However, there is limited litera
ture on the association between PD and overall cancer 
risk. The rationale of  the study was to assess the po
tential role of PD as a risk factor for the development 
of systemic cancer and its metastasis. The aim of  the 
present study was to evaluate the association between 
PD and overall cancer risk, as well as the risk of cancer 
metastasis in individuals with systemic malignancies. 
The novelty of  this study lies in its evaluation of  the 
role of periodontitis in the metastasis of cancer, which 
has not been extensively investigated to date.

Material and methods
This crosssectional, case–control study has 

been approved by the ethics committee of Modern 
Dental College and Research Centre (approval No. 
IEC/MDCRC/20112012/S). The study included 132 
individuals, who were divided into 2 groups. Group 
1, the test group, consisted of 66 patients with known 
systemic malignancies, while group 2, the control 
group, consisted of  66 healthy individuals. Group 1 
was further divided into 2 subgroups: M0 (34 patients 
with no distant metastases); and M1 (32 patients with 
distant metastases). Both the test and control groups 
were evaluated for PD. 

The inclusion criteria were as follows: patients with 
systemic malignancies, including ovarian, breast, lung, 
rectal, cervical, and esophageal cancer; cancer patients 
who had not undergone more than 1 module of  che
motherapy; individuals between the ages of  25 and 
70; and family members of  cancer patients who were 
from the same socioeconomic strata and had at least 14 
teeth present in the oral cavity. Patients with oral can
cer, those who have recently undergone tracheotomy, 
those who had received more than 1 module of  anti
cancer drugs, as well as individuals with blood cancer 
(leukemia) and those suffering from other systemic 
diseases, including diabetes mellitus, hypertension, 
hypothyroidism, and hyperthyroidism were excluded 
from the study. The diagnosis of cancer and metastasis 
was made by experts on the basis of a histopathological 
report, computerized tomography scans and magnetic 
resonance imaging scans.

Prior to the commencement of  the study, informed 
consent was obtained from all the patients and their 
demographic data was recorded. A dichotomous scor
ing system was employed to record the habit history, 
including both tobacco chewing and smoking. The 
periodontal examination consisted of  the number 
of missing teeth, Greene and Vermilion’s simplified oral 
hygiene index (OHIS), probing pocket depth (PPD), 
Löe and Silness’ bleeding on probing (BoP), clinical at
tachment loss (CAL), and Ramfjord’s periodontal dis
ease index (PDI) on 4 sites of 6 Ramfjord’s teeth (14, 11, 
16, 36, 31, 44). 

Statistical analysis 

The data was analyzed using the IBM SPSS Statistics 
for Windows software, v. 20.0 (IBM Corp., Armonk, 
USA). The unpaired ttest, odds ratio (OR), Mann–
Whitney U test, and multiple regression analysis were 
applied to obtain the results. A pvalue of less than 0.05 
was considered statistically significant.

Results
The unpaired ttest was used to evaluate the difference 

in means between the test and control groups. No sta
tistically significant differences were observed between 
the test and control groups with respect to the number 
of  teeth lost, mean age and the OHIS. The mean PDI 
was 3.56 ±1.48 for the test group and 2.54 ±1.45 for 
the control group. The mean PPD was found to be 2.43 
±0.65 mm for the test group and 0.84 ±0.89 mm for the 
control group. The mean CAL was 3.40 ±2.17 mm and 
1.59 ±1.60 mm for the test and control groups, respec
tively. The difference between these 3 parameters in 
both groups was found to be statistically highly signifi
cant (p = 0.000) (Table 1). The mean difference in age, 
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the number of teeth lost, as well as the OHIS, PDI, CAL, 
and PPD was found to be statistically nonsignificant be
tween the M0 and M1 groups (Table 2).

The χ2 test was conducted to assess the differences 
in habit history (tobacco use) and sex between the 
test and control groups, as well as between metastasis 
(M1) and nonmetastasis (M0) patients. The analysis 
revealed a statistically significant difference in sex be
tween the test and control groups (p = 0.035) (Table 3).

The Mann–Whitney U test was applied to evalu
ate the mean difference between the test and control 
groups with respect to the BoP. The difference was 
found to be statistically significant (p = 0.019). 

A multiple regression analysis was conducted to as
certain the impact of  individual confounding factors. 
The analysis demonstrated that the total number 
of teeth lost, CAL, sex, and tobacco use exhibited sta
tistically significant correlations with the incidence 
of  cancer. The adjusted OR at the 95% confidence 
interval (CI) was found to be 30.947 and 27.286 for 
tobacco use and the CAL, respectively (Table 4). The 
elevated OR can be attributed to the smaller sample 
size of the study.

Table  5 illustrates the ORs for the CAL and PDI in 
group 1 and group 2, which were found to be 3.986 and 
4.286, respectively. Additionally, the OR for the CAL 
and the mean number of teeth lost for the M0 and M1 
groups was 0.373 and 0.188, respectively.

Table 1. Clinical parameters of cancer and non-cancer patients

Parameter
Test group 

(n = 66) 
M ±SD

Control group 
(n = 66) 
M ±SD

p-value 

Age 
[years]

49.00 ±3.73 52.70 ±9.74 0.077

Teeth lost, n 2.33 ±4.95 2.38 ±3.39 0.951
OHI-S 3.09 ±1.60 2.78 ±1.25 0.214
PDI 3.56 ±1.48 2.54 ±1.45 0.000**
PPD 
[mm]

2.43 ±0.65 0.84 ±0.89 0.000**

CAL 
[mm]

3.40 ±2.17 1.59 ±1.60 0.000**

M – mean; SD – standard deviation; OHI-S – simplified oral hygiene index; 
PDI – periodontal disease index; PPD – probing pocket depth; CAL – clinical 
attachment loss; ** statistically highly significant (p < 0.005, unpaired t-test).

Table 2. Clinical parameters of patients with and without metastasis

Parameter

Metastasis 
patients 

(M1, n = 32) 
M ±SD

Non-metastasis 
patients 

(M0, n = 34) 
M ±SD

p-value 
(unpaired t-test)

Age 
[years]

48.97 ±14.58 49.03 ±13.11 0.986

Teeth lost, n 3.12 ±5.46 1.06 ±0.24 0.211
OHI-S 3.20 ±1.57 2.99 ±1.66 0.607
PDI 3.75 ±1.39 3.39 ±1.56 0.313
PPD 
[mm]

2.56 ±0.64 2.87 ±0.46 0.432

CAL 
[mm]

3.66 ±2.29 3.17 ±2.07 0.371

Table 3. Differences in habit history and sex between the study groups

Group
Habit history (tobacco use) Sex (male)

present absent χ2 value p-value present absent χ2 value p-value
Test group  
(n = 66)

29 (43.9%) 37 (56.1%)
3.674 0.055

22 (33.3%) 44 (66.7%)
4.466 0.035*

Control group  
(n = 66)

40 (60.6%) 26 (39.4%) 34 (51.5%) 32 (48.5%)

Metastasis patients  
(M1, n = 32)

17 (53.1%) 15 (46.9%)
0.504 0.478

10 (31.2%) 22 (68.8%)
0.121 0.728

Non-metastasis patients  
(M0, n = 34)

21 (61.8%) 13 (38.2%) 12 (35.3%) 22 (64.7%)

* statistically significant (p < 0.05).

Table 4. Results of the multiple regression analysis for the test and control groups

Variable B SE Wald df p-value Exp(B)/OR
Age −0.089 0.046 3.783 1 0.052 0.914
Sex (male) −5.038 1.649 9.333 1 0.002** 0.006
Habit history (tobacco use) 3.432 1.541 4.969 1 0.026* 30.947
Number of teeth lost −0.679 0.184 13.677 1 0.000** 0.507
PPD 1.176 0.88 1.785 1 0.182 3.241
OHI-S −0.779 0.532 2.142 1 0.143 0.459
BoP 2.176 1.168 3.466 1 0.062 8.815
PDI −0.198 0.682 0.085 1 0.771 0.823
CAL 3.306 0.882 14.041 1 0.000** 27.286
Constant 1.182 2.186 0.291 1 0.594 3.253

B – estimated coefficient; SE – standard error; df – degrees of freedom; Exp(B) – exponential value of B; OR – odds ratio; BoP – bleeding on probing; 
* statistically significant (p < 0.05); ** statistically highly significant (p < 0.005).
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Discussion
The present study was conducted to establish the as

sociation between PD and cancer and to further substan
tiate the relationship between periodontitis and its sys
temic effects. The mean age and socioeconomic strata 
of  the test and control groups were similar, minimizing 
the confounding effect of  age, genetics, environmental 
factors, and socioeconomic status. The present study 
excluded patients with oral cancer because of the difficulty 
in establishing whether PD was the cause or effect of oral 
cancer, given the poor and compromised oral hygiene 
often observed in these patients. The inclusion of  oral 
cancer patients could have led to a biased approach and 
affected the overall results in a significant manner, poten
tially leading to a type I error. 

The effect of tobacco was nullified in both the test and 
control groups, as evidenced by a nonsignificant differ
ence. An earlier study had estimated that the risk of lung 
cancer increases by 20fold in smokers compared to non
smokers.6 In our study, all types of systemic cancers were 
included, suggesting that concerns about residual con
founding by smoking may not be applicable to all cancers.

The present study revealed that the mean number 
of  teeth lost was statistically similar in both cancer and 
noncancer patients. Tu  et  al. reported no significant 
increase in the risk of cancerrelated mortality with increased 
number of missing teeth.7 They considered the association 
between lung cancer and tooth loss to be evidence of resid
ual confounding due to smoking.7 Cabrera et al. also found 
no significant association between cancerrelated mortality 
and an increased number of missing teeth.8 Michaud et al. 
did not find any association between esophageal cancer 
and PD, which was verified by radiographic bone loss or 
missing teeth.5 This is in contrast to the study conducted by 
Abnet et al., who reported a stronger association between 
tooth loss and upper gastrointestinal (GI) cancer, which 
might be attributed to changes in dietary habits.9 They 
also reported age as an  effect modifier, with the greatest 

increase in risk observed among participants under 50 years 
of age.9 Watabe et al. observed a significant dose–response 
relationship between the odds of developing gastric cancer 
and the number of teeth lost.10 In a largescale case–control 
study including 5,240 cancer patients, the association 
between tooth loss and 14 common cancers was evaluated. 
After adjusting for potential confounding factors, a signifi
cant positive association was observed between tooth loss 
and an  increased risk of  head and neck, esophageal, and 
lung cancers.11 It was therefore proposed that the preser
vation of  teeth may decrease the risk of  these cancers.11 
Shi et al. performed a dose–response metaanalysis, including 
25 studies, to clarify and quantify the correlation between 
tooth loss and the risk of  cancer.12 They concluded that 
with each additional 10 teeth lost, there was a 9% increment 
in cancer risk. They also estimated a 3–31% increase in the 
risk of various cancers, including head and neck, esophageal, 
gastric, colorectal, pancreatic, lung, hematopoietic and 
bladder cancers, with tooth loss in a  dose–response 
manner.12 The dissimilarities in these results can be 
attributed to the variation in the consideration of the cause 
of tooth loss in the abovementioned studies. In most of the 
aforementioned studies, the reasons for tooth loss were not 
taken into consideration and were largely selfreported. 
Similarly, in our study, we had to rely on the information 
provided by patients regarding the cause of tooth loss.

In the present study, no statistically significant differ
ence was identified in the OHIS between the test group 
and the control group. This study included patients who 
had not undergone more than 1 module of chemotherapy 
because, in such patients, the effect of chemotherapeutic 
drugs on periodontal health, quality of  life and dexterity 
might not have been considered. Additionally, factors with 
a substantial impact on oral hygiene, such as age, socioeco
nomic background and tobacco history, were comparable 
between the groups. In another study, a significant correla
tion was demonstrated between an increased risk of esoph
ageal cancer and poor oral hygiene, as well as an increased 
number of tooth loss (in patients controlled for smoking).13 

Table 5. Odds ratios for the selected variables in the study groups

Parameter OR
95% CI

lower upper

CAL (test/control)  
n = 132

CAL (1/2) 3.986 1.808 8.787
cohort cancer = 1 (≤3 mm) 2.174 1.307 3.616
cohort cancer = 2 (>3 mm) 0.545 0.397 0.750

PDI (test/control)  
n = 132

PDI (1/2) 4.286 2.069 8.877
cohort cancer = 1 (≤3 mm) 2.079 1.408 3.070
cohort cancer = 2 (>3 mm) 0.485 0.331 0.710

CAL (M1/M0)  
n = 66

CAL (1/2) 0.373 0.138 1.011
cohort metastasis = 1 (≤3 mm) 0.606 0.363 1.013
cohort metastasis = 2 (>3 mm) 1.624 0.974 2.707

Number of teeth lost (M1/M0)  
n = 66

teeth lost (1/2) 0.188 0.036 0.964
cohort metastasis = 1 (≤3 mm) 0.536 0.347 0.826
cohort metastasis = 2 (>3 mm) 2.857 0.810 10.074

CI – confidence interval; 1/2 – analyzed study groups. 
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Demirer  et  al. found that patients with stomach cancer 
brushed their teeth less often and had a higher prevalence 
of deficient teeth compared to controls.14

Statistically significant differences were identified 
between cancer patients and healthy subjects with respect 
to  the PDI, PPD and CAL. Two studies evaluated peri
odontal health using Russell’s periodontal index and self
reported history of  PD, which was validated by radio
graphic examination.5,15 Both studies found an increased 
risk of  overall cancerrelated mortality in patients with 
periodontitis.5,15 In the present study, the OR was 4.286 
for PDI, whereas in other studies, the OR was reported to 
be 1.145 and 1.55.15

In a retrospective study by Chung and Chan, the evidence 
of an association between allcause, allcancer and specific 
cancer mortality related to lung and prostate cancer and 
PD was inconclusive.16 Ding et  al. conducted an  inverse 
variance weighted Mendelian randomization analysis 
and did  not establish any significant causal relationship 
between breast cancer and periodontitis.17 Meurman et al. 
performed a  30year followup for the investigation into 
the association between periodontal inflammation (PI), 
including gingivitis and periodontitis, and all types of malig
nancies.18 The authors reported that the probability of de
veloping cancer increased by approx. 38% in periodontitis 
patients, whereas no association was identified in those 
with gingivitis.18 Cheng  et  al. proposed that interleukin 
(IL)1β plays a role in breast cancer and its metastatic pro
gression.19 It was hypothesized that PI promotes metastasis 
of breast cancer by recruiting myeloidderived suppressor 
cells (MDSCs). Pyroptosisinduced IL1β generation was 
detected in patients with PI, which resulted in the down
stream signaling of  monocyte chemoattractant protein1 
(CCL2), chemokine ligand 5 (CCL5) and CXC motif 
chemokine 5 (CXCL5). This caused the formation of pre
metastatic niches within the inflammatory site during the 
initial stages of metastasis. The authors thus emphasized 
the necessity of controlling PI.19 Hwang et al. evaluated the 

impact of PD treatment in a cohort of 38,902 patients and 
subsequent cancer risk.20 They concluded that PD treat
ment resulted in a significant reduction in overall cancer 
risk, with the greatest impact observed in patients with GI, 
lung, gynecological, and brain malignancies.20 As the pres
ent study is a noninterventional study, the effects of peri
odontal therapy on inflammation, cancer and metastasis 
could not be assessed. 

A metaanalysis conducted by Verma  et  al., which 
included 194,850 participants from observational studies, 
concluded that there is an  increased risk of  lung cancer 
occurrence in patients with chronic periodontitis, with 
a risk ratio of 1.41 for lung neoplasm.21 Similar findings 
were reported by Kesharani  et  al. in a  pooled analysis 
of 12 studies, after controlling for age and smoking.22 The 
researchers observed that the incidence of lung cancer was 
twice as high in PD patients and proposed that periodon
titis may be a  potential risk factor for the development 
of  lung cancer.22 A  metaanalysis by Ma  et  al. revealed 
a  potential link between periodontitis and various can
cers, including esophageal, prostate, hematological, and 
melanoma of the skin.23 However, a recent metaanalysis 
by Corbella et al. did not establish any considerable cor
relation between periodontitis and cancer.24

A comparative analysis of  cancer patients with and 
without metastasis revealed no statistically significant dif
ferences in any of the examined parameters. These find
ings can be attributed to the small sample size (M0 = 34, 
M1 = 32). Patients with cancer and a CAL of more than 
3 mm exhibited a 1.624fold increased risk of developing 
metastasis, while those with a greater number of missing 
teeth demonstrated a  2.857fold elevated risk of  meta
stasis. To the best of  our knowledge, no studies have 
compared the periodontal status of metastatic and non
metastatic groups.

A number of potential mechanisms may account for the 
observed correlation between PD and systemic cancer 
(Fig. 1).

Fig. 1. Proposed pathogenic mechanisms explaining the correlation between periodontal disease and systemic cancer

MMP – matrix metalloproteinase; IL – interleukin.
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Inflammation plays an  important role in the patho
physiology of  both PD and cancer. Chronic inflamma
tion induced by periodontal pathogens may serve to pro
mote and initiate cells, leading to a breakdown of normal 
growth and the potential promotion of carcinogenesis.25 
Chronic inflammation may also prevent apoptosis.26 The 
following are the possible mechanisms explaining the cor
relation between PD and cancer:
–  chronic inflammation may be a  sign of  poor surveil

lance of tumor growth by the body.27 Periodontitis may 
act as a  marker of  immune dysfunction, which has 
implications for tumor growth and progression;

–  formation of  endogenous nitrosamine by the nitrate
producing bacteria is promoted by inadequate oral 
hygiene, PD, tobacco, and dietary factors.28–30 Tooth 
loss resulting from poor oral hygiene may contribute to 
greater nitrosamine production31;

–  increased production of  ethanol byproducts, such as 
acetaldehyde, by oral microbes32,33;

– matrix metalloproteinase (MMP)2 and MMP9 cleave 
type IV collagen of epithelium and vascular basement 
membranes. There is compelling evidence to sup
port the role of  MMPs that degrade type IV collagen 
in tumor cell invasion.34 It has been demonstrated that 
MMP9 levels are elevated in periodontitis subjects35;

– inflammation may enhance cellular proliferation, muta
genesis, reduce adaptation to oxidative stress, promote 
angiogenesis, inhibit apoptosis, and increase secretion 
of inflammatory mediators.36 All these factors may pro
mote carcinogenesis;

–  the enzymatic activity of  antioxidant enzymes is 
reduced in periodontitis.37 Myeloperoxidase and super
oxide dismutase help to regulate inflammation and 
have been observed to be elevated in periodontitis. 
A polymorphism in the genes encoding these enzymes 
has been found to be associated with an increased risk 
of pancreatic cancer.38 In a study, the level of glutathi
one peroxidase 1 (GPX1) transcript levels increased 
with the severity of PD. Its activity in the salivary and 
gingival crevicular fluid (GCF) proteome is affected by 
oxidative stress related to the inflammatory changes 
observed in PD37;

– the inflammatory processes generate free radicals and 
active intermediates, which cause oxidative or nitrosa
tive stress. This may lead to DNA mutations in cells or 
interfere with DNA repair mechanisms39;

–  serum 25hydroxyvitamin D has been demonstrated 
to reduce the risk of PD and tooth loss with cancer by 
inducing human cathelicidin and LL37. This reduces the 
risk of several cancers by lowering the risk of viral infec
tions, such as the Epstein–Barr virus.40

The vast majority of  cancers are the result of  abnor
malities in the genetic material of the transformed cells. 
These abnormalities can be caused by carcinogens such 
as tobacco, radiation, chemicals, or infectious agents.25 
As viruses are implicated in the etiology of PD, this can 

indirectly link to the etiology of  cancer.41 The enzymes, 
metabolic byproducts and endotoxins secreted by oral 
bacteria are toxic to human tissues, causing direct DNA 
damage to neighboring epithelial cells. They can induce 
mutations in protooncogenes and tumor suppressor 
genes or interfere with the molecular pathways of  cell 
proliferation or survival.42

Confounding represents a bias that the investigator 
hopes to prevent or remove from the effect estimate. 
In contrast, effect modification is a property of the ef
fect under study. Tobacco and other risk factors, such 
as alcohol intake, age and socioeconomic factors, can 
act as confounding factors or effect modifiers.9,25 The 
possible association between PD and lung cancer may 
be confounded. Periodontitis serves as a surrogate for 
the unmeasured aspects of smoking and mimics the ef
fects of smoking.25 Thus, effect modification is a find
ing that should be reported, rather than a  bias to be 
avoided.43

Various mechanisms may explain the relationship 
between tooth loss and the causation of cancer:
– chronic trauma and irritation of  the oral mucosa may 

play a role in carcinogenesis10;
– tooth loss is a marker of poor general health and a risk 

factor44;
–  loss of  teeth leads to alterations in dietary patterns, 

which can elevate the risk of cancer44;
–  tooth loss reduces chewing and affects swallowing, 

which can contribute to esophageal cancer by causing 
irritation or damage to the esophageal epithelium44;

–  tooth loss can increase the risk of  upper GI cancer 
through alterations in oral bacterial flora, leading to 
increased exposure and in vivo production of nitrosa
mines.44

Increased consumption of  fruits, vegetables and vita
min  C may reduce the risk of  oral and gastric cancers. 
A reduction in fruit and vegetable intake may result from 
tooth loss.45

Genetic factors may increase susceptibility to PD and 
cancer or may modify the relationship between environ
mental factors. Genetic polymorphism in IL1 has been 
associated with an  increased risk of  gastric cancer and 
PD.46,47 Indirectly, this association may strengthen or 
facilitate the link between PD and cancer.

Tolllike receptor5 (TLR5) is activated by oral bacte
ria, which results in the evasion of an antitumor immune 
response.48

Periodontal pathogens (Fusobacterium nucleatum, 
Tannerella forsythia, Porphyromonas gingivalis) have 
been isolated from various cancer lesions. These patho
gens modulate the antitumor myeloid cell immune sys
tem, attract tumorinfiltrating myeloid cells, and create 
a  proinflammatory milieu that promotes carcinogen
esis.48

The epithelial–mesenchymal transition (EMT) bar
rier can be breached by EMTpredisposing factors like 
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cytokines and bacterial products. A correlation has been 
observed between the severity of  periodontitis and the 
expression of  the EMT process markers (transforming 
growth factorbeta 1 (TGFβ1) and vimentin).49 This sug
gests that EMT plays an important role in inflammation 
and cancer metastasis.

Limitations 

A key limitation of the current study is its focus on the 
overall risk of cancer, rather than on specific cancer types. 
Though nearly all the patients belonged to a lower socio
economic background, it was not possible to control for 
other confounding factors, such as malnutrition. Tobacco 
chewing and smoking were grouped together as habit his
tory, precluding the assessment of the separate outcomes 
of each behavior.

Conclusions
Although it is not possible to establish a  causeand

effect relationship between PD and the occurrence and 
metastasis of systemic malignancies using a crosssectional 
study design, the findings of this study indicate a signifi
cant association between total cancer risk and PD. This 
study also demonstrates a twoway relationship between 
PD and the overall risk of cancer. However, no significant 
association has been identified between PD and the risk 
of metastasis in known systemic malignancies. Therefore, 
longterm longitudinal studies with a  larger sample size 
are necessary to establish PD as a risk factor for the occur
rence and spread of cancers.
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Abstract
Background. Temporomandibular disorders (TMD) affect the masticatory muscles, temporomandibular 
joints (TMJs) and associated structures. The relationship between occlusion and TMD is a contentious issue 
in the dental field.

Objectives. Although there is a strong argument against invasive and irreversible therapeutic TMD proce-
dures, the TMD biopsychosocial model is still not accepted by some clinicians. Hence, this study aimed to 
verify whether malocclusions are related to TMD pain. 

Material and methods. The study included 49 adult patients with one or multiple TMD diagnoses and 
without any other diseases that could mimic TMD. A  reliable investigator diagnosed the patients using 
the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) protocol. The sample was 
divided into pain and non-pain TMD groups, and the predictor of  malocclusion was categorized as the 
dependent variable. There were 33 patients in the TMD pain group and 16 patients in the non-pain TMD 
group. Analyses were conducted at a significance level of 0.05. The χ2 test (with Yates’ correction for 2 × 2 
matrix) was used to compare qualitative variables between the groups.

Results. Malocclusion was present in 13 patients in the pain group and 7 patients in the non-pain group. 

Conclusions. According to our study, there is no correlation between malocclusion and TMD pain.

Keywords: pain, TMD, TMJ, RDC/TMD, malocclusion
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Introduction
Temporomandibular disorders (TMD) affect the mas-

ticatory muscles, temporomandibular joints (TMJs) and 
associated structures.1 Patients with TMD commonly re-
port fluctuating and dull pain in the masticatory muscles 
and the temporomandibular region. Other TMD symp-
toms include limitations in the mandibular range of mo-
tion and TMJ sounds such as clicking and crepitation dur-
ing jaw function, which may cause discomfort on a daily 
basis. However, the etiology, diagnostics and treatment 
of TMD remain unclear. 

The relationship between occlusion and TMD is a con-
tentious topic in dentistry, often leading to controversy.2 
In 1934, the otolaryngologist James Costen diagnosed 
11  patients and concluded that missing teeth or maloc-
clusion could cause hearing loss, blocked ears, tinnitus, 
sinus problems, dizziness, TMD, and headaches.3 In the 
following decades, patients underwent irreversible and 
invasive dental, orthodontic, and sometimes even surgi-
cal procedures.4–7 Evidence-based medicine is required to 
link malocclusion and TMD with scientific research, given 
the invasive nature of such therapies. This approach has 
correctly explained the correlation between these 2 dis-
orders. Recent literature does not support the prominent 
role of malocclusion as a primary risk factor in the onset 
of TMD symptoms. The role of occlusion as a risk factor 
for TMD remains controversial in the field of dentistry.8–14

The Research Diagnostic Criteria for Temporomandibular 
Disorders  (RDC/TMD) and Diagnostic Criteria for 
Temporomandibular Disorders (DC/TMD), an improved 
and updated version of  the former test representing the 
current reference for standardizing TMD diagnoses for 
research purposes, have been used to assess diagnosis fre-
quency.15,16 Axis I disease has been reported as the most 
common within the muscles in both European and non-
European countries. Research conducted among non-
patient and patient populations in Poland confirmed that 
myofascial pain was the most frequent diagnosis.17,18

According to Manfredini et al., the epidemiology of dif-
ferent TMD should be studied separately due to specific 
risk factors and age-related features identified in research 
samples.19 It is a shortcoming in the literature that most 
risk assessment studies on TMD are based on non-patient 
populations, while studies on TMD patient populations 
focus on specific TMD subpopulations. Additional stud-
ies conducted by Schiffman et al. and Osiewicz et al. have 
shown that the primary Axis I diagnoses of the RDC/TMD 
can be distinguished based on the presence or absence 
of  pain, resulting in 2 distinct groups. However, maloc-
clusion was not considered a risk factor.16,20

Although there is a  strong body of  evidence against 
invasive and irreversible therapeutic TMD procedures, 
the biopsychosocial model of TMD is still not accepted 
by some clinicians. Therefore, this study aimed to verify 
whether malocclusions are related to TMD pain. 

Material and methods

Participants 

The study included 49 adult patients treated at the 
University Dental Clinic of  Jagiellonian University in 
Krakow, Poland. The study period was 6 months and the 
inclusion criteria were: 
1. the presence of  one or multiple TMD, diagnosed 

according to the RDC/TMD; 
2. the absence of symptoms of systemic or local diseases 

that may mimic TMD (e.g., fibromyalgia, hypothyroidism, 
lupus erythematosus, scleroderma, Parkinson’s disease, 
Lyme disease, and dystonia). When in doubt, patients 
consulted a  specialist who was authorized to exclude 
the patient from the study; 

3. the absence of other orofacial disorders that may mimic 
TMD-like signs and/or symptoms, as determined by 
the patient’s previous treatment history and relevant 
consultant’s report. These symptoms included, but 
were not limited to, neuropathic pain, tension-type 
headaches, autonomic cephalalgias, migraines, psycho-
genic pain, myositis, infections, or any injuries. 
All patients signed a consent form. The study adhered 

to the principles of  the Helsinki Declaration and was 
approved by the Bioethics Committee of  Jagiellonian 
University (approval No. KBET/90/B/2010).

Study design 

This cross-sectional study involved examination of all 
patients by a  reliable investigator who had undertaken 
specific training on RDC/TMD evaluation from a  gold-
standard examiner within the framework of a three-year 
specialty program in TMD and Orofacial Pain, and was 
rated as excellent.21 All participants underwent a thorough 
assessment in accordance with the RDC/TMD guidelines 
to receive both Axis I and Axis II diagnoses based on the 
Polish official adaptation of the RDC/TMD.16,22

Axis I assessment involves a questionnaire and a clinical 
examination that can assign an individual to one or more 
of the 3 diagnosis groups. Group I comprises 2 muscle dis-
order subgroups: myofascial pain (IA); and myofascial pain 
with limited opening (IB). The only difference between IB 
and IA is that IB exhibits limited movement and stiffness 
of the muscle during stretching in the presence of myofas-
cial pain. Group II disc displacements consist of disc dis-
placement with reduction (IIA), disc displacement with-
out reduction or limited mouth opening (IIB), and disc 
displacement without reduction or limited opening (IIC). 
Group III was represented by 3 subgroups: arthralgia with 
pain and tenderness in the joint capsule and/or the syno-
vial lining of the TMJ (IIIA); osteoarthritis with pain and 
tenderness in the joint capsule and/or the synovial lining 
of  the TMJ and the appearance of  coarse crepitus in the 
TMJ and/or tomograms showing pathology in the TMJ 
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(IIIB); and osteoarthrosis with no pain but coarse crepitus 
in the TMJ and/or tomograms showing pathology in the 
TMJ (IIIC). All patients received a diagnosis based on the 
RDC/TMD and a malocclusion diagnosis. 

The clinical research classified a malocclusion when the 
diagnosis was far from the correct class based on Angle’s 
classification, which refers to the posterior-anterior jaw 
position. An  anterior crossbite was diagnosed when 2 
or more mandibular front teeth overlapped the maxil-
lary teeth. A  posterior crossbite was diagnosed when 
2 or more back teeth overlapped the mandibular teeth. 
An open bite was registered when overbite was negative, 
and a deep bite was noted when the top front teeth cov-
ered more than half the length of the bottom front crown. 
Finally, an  overjet was registered when the distance be-
tween the lip surface of the top foretooth was more than 
4 mm larger than the lip surface of the bottom foretooth. 
All of the above cases were classified as malocclusion.23 

Statistical analysis 

The study sample consisted of  2 groups based on the 
RDC/TMD diagnosis: a pain TMD group; and a non-pain 
TMD group. The predictor of  malocclusion was identi-
fied as the dependent variable. Analyses were conducted 
at a significance level of 0.05, and the χ2 test (with Yates’ 
correction for 2 × 2 matrix) was used to compare quali-
tative variables in both groups. All analyses employed R 
v.  3.6.1 software (https://cran-archive.r-project.org/bin/
windows/base/old/3.6.1). 

Results
Data analysis was performed on 49 patients (81.7% 

females, mean age: 33.2 ±14.7 years, min = 18, max = 72, 
range = 54). The study sample consisted of a pain TMD 
group, which included patients with myofascial pain/
myofascial pain with limited opening (IA/IB) and arthral-
gia/osteoarthritis (IIIA/IIIB), and a non-pain TMD group 
including patients with disc displacement with reduc-
tion (IIA), disc displacement without reduction and with 
limited opening/disc displacement without reduction or 
limited opening (IIB/IIC), and osteoarthritis (IIIC). The 
study included 33 patients in the pain TMD group and 
16 patients in the non-pain TMD group. The number 
of patients diagnosed with malocclusion in the pain TMD 
group was 13, and 7 patients were diagnosed in the non-
pain TMD group (Table 1). Malocclusion had no signifi-
cant effect on pain in both groups (p > 0.05). 

Discussion
Based on the results of  the present study, the null 

hypothesis stating that malocclusion is related to painful 

TMD was rejected. The association between ear symp-
toms, occlusion and TMD has been hypothesized since 
the early theories of  Costen. Malocclusion is a  preva-
lent oral disorder worldwide.24 However, according to 
the multiple regression analysis of  11 common occlusal 
features conducted by Pullinger  et  al., occlusion cannot 
be considered the unique or dominant factor in defin-
ing TMD populations.25 A review by Manfredini clearly 
indicated that, based on the available literature, the 
concept of  equilibrating the occlusion to treat and/or 
prevent TMD should not be used. Also, further routine 
appraisal of  biological rationale is not recommended.26 
A study by Amer et al. investigated the dental and skeletal 
aspects of  malocclusion  in the antero-posterior and 
vertical dimensions in a population of TMD patients and 
found no association between TMD and malocclu sion.27 
Similarly, there was no correlation between transverse 
malocclusion and TMD signs and symptoms.28 Moreover, 
Manfredini  et  al. found no significant association between 
dental Angle class asymmetry and TMD, despite Angle 
class being one of the most frequently used factors to de-
termine malocclusion.29 Our findings suggest that maloc-
clusion does not directly cause TMD pain. 

Many disease-related variables across multiple domains 
(i.e., biological, psychosocial and pain processing) impact 
TMD pain, making TMD a  complex disease.30 The cur-
rent study supports the so-called biopsychosocial model 
of  pain, indicating that malocclusion cannot be consid-
ered the sole risk factor. Therefore, the evaluation of both 
Axis I and Axis II is necessary. 

Due to the small sample size, we recommend adopt-
ing the updated DC/TMD to a  larger and more diverse 
patient population, including individuals from different 
countries and cultures. Such an  approach would enable 
the potential application of  the study findings in cross-
cultural comparisons. Another limitation concerns the 
diagnosis of malocclusion, which should have been more 
specifically assessed. 

Conclusions
The investigation rejected the null hypothesis that mal-

occlusion is related to painful TMD and suggested that 
the contribution of occlusion to TMD pain is negligible. 
Furthermore, the study supports a much-diminished role 
of peripheral anatomical-structural factors in the patho-
genesis of TMD pain. 

Table 1. Frequency of malocclusion in TMD groups with and without pain

Study group Malocclusion  
(n = 20)

No malocclusion  
(n = 29)

p-value  
(χ2 test)

Pain TMD 13 (65.00) 20 (68.97)
1.000

Non-pain TMD 7 (35.00) 9 (31.03)

Data presented as frequency (percentage) (n (%)). TMD – temporomandibular 
disorders. 

https://cran-archive.r-project.org/bin/windows/base/old/3.6.1
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Abstract
Background. Temporomandibular disorders (TMD) are musculoskeletal and/or neuromuscular condi-
tions that affect the muscles, joints and associated structures of the stomatognathic system.

Objectives. This study aimed to evaluate the quality and reliability of publicly available English-language 
videos on YouTube about TMD exercises, and to examine the video sources and professional groups 
responsible for the creation of the videos. 

Material and methods. The quality and reliability of the YouTube videos related to TMD exercises were 
evaluated using the DISCERN score, the global quality scale (GQS) and the JAMA (Journal of the American 
Medical Association) score.

Results. Of the 121 videos evaluated, 30 (24.8%) were uploaded by professional organizations, 49 
(40.5%) by health information websites, and 42 (34.7%) were uploaded by independent users. Professional 
organizations had a significantly higher number of subscribers, likes, comments, and views than healthcare 
webpages and independent users (p < 0.001). The duration of videos uploaded by independent users was 
significantly longer than that of videos uploaded by healthcare webpages (p = 0.018). With regard to the 
profession of the video narrators, the unspecified group exhibited significantly lower JAMA (p < 0.001), 
GQS (p = 0.011) and DISCERN scores (p = 0.002) compared to chiropractors, physiotherapists, physicians, 
and other healthcare professionals. The JAMA scores for physicians, personal trainers and chiropractors 
were significantly lower than those for other healthcare professionals (p  <  001). The JAMA score was 
positively correlated with the GQS (r = 0.469, p < 0.001) and DISCERN (r = 0.505, p < 0.001) scores. 
Similarly, the DISCERN score was positively correlated with the GQS score (r = 0.924, p < 0.001).

Conclusions. Despite the abundance of  video content on YouTube about TMD exercises, the quality 
of these videos is low, and their reliability is questionable.
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Introduction
The American Academy of  Orofacial Pain (AAOP) 

defines temporomandibular disorders (TMD) as an um
brella term encompassing the temporomandibular joint, 
masticatory muscles and related structures.1 Temporo
mandibular disorder is the most common musculo
skeletal disorder following back pain.2 The symptoms 
may include pain in the masticatory muscles or jaw joint, 
as well as headaches in the temple area.3 Studies have 
shown that TMD affect 7–15% of the global popula tion, 
and the National Institutes of Health (NIH) states that 
the highest incidence of TMD occurs between the ages 
of  18 and 43.4,5 Biomechanical, psychosocial, neuro
biological, and neuromuscular factors play a role in the 
development of  TMD.6 Additionally, trauma, bruxism, 
hypermobility of  the joint, and stress are potentially 
contributing to their etiology.6

Physiotherapy is one of  the first interventions used 
in the management of  pain in individuals with TMD. 
Physiotherapists should address issues such as pain in the 
masticatory muscles and joints, functional limitations in 
the temporomandibular joint, and cervical spine dysfunc
tion in individuals with TMD.7 The most commonly used 
methods of treating patients with TMD are manual therapy 
and dry needling.8 The term “manual therapy” involves 
numerous applications, including joint mobilization and 
manipulation, as well as soft tissue interventions such as 
stretching or trigger point therapy.9 When orofacial pain 
is caused by cervical region dysfunction, interventions for 
the cervical spine should be incorporated into the treat
ment plan.10 Two metaanalyses demonstrated the efficacy 
of manual therapy and exercises for TMD pain symptoms, 
but there was no consensus on which approach is more 
effective.11,12

The Internet has become an important source of infor
mation on healthrelated topics.13 Social media platforms 
such as YouTube, Facebook, Instagram, and Twitter have 
become an environment for users to obtain information 
about specific subjects and to share their experiences. 
YouTube is the most popular videosharing platform in 
the world, enabling users to upload and watch videos.14 

The platform boasts over 2 billion users and reaches bil
lions of  views.15 It is an  effective tool for obtaining and 
disseminating healthrelated information, offering a vari
ety of videos at no cost. In addition, YouTube functions as 
an educational instrument for both patients and health
care professionals.16 

The content of YouTube videos on healthrelated topics 
ranges from basic health education to the latest medical 
treatments.16 Videos about health problems are becoming 
increasingly popular, but concerns have been raised about 
the quality and reliability of  videos intended for patient 
education.17 In particular, the accuracy of  information 
and the content of the uploaded videos must be verified 
because there is no quality filter in terms of  content 

accuracy, and these videos can be used for advertising 
purposes.18 Since YouTube may have such disadvantages, 
it may do more harm than good for patients.19

In the literature, there are studies that assess the quality 
and reliability of  YouTube videos on a  variety of  topics, 
including the rehabilitation of lymphedema,20 ankylosing 
spondylitis,18 fibromyalgia,21 and piriformis syndrome.19 
However, there is currently no study that evaluates 
YouTube videos about TMD exercises. In this respect, 
this study will represent a novel contribution to the exist
ing literature. The primary objective of the study was to 
evaluate the quality and reliability of  publicly available 
Englishlanguage videos on TMD exercises. The second 
aim was to examine the properties of the videos in terms 
of the identity of the publishers.

Material and methods

Search strategy 

This descriptive study was conducted on July 16, 2022, 
using the YouTube webpage (https://www.youtube.com). 
As in previous studies,21–23 the YouTube search history 
was entirely deleted prior to the commencement 
of  the study. The researchers selected 4  keywords 
to identify the videos to be included in the study. 
These keywords were “TMJ disorder and exercises”, 
“Temporomandibular joint dysfunction and exercises”, 
“Temporomandibular joint syndrome and exercises”, 
and “TMD and exercises”. Approximately the first 100 
Englishlanguage videos for each of  these keywords 
were included, as most users typically view the first few 
pages of  search results.24 Subsequently, the selected 
videos were saved to a playlist in the YouTube library 
for further analysis. A total of 410 videos were watched 
and evaluated. Similar to previous studies,21,25 videos 
in a  language other than English, offtopic videos, 
music videos, videos with no audio or visual content, 
duplicate videos, and videos longer than 30 min were 
excluded from the analysis. Finally, 121  videos were 
selected for inclusion in the study, which were assessed 
independently by 2 physiotherapists. A flowchart of the 
screening and selection process of the videos is shown 
in Fig.  1. All observers participated in a  standard 
training session and received identical instructions 
regarding the prestudy questionnaires and the scoring 
criteria. The remaining videos were then viewed 
and evaluated independently, after which they were 
combined and their scores were compared. In case 
of  any inconsistency between the physiotherapists’ 
assessments, they rediscussed and reevaluated the 
videos in order to reach a consensus. In the event that 
consensus could not be reached, a third physiotherapist 
was consulted for a final evaluation.

https://www.youtube.com
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Video parameters 

The video parameters subjected to analysis included 
the video upload date, the publisher’s subscriber count, 
the number of likes, the number of comments, the dura
tion of  the video (min), the total number of  views, and 
the average number of  views per day. The mean daily 
view count was calculated by dividing the total number 
of views and comments by the total number of days the 
video was available on YouTube.26 All of these parameters 
were recorded for each video.

Video sources 

The sources of the video were classified into 4 catego
ries: professional organizations; health information web
sites; independent users; and other sources.

Profession of the narrator 

The profession of the narrator in the video was classi
fied into 7 categories: physician; physiotherapist; chiro
practor; other healthcare professional; personal trainer; 
and unspecified.

Type of exercise 

The type of exercise depicted in the video was classified 
into the following categories: static stabilization exercises; 
dynamic stabilization exercises; stretching exercises; joint 
mobilization; joint manipulation; myofascial release; deep 
friction massage; trigger point release; posture exercises; 
TMJ rotation exercises; occipital lift; massage therapy; 
jaw exercises; and tongue exercises.

 Evaluation of quality and reliability 

In this study, the global quality scale (GQS) and the 
JAMA (Journal of  the American Medical Association) 
score were used to assess the quality of  the videos.27–29 
The GQS is a tool developed by Bernard et al.30 The GQS 
questionnaire has been partially modified to align with 
the subject matter. The score for each item on the ques
tionnaire ranges from 1 to 5. The survey evaluates the 
usefulness, flow and quality of the videos, in which a score 
of  4 or 5 points indicates excellent quality, a  score of  3 
indicates medium quality, and a score of 1 or 2 indicates 
low quality. The GQS scoring system used in the present 
study is outlined below: 
– videos with 1 point are of  poor quality, exhibiting 

deficiencies in flow and information content. Therefore, 
they are not useful for patients with TMD. The exer
cises depicted in these videos are not suitable for the 
treatment of TMD;

– videos with 2 points are usually of  poor quality. 
Although they include some exercises, they contain 
limited information for patients with TMD. While 
some of  the exercises are suitable for the treatment 
of TMD, the majority are not. The videos contain some 
useful information, but they also include a considerable 
amount of misinformation;

– videos with 3 points are of moderate quality. In these 
videos, the demonstration of some exercises is accurate, 
whereas the presentation of other exercises is incorrect. 
The content is a combination of useful and potentially 
misleading information for patients. However, the vid
eos do not contain a significant amount of misleading 
information;

– videos with 4 points are of  good quality, with a  satis
factory flow. They contain useful exercises for patients 
with TMD. The vast majority of exercises are presented 
correctly. The videos exhibit only minor flaws and are 
suitable for patients with TMD;

– videos with 5 points are of  superior quality and have 
excellent flow. They contain very useful exercises for 
the treatment of  TMD patients. All exercises are ex
plained accurately. The number of repetitions and the 
duration of  the exercises are specified in detail. They 
are an accurate exercise guide for patients with TMD.
Another survey used to determine the quality of videos 

is the JAMA score. The JAMA score evaluates 4 criteria 
related to the quality of  videos: authorship; description; 
attribution; and validity. If a  criterion is met, 1 point is 
awarded. A maximum of 4 points can be awarded, with 
a total of 4 indicating a video of good quality.31

Finally, the DISCERN tool, developed by Charnock et al., 
was used to evaluate the reliability of  the videos.32 The 
DISCERN tool has previously been used in similar YouTube 
studies.21 It consists of 16 questions and an overall quality 
rating. It is divided into 3 sections. The first part comprises 
8 questions and assesses the reliability of the video in 

Fig. 1. Flowchart of the screening and selection process

TMJ – temporomandibular joint; TMD – temporomandibular disorders.
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quesiton. The second part consists of 7 questions and eval
uates the quality of  the information provided regarding 
treatment options. The third part consists of a single ques
tion, which is used to evaluate the overall quality of the in
formation provided, and to assign an overall rating. Each 
question is assigned a score between 1 and 5. If a criterion 
is fully met, the highest score is awarded. Conversely, if 
a criterion is not met at all, it is assigned the lowest score.32 
Detailed information, examples and instructions for each 
question are described in the DISCERN handbook.33 The 
total score is calculated by adding the scores of the first 15 
questions.34 Any score between 63 and 75 points indicates 
perfect results, between 51 and 62 points indicates good 
results, between 39 and 50 points indicates intermediate 
results, between 27 and 38 points indicates poor results, 
and a score of 27 points or less is indicative of very poor 
results.35,36 The DISCERN tool is presented in Table 1.

Ethics statement 

The study did not involve the use of human or animal 
subjects. It exclusively examined publicly accessible vid
eos. Accordingly, ethical approval was not required for 
this study. A similar approach has been taken in previous 
YouTube studies.37–39

Statistical analysis 

The statistical analysis was performed using the IBM 
SPSS Statistics for Windows software, v. 25.0 (IBM Corp., 
Armonk, USA). The normality of  the distribution was 
evaluated through the application of  the Kolmogorov–
Smirnov and Shapiro–Wilk tests. Continuous variables 

are presented as median (interquartile range) (M (IQR)), 
while categorical variables are given as number and per
centage (n (%)). The Mann–Whitney U test was used for 
comparisons between 2 groups, in accordance with the 
results of the normality tests. In cases where there were 
more than 2 groups, the Kruskal–Wallis test was utilized. 
The relationships between JAMA, DISCERN and GQS 
scores were assessed by Spearman’s correlation analysis. 
A pvalue <0.05 was considered statistically significant.

Results
Of the 410 videos analyzed, 121 were included in the 

study. The general features of  the included videos, such 
as the video duration, the number of  likes, comments 
and views, as well as the distribution of video sources are 
given in Table 2. Of the 121 videos evaluated, 30 (24.8%) 
were uploaded by professional organizations, 42 (34.7%) 
by independent users, and 49 (40.5%) by health informa
tion websites. The results revealed a  statistically signifi
cant difference between groups in terms of  the number 
of  subscribers (p  <  0.001), likes (p  <  0.001), comments 
(p < 0.001), views (p < 0.001), views per day (p < 0.001), 
and video duration (p  =  0.028) according to the video 
source. In the pairwise comparisons of  professional 
organizations versus healthcare webpages and professional 
organizations versus independent users, the number 
of  subscribers, likes, comments, and views was found 
to be significantly higher for professional organizations 
than for healthcare webpages and independent users 
(p  <  0.001). The videos uploaded by independent users 
had a  significantly longer duration than those uploaded 

Table 1. DISCERN reliability tool

Section Question number Question Score range

Section 1

1 Are the aims clear? 1–5

2 Does it achieve its aims? 1–5

3 Is it relevant? 1–5

4 Is it clear what sources of information were used to compile the publication (other than the author or producer)? 1–5

5 Is it clear when the information used or reported in the publication was produced? 1–5

6 Is it balanced and unbiased? 1–5

7 Does it provide details of additional sources of support and information? 1–5

8 Does it refer to areas of uncertainty? 1–5

Section 2

9 Does it describe how each treatment works? 1–5

10 Does it describe the benefits of each treatment? 1–5

11 Does it describe the risks of each treatment? 1–5

12 Does it describe what would happen if no treatment is used? 1–5

13 Does it describe how the treatment choices affect overall quality of life? 1–5

14 Is it clear that there may be more than 1 possible treatment choice? 1–5

15 Does it provide support for shared decision-making? 1–5

Section 3 16
Based on the answers to all of these questions, rate the overall quality of the publication as a source 
of information about treatment choices

1–5
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by health information websites (p = 0.018). Additionally, 
professional organizations had a significantly longer video 
duration than healthcare webpages (p = 0.033).

The basic characteristics of the videos, according to the 
profession of  the narrator, are given in Table  3. Signifi
cant differences were observed in video duration and the 
JAMA, GQS and DISCERN scores between the profes
sions (p < 0.05). The unspecified group had significantly 
lower JAMA (p < 0.001), GQS (p = 0.011) and DISCERN 
(p  =  0.002) scores compared to chiropractors, physio
therapists, physicians, and other healthcare professionals. 
Additionally, the JAMA scores of the physicians, personal 
trainers and chiropractors were significantly lower than 
those of  the other healthcare professionals (p  <  0.001). 
The mean video duration of personal trainers was signifi
cantly higher than that of chiropractors, physiotherapists 
and other healthcare professionals (p = 0.025).

A review of  the video content revealed that massage 
therapy, static stabilization exercises and jaw exercises 
were the most prevalent, in descending order. The con
tents of the analyzed videos are presented in Table 4.

The JAMA score was positively correlated with the GQS 
and DISCERN scores (r = 0.469 and r = 0.505, respectively; 
p < 0.01). A positive correlation was observed between the 
DISCERN score and the GQS score (r = 0.924, p < 0.01). 
A comparison of the JAMA, GQS and DISCERN scores is 
given in Table 5.

Discussion
The aim of this study was to evaluate the quality and 

reliability of  YouTube videos about exercises used in 
the treatment of  temporomandibular joint dysfunc
tion. The results of this study indicate that there was no 
significant difference in the JAMA, GQS and DISCERN 
scores according to the video sources. However, 
a significant difference was found in the JAMA, GQS 
and DISCERN scores in relation to the profession 
of  the video narrator (p  <  0.05). A  significant differ
ence was observed in the basic features of the videos, 
including the number of  subscribers, likes and com
ments, as well as the duration of the videos, according 
to the video sources. However, only a  significant dif
ference in video duration was noted between the pro
fession groups.

Many scoring systems can be used to evaluate the 
quality and reliability of  video content.40,41 One of  the 
main reasons for using the JAMA, DISCERN and GQS 
scores in the analysis of  YouTube videos is that these 
scores have been previously applied in other studies, 
thereby facilitating comparisons across different analy
ses. In our study, a  positive correlation was identi
fied between the JAMA, GQS and DISCERN scores. 
Similar results have been documented in the literature.42,43 
Video content related to numerous conditions, including 

Table 2. Characteristics of the analyzed videos according to their source

Variable

Professional 
organizations 

(n = 30) 
M (IQR)

Health 
information 

websites 
(n = 49) 
M (IQR)

Independent 
users 

(n = 42) 
M (IQR)

p-value

p-value

professional 
organizations 

vs 
health information 

websites

professional 
organizations 

vs 
independent users

health information 
websites 

vs 
independent users

Time since upload 
[months]

46  
(30–59)

30  
(16–48)

24  
(17–40)

0.084 0.266 0.200 0.266

Subscribers, n
1,760,000  

(178,000–4,270,000)
7,740  

(706–28,800)
13,800  

(1,530–111,000)
<0.001* <0.001** <0.001** 0.094

Likes, n 
2,600  

(1,200–8,400)
75  

(13–255)
130  

(41–893)
<0.001* <0.001** <0.001** 0.085

Comments, n 
179  

(68–565)
9  

(2–23)
12  

(2–146)
<0.001* <0.001** <0.001** 0.202

Video duration 
[s]

365  
(250–535)

260  
(104–454)

345  
(231–685)

0.028* 0.033** 0.805 0.018**

Views, n 
95,723  

(34,592–513,486)
4,389  

(1,049–17,269)
6,754  

(2,193–44,391)
<0.001* <0.001** <0.001** 0.248

Views per day, n
130  

(52–325)
5  

(2–26)
6  

(3–75)
<0.001* <0.001** <0.001** 0.160

JAMA
3  

(2–3)
2  

(2–3)
3  

(2–3)
0.491 0.235 0.393 0.758

GQS
3  

(2–4)
2  

(2–3)
3  

(2–4)
0.198 0.169 0.931 0.101

DISCERN
38  

(30–50)
34  

(29–43)
41 

(30–51)
0.276 0.448 0.606 0.102

* statistically significant (p < 0.05, Kruskal–Wallis test (comparison of the groups)); ** statistically significant (p < 0.05, Mann–Whitney U test (pairwise 
comparison of the groups)); M – mean; IQR – interquartile range; JAMA – Journal of the American Medical Association score; GQS – global quality scale.
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shoulder instability, fibromyalgia, hallux valgus, TMD, 
and neck pain, has been analyzed in terms of quality and 
reliability.21,25,43–45 These studies have revealed that the 
quality of video content is low and that its reliability is 
often poor. As social media continue to play an increas
ingly prominent role in our lives, particularly with the 
advancement of new technologies, the potential for the 
dissemination of misinformation is likely to accelerate. It 
is important that video content producers take measures 
to prevent the dissemination of misinformation by sub
jecting the information to rigorous screening. 

A comparative analysis revealed that professional orga
nizations had a  significantly higher number of  views than 
the other 2 groups. This shows that the videos uploaded by 
professional organizations attract more attention. YouTube 
studies have shown that healthcare webpages on osteoporosis 
and the side effects of biologic therapy have a higher number 
of  views than the videos of professional organizations 
and independent users on the subject.23,46 In this study, 
while the number of subscribers, likes and comments was 
significantly higher in professional organizations than in 
the other groups, no significant differences were found 
between independent users and professional organizations 
in terms of video duration. It can be posited that the reason 
for the higher number of subscribers, likes and comments 
associated with professional organizations is reflected in the 
interaction between the video and the audience, which is 
influenced by the number of views. In addition, professional 
organizations possess the necessary equipment for filming. 
The incorporation of  a  variety of  enhancements in their 
videos may attract the attention of the audience.

Table 5. Comparison of the JAMA (Journal of the American Medical 
Association), global quality scale (GQS) and DISCERN scores

Score
Spearman’s rho

GQS DISCERN

JAMA 0.469* 0.505*

GQS 1.000 0.924*

DISCERN 0.924* 1.000

* statistically significant (p < 0.01, Spearman’s correlation analysis).

Table 4. Exercises included in the analyzed YouTube videos (N = 121)

Exercise type Included Not included

Static stabilization exercises 37 (30.6) 84 (69.4)

Dynamic stabilization exercises 28 (23.1) 93 (76.9)

Stretching exercises 31 (25.6) 90 (74.4)

Joint mobilization 8 (6.6) 113 (93.4)

Joint manipulation 3 (2.5) 118 (97.5)

Myofascial release 7 (5.8) 114 (94.2)

Deep friction massage 5 (4.1) 116 (95.9)

Trigger point release 16 (13.2) 105 (86.8)

Posture exercises 35 (28.9) 86 (71.1)

TMJ rotation exercises 30 (24.8) 91 (75.2)

Occipital lift 5 (4.1) 116 (95.9)

Massage therapy 53 (43.8) 68 (56.2)

Jaw exercises 36 (29.8) 85 (70.2)

Tongue exercises 9 (7.4) 112 (92.6)

Data presented as frequency (percentage) (n (%)); TMJ – temporomandibular 
joint.

Table 3. Characteristics of the analyzed videos according to the profession of the narrator

Variable
Physician 
(n = 16) 
M (IQR)

Physiotherapist 
(n = 45) 
M (IQR)

Chiropractor 
(n = 23) 
M (IQR)

Other healthcare 
professional 

(n = 16) 
M (IQR)

Personal trainer 
(n = 7) 
M (IQR)

Unspecified 
(n = 14) 
M (IQR)

p-value

Video upload date
39  

(24–59)
31  

(22–58)
23  

(15–46)
24  

(17–38)
27  

(10–36)
24.5  

(13–67)
0.313

Subscribers, n
229,000  
(11,150–

5,010,000)

14,000  
(776–154,000)

54,300  
(1,680–150,000)

11,250  
(1,520–15,350)

81,700  
(1,350–205,000)

20,250  
(381–69,200)

0.096

Likes, n 
660  

(69–3,100)
189  

(44–1,100)
506  

(43–6,300)
86  

(38–910)
418  

(135–1,200)
85.5  

(31–228)
0.347

Comments, n 
73  

(7–216)
18  

(3–85)
25  

(2–663)
23  

(4–147)
68  

(21–112)
5  

(2–16)
0.099

Video duration 
[s]

348  
(250–515)

348  
(153–535)

461  
(174–759)

250  
(145–322)

857  
(330–1,294)

269  
(125–426)

0.025*

Views, n 
37,506  

(4,607–116,622)
6,754  

(1,974–63,453)
17,269  

(2,053–286,940)
4,884  

(1,656–49,256)
15,094  

(4,245–35,398)
7,058  

(2,577–15,942)
0.603

Views per day, n
31  

(3–113)
8  

(3–64)
13  

(4–400)
19  

(2–63)
59  

(13–137)
8  

(3–18)
0.292

JAMA
2  

(2–3)
3  

(2–3)
2  

(2–3)
3  

(3–3)
2  

(2–3)
1  

(1–2)
<0.001*

GQS
3  

(2–4)
3  

(2–4)
3  

(2–4)
3  

(2–4)
2  

(2–3)
2  

(1–2)
0.011*

DISCERN
38  

(32–45)
39  

(32–50)
40  

(28–51)
42  

(30–52)
36  

(31–43)
26.5  

(22–30)
0.002*

* statistically significant (p < 0.05, Kruskal–Wallis test (comparison of the groups)).
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The results of our study indicated no significant differ
ences in the JAMA, DISCERN and GQS scores based on 
the video sources. On the contrary, in previous similar 
studies, the scale scores of professional organizations and 
health service webpages have exceeded those of individual 
users.29,46 Given that the majority of patients do not verify 
the sources, they may be exposed to videos of low quality 
and reliability. In this regard, the literature underscores 
the importance of  professional organizations increasing 
the quantity of their video content.22

One of the main results of our study was that the un
specified group of  narrators uploaded videos of  lower 
quality and reliability when compared to the videos 
of chiropractors, physiotherapists, physicians, and other 
healthcare professionals. Similarly, Ertem  et  al. found 
that videos created by independent users for the treat
ment of piriformis syndrome were less reliable than those 
created by healthcare professionals and physicians.19 It is 
widely accepted that high scores for the DISCERN and 
GQS indicate high reliability and quality.23,47 In addition, 
our study revealed that the reliability of videos created by 
physicians, personal trainers and chiropractors was lower 
than that of videos created by other healthcare professionals. 
Our results indicate that videos uploaded to YouTube 
may lack reliability, even when uploaded by physicians. It 
may be difficult for physicians to determine the specific 
triggers for TMD, given the multifaceted nature of  the 
underlying causes.48 It is recommended that physicians 
thoroughly review the current guidelines before creating 
video content on this topic.14,49

Upon examination of the video content included in the 
study, it was determined that massage therapy, static sta
bilization exercises and jaw exercises were the most prev
alent. Physiotherapy techniques such as active and passive 
stretching, postural exercises, strengthening of  related 
muscles, and manual therapy are effective in the treatment 
of TMD.50 Medlicott and Harris stated that a  treatment 
program consisting of  active exercises, manual therapy 
and relaxation techniques is the most effective treatment 
method for TMD.51 Calixtre  et  al. found that manual 
therapy and stabilization exercises for the upper cervical 
spine increased the pain threshold and maximum mouth 
opening in patients with TMD.50 Despite the prevalence 
of  stabilization exercises in the videos examined in our 
study, the number of manual therapy approaches, such as 
mobilization and manipulation, was limited, which may 
have resulted in a reduction in the reliability of the videos.

Limitations 

The present study had some limitations. Firstly, only 
Englishlanguage videos were included in the study, which 
restricted the generalizability of the results. As the pres
ent study did not review videos in languages other than 
English, the information and experiences derived from 
these languages are not available. Given that English is the 

most widely used language globally,52 we believe that this 
limitation does not significantly impact the validity of the 
study findings. It should not be overlooked that the order 
in which the videos appear may vary depending on the IP 
address and the location from which they are searched. 
This may have introduced a potential minor bias. In ad
dition, the YouTube videos were evaluated at a  single 
point in time. However, it should be noted that YouTube 
has a dynamic structure, and new videos may be added, 
potentially influencing the results. It is also possible that 
the number of  views and comments on the videos may 
change over time.

Conclusions
The results of the research indicated that the quality and 

reliability of the videos were low when analyzed accord
ing to the source of the video and the profession groups. 
Despite the rapid growth of YouTube, the platform often 
fails to provide accurate information for patients. It is im
portant for patients to be aware that the control mecha
nisms designed to ensure the accuracy of information on 
YouTube are insufficient, and that the information they 
contain may be incorrect. Therefore, patients should not 
base their decisions on the content of  videos related to 
the subject, as the information presented in YouTube vid
eos may have a detrimental impact on patients’ health. To 
prevent the potential for adverse effects resulting from in
appropriate use, it is recommended that YouTube videos 
be used only for the purpose of obtaining guidance from 
qualified medical professionals, such as physicians.
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Abstract
Background. Patients are increasingly turning to Internet platforms for health-related information. 
An example is YouTube, one of the largest media-sharing networks in the world.

Objectives. The aim of the present study was to assess the informational value of YouTube videos on the 
treatment of bruxism with botulinum toxin, a procedure that is becoming increasingly popular in the field 
of dentistry. 

Material and methods. After collecting 30 videos for each of  the 5 keywords, a  total of  150 videos 
were examined. The following search terms were used: ‘bruxism Botox treatment’; ‘tooth grinding Botox 
treatment’; ‘jaw clenching Botox treatment’; ‘Botox for bruxism’; and ‘Botox for masseter reduction’. Two 
researchers independently assessed the quality of  the video content using the DISCERN scoring system. 
Additionally, the relationships between quantitative variables, such as video duration, the source of upload 
and video popularity, and the DISCERN scores, were examined.

Results. The mean overall DISCERN score was 32.3. The YouTube videos were divided into the following 
categories based on their DISCERN scores: very poor (26.3%); poor (61.4%); fair (10.5%); good (1.8%); 
and excellent (0.0%). Videos that addressed risk factors during therapy, treatment outcomes, bruxism 
symptoms, and the muscle anatomy had significantly higher overall DISCERN scores.

Conclusions. In general, YouTube videos on botulinum toxin treatment for bruxism had poor informa-
tional value. It is important that dentists recognize the significance of YouTube as a source of health-related 
information, and ensure that the content they provide is of the highest quality, accurate and up-to-date.
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Introduction
Bruxism is a  repeated activity of  the jaw muscles, de-

fined as tooth grinding or jaw clenching.1 It can be mani-
fested in 2 distinct forms: sleep bruxism (SB); and awake 
bruxism (AB).2 Bruxism may result in the hypertrophy 
of the masticatory muscles, the loss of the tooth surface, 
hypersensitive teeth, the breakage of restorations or teeth, 
the loss of periodontal support, and arthralgia character-
istic of temporomandibular disorders (TMD).1

Although etiological factors such as emotional stress, 
neurological disorders, certain drugs, and occlusal in-
terferences have been proposed,3,4 the exact etiology and 
pathophysiology of bruxism remain unknown. However, 
it appears to have a multifactorial origin that is mediated 
by the central and autonomous nervous systems.5,6

There are numerous methods of  treating bruxism, in-
cluding occlusal splints, drugs such as benzodiazepines or 
L-DOPA, and cognitive behavioral therapy (CBT). How-
ever, their ultimate efficacy has yet to be demonstrated, 
since they do not seem to address the fundamental cause, 
and are primarily used for the management of  the pa-
tient’s signs and symptoms, thereby reducing the harm-
ful consequences of bruxism for anatomical structures.7,8 
Botulinum toxin, or onabotulinumtoxinA, represents an-
other highly successful treatment method that has been 
validated by prior research9 and will be the focus of this 
study.

The complexity of bruxism has led to many misconcep-
tions about the behavior. Patients are often interested in 
their condition and treatment options. A  well-informed 
patient may participate in the decision-making process 
more actively, and hence feel less anxious. However, 
healthcare providers may be unable to deliver sufficient 
information due to the lack of  consultation time or by 
communicating in a  manner that the patient cannot 
comprehend. Consequently, more and more patients are 
turning to the Internet for easily accessible medical infor-
mation, with YouTube being one of the most prominent 
online resources.

YouTube is the world’s largest media-sharing network 
and the second most popular website after Google.10 Any-
one may contribute movies, including non-peer-reviewed 
medical content.11 Contradictory advice might under-
mine the credibility of medical professionals, particularly 
when addressing alternative treatment options.12 There-
fore, examining the integrity of patient information about 
bruxism therapy on YouTube is essential.

Prior to the present study, no research had been con-
ducted using the DISCERN scale13 to evaluate the quality 
of  YouTube videos on bruxism therapy with botulinum 
toxin. Consequently, we aimed to assess the effectiveness 
of YouTube videos as a source of patient education. A sec-
ondary goal was to investigate the relationships between 
quantitative data, such as video duration, the source of up-
load and video popularity, and the quality of the videos.

Material and methods

Study design 

This was a cross-sectional analysis of publicly accessible 
videos that did not involve human or animal subjects, and 
therefore ethics committee approval was not required.

YouTube search 

A YouTube search was conducted on October 30, 2022, 
using the incognito mode. The following keywords were 
used in the search: ‘bruxism Botox treatment’; ‘tooth 
grinding Botox treatment’; ‘jaw clenching Botox treat-
ment’; ‘Botox for bruxism’; and ‘Botox for masseter re-
duction’. The video search was performed after erasing 
all the browsing data from the Google web browser, and 
with no user account. The YouTube results were sorted 
using relevance-based ranking, and the first 30 videos for 
each keyword were evaluated. It has been stated that 95% 
of YouTube viewers do not watch more than the first 60 
videos returned by a search query. Additionally, the ma-
jority of prior research has only examined the first 60–200 
videos.14

Selection criteria 

The study included English-language videos that ex-
plained the mechanism of treatment with its benefits and 
risks, as well as the potential treatment options for brux-
ism. Duplicate or irrelevant videos, where “irrelevant” 
was defined as offering no information about bruxism 
treatment, were excluded from the study.

Video quality assessment 

A fifth-year and a  fourth-year medical dentistry stu-
dents separately evaluated the video content using the 
DISCERN scoring system for video quality analysis. The 
DISCERN instrument is employed to assess the credibil-
ity of  a  publication and the quality of  the treatment in-
formation provided to patients.13 The DISCERN tool was 
also designed for individuals without medical expertise. 
DISCERN provides a set of guidelines for the evaluation 
of health information for users, both consumers and pro-
fessionals, as well as standards for information producers. 
The DISCERN criteria are used to evaluate the reliabil-
ity and credibility of  the information.15 The instrument 
comprises 15 questions, each scored from 1 to 5 points. 
The first part consists of 8 questions designed to assess 
the credibility of  a publication (in this case, an  Internet 
video), followed by 7 questions that analyze treatment-
related details.16 The 16th question evaluates the overall 
quality of the video. In accordance with the methodology 
proposed by Weil et al.,17 the total DISCERN score was 
presented as the sum of the scores for the first 15 ques-
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tions, ranging from 15 to 75 and grouped into 5 DISCERN 
categories: excellent (63–75 points); good (51–62 points); 
fair (39–50 points); poor (28–38 points); or very poor 
(15–27 points).

Video classification 

The type of  YouTube channel was a  criterion used to 
classify videos into 5 groups based on the source of up-
load: 
– “hospital/clinic” when the source of upload was a hos-

pital or clinic channel;
– “health” when the source of upload was a health infor-

mation channel;
– “educational” when the source of upload was an educa-

tional channel;
– “news” when the source of upload was an information 

channel;
– “patient” when the source of upload was the patient.

Video features 

In order to evaluate a set of statistics, the YouTube data 
was utilized. We collected details regarding the name 
of  the YouTube channel, the view count, video duration 
(converted into seconds), the number of  subscribers to 
the channel, the number of comments, and the number 
of likes. The last 2 variables may be hidden by the chan-
nel. We used the “timeanddate” calculator (https://www.
timeanddate.com/date/duration.html) to determine the 
time elapsed since the video upload (in days). A Google 
Chrome extension called “return YouTube dislike” 
(https://returnyoutubedislike.com) was used to calculate 
the number of dislikes. The functionality of this extension 
relies upon the visibility of likes and comments on a You-
Tube channel, which may or may not be hidden.

In addition, the ratio of likes, the ratio of views and the 
video power index (VPI) were applied in the examination 
of video popularity.

The ratio of  likes was calculated according to the fol-
lowing formula (Equation 1):

 (1)

The ratio of views was calculated according to the fol-
lowing formula (Equation 2):

 (2)

The VPI was calculated as follows (Equation 3):

 (3)

where:
VPI – video power index.

In the course of the analysis, the qualitative information 
included in the videos was examined in accordance with 
the following questions: Were the symptoms of bruxism 
discussed?; Were the risk factors during treatment ex-
plained?; Were the results of treatment presented?; Were 
the steps of the procedure described?; Was the prognosis 
discussed?; Was any form of  animation incorporated in 
the video?; Were there diagrams?; Was the muscle anat-
omy explained?; Was the speaker a doctor?; Was it a pa-
tient’s experience?

Statistical analysis 

The statistical analysis was performed using the 
R-Studio program (8.9 build 680; R-Tools Technology 
Inc., Richmond Hill, Canada) and Google Sheets (Google 
LLC, Mountain View, USA).

The normality of the data was evaluated using the Sha-
piro–Wilk test. The Mann–Whitney and Kruskal–Wal-
lis tests were employed to determine statistically signifi-
cant differences with regard to an  independent variable 
between two or more than two groups, respectively. For 
pairwise comparisons, the Dunn–Bonferroni post hoc 
test was utilized following a  statistically significant out-
come in the Kruskal–Wallis test. Spearman’s test was 
used to analyze the correlations between variables. The 
intraclass correlation coefficient (ICC) was employed to 
establish the degree of inter-rater agreement. The results 
were interpreted using a 95% confidence interval (CI) and 
a significance threshold of 0.05.

Results
A total of 150 videos were analyzed after collecting 30 

videos for each of the 5 keywords. Subsequently, 55 dupli-
cates were removed. After the screening process, which 
was conducted based on the established inclusion and ex-
clusion criteria, 57 videos were subjected to further analy-
sis (Fig. 1).

Table 1 presents the mean DISCERN score for each in-
quiry. The question “Is it clear when the information used 
or reported in the publication was produced?” obtained 
the lowest mean score (1.0), while the question “Are the 
aims clear?” obtained the highest score (4.3). The mean 
total DISCERN score was 32.3 ±7.3. According to the 
DISCERN categories, 26.3% of the YouTube videos were 
classified as very poor, 61.4% as poor, 10.5% as fair, 1.8% as 
good, and 0.0% as excellent (Table 2).

The videos uploaded by patients were the most preva-
lent (49.1%), followed by educational (26.4%), hospital/
clinic (21.1%), and news (3.5%) sources (Table  2). The 
mean total DISCERN score was the highest for news 

https://www.timeanddate.com/date/duration.html
https://www.timeanddate.com/date/duration.html
https://returnyoutubedislike.com
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sources (37.0 ±19.8), followed by the videos uploaded 
by patients (33.0 ±5.5), hospital or clinic channels (32.5 
±9.8), and educational channels (30.3 ±6.5) (Table 3).

The average number of  views per video was 32,587 
±58,515, with the mean length of  561 ±1,156 s or 9.4 
±19.3 min. Each video had an average of 448 ±947 likes 
and 29 ±69 dislikes (Table 4).

Videos that provided information about bruxism 
symptoms (p  =  0.024), the risk factors during therapy 
(p = 0.001) and the results of treatment (p < 0.001), as well 
as the explanation of the muscle anatomy (p = 0.010) had 
substantially higher overall DISCERN scores. The average 
DISCERN score remained consistent regardless of wheth-
er the treatment phases were described, the prognosis was 
discussed, the presence of animations or diagrams was in-
dicated, or the identity of the speaker (doctor or patient) 
was specified (p > 0.05) (Table 5).

There were no significant correlations between the 
mean total DISCERN score and the time elapsed since 
upload, the number of  channel subscribers, the ratio 
of  likes, or VPI. A  weak positive correlation was ob-
served between the DISCERN score and the view count 
(p = 0.044; r = 0.268). The DISCERN score was moderate-
ly positively correlated with the video duration (p = 0.002; 
r = 0.395), the number of comments (p = 0.013; r = 0.329), 
the number of likes (p = 0.010; r = 0.343), and the number 
of dislikes (p = 0.018; r = 0.350) (Table 4). The average ICC 
value was 0.823, indicating good agreement between the 
observers.

Discussion
Patients with bruxism are willing to undergo therapy 

due to the chronic symptoms associated with the disease, 
including fatigue, headaches, discomfort in the masticato-
ry muscles and the temporomandibular joints (TMJs), and 
tooth hypersensitivity.18 An increasing number of medi-
cal professionals are recommending the use of botulinum 
toxin. However, the term “toxin” continues to elicit appre-
hension among patients, despite the evidence supporting 
its efficacy in managing bruxism. According to a study by 
Zhang et al., the administration of botulinum toxin to the 
masseter muscles resulted in a notable reduction in occlu-
sal force.19 Furthermore, Al-Wayli observed a significant 
decrease in pain after adopting this approach.20 It is there-

Fig. 1. Flowchart of the study

Table 1. Mean scores for each DISCERN inquiry (score range: 1–5)

Question 
number Question Score

1 Are the aims clear? 4.3 ±1.0

2 Does it achieve its aims? 3.3 ±0.9

3 Is it relevant? 2.9 ±0.8

4
Is it clear what sources of information were used to 
compile the publication?

1.3 ±0.8

5
Is it clear when the information used or reported in 
the publication was produced?

1.0 ±1.0

6 Is it balanced and unbiased? 2.6 ±0.8

7
Does it provide details of additional sources 
of support and information?

1.2 ±0.5

8 Does it refer to areas of uncertainty? 1.4 ±0.7

9 Does it describe how each treatment works? 2.5 ±1.0

10 Does it describe the benefits of each treatment? 2.4 ±0.9

11 Does it describe the risks of each treatment? 2.0 ±1.3

12
Does it describe what would happen if no 
treatment is used?

1.2 ±0.6

13
Does it describe how the treatment choices affect 
the overall quality of life?

2.3 ±1.1

14
Is it clear that there may be more than one possible 
treatment choice?

1.6 ±1.0

15
Does it provide support for shared decision 
making?

2.3 ±0.9

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

Table 2. Characteristics of the YouTube videos (N = 57)

Characteristic n (%)

Video quality (DISCERN)

very poor 15 (26.3)

poor 35 (61.4)

fair 6 (10.5)

good 1 (1.8)

excellent 0 (0.0)

Source of upload

hospital/clinic 12 (21.1)

educational 15 (26.3)

news 2 (3.5)

patient 28 (49.1)
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fore recommended that patients be provided with accu-
rate information regarding the botulinum toxin treatment 
strategy.

To the best of our knowledge, this is the first research 
to use a validated instrument to evaluate the effectiveness 

of YouTube videos on the use of Botox for the treatment 
of bruxism. In our study, the majority of YouTube videos 
exhibited a  low level of  informational quality regarding 
Botox and bruxism. The videos were classified as very 
poor (26.3%), poor (61.4%), fair (10.5%), and good (1.8%).

Table 3. Characteristics of the YouTube videos according to the source of upload

Characteristic
Source of upload

hospital/clinic educational news patient

DISCERN total score 32.5 ±9.8a 30.3 ±6.5a 37.0 ±19.8a 33.0 ±5.5a

Question 1 4.0 ±1.3a 4.2 ±1.1a 4.0 ±1.4a 4.6 ±0.6a

Question 2 3.2 ±1.2a 3.2 ±0.9a 3.3 ±1.8a 3.3 ±0.8a

Question 3 3.1 ±1.2a 3.0 ±0.8a 3.0 ±1.4a 2.8 ±0.6a

Question 4 1.7 ±1.2acd 1.0 ±0.1ab 2.8 ±2.5c 1.1 ±0.3bd

Question 5 1.0 ±1.0a 1.0 ±0.0a 1.0 ±0.0a 1.0 ±0.0a

Question 6 2.5 ±0.8a 2.6 ±0.8a 2.8 ±0.4a 2.6 ±0.9a

Question 7 1.3 ±0.7a 1.0 ±0.1a 1.5 ±0.7a 1.1 ±0.4a

Question 8 1.7 ±0.9ab 1.5 ±0.8ab 2.5 ±2.1a 1.1 ±0.3b

Question 9 2.8 ±1.2a 2.6 ±1.0a 2.0 ±1.4a 2.3 ±0.9a

Question 10 2.3 ±0.9a 2.0 ±1.0a 2.3 ±1.1a 2.8 ±0.8a

Question 11 2.0 ±1.5a 1.9 ±1.4a 3.0 ±2.8a 2.0 ±1.1a

Question 12 1.1 ±0.3a 1.4 ±1.0a 1.8 ±1.1a 1.1 ±0.4a

Question 13 1.5 ±0.7a 1.7 ±0.7a 1.8 ±0.4ab 2.9 ±1.1b

Question 14 1.6 ±1.2a 1.4 ±1.1a 3.0 ±1.4a 1.6 ±0.8a

Question 15 2.2 ±1.0ab 1.8 ±0.9a 2.5 ±2.1ab 2.6 ±0.8b

Question 16 2.6 ±1.1a 2.3 ±0.9a 3.0 ±1.4a 2.3 ±0.7a

View count 
n

23,029 ±54,191a 22,092 ± 53,870a 1,040 ±1,208a 44,560 ± 63,846a

Video duration 
[s]

221 ±178a 221 ±139a 170 ±111a 917 ±1,578a

Time since upload 
[days]

973 ±643a 1,149 ±611a 1,633 ±52a 936 ±538a

Channel subscribers 
n

43,149 ±102,281a 84,602 ±247,099a 303,232 ± 428,178a 115,188 ±344,053a

Comments 
n

19 ±39a 39 ±73a 0 ±0a 136 ±230a

Likes 
n

272 ±786a 329 ±712a 4 ±5a 610 ±1,120a

Dislikes 
n

11 ±23a 9 ±17a NA 47 ±92a

Ratio of likes 94.64 ±7.95a 91.49 ±13.53a NA 95.63 ±4.11a

VPI 23.0 ±45.6a 25.8 ±41.0a NA 49.1 ±56.6a

Data presented as M ±SD. 
VPI – video power index; NA – data not available. The mean values in the same row and subtable not sharing the same superscript are significantly different 
at p < 0.05 in the two-sided test of equality for column means. The tests assume equal variances and are adjusted for all pairwise comparisons within a row 
of each innermost subtable using the Bonferroni correction.



O. Komisarek et al. Quality of YouTube videos on Botox treatment870

Factors affecting the DISCERN scores 

The overall low DISCERN ratings indicate that the ma-
terial regarding botulinum toxin therapy for bruxism on 
YouTube is of  low quality and in need of  improvement. 
The videos did not accurately depict the period during 
which the information utilized in the publications was 
created (mean (M): 1.0), nor did they describe the source 
of the information used in the video (M: 1.3) or suggest 
other sources that could be used to explore the topic (M: 
1.2). Moreover, the videos presented the effects of  not 

using bruxism treatment only to a small extent (M: 1.2). 
However, they expressed video aims, with a  mean DIS-
CERN score of 4.3, and provided substantial support for 
collaborative decision making (M: 2.3) (Table 1).

The lowest mean overall DISCERN scores were asso-
ciated with educational videos. This might be attribut-
able to the fact that some of  the videos were produced 
for commercial gain rather than patient education. Ad-
ditionally, a  considerable portion of  educational videos 
lacked information about the advantages and disadvan-
tages of  treatment, as well as guidance for collaborative 

Table 4. Descriptive statistics and correlations for the study variables

Variable M ±SD 1 2 3 4 5 6 7 8 9

DISCERN total score 32.3 ±7.3 – – – – – – – – –

View count 

n
32,587 ±58,515 0.268* – – – – – – – –

Video duration 

[s]
561 ±1,156 0.395** 0.380** – – – – – – –

Time since upload 

[days]
1,024 ±580 0.180 0.253 −0.223 – – – – – –

Channel subscribers 

n
98.57 ±282.86 0.234 0.445** 0.312* 0.136 – – – – –

Comments 

n
82 ±175 0.329* 0.829** 0.640** 0.009 0.433** – – – –

Likes 

n
448 ±947 0.343* 0.924** 0.582** 0.066 0.549** 0.936** – – –

Dislikes 

n
29 ±69 0.350* 0.888** 0.438** 0.367* 0.575** 0.796** 0.848** – –

Ratio of likes 94.43 ±8.06 0.085 −0.326* −0.012 −0.364* −0.222 −0.069 −0.153 −0.445** –

VPI 38.6 ±51.8 0.220 0.873** 0.464** −0.125 0.453** 0.816** 0.935** 0.745** −0.153

M – mean; SD – standard deviation. * statistically significant (p < 0.05, Spearman’s test); ** highly statistically significant (p < 0.01, Spearman’s test).

Table 5. Relationships between video features and the total DISCERN score

Video features
DISCERN total score

p-value
no yes

Were the symptoms of bruxism discussed? 30.4 ±7.0 34.6 ±7.1 0.024*

Were the risk factors during treatment explained? 30.0 ±6.2 37.3 ±7.2 0.001*

Were the results of treatment presented? 26.6 ±6.1 35.4 ±5.9 <0.001*

Were the steps of the procedure described? 32.6 ±8.1 32.0 ±6.5 0.462

Was the prognosis discussed? 32.1 ±7.1 36.5 ±10.0 0.442

Was any form of animation incorporated in the video? 31.7 ±6.4 32.6 ±7.7 0.986

Were there diagrams? 32.3 ±7.3 NA –

Was the muscle anatomy explained? 30.9 ±6.6 37.8 ±7.1 0.010*

Was the speaker a doctor? 31.1 ±6.8 33.7 ±7.6 0.233

Was is a patient's experience? 31.4 ±7.6 32.9 ±7.1 0.546

* statistically significant; NA – data not available.
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decision making (Table  3). Patients should be informed 
of the numerous risks and benefits associated with each 
treatment option so that they could engage in discourse 
with medical experts about specific treatment that would 
be relevant to their individual situation. The highest mean 
overall DISCERN scores were achieved by the videos 
uploaded by news channels, which also appear to have 
greater resources than other channels to produce high-
quality videos with suitable information, animations and 
diagrams (Table 3).

As the provision of accurate and comprehensive infor-
mation is a time-consuming process, longer videos dem-
onstrated a moderately positive correlation with the DIS-
CERN scores. A  considerably higher overall DISCERN 
score was associated with videos that were more popular, 
as indicated by higher view counts and greater numbers 
of  likes and dislikes. This may be attributed to the fact 
that users like to share videos with other viewers when 
the content is clear and comprehensive, which leads to 
an  elevated view count. The time elapsed since upload, 
the number of channel subscribers, the ratio of likes, and 
VPI were not related to the DISCERN score (Table 4).

According to Table 5, the DISCERN scores for the vid-
eos that described the symptoms (p = 0.024), risk factors 
(p  =  0.001) and outcomes (p  <  0.001) of  bruxism treat-
ment were significantly higher. This information is neces-
sary for making an informed decision regarding therapy. 
Patients are better informed about the potential conse-
quences of  onabotulinumtoxinA treatment if they are 
presented with the risk factors associated with the proce-
dure. On the other hand, showing the results of treatment 
encourages patients to undergo this therapy.

Other studies have shown that higher-quality videos of-
ten last longer than lower-quality videos.21,22 Contrary to 
studies that correlate the popularity of videos with a low 
quality,23 our analysis indicated that more popular videos 
had richer information and obtained higher DISCERN 
scores. Our findings suggest that patients prefer to read 
comprehensive information regarding botulinum toxin 
treatment for bruxism rather than watch emotionally 
charged or more captivating video content. Our research 
did not support the claim made in other studies that add-
ing animation or graphics to videos might improve their 
quality.22,24,25 Nevertheless, diagrams and animations may 
prove useful to better understand the therapeutic process.

A study by Grippaudo  et  al. demonstrated the inad-
equate quality of  information on Botox available on-
line.26 The Internet content, particularly on the websites 
of  practitioners, did not provide sufficient information 
about the alternatives, statistical advantages and risk fac-
tors associated with Botox therapy. The authors specu-
late that the information provided about Botox may serve 
an  advertising purpose, aiming to increase the number 
of Botox patients.26 It is worth noting that a recent study 
conducted by Ornello  et  al. demonstrated the potential 
efficacy of  botulinum toxin injections in reducing both 

the frequency and intensity of migraines.27 Moreover, the 
excellent response status can be identified as early as after 
the first injection.27 In a group of senior chronic migraine 
patients with a long history of migraines, botulinum tox-
in may offer considerable improvement over the first 3 
treatment cycles, just as it would in younger individuals.28 
However, older patients are unable to obtain adequate in-
formation about botulinum toxin therapy from YouTube 
due to the potential restriction of their access to relevant 
and reliable sources on the issue. Additionally, older indi-
viduals may encounter difficulties in accurately evaluat-
ing the reliability of online sources of  information, such 
as YouTube, which can render them more vulnerable to 
misinformation.

In a study published in 2000, entitled “How will the In-
ternet change our health system?”, it was reported that in-
formation on the Internet could not be limited by any pol-
icy aims, as it might prove to be a significant differentiator 
for the competing health portals and suppliers of health 
information.29 Twenty-two years later, the issue regard-
ing medical restrictions on the treatment information re-
mains unchanged. According to Yagiz et  al., YouTube is 
an  inadequate source for students or specialists seeking 
high-quality information on botulinum toxin therapy for 
gummy smile.30 Similarly, Patel et al. identified a paucity 
of reliable material on the use of botulinum toxin in cos-
metic surgery on YouTube and other Internet websites.31 
The most knowledgeable medical experts in this field are 
dental professionals and cosmetic surgeons, who should 
modify the abundance of  poor-quality online resources 
available to people. In order to help patients better under-
stand the advantages and disadvantages of available treat-
ment options and to facilitate informed decision mak-
ing, it is important to evaluate the content of the various 
websites that provide medical information. Even if their 
primary subject is Botox, YouTube videos should provide 
a more accurate and comprehensive overview of the ben-
efits and risks associated with accessible bruxism treat-
ment options. Castillo-Abdul et al. observed that Spanish 
YouTube influencers who used Botox for cosmetic pur-
poses exhibited positive attitudes toward the procedure-
related content.32 This highlights the commercial nature 
of the tutorial content and the interaction-seeking strate-
gies employed, reflecting the lack of content focusing on 
the care required beyond the procedure in most cases.32 
Thus, it is recommended that experts provide unbiased 
material which covers every aspect of therapy, without in-
cluding any promotional content, and which solely serves 
to support medical and scientific evidence instead of fo-
cusing on a patient’s experience.

Limitations 

Our study have some limitations. The analysis was con-
strained to videos published in English on a single video-
sharing platform (YouTube). The results could have been 
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impacted by the collection of data on a single day, given 
the continual evolution of  the Internet’s informational 
landscape. Only the first 30 videos for each keyword at 
a  specific time point (October 30, 2022) were included 
due to the fact that the top search results on YouTube are 
typically the most viewed and influential videos, and thus 
have the greatest impact on viewers. Furthermore, we 
used the incognito mode and erased all the browsing data 
from the Google web browser. However, a formal power 
analysis to determine the sample size was not conducted. 
In order to ensure the inclusion of  videos that patients 
might use when searching for health information online, 
an effort was made to use common phrases rather than 
medical terminology in the search process. This approach 
may have led to the discovery of other, possibly less useful 
or deceptive videos. The search results were sorted using 
relevance-based ranking by default; however, it should be 
noted that search rankings may change over time and de-
pend on the user’s location. The fact that the 2 reviewers 
were DISCERN-trained medical dental students in their 
fifth and fourth years represents a strength of our study. 
DISCERN is a powerful tool that was developed not just 
for experts, but also for non-specialists to help them eval-
uate medical videos objectively.

Future directions 

Future research could focus on evaluating the quality 
of  information available on other online platforms, such 
as social media or patient support groups. Additionally, 
the impact of  inaccurate or incomplete information on 
patient decision making and treatment outcomes could 
be investigated. Ultimately, it is essential to ensure that 
patients have access to accurate and comprehensive in-
formation to make informed decisions about their health-
care.

Conclusions
In conclusion, the findings of our study indicate that the 

quality of  information about Botox therapy for bruxism 
available on YouTube is generally poor. The educational 
videos had the lowest overall DISCERN scores, with many 
of them seemingly created for commercial purposes rath-
er than for the purpose of patient education. Conversely, 
the videos produced by news channels had the highest 
overall DISCERN scores, indicating that these channels 
have the requisite resources to produce high-quality vid-
eos with accurate information.

The findings of the present study have significant impli-
cations for healthcare providers and patients. Healthcare 
providers need to be aware that patients may be access-
ing inaccurate or incomplete information about Botox 
therapy for bruxism on YouTube, and should take steps to 
educate their patients about the risks and benefits of this 

treatment. Patients, on the other hand, should be cautious 
when accessing medical information on YouTube and 
should consult their healthcare providers before making 
any decisions regarding their health.
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Abstract
Background. Although the macroscopic assessment of  dental caries and the assessment of  bone 
elemental composition are quite different, efforts can be made to identify commonalities in the assessment 
of health and nutritional quality. Both indicators are correlated with dietary habits and are dependent on 
taphonomic processes occurring in the postmortem substrate. However, teeth exhibit structural resilience 
of their hard tissues to adverse environmental factors.

Objectives. The aim of  the study was to establish a  correlation between the elemental composition 
of bones and the presence of carious lesions. 

Material and methods. The study material consisted of  the following skeletal parts: 161 permanent 
teeth from 36 individuals and bridge fragments of 36 ribs. The presence of caries was assessed visually 
using a  modified International Caries Detection & Assessment System (ICDAS II) scale. The rib samples 
were subjected to elemental analysis (zinc (Zn), iron (Fe), magnesium (Mg), calcium (Ca), phosphorus (P), 
strontium (Sr), barium (Ba)) using spectroscopic methods.

Results. The odontological and chemical analyses did not reveal any statistically significant relationships 
between the Ca/P diagenesis index and dental features. Postmortem tooth loss showed a weak correlation 
with the diagenesis index.

Conclusions. Discoloration, cracks and flaking of the dental crown surfaces may be associated with the 
intensity of Ca/P diagenesis. However, no significant correlation was found between these phenomena. 
Among other elements, only Zn levels exhibited a correlation with the caries index.

Keywords: diagenesis, bioarchaeology, bone elemental concentration
Cite as
Dąbrowski P, Nowaczewska W, Domagała D, et al.  
Searching for a relationship between the elemental composition 
of archaeological bones and the occurrence of caries. Dent Med 
Probl. 2024;61(6):875–884. doi:10.17219/dmp/186623

DOI
10.17219/dmp/186623

Copyright
Copyright by Author(s)
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/).

Original paper 

Searching for a relationship between the elemental composition 
of archaeological bones and the occurrence of caries
Paweł Dąbrowski1,A,C–E, Wioletta Nowaczewska2,C–E, Dominika Domagała1,B,D, Marzena Styczyńska3,B,C, Joanna Grzelak1,B,E, Hubert Szyller1,A,D, 
Cyprian Olchowy4,D,E, Michał Kulus5,A–D,F

1 Division of Anatomy, Department of Human Morphology and Embryology, Wroclaw Medical University, Poland
2 Department of Human Biology, University of Wrocław, Poland
3 Department of Human Nutrition, Faculty of Biotechnology and Food Science, Wrocław University of Environmental and Life Sciences, Poland
4 Collegium Medicum, Jan Dlugosz University in Czestochowa, Poland
5 Division of Ultrastructural Research, Wroclaw Medical University, 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. 2024;61(6):875–884

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


P. Dąbrowski et al. Caries and elemental composition of bones876

Background
One of  the goals of  dental studies of  ancient popula-

tions is to accurately assess carious lesions on the surfaces 
of dental crowns of deciduous and permanent teeth. The 
loss of  hard tooth tissue is significantly influenced by 
chemical and physical factors. The effective detection and 
quantification of  carious lesions enables the estimation 
of the incidence and severity of caries within the studied 
population.1

The modern theories of the formation of carious lesions 
unanimously emphasize that caries is a dynamic process 
that varies in time and involves many microbiological 
factors as well as chemical and physical phenomena, re-
sulting in the destruction of hard tooth tissues.2 Among 
these, exogenous nutritional factors play an  important 
role. Exogenous factors include processed foods with high 
viscosity and high levels of  simple carbohydrates. The 
consumption of these products may result in an increased 
prevalence of advanced caries.3

Prior to the formation of  medium and deep enamel 
defects as well as the destruction of dentin, characteristic 
discoloration is observed on the surfaces of dental crowns. 
This discoloration typically manifests as dull, chalky 
white spots associated with the loss of dihydroxyapatite. 
In the subsequent phase, black and brown spots can be 
observed within enamel micropores, which are caused by 
food-derived dyes.4

The biggest challenge in evaluating caries indicators, 
such as the severity of  caries in ancient human popula-
tions, is accurately identifying the earliest carious lesions. 
This can be particularly challenging due to taphonomic 
changes, which can both mask the presence of early cari-
ous lesions or mimic them.5 Another obstacle is post-
mortem tooth loss, which precludes the assessment 
of caries on absent teeth.

Incorrect or imprecise estimation of  caries indicators 
in bioarchaeological studies affects the assessment of the 
masticatory organ condition and, indirectly, the hygienic 
and nutritional status of the examined population.6 These 
studies implicitly provide indirect information on nutri-
tional status, hygiene, eating habits, and socio-economic 
stratification in the population. Inaccurate assessment 
of the state of the masticatory organ indirectly results in 
an  erroneous evaluation of  the aforementioned aspects 
of the studied population.1,7

Chemical analysis of  preserved hard tissues can be 
employed to obtain similar information about a  given 
population. However, the relationship between diet and 
the elemental composition of bones obtained at archaeo-
logical sites is far from the simple “you are what you eat” 
model, and the method itself is prone to errors and over-
interpretations. Nevertheless, with proper procedures, 
some metals can be successfully used in bioarchaeologi-
cal research.8 However, it is worth emphasizing that there 
is still a  significant challenge (especially in the context 

of archaeological research) of determining the extent to 
which the original chemical composition of human bones 
has changed as a result of processes that occur after the 
death of an individual.9,10 The knowledge about diagenetic 
changes (related to postmortem bone degradation) 
regarding the addition or removal of specific elements from 
human bones is incomplete.10

The most useful elements in the chemical analysis 
of bone excavation materials are calcium (Ca) and phos-
phorus (P). While not indicative of an individual’s dietary 
habits, the calcium-to-phosphorus (Ca/P) ratio can be 
used to estimate the extent of diagenetic changes in de-
composing bone, which are influenced by the chemical 
composition of the surrounding substrate. In the absence 
of substrate chemical influence, the Ca/P ratio in bone is 
expected to remain stable at approx. 2.1. However, due to 
diagenesis, it can increase significantly.11–13

The studies of other elements, such as barium (Ba), iron 
(Fe), magnesium (Mg), strontium (Sr), and zinc (Zn) re-
main more controversial. Theoretically, these elements 
could be used as potential biomarkers of diet assessment 
quality and its components, as well as indirectly to assess 
socio-environmental and economic differences that ex-
isted between the studied human groups.14 However, in 
practice, the usefulness of elemental bone analysis is sig-
nificantly impaired by postmortem diagenetic changes.15 
A bone deposited in soil is susceptible to element substi-
tution, which results in composition changes over time.16 
For this reason, methods of diet reconstruction based on 
the elemental composition of  extracted bone samples, 
quite commonly used in the 1970s and 1980s, have been 
the subject of  increased criticism.8,16,17 However, with 
careful analysis of the results and proper procedures, they 
can still be used successfully.8,11,17

Although the macroscopic assessment of dental caries 
and the assessment of  elemental composition of  bones 
are different markers, it is still possible to identify com-
mon points in the assessment of  health and nutritional 
quality. Both indicators are correlated with diet and de-
pendent on the taphonomic processes occurring in the 
postmortem substrate, despite the observed resilience 
of teeth’s hard tissues to adverse environmental factors.5 
On the one hand, taphonomic processes occurring at the 
place of deposition of bone remains may have a second-
ary impact on the state of dentition (including the number 
of teeth preserved), the state of alveolar processes, enamel 
discoloration, etc., and thus the detection of  caries. On 
the other hand, taphonomic processes can also impact the 
reliability of chemical analysis of elements.

The concentrations of Ba, Sr, Fe, Mg, and Zn in the rib 
samples were found to be outside the ranges of concen-
trations of  these elements reported in bones of modern 
humans (without the influence of diagenesis), which were 
used as reference data. Therefore, we assumed that the 
diagenesis process may have influenced the concentration 
in the examined bones. Conversely, if the concentration 
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of  a  given element in the examined bone did not differ 
significantly from the so-called reference data, it was as-
sumed that the diagenesis process had no impact on its 
concentration. Instead, its origin was attributed to the diet 
(i.e., the food and water consumed and drank by the indi-
vidual to whom this bone belonged) and/or the biological 
condition of  the individual’s body. This interpretation is 
consistent with that used in other studies concerning the 
impact of diagenesis on the concentration of elements in 
human bones.8 The reference data was obtained from the 
literature and is presented in Table 1. 

However, this issue is highly complex.27 Based on the 
aforementioned methodology, it is not possible to deter-
mine the standard limit of  the concentration of  a  given 
element in human bone, above or below which (in the case 
of hypothetical loss of elements from bone) the processes 
of diagenesis occur. This is attributable to inter-individual 
variations in the concentration of  these elements in the 
bones of  living individuals. Therefore, only a  significant 
deviation from the so-called reference data may be use-
ful in determining whether the concentration of a specific 
element in bone is of diagenetic origin.8,10 

Objectives
The question of  whether there are significant links 

between these indicators remains open at present, given 
the indicated common dependencies. The answer to this 
question may be an  attempt to assess the potential sto-
chastic relationships between the state of  dentition and 
the elemental composition of bones.

Material and methods

Population characteristics 

The research material consisted of  the following skel-
etal parts: 161 permanent teeth from 36 individuals and 
bridge fragments of  36 ribs from the collection of  the 
Department of Anatomy, Wroclaw Medical University, 
Poland. Bone remains were obtained during the exploration 
of the archaeological site in the former church cemetery 
of St. Barbara in Wrocław, Poland (Fig. 1).

The dating of  the archaeological site at the church of 
St. Barbara was based on relative methodology, including 
historical sources, fragments of  preserved epitaphs dis-
played in the church, stratigraphic research, and radio-
isotope methods.28 The content of 14C carbon isotope in the 
bone samples from 18 individuals across all stratigraphic 

Table 1. Review of the concentrations of the elements analyzed in the 
bones of modern human populations

Element Study Rib bone samples 
(n)

Mean value (range) 
[μg/g]

Ba

Samudralwar  
and Robertson19 F&M (80) 2.54 (0.57–7.70)

Zaichick et al.18,20 F&M (168) 0.94

Brätter et al.21
F&M (12) cortical 36

F&M (12) cancellous 19 

Yoshinaga et al.22
F (38) 2.86 (1.13–7.70)

M (42) 2.24 (0.57–5.22)

Sr

Samudralwar  
and Robertson19 F&M (80) 29 (36–1,163)

Takata et al.23 F&M (69) 400

Yoshinaga et al.22
F (38) 334 (36–1,163)

M (42) 252 (58–701)

Yoshinaga et al.24 F&M (18) 176 (87–345)

Brätter et al.21
F&M (12) cortical 62

F&M (12) cancellous 58

Fe

Samudralwar  
and Robertson19 F&M (80) 140 (23.4–448)

Yoshinaga et al.24 F&M (18) 31.2

Crawford  
and Crawford25 F&M (13) 842 (224–917)

Koch et al.26 F&M (45) 71

Brätter et al.21
F&M (12) cortical 23

F&M (12) cancellous 77

Mg

Samudralwar  
and Robertson19 F&M (80) 2,139 (1,118–2,876)

Simpson et al.27 F&M (8) 620

Crawford  
and Crawford25 F&M (18) 4,184 (2,886–5,321)

Koch et al.26

F&M (45) 2,850

F (28) 2,920

M (17) 2,730

Brätter et al.21
F&M (12) cortical 2,600

F&M (12) cancellous 2,700

Zn

Samudralwar  
and Robertson19 F&M (80) 92.8 (53.6–128.0)

Burak and 
Okólska28 F&M (2) 26 (18–34)

Crawford  
and Crawford25 F&M (13) 220 (154–278)

Brätter et al.21
F&M (12) cortical 180

F&M (12) cancellous 144

Ba – barium; Sr – strontium; Fe – iron; Mg – magnesium; Zn – zinc; M – male; 
F – female.

Fig. 1. Location of the cemetery from which the material was extracted
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levels indicates that the cemetery was in use between 1695 
and 1919 (±25 years). Based on the historical verification 
of the data, it can be inferred that the individuals whose 
bone remains were examined had been buried between 
the end of the late 17th and late 18th centuries.11

The cemetery was located in close proximity to the 
Gothic cemetery temple dedicated to Saint Barbara, a pa-
tron of  hospitalization and poverty (Fig.  1). Historical 
sources, tombstone epitaphs and urban sociotopography 
from the 16th to 19th centuries indicate several distinct 
social groups interred in the cemetery, from which the 
archaeological material used in the research was derived. 
The groups include the poorer craftsmen, patients of nu-
merous hospitals and shelters surrounding the cemetery, 
and a few wealthy townsmen from Protestant families.28

All skeletal remains used in the current study were ex-
cavated from the soil. As a result, they were subjected to 
diagenesis and a  variety of  taphonomic processes. The 
degree of diagenesis for each individual was estimated by 
calculating the Ca/P ratio.

Sex and age at death 

Sex was determined by examining skull morphology and, 
when possible, the characteristics of the pelvic bone.29,30 
The age of  individuals was estimated using both cranial 
and post-cranial skeletal features, including changes in 
the auricular surfaces of the ilia and pubic symphyses,29,30 
as well as the closure of cranial sutures and tooth crown 
wear.30–32 If the post-cranial skeleton was not available, age 
estimation relied solely on the cranial skeleton.

Due to the poor state of  preservation of  the bone re-
mains, it was not possible to determine the sex and bio-
logical age at the time of death in all cases (morphological 
gender was determined in 20 cases) (Table 2). The bone 
material and permanent dentition were subjected to fur-
ther analysis in 28 adults and 8 juveniles (Table 2).

Evaluation of caries 

The intensity of caries was visually assessed using 
a modified International Caries Detection & Assessment 
System (ICDAS II) scale, which is suitable for both daily 
clinical practice and epidemiological studies.33 This scale 
has been modified for the study of archaeological materi-
als.6 The modified scoring system is presented in Table 3.

The objective of the individual assessment of caries in-
tensity was to determine the stage of carious lesions with 
the highest degree among all lesions described in the upper 
and lower alveolar arches using the ICDAS II scale. In addi-
tion to evaluating the presence of caries on individual teeth, 
indicators were employed to estimate the intensity of caries 
in the examined individuals. The commonly used indica-
tor, the caries index, was calculated by dividing the number 
of teeth with caries by the number of preserved teeth.34

Mineralization of research material 

The samples were subjected to wet mineralization using 
a closed MARS 6 microwave system (CEM Corporation, 
Matthews, USA). 

A homogeneous sample weighing between 0.1  g and 
0.5  g was placed in preparation vessels, to which 5  cm3 
of concentrated nitric acid (V) (Chempur, Piekary Śląskie, 
Poland) was added. The samples were subjected to min-
eralization in the microwave sample preparation system. 
The minerals were quantitatively transferred to 10-cm3 
measuring vessels using redistilled water. Mineralization 
was conducted in accordance with the Polish standard 
PN-EN 13805:2003. Foodstuffs – Determination of trace 
elements – Pressure digestion.35

Determination of elements in the research 
material 

The atomic absorption or emission spectrometry with 
an acetylene/air flame was employed to determine the Fe, 
Zn, Mg, and Ca contents in the materials. The analysis was 
conducted using a SpectraAA atomic absorption spectro-
meter (Spectralab Scientific Inc., Markham, Canada) 
and a  Varian AA240FS flame attachment (Spectralab 
Scientific Inc.). The Sr and Ba levels were determined us-
ing inductively coupled plasma optical emission spectro-
metry (ICP-OES). The phosphorus content was quantified 
with a  spectrophotometer (Thermo Spectronic Unicam 
UV-300; Thermo Fisher Scientific, Waltham, USA). 

The accuracy of  the method was validated using the 
National Institute of  Standards and Technology (NIST) 
1486 Bone Meal (Sigma-Aldrich, St. Louis, USA). The 
estimated measurement uncertainty was 5%. 

Table 2. Distribution of sex and age among the examined individuals

Variable Individuals, n

Sex

male 16

female 4

unknown 16

Age
juveniles (<18 years) 8

adults (≥18 years) 28

Table 3. Modified International Caries Detection & Assessment System 
(ICDAS II) scale criteria

Code Criterion

1 No caries detected.

2 Distinct visual change in enamel.

3
Localized enamel breakdown (without clinical visual signs 

of dentinal involvement).

4 Underlying dark shadow from dentin.

5 Distinct cavity with visible dentin.

6 Extensive distinct cavity with visible dentin (>50% of the surface).
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The elements were determined in accordance with the 
following standards: 
• Zn, Fe: PN-EN 12143:2000. Fruit and vegetable juices. 

Determination of soluble matter content by refracto-
metric method36;

• Mg, Ca: PN-EN ISO 6869:2000. Feedstuffs. Determina-
tion of calcium, copper, iron, magnesium, manganese, 
potassium, sodium and zinc by atomic absorption spec-
trometry.37 
In order to assess the occurrence and intensity of dia-

genesis in examined rib bone samples, the mass ratio 
of Ca to P was calculated. A ratio above 2.16 is indicative 
of structural degradation of the bone (higher values indi-
cate stronger bone degradation).12,13

Statistical analysis 

The normality of  the distribution for each variable 
was evaluated using the Shapiro–Wilk test. Pearson’s 
analyses were performed using Statistica 13.1 software 
(TIBCO Software, Palo Alto, USA) to determine the cor-
relation between dental condition traits, the concentra-
tion of  the analyzed elements in the examined bones, 
and the diagenesis index. The assumptions of Pearson’s 
correlation test were satisfied because at least 1 vari-
able pair was normally distributed in each comparison.38 
The results were considered statistically significant for 
a p-value <0.05.

Results

Analysis of the prevalence of caries

The dental condition characteristics of the early mod-
ern population of Wrocław were based on an examina-
tion of carious changes in crowns and dental roots. This 
examination was conducted through a visual assessment 
of  161 permanent teeth obtained from 36 individuals. 
The total number of teeth in the alveolar arches was de-
termined, including both carious and non-carious teeth, 
as well as those that had been lost antemortem. Informa-
tion related to taphonomic processes included the num-
ber of teeth lost postmortem, as evidenced by the num-
ber of empty alveolar sockets. The characteristics of the 
severity of  carious cavities were also presented, with 
a  particular emphasis on the specific “predominance 
state”, which represents the highest degree in the ICDAS 
II classification. Therefore, individuals were classified 
according to the most advanced form of  dental caries, 
with the weaker forms of the disease on dental crowns 
being disregarded. In addition to the individual assess-
ment of caries severity, caries intensity indexes were also 
calculated. The list of parameters for assessing the state 
of dentition in the form of descriptive statistics is pre-
sented in Table 4.

A considerable number of missing teeth were observed in 
the examined material. On average, approx. 13 teeth were 
outside the possibilities of dental assessment, with nearly 
11 teeth lost postmortem. Undoubtedly, the decrease in 
the number of  teeth available for examination may have 
influenced the further assessment of  the distribution 
of  caries. On average, 80% of  the preserved teeth in the 
examined individuals were affected by carious lesions, with 
the maximum number of teeth affected by caries in a single 
case not exceeding 12. Among the carious lesions observed 
in 36 individuals, the most prevalent defect was classified as 
code 3 on the ICDAS II scale. An important finding about 
the nature of the disease in the study group is the relatively 
low average number of teeth lost antemortem, which may 
be linked to cariogenic processes (Table 4).

Diagenesis and the content of selected 
micronutrients 

The range of  values obtained for the diagenesis in-
dex (Ca/P  ratio) for the examined human rib samples 
(n  =  35; minimum Ca/P ratio  =  2.099, maximum Ca/P 
ratio = 5.048) and the mean value of this trait (3.296) is in-
dicative of the influence of diagenesis processes on these 
bones (with the exception of 1 sample, where the index 
value did not exceed 2.16) (Table 5). These results were 
expected due to 2 significant factors: the bones were de-
rived from a  cemetery dating to the 17th–18th centuries 
AD; and ribs are more susceptible to diagenesis processes 
compared to other bones, such as femur or skull bones.39 

The mean concentration of  Ba obtained in this study 
was 44.9 μg/g (range: 3.8–194.7 μg/g) (Table 5). Although 
this value is higher than the reference mean for this ele-
ment in most specimens (approx. 65%) of the examined 
sample, the Ba concentration is within the widest refer-
ence range established for modern human ribs based on 
the available literature data (0.94–36.00 μg/g) (Table  1). 
Thus, the results indicate that diagenesis had a significant 
impact on the Ba concentration in approx. 35% of  the 
examined bones.

Table 4. Statistical data regarding the masticatory organs of the studied 
population

Variable Me Minimum Maximum

Missing teeth, n 13 5 26

Teeth antemortem, n 0 0 24

Teeth postmortem, n 11 2 24

Teeth in the upper jaw, n 0 0 10

Teeth in the lower jaw, n 3 0 11

Teeth with caries, n 2 0 12

Teeth with caries in the crown, n 3 1 12

Teeth with caries in the root, n 0 0 2

Teeth with the highest caries grade, n 3 1 6

Me – median.
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The mean Sr concentration in the examined rib samples 
(145.5 μg/g) (Table 5) was lower than the reference value 
(e.g., means: 252 μg/g or 334 μg/g) (Table  1). Further-
more, the obtained Sr concentrations (range: 55.3–280.2 
μg/g) fall within the range of variability of this trait estab-
lished for ribs of modern adult humans (36–1,163 μg/g) 
(Table 1). This suggests that diagenesis had no impact on 
the Sr concentration in the examined bones.

The mean Fe concentration was found to be 4,818.9 μg/g 
(range: 350.7–16,600.7 μg/g) (Table  5). This value is 
higher than the mean reference value (Table 1), and for 
most specimens, it is above the upper limit of the widest 
referential range (23.4–917.0 μg/g) (Table 1). Considering 
the prevailing view that elevated Fe levels in human bones 
from archaeological studies are likely caused by diagen-
esis,8,40,41 a diagenetic origin is also suggested in this study. 

The mean Mg concentration was 3,285 μg/g (range: 
288.2–9,558.3 μg/g) (Table  5). According to the refer-
ence data, the widest range of  variability for this trait 
(mean range: 620–4,184 μg/g) includes the Mg concen-
tration values obtained for the majority of the specimens 
analyzed in this study. Therefore, a biogenic origin of Mg 

can be suggested for these specimens. A  smaller subset 
of specimens included in the sample indicates higher Mg 
values (>4,184  μg/g). However, these values do not sig-
nificantly deviate from the upper limit of the abovemen-
tioned reference range. In summary, the results indicate 
that the majority of the sample can be attributed to a bio-
genic origin of Mg. 

The mean concentration of Zn (569 μg/g) significantly 
exceeds the reference averages established for the ribs 
of modern humans (e.g., 26 μg/g or 220 μg/g) (Table 1). 
Almost all Zn concentrations determined for the tested 
specimens (except for 1 individual) are higher than the 
upper limit of the widest reference range for this feature 
(18–278 μg/g) (Table  1). According to the method 
employed in this study, a large deviation from the upper 
limit of  the reference range suggests a diagenetic origin 
of the Zn in the majority of the examined samples. 

Correlation matrix: dental condition 
vs. elements and Ca/P ratio 

The results of Pearson’s analyses, conducted to deter-
mine the statistical relationship between element con-
centration and dental condition, indicated that only 
2 correlations were statistically significant or close to the 
threshold of the confidence interval: first, a positive and 
weak correlation between the Ca/P ratio and the number 
of missing teeth; second, a negative and weak correlation 
between Zn concentration and the caries index (Table 6). 
No statistically significant correlation was found between 
any of the dental condition indicators and the Ca/P ratio.

Discussion
The objective of  this study was to explore potential 

relationships between the elemental composition of  bones 
and the state of dentition, as assessed through the analysis 

Table 6. Results of the correlation analysis between the dental condition indicators and the content of selected micronutrients in the bone material

Variable
Zn Fe Mg Ca P Sr Ba Ca/P ratio

r p-value r p-value r p-value r p-value r p-value r p-value r p-value r p-value

Missing teeth 0.049 0.782 −0.119 0.501 −0.027 0.879 0.012 0.948 0.084 0.641 −0.225 0.208 −0.211 0.238 0.326 0.064

Teeth antemortem −0.006 0.976 −0.255 0.146 0.185 0.296 −0.031 0.861 0.013 0.942 −0.143 0.427 −0.104 0.564 0.037 0.839

Teeth postmortem 0.059 0.742 0.151 0.393 −0.231 0.188 0.047 0.793 0.076 0.676 −0.084 0.644 −0.112 0.536 0.308 0.081

Teeth in the upper jaw 0.336 0.052 0.144 0.416 0.216 0.220 0.026 0.884 −0.131 0.467 −0.042 0.815 −0.156 0.386 0.019 0.917

Teeth in the lower jaw 0.109 0.540 0.039 0.826 −0.009 0.959 −0.088 0.622 −0.184 0.306 0.024 0.895 −0.027 0.882 −0.166 0.356

Teeth with caries 0.247 0.146 0.203 0.235 0.162 0.345 −0.196 0.251 −0.238 0.169 0.087 0.618 0.035 0.844 −0.205 0.238

Teeth with caries in the crown 0.263 0.133 0.179 0.311 0.190 0.282 −0.083 0.641 −0.189 0.293 0.095 0.601 0.018 0.920 −0.164 0.361

Teeth with caries in the root 0.173 0.327 0.220 0.212 −0.257 0.143 −0.064 0.720 −0.105 0.560 −0.052 0.774 −0.125 0.488 0.093 0.605

Teeth with the highest 
caries grade

−0.099 0.576 0.072 0.684 −0.146 0.411 −0.087 0.627 0.007 0.969 −0.077 0.671 −0.229 0.200 0.074 0.684

Caries index −0.336* 0.045* 0.177 0.303 −0.004 0.981 −0.204 0.234 0.254 0.142 0.028 0.871 0.285 0.097 −0.048 0.782

* statistically significant (p < 0.05, Pearson’s correlation). 

Table 5. Summary statistics of the concentration of the analyzed elements 
in the rib bone sample

Element
Samples 
analyzed, 

n

M  
[μg/g]

SD  
[μg/g]

Range  
(min–max)  

[μg/g]

Ba 35 44.9 38.72 3.8–194.7

Sr 35 145.5 43.79 55.3–280.2

Fe 36 4,818.9 4,380.24 350.7–16,600.7

Mg 36 3,285.0 1,957.51 288.2–9,558.3

Zn 36 569.0 222.94 166.8–1,157.0

Ca 36 315,685.3 48,175.34 259,801.8–445,511.9

P 35 11,942.4 23,699.98 3,523.9–96,709.1

Ca/P ratio 35 3.3 0.62 2.1–5.0

Ca – calcium; P – phosphorus; M – mean; SD – standard deviation. 
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of  carious lesions. The impact of  secondary diagenesis 
processes was also taken into account.

We aimed to detect a relationship between the concen-
tration of  specific elements (Ba, Sr, Mg, Fe, and Zn) in 
bones, the index of  the diagenesis intensity (Ca/P ratio) 
of  these bones, and the broader dental condition traits 
of the examined individuals, while taking into account the 
potential impact of diagenesis on the concentration of the 
abovementioned elements. With regard to the diagenesis 
index, the study aimed to assess the relationship between 
the intensity of  diagenesis in human bones and 2 types 
of features characterizing the condition of the teeth: the 
number of  teeth (the number of  teeth lost postmortem 
may be positively related to the intensity of diagenesis in-
fluencing the bones); and the intensity of caries develop-
ment (a positive correlation between the index of caries 
intensity and the intensity of diagenesis suggests the in-
fluence of diagenesis on the occurrence of changes that 
mimic caries, particularly in early caries).

Macroscopic observations of  carious cavities indicate 
that the disease course was more intense among the stud-
ied population from early modern Wrocław. However, the 
reduction in the number of observations resulting from 
postmortem tooth loss could have affected the assess-
ment of caries intensity. The individual nature of carious 
defects, according to modern standards, indicates moder-
ate caries localized to specific areas. On average, carious 
lesions were recorded at code 3 on the ICDAS II scale, 
indicating limited local penetration into dental crowns 
without affecting the dentin.

The results of the odontological and chemical analyses 
did not reveal statistically significant relationships 
between the Ca/P diagenesis index and any of the macro-
scopic variables (Table  6). For the number of  teeth lost 
postmortem (r  =  0.308, p  =  0.081), the result is on the 
verge of statistical significance, suggesting a possible but 
weak dependence.

Changes observed on the surface of dental crowns and 
exposed parts of  dental roots, such as macroscopically 
visible discoloration, flaky surfaces, cracks, and chips, 
were hypothesized to be most related to the Ca/P dia-
genesis index. This association was considered plausible 
given that secondary diagenesis processes often corre-
late indirectly with the poor macroscopic preservation 
of  remains.42 This, in turn, could result in false positive 
assessments of lesions conducted macroscopically, which 
may appear similar to cariogenic defects but are actually 
specific pseudopathologies. However, the analysis dem-
onstrated no correlation between the caries index and the 
Ca/P ratio (r = −0.048, p = 0.782). This suggests that den-
tal assessment of the teeth condition should be considered 
an  independent phenomenon in relation to the process 
of  secondary diagenesis, at least in the context of  the 
tested archaeological material. Numerous studies indicate 
that dentition is minimally affected by postmortem envi-
ronmental factors and remains largely unaltered.43

Bone tissue undergoes antemortem modifications due 
to metabolic activity (e.g., as a  consequence of  disease, 
inflammatory processes and hyperplasia) and mechanical 
injuries. In contrast, its secondary transformations occur 
postmortem due to taphonomic factors, such as substrate 
pH, water flow and the chemical composition of the burial 
site. The passage of time significantly affects the preser-
vation of bone material.44 Thus, the mineral composition 
of the deposited remains may vary depending on the type 
and intensity of diagenetic factors affecting the deposited 
bones, such as those in burial pits. Changes in the chemi-
cal composition of bone tissue may be the basis for further 
transformations and damages of  a  macroscopic nature, 
both in terms of its volume and structure.45

In the case of  searching for potential correlations 
between the concentration of  the analyzed element in the 
bones and traits of the dental condition, the results sug-
gest a biogenic origin for Sr and Mg, and partially for Ba 
(significant diagenesis is suggested in approx. 35% of the 
sampled bones). The majority of  the examined bones 
exhibited predominantly diagenetic origins for Fe and Zn.

The prevailing view is that the concentration of  Ba and 
Sr in human bones is related to diet.8,46–48 The majority 
of studies suggest that diagenesis has no effect on the levels 
of these elements in bones. However, contrary results have 
been reported, indicating that diagenetic influences may be 
present.49–52 Thus, the comparison of  the results obtained 
with the so-called reference data was helpful in determin-
ing whether, in the case of analyzed bone samples, the level 
of  these elements is related to the influence of  diagenesis. 
Notably, the relationship between the geographical area 
inhabited by human populations (especially archaeologi-
cal) and the specific concentration of Ba and Sr in bones is 
a conse quence of the composition of available water and the 
type of vegetation occurring in a given area. It is commonly 
believed that modifying one’s diet to include a greater propor-
tion of plant-based foods will result in the elevated levels of Sr 
and Ba in bones.53,54 However, the relationship between the 
Sr and Ba content in food and Sr and Ba levels in the bones 
of an  individual consuming that food remains unclear.55 In 
light of  our interpretation that the influence of  diagenesis 
on the Ba concentration concerned about 35% of bones in 
the sample, the presence of  Ba of  diagenetic origin could 
potentially influence the results of the statistical analysis, as 
evidenced by the absence of a significant correlation between 
the level of this element and dental condition traits.

Studies on the impact of a diet without Sr in rats and 
guinea pigs indicated reduced calcification of bones and 
teeth and an increase in the occurrence of dental caries.56 
The results of these studies may, therefore, suggest a rela-
tionship between the concentration of this element in hu-
man bones and dental condition. Thus, it is probable that 
a low concentration of Sr in bones may be associated with 
a  higher risk of  the occurrence of  caries. The statistical 
analysis of the sample revealed no statistically significant 
relationships between the Sr level and the analyzed dental 
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condition features, including those describing the occur-
rence of caries. The relatively narrow range of Sr concen-
trations obtained in our sample, when compared to the 
available data (Table  1), suggests that the diets of  the 
examined individuals were likely similar, as was the compo-
sition of the water they consumed. The limited variabil-
ity in Sr concentration may have reduced the likelihood 
of detecting a relationship between this element and the 
occurrence of  dental caries. Therefore, further research 
on this matter is necessary, including a sample of individ-
uals with more diverse diets. Considering the high meta-
bolic turnover rate of  rib bones,39 future studies should 
also include other types of bones, such as the femur.

Previous studies on the impact of  diagenesis on Mg 
concentration in human bones have yielded disparate 
results, with some indicating the influence of  diagenesis 
on Mg levels and others suggesting no such influence.52,57,58 
Diagenesis processes may cause a decrease or an increase in 
Mg concentration in bones.59 Magnesium is important for 
overall body functioning, including bone mineralization 
and its development.60–62 Approximately 60% of Mg pres-
ent in the human body is stored in bones.63 Its deficiency 
affects bone density,62 and animal studies have demon-
strated that a diet with inadequate Mg contributes to the 
development of  osteoporosis.62 Elevated levels of  Mg in 
bones may influence bone metabolism and cause defective 
mineralization.64 In this study, the statistical analysis results 
showed no relationship between the dental condition traits 
and Mg concentration in bones. Further studies with larger 
bone samples (free from the effects of diagenesis) are re-
quired to determine whether a positive relationship exists 
between Mg concentration and good dental condition. 

If our interpretation that Fe and Zn in the examined bones 
predominantly originate from diagenesis is correct, the pos-
sibility of detecting potential relationships between the con-
centration of these elements of biogenic origin and the traits 
of the dental condition is strongly obscured by the phenom-
enon of diagenesis. Thus, the significant correlation found 
in this study between Zn concentration and 2 traits of the 
dental condition is difficult to explain. The negative and 
weak correlation between Zn concentration and the caries 
intensity index (r = −0.336, p = 0.045) may be attributed to 
the influence of diagenesis on Zn concentration. 

This result is close to the threshold of statistical sig-
nificance, which suggests that caution should be exercised 
against dismissing it as a false positive result. Nevertheless, 
in the absence of a correlation between caries indicators and 
other chemical elements, several premises indicate that this 
correlation may not be merely coincidental.

Regarding Zn compounds, the variations in Zn ion con-
centration in bone material attributable to the type of sedi-
ment and soil acidity result from the substitution of Ca in 
hydroxyapatite crystals. This implies that the proportion of Zn 
ions in postmortem bones may be greater than in new bone 
tissue. The degree of tissue Zn saturation is more intense in 
wet and acidic deposits, similar to the concentration changes 

observed for other metals.44 However, these changes are not 
significant and should not deviate from the typical range 
observed in new bone tissue. In addition, the elevated concen-
tration of Zn ions in bone tissue may be the result of an indi-
vidual’s diet consumed during their lifetime.39

Zinc compounds participate in the prevention of  caries 
at multiple levels, through direct and indirect interactions 
with tooth tissue. In both cases, the endogenous distribution 
of Zn ions is dependent on the presence of suitable nutrients.

The indirect effect focuses on the presence of  Zn com-
pounds in saliva, the concentration of which varies depend-
ing on the salivary gland responsible for their production. 
The parotid glands are the source of the lowest concentration 
of Zn compounds, while the sublingual and submandibular 
salivary glands are the primary sources of these compounds. 
Zinc plays an important role in the protective function of sa-
liva. It is hypothesized that Zn compounds present in saliva 
are a  constant source of  enamel remineralization. During 
this process, the lost Ca ions in the hydroxyapatite are re-
placed with Zn ions.65 As with fluorine compounds, which 
play a similar role in layer remodeling, a decline in Zn con-
centrations in enamel is observed during the second and 
third decades of  life. Zinc ions in saliva compete with Ca 
ions for a place in the enamel. The loss of Ca ions is a direct 
consequence of the development of caries.

It is not possible to exclude with certainty the potential 
importance of  biogenic Zn contained in bones in shaping 
the negative correlation between Zn concentration and the 
caries intensity index. The corresponding differences in 
bone Zn levels may also be attributed to dietary differences, 
accompanied by an increase in Zn level due to diagenesis. 
Such variations may have influenced the results. Maintain-
ing an adequately high Zn level in a living organism (within 
the natural range needed to maintain internal homeostasis) 
is associated with overall biological health.27 The second 
significant correlation obtained in this study is the positive 
correlation between the Zn concentration and the number 
of examined teeth (i.e., individuals with higher Zn concen-
tration tended to have more preserved teeth). A  greater 
number of  preserved teeth indicates a  lower rate of  post-
mortem loss, as well as a lower rate of antemortem loss. This 
suggests that individuals with a greater number of preserved 
teeth may exhibit healthier biological conditions. Unless in-
fluenced by diagenesis, this correlation could suggest the im-
portance of Zn as a marker of overall bodily health.

Conclusions 
The evaluation of bone mineral composition as a method 

for assessing the quality of  life in historical populations 
has been a subject of discussion for many years. Linking 
the elemental content in bone tissue provides a potentially 
valuable tool for the reconstruction of lifestyle factors 
related to socioeconomic aspects such as diet, masticatory 
organ health and general health awareness.
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However, proper evaluation in chemical studies of hard 
tissues of the human body is associated with certain limi-
tations, which must be considered when drawing con-
clusions based on the elemental composition of  dental 
or bone material. The current research on early modern 
urban populations highlights 2 main limitations. First, the 
degree of diagenesis has a significant impact on the ob-
tained results. Second, the chemical composition of bones 
exhibits variability and instability during ontogenesis, 
which limits the applicability of  results to a  narrow pe-
riod, spanning a few weeks to a few months before death.

Therefore, the assessment of the presence and severity 
of long-term diseases such as caries provides insights into 
the mineral composition of bone tissue and may poten-
tially correlate it with persistent nutritional deficiencies. 
Despite the influence of diagenetic factors on the preser-
vation of the studied elements in bone minerals, elevated 
concentrations of Zn ions in bone material may be attri-
butable to specific dietary habits influenced by socioeco-
nomic factors. Although the results only approached sta-
tistical significance, in light of the limitations associated 
with diagenesis, it is important to mention the potential 
association between elevated Zn levels and reduced caries 
intensity among former inhabitants of Wrocław.
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Abstract
Background. Multiple myeloma (MM) is a  hematological malignancy characterized by the presence 
of abnormal plasma cells. It is associated with anemia, bone lesions and renal dysfunction. Immunomodu-
latory drugs (IMiDs) are commonly used in MM treatment. Recent studies indicate that their therapeutic ef-
fect is caused by binding to cereblon (CRBN), which in turn causes the degradation of 2 important immune 
cell regulatory factors, IKZF1 and IKZF3. These are necessary for the anti-myeloma effect of  IMiDs. Their 
expression level has been shown to affect MM survival and response to treatment. Potentially important 
single-nucleotide polymorphisms (SNPs) in the genes coding for IKZF1 and IKZF3 have been identified, but 
they have not been analyzed in MM patients before.

Objectives. The study was designed to establish the relationship between 4 SNPs in the genes coding 
for IKZF1 (rs61731359, rs4132601 and rs10272724) and IKZF3 (rs907091), and MM survival, response to 
treatment and other parameters. 

Material and methods. The study involved 222 MM patients, as well as 100 control individuals. The 
IKZF1 and IKZF3 genotypes were determined by the LightSNiP assay. Genotyping was performed in the 
real-time polymerase chain reaction (PCR) LightCycler 480 device.

Results. No difference was observed between the patients and the controls for any of the SNPs, but the 
IKZF1 and IKZF3 variants were associated with various clinical parameters. Allele IKZF1 rs4132601 G was 
more common in the patients with worse response to first-line therapy (p = 0.040), particularly in the 
patients treated with thalidomide (p = 0.017). The patients tended to have worse overall survival. IKZF3 
rs907091 CC was detected more commonly in the patients in stage I than in those in stages II and III, ac-
cording to the International Staging System (ISS) criteria (p = 0.015). This genotype was also associated 
with a higher albumin level (p = 0.033), and was less common in the patients with the albumin level 
below 3.5 g/dL (p = 0.030).

Conclusions. Our results suggest that IKZF1 rs4132601 and IKZF3 rs907091 may affect response to treat-
ment and progression in patients with MM.

Keywords: single nucleotide polymorphism, multiple myeloma, Ikaros transcription factor
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Introduction
Multiple myeloma (MM) is an incurable hematological 

malignancy, which is characterized by the monoclonal 
growth of abnormal cells derived from transformed plas-
ma cells. Multiple myeloma is a progressive disease that 
evolves from monoclonal gammopathy of undetermined 
significance (MGUS) and smoldering multiple myeloma 
(SMM) into symptomatic MM.1 It is estimated that 35,730 
new MM cases will be diagnosed in the United States in 
2023 and 12,590 patients will die due to the disease.2 In 
the Polish population, MM accounts for 18% of  all he-
matological malignancies, and over 2,000 new cases are 
reported annually.3 The disease is diagnosed mostly in el-
derly people, and the median age at diagnosis is 69 years.2 
Multiple myeloma is associated with poor prognosis; 
however, new drugs have greatly improved 5-year overall 
survival and patients’ quality of life (QoL).4,5

Multiple myeloma typically leads to and is associated 
with anemia, lytic bone lesions, hypercalcemia, and re-
nal dysfunction.6 It is believed that both environmental 
and genetic factors are responsible for the development 
of  MM.1 Drugs currently available for MM treatment 
include proteasome inhibitors, monoclonal antibodies, 
3-phosphoinositoside kinase inhibitors, and immuno-
modulatory drugs (IMiDs). Immunomodulatory drugs 
are a  group that comprises thalidomide and its deriva-
tives – lenalidomide and pomalidomide. They exert their 
therapeutic effect by binding to cereblon (CRBN), a com-
ponent of the E3 ubiquitin ligase complex.7,8 By binding 
to CRBN, IMiDs change the substrate specificity of the E3 
ubiquitin ligase complex, and cause it to ubiquitinate and 
target for proteasomal degradation two B cell transcrip-
tion factors – Ikaros family zinc finger protein 1 (IKZF1, 
Ikaros) and Ikaros family zinc finger protein 3 (IKZF3, 
Aiolos). Ikaros family proteins are known to be the major 
regulators of immune cell development, particularly with 
regard to CD4+ T helper cells, as well as B cells during 
their early and late development.9,10 IKZF1 acts as a tumor 
suppressor in normal cells, but in MM cells, it becomes 
a  transcriptional activator of  oncogenes and promotes 
cancer cell survival.11 The knockdown and overexpres-
sion of IKZF1 and IKZF3 reduces the sensitivity of MM 
cells to IMiDs.12–14 Both IKZF1 and IKZF3 are needed 
for IMiDs to work, and the inactivation of either of them 
leads to MM cell cycle arrest.15 The degradation of IKZF1 
and IKZF3 may lead to MM cell apoptosis through the 
downregulation of  interferon regulatory factor 4 (IRF4) 
and c-MYC. It has also been shown that IKZF1 and IKZF3 
repress interferon-stimulated genes (ISGs), including 
CD38, the expression of  which is increased upon IMiD 
treatment.

Earlier studies established that the IKZF1 expres-
sion levels affected response to therapy and survival in 
patients treated with IMiDs.16–18 However, as of  yet, no 
studies have investigated whether genetic variability 

within the genes coding for IKZF1 and IKZF3 may affect 
survival or response to treatment in MM patients. Our 
previous studies showed that the single-nucleotide poly-
morphisms (SNPs) located in the genes associated with 
IMiD metabolism might correlate with response to treat-
ment and survival in MM patients.19–21 In the present 
study, we aimed to analyze selected SNPs in the IKZF1 
and IKZF3 genes in the context of MM. Three SNPs were 
in IKZF1 (rs61731359, a missense Asn>Asp substitution; 
rs4132601, a 3’ untranslated region (3’UTR) variant and 
a potential miRNA binding site; and rs10272724, located 
near IKZF1 and affecting survival in acute lymphoblas-
tic leukemia) and one in IKZF3 (rs907091, a 3’UTR vari-
ant and a potential miRNA binding site).22–25 The 4 SNPs 
were analyzed in relation to MM susceptibility, response 
to treatment, survival, and association with diagnostic 
and prognostic markers, such as albumin, beta-2-micro-
globulin (β2-M), C-reactive protein (CRP), or calcium 
(Ca).

Material and methods

Patients and controls 

The study included 222 patients diagnosed with MM, 
111 women and 111 men, aged 37–88 years (median age: 
64 years). The only inclusion criterion for patients to en-
ter the study was a diagnosis of MM. The exclusion crite-
rion was a diagnosis of any other malignancy.

According to the International Staging System (ISS) 
criteria, 54 patients were in stage I, 67 in stage II and 81 
in stage III.26 Detailed information on patients is present-
ed in Table 1. In addition, 100 healthy blood donors (50 
women and 50 men) served as a  control group. All pa-
tients and control individuals were from the Lower Silesia 
region in western Poland, and were treated between 2015 
and 2020. The study was performed in accordance with 
the Declaration of  Helsinki, and received the approval 
of the Ethics Committee at Wroclaw Medical University, 
Poland (no. KB-297/2016).

Sample size 

The sample size analysis was conducted based on one 
of the primary objectives of the study, assuming a lower 
occurrence of the IKZF1 rs4132601 G allele in patients 
with better response (complete or very good partial 
remission) to first-line therapy (effect size: 0.30). The 
minimum required sample size to detect this difference, 
assuming α = 5%, a power of 90% and a confidence level 
of  95%, was 184 patients in total. Additionally, a  10% 
risk of incomplete data was considered. The final mini-
mum required sample size was 203 participants. The 
sample size analysis was performed using the G*Power 
software.27
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Immunomodulating therapy 

Regarding first-line therapy, 127 patients were treated 
with the thalidomide-containing regimens (thalidomide 
100 mg/day), including 89 patients treated with cyclo-
phosphamide, thalidomide and dexamethasone (CTD) 
up to 6 cycles, and the subsequent continuous thalido-
mide monotherapy. Of the rest of  the patients, 76 were 
not treated with thalidomide, and 19 patients lacked data 
on thalidomide treatment. Response to first-line therapy 
was as follows: complete remission (CR) in 37 patients; 
very good partial remission (VGPR) in 29 patients; partial 
remission (PR) in 77 patients; minor remission (MR) in 
11 patients; stable disease (SD) in 19 patients; and progres-
sive disease (PD) in 12 patients. For the patients treated 
with the thalidomide-containing regimens, the response 
was as follows: CR in 24 patients; VGPR in 18 patients; 
PR in 49 patients; MR in 8 patients; SD in 15 patients; and 
PD in 8 patients. Response criteria are well described in 
a previous study.3

Genotyping 

DNA was extracted from the samples of  peripheral 
blood taken on ethylenediaminetetraacetic acid (EDTA), 
using Maxwell® 16 Blood DNA Purification Kit (Promega 
Corp., Madison, USA) or QIAamp DNA Blood Midi Kit 
(Qiagen, Hilden, Germany), following the manufactur-
ers’ recommendations. The IKZF1 and IKZF3 genotypes 
were determined by the LightSNiP assay (TIB Molbiol, 
Berlin, Germany), which uses specific probes allowing 

to distinguish genotypes based on melting curves (melt-
ing curve genotyping). Genotyping was performed in the 
real-time polymerase chain reaction (PCR) LightCycler 
480 device (Roche Diagnostics, Rotkreuz, Switzerland) 
on a 96-well plate. A negative control with no DNA was 
included. Conditions for PCR were as follows: 95°C for 
10 min; 45 cycles of 95°C for 10 s, 60°C for 10 s and 72°C 
for 15 s. This was then followed by one cycle of 95°C for 
30 s and 40°C for 2 min, and gradual melting from 75°C 
to 40°C. The genotypes were distinguished based on 
the melting temperatures of  the samples and the shape 
of their melting curves. 

Statistical analysis 

The null hypothesis that there is no difference in the 
presence of  the IKZF1/IKZF3 alleles between patients 
and controls was tested with Fisher’s exact test or the 
χ2 test, using the website http://vassarstats.net. The geno-
types were tested for deviation from the Hardy–Weinberg 
equilibrium using the χ2 test. Survival was assessed with 
the Wilcoxon test and the Kaplan–Meier survival curves. 
Other associations were tested either with Fisher’s exact 
test or the Mann–Whitney U test. All of these tests, ex-
cept for Fisher’s exact test and the χ2 test, were performed 
with the Real Statistics Resource Pack for Microsoft Excel 
(https://real-statistics.com/free-download/real-statistics-
resource-pack). A p-value <0.05 was considered statisti-
cally significant.

Results

Distribution of the IKZF1 and IKZF3 alleles 
and genotypes among patients with 
multiple myeloma and control individuals 

All patients and control individuals (control group) 
were genotyped for rs4132601, rs10272724 and 
rs907091, while 203 patients and all control individu-
als were genotyped for rs61731359. Details about the 
genotype and allele frequencies are presented in Table 2. 
Genotype frequencies for all 4 SNPs were in accordance 
with the Hardy–Weinberg equilibrium in both patients 
and controls. We detected no statistically significant 
differences between the patients and the controls in 
any of  the 4 studied SNPs, in any of  the 3 investigated 
models (dominant, recessive and additive) (Table 3). Re-
garding rs61731359A>G, only allele A was detected, as 
all the subjects carried genotype AA. Two IKZF1 SNPs, 
rs4132601 and rs10272724, were in very high linkage 
disequilibrium (r2  =  0.96, D’  =  0.98), prompting us to 
select only one of them for further analysis. Due to the 
reasons listed above, rs61731359 and rs10272724 were 
not included in further analysis.

Table 1. Patients’ characteristics

Data Number of patients

Age  
[years]

≤60 70

>60 137

Sex
M 111

F 111

ISS

I 54

II 67

III 81

Hypercalcemia
yes 38

no 154

Anemia
yes 69

no 126

β2-M  
[µg/mL]

≤3 74

>3 126

CRP  
[mg/L]

≤5 75

>5 64

Albumin  
[mg/dL]

≤3.5 71

>3.5 86

ISS – International Staging System; β2-M – beta-2-microglobulin; 
CRP – C-reactive protein; M – male; F – female.
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Association of the IKZF1 and IKZF3 
polymorphisms with response to 
immunomodulating therapy 

Allele IKZF1 rs4132601 G was less common among the 
patients with better response (CR-VGPR) to first-line ther-
apy (19/66 vs. 54/119; p = 0.040). This association could 

also be observed in the subgroup of patients treated with 
thalidomide (9/42 vs. 35/80; p = 0.017) (Fig. 1). Addition-
ally, we observed a trend for worse response to treatment 
in the patients with allele IKZF3 rs907091 C, although this 
was not statistically significant (p = 0.086) (Fig. 2).

Association of the IKZF1 and IKZF3 
polymorphisms with survival and disease 
progression 

Overall and disease-free survival analyses were con-
ducted for the IKZF1 and IKZF3 SNPs. While no statisti-
cally significant associations were observed for any of the 
analyzed SNPs, we noticed that the patients with allele 
IKZF1 rs4132601 G tended to have shorter overall sur-
vival than the patients without it (p = 0.104) (Fig. 3).

Table 2. IKZF1 and IKZF3 genotypes and alleles

Genotypes and alleles MM patients Controls  
N = 100

IKZF1 rs61731359 A>G  
N = 203 (MM patients)

AA 203 (100.0%) 100 (100.0%)

AG 0 (0.0%) 0 (0.0%)

GG 0 (0.0%) 0 (0.0%)

A 1.000 1.000

G 0.000 0.000

IKZF1 rs4132601 T>G  
N = 222 (MM patients)

TT 132 (59.5%) 61 (61.0%)

TG 77 (34.7%) 34 (34.0%)

GG 13 (5.9%) 5 (5.0%)

T 0.768 0.780

G 0.232 0.220

IKZF1 rs10272724 T>C  
N = 222 (MM patients)

TT 133 (59.9%) 60 (60.0%)

TC 76 (32.2%) 35 (35.0%)

CC 13 (5.9%) 5 (5.0%)

C 0.770 0.775

T 0.230 0.225

IKZF3 rs907091 C>T  
N = 222 (MM patients)

CC 42 (18.9%) 17 (17.0%)

CT 116 (52.3%) 53 (53.0%)

TT 64 (28.8%) 30 (30.0%)

C 0.451 0.439

T 0.549 0.561

MM – multiple myeloma.

Table 3. Case–control comparison between the multiple myeloma (MM) 
patients and the controls in 3 genetic models for IKZF1 and IKZF3 single-
nucleotide polymorphisms (SNPs)

Model p-value

Dominant

rs61731359 A>G 1.000

rs4132601 T>G 0.807

rs10272724 T>C 1.000

rs907091 C>T 0.757

Recessive

rs61731359 A>G 1.000

rs4132601 T>G 0.802

rs10272724 T>C 0.802

rs907091 C>T 1.000

Additive

rs61731359 A>G 1.000

rs4132601 T>G 0.937

rs10272724 T>C 0.951

rs907091 C>T 0.932

Fig. 1. Distribution of the IKZF1 rs4132601 G allele in the patients after first-line therapy showing complete or very good partial remission (CR-VGPR), and in 
the patients showing only partial remission, minor remission, no remission, or progression of the disease (PR-PD)

The left panel illustrates the association for all patients, regardless of the type of treatment, while the right panel includes only the patients undergoing 
treatment that included thalidomide. In both groups, allele G was less commonly detected.
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Regarding IKZF3, we found genotype rs907091 CC to 
be more common in the patients in stage I than in those 
in stages II and III, according to the ISS criteria (16/54 vs. 
21/148; p = 0.015) (Fig. 4).

Associations of the IKZF1 and IKZF3 
polymorphisms with other prognostic 
factors 

We observed that the median albumin blood concen-
tration was slightly higher in the patients with genotype 
IKZF3 rs907091 CC than in the patients without this gen-
otype (3.80 g/dL vs. 3.55 g/dL; p = 0.033). Furthermore, 

we noticed that CC homozygosity was less common in 
the patients with the albumin levels below 3.5 g/dL than 
in those with the albumin levels above 3.5 g/dL (9/71 vs. 
24/86; p = 0.030) (Fig. 5), with the albumin concentration 
below 3.5 g/dL being associated with worse prognosis.28 
Additionally, the patients with genotype IKZF1 rs4132601 
GG tended to have lower albumin concentration than the 
patients without this genotype (3.35 g/dL vs. 3.65 g/dL; 
p = 0.057).

Regarding other clinical parameter – hemoglobin – al-
lele IKZF3 rs907091 C was more commonly detected in 
the patients with abnormal hemoglobin blood levels (<10 
g/dL) than in the patients with normal levels (55/69 vs. 
81/126; p = 0.034) (Fig. 6). We also observed that the pa-
tients with allele IKZF1 rs4132601 G tended to have high-
er Ca blood levels (9.53 mg/dL vs. 9.25 mg/dL; p = 0.082) 
and slightly higher age on diagnosis (65.0 years vs. 63.5 
years; p = 0.053) than the patients without this allele, al-
though this was not statistically significant. No associa-
tions regarding the levels of β2-M, creatinine and CRP, or 
the presence of light chains were detected.

Discussion
Immunomodulatory drugs are a major group of drugs 

used to treat MM. However, their mechanism of  action 
has not been fully elucidated. It has been established that 
the molecular target of IMiDs is CRBN. While a ubiqui-
tin ligase-independent pathway for IMiD action has been 
described, the anti-myeloma effect of  IMiDs is most of-
ten ascribed to the degradation of  IKZF1 and IKZF3 by 
the E3 ubiquitin ligase complex upon IMiD binding to 
CRBN.12,13,25 In the present study, we investigated the 
IKZF1 and IKZF3 genetic variants and analyzed their in-
fluence on survival, response to treatment and diagnostic 

Fig. 3. Kaplan–Meier curves for IKZF1 rs4132601, visualizing overall survival

The red line shows overall survival for the patients with allele G (genotypes 
GG and TG), while the blue line represents the patients lacking allele G 
(genotype TT).

Fig. 4. Distribution of the IKZF3 rs907091 CC genotype in the patients 
characterized by being in either stage I, or stage II–III of the disease, 
according to the International Staging System (ISS) criteria

The CC genotype was more prevalent among the patients in the initial stage.

Fig. 2. Distribution of the IKZF3 rs907091 C allele in the patients after first-
line therapy showing complete, very good or partial remission (CR-PR), and 
in the patients showing only minor remission, no remission or progression 
of the disease (MR-PD)
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markers in MM patients. Previous studies found differ-
ences in survival and response to treatment between pa-
tients with different IKZF1 expression levels,16–18 which 
may be caused by the interference of  the genetic back-
ground. To the best of our knowledge, there has been no 
study analyzing the influence of SNPs in the genes coding 
for IKZF1 or IKZF3 on MM. Our study showed that allele 
rs4132601 G was associated with worse response to treat-
ment, especially in patients treated with thalidomide, and 
might be more common in patients with shorter overall 
survival, although the latter association was not statisti-
cally significant. Furthermore, the G allele tended to be 
more common in patients with higher Ca blood levels, 
while the GG genotype tended to be more frequent in pa-
tients with lower albumin blood levels, which are associ-

ated with worse prognosis.25 However, it was not associ-
ated with susceptibility to MM.

IKZF1 rs4132601 was first identified as a risk variant in 
childhood acute lymphoblastic leukemia (ALL) in a study 
by Papaemmanuil  et  al,29 and has mostly been studied 
in the context of this disease. The researchers found the 
G allele to be associated with a higher risk for ALL and 
a lower IKZF1 mRNA expression level in a dose-depen-
dent fashion.29 This association with the ALL risk was 
confirmed in various European, North African, Middle 
Eastern and Southeast Asian populations, although it 
was not detected in studies on ALL patients from Tai-
wan, Latvia and Iran.24,30–39 The rs4132601 SNP was also 
analyzed in Polish diffuse large B cell lymphoma (DLBCL) 
patients.40 While the SNP was not associated with DLBCL 
susceptibility, allele G was found to correlate with longer 
progression-free and overall survival,40 contrary to our 
results in MM. This may be attributed to differences be-
tween the 2 diseases and the fact that DLBCL is not treat-
ed with IMiDs; therefore, the role of IKZF1 in this disease 
may be different from its role in MM. It is worth noting 
that our study showed that rs4132601 is in strong linkage 
disequilibrium with another IKZF1 SNP, rs10272724. It is 
thus possible that the effects ascribed to rs4132601 may, 
in fact, be due to a genetic variation in rs10272724.

Another SNP covered in our present study was 
rs907091, located in the gene coding for IKZF3, also 
known as Aiolos. Both IKZF1 and IKZF3 are needed for 
IMiDs to work, and the inactivation of either of them can 
lead to MM cell cycle arrest.15 We found rs907091 CC to 
be more common in MM patients with albumin levels 
above 3.5 g/dL (a marker of better prognosis) and to cor-
relate with higher albumin levels in general. The rs907091 
CC was also more commonly detected in patients in stage 
I of MM than in those in more advanced stages II and III, 
according to the ISS criteria. These findings may suggest 

Fig. 5. Albumin blood levels in the patients carrying the IKZF3 rs907091 CC genotype

The left panel shows differences in the albumin blood concentration between the patients with genotype CC and those without it (genotypes TT and CT). 
The CC genotype was associated with higher albumin levels. The right panel shows the distribution of the CC genotype in the patients with the albumin 
levels above and below 3.5 mg/dL, with the levels below the 3.5 mg/dL cut-off point being associated with worse prognosis. The patients with albumin 
lower than 3.5 mg/dL less commonly presented with the CC genotype.

Fig. 6. Hemoglobin blood levels in the patients carrying the IKZF3 
rs907091 C allele

The graphs show differences in the distribution of allele C in the 
patients with higher and lower hemoglobin blood concentration. Allele 
C was more common in the patients with lower hemoglobin blood 
concentration.
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that rs907091 CC is associated with better prognosis and 
slower progression of  MM. On the other hand, we also 
observed that allele rs907091 C was more often detected 
in patients with abnormally low (<10 g/dL) hemoglobin 
levels. IKZF3 rs907091 was first described in a haplotype-
based analysis that found it to be associated with gene 
expression changes.41 IKZF3 rs907091 is located in a pre-
dicted miR-326 recognition element (binding site) and 
miR-326 is expected to bind to rs907091 T (a variant ab-
sent in rs907091 CC homozygotes). Accordingly, patients 
with rs907091 T are reported to have lower IKZF3 expres-
sion.42 The rs907091 T was also been described to be asso-
ciated with a higher risk for systemic lupus erythematosus 
(SLE) and multiple sclerosis (MS), with the CC genotype 
playing a protective role.42–45 The protective effect of the 
CC genotype in these studies seems to correspond well 
with our results with regard to MM, although it should be 
noted that SLE and MS differ significantly from MM. No 
studies on IKZF3 rs907091 have been conducted in the 
context of MM or other hematologic malignancies.

Our study also included rs61731359, a functionally rel-
evant IKZF1 SNP causing a  missense Asn>Asp amino 
acid change.22 To the best of our knowledge, this variant 
has not been analyzed before in any group of patients. It 
did not have a polymorphic character in our group of MM 
patients and control individuals, as only one allele (A) was 
detected. This absence of allele G may have been due to 
the relatively small number of patients and controls inves-
tigated. Further studies on rs61731359 in MM and other 
diseases may be needed to elucidate its role.

Limitations 

The relatively small number of patients and controls is 
a  major limitation of  our study. Another limitation that 
could have influenced our results is the non-homoge-
neous therapy used for MM treatment. Further studies 
on larger cohorts of patients are needed to confirm our 
results.

Conclusions
In conclusion, our present study shows that rs4132601 

in the gene coding for IKZF1 and rs907091 in the gene 
coding for IKZF3 may be associated with response to 
treatment, survival, and the diagnostic and prognostic pa-
rameters in MM patients, such as the stage of the disease 
and albumin blood concentration.
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Abstract
Background. The inferior alveolar canal (IAC) is a fundamental mandibular structure. It is important to 
conduct a precise pre-surgical evaluation of the IAC to prevent complications. Recently, the use of artificial 
intelligence (AI) has demonstrated potential as a valuable tool for dentists, particularly in the field of oral 
and maxillofacial radiology.

Objectives. The aim of the study was to compare the segmentation time and accuracy of AI-based IAC 
segmentation with semi-automatic segmentation performed by a specialist. 

Material and methods. Thirty individual IACs from 15 anonymized cone-beam computed tomography 
(CBCT) scans of patients with at least 1 lower third molar were collected from the database of Poznan 
University of  Medical Sciences, Poland. The IACs were segmented by a  trainee in the field of  oral and 
maxillofacial radiology using a  semi-automatic method and automatically by an  AI-based platform 
(Diagnocat). The resulting segmentations were overlapped with the use of  Geomagic Studio, reverse 
engineering software, and then subjected to a statistical analysis.

Results. The AI-based segmentation closely matched the semi-automatic method, with an  average 
deviation of 0.275 ±0.475 mm between the overlapped segmentations. The mean segmentation time for 
the AI-based method (175.00 s) was similar to that of the semi-automatic method (175.67 s).

Conclusions. The results of the study indicate that AI-based tools may offer a reliable approach for the 
segmentation of the IAC in the context of dental pre-surgical planning. However, further comprehensive 
studies are required to compare the methods and consider their limitations more comprehensively.

Keywords: accuracy, diagnosis, artificial intelligence, segmentation, inferior alveolar canal
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Introduction
The inferior alveolar canal (IAC), also known as the 

mandibular canal, is a bony structure within the internal 
border of  the mandible that carries the inferior alveolar 
nerve (IAN), artery and vein.1,2 The IAN is responsible for 
providing sensory innervation to the lower lip, mandibu-
lar teeth, chin, lower gingiva, and buccal mucosa, as well 
as motor innervation to the jaw muscles, enabling move-
ment.3,4 Damage to the IAC can result in numbness and 
paresthesia in the affected areas.5 Therefore, it is essen-
tial to conduct an accurate pre-surgical evaluation of the 
IAC based on the specific procedure being performed. 
Such procedures include implant placement, extraction 
of  third molars, root canal treatment, and orthognathic 
surgery, among others.6–9 This evaluation is typically con-
ducted through radiographic image analysis, such as two-
dimensional (2D) panoramic X-rays or three-dimensional 
(3D) X-rays, to prevent complications.

Cone-beam computed tomography (CBCT) is a  com-
monly used imaging technique in dentistry that generates 
images using a  fan-shaped beam of X-rays.10 Cone-beam 
computed tomography produces high-resolution images 
that can be reconstructed into a  3D image, rendering it 
a valuable tool for evaluating facial anatomy, including the 
IAC and its variations.11–13 Ozturk et al. identified 3 distinct 
configurations for the IAC within the mandible (Fig. 1).14

The term “artificial intelligence” (AI) is used to describe 
the ability of  computer systems and other machines to 
simulate human cognitive functions, including decision-
making, problem-solving and visual perception.15,16 In re-
cent years, AI has been increasingly adopted in the field 
of dentistry, reflecting a transition toward the 4th industrial 

revolution, also known as Industry 4.0.17 This term refers to 
the integration of modern technologies, such as AI, robotics 
and the Internet of things (IoT), into various sectors.17,18

Machine learning (ML) algorithms are a type of AI that 
enables computer systems to enhance their performance 
on a  specific task through experience.19 Deep learning 
(DL) is a form of ML that is particularly useful for tasks 
that require processing large amounts of  data and 
extracting complex patterns and features.19 The accuracy 
of AI, including DL algorithms, in performing automatic 
segmentation of the IAC has been evaluated in previous 
studies.20 However, to the best of  our knowledge, none 
of  these studies have compared the segmentation time 
of  AI-based segmentation to semi-automatic segmenta-
tion. Furthermore, the methodologies used in these stud-
ies differed from those employed in our research. Our 
retrospective pilot study aims to address this gap by com-
paring the segmentation time and accuracy of AI-based 
IAC segmentation with semi-automatic segmentation 
performed by a specialist.

Material and methods

Image dataset 

Fifteen anonymized CBCT images, performed for the 
purposes of implant planning and third molar extractions, 
were obtained from the database of  Poznan University 
of  Medical Sciences, Poland. The scans were selected 
in accordance with the established inclusion criteria 
(Table 1). Each of the scans included both the right and 
left canals, allowing for a total of 30 IACs to be retrospec-
tively analyzed. The CBCT images were registered dur-
ing the years 2020 and 2021 using dental imaging system 
(CRANEX® 3D; Soredex, Milwaukee, USA) and stored 
in the DICOM (Digital Imaging and Communications in 
Medicine) file format. The CBCT images were taken us-
ing the following settings: an X-ray tube voltage of 90 kV; 
an X-ray tube current of 10 mA; a voxel size of 0.25 mm; 
and a field of view (FOV) ranging from 600 mm × 800 mm 
to 1,600 mm × 1,300 mm. 

Semi-automatic segmentation 

The IAC tracing, integrated into the Romexis® soft-
ware, v. 6.2 (Planmeca, Helsinki, Finland), was employed 
to perform the semi-automatic segmentation (ground 

Fig. 1. Mandibular canal path alterations

A. Straight configuration: the terminal part of the inferior alveolar canal (IAC) 
is nearly at the level of the mental foramen; B. Catenary-like configuration: 
the canal is almost at the level of the mental foramen and forms a U shape 
to reach the mental foramen; C. Progressively descending from posterior 
to anterior: the IAC moves downward gradually until it reaches the molar 
region, where it ascends to reach the mental foramen.

Table 1. Inclusion and exclusion criteria for the study

Inclusion criteria Exclusion criteria

– patient’s age ≥18 years 
– sufficient FOV to visualize the entire lower jaw 
– presence of at least 1 lower third molar erupted or impacted

– patient’s age <18 years  
– insufficient FOV to visualize the entire lower jaw 
– artifacts 
– third molars not present

FOV – field of view.
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truth method) of the IAC on cross-sectional views of the 
15 images collected. The tool requires the user to designate 
points along the canal, with the software automatically 
computing the canal’s pathway through progressive 
extension from these designated points. The task was 
performed by a trainee in oral and maxillofacial radiology 
(JI). During the segmentation process, the diameter of the 
cylinder representing the nerve replica was set at 1.50 mm. 
Subsequently, the IACs on both sides were saved as a single 
STL (Standard Triangle Language) file (Fig. 2). The time 
required to complete the segmentation was recorded from 
the commencement of the process to its conclusion.

Automatic segmentation 

Artificial intelligence was used to perform the auto-
matic tracing of the IAC in the same anonymized images 
that had been previously segmented semi-automatically. 
The images were uploaded to Diagnocat (DGNCT LLC, 
Miami, USA), an online AI-based platform designed for 
the storage and processing of  dental images based on 
a  U-Net-like architecture algorithm. The AI algorithm 
automatically generated the IAC tracing and saved it as 
an  STL file (Fig.  3). The time required to complete the 
process was recorded, with an  average Internet speed 
of 290 Mbps.

Evaluation of the 3D models obtained 
from 2 segmentation methods 

Following the completion of  the segmentation pro-
cess using both methods, the STL files were exported to 
Geomagic Studio (3D Systems, Morrisville, USA). The 
software was used to overlap the segmented IAC pro-
duced by both methods onto the same image (3D reg-
istration), facilitating a 3D visualization for the purpose 

of evaluating the accuracy of the AI model in comparison 
to the semi-automatic method (Fig. 4). 

As a first step, a pre-registration was conducted using 
the 3-point method to ensure accurate orientation of the 
models in relation to one another within the 3D space. 
This step was performed by an  experienced Geomagic 
Studio user (MR). In the second step, the automatic regis-
tration procedure was initiated (Fig. 4A).

The software uses 100 iterations to calculate and mini-
mize the mean square error of  the global distance 
between the surfaces of the overlapping structures without 
requiring input from an operator. To compare the surface 
results of  the 3D models, the 3D Compare command 
in Geomagic Control software (Geomagic Studio; 3D 
Systems) was used, which generated numerical results, 
including volumetric deviation and average distance, as 
well as a color map with 15 segments, each representing 
a different level of volumetric deviation. The average dis-
tance was then compared for the purpose of visualizing 
and assessing the deviation in the individual IAC areas 
of the 3D models (Fig. 4B).

Statistical analysis 

The statistical analysis was conducted using the IBM 
SPSS Statistics for Windows software, v. 29.0 (IBM Corp., 
Armonk, USA). The numerical results of the 3D evalua-
tion were subjected to a descriptive statistical analysis and 
summarized using mean and standard deviation (M ±SD). 
The normality of  the numerical variables was evaluated 
using the Shapiro–Wilk test, with a  significance level 
of p < 0.05. Subsequently, an inferential statistical analysis 
was performed using the non-parametric Mann–Whitney 
U test for numerical variables with a non-normal distri-
bution. All inferential tests were conducted in accordance 
with the assumptions of  a  95% confidence interval (CI) 
and a p-value of less than 0.05.

Fig. 2. Results of the semi-automatic segmentation of the IAC performed 
by an investigator using Romexis® software

Fig. 3. Results of the automatic segmentation of the IAC performed using 
the Diagnocat platform
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Results
The results of  the overlap analysis between the semi-

automatic and automatic segmentation methods, in terms 
of  average distance, are shown in Table  2. These values 
were calculated for each side (left and right) of the included 
patients. The mean value of the average distance across all 
patients was found to be 0.275 ±0.475 mm.

The segmentation time was recorded for both meth-
ods and subjected to the Mann–Whitney U test for com-
parison. The recorded times for the semi-automatic and 
automatic segmentation methods were 175.67 ±49.08 s 
and 175.00 ±68.08  s, respectively. The Mann–Whitney 
U  test demonstrated that the difference in time 
between the 2 methods was not statistically significant 
(p = 0.389).

Discussion
Imaging techniques such as CBCT have significantly 

improved the ability to detect and segment the IAC.21 
Accurate detection of  the IAC is vital in pre-surgical 
planning for dental procedures to prevent injury, partic-
ularly in view of  the diverse variations that may be 
encountered.22,23 However, semi-automatic detection 
of the IAC in CBCT images can be time-consuming and 
prone to human error. 

Recently, there has been a growing trend in using and 
developing automated algorithms for the detection of the 
IAC in CBCT images.20 These algorithms employ ML 
techniques, such as DL, to analyze the images and ac-
curately locate the IAC. Artificial intelligence has the 
potential to markedly enhance the efficiency and precision 
of pre-surgical planning for dental procedures, reducing 
the risk of nerve injury. Additionally, AI has the potential 
to significantly increase the speed and efficiency of tasks 
such as image analysis, as well as assist in diagnosis.24,25 

Fig. 4. Evaluation of the accuracy of an artificial intelligence (AI) model in comparison to a semi-automatic model

A. Overlapping the segmented IACs obtained by both methods using Geomagic Studio software:  red color (semi-automatic segmentation); green 
color (automatic segmentation); B. 3D comparison deviation chromatogram after the overlapping of the segmented IACs: blue color (minus direction of 
deviation); red color (plus direction of deviation); and green color (average value).

Table 2. Results of the overlap analysis

Patient number Side Distance 
[mm]

1
left 0.329 ±0.485

right 0.234 ±0.422

2
left 0.304 ±0.292

right 0.337 ±0.323

3
left 0.301 ±0.409

right 0.197 ±0.462

4
left 0.186 ±0.795

right 0.120 ±0.797

5
left 0.308 ±0.337

right 0.167 ±0.359

6
left 0.277 ±0.385

right 0.309 ±0.213

7
left 0.321 ±0.323

right 0.253 ±0.403

8
left 0.419 ±0.449

right 0.399 ±0.605

9
left 0.145 ±0.900

right 0.168 ±0.733

10
left 0.327 ±0.365

right 0.300 ±0.337

11
left 0.269 ±0.285

right 0.207 ±0.342

12
left 0.226 ±0.705

right 0.322 ±0.477

13
left 0.397 ±0.406

right 0.387 ±0.322

14
left 0.161 ±0.961

right 0.154 ±0.791

15
left 0.427 ±0.329

right 0.328 ±0.266

Total 0.275 ±0.475

Data presented as mean ± standard deviation (M ±SD).
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The automation of  repetitive and time-consuming tasks 
by AI enables medical professionals to prioritize direct 
patient care, ultimately improving patient outcomes.24,25 
This research compares the AI-based IAC segmentation 
performed by Diagnocat (DGNCT LLC) with the semi-
automatic segmentation performed by a  specialist in 
terms of segmentation time and accuracy. 

The average distance, representing the level of  de-
viation between the points on the surface of the over-
lapped structures, was used in order to evaluate the 
accuracy of  IAC segmentation performed by both 
methods. The average distance is a  recommended 
metric for assessing non-regular complex shapes and 
quantitatively evaluating overlapping structures.26–28 
The results obtained from comparing the average dis-
tance of  the overlapped semi-automatic segmentation 
and Diagnocat segmentation of the 30 IACs present the 
value of 0.275 ±0.475 mm. In contrast to a study con-
ducted by Jaskari  et  al., our research yielded superior 
outcomes, with an average symmetric surface distance 
of 0.45 mm for both canals (with a SD of 0.12 mm for 
the left canal and 0.11 mm for the right canal).29 These 
results suggest that the segmentation generated by 
Diagnocat is highly accurate, approaching the precision 
of  the semi-automatic segmentation performed by 
an operator. A  lower average distance indicates greater 
similarity in shape and volume between the 2 structures, 
and a higher accuracy of the automatic segmentation.

A variety of methodologies exist for medical image seg-
mentation. Some involve user interaction for support, 
a process known as energy minimization. Others utilize 
DL, which enhances accuracy by comparing its predic-
tions with real data.30 However, the second method 
encounters challenges with including user feedback and 
potential corrections in the process.30 Upon investigating 
the reasons behind the average distance differences 
observed in certain cases, we observed that Diagnocat tends 
to segment the IAC along the radiolucent path, following 
a straight pattern. However, in practice, some discrepan-
cies were noted (Fig. 5).

The results of the segmentation time analysis indicate 
that the semi-automatic and automatic segmentation 
methods require a  similar amount of  time. The mean 
time for the semi-automatic method was 175.67 ±49.08 s, 
while the mean time for the automatic method was 175.00 
±68.08 s. The Mann–Whitney U test revealed no statis-
tically significant difference in time between the 2 tech-
niques. A standardized assessment technique was used in 
our study to ensure a comprehensive and uniform com-
parison. For the semi-automatic method, the time was 
recorded from the initiation of segmentation by the opera-
tor until its completion. For the AI-based evaluation, the 
time was recorded after the activation of the segmentation 
command until the generation of the segmented output. 
This is in contrast to a study conducted by Lahoud et al., 
in which the overall time was recorded from the initial 
DICOM file upload to the software/AI-based model to 
the visualization of results.31 Their findings demonstrated 
that AI exhibited a significantly higher processing speed 
than the manual segmentation, with a factor of 107.31

Limitations 

This study has several limitations that should be con-
sidered when interpreting the results. The 3D models 
of the IAC obtained from the semi-automatic and auto-
matic segmentation methods differ in shape. In the semi-
automatic procedure, the shape of the IAC is that of a tube 
with a  fixed diameter. In contrast, the shape of  the IAC 
in the automatic procedure varies along the length of the 
canal.

Another limitation is that Diagnocat segmentation re-
sults in a wide segmentation of the IAC at the mandibular 
entrance. In contrast, the semi-automatic method yields 
a narrow segmentation at the same location. This discrep-
ancy in segmentation width may lead to errors when the 
results of  the 2 methods are overlapped and compared 
(Fig. 6). 

Additionally, in the case of the AI-based automatic seg-
mentation, the algorithm did not correctly detect the IAC 

Fig. 5. Discrepancies between the semi-automatic segmentation and Diagnocat segmentation

A. Corrected sagittal views of the left IAC of patient 4; B. Overlapped IAC segmentations (left side of patient 4) in Geomagic Studio software: green region 
(semi-automatic segmentation); blue region (AI-based segmentation).
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in some areas of  the CBCT image. This resulted in an 
underestimation or even complete absence of  the IAC 
diam eter, which in turn led to the exclusion of portions 
of the 3D model (Fig. 7). 

The current findings must be viewed with caution, as 
the sample size was relatively small. Further research with 
a  larger number of  participants is required to confirm 
these results.

Conclusions
The results of  our study demonstrated a  low mean 

distance and a  non-significant discrepancy in time 
between the AI-based and semi-automatic segmenta-
tion methods. The findings indicate that the AI-based 
segmentation has the potential to serve as a  reliable 
assisting tool in pre-surgical planning for dental pro-
cedures. Further studies are required to make more 
direct comparisons and take into account the limitations 
mentioned in our study.
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Abstract
Background. Recent developments in computer-aided design/computer-aided manufacturing 
(CAD/CAM) and 3D printing have enabled the fabrication of digital indirect bonding (IDB) transfer trays. 
These modern products require thorough investigation.

Objectives. The aim of the study was to determine the accuracy of one-piece and three-piece IDB transfer 
trays in vitro. 

Material and methods. An initial dental scan (IDS) of a randomly selected patient with digitally 
positioned brackets served as the master scan (MS) for designing 16 IDB transfer trays of  each 
type. They were 3D printed and used for bonding 448 brackets to the models. Subsequently, the 
models were scanned with a TRIOS® 3 Intraoral Scanner (3Shape A/S, Copenhagen, Denmark), 
producing actual scans (ASs). The accuracy of bracket positioning was measured digitally on both 
MSs and ASs. The measurements were compared to the Objective Grading System for dental casts 
provided by the American Board of Orthodontics (ABO).

Results. The 2 types of  IDB transfer trays showed comparable accuracy. All linear errors were within 
the clinically acceptable range, whereas the angular measurements demonstrated significant variability, 
resulting in clinically unacceptable transfer errors that ranged from 3.3% to 90.3%.

Conclusions. The study results cannot be unconditionally extrapolated to other types of IDB transfer trays 
due to the diversity of their properties and features. The study evaluated the in vitro accuracy of IDB transfer 
trays. The revealed number of errors may be even higher in vivo due to limitations in visibility, salivary flow, 
interference from the tongue, and difficulties in achieving a proper fit of the IDB transfer tray to the teeth.

Keywords: orthodontics, 3D printing, computer-aided design, orthodontic brackets, IBT resin
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Introduction
Bracket positioning represents a significant challenge in 

orthodontic treatment with fixed appliances, the objec-
tive of which is to achieve the best results with minimal 
archwire bending or bracket repositioning. In this regard, 
the indirect bonding (IDB) technique offers considerable 
promise. This method, which employs transfer trays, was 
first proposed in 1972 by Silverman et al.1 Since that time, 
various modes of IDB have been developed, and numer-
ous studies have been conducted to examine the precision 
of bracket positioning with IDB transfer trays.2–17 

Current IDB transfer trays are manufactured from 
a variety of materials, each with distinct properties, that 
are important in orthodontic treatment.3,4,6 Transfer trays 
made of thermoplastic materials are known for their ease 
of use and adaptability to the dental arch. However, their 
flexibility and susceptibility to distortion raise concerns 
about the precision of  bracket placement.4,6 Conversely, 
silicone-based transfer trays offer improved rigidity and 
accuracy, although their increased stiffness can some-
times complicate their application.3,4,6,11,13 Substantial 
advancements in computer-aided design/computer-aided 
manufacturing (CAD/CAM) have enabled the digital de-
sign and fabrication of IDB transfer trays using resin for 
3D printing. The digitization of  IDB transfer tray fabri-
cation, particularly through resin 3D printing, represents 
a significant advancement in orthodontic treatment mo-
dalities. These modern, digitally-designed products offer 
previously unattainable customization. However, rigor-
ous scrutiny is required to validate their reliability and 
efficacy. An important aspect of this advancement is the 
introduction of IDB materials in 3D printing. These mate-
rials, which are characterized by softness and susceptibility 
to damage, differ from traditional 3D-printing materials18–20 
and cannot endure extended storage or undergo polishing 
like other materials used in dental applications.

The objective of  our study was to evaluate the preci-
sion of bracket bonding using IDB transfer trays created 
with 3D-printed biocompatible resin. The focus of  the 
study is on assessing the accuracy of these trays in both 
one-piece and three-piece designs, while also highlight-
ing the advancements in material science and digital 
technology in orthodontics. This study addresses not only 
the technical aspects of IDB tray fabrication but also the 
clinical implications of  these advancements, evaluating 
their impact on treatment outcomes and efficacy.

Material and methods

IDB transfer tray management 

A randomly selected patient’s occlusion was scanned 
using a  TRIOS® 3 Intraoral Scanner (3Shape A/S, 
Copenhagen, Denmark) with an  accuracy of  6.9  µm, 

resulting in the initial dental scan (IDS). The patient pre-
sented with Angle Class I malocclusion on the right side 
and Angle Class II malocclusion on the left side, in ad-
dition to dental crowding, a normal overbite and an  in-
creased overjet. Subsequently, virtual pre-torqued brack-
ets (Victory Series™ LP Roth 022 APC Flash-Free; 3M 
ESPE, St. Paul, USA) were placed on the virtual teeth 
of the IDS using Ortho Analyzer 2019 software (3Shape 
A/S), resulting in the master scan (MS). Based on the MS, 
transfer trays for the IDB were designed to rest solely on 
the teeth, thus avoiding contact with the gingiva and fully 
covering the brackets, with the exception of the undercuts 
of the gingival bracket wings. The thickness of each IDB 
transfer tray reached 2.3 mm around the brackets and at 
least 4 mm in the occlusal part.

At this stage, the virtual IDB transfer trays were divided 
into 2 groups based on the transfer mode: Group I – one-
piece IDB transfer trays (n = 16); and Group II – three-
piece IDB transfer trays (n  =  16). In Group II, the IDB 
transfer trays were designed similarly to those in Group 
I, but were divided in CAD software into 3 segments: 
an anterior segment extending from the right canine to 
the left canine; and 2 lateral segments extending from 
the first premolars to the second molars. The IDB trans-
fer trays were subsequently 3D printed on the SprintRay 
Pro 95 3D printer (SprintRay Inc., Los Angeles, USA) us-
ing a transparent biocompatible resin specially designed 
for IDB transfer trays (NextDent Ortho IBT; Nextdent, 
Soesterberg, the Netherlands), with an accuracy of 50 µm 
(Fig. 1).

The IDS was 3D printed using Model Gray resin 
(SprintRay Inc.) with an accuracy of 50 µm, serving as the 
initial model (IM), and replicated 32 times. The obtained 
models were coated with Transbond XT LC Adhesive Kit 
(3M ESPE). The material was applied to the models using 
compressed air and cured on each tooth with a Valo™ X 
polymerization lamp (Ultradent Products, Inc., South Jordan, 
USA) in normal mode for 20 s. Metal brackets with pre-
applied adhesive were used in the study (Victory Series™ 
LP Roth 022 APC Flash-Free; 3M ESPE). The brackets 
were manually placed in the IDB transfer trays from both 

Fig. 1. 3D-printed indirect bonding (IDB) transfer trays

A. Three-piece tray; B. One-piece tray.
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study groups and bonded to the models. The adhe sive was 
polymerized with the Valo™ X polymerization lamp in 
Xtra Power mode, which was repeated twice for 3  s. All 
brackets were bonded by the same clinician.

The models with bonded brackets were scanned using 
the TRIOS 3 Intraoral Scanner, thereby facilitating the 
acquisition of the actual scans (ASs). In order to eliminate 
reflections on the brackets during scanning, the mod-
els with bonded brackets were coated with a  thin layer 
of  Helling 3D Scan Spray (Helling GmbH, Heidgraben, 
Germany) with an average particle size of 2.8 µm.

Measurements 

Using GOM Inspect V8 SR1 software (Carl Zeiss GOM 
Metrology GmbH, Braunschweig, Germany), the ASs 
with brackets bonded using 3D-printed IDB transfer trays 
were superimposed on the MSs of the patient’s dentition 
with brackets generated by the Ortho Analyzer software. 
Only the lingual and occlusal surfaces of  the dentition 
were selected to ensure that the super imposition did not 
include the brackets. To prevent bias in the imposition, the 
dental arches were divided into 3 sections: from the right 
second molar to the right first premolar; from the right 
canine to the left canine; and from the left first premolar 

to the left second molar. The superimposition was con-
ducted for each section separately in order to enable the 
identification of the optimal fit at the local level (Fig. 2). 
To determine the differences between the bracket posi-
tions in the MSs and the ASs, the “3-2-1” technique was 
applied using the local X, Y and Z coordinate system, with 
the reference points illustrated in Fig. 3. The 2 coordinate 
systems were compared using GOM Inspect  software to 
calculate the differences between bracket positions in the 
MSs and the ASs and provide the linear or angular errors. 
The linear errors in the mesio-distal, linguo-vestibular 
and occluso-gingival directions were measured as the dis-
tances between the bracket positions in the MS and the 
AS in relation to the X-, Y- and Z-axes, respectively. Any 
toric, oblique, or rotational errors were measured as the 
inclination of the bracket positions from the MS to the AS 
in relation to the X-, Y- and Z-axes and noted as torque, 
tip and rotation, respectively. For linear measurements, 
a  positive value indicated mesial, vestibular, or occlusal 
bracket displacement. For angular measurements, a posi-
tive value indicated palatal/lingual crown torque, mesial 
tipping, or disto-vestibular rotation of the bracket. To as-
sess the repeatability of the “3-2-1” technique, measure-
ments of  the same model were repeated 3 times by the 
same experienced operator, 7 days apart. 

Fig. 2. Superimposition of the model

Areas selected for the local “best fit” are marked in red.

Fig. 3. Reference points determining the local coordinate system using the “3-2-1” technique

The color red is used to indicate reference points on the X-axis, the color green is used to indicate reference points on the Y-axis, and the color blue is used to 
indicate reference points on the Z-axis.
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In accordance with the American Board of Orthodontics 
(ABO) Objective Grading System,21 linear errors ≤0.5 mm 
in the proper alignment are considered clinically accept-
able. This criterion was adhered to in our study, thereby 
enabling a reliable evaluation of the results. Additionally, 
given that a  marginal ridge discrepancy of  0.5  mm in 
an  average-sized molar would result in a  crown tip 
deviation of  2°, angular errors ≤2° were also defined as 
clinically acceptable.

Statistical analysis 

The repeatability of  the measurements was assessed 
using Lin’s concordance correlation coefficient. Student’s 
t-test was performed to evaluate the bracket placement 
errors, and Fisher’s exact test was used to assess the prev-
alence of clinically acceptable transfer errors. All statisti-
cal analyses were conducted using Statistica® v. 13.3 soft-
ware (TIBCO Software Inc., Palo Alto, USA).

Results
Out of  a  total of  448 bonded brackets, 14 were ineli-

gible for measurements due to various reasons, including 
debonding during the IDB procedure or incomplete cap-
ture by the scanner. The transfer accuracy of 434 brackets 
was examined: 219 from Group I; and 215 from Group II, 
allowing for a total of 2,604 bracket positioning measure-
ments. 

Repeatability of measurements 

Lin’s concordance correlation coefficient demonstrated 
high repeatability of  the measurements, with coeffi-
cients in the order of 0.9 (α = 5%) at 0.980, 0.994, 0.998, 
0.982, 0.986, and 0.997 for mesio-distal, linguo-vestibular, 

occluso-gingival, toric, oblique, and rotational displace-
ments, respectively. 

Errors of placement 

Overall, more significant bracket displacements result-
ing in substantial changes in positions between the MS 
and the AS were observed in the mandible and in Group II 
(Table 1,2).

Maxilla: significant results 

The molar brackets in Group I demonstrated linear 
errors in 3 directions, resulting in more mesial, 
vestibular and gingival positions in the ASs compared 
to the MSs. The molar brackets in Group II showed 
significant vestibular displacement. The brackets 
placed on the incisors and canines in both groups were 
positioned more vestibularly. The brackets placed on 
the incisors, canines and premolars in both groups 
displayed additional palatal crown torque, although 
this torque change did not exceed 2° for the canines in 
Group II. The premolar brackets in Group I exhibited 
oblique displacement, resulting in additional distal 
tipping (Table 1). 

Mandible: significant results 

In Group I, all brackets on the incisors, canines and 
premolars were displaced mesially. The incisor and molar 
brackets in both groups, as well as the premolar brackets 
in Group II, exhibited vestibular displacement. The pre-
molar brackets in Group I, as well as the molar brackets 
in both groups, were displaced gingivally, whereas the 
canine brackets from Group II were shifted toward the 
occlusal plane. The incisor, premolar and molar brack-
ets in both groups, as well as the canine brackets in 

Table 1. Descriptive statistics of the errors in the maxilla

Displacement

Incisors Canines Premolars Molars

Group I Group II Group I Group II Group I Group II Group I Group II

M ±SD p-value M ±SD p-value M ±SD p-value M ±SD p-value M ±SD p-value M ±SD p-value M ±SD p-value M ±SD p-value

M-D  
[mm]

−0.00  
±0.07

0.699
−0.02  
±0.08

0.182
−0.00  
±0.10

0.869
−0.06  
±0.13

0.110
0.02  

±0.07
0.097

0.02  
±0.08

0.144
0.06  

±0.09
0.001*

0.01  
±0.25

0.876

L-V  
[mm]

0.06  
±0.04

<0.001*
0.06  

±0.06
<0.001*

0.09  
±0.09

0.001*
0.17  

±0.08
<0.001*

0.00  
±0.07

0.981
0.04  

±0.06
0.001*

0.08  
±0.06

<0.001*
0.08  

±0.13
0.001*

O-G  
[mm]

−0.02  
±0.13

0.503
−0.15  
±0.24

0.001*
0.01  

±0.17
0.898

−0.08  
±0.33

0.341
0.00  

±0.11
0.987

−0.03  
±0.08

0.024*
−0.13  
±0.16

<0.001*
0.06  

±0.53
0.536

Torque  
[mm]

2.1  
±2.3

<0.001*
2.1  

±2.6
<0.001*

3.8  
±2.8

<0.001*
1.6  

±2.1
0.009*

4.8  
±3.2

<0.001*
4.6  

±1.8
<0.001*

−0.6  
±2.5

0.164
0.0  

±3.4
0.963

Tip  
[mm]

0.5 
±1.5

0.087
0.4  

±2.5
0.382

−1.5  
±4.7

0.213
−2.5  
±8.1

0.234
−1.1  
±1.5

<0.001*
−0.6  
±2.0

0.109
0.1  

±2.4
0.797

−0.1  
±5.9

0.946

Rotation  
[mm]

0.1 
±1.2

0.570
0.1  

±1.1
0.792

−1.1  
±4.6

0.348
0.1  

±1.7
0.814

0.1  
±1.2

0.570
0.1  

±1.1
0.792

−1.1  
±4.6

0.348
0.1  

±1.7
0.814

M-D – mesio-distal; L-V – linguo-vestibular; O-G – occluso-gingival; M – mean; SD – standard deviation; * statistically significant (p < 0.05, Student’s t-test).
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Group II, exhibited lingual crown torque. Mesial tipping 
of the incisor brackets in both groups and the premolar 
brackets in Group II was also observed. However, mesial 
rotation of the canine brackets occurred only in Group II 
(Table 2).

Prevalence of clinically acceptable transfer 
errors

With regard to linear errors, no measurements 
exceeded the ABO criteria in either group. However, 
for angular measurements, toric, oblique and rotational 
errors exceeding 2° were observed in both groups, with 
toric errors being the most affected (Fig. 4,5).

Comparison of inter-group accuracy 

Regarding linear measurements, both groups demon-
strated an equal accuracy of the IDB transfer trays in all 
dimensions, with no errors exceeding 0.5 mm (Fig. 4,5).

With regard to angular measurements, the toric 
displace ment resulting in palatal/lingual crown torque 
was compara ble in both groups. The only significant inter- 
group differences were observed in molar bracket positions, 
with a greater number of errors in oblique and rotational 
angulations in Group II in the maxilla and in oblique 
angulation in Group II in the mandible. The mandibular 
incisor brackets exhibited a more pronounced rotation in 
Group I (Fig. 4,5).

Fig. 4. Percentage distribution of measurements exceeding the acceptable deviations during bracket positioning in both groups in the maxilla

M-D – mesio-distal; L-V – linguo-vestibular; O-G – occluso-gingival. P-values are presented in the frames. 

Fig. 5. Percentage distribution of measurements exceeding the acceptable deviations during bracket positioning in both groups in the mandible

Table 2. Descriptive statistics of the errors in the mandible

Displacement

Incisors Canines Premolars Molars

Group I Group II Group I Group II Group I Group II Group I Group II

M ±SD p-value M ±SD p-value M ±SD p-value M ±SD p-value M ±SD p-value M ±SD p-value M ±SD p-value M ±SD p-value

M-D  
[mm]

0.13  
±0.14

<0.001*
0.06  

±0.13
0.076

0.03  
±0.09

0.043*
0.02  

±0.15
0.460

0.03  
±0.09

0.043*
0.02  

±0.15
0.460

0.00  
±0.11

0.824
0.00  

±0.09
0.983

L-V  
[mm]

0.09  
±0.11

<0.001*
0.10  

±0.12
<0.001*

0.04  
±0.10

0.120
0.03  

±0.30
0.305

0.00  
±0.07

0.981
0.04  

±0.06
0.001*

0.08  
±0.06

<0.001*
0.08  

±0.13
0.001*

O-G  
[mm]

−0.01  
±0.20

0.840
0.02  

±0.29
0.686

−0.05  
±0.26

0.486
0.28  

±0.33
0.004*

−0.17  
±0.18

<0.001*
−0.03  
±0.27

0.506
−0.11  
±0.31

0.049*
−0.34  
±0.28

<0.001*

Torque  
[mm]

1.9  
±3.3

0.003*
2.4  

±3.6
0.001*

1.1  
±2.6

0.111
1.3  

±2.3
0.036*

3.4  
±2.6

<0.001*
2.5  

±3.3
<0.001*

2.2  
±4.6

0.011*
4.6  

±3.1
<0.001*

Tip  
[mm]

1.7  
±2.2

<0.001*
2.6  

±2.2
<0.001*

0.3  
±4.1

0.797
−0.3  
±3.2

0.669
−0.2  
±1.8

0.490
1.2  

±3.2
0.046*

0.2  
±3.5

0.764
0.6  

±4.6
0.475

Rotation  
[mm]

−1.0  
±1.5

0.001*
−0.2  
±1.2

0.411
−0.1  
±5.5

0.921
−1.7  
±2.0

0.003*
0.3  

±2.9
0.556

0.1  
±1.6

0.733
−0.2  
±1.6

0.407
0.0  

±1.4
0.936

* statistically significant (p < 0.05, Student’s t-test).
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Discussion
The size of our study sample was determined based on 

the literature.3,6 Out of 448 bonded brackets, we assessed 
434 due to a  failure rate reaching 1.7% in Group I and 
2.7% in Group II, which is comparable with values found 
in published papers.6,11,16

An in vitro study by Pottier et al. evaluated the preci-
sion of hard 3D-printed IDB transfer trays compared to 
soft silicone transfer trays and demonstrated the reliabil-
ity of the “3-2-1” measurement technique, which justifies 
its application in our study.11

Currently, 6 technologies are used in 3D printing: stereo-
lithography (SLA); digital light processing (DLP); fused 
filament fabrication (FFF); selective laser sintering (SLS); 
liquid crystal display (LCD); and PolyJet. Hazeveld et al. 
suggested the use of DLP or PolyJet prints, as they proved 
to be more precise than SLA.22 However, due to the rapid 
evolution of  3D printing and the differences in printer 
designs, there is no scientific evidence to suggest that 
1 method is superior in terms of providing the most accu rate 
models. At the time of designing our study, the SprintRay 
Pro 95 3D printer was one of  the most advanced DLP 
printers. To minimize bias associated with the printing 
process, both the models and the IDB transfer trays were 
printed with the highest possible accuracy of the material 
used, which was 50 µm.

To minimize the influence of  adhesive thickness on 
bracket position, brackets with pre-applied adhesive were 
used in our study. The amount of  adhesive was kept to 
a minimum and standardized.

A study by Zhang et al. compared 6 currently available 
intraoral scanners and demonstrated that the TRIOS 3 
Intraoral Scanner had the highest precision (4.5 ±0.9 µm) 
and accuracy (6.9 ±0.9 µm), justifying its selection for our 
study.23 Lab scanners were excluded due to their inability 
to precisely capture undercuts. Nevertheless, spraying the 
brackets with a thin layer of scan spray was necessary to 
avoid reflections of the stripe light by the metal surface. 
The average particle size of  the spray used in the pres-
ent study was 2.8 µm. Although spraying the brackets by 
an experienced dentist significantly improved the homo-
geneity of the layer thickness, a resultant unquantifiable 
systematic error cannot be entirely excluded.24 Studies 
have shown that coating thickness may vary from 13.3 µm 
to 49.1 µm.24

The mechanical properties of  the materials used for 
fabricating IDB transfer trays play a crucial role in ensur-
ing the precision of  bracket placement. Although these 
materials are easy to use and support the adaptability 
of  IDB transfer trays, they are simultaneously prone 
to fragility, softness and flexibility. As highlighted by 
Paradowska-Stolarz  et  al., the mechanical properties 
of these materials can lead to deformation under force, re-
sulting in deviations from the intended bracket position.18 
However, studies by Schwärzler  et  al. demonstrate that 

using higher hardness materials for the fabrication of IDB 
transfer trays can adversely impact the effectiveness of the 
bonding procedure.14,15

The 3D inspection and mesh processing software 
(GOM Inspect) presents data with an  accuracy of  up 
to 1  µm. In order to implement the “3-2-1” technique, 
6 points were required to be marked in predefined posi-
tions. We could not rule out the possibility of inaccuracies 
occurring while marking the points. Therefore, we calcu-
lated Lin’s concordance correlation coefficients, which 
demonstrated significantly consistent repeatability of the 
measurements.

To ensure the accuracy of  the measurements, an auto-
matic scan overlay was used in the initial stage. It was ob-
tained via MS and AS superimposition along the greatest 
number of matching areas. This method revealed discrep-
ancies in the posterior parts of  the dental arches, which 
demonstrated the limitations of  the intraoral scanner. 
Despite its high resolution, the intraoral scan does not ac-
curately represent the shape of  the entire dental arch, as 
evidenced by Anh et al.25 Such discrepancies could also result 
from the model printing process itself, as demonstrated 
in a study by Kim et al.5 Therefore, to avoid the influence 
of these discrepancies on the results of our study, we sec-
tioned the scans into 3 parts to obtain the local “best fit”. 

Both types of IDB transfer trays enabled precise bracket 
positioning in the linear dimensions, consistent with the 
results of several in vitro studies.3,5,6,9,12 Although signifi-
cant vestibular and gingival displacement of the brackets 
was observed, none exceeded the ABO criteria. However, 
to enhance the precision in the occluso-gingival dimen-
sion, it is recommended to apply gentle pressure in the 
occlusal direction on the bracket after fitting the IDB 
transfer tray. To ensure better accuracy in the linguo-
vestibular dimension, the vestibular part of  the tray 
should be thicker. This increases the stiffness and makes 
the tray less prone to deformation.

With regard to angular errors, bracket positioning was 
found to be less accurate and characterized by great vari-
ability, resulting in clinically unacceptable transfer errors 
that ranged from 3.3% to 90.3%. These results align with 
those reported in the literature.3,6,9,13,16,26 Niu  et  al. sug-
gested that the low accuracy of angular bracket position-
ing may be attributed to the design of  the IDB transfer 
tray, specifically the filling of  all undercuts in the MS, 
which may result in incomplete adhesion of the IDB trans-
fer tray to the bracket surface.9 This limitation may impair 
the ability to control angular bracket positioning and may 
be considered a drawback of our study. Nevertheless, von 
Glasenapp et al. compared the accuracy of  IDB transfer 
trays with jigs that fill the inner spaces of brackets, similar 
to those used in our study. The authors did not note the 
superiority of any of  the evaluated IDB transfer trays in 
terms of angular control, indicating that filling the under-
cuts may not be the optimal method for preventing 
angular errors.12 Thicker or more rigid IDB transfer trays 
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could enhance the angular control; however, increased 
thickness or rigidity may interfere with transfer tray re-
moval and result in bond failures.

The use of CAD/CAM allows for the design and fabri-
cation of IDB transfer trays in countless ways. However, 
many modalities may be affected by factors that influence 
the properties of  trays. These factors may occur at any 
stage of tray manufacturing, from design through produc-
tion, and they have implications for printing technology, 
material selection and post-processing methods. Bracket 
systems, which may vary in design and dimensions, may 
also influence the accuracy and precision of IDB transfer 
trays in bracket positioning.

Conclusions
In summary, it should be emphasized that our study 

results cannot be unconditionally extrapolated to other 
types of IDB transfer trays due to their diverse proper-
ties and features. Furthermore, it is important to note 
that our study evaluated the in vitro accuracy of  the 
IDB transfer trays. It is possible that the error rate may 
be even higher in vivo due to limitations in visibility, 
salivary flow, interference from the tongue, and diffi-
culties in achieving a proper fit of the IDB transfer tray 
to the teeth.
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Abstract
Background. Ceramic endosseous implant coatings have gained esteem due to their favorable osteo-
inductive and osteoconductive properties. However, such a  layer may be prone to failure under in vivo 
conditions, which necessitates its modification.

Objectives. The aim of the present study was to modify an electrodeposited hydroxyapatite (HA) coating 
on titanium (Ti) with ultrashort-pulsed lasers for the incorporation of the ceramic into the sample surface 
and the texturing of the metal surface. The obtained surface was planned for application on the endosseous 
implant surface to enhance osseointegration. To our knowledge, such laser modification of a HA coating 
has not been performed previously. 

Material and methods. Four different HA coatings were created (A–D). Each coating was conditioned 
with 4 different laser irradiations (1-4 to 4-4), carried out using different power, velocity and frequency 
settings. The surface features of the laser-irradiated coatings were analyzed.

Results. The laser modifications of the HA coatings resulted in 2 kinds of surfaces. Laser-induced periodic 
surface structure (LIPSS) texturing could be observed on quadrants 1-4 to 3-4, with parallel grooves and 
HA crystals melted and sintered into spherical structures. The 4-4 laser surface conditioning did not altered 
the needle-like morphology of the HA coating. The LIPSS–fusion modification decreased the water contact 
angle of the samples.

Conclusions. The ultrashort-pulsed laser modification of the HA coating for regimes 1-4 to 3-4 resulted 
in the LIPSS texturing of the Ti surface with HA sinterization. Further biological analyses are necessary to 
evaluate the cell and tissue response to such laser-modified HA coating on Ti.

Keywords: titanium, hydroxyapatite, laser processing, periodic surface structure texturing
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Introduction
Osseointegration, defined as a  direct structural and 

functional connection between ordered living bone and 
the surface of  a  load-carrying implant, is a  key factor 
of clinical success in dental implant rehabilitation.1,2 The 
goal of modern implantology is rapid and strong osseo-
integration. There are many factors affecting osseointe-
gration, such as implant factors, host factors, the surgical 
technique, the healing time, and the loading conditions.3 
Among implant factors, implant composition, biocom-
patibility, macroscopic and microscopic surface topogra-
phy and treatment, osteogenic biological coatings, surface 
energy, and wettability can influence the osseointegration 
process.3 Continuous research is focused on developing 
an implant with features favoring osseointegration. There 
are numerous procedures to modify the implant surface. 
Surface topography can be modified by blasting or etch-
ing.4,5 A  biological coating can be obtained by adding 
compounds affecting osteoblasts, such as hydroxyapatite 
(HA).6,7 Wettability can be improved by the immersion 
of the modified titanium (Ti) implant in an isotonic solu-
tion at low pH or by photo-functionalization.2,8

One of  the more recent techniques of  surface modifi-
cation is laser treatment. Precise, organized, nano- or 
micrometer surface structures,9,10 can be manufactured 
using this technique, with a reduced risk of surface con-
tamination.11 Among different kinds of  laser surface 
treatment, ultrashort-pulsed lasers have recently been in-
vestigated as a potential structuring tool for biomedical 
implants.12,13 The technique focuses energy in time and 
space, resulting in laser-induced periodic surface struc-
ture (LIPSS) texturing, with minimal thermal damage. 
The LIPSS are self-organized formations observed on the 
surfaces treated with polarized laser radiation.10

Hydroxyapatite, Ca10(PO4)6(OH)2, is a mineral from the 
family of apatites.14,15 It is a natural component of bones 
and tooth tissue. Hydroxyapatite in the form of crystals 
provides the structural stability and hardness of the bone. 
It is also involved in the bone regeneration process, since 
it exhibits osteoinductive and osteoconductive proper-
ties. Synthetic HA, on the other hand, is currently used 
for bone repair, as well as for bone regeneration. In im-
plantology, HA coatings on the implant surface have been 
used for many years as bioactive coatings.16,17 Such a ce-
ramic coating improves osseointegration and provides 
long-term in vivo functionality.16,17 Those features are re-
lated to the great capacity of HA for adsorbing proteins, 
improving osteoblast proliferation, enhancing bone for-
mation, reducing bone loss, and augmenting osteogenic 
activity through the direct release of  calcium (Ca) and 
phosphate ions.7,17,18 Hydroxyapatite used as a  coating 
for endosseous implants has been reported to be an ef-
fective material for the bone–implant interface because 
of its similarity to the mineral phase of natural bone tis-
sue.7 Hydroxyapatite coatings can be applied on the im-

plant surface with different techniques, such as plasma 
spraying, biomimetic deposition, the sol–gel technique, 
or electrophoretic deposition.7,14,17 Some techniques, i.e., 
plasma spraying, utilize high temperatures, generating 
a large amount of amorphous HA and providing a micro-
cracked thick coating.7,14 Such a layer is prone to failure 
under in vivo conditions because of its high bio-dissolu-
tion rate, disintegration with the formation of debris par-
ticles, and the risk of delamination caused by low bond 
strength with Ti.14,17 Conversely, the electrodeposition 
of HA is conducted at relatively low temperatures, elimi-
nating the risk of the synthesis of amorphous HA.19 The 
dissolution and bond strength degradation of the electro-
deposited coatings are reported to be much lower than 
those of the plasma-sprayed coatings.19,20 Also, a coating 
thickness of less than 1 µm increases delamination resis-
tance.19,21 The electrodeposition process can also result in 
good conformability to the shape of the component and 
in coating homogeneity.19 However, the elevated tempera-
ture during electrodeposition results in decreased coating 
adhesion to the substrate as compared to the processes 
conducted at room temperature.19,22 To incorporate HA 
into the Ti surface and reduce the risk of delamination, 
laser conditioning is applied. The obtained LIPSS are also 
meant to enhance cell differentiation, improving the os-
seointegration of such modified endosseous implants.23,24

In this article, we present a thin HA coating on Ti, ob-
tained by electrophoretic deposition processed with laser 
irradiation, using different laser parameters, for the in-
corporation of  the ceramic into the sample surface and 
the texturing of the metal surface. The influence of laser 
irradiation on the ceramic coating was analyzed, and the 
modification with the most promising osteoconductive 
properties was determined. To our knowledge, such la-
ser modification of HA coatings has not been performed 
previously.

Material and methods

Sample preparation 

The samples were prepared from Ti grade 4 ASTM 
B348 EN10204/3.1. Disks with a diameter of 14 mm and 
a thickness of 2 mm were milled from Ti rods. The sample 
surface was sandblasted using alumina (Al2O3) with a par-
ticle size of 53–75 µm at a pressure of 4 atm.

Electrochemical deposition of hydroxyapatite 

The HA coating was electrodeposited on a  working 
electrode – commercially pure Ti disks with a diameter 
of 14 mm and a thickness of 2 mm, fused with the Ti rod. 
As a  counter electrode, a  10  cm × 10  cm platinum (Pt) 
mesh was used. The electrolyte was composed of 4.16 × 
10–4 M CaCl2, 2.5 × 10–4 M NaH2PO4 and 0.2 M NaCl in 
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distilled water, with pH adjusted to 6.3. An Autolab po-
tentiostat-galvanostat (PGSTAT302N; Metrohm Autolab, 
Utrecht, the Netherlands) with a  2-electrode system in 
a galvanostatic mode was used. The process was carried 
out in a 100 mL 3-neck flask, used as an electrochemical 
reactor, immersed in an oil bath at 105°C. Electrodeposi-
tion was conducted for 60 min with a current of 5 mA, 
120 min with a current of 30 mA, 120 min with a current 
of 10 mA, and 60 min with a current of 30 mA for samples 
A–D, respectively.

The electrodeposition of  HA on a  Ti surface oc-
curs according to the following chemical reaction: 
10Ca2+ + 6PO4

3– + 2OH– → Ca10(PO4)6(OH)2. Such a re-
action is triggered by the increased pH on the cathode 
surface, caused by the formation of hydroxide ions from 
the reduction of water 2H20 + 2e → 2OH– + H2. The pH 
alteration generates a critical supersaturation status at the 
interface of the electrode and the electrolyte for the pre-
cipitation of HA, and triggers the nucleation and growth 
of the HA coating.25

Laser treatment 

The laser experimental setup shown in Fig.  1 was 
used for the sintering of HA particles on a Ti substrate. 
A  laser system (Pharos P-20; Light Conversion, Vilnius, 
Lithuania) providing femtosecond pulses (τ  =  213  fs) at 
a  central wavelength of  1,030  nm with a  spectral width 
of  15  nm, M² ≃  1.1, was used. Upon irradiation, the Ti 
samples were fixed on the Ti substrate in an  air atmo-
sphere, and the laser beam was focused on the Ti surface 
with a spot diameter of 10.4 µm (at level 1/e2). A scanning 
mode with various overlaps was used for irradiation.

The surface of  each Ti disk was divided into 4 quad-
rants. Each quadrant was numbered from 1-4 to 4-4, and 
was modified according to the parameters presented in 
Table 1.

Surface analysis 

A Hitachi S-3400N scanning electron microscope 
(SEM) (Hitachi High-Technologies Corporation, Tokyo, 
Japan) was used to obtain micrographs of the investigated 
samples. Two magnifications, ×1,000 and ×5,000, were 
used. Contact profilometry was performed to analyze sur-

face roughness. A T8000 profilometer (Hommel-Etamic, 
Herrenberg, Germany) with the EVOVIS software was 
used. Each quadrant was analyzed on the 3 profiles. 
An experimental sector of 8.0 mm was selected in accor-
dance with PN-EN ISO 4287. A total number of 48 anal-
yses were performed. Parameters Ra, Rt and RSm were 
measured. The results were expressed as mean ± standard 
deviation (M ±SD).

Surface chemical composition 

The chemical composition of  the surface was deter-
mined using the energy-dispersive spectroscopy (EDS) 
analysis, the X-ray diffraction (XRD) analysis and the Ra-
man spectroscopy analysis. The semi-quantitative chemi-
cal composition of  the samples was determined using 
EDS (model No. 4481B-1UES-SN with the NSS Spectral 
Imaging System software; Thermo Fisher Scientific, 
Waltham, USA). The Raman spectroscopy analysis was 
conducted using the inVia™ Raman system (Renishaw, 
Wotton-under-Edge, UK). Raman spectra were collected 
in the spectral range of 200–4,000 cm−1, using a 785 nm 
laser and a 1,200 l/mm diffraction grating. The XRD anal-
ysis was performed using an XRD diffractometer (D8 Ad-
vance; Bruker, Billerica, USA) with copper (Cu) lamp ra-
diation. X-ray spectra were recorded in the angular range 
of 20–80° 2Θ, with a step size of 0.02° and a normalized 
count time of 2 s/step. The XRD analysis was conducted 
for each section of the disk. Lead (Pb) foil covered the 3 
quadrants not being analyzed. The diffraction patterns in 
the angle range of HA reflexes were also performed. The 
identification of HA was based on the literature and the 
International Centre for Diffraction Data (ICDD 01-086-
0740 data).26–28

Static contact angle studies 

The contact angle of the sample surfaces was measured 
using a Theta Flex optical tensiometer (Biolin Scientific, 
Västra Frölunda, Göteborg, Sweden) at room tempera-
ture (22°C). The water contact angle of  the 4 quadrants 
of  each sample was evaluated by static contact angle 
measurements, utilizing the sessile drop method. A 1-mi-
croliter droplet of distilled water was placed on the dry 

Fig. 1. Laser experimental setup

1 – laser; 2 – polarizer; 3 – telescope; 4 – galvanoscanner; 5 – lens; 
6 – sample; 7 – coordinate table.

Table 1. Parameters for the laser modifications of the hydroxyapatite 
(HA)-coated titanium (Ti) samples

Quadrant Modification P  
[W]

V  
[m/s]

RR  
[kHz]

Steps  
per μm

1-4
LIPSS 0.33 1.000 500 5

fusion 0.50 0.050 500 5

2-4 sintering 1.00 0.075 1,000 5

3-4 sintering 1.00 0.100 1,000 5

4-4 sintering 0.80 0.100 1,000 5

P – power; V – velocity; RR – frequency; LIPSS – laser-induced periodic 
surface structures.



M. Łukaszewska-Kuska et al. Laser-modified hydroxyapatite coating912

surface of each quadrant of  the studied sample, and the 
image of the drop was recorded for 10 s. An average value 
of  the contact angle was calculated based on at least 5 
measurements. The static contact angle was then defined 
by fitting the Young–Laplace equation to the droplet. The 
results were expressed as M ±SD.

Results

Surface analysis 

Morphology and topography studies 

The SEM images of the HA coating after electrodeposi-
tion and laser modification are presented in Fig. 2. The 
HA coating on sample A-4-4 presented a layer of spheri-
cal crystals with a diameter of less than 5 µm. Hydroxyap-
atite crystals did not completely cover the Ti surface. On 
sample B-4-4, the HA coating was composed of a contin-
uous layer of needle-like crystals with a diameter of about 
5 µm and a length of up to 20 µm. The HA coating was 
dense, with tightly packed crystals. The surface of sample 
C-4-4 was covered in short, needle-like crystals with a di-
ameter of  about 2  µm and a  length of  up to 5  µm. The 
crystals were not covering the Ti surface continuously. 
Sample D-4-4 was covered by a layer of short, needle-like 
crystals with a diameter of 1 µm and a length of 2 µm. The 
sample surface was not completely covered with crystals, 
and the packing of the crystals was not as dense as in the 
case of the B samples. On top of the layer of short crystals, 
foci of long, needle-like crystals with a diameter of 5 µm 
and length of up to 60 µm were present. Laser modifica-
tions from 1-4 up to 3-4 eliminated the needle-like shape 
of  the crystals. Spherical structures were present after 
such modifications. Also, the Ti surface was modified. Af-
ter laser modifications 1-4 to 3-4, the Ti surface exhibited 
parallel grooves with a width of about 2 µm. The depth 

of the grooves increased from 3-4 up to 1-4 modifications. 
Limited flat areas of the sample surfaces were not covered 
by grooves and presented spherical structures of  about 
1 µm in diameter.

Contact profilometry 

The roughness of the analyzed surfaces expressed as Ra 
and Rt is presented in Table 2. The Ra values, which are 
the arithmetic means of the absolute values of the rough-
ness profile ordinates, ranged from 1.32  µm for C-4-4 
up to 1.85  µm for A-1-4. For samples B and C, the 2-4 
type of  laser conditioning resulted in the highest Ra pa-
rameters, whereas for samples A  and D, the highest Ra 
parameters were found in conditions 1-4 and 3-4, respec-
tively. The parameter Rt, defined as the total height of the 
profile, is the vertical distance between the maximum 
profile peak height and the maximum profile valley depth 
along the evaluation length. The Rt values for the ana-
lyzed samples ranged from 10.65 µm for sample C-4-4 up 
to 17.12 µm for sample C-2-4. The highest Rt values were 
noted for the 1-4 laser modification for samples A and B, 
and for the 2-4 and 4-4 modifications for samples C and 
D, respectively.

Surface chemical composition 

Energy-dispersive spectroscopy (EDS) analysis 

The EDS analysis revealed the peaks mainly from Ti, 
oxygen (O), Ca, phosphorus (P), and aluminum (Al)  
(Table 3).

Fig. 2. Scanning electron microscopy (SEM) images of the electrodeposited 
hydroxyapatite (HA) after laser modifications, quadrants 1-4 to 4-4

magnification ×5,000.

Table 2. Surfaces roughness parameters (Ra and Rt) for 4 different laser 
modifications of the analyzed samples

Sample and quadrant Ra [µm] Rt [µm]

A-4-4 1.67 ±0.04 14.73 ±0.80

A-3-4 1.56 ±0.07 14.82 ±0.82

A-2-4 1.66 ±0.07 14.25 ±1.71

A-1-4 1.85 ±0.12 15.09 ±3.31

B-4-4 1.70 ±0.18 15.17 ±0.98

B-3-4 1.68 ±0.05 13.68 ±1.23

B-2-4 1.79 ±0.12 14.94 ±2.30

B-1-4 1.72 ±0.04 15.74 ±1.10

C-4-4 1.32 ±0.13 10.65 ±1.45

C-3-4 1.50 ±0.04 15.19 ±0.24

C-2-4 1.73 ±0.05 17.12 ±2.70

C-1-4 1.50 ±0.07 14.06 ±1.36

D-4-4 1.60 ±0.11 15.81 ±2.71

D-3-4 1.74 ±0.06 14.66 ±1.60

D-2-4 1.60 ±0.10 13.09 ±0.10

D-1-4 1.70 ±0.06 14.89 ±2.08

Data presented as mean ± standard deviation (M ±SD).
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The concentrations of  Ca and P were the highest on 
the 4-4 quadrants. Among those quadrants, the Ca and 
P concentrations were the highest for sample B and the 
lowest for sample A. Laser processing 1-4 up to 3-4 result-
ed in a decrease in the Ca and P concentrations. In most 
cases, a decrease in the Ca and P concentrations could be 
observed with the change of laser modification from 3-4 
to 1-4.

The O concentrations were the highest on the 4-4 quad-
rants. The level of oxygen decreased from quadrants 3-4 
to 1-4.

For samples A and B, the highest C concentrations were 
observed for quadrants 1-4, and the lowest for quadrants 
2-4 and 3-4, respectively. For samples C and D, the highest 
C concentrations were noted for quadrants 4-4, and the 
lowest for quadrants 1-4. For laser-sintered quadrants, 
the highest C concentrations were recorded for the 4-4 
quadrants.

X-ray diffraction (XRD) analysis 

Due to the shape of  the samples, the XRD tests were 
carried out using Pb as a background (Pb gives reflections 
at known constant values of  2Θ). The diffractograms 
contained images of  the tested samples and Pb. For the 
modified Ti surfaces, reflections from HA and Ti could be 
observed. The HA reflex at an angle of 25.8° 2Θ matching 
the (002) plane was recorded for almost all the samples 
(Fig. 3). The (113) plane matching the reflex at an angle 
of  35.4° 2Θ was overlapped by the reflexes from the Ti 
base, which may be attributed to a  thin HA layer. Hy-
droxyapatite was not detected on quadrants A-4-4, C-4-4 

and D-3-4. Based on the intensity of diffraction peaks for 
HA, we can order the quadrants as follows: C-2-4 > 1-4 > 
3-4 > 4-4; B-1-4 > 4-4 > 3-4 > 2-4; D-1-4 > 4-4 > 2-4 > 3-4; 
A-1-4 > 2-4 > 3-4 >4-4, with the greatest concentration 
of HA on sample C.

Raman spectroscopy analysis 

The Raman spectroscopy analysis confirmed the pres-
ence of HA on the 4th quadrant of all samples (Fig. 4). The 
presence of HA is manifested by the 4 bands appearing 
in the range 400–470 cm−1, 550–650 cm−1, 930–990 cm−1, 
and 1,010–1,070 cm−1, corresponding to the vibration in 
phosphate groups.29,30 The single, most intensive and nar-
row band occurring at 960 cm−1 with a full width at half 
maximum equal to 15 cm−1 confirmed the presence of HA 
without substitution by other ions in the crystal lattice.31 
No other forms of calcium phosphates were detected. Ra-
man spectroscopy did not identify HA on quadrants 1-4 
to 3-4.

Fig. 3. X-ray diffraction (XRD) patterns in the angle range of the hydroxyapatite 
(HA) reflexes on one quadrant of each sample with the most intense HA 
peaks

Fig. 4. Raman spectra of quadrants 4-4 for samples A–D

Table 3. Energy-dispersive spectroscopy (EDS) analysis of the 
hydroxyapatite (HA) coating with laser sintering, concerning the oxygen 
(O), calcium (Ca), phosphorus (P), and carbon (C) concentrations, 
expressed as weight percent (wt%)

Sample and quadrant Ti O Ca P C

A-4-4 54.76 32.45 0.47 0.31 1.08

A-3-4 61.19 22.67 0.03 0.04 0.83

A-2-4 71.21 27.93 0.01 0.04 0.77

A-1-4 69.63 18.99 0.02 0.05 1.27

B-4-4 39.38 36.39 9.01 5.04 1.91

B-3-4 57.33 32.32 0.61 0.40 0.63

B-2-4 73.78 18.87 1.71 1.06 1.12

B-1-4 77.16 19.79 0.55 0.36 2.14

C-4-4 52.75 33.77 1.84 1.07 1.51

C-3-4 61.47 30.78 0.24 0.16 0.50

C-2-4 64.69 24.50 0.07 0.09 0.72

C-1-4 81.01 13.41 0.07 0.05 0.48

D-4-4 45.95 34.67 2.72 1.86 1.47

D-3-4 63.00 23.23 0.05 0.10 1.06

D-2-4 63.57 21.07 0.04 0.09 1.43

D-1-4 73.92 17.05 0.13 0.10 0.98
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Contact angle studies 

The contact angle analysis displayed a range of results 
from 20.51° up to 161.5° (Table 4). The most hydrophilic 
samples were B and C, with contact angles of 20.51° and 
23.84°, respectively. These results were obtained for the 
1-4 laser surface modification. The contact angles for 
samples A  and D were greater than those of  samples C 
and B. Laser modification 4-4 resulted in the highest con-
tact angle for samples B and D.

Discussion
In the present study, 4 different techniques of HA la-

ser modification on a Ti substrate were used. For the 1-4 
laser modification, a  combination of  LIPSS and fusion 
was used, while for modifications 2-4 to 4-4, a sintering 
process with different parameters was implemented. The 
result of laser surface treatment depends on power den-
sity, which is correlated with the number of pulses and the 
speed of beam movement.

The 4-4 surface modification did not alter the crystal 
structure of the HA coating, as shown in the SEM images. 
The characteristics of  the electrodeposited HA coating 
without laser modifications are discussed in our previous 
study.17 On the other hand, modifications 1-4 up to 3-4 
eliminated the crystal structure of HA, leaving spherical 
residues, as well as caused alterations in the Ti surface, 
leaving a microgroove pattern. In those surface modifica-
tions, the effects of laser melting and vaporization can be 
observed, since the crystal structures were transformed 

into spherical structures. Parallel grooves indicating 
LIPSS were also present on quadrants 2-4 and 3-4. The 
depth of the grooves which occurred after modifications 
1-4 to 3-4 was the highest for the LIPSS and fusion modi-
fication and the lowest for the 3-4 modification proce-
dure. The 1-4 up to 3-4 laser modifications resulted in the 
femtosecond laser ablation processing of Ti, leaving a mi-
crostructured surface. Such processing can influence the 
tribological properties of the surface and its wetting prop-
erties.32 The microstructure of the parallel groves also had 
a positive effect on the osteoblast reaction by enhancing 
surface hydrophilicity, serum protein adsorption and os-
teoblast maturation.33 Parallel grooves also facilitate cells 
expansion along the direction of the grooves, resulting in 
better coverage on the implant surface.34

An increase of  the laser power by 0.2 W changed the 
morphology of HA, but did not cause its chemical degra-
dation; HA peaks were found in the XRD spectra of quad-
rants 2-4 and 3-4 modified by laser with the highest pow-
er density. The crystal structure of the HA coating present 
on the 4-4 laser-conditioned quadrants proved to be os-
teoconductive, as shown in our previous study.17

Surface roughness, expressed as Ra, ranged from 
1.32 µm to 1.85 µm. For most of the surfaces, laser modi-
fications 1-4 and 2-4 resulted in the highest roughness 
values. However, for laser modifications 3-4 and 4-4, 
this parameter was lower. The Rt parameter, defined as 
the total height of  the profile, was the greatest for the 
1-4 and 2-4 laser modifications, with the C-2-4 sample 
exhibiting the greatest height of 17.12 µm. High Rt val-
ues were also noted for the D-4-4 sample, but this was 
correlated with the structure of the electrodeposited HA 
(i.e., the foci of long, needle-like crystals). The roughness 
of all the samples presented in this study can be defined 
as moderate.34 As reported by Wennerberg and Albrekts-
son in a review of over 100 publications, implant surfaces 
of such roughness parameters can facilitate bone reaction 
better than smoother or even rougher surfaces.34 Also, 
our previous studies proved positive osteoblast reactions 
for moderately rough Ti surfaces, expressed as increased 
osteoblast viability and differentiation.35,36

The analysis of the chemical composition of the samples 
revealed the presence of HA, although there were some 
differences between the EDS, XRD and Raman spectros-
copy results. The XRD did not detect the presence of HA 
on quadrants A-4-4 and C-4-4, while Raman spectrosco-
py confirmed its presence on those quadrants. Such XRD 
results could be caused by instrumental limitations. The 
radiation might not have fallen on the sample due to its 
small size, or might only have fallen on it in a small per-
centage, since the distribution of Ca and P on the sample 
surface was not uniform. On the other hand, Raman spec-
troscopy detected the presence of HA only on quadrants 
4-4, which, according to the EDS analysis, were the richest 
in Ca and P. The EDS revealed the presence of Ca and P 
in each quadrant of each sample, predominantly on quad-

Table 4. Contact angle of the hydroxyapatite (HA) coating after laser 
modification, quadrants 1-4 to 4-4

Sample and quadrant Contact angle 
[°]

A-1-4 146.30 ±2.072

A-2-4 126.40 ±2.725

A-3-4 137.80 ±1.318

A-4-4 144.80 ±2.290

B-1-4 20.51 ±2.925

B-2-4 55.53 ±4.657

B-3-4 45.28 ± 3.110

B-4-4 56.27 ±5.523

C-1-4 23.84 ±6.031

C-2-4 53.30 ±4.362

C-3-4 85.84 ±0.952

C-4-4 36.89 ±5.965

D-1-4 153.20 ±0.426

D-2-4 145.30 ±2.133

D-3-4 136.40 ±0.289

D-4-4 161.50 ±1.033

Data presented as M ±SD. 
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rants 4-4. Raman spectroscopy also revealed that the HA 
present in the analyzed samples was pure, without sub-
stitution by other ions in the crystal lattice. Based on the 
analysis of the band occurring at 960 cm−1, it can be stated 
that no other forms of calcium phosphates, such as trical-
cium phosphate or tetracalcium phosphate, were present.

The weight percentages of Ca and P, based on the EDS 
analysis, for quadrants 4-4 comply with the thickness 
of  the HA coating observed on the SEM images. The 
highest Ca and P concentrations were noted for sample 
B, then for D and C, and the lowest concentrations were 
observed for sample A. While analyzing the weight per-
centages of  Ca and P on the sample surface, a  pattern 
was found. The quadrants with the 4-4 laser modification 
presented the highest Ca and P concentrations, whereas 
the lowest were noted for the laser-sintered and fused 
quadrants. The same pattern can be observed in the O 
weight percentage. A  similar pattern is observed in the 
results of the roughness analysis. The roughness Ra val-
ues are the lowest on the 4-4 quadrants and the highest 
on the laser-sintered and fused quadrants. The LIPSS and 
fusion, as well as the 2-4 and 3-4 modification processes, 
seem to increase the surface roughness while decreasing 
the Ca, P and O concentrations on the sample surface. 
The O weight percentage in the 4-4 quadrants is compa-
rable with the result obtained for the samples before laser 
modification. The 2 remaining modification processes 
and the LIPSS and fusion process resulted in a decreased 
O concentration, with a higher reduction observed for the 
LIPSS and fusion quadrants. In the case of sample B – the 
sample with the richest HA coating – the 2-4 laser modi-
fication resulted in higher Ca and P concentrations than 
the 3-4 laser modification. This situation was opposite to 
the other samples.

Calcium phosphates have been reported to possess 
osteoinductive and osteoconductive characteristics.37–43 
Osteoinduction is the ability to induce progenitor cells to 
differentiate into osteoblastic lineages, while osteocon-
duction is the ability to promote bone growth on the sur-
face of materials.37 Such surface properties increase cell 
adhesion, differentiation and proliferation.44 Cell adhe-
sion is correlated with the ability to adsorb extracellular 
matrix (ECM) proteins, which, in turn, is related to such 
surface features as roughness, energy, crystallinity, and 
solubility.37,44 An  increased protein adsorption and cell 
adhesion are reported on calcium phosphate-coated im-
plants.37,45,46 Calcium phosphates also aid in the osteogen-
ic differentiation of mesenchymal stem cells (MSCs).37,47,48 
The improved bone reaction of calcium phosphate-coated 
implants is also related to the entrapment of blood plate-
lets on such surfaces and their activation. The activated 
platelets release biomolecules that can be retained by the 
fibrin matrix on the surface to facilitate the regeneration 
of the surrounding tissues.40 Due to such surface features, 
calcium phosphate-coated implants are reported to pres-
ent improved osseointegration.17,38

Quadrants 4-4 are the quadrants presenting the high-
est concentrations of Ca and P, with sample B exhibiting 
the highest concentrations of all of the samples. Based on 
the Ca and P concentrations, the B-4-4 quadrant should 
present the highest osteoinductive and osteoconductive 
properties, since calcium phosphates have been docu-
mented to possess biocompatible and osteoconductive 
properties.16–18,36

The presence of C on the analyzed sample surfaces can 
be associated with the presence of carbon dioxide (CO2) 
and other organic molecules from the air.49 Such carbon 
contamination, apart from roughness-induced hydro-
phobicity, is known to cause higher contact angles and 
lower surface energy, resulting in a  surface with hydro-
phobic properties.49–51 Rupp  et  al. reported a  decreased 
water contact angle in samples after a 50% carbon reduc-
tion.49 The reduction was from about 35 at% for the sam-
ples with a water contact angle of 122.40°–139.88° to the 
level of 15 at%, resulting in a water contact angle of 0°.49 
Hotchkiss et al. reported hydrophobic surface properties 
at a  carbon concentration of  ~43–44%.51 In their study, 
a carbon level of ~30% resulted in a low contact angle and 
hydrophilic surface properties.51 In the present study, the 
C concentration ranges from 0.48 wt% to 2.12 wt%, as re-
vealed by the EDS analysis. The carbon levels are not re-
flected in the water contact angle results, which, accord-
ing to the Rupp et al.’s study, should be at the level of 0°.49 
The C concentration in the present study is not correlated 
with the hydrophilicity of the surface. The highest C con-
centrations were reported for sample B, the richest in Ca 
and P. Lower carbon concentrations were noted for sam-
ple D, which also comes second according to the Ca and 
P concentrations. No correlation could be found between 
the C concentration and the type of laser conditioning.

Contact angle studies revealed a  division of  samples 
into 2 groups. A  group of  contact angles ranging from 
20.51° to 85.84° consisted of  samples B and C. Those 
samples can be classified as samples with hydrophilic sur-
faces. Samples A and D presented contact angles in the 
range of 126.4°–161.5° and could be classified as samples 
with hydrophobic surfaces. For the group of hydrophilic 
surfaces, the lowest result in both cases was noted for the 
1-4 quadrants. Those quadrants also presented lower O 
concentrations, and are also the quadrants with the most 
intensive ablation. The correlation between the surface 
roughness and the surface wettability could not be estab-
lished. While evaluating all 4 samples, the highest contact 
angle results were for quadrants 3-4 and 4-4.

The contact angle studies of  the HA-coated, LIPSS 
plus fusion-modified quadrants of  samples B and C re-
vealed improved hydrophilic properties as compared to 
the LIPSS surfaces of uncoated Ti alloy studied by Sch-
weitzer et al.10 The contact angles of the LIPSS-modified 
surfaces reported by Schweitzer were similar to those 
of the HA-coated and sintered quadrants of the samples 
B and C.10
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The enhanced surface hydrophilicity of the implant sur-
face can result in the shortening of  the osseointegration 
period, and increase the bond strength of  the implant to 
bone tissue.2 On the cellular level, hydrophilicity enhances 
protein adsorption, platelet aggregation, and monocyte 
and macrophage adhesion, increases the fibroblastic cell 
response, as well as the adhesion, differentiation and pro-
liferation of  osteoblasts.37,52–54 Those events result in the 
acceleration of  the healing process and bone formation 
in the initial period of osseointegration.2,55–58 Hydrophilic 
surfaces can also increase the levels of alkaline phosphates, 
osteocalcin and bone sialoproteins, which are the differen-
tiation markers of osteoblasts, indicating the osteoconduc-
tive potential of such surfaces.2,54,59,60 The surface texture 
with parallel microgrooves was also reported to increase 
the surface hydrophilicity, along with serum protein ad-
sorption and osteoblast maturation.32,33 The phenomenon 
of  increased hydrophilicity of  micro-grooved Ti surfaces 
is related to altered surface chemistry.32 A hydrophilic mi-
crorough Ti surface topography also elicits a macrophage 
phenotype associated with reduced inflammation and en-
hanced pro-osteogenic signaling.61

The laser modification of the HA coating resulted in 2 
kinds of  surfaces. Laser-induced periodic surface struc-
ture texturing could be observed on quadrants 1-4 to 3-4, 
with parallel grooves, and HA melted and sintered into 
spherical structures. The chemical composition of those 
quadrants had decreased Ca, P, O, and C concentrations. 
The 4-4 laser surface conditioning did not alter the nee-
dle-like morphology of  the electrochemically deposited 
HA coating and caused only minor changes in the chemi-
cal composition of the surface. The contact angle studies 
revealed the presence of 2 groups: the hydrophilic group 
(B and C samples); and the hydrophobic group (A and D 
samples). The LIPSS–fusion modification decreased the 
water contact angle of the hydrophilic samples.

The surface with the most promising osteoconductive 
properties seems to be the B-1-4 sample with the opti-
mal hydrophilic properties, LIPSS and the most intensive 
HA peaks based on the XRD analysis. Sample B-2-4 also 
presents favorable osteoconductive characteristics, such 
as high Ca and P concentrations, as shown by the EDS 
analysis, and LIPSS.

Further biological analyses are necessary to evaluate 
the cell and tissue response to such laser modifications 
of the HA coating on Ti. Also, testing the material toxicity, 
and the loading time and conditions would be beneficial 
for the analysis of the implant’s dynamic integration with 
bone.62–64

Conclusions
The ultrashort-pulsed laser modification of  the HA 

coating for regimes 1-4 to 3-4 resulted in the LIPSS tex-
turing of the Ti surface with HA sinterization.

Further biological analyses are necessary to evaluate the 
cell and tissue response to such laser-modified HA coat-
ing on Ti.
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Abstract
Background. Intracanal medicaments are vital in treating the infections of the deciduous dentition due 
to the large percentage of accessory canals that hasten the microbial spread to the periradicular region. 
Though countless medicaments have been produced to reduce the microbial load and aid symptomatic 
relief, they still do not fulfill every function of an ideal medicament.

Objectives. The aim of the present study was to evaluate and compare the antimicrobial efficacy of Stevia 
rebaudiana (S. rebaudiana) and triple antibiotic paste (TAP) against Enterococcus faecalis (E. faecalis). 

Material and methods. The present in vitro, parallel, double-blinded study had an  equal allocation 
ratio. The specimens were prepared, randomly divided into 4 groups and inoculated with E. faecalis 
(ATCC35550). Following incubation, the first 3 groups were treated with S. rebaudiana, triple antibiotic 
therapy or carbopol gel, respectively, with the 4th negative control group left untreated. The microbial 
samples were collected before and after treatment, and the counts of colony-forming units (CFUs) were 
compared. The results were analyzed using the Kruskal–Wallis, Dunn’s post-hoc and Wilcoxon’s signed 
rank tests.

Results. The first 2 groups displayed a  significant decrease in CFUs after drug application, while the 
carbopol and control groups showed an exponential increase. There was no statistically significant 
difference between the stevia and TAP groups (p = 0.630).

Conclusions. Stevia gel was comparable to TAP in terms of antimicrobial efficacy, and can therefore be 
considered a new alternative in intracanal treatment.

Keywords: triple antibiotic paste, intracanal medicament, stevia
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Introduction
The most important etiologic factors for pulp and peri-

radicular diseases are pathogens, of  which Enterococcus 
faecalis (E.  faecalis) is of  paramount importance. It is 
a  facultative gram-positive anaerobe, occurring abun-
dantly in failed endodontic canals.1 Classical biomechani-
cal preparations can help eliminate microorganisms while 
extirpating the infected tissue. However, tortuous roots 
and the complexity of accessory canals, as well as the abi-
lity of E. faecalis to exist independently as a biofilm with-
out synergistic support, make it difficult to eliminate the 
possibility of reinfection after obturation. Therefore, better 
eradication of  such microorganisms requires an  additi-
onal disinfection approach with the use of  irrigants and 
intracanal medications.

Intracanal medications aim to reduce bacterial colonies 
and prevent reinfection. Various drugs used to disinfect 
the canal include calcium hydroxide, Formocresol®, triple 
antibiotic paste (TAP), chlorhexidine digluconate, and 
Ledermix™, of which calcium hydroxide and TAP are most 
commonly used. Although their efficacy has been demon-
strated in many studies, both have several disadvantages. 
Calcium hydroxide is less effective against E. faecalis and 
completely ineffective against yeast-like fungi,2 which are 
the primary commensals of the infected ducts. In addition, 
allergic tissue reactions have been reported in numerous 
cases. Triple antibiotic paste (minocycline, ciprofloxacin, 
metronidazole), on the other hand, has been very suc-
cessful in eliminating endodontic pathogens.3 However, 
its use has resulted in coronal discoloration4 and a reduc-
tion in dentin hardness.5 Due to these drawbacks, there is 
a constant search for better novel materials.

Stevia rebaudiana (S. rebaudiana), also called candy 
leaf, is a flowering plant native to Paraguay that is culti-
vated for its sweet-tasting leaves. It is used by diabetics 
in a  dried form as a  calorie-free natural sweetener, and 
is rich in terpenes and flavonoids, which have good anti-
bacterial and antifungal properties.6 In dentistry, stevia 
was shown to inhibit plaque and gingivitis when used as 
a mouthwash in an in vivo study.7 Stevia has been shown 
to be non-toxic,8 and have therapeutic effects in treating 
cancer,9 inflammation,10 cysts,11 and obesity.12 Also, it 
can be safely consumed during pregnancy without a fear 
of teratogenicity.8 Considering these benefits, the present 
study evaluated and compared the antimicrobial proper-
ties of stevia and TAP against E.  faecalis when used as 
intracanal drugs.

Material and methods

Study design 

The present study followed an in vitro design, and was 
planned and performed according to the Checklist for 

Reporting In-vitro Studies (CRIS) and Consolidated 
Standards of Reporting Trials (CONSORT) guidelines.

Since the present study was conducted in vitro, it was 
exempted from the review by the institutional ethics com-
mittee.

Study setting 

The study was conducted at the Department 
of  Pediatric and Preventive Dentistry of  AME’s Dental 
College and Hospital, Raichur, India, in collaboration 
with the Department of Pharmaceutics of the V.L. College 
of  Pharmacy, Raichur, India, and the Department 
of Microbiology of Raichur Institute of Medical Sciences.

Sample size 

The sample size was estimated using the G*Power 
software, v. 3.1.9.4 (https://www.psychologie.hhu.de/ar-
beitsgruppen/allgemeine-psychologie-und-arbeitspsy-
chologie/gpower). Considering a  power (1-β) of  80% 
and an α-error of 5%, the total sample size was set at 40 
(10 × 4 groups = 40 samples).

Preparation of the teeth 

The examined samples included freshly extracted pre-
molars with intact crowns and fully formed root apices.13 Teeth 
that were fractured, carious, previously restored, calcified, or 
with multiple canals or resorbed roots were excluded.14

The root length of  the specimens was standardized by 
decoronating the teeth with a 0.1-millimeter-thick double-
sided diamond disk (Dentorium Products, Farmingdale, 
USA). The roots were prepared to a  working length 
of 14 mm, using K files with an apical file size 35–70 (Mani 
Medical India, New Delhi, India), with an  increment 
of  1  mm to ensure the standardization of  measurements. 
All canals were rinsed with 1  mL of  2% NaOCl (Vishal 
Dentocare, Ahmedabad, India) for 30 s between the 
instrumentation stages. A  3-milliliter preparation of  17% 
ethylenediaminetetraacetic acid (EDTA) (Dental Avenue 
India, Palghar, India) was administered and the canals were 
soaked for 5  min, followed by final irrigation with 5  mL 
of sterile saline. The apical foramen was sealed with light-
cured composite resin and the outer surface of the root was 
made impermeable by coating it with 2 layers of epoxy resin 
(Fortune Chemie, Bangalore, India).15 All specimens were 
autoclaved under standard conditions (121°C for 15 min) 
and stored in an ultraviolet (UV) chamber to ensure sterility.

Preparation of the drugs 

Stevia extraction and formulations 

A total of 40 g of dried powdered stevia (Stevia World 
Agrotech, Bangalore, India) was added to 200  mL 

https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
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of absolute alcohol and boiled in a Soxhlet apparatus for 
23 cycles.16 The obtained extract was then reduced to 20 mL 
and formulated at different concentrations (0.1%, 0.2%, 
0.6%, 0.7%, and 0.8%) to determine the minimal bacteri-
cidal concentration (MBC) (Table  1). The experimental 
formulations were based on random concentrations, and 
if positive for microbial inhibition, new formulations with 
adjacent lower concentrations were used. The MBC of stevia 
was determined using the spot inoculation technique,17 in 
which 1 mL of activated E.  faecalis suspension was com-
bined with equal parts of  different drug concentrations 
and dropped onto a blood agar plate divided into 5 com-
partments. The contaminated plate was then incubated at 
37°C and 5% CO2 for 24 h, and changes were noted. The 
minimum drug concentration at which the complete elimi-
nation of the organism occurred was 0.7%. The concentra-
tions for different formulations were chosen randomly, and 
since 0.6% did not show any inhibition, there was no need 
for formulations at 0.3%, 0.4% or 0.5% concentrations.

Stevia gel preparation 

Carbopol powder (50 mg) was added to 10 mL of dis-
tilled water and sonicated for 5 cycles, each lasting 2 min. 
After achieving a homogeneous solution, 0.7 mL of stevia 
from a  freshly prepared extract was added. Triethanol-
amine (Qualigens Fine Chemicals, Mumbai, India) was 
then added dropwise and stirred until a gel-like consisten-
cy was obtained. Carbopol served as a thickening agent, 
while triethanolamine acted as a neutralizing agent.

Triple antibiotic gel preparation 

Triple antibiotic gel (TAG) was formulated using 
Hashimoto’s ratio, combining equal parts of  minocycline 
(100  mg), ciprofloxacin (200  mg) and metronidazole 
(500  mg) (Lifecare Neuro Products, Baddi, India) 
with 50  mg of  Carbopol®-934 (Rolex Pharmaceuticals 

Limited, Ahmedabad, India) and 10 mL of distilled water. 
Sonication was performed for 5 cycles. Triethanolamine 
(Qualigens Fine Chemicals) was then added dropwise and 
stirred until a gel-like consistency was reached.

Inoculation 

The samples were fixed in sterile Eppendorf tubes 
and stabilized on 5-milliliter tubes. A  standard strain 
of  E.  faecalis was reactivated in brain–heart infusion 
(BHI) broth, and incubated at 37°C and 5% CO2 for 24 h. 
After microbial growth, a suspension of  the culture was 
prepared in a  tube containing 10 mL of  saline (0.9%) at 
a concentration of 2 on the McFarland scale, with 5 mL 
of the prepared suspension mixed with 5 mL of BHI broth 
in a test tube to obtain the final suspension. Then, 20 µL 
of the final suspension was introduced into the root canal 
with the use of a 0.3-milliliter insulin syringe, and a cot-
ton pellet dipped in the suspension was inserted into the 
canal opening. Incubation continued for 21 days in a 5% 
CO2 atmosphere at 37°C. The viability and purity of the 
microorganisms were assessed weekly by Gram staining.15

Microbiological examination 

After 21 days, the microbial samples were collected by 
inserting absorbent paper cones into the canal for 1 min, 
which were then transferred to Eppendorf tubes containing 
1 mL of saline and shaken in a tube shaker for 30 s. Serial 
dilutions of each suspension were prepared to a concentra-
tion of 10–5 mg/mL, and 0.1 mL of the suspension from each 
sample was seeded and streaked onto blood agar plates, and 
incubated at 37°C and 5% CO2 for 24 h. Colony-forming 
units (CFUs) were then mechanically counted and the 
number of viable germs was calculated.14 Saline irrigation 
was performed 3 times to remove the free-flowing detached 
bacteria, and the intracanal medication was then adminis-
tered: 0.7% stevia gel (group 1); TAP (group 2); or carbopol 
gel (vehicle) (group 3). Group 4 (control) was left untreated.

Analysis of the root canal samples 

After an  incubation period of  7 days, the drug was 
flushed out by rinsing with saline. Absorbent paper cones 
were inserted and the procedure was repeated.4 The count 
of CFUs was noted and compared (Fig. 1).

Statistical analysis 

The quantitative data post triplicate experimentation 
was subjected to statistical analysis and tabulated. The 
intergroup analysis was performed using the Kruskal–Wallis 
test, whereas intragroup comparisons used the Wilcoxon 
test, with a p-value set at 0.05. Pairwise comparisons with 
Dunn’s post-hoc test determined the significant inter-
group differences.

Table 1. Different concentrations of the stevia extract formulated for 
checking the minimal bactericidal concentration (MBC)

No. Formulation Concentration 
[%]

1
0.1 mL of the extract brought up 

to 10 mL by the addition of ethanol  
yields 1.007 mg/mL

0.1

2
0.2 mL of the extract brought up 

to 10 mL by the addition of ethanol  
yields 2.014 mg/mL

0.2

3
0.6 mL of the extract brought up 

to 10 mL by the addition of ethanol  
yields 6.042 mg/mL

0.6

4
0.7 mL of the extract brought up 

to 10 mL by the addition of ethanol  
yields 7.049 mg/mL

0.7

5
0.8 mL of the extract brought up 

to 10 mL by the addition of ethanol  
yields 8.056 mg/mL

0.8



R. Havale et al. Stevia as an intracanal medicament922

Results

Minimal bactericidal concentration 

The MBC of  stevia that totally inhibited the growth 
of E. faecalis was 0.7%.

Intergroup analysis 

Pre-treatment 

The mean count of CFUs of E. faecalis before treatment 
was 407.60 ±177.37 in the stevia group, 443.50 ±130.04 in 
the TAP group, 393.90 ±88.34 in the vehicle group, and 
444.30  ±52.70 in the control group, with no significant 
differences between the 4 groups (p  =  0.420) (Table  2, 
Fig. 2).

Post-treatment 

The mean count of  E.  faecalis CFUs after treatment 
was 2.30  ±0.82 in the stevia group, 1.90  ±0.74 in the 
TAP group, 391.80  ±87.97 in the vehicle group, and 
444.30 ±52.37 in the control group. There were significant 
differences in the E. faecalis CFUs between the 4 groups 
post-intervention (p < 0.001) (Table 2, Fig. 2).

Pairwise analysis 

Multiple pairwise comparisons revealed that in 
groups 1 and 2, the mean count of  CFUs was signifi-
cantly smaller as compared to groups 4 and 5 (p ≤ 0.001).  

However, no remarkable differences were observed be-
tween groups 1 and 2 (p  =  0.630), and groups 3 and 4 
(p = 0.400) (Table 3).

Fig. 1. Microbial colonies formed pre- and post-treatment with different drugs

A – stevia; B – triple antibiotic paste (TAP); C – carbopol; D – control group (untreated).

Table 2. Comparison of the mean count of colony-forming units (CFUs) 
of Enterococcus faecalis (E. faecalis) (×108) between the 4 groups  
pre- and post-treatment (Kruskal–Wallis test)

Group
CFUs of E. faecalis (×108)

pre-treatment p-value post-treatment p-value

Stevia 407.60 ±177.37

0.420

2.30 ±0.82

<0.001*
TAP 443.50 ±130.04 1.90 ±0.74

Carbopol 393.90 ±88.34 391.80 ±87.97

Control 444.30 ±52.70 444.30 ±52.37

Data presented as mean ± standard deviation (M ±SD).  
* statistically significant.

Fig. 2. Mean count of colony-forming units (CFUs) of Enterococcus faecalis 
(E. faecalis) before and after drug application
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Discussion
This study focused on the formulation of  a drug that 

overcomes the disadvantages of  commercially available 
preparations, but also leads the way in terms of  anti-
microbial properties. Stevia was the preferred alternative, 
as it has been shown historically to be superior to indus-
trially marketed chlorhexidine mouthwashes in limit-
ing plaque, gingivitis,16 and the count of  caries-forming 
organisms.18 The steviol glycoside that the preparation 
contains also makes it palatable to children because of its 
sweet taste. The other group in this trial received TAP 
(in  the present study, it was in fact TAG to distinguish 
the vehicle used), which causes coronal discoloration 
despite its good canal-disinfecting properties.19 Also, the 
mino cycline component in TAP has been associated with 
allergic reactions in many cases.20 The available literature 
suggests that a biocompatible herbal drug with minimal/
no side effects is preferable.

The overall performance of  intracanal drugs depends 
on the type of carrier used. Gels are generally much less 
viscous than pastes, which improves penetration deep 
into the canal and collateral canals. In addition, pastes 
adversely affect the microhardness of  dentin.5 A  study 
investigating the properties of different carrier mate rials 
demonstrated that macrogol and propylene glycol, the 
traditional carrier materials for TAP, had some antimicro-
bial effects, leading to some bias.21 Considering all of the 
above factors, a carbopol gel-based vehicle was selected as 
the delivery system, as it has a neutral pH and is efficient 
in terms of permeability.22

Enterococcus faecalis naturally produces reactive oxygen 
species (ROS), and to combat them, antioxidants are 
produced simultaneously. This property makes the bac-
teria tolerant to acidic environments; nevertheless, TAP 
with its acidic pH (5.5) successfully limits the E. faecalis 
count, suggesting that both acidic and alkaline niches can 
affect the growth of E. faecalis.23

The results of the present study indicate that stevia acts 
very similarly to TAP; its antibacterial properties could 
result from oxygen radicals (hydroxyl, nitrate and peroxide) 
causing DNA mutations, base pair modification and 

intercellular protein cross-linking.17 Carbopol is acidic in 
nature, with a pH of 2–2.5, but the pH rises to neutral by 
adding triethanolamine, which is both a gelling agent and 
a neutralizer.

Stevia is a  novel product with very limited reports in 
the literature, and this study was conducted to explore the 
possibility of using stevia as a bactericidal/bacteriostatic 
agent. The exploratory nature of the study made it justifi-
able to use a relatively small sample size.

Conclusions
Stevia demonstrated a significant reduction in the count 

of E. faecalis, similar to TAP, when used as an intracanal 
medicament.

This study concluded that carbopol did not influence 
the antimicrobial efficacy of the experimental drug used 
as an  intracanal medicament, which was comparable to 
that of the traditionally used TAP.

However, it should be noted that the oral cavity and the 
root canal system are inhabited by a variety of microflora, 
and the lack of  substantial data on the antimicrobial 
efficacy of stevia against this microbiota suggests the need 
for further studies.
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The datasets generated and/or analyzed during the cur-
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reasonable request.

Consent for publication 

Not applicable.

ORCID iDs
Raghavendra Havale  https://orcid.org/0000-0001-8811-3445
Shrutha Santhebachalli Prakasha  https://orcid.org/0000-0002-9426-2719
Sharon Elizebeth George  https://orcid.org/0000-0003-1877-359X
Namratha Tharay  https://orcid.org/0000-0002-2380-8868
Shiny Raj  https://orcid.org/0000-0001-9912-4406
Chandrabanda Bhavana  https://orcid.org/0000-0002-7403-0988
Afreen Anjum Syed  https://orcid.org/0000-0001-7901-1172
Anand Kumar  https://orcid.org/0000-0002-4186-4660
Venkatesh Naik  https://orcid.org/0000-0001-8108-2295

References
1. Aydın H, Er K, Kuştarcı A, et al. Antibacterial activity of  silver 

nanoparticles activated by photodynamic therapy in infected root 
canals. Dent Med Probl. 2020;57(4):393–400. doi:10.17219/dmp/123615

2. Kim D, Kim E. Antimicrobial effect of calcium hydroxide as an intra-
canal medicament in root canal treatment: A  literature review 
– Part I. In vitro studies. Restor Dent Endod. 2014;39(4):241–252. 
doi:10.5395/rde.2014.39.4.241

Table 3. Multiple pairwise comparisons of the mean differences in the 
count of colony-forming units (CFUs) of Enterococcus faecalis (E. faecalis) 
(×108) between the 4 groups post-treatment (Dunn’s post-hoc test)

Group (A) Group (B) MD 
(A – B)

95% CI for MD
p-value

lower upper

Stevia

TAP 0.40 –61.26 62.06 0.630

carbopol –389.50 –451.16 –327.84 0.001*

control –442.00 –503.66 –380.34 <0.001*

TAP
carbopol –389.90 –451.56 –328.24 <0.001*

control –442.40 –504.06 –380.74 <0.001*

Carbopol control –52.50 –114.16 9.16 0.400

MD – mean difference; CI – confidence interval; * statistically significant.



R. Havale et al. Stevia as an intracanal medicament924

3. Shaik J, Garlapati R, Nagesh B, Sujana V, Jayaprakash T, Naidu S. 
Comparative evaluation of antimicrobial efficacy of triple anti-
biotic paste and calcium hydroxide using chitosan as carrier against 
Candida albicans and Enterococcus faecalis: An  in vitro study. 
J Conserv Dent. 2014;17(4):335–339. doi:10.4103/0972-0707.136444

4. Venkataraman M, Singhal S, Tikku AP, Chandra A. Comparative 
analysis of  tooth discoloration induced by conventional and 
modified triple antibiotic pastes used in regenerative endodontics. 
Indian J Dent Res. 2019;30(6):933–936. doi:10.4103/ijdr.IJDR_782_18

5. Parashar V, Khan SA, Singh P, Sharma S, Kumar A, Kumar A. Effect 
of  intracanal medicaments (modified triple antibiotic paste, 
calcium hydroxide, and aloe vera) on microhardness of  root den-
tine: An  in vitro study. J Contemp Dent Pract. 2020;21(6):632–635. 
PMID:33025931.

6. Muradashvili M, Jabnidze N, Koiava L, et al. Antibacterial and anti-
fungal activity of Stevia rebaudiana leaf extract in vitro condition. 
Biol Forum. 2019;11(1):212–216. https://www.researchtrend.net/bfij/
pdf/Antibacterial%20and%20Antifungal%20Activity%20of%20
Stevia%20rebaudiana%20(Asteraceae)%20Leaf%20Extract%20
in%20vitro%20Condition%20M%20MURADASHVILI.pdf. Accessed 
February 12, 2022.

7. Vandana K, Reddy VC, Sudhir KM, Kumar K, Raju SH, Babu JN. Effective-
ness of stevia as a mouthrinse among 12–15-year-old schoolchildren 
in Nellore district, Andhra Pradesh – a  randomized controlled trial. 
J Indian Soc Periodontol. 2017;21(1):37–43. doi:10.4103/jisp.jisp_54_17

8. Momtazi-Borojeni AA, Esmaeili SA, Abdollahi E, Sahebkar A. A review 
on the pharmacology and toxicology of steviol glycosides extracted 
from Stevia rebaudiana. Curr Pharm Des. 2017;23(11):1616–1622. 
doi:10.2174/1381612822666161021142835

9. Konoshima T, Takasaki M. Cancer-chemopreventive effect 
of  natural sweeteners and related compounds. Pure Appl Chem. 
2002;74(7):1309–1316. doi:10.1351/pac200274071309

10. Fengyang L, Yunhe F, Bo L, et al. Stevioside suppressed inflamma-
tory cytokine secretion by downregulation of NF-κB and MAPK sig-
naling pathways in LPS-stimulated RAW264.7 cells. Inflammation. 
2012;35(5):1669–1675. doi:10.1007/s10753-012-9483-0

11. Yuajit C, Homvisasevongsa S, Chatsudthipong L, Soodvilai S, 
Muanprasat  C, Chatsudthipong V. Steviol reduces MDCK cyst 
formation and growth by inhibiting CFTR channel activity and 
promoting proteasome-mediated CFTR degradation. PLoS One. 
2013;8(3):e58871. doi:10.1371/journal.pone.0058871

12. Abo Elnaga NI, Massoud MI, Yousef MI, Mohamed HH. Effect of stevia 
sweetener consumption as non-caloric sweetening on body weight 
gain and biochemical’s parameters in overweight female rats. Ann 
Agric Sci. 2016;61(1):155–163. doi:10.1016/j.aoas.2015.11.008

13. Pandey S, Shekhar R, Paul R, et al. A  comparative evaluation and 
effectiveness of different antimicrobial herbal extracts as endodontic 
irrigants against Enterococcus faecalis and Candida albicans. University 
J Dent Scie. 2018;4(2):75–81. https://old.amu.ac.in/pdf/dentjour/A%20
COMPARATIVE%20EVALUATION.pdf. Accessed February 12, 2022.

14. Kharouf N, Pedullà E, La Rosa GR, et al. In vitro evaluation of differ-
ent irrigation protocols on intracanal smear layer removal in teeth 
with or without pre-endodontic proximal wall restoration. J Clin 
Med. 2020;9(10):3325. doi:10.3390/jcm9103325

15. Hartmann RC, Neuvald L, Barth V Jr., et al. Antimicrobial efficacy 
of 0.5% peracetic acid and EDTA with passive ultrasonic or manual 
agitation in an  Enterococcus faecalis biofilm model. Aust Endod J. 
2019;45(1):57–63. doi:10.1111/aej.12279

16. Koseki S, Yoshida K, Kamitani Y, Itoh K. Influence of  inoculation 
method, spot inoculation site, and inoculation size on the efficacy 
of acidic electrolyzed water against pathogens on lettuce. J Food 
Prot. 2003;66(11):2010–2016. doi:10.4315/0362-028x-66.11.2010

17. Ghosh S, Subudhi E, Nayak S. Antimicrobial assay of  Stevia 
rebaudiana Bertoni leaf extracts against 10 pathogens. Int J Integr 
Biol. 2008;2(1):27–31.

18. Usha C, Ramarao S, John BM, Babu ME. Anticariogenicity of Stevia 
rebaudiana extract when used as a  mouthwash in high caries 
risk patients: Randomized controlled clinical trial. World J Dent. 
2017;8(5):364–369. doi:10.5005/jp-journals-10015-1466

19. Thomas MS. Crown discoloration due to the use of triple antibiotic 
paste as an  endodontic intra-canal medicament. Saudi Endod J. 
2014;4(1):32–35. doi:10.4103/1658-5984.127985

20. Mohammadi Z, Jafarzadeh H, Shalavi S, Yaripour S, Sharifi F, 
Kinoshita JI. A review on triple antibiotic paste as a suitable mate-
rial used in regenerative endodontics. Iran Endod J. 2018;13(1):1–6. 
doi:10.22037/iej.v13i1.17941

21. Mandal SS, Margasahayam SV, Shenoy VU. A comparative evaluation 
of the influence of three different vehicles on the antimicrobial efficacy 
of triple antibiotic paste against Enterococcus faecalis: An in vitro study. 
Contemp Clin Dent. 2020;11(2):150–157. doi:10.4103/ccd.ccd_372_19

22. Lubrizol. Neutralizing Carbopol® and Pemulen™ polymers in aqueous 
and hydroalcoholic systems. 2009. https://studylib.net/doc/25287828/
neutralizing-carbopol-and-pemulen-in-aqueous-and-hydroalc. 
Accessed February 12, 2022.

23. Szemes T, Vlkova B, Minarik G, et al. On the origin of reactive oxygen 
species and antioxidative mechanisms in Enterococcus faecalis. Redox 
Rep. 2010;15(5):202–206. doi:10.1179/135100010X12826446921581

https://www.researchtrend.net/bfij/pdf/Antibacterial%20and%20Antifungal%20Activity%20of%20Stevia%20rebaudiana%20(Asteraceae)%20Leaf%20Extract%20in%20vitro%20Condition%20M%20MURADASHVILI.pdf
https://www.researchtrend.net/bfij/pdf/Antibacterial%20and%20Antifungal%20Activity%20of%20Stevia%20rebaudiana%20(Asteraceae)%20Leaf%20Extract%20in%20vitro%20Condition%20M%20MURADASHVILI.pdf
https://www.researchtrend.net/bfij/pdf/Antibacterial%20and%20Antifungal%20Activity%20of%20Stevia%20rebaudiana%20(Asteraceae)%20Leaf%20Extract%20in%20vitro%20Condition%20M%20MURADASHVILI.pdf
https://www.researchtrend.net/bfij/pdf/Antibacterial%20and%20Antifungal%20Activity%20of%20Stevia%20rebaudiana%20(Asteraceae)%20Leaf%20Extract%20in%20vitro%20Condition%20M%20MURADASHVILI.pdf
https://old.amu.ac.in/pdf/dentjour/A%20COMPARATIVE%20EVALUATION.pdf
https://old.amu.ac.in/pdf/dentjour/A%20COMPARATIVE%20EVALUATION.pdf
https://studylib.net/doc/25287828/neutralizing-carbopol-and-pemulen-in-aqueous-and-hydroalc
https://studylib.net/doc/25287828/neutralizing-carbopol-and-pemulen-in-aqueous-and-hydroalc


Address for correspondence
Anna Maria Paradowska-Stolarz
E-mail: anna.paradowska-stolarz@umw.edu.pl

Funding sources
None declared

Conflict of interest
None declared

Acknowledgements
None declared

Received on July 22, 2022
Reviewed on December 27, 2023
Accepted on March 14, 2024

Published online on November 4, 2024

Abstract
Symmetry is present in various aspects of  everyday life. A  symmetrical face is considered attractive, 
whereas a  lack of  facial symmetry is regarded as a  source of  functional and aesthetic problems. Most 
of the people exhibit slight asymmetries, but some of them reveal severe asymmetries. Among patients 
presenting with severe facial asymmetries, there may be those with congenital defects. Congenital defects 
may manifest at the time of birth or be a result of birth trauma.

One of  the most prevalent asymmetrical birth defects is cleft lip and/or cleft palate. Other congenital 
defects include craniofacial syndromes, such as Treacher Collins syndrome (TCS) and Goldenhar syndrome. 
Among the rare syndromes with facial asymmetries, Klippel–Feil syndrome (KFS), PHACE (posterior 
fossa brain malformation, hemangiomas, arterial anomalies, cardiac anomalies, and eye abnormalities) 
syndrome, plagiocephaly, and Parry–Romberg syndrome are worth noticing. The majority of craniofacial 
asymmetries require surgery to improve the patient’s facial appearance. The treatment is multidisciplinary 
and long, and the most common procedures involve reparative and regenerative surgeries. The aim of this 
review was to present the most common congenital defects with facial asymmetry.

Keywords: congenital abnormalities, cleft lip, facial asymmetry, cleft palate, PHACE syndrome
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Introduction
Symmetry is a  factor that influences our perception 

of beauty. It is present in various aspects of everyday life, 
including architecture and art. Symmetry is often equated 
with elegance.1 An aesthetic smile is considered more 
attractive,2 and the attractiveness of a smile is one of the 
key factors influencing the cooperation during the ortho
dontic and aesthetic dental treatments.3 Teeth size and 
gingival margin symmetry contribute to the perceived 
attractiveness of a smile.4 A symmetrical face is recognized 
as attractive, and a lack of symmetry may cause facial and 
functional problems.5 Craniofacial asymmetry is a normal 
condition, especially when compared to orthodontic 
diagnosis. Asymmetries have a strong genetic background, 
as demonstrated by Babczyńska et al.6 Additionally, this 
topic has been described in the context of  other dental 
specialties.7 Based on the analysis of the patients treated 
orthodontically in North Carolina, 74% of cases were ob
served in the lower third of  the face, 36% in the middle 
part, and the least asymmetries (5%) were observed in the 
upper part of  the face.8 According to Kozanecka  et  al.,9 
bite asymmetries (including crossbites) are one of  the 
most common causes for good patient cooperation dur
ing the orthodontic treatment, which supports the thesis 
that facial aesthetics is a crucial factor in this process. It 
is also worth mentioning that males tend to assess dental 
asymmetries with greater precision than females.2

However, there are certain conditions that are not 
caused by malocclusions but rather are the result of con
genital syndromes. These conditions usually have a genetic 
background.10 Nowadays, the use of  distractors in the 
treatment of facial asymmetries is becoming increasingly 
popular. It may facilitate the treatment of asymmetries in 
hemifacial underdevelopment by elongating the mandible 
or rotating it in the gonial angle.11 The main causes of fa
cial asymmetry are congenital disorders and developmen
tal deformities.5 

The aim of this study was to present the most common 
birth defects associated with facial asymmetry and con
genital diseases. This paper collates the most important 
data on prevalent congenital syndromes that are charac
terized by craniofacial asymmetry. Such conditions may 
manifest at the time of birth or be a result of birth trauma. 
The article presents recently collected data on congenital 
syndromes that have not been previously summarized. 

Material and methods
For the purpose of this paper, the Scopus and PubMed 

databases were searched. The terms “congenital defect”, 
“face” and “asymmetry” were used to determine the 
most common defects affecting the orofacial area. The 
study included articles from the last 10 years, as general 
knowledge about rare congenital diseases is increasing. 

The majority of the papers focused on cleft lip and cleft 
palate. Therefore, we incorporated this anomaly into the 
research. However, we excluded it from the search criteria 
to identify other articles about the facial asymmetry.

Cleft lip and/or cleft palate
Cleft lip and cleft palate are the most common con

genital anomalies, occurring in 1:700–1:1,000 patients. 
The nonsyndromic cleft occurs in the 5th–12th week 
in utero. It is usually a  multifactorial condition, with 
a genetic background identified in approx. 20% of cases.12 
The lips and the nose (especially the philtrum, columella 
and the vermilion border of  the upper lip) are the most 
asymmetrical regions. This condition is more prevalent 
before the surgical procedure of closing the cleft lip and 
improves after surgery. Unfortunately, growth is unfavor
able in this case, resulting in pronounced facial assymetry 
as the scar on the clefted side develops.13 The asymme
try is also more pronounced when a total cleft is present, 
when compared to an  isolated cleft lip.14 Patients with 
clefts present with asymmetry not only in the face but also 
in the occlusion and dental arch form. Asymmetry of the 
dental arch is observed in all cases. Malocclusions are also 
asymmetrical, as crossbites are the most common condi
tions in cleft patients.15,16 Hereditary dental anomalies, 
such as hypodontia, hyperdontia or tooth impaction, are 
also common and occur more frequently in cleft patients 
than in the general population.17 Cleft deformities have 
a strong genetic background. The genetic pattern is based 
on multiple genes and is strongly influenced by environ
mental factors, which makes this problem even more dif
ficult to diagnose.18

Patients with clefts require a  multidisciplinary ap
proach that should be initiated at the neonatal period.19 
The approach depends on the type of cleft and the indi
vidual treatment needs. The procedures focus on the re
construction and plastic surgery, but other aspects like 
speech therapy and orthodontic treatment are also very 
important. The most common procedures performed in 
patients with clefts are presented in Table 1.

The first procedures performed in patients with clefts 
concentrate on the presurgical preparation of the patient 
for lip and/or palate closure. The procedures involve a lip 
massage to lengthen soft tissues and reduce the pressure 
of the prospective scar. All presurgical actions are aimed 
at reducing the stigma associated with cleft lip and cleft 
palate. To reduce columella and mold the palate, naso
alveolar molding (NAM) plates, introduced by Grayson 
and Maull, can be used.18,20 The NAM plate rotates the 
premaxilla and, therefore, reduces the cleft of the alveolus. 

The first surgical procedure concerns the lip and/or pal
ate closure, which is typically performed between the 3rd 
and 6th month of age.21 The soft tissues are restored, but 
the fissure in the bone requires filling. This is achieved 
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through bone grafting, which is most frequently derived 
from the iliac crest.22 The palate of the operated patient 
is shortened and has lower mobility. A number of proce
dures can be performed to restore the palate to its normal 
length. Of these, Furlow palatoplasty is the most com
monly performed procedure. It is a simple Zplasty sur
gery, in which the soft tissues are mobilized to lengthen 
the palate. The purpose of  this procedure is to seal the 
oral cavity and prevent oronasal communication. Furlow 
palatoplasty is usually performed between the ages of 8 
and 12 years.23 

During the entire treatment period, the patient 
requires orthodontic care. The presence of soft tissue scars 
results in a repetitive narrowing of the arch. It is neces
sary to widen the upper arch of  the patient, which may 
be achieved through the use of removable or fixed appli
ances. A face mask is worn for maxillary protraction. As 
the majority of patients present with crossbites and max
illary hypoplasia, it is important to determine whether 
the patient would benefit from orthognathic surgery in 
adulthood.14,18

Mandibular condyle ankylosis
Temporomandibular joint ankylosis is defined as a per

manent constriction of  the jaws and a  limited mouth 
opening to a  maximum of  30 mm (measured between 
the incisal edges). Due to the limited mandibular move
ment, the ability to chew, speak and swallow may be im
paired.24 Mandibular condyle ankylosis may result from 

injury at birth or complications during labor (17.8%). 
Temporomandibular joint ankylosis is a dangerous condi
tion in children, as it may lead to facial asymmetry. This 
condition is mostly caused by trauma during the childhood 
(48.9%).25 If left untreated, the ankylosis in a child will 
result in facial widening and crossbites. Additionally, 
severe class II and skeletal open bite may result from the 
impairment of potential growth caused by the growth cone 
on the mandibular head. This can lead to disturbances in 
both mandibular length and ramal height.26,27 The limited 
mouth opening is comparable to that observed in rheu
matoid arthritis and may impede proper oral hygiene, 
increasing the risk of caries and periodontal disease.28,29 
In addition to limiting mandibular movement, this condi
tion does not influence muscular tonus and function.30 To 
reduce the presented consequences of  mandibular con
dyle fractures, early rehabilitation is essential.30 Prompt 
management of mandibular fractures plays a key role in 
reducing growth disturbances in mandibular dimension 
and morphology.25,26 

Unilateral congenital disturbances 
in facial development

Several disturbances in facial development are observed, 
and in the majority of cases, these are asymmetrical. The 
most common unilateral congenital anomalies affecting 
the face include hemifacial microsomia, Treacher Collins 
syndrome (TCS) and Goldenhar syndrome. These 
anomalies pertain to malformations of the 1st and 2nd pha
ryngeal arches.31,32 Most of the symptoms manifest in the 
face and dental region. A common issue is the potential 
for a dentigerous cyst, which may cause disturbances in 
tooth eruption. The typical treatment for this condition is 
marsupialization or the extraction of the affected tooth.33

Hemifacial microsomia 

Craniofacial microsomia (CFM) appears in 1:3,500 to 
1:5,600 live births, which situates this malformation as 
the 3rd most common congenital craniofacial anomaly, 
preceded by cleft lip, cleft palate and craniosynostosis. 
Patients with CFM present with asymmetries in man
dibular body and ramal lengths. This leads to the retru
sion of  the mandible. In addition, hypoplasia of  the ear 
occurs in 66–99% of  the individuals.34 The full etiology 
of this condition remains unclear, but it manifests dur
ing embryonic development. The possible models for this 
condition include vascular abnormalities, hemorrhage 
or neurocristo pathy among the nasal placode and the 1st 
and 2nd pharyngeal arches.35,36 In rare instances, bilateral 
microsomia is observed, which is symmetrical (present in 
5–15% of cases).34 There is no specific diagnostic criterion 
for microstomia. However, most of  the patients present 

Table 1. Scheme of treatment for a patient with a cleft deformity

Patient’s age Performed procedures

6 months

• presurgical orthodontic preparation (if necessary)  
• lip reconstruction  
• palatal reconstruction (in some cases)  
• nose correction

8–10 months
• evaluation of speech  
• hearing test (repeated every 6 months)

1.5–3 years

• dental check-up  
• orthodontic check-up (treatment needs)  
• speech training  
• palatal reconstruction (if not performed in the first months)  
• alveolar bone grafting (if the lip and palate were 
corrected simultaneously)  
• first aesthetic, plastic corrections

4–5 years
• nasal septum correction  
• active orthodontic treatment (1st phase of Hyrax screw 
appliance or removable appliance)

7–10 years
• orthodontic treatment  
• possible alveolar bone grafting  
• Furlow palatoplasty

>12 years
• orthodontic treatment with fixed appliances  
• traction of impacted teeth

>16 years
• plastic surgeries of the lip and nose  
• possible preparation for orthognathic surgery
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with the underdevelopment of half of the face, specifically 
the mandible, maxilla, facial soft tissues, ear, orbit and/or 
facial nerve. This might influence facial movements, food 
intake, breathing, and disrupt hearing. The facial appear
ance is interrupted and easily noticeable.32 The treatment 
requires bone and soft tissue reconstruction, as well as 
the correction of auricular anomalies.37 Despite extensive 
knowledge of  the genetic basis of  CFM, the definitive 
genetic background of this anomaly remains unclear.38

Treacher Collins syndrome 

Treacher Collins syndrome, also known as Franceschetti 
syndrome or mandibulofacial dysostosis, is a genetically 
driven condition caused by abnormal differentiation 
of the 1st and 2nd pharyngeal arches. The deformity is ob
served in 1 in 50,000 live births with a strong hereditary 
background, with 40% of  cases having a  family history. 
Genetically, 4 variants of  mutations within genes 
have been observed: TCOF1; POLR1D; POLR1C; and 
POLR1B.39 It is probably the first and the most studied 
cranial neural crest anomaly.40

The facial features of TCS include hypoplasia of bones 
such as midface hypoplasia, microtia and hemifacial 
micro gnathia. The other characteristics are conductive 
hearing loss and slanting palpebral fissures with the pos
sibility of coloboma of the lateral part of the lower eyelid. 
On occasion, cardiovascular problems associated with 
cleft palate, esophageal and/or choanal atresia or steno
sis are observed. Due to the severe craniofacial malfor
mation and retruded mandible, nocturnal apnea may be 
observed, which could potentially be a  lifethreatening 
situation.39,41 Additionally, the hairline is displaced.40 In 
individuals with TCS, clockwise rotation of  the mandi
ble may result in an open bite and class II malocclusion, 
which may subsequently lead to temporomandibular joint 
disorders.42 On cephalometric Xrays, a shortening of the 
posterior and anterior cranial bases can be observed.43 
Due to the hearing problems, most patients present with 
speech issues. Other senses are also affected, including 
impaired sight and feeding.39,41 Due to the severe cranio
facial malformations, patients require surgical and recon
structive treatment. These procedures involve soft and 
hard tissues, especially the orbit zygomatic and maxillary 
regions.39,41 The malformations result in poor oral hygiene 
in individuals with TCS, increasing the risk of  calculus 
and caries.42

Goldenhar syndrome 

Goldenhar syndrome, also known as ocularauricular
vertebral (OAV) syndrome, is a  congenital condition 
resulting from a defect in the 1st and 2nd brachial arches. 
This anomaly is caused by a combination of genetic and 
environmental factors.44,45 Lately, a candidate gene on the 
22q chromosome has been found to play a crucial role in 

OAV syndrome.46 Facial asymmetry, eareye abnormali
ties, congenital problems, vertebral anomalies, and severe 
obstructive sleep apnea and sialorrhea are typical mani
festations of Goldenhar syndrome.44 The clinical presen
tation of the condition may vary, from slight facial asym
metry to severe craniofacial deformities. There are no 
minimum inclusion criteria defined.45,47 In 100% of cases, 
hemifacial hypotrophy is observed. Auricular anomalies 
are observed in 80% of individuals. In 90% of cases, there 
is unilateral ophthalmic involvement, with upper eyelid 
coloboma (75.76%), lipodermoid (54.55%) and limbal der
moid (30.3%) being the most common.48 Individuals with 
Goldenhar syndrome often require surgical procedures, 
such as the repair of  eyelid colobomas.48 The potential 
vertebral anomalies and the limitations of head and neck 
movement present a  challenge to the successful perfor
mance of laryngoscopy and intubation.49

Acrofacial dysostosis 

Miller syndrome and Nager syndrome are the most 
common acrofacial dysostoses.50 Nager syndrome is very 
similar to TCS and may be misdiagnosed. The syndrome 
manifests with preaxial limb defects, hypoplasia or the 
absence of the thumbs. Additionally, recent studies found 
mutations in the SF3B4 gene in approx. 60% of cases.50–52 
Hearing loss, present in 45% of cases, is probably caused 
by defective middle ear ossicles.53

Another syndrome that belongs to this group of  mal
formations is Miller syndrome. It is also referred to as 
postacrofacial dysostosis (POADS), Wildervanck–Smith 
syndrome or Genée–Wiedemann syndrome. The pres
ence of  downward slanting of  palpebral fissures, hypo
plasia of the zygomatic complex, coloboma of the lower 
eyelid, microtia and micrognathia as well as hearing loss, 
presents a significant challenge in differentiating POADS 
from TCS. It was determined that the condition is caused 
by autosomal recessive or heterozygous mutations in 
dihydroorotate dehydrogenase (DHODH).50,51 The gene 
encodes the enzyme in the pyrimidine de novo biosynthesis 
pathway. It has been identified in the mitochondrial inter
membrane space.54

The differentiation of  these syndromes may be chal
lenging. In order to organize the data and features con
cerning the 4 clinical units, a summary of the facial fea
tures of  the previously described congenital disorders is 
presented in Table 2.

PHACE syndrome 
(PHACE association)

PHACE syndrome is a rare congenital condition, occur
ring in less than 1 in 1,000,000 cases, that is characterized 
by the presence of large facial hemangiomas (sometimes 
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also of  head and neck) and other systemic malforma
tions. The acronym stands for the association of the fol
lowing syndromes: posterior fossa brain malformation; 
hemangiomas; arterial anomalies; cardiac anomalies; and 
eye abnormalities. In most cases, hemangiomas can be 
successfully treated with oral propranolol. Large infan
tile hemangioma is often correlated with malformations 
of  the posterior cranial fossa. Additionally, midline or 
ventral anomalies are a common feature. Cerebrovascular 
involvement is present in 80% of cases. Other anomalies 
do not refer to the face and are instead associated with 
anomalies of the central nervous system, cardiac defects, 
endocrine problems (e.g., thyroid dysgenesis), coarctation 
of  the aorta, and ocular abnormalities.55–57 The etiology 
of PHACE is not fully understood. It has been observed 
that PHACE syndrome is more frequently observed 
among females.58

Parry–Romberg syndrome
Parry–Romberg syndrome is a  rare condition that is 

characterized by progressive hemifacial atrophy. The etiol
ogy of the disorder remains unknown. The characteristic 
feature is the unilateral, gradual atrophy of the skin. The 
process may involve the underlying tissues, including fat, 
muscles and osseocartilaginous structures. This results 
in a  severe facial asymmetry.59 The syndrome typically 
affects patients under the age of 20 years, with a higher 
prevalence among females. The younger the patient, the 
more severe the course of the symptoms.60 In more severe 
cases, the neck and the other half of the face may also be 
involved.61 The most common features of Parry–Romberg 
syndrome are presented in Fig. 1.

The progress of  the disease is rather slow, but it fre
quently becomes complicated by the involvement of other 
systems (e.g., neurological, ophthalmic).60 The most 
common neurological complications, such as epilepsy, 
headaches and trigeminal neuralgia, are described.61

Following the stabilization of  the disease, the recon
struction of  lost tissues is performed to restore facial 
asymmetry. Fat grafting is usually a method of choice. It 

shows favorable results when the reconstruction requires 
mild to moderate soft tissue deficiency. In more severe 
cases, free tissue transfers are necessary.59 When compli
cated with melasma, skin bleaching is also indicated for 
aesthetic reasons.62

Craniosynostosis and 
plagiocephaly 

Craniosynostosis is a condition that involves premature 
fusion of skull sutures.63 It is typically an isolated condi
tion, but in some cases it may be a feature of specific syn
dromes, such as Apert syndrome or Crouzon syndrome. 
In most cases, treatment is necessary to reduce the likeli
hood of developmental delay and other neurological com
plications, as well as abnormalities within the skull (e.g., 
facial, sensory, respiratory).64 It is important to differenti
ate this condition from positional plagiocephaly, which is 
caused by an  improper position of  the fetus rather than 
the premature suture closure. It may be caused by injuries 
during birth, pregnancy and prematurity.65 Craniosynos
tosial plagiocephaly has an influence on a child’s develop
ment, and if not diagnosed promptly, may result in mental 
retardation.66

Table 2. Comparison of the clinical manifestations of hemifacial microsomia, Treacher Collins syndrome, Goldenhar syndrome, and acrofacial dysostosis

Possible features Hemifacial microsomia Treacher Collins 
syndrome Goldenhar syndrome

Acrofacial dysostosis 
(Miller syndrome and 

Nager syndrome)

Bone hypoplasia +++ +++ +++ +++

Auricular anomalies +++ ++ +++ ++

Hearing loss + +++ +++ ++

Ophthalmic anomalies (e.g., coloboma) + ++ ++ ++

Cleft lip and/or cleft palate ++ + ++ ++

Limb defects + + – +

Difficulties in breathing + + +++ –

+++ – very likely; ++ – possible; + – rare. 

Fig. 1. Most common characteristics of Parry–Romberg syndrome
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The term “plagiocephaly” is derived from Ancient 
Greek, where “plagios” means “oblique” and “kephalē” 
signifies “head”. The typical presentation is asymmetry 
of the head due to unilateral flattening. Plagiocephaly is 
classified as a nonsyndromic craniosynostosis, occurring 
at one of the sutures, specifically the coronal or lambdoid. 
It causes head and face asymmetry. When premature fu
sion concerns the coronal suture, the asymmetry mani
fests in the anterior region of the skull. Premature fusion 
of the lambdoid suture leads to posterior synostosis.63 In 
cases of positional plagiocephaly, a conservative approach 
involving the use of a special helmet is recommended. If 
the condition is the result of  premature suture closure, 
surgical procedure is the preferred method of treatment.65

Klippel–Feil syndrome
The defining characteristics of Klippel–Feil syndrome 

(KFS) arise from the fusion of  cerebral vertebrae, most 
frequently C2 and C3 (more rarely, C5 and C6). In some 
cases, additional vertebrae are involved. Due to this con
dition, the neck is shortened and restricted in its mobil
ity. Individuals with KFS also present with a low posterior 
hairline.67 The latest report considered a possible fusion 
of  C1 and C2 vertebrae, which results in limitations in 
head rotation.68 Facial asymmetry is observed on the side 
of  torticollis. The syndrome occurs with a  prevalence 
of 1:42,000 births, and most of the cases concern females 
(60%).69 The observed torticollis may “hide” the shorten
ing of  the neck.70 The real prevalence is not known, 
although genetic factors (homeobox genes and differentia
tion factors, such as MEOX1, GDF6 and GDF3) appear to 
play a crucial role in this syndrome.69 Due to the sever
ity of  cervical vertebral fusion, Gunderson et al. divides 
KFS into 3 types: type I – fusion of  multiple vertebrae, 
including the thoracic vertebrae; type II – fusion of 2 or 3 
vertebrae; type III – fusion of both the cervical and lower 
thoracic or lumbar vertebrae.48,71 Most of the patients re
ceive nonsurgical treatment. Only cases with severe neu
rological complications require surgical intervention.72,73

Conclusions
This study presents an overview of the most common 

congenital deformities characteristic of facial asymmetry, 
providing a  summary of  their most frequent features. 
Interestingly, the abovementioned deformities are associated 
with both maxillary and mandibular deformations. The 
emerging literature shows that this may lead to breathing 
problems, including obstructive sleep apnea.74–77 This 
represents a potential area for future research, as, to the 
best of  our knowledge, there is no existing data on this 
topic. It would be interesting to consider the potential 
benefits of  splint therapy. This influences the position 

of the mandible and, in most cases, increases the volume 
of the airways.78,79 One must, however, take into account 
that the properties of the materials used for splint prepa
ration change with time, and the problems with durabil
ity and general structure may occur due to material aging 
and the influence of  saliva.80 Furthermore, teledentistry 
has emerged as a novel trend, especially during the coro
navirus disease 2019 (COVID19) pandemic.81 Although 
teledentistry may offer certain advantages, the cooperation 
with a  dental practitioner remains the most important 
aspect, given the necessity for precise diagnostic tools for 
the intraoral examination. In such cases, the appropriate 
treatment can be administered.81–83 

Ethics approval and consent to participate 

Not applicable.

Data availability 

The datasets generated and/or analyzed during the cur
rent study are available from the corresponding author on 
reasonable request.

Consent for publication

Not applicable.

ORCID iDs
Anna Maria Paradowska-Stolarz  https://orcid.org/0000-0003-2817-1445
Marta Ziomek  https://orcid.org/0000-0002-8194-1018
Katarzyna Sluzalec-Wieckiewicz  https://orcid.org/0009-0008-4809-206X
Irena Duś-Ilnicka  https://orcid.org/0000-0002-4745-2560

References
1. Kobus K, Kobus-Zaleśna K. The treatment of facial asymmetry: Review. 

Adv Clin Exp Med. 2017;26(8):1301–1311. doi:10.17219/acem/68976
2. Chrapla P, Paradowska-Stolarz A, Skoskiewicz-Malinowska K. Subjective 

and objective evaluation of the symmetry of maxillary incisors among 
residents of Southwest Poland. Symmetry. 2022;14(6):1257. doi:10.3390/
sym14061257

3. Sarul M, Antoszewska-Smith J, Park HS. Self-perception of  smile 
attractiveness as a reliable predictor of increased patient compliance 
with an  orthodontist. Adv Clin Exp Med. 2019;28(12):1633–1638. 
doi:10.17219/acem/110320

4. Pham TAV, Nguyen PA. Morphological features of  smile 
attractiveness and related factors influence perception and 
gingival aesthetic parameters. Int Dent J. 2022;72(1):67–75. 
doi:10.1016/J.IDENTJ.2021.02.001

5. Cheong YW, Lo LJ. Facial asymmetry: Etiology, evaluation, 
and management. Chang Gung Med J. 2011;34(4):341–351. 
PMID:21880188.

6. Babczyńska A, Kawala B, Sarul M. Genetic factors that affect 
asymmetric mandibular growth – a  systematic review. Symmetry. 
2022;14(3):490. doi:10.3390/sym14030490 

7. Minch L, Zielińska M, Kawala B. Perception of facial symmetry and 
attractiveness. Dent Med Probl. 2012;49(4):550–555. https://dmp.
umw.edu.pl/en/article/2012/49/4/550. Accessed July 21, 2022. 

8. Severt TR, Proffit WR. The prevalence of  facial asymmetry in the 
dentofacial deformities population at the University of  North 
Carolina. Int J Adult Orthodon Orthognath Surg. 1997;12(3):171–176. 
PMID:9511487.

https://dmp.umw.edu.pl/en/article/2012/49/4/550
https://dmp.umw.edu.pl/en/article/2012/49/4/550


Dent Med Probl. 2024;61(6):925–932 931

9. Kozanecka A, Sarul M, Kawala B, Antoszewska-Smith J. Objectification 
of  orthodontic treatment needs: Does the classification 
of malocclusions or a history of orthodontic treatment matter? Adv 
Clin Exp Med. 2016;25(6):1303–1312. doi:10.17219/acem/62828

10. Sahu A, Lall R, Nezam S, Singh R, Kumar SB, Ayub FB. Comparative 
assessment of facial asymmetry in malocclusion using posteroanterior 
view. J Contemp Dent Pract. 2018;19(6):712–718. PMID:29959301.

11. Fatima F, Jeelani W, Ahmed M. Current trends in craniofacial 
distraction: A literature review. Dent Med Probl. 2020;57(4):441–448. 
doi:10.17219/dmp/122579

12. Paradowska-Stolarz A. MSX1 gene in the etiology orofacial 
deformities. Postepy Hig Med Dosw (Online). 2015;69:1499–1504. 
PMID:27259221.

13. Al-Rudainy D, Ju X, Mehendale FV, Ayoub A. Longitudinal 3D 
assessment of facial asymmetry in unilateral cleft lip and palate. Cleft 
Palate Craniofac J. 2019;56(4):495–501. doi:10.1177/1055665618780108

14. Jodeh DS, Soni S, Cray JJ, Rottgers SA. Degree of asymmetry between 
patients with complete and incomplete cleft lips. Cleft Palate 
Craniofac J. 2021;58(5):539–545. doi:10.1177/1055665620962365

15. Pucciarelli MGR, Toyoshima GH, Cardoso JF, de Oliveira TM, 
Neppelenbroek KH, Soares S. Arch asymmetry in patients 
with cleft lip and palate after rehabilitation treatment using 
stereophotogrammetry. J Craniofac Surg. 2021;32(5):e501–e504. 
doi:10.1097/SCS.0000000000007460

16. Paradowska-Stolarz A, Kawala B. Occlusal disorders among 
patients with total clefts of  lip, alveolar bone, and palate. Biomed 
Res Int. 2014;2014:583416. doi:10.1155/2014/583416

17. Pastuszak P, Dunin-Wilczyńska I, Lasota A. Frequency of additional 
congenital dental anomalies in children with cleft lip, alveolar and 
palate. J Clin Med. 2020;9(12):3813. doi:10.3390/jcm9123813 

18. Paradowska-Stolarz A, Mikulewicz M, Duś-Ilnicka I. Current 
concepts and challenges in the treatment of  cleft lip and palate 
patients – a  comprehensive review. J Pers Med. 2022;12(12):2089. 
doi:10.3390/jpm12122089

19. Roguzińska S, Pelc A, Mikulewicz M. Orthodontic-care burden for 
patients with unilateral and bilateral cleft lip and palate. Dent Med 
Probl. 2020;57(4):411–416. doi:10.17219/dmp/125874 

20. Grayson BH, Maull D. Nasoalveolar molding for infants born with 
clefts of the lip, alveolus, and palate. Clin Plast Surg. 2004;31(2):149–158. 
doi:10.1016/S0094-1298(03)00140-8

21. Raghavan U, Vijayadev V, Rao D, Ullas G. Postoperative management 
of cleft lip and palate surgery. Facial Plast Surg. 2018;34(6):605–611. 
doi:10.1055/s-0038-1676381

22. Dowgierd K, Pokrowiecki R, Borowiec M, et al. Protocol and evaluation 
of  3D-planned microsurgical and dental implant reconstruction 
of maxillary cleft critical size defects in adolescents and young adults. 
J Clin Med. 2021;10(11):2267. doi:10.3390/jcm10112267

23. Abdel-Aziz M, Nassar A, Rashed M, Naguib N, El-Tahan AR. Furlow 
palatoplasty for previously repaired cleft palate with velopharyngeal 
insufficiency. Int J Pediatr Otorhinolaryngol. 2015;79(10):1748–1751. 
doi:10.1016/j.ijporl.2015.07.044

24. Bénateau H, Chatellier A, Caillot A, Diep D, Kün-Darbois JD, 
Veyssière  A. Temporo-mandibular ankylosis [in French]. 
Rev Stomatol Chir Maxillofac Chir Orale. 2016;117(4):245–255. 
doi:10.1016/j.revsto.2016.07.001

25. Ko EWC, Huang CS, Chen YR, Figueroa AA. Cephalometric craniofacial 
characteristics in patients with temporomandibular joint ankylosis. 
Chang Gung Med J. 2005;28(7):456–466. PMID:16231529.

26. de Andrade LHR, Cavalcante MAA, Raymundo R, Ribeiro de Souza IP. 
Temporomandibular joint ankylosis in children. J Dent Child (Chic). 
2009;76(1):41–45. PMID:19341578.

27. Roychoudhury A, Yadav P, Bhutia O, Kaur K, Dekyi T, Pandey  RM. 
Growth outcome and jaw functions are better after gap 
arthroplasty plus costochondral graft reconstruction than gap 
arthroplasty alone in pediatric temporomandibular joint ankylosis 
patients: A  cluster randomized controlled trial. J Oral Maxillofac 
Surg. 2021;79(12):2548–2561. doi:10.1016/j.joms.2021.08.164

28. Radwan-Oczko M, Duś-Ilnicka I, Richards P, Thomsen AM, 
Rasmussen C. Evaluation of  oral health status and oral care 
of patients with rheumatoid arthritis. Int J Dent. 2020;2020:8896766. 
doi:10.1155/2020/8896766

29. Radwan-Oczko M, Duś-Ilnicka I, Richards P, Thomsen AM, Rasmussen C. 
Rheumatoid arthritis patients’ oral health and disease activity. Int 
J Rheum Dis. 2019;22(8):1538–1543. doi:10.1111/1756-185X.13590

30. Wieckiewicz M, Smardz J, Martynowicz H, Wojakowska A, Mazur G, 
Winocur E. Distribution of  temporomandibular disorders among 
sleep bruxers and non-bruxers – a polysomnographic study. J Oral 
Rehabil. 2020;47(7):820–826. doi:10.1111/joor.12955

31. Rzewuska A, Kijak E, Halczy-Kowalik L. Rehabilitation in the 
treatment of  mandibular condyle fractures. Dent Med Probl. 
2021;58(1):89–96. doi:10.17219/dmp/128092

32. Birgfeld C, Heike C. Craniofacial microsomia. Clin Plast Surg. 
2019;46(2):207–221. doi:10.1016/j.cps.2018.12.001

33. Nahajowski M, Hnitecka S, Antoszewska-Smith J, Rumin K, Dubowik 
M, Sarul M. Factors influencing an  eruption of  teeth associated 
with a  dentigerous cyst: A  systematic review and meta-analysis. 
BMC Oral Health. 2021;21(1):180. doi:10.1186/s12903-021-01542-y

34. Chen YF, Baan F, Bruggink R, Bronkhorst E, Liao YF, Ongkosuwito E. 
Three-dimensional characterization of  mandibular asymmetry in 
craniofacial microsomia. Clin Oral Investig. 2020;24(12):4363–4372. 
doi:10.1007/s00784-020-03302-8

35. Hartsfield JK. Review of the etiologic heterogeneity of the oculo-
auriculo-vertebral spectrum (hemifacial microsomia). Orthod 
Craniofac Res. 2007;10(3):121–128. doi:10.1111/j.1601-6343.2007.00391.x 

36. Chen Q, Zhao Y, Shen G, Dai J. Etiology and pathogenesis 
of  hemifacial microsomia. J Dent Res. 2018;97(12):1297–1305. 
doi:10.1177/0022034518795609

37. Brandstetter KA, Patel KG. Craniofacial microsomia. Facial Plast Surg 
Clin North Am. 2016;24(4):495–515. doi:10.1016/j.fsc.2016.06.006

38. Timberlake AT, Griffin C, Heike CL, et al. Haploinsufficiency of SF3B2 
causes craniofacial microsomia. Nat Commun. 2021;12(1):4680. 
doi:10.1038/s41467-021-24852-9

39. Marszałek-Kruk BA, Wójcicki P, Dowgierd K, Śmigiel R. Treacher 
Collins syndrome: Genetics, clinical features and management. 
Genes (Basel). 2021;12(9):1392. doi:10.3390/genes12091392

40. Siismets EM, Hatch NE. Cranial neural crest cells and their role in the 
pathogenesis of craniofacial anomalies and coronal craniosynostosis. 
J Dev Biol. 2020;8(3):18. doi:10.3390/jdb8030018 

41. Aljerian A, Gilardino MS. Treacher Collins syndrome. Clin Plast Surg. 
2019;46(2):197–205. doi:10.1016/j.cps.2018.11.005

42. Cabanillas-Aquino AG, Rojas-Yauri MC, Atoche-Socola KJ, 
Arriola-Guillén  LE. Assessment of  craniofacial and dental 
characteristics in individuals with Treacher Collins syndrome. 
A  review. J  Stomatol Oral Maxillofac Surg. 2021;122(5):511–515. 
doi:10.1016/j.jormas.2020.10.011

43. Kantaputra PN, Tripuwabhrut K, Intachai W, et al. Treacher Collins 
syndrome: A  novel TCOF1 mutation and monopodial stapes. Clin 
Otolaryngol. 2020;45(5):695–702. doi:10.1111/coa.13560

44. Marvulli R, Gallo GA, Mastromauro L, et al. Efficacy and non invasive 
treatment of sialorrhea in the Goldenhar syndrome. Endocr Metab 
Immune Disord Drug Targets. 2018;18(4):397–400. doi:10.2174/18715
30318666180328122035

45. Bogusiak K, Puch A, Arkuszewski P. Goldenhar syndrome: Current 
perspectives. World J Pediatr. 2017;13(5):405–415. doi:10.1007/
s12519-017-0048-z

46. Glaeser AB, Santos AS, Diniz Lixinski B, Deconte D, Rosa  RFM, 
Zen  PRG. Candidate genes of  oculo-auriculo-vertebral 
spectrum in 22q region: A  systematic review. Am J Med Genet A. 
2020;182(11):2624–2631. doi:10.1002/ajmg.a.61841

47. Bragagnolo S, Colovati MES, Souza MZ, et al. Clinical and cytogenomic 
findings in OAV spectrum. Am J Med Genet A. 2018;176(3):638–648. 
doi:10.1002/ajmg.a.38576

48. Singh M, Kaur M, Grewal AM,  et  al. Ophthalmic features and 
management outcomes of 30 children having Goldenhar syndrome. 
Int Ophthalmol. 2020;40(3):667–675. doi:10.1007/s10792-019-01227-0

49. Khan WA, Salim B, Khan AA, Chughtai S. Anaesthetic management 
in a  child with Goldenhar syndrome. J Coll Physicians Surg Pak. 
2017;27(3):S6–S7. PMID:28302228.

50. Terrazas K, Dixon J, Trainor PA, Dixon MJ. Rare syndromes of  the 
head and face: Mandibulofacial and acrofacial dysostoses. Wiley 
Interdiscip Rev Dev Biol. 2017;6(3):10.1002/wdev.263. doi:10.1002/
wdev.263



A. Paradowska-Stolarz et al. Congenital syndromes with facial asymmetry932

51. Bukowska-Olech E, Materna-Kiryluk A, Walczak-Sztulpa J, et al. Targeted 
next-generation sequencing in the diagnosis of facial dysostoses. 
Front Genet. 2020;11:580477. doi:10.3389/fgene.2020.580477

52. Cassina M, Cerqua C, Rossi S, et al. A synonymous splicing mutation 
in the SF3B4 gene segregates in a  family with highly variable 
Nager syndrome. Eur J Hum Genet. 2017;25(3):371–375. doi:10.1038/
ejhg.2016.176

53. Maharana SK, Saint-Jeannet JP. Molecular mechanisms of hearing 
loss in Nager syndrome. Dev Biol. 2021;476:200–208. doi:10.1016/j.
ydbio.2021.04.002

54. Fang JX, Uchiumi T, Yagi M, et al. Protein instability and functional 
defects caused by mutations of  dihydro-orotate dehydrogenase 
in Miller syndrome patients. Biosci Rep. 2012;32(6):631–639. 
doi:10.1042/BSR20120046

55. Disse SC, Toelle SP, Schroeder S,  et  al. Epidemiology, clinical 
features, and use of early supportive measures in PHACE syndrome: 
A European multinational observational study. Neuroepidemiology. 
2020;54(5):383–391. doi:10.1159/000508187

56. Rotter A, Samorano LP, Rivitti-Machado MC, Oliveira ZNP, Gontijo B. 
PHACE syndrome: Clinical manifestations, diagnostic criteria, and 
management. An  Bras Dermatol. 2018;93(3):405–411. doi:10.1590/
abd1806-4841.20187693

57. Bongsebandhu-Phubhakdi C, Tempark T, Supornsilchai V. 
Endocrine manifestations of PHACE syndrome. J Pediatr Endocrinol 
Metab. 2019;32(8):797–802. doi:10.1515/jpem-2019-0126 

58. Heyer GL. PHACE(S) syndrome. Handb Clin Neurol. 2015;132:169–183. 
doi:10.1016/B978-0-444-62702-5.00012-3

59. Schultz KP, Dong E, Truong TA, Maricevich RS. Parry Romberg 
syndrome. Clin Plast Surg. 2019;46(2):231–237. doi:10.1016/j.
cps.2018.11.007

60. Arif T, Fatima R, Sami M. Parry-Romberg syndrome: A mini review. 
Acta Dermatovenerol Alp Pannonica Adriat. 2020;29(4):193–199. 
PMID:33348939.

61. Khanduri S, Singh A, Agrawal S, Katyal G. Parry Romberg syndrome. 
Indian J Otolaryngol Head Neck Surg. 2019;71(Suppl 1):42–44. 
doi:10.1007/s12070-016-0981-5

62. Liapakis IE, Tzouganakis AC, Paschalis EI,  et  al. Parry-Romberg 
syndrome treatment with fat transfer and a new bleaching formula. 
J Cosmet Dermatol. 2019;18(5):1424–1429. doi:10.1111/jocd.12819

63. Unnithan AKA, De Jesus O. Plagiocephaly. Treasure Island, FL: 
StatPearls Publishing; 2023. PMID:33232004. 

64. Kajdic N, Spazzapan P, Velnar T. Craniosynostosis – recognition, 
clinical characteristics, and treatment. Bosn J Basic Med Sci. 
2018;18(2):110–116. doi:10.17305/bjbms.2017.2083

65. Jung BK, Yun IS. Diagnosis and treatment of  positional 
plagiocephaly. Arch Craniofac Surg. 2020;21(2):80–86. doi:10.7181/
acfs.2020.00059

66. Martiniuk AL, Vujovich-Dunn C, Park M, Yu W, Lucas BR. Plagiocephaly 
and developmental delay: A systematic review. J Dev Behav Pediatr. 
2017;38(1):67–78. doi:10.1097/DBP.0000000000000376

67. Patel K, Evans H, Sommaruga S, et al. Characteristics and management 
of pain in patients with Klippel-Feil syndrome: Analysis of a global 
patient-reported registry. J Neurosurg Spine. 2019:32(4):578–583. 
doi:10.3171/2019.9.SPINE19820

68. Leggio A, Gallieni M, Puzo P, Introna F, Sablone S. Klippel–Feil 
syndrome: The curious case of the skeleton of a young slavic soldier 
who died in 1946. Forensic Sci. 2022;2(1):155–162. doi:10.3390/foren-
sicsci2010012 

69. Paradowska A, Szelag J, Sławecki K. Klippel-Feil syndrome – review 
of the literature. Dent Med Probl. 2007;44(4):491–494. https://www.
dbc.wroc.pl/Content/2169/PDF/x11-parad.pdf. Accessed July 21, 2022.

70. Agarwal AK, Goel M, Bajpai J, Shukla S, Sachdeva N. Klippel Feil 
syndrome: A  rare case report. J Orthop Case Rep. 2014;4(3):53–55. 
doi:10.13107/jocr.2250-0685.197

71. Gunderson CH, Greenspan RH, Glaser GH, Lubs HA. The 
Klippel-Feil syndrome: Genetic and clinical reevaluation 
of cervical fusion. Medicine (Baltimore). 1967;46(6):491–512. 
doi:10.1097/00005792-196711000-00003

72. Tracy MR, Dormans JP, Kusumi K. Klippel-Feil syndrome: Clinical 
features and current understanding of  etiology. Clin Orthop Relat 
Res. 2004;(424):183–190. PMID:15241163.

73. Nagib MG, Maxwell RE, Chou SN. Identification and management 
of  high-risk patients with Klippel-Feil syndrome. J Neurosurg. 
1984;61(3):523–530. doi:10.3171/jns.1984.61.3.0523

74. Tofangchiha M, Esfehani M, Eftetahi L, Mirzadeh M, Reda R, 
Testarelli  L. Comparison of  the pharyngeal airway in snoring 
and non-snoring patients based on the lateral cephalometric 
study: A  case–control study. Dent Med Probl. 2023;60(1):121–126. 
doi:10.17219/dmp/154776

75. Tahmasbi S, Seifi M, Soleymani AA, Mohamadian F, Alam M. 
Comparative study of changes in the airway dimensions following 
the treatment of  Class II malocclusion patients with the twin-
block and Seifi appliances. Dent Med Probl. 2023;60(2):247–254. 
doi:10.17219/dmp/142292

76. Dastan F, Ghaffari H, Hamidi Shishvan H, Zareiyan M, Akhlaghian M, 
Shahab S. Correlation between the upper airway volume and the 
hyoid bone position, palatal depth, nasal septum deviation, and 
concha bullosa in different types of  malocclusion: A  retrospective 
cone-beam computed tomography study. Dent Med Probl. 
2021;58(4):509–514. doi:10.17219/dmp/130099

77. Smardz J, Wieckiewicz M, Wojakowska A, et al. Incidence of sleep 
bruxism in different phenotypes of obstructive sleep apnea. J Clin 
Med. 2022;11(14):4091. doi:10.3390/jcm11144091

78. Pihut M, Gorecka M, Ceranowicz P, Wieckiewicz M. The efficiency 
of anterior repositioning splints in the management of pain related 
to temporomandibular joint disc displacement with reduction. 
Pain Res Manag. 2018;2018:9089286. doi:10.1155/2018/9089286

79. Minervini G, Lucchese A, Perillo L, Serpico R, Minervini G. Unilateral 
superior condylar neck fracture with dislocation in a child treated 
with an acrylic splint in the upper arch for functional repositioning 
of the mandible. Cranio. 2017;35(5):337–341. doi:10.1080/08869634.
2016.1203560

80. Paradowska-Stolarz A, Wezgowiec J, Malysa A, Wieckiewicz M. 
Effects of polishing and artificial aging on mechanical properties 
of  Dental LT Clear® resin. J Funct Biomater. 2023;14(6):295. 
doi:10.3390/jfb14060295

81. Minervini G, Russo D, Herford AS,  et  al. Teledentistry in the 
management of  patients with dental and temporomandibular 
disorders. Biomed Res Int. 2022;2022:7091153. doi:10.1155/2022/7091153

82. Boening K, Wieckiewicz M, Paradowska-Stolarz A, Wiland P, Shiau YY. 
Temporomandibular disorders and oral parafunctions: Mechanism, 
diagnostics, and therapy. Biomed Res Int. 2015;2015:354759. 
doi:10.1155/2015/354759

83. Minervini G, Fiorillo L, Russo D,  et  al. Prosthodontic treatment in 
patients with temporomandibular disorders and orofacial pain 
and/or bruxism: A review of the literature. Prosthesis. 2022;4(2):253–262. 
doi:10.3390/prosthesis4020025

https://www.dbc.wroc.pl/Content/2169/PDF/x11-parad.pdf
https://www.dbc.wroc.pl/Content/2169/PDF/x11-parad.pdf


Address for correspondence
Cyprian Olchowy
E-mail: cyprian.olchowy@gmail.com

Funding sources
None declared

Conflict of interest
None declared

Acknowledgements
None declared

Received on November 28, 2023
Reviewed on December 5, 2023
Accepted on January 16, 2024

Published online on May 23, 2024

Abstract
Alveolar reconstructive surgery employs a variety of surgical techniques and biomaterials, with a particular 
focus on bone blocks as a crucial methodology for restoring and augmenting deficient bone structures. 
Bone blocks are often employed to support periodontal health or as a  foundation for future prosthetic 
rehabilitation with dental implants. This systematic review investigated recent advances in bone blocks 
for alveolar bone reconstruction, comparing autologous, allogeneic and xenogeneic types. A  search 
of PubMed identified 56 records, of which 21 were included in the qualitative analysis. The studies involved 
685 patients in total. Bone blocks are pivotal for three-dimensional bone regeneration, providing a stable 
scaffold for achieving the desired bone volume during healing. Autologous bone, harvested from the 
patient, boasts high biocompatibility, excellent osteogenic properties and minimal immunologic risks. 
However, its drawbacks include the need for an additional surgical site and extended procedural times. 
Allogeneic bone blocks involve transferring bone between individuals, offering increased graft availability 
and customization options without requiring a  second surgical site. However, they exhibit moderate 
resorption rates and carry a heightened risk of immunologic reactions and disease transmission. Innovative 
techniques, such as tunneling, laser osteotomy, graft customization, and platelet-rich fibrin (PRF) 
application on wound during surgical treatment show promise in enhancing alveolar bone reconstruction 
efficacy. In conclusion, despite the traditional preference for autologous bone, the review suggests that 
alternative materials, particularly individualized allogeneic bone blocks, coupled with modern techniques, 
could emerge as a  standard procedure for regenerating alveolar bone defects due to their satisfactory 
results and potential advantages.
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Introduction
The jawbones, including the mandible and maxilla, may 

be affected by a number of conditions. Such conditions can 
be extensive, as in the case of trauma or infection, or local-
ized, as is the case with tumors and cysts. Iatrogenic defects 
may develop as a consequence of applied treatments, such 
as radiotherapy of malignant lesions.1 The jawbones can be 
affected in the course of chronic and general diseases, in-
cluding osteoporosis and osteomyelitis. Congenital causes 
include developmental anomalies that may impact the nor-
mal growth and formation of the jawbones.2 The frequency 
of jawbone-related issues in clinical dental practice varies 
based on patient demographics, oral hygiene practices and 
general health. The prevalence of bone defects is consider-
able, reaching 91%, and underscores the significance of re-
search in the field of alveolar bone reconstruction.3 Treat-
ment of bone defects is also differentiated. It may include 
surgical augmentations to protect against additional bone 
loss and to secure the capacity for future implantation.2

Bone blocks play a key role in alveolar bone reconstruc-
tion, providing a reliable methodology for the restoration 
and augmentation of  deficient bone structures.4 Bone 
blocks have gained significant attention and popularity 
due to their ability to overcome donor site morbidity and 
achieve high survival rates. Regenerated tissues play a cru-
cial role in achieving stable, long-term implant rehabilita-
tion, enhancing bone remodeling, and minimizing factors 
such as early marginal bone loss and inflammation.5,6 Dif-
ferent regenerative methods can be used for alveolar ridge 
or bone reconstructions, ranging from minor augmenta-
tions with bone or bone substitute particles to extensive 
reconstructions with microsurgical free flaps.7,8 A variety 
of  surgical techniques and biomaterials are employed in 
alveolar reconstructive surgery.9 The majority of augmen-
tations are performed to maintain the condition of  the 
periodontium (e.g., augmentation of periodontal defects, 
guided bone regeneration) or to prepare a future prosthetic 
base for rehabilitation with the use of  dental implants.8 
In cases of severe sagittal discrepancies between the max-
illa  and mandible resulting in bone defects, orthodontic 
treatment alone may not be sufficient.10 Reconstructing 
the vertical dimensions of the teeth area in patients with 
preserved dentition to prevent progressive loss of  tooth 
support structures poses its own set of  challenges.11 
A multidisciplinary approach, involving a  surgical, orth-
odontic and periodontal team is essential for the custom-
ized treatment of  such cases apart from the application 
of standard treatment methods. When selecting a surgi-
cal technique and material, several factors should be con-
sidered. These include the location and size of the defect, 
the properties of the biomaterial and the ease of obtain-
ing it. Additionally, cost, ease of use, stability, and main-
tenance of  the recipient site are crucial considerations. 
It is important to be aware of the potential complications 
associated with selecting a  specific treatment method. 

Moreover, ssessing the long-term effects of the chosen sur-
gical approach and biomaterial is essential. A comprehen-
sive evaluation of these factors is necessary to make an in-
formed decision in clinical practice.

The regeneration of  vertical bone defects caused by 
periodontitis is typically straightforward and tends to 
yield predictable outcomes. Similarly, augmenting a post-
extraction socket or addressing a small defect after re moving 
an  osteolytic lesion is not demanding.12,13 However, ad-
dressing advanced three-dimensional defects poses a sig-
nificant challenge. Horizontal regeneration in such cases 
is frequently unpredictable, and attempts at vertical re-
construction often result in less satisfactory outcomes.10 
The process of three-dimensional bone regeneration re-
lies on establishing a stable scaffold to achieve the desired 
bone volume during the healing phase.14 Clinicians com-
monly employ barrier membranes, including stiffer, non-
absorbable, personalized membranes9 or the increasingly 
popular bone blocks for this purpose. The implementa-
tion of these techniques involves the use of pins or mesh 
for fixation, and in many instances, biomaterial granules 
are applied to fill the voids.15,16

Bone blocks have a  long history of use, and the exist-
ing literature contains numerous reports detailing their 
indications, methods of use and effects.17,18 These involve 
the use of various graft types, including autologous, allo-
geneic, xenogeneic, and synthetic bone substitutes. These 
grafts act as scaffolds for new bone formation, promot-
ing osteoinduction, osteoconduction and osteogenesis to 
restore natural bone structures.19 The biomaterial market 
has experienced significant growth, offering surgeons 
a  range of bone substitutes with similar properties. De-
spite the potential to choose and combine these substi-
tutes for effective reconstructions with minimal morbid-
ity and rapid healing, variations exist among the most 
commonly used substitutes in terms of  their chemical, 
physical and morphological features.20 While undoubt-
edly serving as an excellent scaffold for bone reconstruc-
tion, the selection of this reconstructive technique should 
consider factors such as the choice of  biomaterial and 
other potential aspects to enhance the treatment process 
and achieve the best possible outcome.10 This systematic 
review aimed to investigate recent advances in the use 
of  bone blocks in oral surgery. Qualitative data synthe-
sis was used to compare different types of bone blocks: 
autologous, allogeneic and xenogeneic. Furthermore, the 
objective was to explore contemporary methods designed 
to enhance the effectiveness of these procedures.

Material and methods
A systematic search was conducted in PubMed, and 

a  manual search of  review papers identified during the 
search was also performed. The search was conducted 
in accordance with the Preferred Reporting Items for 
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Systematic Reviews and Meta-Analyses (PRISMA) state-
ment,21 on November 17, 2023. The electronic search was 
constructed using the Medical Subject Headings (MeSH) 
term “Alveolar Bone Loss/Surgery” and the text word 
“bone block”. The search was limited to studies involving 
adult participants and articles published in English. How-
ever, no restrictions were imposed on geographical scope. 
The inclusion and exclusion criteria were developed in ac-
cordance with the Population, Intervention, Comparison, 
Outcomes, and Study Design (PICOS) framework.22 All 
eligibility criteria are outlined in Table 1. 

Two reviewers were involved in the screening pro-
cess, and any discrepancies were resolved through mu-
tual agreement. In cases where a consensus could not be 
reached, a  third independent reviewer was consulted to 
make the final decision. The data extraction process was 
carried out by a single reviewer, and then cross-verified by 
a second reviewer. 

Results

Characteristics of patients and study 
procedure 

The PubMed search identified 56 records, of which 21 
were included in the qualitative analysis. The studies were 
relatively small, with sample sizes ranging from 8 to 101 
participants, and involved a total of 685 patients. The ma-
jority of studies (n = 9) were conducted in Italy. Two stud-
ies each originated from Brazil, China, Sweden, and Israel, 
while 1 study each came from Spain, Portugal, Egypt, and 
the Netherlands. The study selection process is presented 
in Fig. 1. 

The studies were categorized according to the type 
of  bone biomaterial into autologous,23–38 allogeneic39–41 
and xenogeneic26,31,33,34,42 groups to facilitate the descrip-
tion of each type. It should be noted that a single study 
may investigate more than 1 type, which allows for a com-
prehensive description of each. Figure 2 depicts the char-
acteristics of different types of bone blocks. 

Autologous bone blocks 

Autologous bone refers to bone tissue harvested from the 
same patient. The procedure for bone reconstruction us-
ing autologous bone blocks involves harvesting the block, 
shaping or fitting it, and placing and fixing it in the defect 
in a single operation. Autologous grafts for the reconstruc-
tion of  the jawbones can be obtained from intraoral or 
extraoral donor sites.2,27 Intraoral sites are considered more 
suitable for graft harvesting due to the absence of scarring 
on the skin and reduced graft resorption, attributed to the 
similarity in embryological origin and microarchitecture. 

Fig. 1. Flow chart of the study in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement21

Table 1. Eligibility criteria according to the Population, Intervention, Comparison, Outcomes, and Study Design (PICOS) framework22

PICOS Inclusion criteria Exclusion criteria

Population
– otherwise healthy individuals with alveolar bone deficiency that does not allow placement of dental implants 

– adults (≥18 years of age)
– patients with chronic diseases

Intervention alveolar ridge augmentation/reconstruction with a bone block graft –

Comparison
different types of bone block grafts with the focus on the source of the graft material,  

i.e., autologous, allogeneic and xenogeneic grafts
–

Outcomes
– efficacy outcomes 
– safety outcomes

–

Study design
– comparative study 

– cohort study

– experimental/animal study 
– case report 

– proof-of-concept study 
– review
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With regard to extraoral donor sites, bone can be harvest ed 
from the calvarium, anterior iliac crest, tibia, fibula, 
rib, and olecranon (proximal ulna).26,28,30–33,35 Intraoral 
donor sites encompass the mandible (chin/symphysis, 
ramus, retromolar area), zygoma and maxilla (tuber-
osity).23–25,29,34,36–38,43,44 With regard to one of the most com-
mon donor sites, the mandible, the utilization of the ramus 
as a donor site, as opposed to the symphysis, has been as-
sociated with several advantages. These include increased 
postoperative comfort and a  lower risk of  paresthesias, 
pulp necrosis of the inferior incisors, and labial ptosis. 

The key factors for the successful incorporation of a bone 
block include the preparation of the recipient site and the 
effective adaptation of the bone blocks.31 Autologous bone 
blocks are typically harvested subperiosteally with suffi-
cient visualization of the donor site. This involves identify-
ing crucial nearby anatomic structures, particularly neuro-
vascular bundles and dental roots, and the implementation 
of  adequate protection measures for these structures, in 
conjunction with the surrounding soft tissue. Subsequently, 
the osteotomy process, which involves cutting the bone, is 
performed, followed by the release of the graft. In order to 
ensure proper contouring of the graft, its size should be 2 
mm larger than the size of  the defect. Graft osteotomies 
are commonly executed using saw disks. The osteotomies 
are then connected, and the graft is elevated using a chisel 
and hammer.38 Subsequently, the block must be shaped and 
contoured under abundant irrigation. Round fissure burs 
are commonly employed for this purpose, facilitating the 
removal of all sharp edges. The prepared graft is then stored 
in a cold, sterile aqueous solution of 0.9% sodium chloride 
until the recipient site is ready. It is crucial to consistently 
monitor the fit of  the block and its adhesion to the bone 
surface at the recipient site. If needed, reshaping may be 
necessary. The adapted block is secured with bicortical ti-
tanium screws, which are applied using either a hammer or 
a  screwdriver.37,40 An  alternative method involves the use 

of resorbable pins in the BoneWelding® technique. In this 
method, a  resorbable pin is applied using ultrasound and 
heating during insertion into the drill hole. The pin pene-
trates the drill hole and subsequently melts laterally into the 
spongy bone structures beneath the cortical bone layer.45

Advantages and disadvantages 
of autologous bone blocks 

The primary advantage of  autologous bone blocks is 
a diminished risk of immune rejection, as the graft mate-
rial originates from the same individual. This results in the 
graft material possessing good osteogenic, osteoinductive 
and osteoconductive properties.2 Autologous bone blocks 
are considered a safe and reliable method, offering good 
long-term stability with minimal resorption and donor-
site morbidity. The vital properties and the ability of the 
bone block to function as a scaffold for neoangiogenesis 
and tissue ingrowth, in addition to providing immediate 
mechanical stability, contribute to the smooth incorpora-
tion, healing and success of the bone graft.29,34

Autologous block grafts, sourced from the patient’s own 
bone, typically exhibit lower resorption rates in compari-
son to allogeneic and xenogeneic grafts.26 However, it is 
important to note that higher rates of  resorption have 
been observed with autologous bone blocks derived from 
the iliac crest.33 Nevertheless, some researchers have re-
ported similar rates of volume gain regardless of the do-
nor site.36 Harvesting autologous bone carries a  certain 
risk of donor site morbidity, which is applicable to both 
extraoral and intraoral donor sites. The complication 
rates are comparable across different donor sites, and in 
the majority of patients, healing proceeds uneventfully.28 
While patients generally experience infrequent and mi-
nor side effects, they can be as high as 35.7% for calvarial 
grafts and 33.3% for iliac crest grafts.46 Bone harvesting 
from an intraoral site may lead to numbness of the teeth, 

Fig. 2. Characteristics of bone blocks according to the biomaterial type
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neurosensory disturbances, postoperative discomfort, 
and aesthetic issues such as contour changes and soft tis-
sue recession. On the other hand, bone harvesting from 
an extraoral site is associated with a number of complica-
tions, including scarring, postoperative pain, hematomas, 
delayed muscle motility, the risk of cutaneous nerve in-
jury, and higher hospitalization costs.28,47–49 Furthermore, 
general anesthesia, particularly when grafts are harvested 
from calvarial donor sites,30,32 may result in increased 
stress for patients, leading to increased postoperative pain 
and an extended hospital stay.42

Differences between cancellous and cortical autografts 
should be considered in the decision-making process for 
managing bone augmentation. The process of molding 
can pose a challenge when using autologous bone grafts, 
particularly with cortical autografts, which are less vascu-
larized and more rigid. This characteristic increases the 
risk of cracking or fracturing the bone graft. However, this 
risk can be mitigated by the use of custom-made guides.30

Allogeneic bone blocks 

Allogeneic bone blocks entail the transfer of bone from 
one individual to another, which involves an  exchange 
of  genetic material between different people. Allografts 
contain numerous chemical domains, endothelial cells 
and growth factors within the bone matrix released during 
resorption by osteoclasts. Additionally, allograft bone con-
tains a  small amount of bone morphogenic protein with 
osteoinductive properties.50 As demonstrated by scanning 
electron microscopy (SEM), the morphology of the mate-
rial surface can vary depending on the biobank. Materials 
sourced from cancellous bone exhibit a spongy structure 
with holes ranging from 100 to 350 μm in diameter. The 
surface is smooth, without collagen fibers. In the mate-
rial sourced from cortical bone, small osteocyte canaliculi 
holes with an average diameter of 38 μm occur. The bone 
surface surrounding these holes is smooth, predominantly 
consisting of strongly bonded collagen fibers, with micro-
cracks and layered particles across the entire surface.20 
The potential for antigenicity in allografts may not be en-
tirely eliminated, as the formation of  alloantibodies can 
complicate bone transplantation. Nevertheless, the quan-
tification of  major histocompatibility complex (MHC) 
molecules in various allogeneic bone grafting materials 
for alveolar ridge reconstruction revealed trace amounts 
of MHC molecules. These quantities are considered clini-
cally irrelevant, and there is no evidence of late complica-
tions or rejections in clinical practice.51

Despite the relatively low risk of antigenicity and poten-
tial disease transmission, the significance of allografts in-
creases due to constraints in the size of autologous block 
grafts from intraoral and extraoral sites. The associated 
morbidity with graft harvesting often restricts the range 
of  treatment options and may influence patient accep-
tance.41,50,52

In terms of the efficacy of allogeneic bone blocks, while 
autologous bone block grafts are considered the gold stan-
dard in oral surgery, bone substitutes like bone allografts 
demonstrate comparable effectiveness. There were no 
significant differences observed in the rate of bone forma-
tion between allogeneic materials and autologous bone in 
maxillary sinus lift procedures.53 Stability for subsequent 
fixed prosthetic rehabilitation was ensured when utilizing 
fresh-frozen iliac crest allografts for augmenting the atro-
phic maxilla. In addition, allogeneic bone grafts exhibit-
ed low resorption rates at 5 months.41 The maintenance 
of  consistent histological, histomorphometric and im-
munohistochemical features, along with the preservation 
of  good vascularization, was observed in several stud-
ies.39–41 Finally, allografts represent the optimal choice in 
terms of safety, as the use of allogeneic bone blocks elimi-
nates donor site morbidity and allows for the acquisition 
of bone material from tissue banks.41

Xenogeneic bone blocks 

Bones from various animal species, known as xenogeneic 
grafts, have been explored as an  alternative to allografts 
due to the financial implications associated with the latter. 
However, they are used infrequently due to high immuno-
genicity, inadequate biomechanical qualities and the oc-
currence of foreign body reactions.50 In contrast to human 
bone, the SEM images of animal-bone-derived material re-
veal a rough surface characterized by statically aggregated 
particles arranged in a two-stage structure. The first stage 
comprises particles with an average diameter of 0.353 μm, 
while the second stage involves larger particles with 
an average size of 1.395 μm. The material displays particle 
holes and pores, which increases its overall surface area.20

Xenogeneic bone blocks exhibit lower efficiency than 
other types of bone blocks. In an experimental model, after 
a 6-month healing period, the alveolar ridge was integrated 
into the target area.54 However, significant peripheral re-
sorption was observed, resulting in approx. 30% height and 
50% length replacement with connective tissue. Further-
more, grafts containing a cancellous bovine bone mineral 
scaffold maintained their dimensions, with only moderate 
new bone formation observed at the graft base.54 However, 
some researchers have reported favorable outcomes with 
the use of xenogeneic bone blocks. In a study involving 20 
subjects, the success rate of the interpositional technique 
using cancellous equine bone blocks appeared to be higher 
than that of autologous onlay blocks, with an overall suc-
cess rate of 93.8% for the interpositional technique com-
pared to 82.4% for the onlay technique.26 In another small 
study involving 15 patients with single or multiple tooth 
gaps and severe horizontal collapse of  the alveolar ridge, 
a novel collagenated xenogeneic bone block demonstrated 
substantial gains in horizontal crestal width. However, this 
approach was associated with an increased risk of soft tis-
sue dehiscence and early implant loss.55
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Discussion
Grafting bone blocks is a novel technique with a limited 

number of large-scale studies. In our review, we identified 
several proof-of-concept studies and case reports. These 
preliminary investigations were designed to demonstrate 
the feasibility and viability of  specific methods of  block 
bone grafting and provide evidence that such methodolo-
gies are safe and effective in alveolar bone augmentation. 
Such studies are frequently conducted in the early stages 
of research to assess the potential efficacy of the treatment 
of bone defects. Furthermore, case reports were equally 
prevalent, indicating that considerable research is cur-
rently in the pilot stages of bone grafting. Our systematic 
review was intentionally focused, with the search limited 
to a single MeSH term. We aimed to identify a compre-
hensive range of alveolar bone reconstruction methodol-
ogies over time while limiting the inclusion of papers that 
repeatedly evaluated similar approaches.

The feasibility and safety demonstrated in the prelimi-
nary investigations of grafting bone blocks from various 
sources suggest potential advancements in alveolar bone 
augmentation, with significant implications for clinical 
practice. It is recommended that clinicians adopt a cau-
tious approach to these emerging technologies, anticipat-
ing further research to establish their efficacy and broader 
applicability in routine clinical settings. Alongside 
advancements in bone grafting, new techniques are being 
developed to enhance their effectiveness. This review will 
discuss tunneling techniques, Er:YAG laser osteotomy, 
customization, and the supplementary use of platelet-rich 
fibrin (PRF). The ease of implementation and benefits for 
patients will be highlighted. These techniques were par-
tially employed by the authors of the identified studies.

Tunneling techniques 

Tunneling techniques have been used to increase the ef-
fectiveness of  bone augmentation procedures conducted 
with diverse bone sources. This approach minimizes the 
necessity for extensive soft tissue reflection, potentially re-
ducing surgical trauma and promoting faster healing. The 
technique involves creating a tunnel or channel in the recip-
ient site’s bone without fully exposing it, and then passing 
the bone graft material through this tunnel to the desired 
location.29 The data suggests that employing a  tunneling 
technique enhances bone formation in the context of xeno-
geneic bone block placement for vertical ridge augmenta-
tion. A study comparing flap and tunneling procedures for 
vertical ridge augmentation using xenogeneic bone blocks 
in a  canine mandible model revealed that the tunneling 
group exhibited significantly greater new bone formation 
within the graft sites (46.6 ±23.4%) compared to the flap 
group (15.3 ±6.6%).56 In clinical settings, the management 
of  alveolar crest vertical defects in 10 patients using the 
tunneling technique and autologous bone blocks before 

the implant resulted in all individuals healing without com-
plications. The study demonstrated a mean overall vertical 
bone remodeling of 0.55 ±0.49 mm (8.4%) after 8 months, 
thereby confirming the efficacy of this minimally invasive 
approach for bone regeneration in vertical defects.29

Er:YAG laser osteotomy 

In the regeneration of  alveolar bone using autologous 
bone blocks, the harvesting technique is of paramount im-
portance. Inappropriate osteotomy techniques may result 
in mechanical and thermal damage, impacting the bone’s vi-
tal potential. While standard methods involving saws, drills 
and burs are associated with disadvantages such as a limited 
cut geometry and a risk of soft tissue injury, laser ablation 
presents advantages like unconstrained positioning, allow-
ing for precise osteotomy without mechanical pressure or 
stress on the bone. The potential benefits of laser ablation 
in overcoming limitations associated with traditional os-
teotomy methods in oral surgery translate into improved 
efficiency in clinical practice.57 A pilot study evaluated the 
feasibility, benefits and limitations of using a variable square 
pulse Er:YAG laser for harvesting intraoral bone grafts. 
The results demonstrated excellent cutting efficiency with 
minimal damage to adjacent soft tissues and no impairment 
of  wound healing. However, limitations, such as the dif-
ficulty in achieving a well-defined osteotomy line without 
irregularities and the necessity for careful laser beam po-
sitioning, suggest that the use of an Er:YAG laser may be 
most appropriate for regions where safe and fixed guidance 
of the laser beam is feasible. A meta-analysis was conducted 
to evaluate complications and donor site morbidity, which 
confirmed the growing utilization of Er:YAG lasers. Patients 
expressed satisfaction with the graft harvesting method, 
with higher acceptance reported for procedures involving 
harvesting from the ascending mandibular ramus.58

Customization 

In the customization of  the bone augmentation proce-
dure for a  single-tooth restoration, advanced backward 
planning can be used, involving preprosthetic bone and soft 
tissue augmentation. The treatment plan involves manu-
facturing an allogeneic bone block, which is a collaborative 
effort between the dentist, the implantologist and the den-
tal laboratory. The optimal implant position and necessary 
block volume were determined using cone-beam comput-
ed tomography (CBCT) data and three-dimensional plan-
ning tools. A customized block graft, comprising processed 
freeze-dried cancellous bone from living donors, was ob-
tained during arthroplasty surgery. The procedure can be 
supported by soft tissue optimization and tunneling of the 
recipient gingiva during implantation.59 In terms of treat-
ment expenses, both the use of stereolithographic models 
and computer-aided design (CAD) have been shown to im-
prove individualization and increase costs. However, these 
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additional costs can be balanced by reduced surgery time. 
It should be noted that while there will be an increase in 
material expenses, when compared to autologous bone 
blocks harvested from extraoral donor sites, the overall 
treatment costs may appear significantly lower. Addition-
ally, the surgical procedure for using customized allogeneic 
bone blocks might be simpler than trimming and adapting 
autologous bone blocks.

Platelet-rich fibrin 

Autologous PRF is widely utilized in oral surgery. This 
is a blood-derived material, processed from whole blood 
containing high platelet and growth factor concentra-
tions.60 While primarily employed to alleviate pain, 
reduce edema and expedite healing after tooth extrac-
tions,61 researchers are exploring its potential in recon-
structive surgery.62 Notably, key features of PRF include 
enhanced healing, improved graft stability, and acting as 
a natural scaffold, facilitating bone graft integration and 
improving the condition of adjacent tissues. These prop-
erties, coupled with PRF’s ability to reduce inflammation, 
increase vascularization and potentially enhance bone 
density, make it a promising material for alveolar bone re-
construction and augmentation.26,63

Conclusions
Autologous bone has traditionally been considered the 

gold standard due to its inherent properties. However, the 
need for a second surgical site, increased discomfort, po-
tential complications, intraoperative shaping, and extend-
ed surgical time raise the question of whether alternative 
materials could offer a better solution. Allogeneic blocks 
lack osteogenic properties, yet their final treatment re-
sults are often satisfactory. Overcoming the drawbacks 
associated with autologous blocks, such as low patient 
comfort and prolonged procedure time through modern 
techniques for individualizing blocks, raises the question 
of  whether individualized allogeneic bone blocks could 
become the new gold standard.
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Abstract
The presence of  toxic metals in the human environment can have detrimental effects on people’s well-
being. This literature review examines the ways in which various environmental and non-environmental 
factors can contribute to the accumulation of  heavy metals in hard dental tissues. It is of  the utmost 
importance to ensure the safety of the environment by restricting the presence of toxic metals originating 
from both industrial and non-industrial sources. The aim of this study is to analyze current research and 
identify the primary sources of  heavy metal exposure and the mechanisms by which these metals are 
deposited in dental tissues. Moreover, the objective of  this review is to synthesize data from various 
studies to determine the main environmental and non-environmental sources of  toxic metal exposure 
that contribute to their presence in dental tissues, as well as the biological and chemical processes that 
are responsible for the deposition of heavy metals in hard dental tissues. Additionally, the review aims 
to assess the impact of heavy metal accumulation on dental health and its potential systemic effects on 
overall well-being. The accumulation of heavy metals in the teeth is influenced by a number of  factors, 
such as age, systemic conditions, the nutritional status, and dental caries. The presence of supernumerary 
teeth results in altered levels of microelements, including an increase in cadmium (Cd) and copper (Cu). 
Additionally, smoking exacerbates toxic metal accumulation, especially Cd and lead (Pb), and disrupts the 
balance of  essential minerals within the teeth. These findings underscore the impact of  environmental 
pollution on dental health and highlight the potential of teeth as biomarkers of environmental exposure, 
emphasizing the need for continued research to address the health risks associated with environmental 
toxins.
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Introduction
The environment in which humans reside and work 

is characterized by a  notable and pervasive presence 
of  heavy metals. This category encompasses a  variety 
of elements, such as zinc (Zn), copper (Cu) and iron (Fe), 
that play crucial roles as micronutrients in the human 
body. It also includes metals that are not essential for life 
processes, such as cadmium (Cd), mercury (Hg) and lead 
(Pb). It is vital to carefully manage the levels of these met-
als as trace elements, since both deficiencies and excesses 
can have harmful effects on human health.1–3

The role of  Zn in the body is crucial for the produc-
tion of  insulin, as well as the synthesis of  proteins and 
nucleic acids. Insufficient levels of  Zn within the body 
may contribute to the development of obesity and diabe-
tes. The uneven distribution of Zn may impede the onset 
of  metabolic disorders and diabetes by regulating sev-
eral biological processes. The influence of Zn on a range 
of  hormones, including testosterone, growth hormone 
and gonadotropins, is widely recognized. Zinc also takes 
part in the synthesis, storage and secretion of insulin. Ad-
ditionally, it is a crucial component of thymulin, which is 
responsible for T cell maturation and differentiation. Re-
cent studies have indicated that Zn is crucial in the de-
velopment and maintenance of bone tissue homeostasis. 
The element plays an  essential role in bone tissue, not 
only serving as a constituent but also facilitating the for-
mation of the collagen matrix, the process of mineraliza-
tion, and the turnover of bone. Zinc deficiency can lead 
to a gradual reduction in bone density. Bones that lack or 
have a severe deficiency of Zn are known to be thin, frag-
ile and exhibit increased resorption.4,5 

Copper is an essential element in numerous physiologi-
cal processes. It plays a key role in the synthesis of hemo-
globin, the formation of bones, the deposition of calcium 
(Ca) and phosphorus (P) in bones, the absorption of Fe, 
and the hardening of collagen. Additionally, Cu exhibits 
antiviral properties and aids in detoxification processes.6,7 
It functions as a coenzyme in a number of enzymes, such 
as cytochrome c oxidase, representing a crucial compo-
nent in the process of cellular respiration. Furthermore, 
Cu participates in the process of  keratinization of  hair 
and coat. A  deficiency in Cu results in the inhibition 
of  melanin synthesis, a  reduction in the immune re-
sponse, an increased likelihood of infections, an elevated 
risk of cardiovascular disorders, and impaired cholesterol 
metabolism.6,8 

Lipid metabolism is a  complex process that involves 
various factors, one of which is Fe. Iron plays a crucial role 
in oxidation processes and serves as a constituent of im-
portant molecules such as cytochromes, hemoglobin and 
myoglobin.9,10 One of its primary functions is to facilitate 
the transportation of oxygen, storage of  transitional tis-
sues and cellular utilization of oxygen. Additionally, it is 
equally significant in the cytochromes that are housed 

within the mitochondria. Iron is involved in the transfer 
of electrons in the electron transport chain.6 It is stored in 
the liver, spleen and bone marrow through proteins called 
ferritin and hemosiderin, both of  which have a  strong 
affinity for the element. Additionally, Fe plays a  role in 
erythropoiesis, the formation of leukocytes and immune 
reactions, impacting both cellular and humoral immunity. 
Furthermore, the presence of Fe is of the utmost impor-
tance for the optimal performance of osteoblasts, which 
are the cells responsible for bone development.11,12

Nevertheless, it is important to acknowledge the pres-
ence of heavy metals under specific circumstances. The 
elements that occur naturally within the Earth’s crust play 
a role in various natural phenomena, including the erosion 
of rocks, oceanic evaporation, the formation of soil, and 
volcanic eruptions.13 The human body can be exposed to 
heavy metals through various means, including air, water 
and soil. Soil contamination can occur due to the presence 
of  fertilizers, plant protection products, industrial dust, 
and sewage. The absorption of water by plants from con-
taminated soil results in the uptake of toxic metals, which 
subsequently accumulate in their tissues. However, it is 
worth noting that the inhalation route provides the most 
accessible means of  absorption. A  number of  industrial 
sectors serve as the primary sources of  environmental 
contamination. These include metallurgy, electrotechnol-
ogy and the chemical industry, as well as the production 
of fertilizers, paints and solvents. Metals are also heavily 
present in car exhaust emissions. Additionally, cigarette 
smoking is a significant non-industrial factor that exposes 
individuals to high levels of heavy metals. It is crucial to 
take into account the presence of toxic metals in amalgam 
fillings and the alloys utilized in prosthetics and ortho-
dontics. Furthermore, the presence of  heavy metals has 
been identified in a range of cosmetics and dietary sup-
plements.1–3

Metal toxicity operates through various mechanisms, 
which can be classified into 3 primary categories. These 
classifications encompass the obstruction of  vital func-
tional groups within proteins, the displacement of metal 
ions that act as cofactors for enzymes and other function-
al proteins, and the modification of  the spatial arrange-
ment of proteins.14 A wide array of illnesses can be attrib-
uted to the presence of heavy metals. The manifestation 
of the harmful impact of toxic metals on the human body 
is contingent upon a number of factors, including the spe-
cific type of metal, the dosage, the method of exposure, 
the duration of  exposure, and the individual’s personal 
susceptibility. Heavy metals have an  impact on various 
cellular organelles and components within biological sys-
tems. These include the cell membrane, mitochondria, 
lysosomes, endoplasmic reticulum, nuclei, and certain 
enzymes that are critical for metabolic processes, detoxi-
fication and the repair of damage.15 Toxic metals, in addi-
tion to their toxic properties, possess the capability to ac-
cumulate within human parenchymal tissues. Once they 
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enter the body, these metals tend to accumulate in the 
kidneys, liver and pancreas.16 Additionally, heavy metals 
accumulate in the hard tissues of  teeth.1–3 The gradual 
deterioration of physical, muscular and neurological ca-
pabilities, which resembles the symptoms of diseases such 
as multiple sclerosis, Parkinson’s disease, Alzheimer’s dis-
ease, and muscular dystrophy, can be attributed to ex-
tended contact with specific metals and their compounds. 
Some metals possess properties that have been linked to 
the development of birth defects and cancer. The progres-
sion of cancers can be influenced by certain heavy metals, 
which stimulate cancer cells through various pathogenic 
connections and may also decrease their receptiveness to 
treatment.1,2,17

The significance of  biomonitoring in the context 
of health and the environment is gradually increasing. As 
a component of environmental dentistry, biomonitoring 
encompasses a  range of  actions aimed at evaluating the 
condition of the environment through the use of biomon-
itors. These biomonitors, which are utilized to assess the 
exposure to toxic metals in humans, are known as non-
invasive matrices. Examples of such matrices include hair, 
nails, urine, saliva, and teeth. Among these, deciduous 
teeth are particularly convenient for obtaining biologi-
cal material, resulting in a wealth of studies that analyze 
the levels of toxic metals present in their structure.1,3 The 
teeth of an individual are an enduring testimony to their 
lifestyle within a  specific environment and an  indicator 
of the influence of environmental pollutants. During the 
process of mineralization, noxious metal cations become 
incorporated into the crystalline framework of hydroxy-
apatites. These detrimental substances gain access to the 
tooth tissues via the bloodstream.18,19

It is important to acknowledge that chelation therapy 
has been the main approach to the management of cases 
of heavy metal poisoning. This method employs the use 
of chelating agents to form chelates, which are complex 
ring-like structures that trap metal ions and facilitate 
their removal from the body. However, the use of metal 
chelators has its limitations. Metal chelators have the po-
tential to facilitate the migration of  heavy metals from 
other regions of the body to the brain, which can escalate 
the neurotoxicity of the individual in question. Moreover, 
the use of these chelators may lead to the depletion of im-
portant metals, including Zn and Cu, resulting in serious 
side effects, such as liver damage.20,21

The content of  toxic metals in dental tissues is influ-
enced by both industrial and non-industrial factors. The 
following paragraphs will present a comprehensive analy-
sis of this dichotomy, offering a more exhaustive investi-
gation and inquiry. Within the discourse, certain publica-
tions that explore the composition of heavy metals within 
teeth and the various factors that contribute to their pres-
ence will be discussed.

This review offers a novel perspective by examining the 
interplay between environmental and non-environmental 

factors in the accumulation of heavy metals in dental tis-
sues. It integrates recent research to identify key sources 
of  toxic metal exposure, elucidate the biological mecha-
nisms of metal deposition in teeth, and assess the broader 
health implications of this accumulation. The aim of this 
review is to enhance understanding of  the potential 
of teeth as biomarkers for environmental exposure, to as-
sess the impact of environmental factors on both dental 
and systemic health, and to underscore the importance 
of  developing diagnostic and preventive strategies. Fur-
thermore, the study emphasizes the need for improved 
environmental safety measures.

Material and methods

Literature search strategy 

A comprehensive literature search was conducted us-
ing the following databases: PubMed; Google Scholar; 
Polska Bibliografia Lekarska; and Web of  Science. The 
search was limited to articles published between 1978 
and 2023. The keywords and phrases used in the search 
included “heavy metals in teeth,” “toxic metals and den-
tal health” and “smoking impact on metal accumulation.” 
Boolean operators AND and OR were employed to refine 
the search results. The search was limited to articles pub-
lished in English and Polish.

Inclusion and exclusion criteria 

The articles included in the review examined the im-
pact of  heavy metals on dental health or associated en-
vironmental factors, were peer-reviewed and focused on 
human subjects. Non-peer-reviewed articles, articles not 
available in full text, and studies with an unrelated focus 
were excluded from consideration.

Selection process 

The articles were subjected to a screening process based 
on their titles and abstracts. Full-text articles were re-
viewed for relevance, resulting in the inclusion of 83 stud-
ies. Duplicate articles were excluded during the screening 
process. The methodology is presented in Fig. 1.

Fig. 1. Methodology of the selection process
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Data extraction and analysis 

Data extraction involved reviewing abstracts and full-
text articles to identify relevant studies. The extracted 
information included study design, sample size, metal 
types examined, and key findings related to heavy metal 
impact on dental health. We employed a narrative synthe-
sis approach to integrate and summarize findings across 
studies. This involved categorizing results according to 
themes such as types of metals, mechanisms of  impact, 
and health outcomes.

Quality assessment 

The quality of the included studies was evaluated based 
on the study design, the sample size and the methodologi-
cal rigor. No specific assessment tools were employed; 
rather, a critical appraisal was conducted to evaluate the 
reliability and relevance of each study. 

Results

Age and sex 

The levels of toxic metals found within human teeth can 
be influenced by age. Fischer and Wiechuła conducted 
a  study with the objective of  analyzing the accumulation 
of Pb in the calcified tissue of permanent teeth.22 Atomic 
absorption spectroscopy (AAS) was employed to measure 
the concentration of Pb in teeth samples from a particular 
group of Polish individuals. The research aimed to deter-
mine the accumulation of Pb in the human body based on 
the changes in Pb concentration in teeth from individuals 
aged 13–84 years. The results of the study showed that the 
concentration of Pb increased with age in calcified tooth 
tissues, and this was a statistically significant process. The 
research also revealed that subjects over the age of 60, born 
in the 1930s, had a  lower concentration of  Pb compared 
to those born in the 1950s. The concentration of  Pb in 
the teeth of younger individuals (<60 years) was observed 
to increase. The analysis of changes in Pb levels revealed 
that even low exposure can result in a  relatively high ac-
cumulation of Pb concentration in calcified tooth tissues. 
Fischer et al. have analyzed the changes in the concentra-
tions of various elements, including manganese (Mn), Fe, 
magnesium (Mg), Cu, potassium (K), chromium (Cr), Pb, 
Cd, and Ca, in deciduous teeth.23 The study aimed to inves-
tigate whether metal concentration changes with age and 
to describe changes in mineral composition. The research-
ers obtained deciduous teeth samples from children aged 
5–14 years living in southern Poland through non-invasive 
physiological replacement. Metal concentration was de-
termined via AAS. The results demonstrated a significant 
decrease in the concentration of the analyzed elements in 
the deciduous teeth of older children, when compared to 

those of younger children. However, no significant correla-
tion was observed between the total metal concentration 
and the Ca content in relation to age.23

Chromium is a vital element for the human body. Al-
though it has a  significant physiological function, it can 
also be harmful, with potential carcinogenic, mutagenic, 
embryotoxic, and teratogenic effects, which depend on its 
valence state. Malara  et  al. conducted research into the 
various factors that influence the presence of Cr in teeth.24 
The objective of  the research was to evaluate the influ-
ence of tooth type, age and sex on the level of Cr present 
in the tooth structure. The study sample consisted of per-
manent teeth sourced from individuals aged between 
20 and 68 years residing in Ruda Śląska, Poland. Atomic 
absorption spectrometry was employed to measure the 
concentration of Cr in the teeth. The type of  tooth and 
the sex of the donor had no significant influence on the 
level of Cr in the tooth tissue. Furthermore, there was no 
meaningful correlation between the Cr contents in teeth 
and the age of the donors.

Weight 

Eating disorders represent a prevalent social phenom-
enon that may manifest in weight loss and weight gain. 
Malnutrition, whether due to an  excess or deficiency 
of  nutrients, can result in severe health consequences. 
The study conducted by Fischer and Wiechuła aimed to 
determine the levels of certain elements, including Cr, Ca, 
Cu, Fe, and Mn, in the deciduous teeth of children in rela-
tion to their body weight.25 Although there were no sig-
nificant differences in the concentration of the metals be-
tween children with normal and abnormal body weight, 
the correlation between the metals in teeth varied accord-
ing to the children’s weight.25 This observation may in-
dicate fluctuations in the mineral composition of tissues 
that are associated with metabolic disorders.

Systemic diseases, neurodevelopmental 
disorders and food allergies 

The assessment of element levels in teeth, like in other 
bodily tissues, has the potential to be valuable in the di-
agnosis of diseases. The concentrations of heavy metals 
in both the tissue and serum have been linked to a wide 
range of illnesses, making them potentially valuable bio-
markers for early disease detection. 

Orzechowska-Wylęgała  et  al. investigated the presence 
of Cd and Pb in the teeth of children from the Upper Silesia 
region of Poland suffering from celiac disease or food al-
lergies.26 This particular region is known for its prevalent 
heavy industries, including coal mining, which have led 
to considerable environmental contamination. As all the 
children who participated in the study resided in the same 
location, their exposure to environmental pollution was 
consistent across the studied groups. While several factors 
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can impact the levels of heavy metals in dental tissues, the 
focus of their research was on systemic illnesses that neces-
sitate long-term adherence to restricted diets.26 The most 
commonly observed illnesses in pediatric patients include 
celiac disease and food allergies. The prolonged implemen-
tation of restricted diets has been associated with mineral 
deficiencies in children, as well as quantitative and quali-
tative changes in the mineral composition of  bones and 
dental tissues. Such alterations may lead to an  increased 
accumulation of toxic metals within the body, such as Pb, 
Cd, strontium (Sr), Hg, and arsenic (As). The study re-
vealed that children with celiac disease and food allergies 
have a  higher tendency for the accumulation of  certain 
metals in their deciduous teeth, in comparison to healthy 
individuals. Moreover, the Pb to Ca and Cd to Ca ratios 
were observed to be elevated in children with celiac disease 
and food allergies, providing additional evidence of  the 
presence of these harmful metals in the body.26 The results 
of this study suggest that children who undergo restrictive 
diets may require adjustments to their dietary intake, with 
a particular focus on increasing the consumption of pro-
teins and sulfur amino acids.

In a study conducted by Yalçin et al., the teeth and blood 
samples of both healthy children and those with congeni-
tal heart disease (CHD) were examined.27 The study in-
cluded 39 children with CHD and 42 healthy children. 
The researchers used inductively coupled plasma mass 
spectrometry to evaluate the levels of  13 different ele-
ments, namely Mg, P, Ca, Cr, Mn, Fe, Cu, Zn, Sr, Cd, Pb, 
Hg, and molybdenum (Mo). After adjusting for potential 
confounding variables, it was observed that children with 
cyanotic and acyanotic CHD exhibited significantly lower 
levels of tooth Ca and a lower Ca:P ratio in comparison to 
the control group. Furthermore, children with acyanotic 
CHD exhibited markedly elevated levels of  Cu in their 
teeth, along with increased levels of Mo in their blood and 
reduced levels of Mg in their blood, when compared to 
the control group, which consisted of healthy children.27

The research conducted by Sitarik et al. investigated the 
correlation between in utero and postnatal levels of Pb, 
which were measured using deciduous baby teeth, and 
the bacterial and fungal gut microbiota of infants in their 
first year of life.28 The discovered associations between Pb 
exposure and gut microbiota could potentially affect the 
development of  a  child.28 However, since there is a  lack 
of research that investigates these correlations in humans, 
particularly with regards to fungal microbiota, further ex-
amination is necessary.

The study conducted by Abdullah  et  al. aimed to in-
vestigate the potential correlation between the presence 
of heavy metals in children’s tooth enamel and the occur-
rence of autism and disruptive behaviors.29 The research-
ers analyzed the concentrations of Pb, Hg and Mn in both 
prenatal and postnatal enamel regions of deciduous teeth 
from children diagnosed with Autism Spectrum Disorder 
(ASD), those exhibiting high levels of disruptive behavior, 

and typically developing children. The usage of laser ab-
lation inductively coupled plasma mass spectrometry re-
vealed no statistically significant disparities in the levels 
of these neurotoxicants between children with ASD and 
typically developing children.29

The variations in sex regarding ASD diagnosis and the 
mutagenic influence of toxic exposures suggest that these 
factors might have a significant impact on the causal rela-
tionships observed in any potential associations.30

In a study conducted by Adams et al., the levels of Hg, 
Pb and Zn in the baby teeth of  children with autism 
were compared to those of a control group.31 The results 
showed that children with autism exhibited significantly 
elevated levels of Hg, while the levels of Pb and Zn were 
comparable to those observed in the control group. This 
study indicates that children with autism may have had 
a  greater accumulation of  Hg in their bodies during fe-
tal and infant development. The researchers also suggest 
that the increased use of oral antibiotics in children with 
autism could have hindered their ability to eliminate Hg, 
thereby contributing to the higher levels of  the element 
observed in their baby teeth.31

The study conducted by Figueroa-Romero et al. aimed to 
investigate the potential dysregulation of metal uptake dur-
ing childhood in individuals who were later diagnosed with 
amyotrophic lateral sclerosis.32 By examining the co-expo-
sure to different elements, the researchers found a strong 
association between childhood metal dysregulation and 
the development of amyotrophic lateral sclerosis.32

The impact of childhood exposure to low levels of Pb was 
assessed by Needleman et al.33 The study revealed a strong 
correlation between elevated Pb levels during childhood 
and lower social standing during high school, increased 
rates of absenteeism, diminished language skills and logi-
cal thinking abilities, decreased hand-eye coordination, 
delayed reaction times, and reduced finger tapping speed.33

The study by Haavikko et al. investigated the concen-
trations of Zn and Cu in the deciduous teeth of Finnish 
children and adolescents.34 The study focused on ways in 
which these mineral levels could serve as indicators of po-
tential atherosclerosis precursors and systemic diseases. 
By analyzing the mineral content in dental tissues, the 
study aimed to understand the relationship between these 
trace elements and the risk of developing atherosclerosis 
and other systemic health issues.34

Although Mn is a necessary component for growth and 
development, elevated Mn levels have been associated 
with neurobehavioral impairment in children. The aim 
of  the study conducted by Bauer et al. was to determine 
whether there is a correlation between visuospatial learn-
ing and memory test results and prenatal or postnatal Mn 
levels, as measured in deciduous teeth.35 The deciduous 
teeth were collected from 142 participants who resided in 
areas with varying ferromanganese industries in Italy. The 
prenatal and postnatal tooth regions were analyzed for Mn 
concentrations using laser ablation inductively coupled 
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plasma mass spectrometry. The results of the study indi-
cate that the prenatal period could be a crucial timeframe 
for the influence of environmental Mn on executive func-
tion and visuospatial ability, particularly in females.35

In a study conducted by Gunier et al., the relationship 
between Mn levels in teeth and neurodevelopment was 
analyzed in young Mexican-American children.36 The re-
searchers used laser ablation inductively coupled plasma 
mass spectroscopy to measure Mn levels in both prenatal 
and postnatal dentin from children’s shed teeth. The chil-
dren’s scores on the Mental Development Index (MDI) 
and Psychomotor Development Index (PDI) on the Bayley 
Scales of Infant Development at 6, 12 and 24 months were 
examined and compared to Mn levels. A unique biomark-
er was used to measure prenatal and early postnatal Mn 
levels in tooth dentin. The findings revealed a negative, 
temporary correlation between postnatal Mn levels and 
early neurodevelopment, with sex-specific modifications 
and prenatal hemoglobin interactions.36

Horton et al. investigated the relationships between den-
tin biomarkers of Pb, Zn and Mn and behaviors observed in 
later childhood.37 The behaviors exhibited during childhood 
could reveal postnatal periods of vulnerability to both indi-
vidual and combined metal levels found in deciduous teeth. 
While Mn present in prenatal dentin may offer protective 
effects, elevated levels of Mn during early postnatal develop-
ment may increase the risk of negative behaviors. Further-
more, the simultaneous presence of higher concentrations 
of Mn, Zn and Pb may adversely affect behavior, with Pb spe-
cifically associated with an increase in anxiety symptoms.37

Mora  et  al. analyzed the levels of  Mn in the dentin 
of  shed teeth during both prenatal and early postnatal 
stages.38 The teeth were collected from children resid-
ing near agricultural fields that had been treated with 
Mn-containing fungicides in California, USA. The study 
aimed to examine the relationship between Mn levels 
and various aspects of behavior, cognition, memory, and 
motor functioning in children. The results revealed a sig-
nificant association between higher levels of prenatal and 
early postnatal Mn in deciduous teeth and adverse behav-
ioral outcomes, including internalizing, externalizing and 
hyperactivity problems, in both boys and girls.38

By utilizing tooth-matrix biomarkers and examining 
detailed temporal patterns of  exposure, scientists have 
identified specific periods of development during which 
Mn is linked to visual-spatial skills. The findings indicate 
that the associations between Mn and cognitive abilities 
are significantly influenced by the timing of  exposure, 
with positive effects observed for prenatal levels and det-
rimental effects observed for postnatal levels.39

Environmental pollution 

It is crucial to underscore the significant impact of en-
vironmental pollution, such as that of  the air, soil and 
water, on the accumulation of toxic metals in the human 

body, including the teeth. There are a number of methods 
that can be used to evaluate the extent of heavy metal ex-
posure in the environment. One of these methods is the 
analysis of various biological samples. Specifically, human 
teeth are a particularly suitable option because they pos-
sess a stable elemental composition. This stability allows 
for the comparison of the effects of long-term exposure to 
heavy metals among individuals inhabiting regions with 
varying degrees of pollution. It should be noted that the 
placenta is a crucial organ that receives considerable at-
tention during pregnancy. Unfortunately, this organ pro-
vides an inadequate barrier against the transfer of danger-
ous heavy metals, especially Pb, to the developing fetus. 
The presence of  Pb in this organ poses a  serious envi-
ronmental threat to the well-being of future generations. 
Hormonal fluctuations during pregnancy result in the 
release of Pb from long-term deposits in bones and teeth 
into the mother’s bloodstream, which can have harmful 
effects due to exposure to a contaminated environment.40

In order to assess early-life metal exposure in a  com-
munity that had expressed concerns about previous expo-
sures, Friedman et al. conducted a study using deciduous 
teeth.41 The teeth were collected from children who had 
lived in Holliston, Massachusetts (USA) from the time 
of conception. By analyzing naturally shed teeth, the re-
searchers were able to obtain detailed information about 
the timing and dosage of metal exposure during early life. 
This study effectively demonstrates the usefulness of de-
ciduous teeth in community-based research, particularly 
in cases with a history of water contamination.41

Anttila and Anttila investigated the absolute concentra-
tions of Mn, Fe, Ni, Cu, Zn, Sr, and Pb in whole enamel, as 
well as in the labial and lingual surface enamel of decidu-
ous incisors, using proton-induced X-ray emission.42 The 
mean concentration values derived from the 19 samples 
collected in the urban area did not exhibit significant dif-
ferences when compared to the 9 samples obtained from 
the rural region of Finland.42

The study by Anttila  et  al. focused on the Pb content 
in the enamel of deciduous teeth from an area with high 
radon (Rn) levels.43 The study aimed to assess the concen-
tration of Pb in the enamel of teeth from children living in 
a region with elevated Rn exposure and to investigate any 
potential relationship between Rn exposure and Pb levels 
in the teeth. The average Pb concentration in the enamel 
was comparable to previous measurements of Pb in other 
regions of Finland, indicating that Rn decay did not cause 
a notable rise in Pb levels in the teeth.43

In a study conducted by Järvinen et al., the levels of Pb in 
the enamel of deciduous molars were analyzed using pro-
ton-induced X-ray emission.44 The results suggest that the 
general population of Finland is not currently subjected to 
significantly elevated levels of artificially introduced envi-
ronmental Pb, whether in urban or rural settings. Naturally 
occurring environmental Pb remains a critical factor in cu-
mulative long-term exposure experienced in Finland.44
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Fosse and Justesen conducted an  investigation into the 
levels of Pb present in the deciduous teeth of Norwegian 
children.45 The study aimed to assess the concentration 
of  Pb in dental tissues in order to understand the extent 
of Pb exposure among children in Norway. The research 
sought to identify potential sources of Pb exposure and to 
evaluate the impact of environmental factors on Pb accu-
mulation in teeth. The deciduous teeth were obtained from 
a variety of Norwegian counties, including urban centers, 
industrial zones, and rural as well as fishing communities. 
The findings indicated that both urbanization and indus-
trialization resulted in increased Pb absorption. However, 
the average level of Pb detected in Norway was significantly 
lower than the levels typically observed in other nations. 
Additionally, automobile exhaust was dismissed as a major 
contributor to excessive Pb absorption.45

The assessment conducted by Arora et al. focused on ex-
amining the distribution of Pb in primary teeth as a means 
of assessing Pb exposure during the pre- and neonatal stag-
es.46 The researchers employed laser ablation inductively 
coupled plasma mass spectrometry to measure the pres-
ence of Pb in both the enamel and dentin of 10 primary 
teeth. The study illustrates a valuable methodology for ob-
taining temporal data on environmental Pb exposure dur-
ing the pre- and neonatal periods by analyzing the spatial 
distribution of Pb in the dentin of primary teeth.46

Modern human populations are increasingly exposed 
to chronic environmental heavy metal contamination 
due to rapid urbanization and extensive industrial activi-
ties. A bioindicator for elemental uptake is found in tooth 
dentin, where the absorption occurs during the processes 
of  mineralization and formation, resulting in significant 
storage over many years. This uptake encompasses essen-
tial elements, primarily sourced from geogenic diets, along 
with non-essential elements introduced through environ-
mental exposure. Asaduzzaman et al. examined 50 human 
teeth from different ethnic groups.47 It has been noted that 
concentrations of heavy metals tend to increase with age. 
A  comparison of  ethnic groups revealed that the teeth 
of ethnic Chinese individuals exhibited slightly higher met-
al concentrations than those of Malays and Indians. Addi-
tionally, female dentin demonstrated greater levels of metal 
concentrations than male dentin. The molars contained 
higher concentrations of Hg, Cu and tin (Sn), whereas the 
incisors showed elevated levels of Pb, Sr, antimony (Sb), and 
Zn. The increased levels of heavy metals in tooth dentin in-
dicate pollution originating from industrial emissions and 
urbanization. This demonstrates that human tooth dentin 
serves as a reliable bioindicator of environmental pollution 
and can provide chronological data on exposure.47

Wychowanski and Malkiewicz conducted a study on res-
idents of Central Poland (Mazowieckie province) to mea-
sure the concentration of  metal ions present in the hard 
tissues of  their teeth.48 They collected samples of enamel 
and dentin from participants living in urban and agricul-
tural areas. The researchers used graphite furnace atomic 

absorption spectrometry  to determine the concentration 
of Mn, Pb, Cd, and Cr in the enamel and dentin samples 
from retained teeth. A  comparative analysis of  the data 
revealed that the enamel and dentin of  individuals living 
in industrialized areas exhibited significantly higher levels 
of  Pb and Cd compared to those residing in agricultural 
areas. However, both groups exhibited comparable levels 
of Mn and Cr in hard tooth tissues. The results of this study 
confirm that the likelihood of exposure to heavy metals is 
dependent on both the place of  residence and the extent 
of environmental pollution in that area.48

Nowak analyzed the presence of  sodium (Na), Ca, K, 
and heavy metals in human teeth.49 The analysis was con-
ducted in Katowice and Istebna in Poland between 1992 
and 1993. The measurements were taken to determine 
the levels of heavy metals and Na, Ca and K in the teeth 
of individuals. Notably, in the relative unpolluted south-
ern region of Poland, namely Istebna, the concentration 
of heavy metals in the teeth of the local population was 
significantly lower than in Katowice, an industrial hub in 
Silesia. The ratios of Pb:Fe and Pb:Mn detected in teeth 
could potentially serve as a  measure of  pollution. The 
analysis of  the metal concentration levels in the teeth 
of  individuals residing in Katowice and Istebna revealed 
significant differences in the mean concentrations of Pb, 
nickel (Ni), Cd, Zn, cobalt (Co), Mn, Cr, Na, and Ca.49

The focus of the study conducted by Nowak and Chmiel-
nicka was to examine the correlation between Pb and Cd 
and essential elements present in the hair, teeth and nails 
of individuals living in the environmentally exposed Kato-
wice District in Poland.50 The investigation aimed to assess 
the extent of  environmental exposure to Pb and Cd be-
tween 1990 and 1997 in the residents of this district, which 
is known for its high levels of environmental exposure to 
these toxic metals. Additionally, the study examined the 
exposure to Fe, Zn, Cu, Mn, Ni, Cr, Ca, Na, and K based on 
the concentration levels found in hair, teeth and nails. The 
investigation aimed to ascertain whether the accumulation 
of Pb and Cd could have an impact on the concentration 
of essential metals, including Fe, Zn, Cu, and Ca. Addition-
ally, a control group was included in the study, consisting 
of residents from the Beskid area in Poland. The aforemen-
tioned elements were analyzed with regard to sex, age and 
tooth type. Atomic absorption spectroscopy was utilized 
to determine the concentrations of  the elements present 
in the media under examination. Notably, teeth samples 
obtained from individuals residing in the Katowice District 
exhibited elevated levels of Ni, Cr and Mn.

The purpose of  the study conducted by Fischer  et  al. 
was to analyze the Pb content in various groups of teeth 
among inhabitants of the Silesian region in Poland.51 The 
highest concentration of  Pb was identified in canines, 
while molars exhibited the lowest concentration of  Pb 
among all groups of teeth. The study demonstrated that 
the accumulation of Pb in the hard tissues of the body in-
creases with age. Additionally, individuals exposed to Pb 
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emissions from industrial sources were found to have sig-
nificantly higher levels of Pb present in their teeth.51

In their study, Malara  et  al. aimed to establish 
whether impacted mandibular teeth and the adjacent 
bones could serve as a  form of  biomonitoring media 
for evaluating the exposure to heavy metals.52 The re-
search involved the utilization of  impacted lower third 
molars and fragments of the cortical bone, which were 
extracted during the removal of wisdom teeth. The re-
search participants were chosen from 2 locations: the 
relatively polluted Ruda Śląska region in Poland; and the 
Bielsko-Biała region in Poland. Atomic absorption spec-
trometry with flame atomization was used to determine 
the concentrations of Cd, Cr, Cu, Fe, Pb, Mn, and Zn in 
the samples. The inhabitants of the Ruda Śląska region 
exhibited significantly higher concentrations of Cd and 
Pb in their impacted third molars and the surrounding 
bones compared to those living in the Bielsko-Biała re-
gion. Furthermore, a significant positive correlation was 
observed between the concentrations of  Cd in the im-
pacted teeth and the surrounding bones. These findings 
suggest that the levels of Cd and Pb in the environment 
may be reflected in the impacted mandibular teeth and 
the surrounding bones of individuals. 

A study that explored the concentration of  toxic met-
als in impacted third molars and surrounding bone tissue 
was carried out by Bryła et al.3 The study was similar to 
a previous investigation, but the samples were collected 
from 2 distinct groups: residents of the Wroclaw district; 
and residents of  Wroclaw city in Poland. The objective 
of the study was to determine the concentrations of sev-
eral elements, including Pb, Cd, Cr, Ni, Fe, Mn, Cu, and 
Zn, in a portion of bone covering the third molars and in 
the teeth themselves. The levels of Cd, Pb and Mn in the 
samples demonstrated an increase in correlation with the 
patient’s age. The levels of Cd and Pb were found to be 
higher in the residents of Wroclaw, as compared to other 
locations. Additionally, the residents of  Wroclaw exhib-
ited higher levels of Cu in their teeth. It was observed that 
the concentrations of Cr in the teeth was 33% lower than 
those in the mandibular bone, and that the concentration 
of Ni decreased with age. In all hard tissues of the tooth 
and bone, Pb and Cd aggregates were identified, in con-
trast to bioelements, which demonstrated a greater ten-
dency to aggregate, primarily within the dentin.

The primary source of Cr in the human body is dietary 
consumption. However, in cases where there is occupa-
tional exposure or residing in areas with high levels of Cr 
in the air, the absorption of Cr through the lungs may be 
greater than through ingestion. Fischer et al. conducted 
a  study to investigate the correlation between Cr and 
other selected elements in impacted wisdom teeth.53 The 
objective of the study was to determine the levels of Cr, 
as well as other elements such as Fe, boron (B), Co, Cu, 
Zn, selenium (Se), Mo, and barium (Ba) in the mineral-
ized tissues of impacted teeth in a population exposed to 

elevated levels of Cr in the air. The level of exposure to 
Cr compounds can be determined through the use of im-
pacted wisdom teeth as a diagnostic tool. A comparison 
between the Cr content in impacted third molars and 
erupted permanent teeth reveals a  lower amount of  Cr 
in the former, indicating that the primary source of Cr in 
embedded teeth is the bloodstream. The concentration 
of Cr in hydroxyapatites of  impacted wisdom teeth was 
found to be mainly influenced by the levels of Fe, B, Cr, 
Co, Se, and Mo.53

Rayad et al. conducted an in vitro assessment to measure 
the concentration of toxic metals in third molars obtained 
from residents of the Legnica–Głogów Copper District in 
Poland.1 The objective of the study was to identify the con-
centration of toxic metals, which included Mn, Cr, Ni, Cu, 
Fe, Cd, Pb, and Zn, in the extracted third molars of patients 
from the Legnica–Głogów Copper District, as well as to 
ascertain the risk factors that determine the accumulation 
of  these metals. The patients were divided into 2 groups 
based on their place of residence: residents of the Legnica–
Głogów Copper District; and a control group of residents 
from Wroclaw. The SpectraAA atomic absorption spec-
trometer was used to determine the concentrations of Pb, 
Cd, Cr, Ni, Fe, Mn, Cu, and Zn in an air-acetylene flame. 
The analysis of third molars among inhabitants of the Leg-
nica–Głogów Copper District revealed elevated levels of Fe 
and Pb. The identification of major risk factors that could 
lead to the accumulation of harmful metals in the teeth has 
been established. The study demonstrated a strong correla-
tion between the concentration levels of Cr, Cu and Zn and 
a  person’s age. Additionally, a  correlation was identified 
between the amount of Cr present and the concentration 
of vitamin D3 found in the bloodstream.1

In their research, Rayad  et  al. conducted an  analysis 
of the Hg levels in impacted wisdom teeth obtained from 
individuals residing in the Legnica–Głogów Copper Dis-
trict.2 The primary objective of the study was to emphasize 
the impact of environmental pollution on the human body 
by determining the amount of Hg present in the impacted 
third molars of residents in this area. To ascertain the levels 
of Hg in the samples, AAS was employed. The accumula-
tion of Hg in the teeth of individuals in the control group 
located in Wroclaw was also studied, with a focus on iden-
tifying the risk factors that contribute to this phenomenon. 
The final model examined a number of factors, including 
thyroid and parathyroid gland ailments, cardiac ailments, 
and interval-scale vitamin D3 concentration. Among these 
factors, the presence of cardiac diseases was found to be 
statistically significant in relation to an increase in Hg con-
centration in third molars. The concentration of  Hg was 
found to increase with age and the duration of residence in 
the Legnica–Głogów Copper District.2

The impact of environmental pollution in the Legnica–
Głogów Copper District on the incidence of  tooth count 
disorders in adolescents residing in that region was in-
vestigated by Rzepnicka  et  al.54 The primary objective 
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of their research was to ascertain the degree of hypodon-
tia in adolescents from educational institutions in Legnica 
(Poland). The dental health of  students from secondary 
schools in Legnica was evaluated. Of the 1,000 students 
evaluated, 7.7% had hypodontia. This finding is higher than 
in other parts of Poland, which could be a result of environ-
mental pollution in the Copper Basin of Lublin, the Głogów 
Region of Poland.54

The study conducted by Malara et al. aimed to investi-
gate the impact of environmental exposure on the coex-
istence of Cd and Zn in teeth.55 Specifically, the objective 
of their research was to determine whether the exposure 
to heavy metals in the environment affects the coexis-
tence of  Cd and Zn in human teeth. The study utilized 
a sample size of permanent teeth, with teeth sourced from 
residents of Bielsko-Biała and Ruda Śląska in Poland. The 
levels of Cd and Zn in the teeth were determined through 
the use of AAS. A negative correlation was observed be-
tween Cd and Zn levels in the teeth of  residents from 
Bielsko-Biała, whereas a  positive correlation was noted 
between the 2 metals in the teeth of residents from Ruda 
Śląska. The research findings indicated a notable discrep-
ancy between the levels of Zn and Cd present in the teeth 
of  residents from Ruda Śląska, in comparison to those 
from Bielsko-Biała. Additionally, the exposure to environ-
mental sources of  these metals influenced their interac-
tion within the human body.55

The assessment of the exposure of a population to heavy 
metals from the environment can be determined through 
the analysis of  biological samples. Teeth, in particular, 
can be utilized to estimate long-term environmental ex-
posure due to the stability of  their elemental composi-
tion. The objective of the study conducted by Malara and 
Kwapuliński was to identify the presence of physiological 
and toxic metals in the teeth of  individuals residing in 
Ruda Ślaska and Bielsko-Biała in Poland.56 Additionally, 
the study aimed to explore the potential impact of envi-
ronmental exposure to heavy metals on the occurrence 
and coexistence of  these metals in teeth. The research 
material for this study consisted of the permanent teeth 
obtained from individuals between the ages of 20 and 68 
from both cities. The levels of Cd, Cr, Cu, Fe, Mn, Pb, Zn, 
K, Na, Ca, and Mg were measured using AAS with flame 
atomization. The teeth of  individuals residing in Ruda 
Śląska showed a significant increase in the levels of Cd, 
Cr, Cu, Fe, Mn, Pb, and Zn, accompanied by a decrease 
in the levels of Ca and Mg and elevated Pb:Ca and Pb:Mn 
ratios. An examination of the correlation matrix revealed 
differences in the co-occurrence of  metals in the teeth 
of  the 2 studied groups. The study confirmed that the 
exposure to heavy metals in the environment has a  sig-
nificant impact on the presence and coexistence of these 
elements in individuals’ teeth.56 Malara et al. conducted 
similar research on the effect of Pb on the content of other 
metals to investigate their interdependence.57 The perma-
nent teeth extracted from the inhabitants of Ruda Śląska 

were analyzed. The content of Pb, Fe, Mn, K, Ca, and Mg 
was determined through the use of  AAS with flame at-
omization. Furthermore, Pearson’s product moment cor-
relation analysis demonstrated that Pb exerted an adverse 
effect on the content of Ca, Mn, Fe, and Mg, while having 
no impact on the content of Na and K. The tooth struc-
ture showed a  strong interdependence between Ca, Fe 
and Mn.57 Studies have identified an  inverse correlation 
between the presence of  Pb and these 3 vital elements, 
which may be attributed to the process of substitution.

In their investigation, Fischer et al. conducted a detailed 
analysis of  the concentration of  Ba in the facial bones, 
deciduous teeth and impacted teeth of individuals resid-
ing in Poland.58 The research involved both children and 
adults (aged from 6 to 78 years) from an industrialized re-
gion. The condition of the teeth was assessed holistically, 
without any distinction between the dentin and enamel. 
To prepare the facial bones and teeth, a sequence of pro-
cedures was undertaken, including rinsing, desiccation, 
crushing in a ceramic mortar, measurement of the sample 
(approx. 0.2 g), and microwave mineralization in pure 
nitric acid with a spectral dimension. The concentration 
of Ba increased with age in bone tissue and in impacted 
teeth. In contrast, the level of Ba was observed to decline 
with age in the deciduous teeth.58

The study conducted by Fischer et al. involved an evalu-
ation of the Se content in retained wisdom teeth.59 Specif-
ically, the researchers analyzed the Se content in the teeth 
of 10 individuals residing in the Upper Silesian Industrial 
Region in Poland. The results indicated an  average Se 
content of 0.77 ±0.25 μg/g in the teeth, which was notably 
lower in comparison to the concentration of Se found in 
other hard tissues, as reported by prior researchers. Nota-
bly, a high correlation was observed between the Se con-
tent and the content of other elements, such as As, Fe, Sb, 
and Hg, which suggests that the industrial emissions in 
the area were the primary source of these elements found 
in the teeth.59

Piekut et al. conducted an evaluation to determine the 
potential of  primary teeth as an  indicator of  children’s 
environmental exposure to heavy metals.60 The objec-
tive of their study was to ascertain whether primary teeth 
could serve as an effective environmental indicator of Cd, 
Pb and Zn exposure in children residing in Bytom, Po-
land. The study involved an examination of the primary 
teeth of children between the ages of 2 and 14. Before the 
analysis, the teeth underwent a  mineralization process. 
The concentration of Cd, Pb and Zn in the samples was 
determined using AAS. The results of the analysis dem-
onstrated variability in the levels of Cd, Pb and Zn within 
the primary teeth. Younger children have been found to 
have higher levels of  Cd and Pb than their older coun-
terparts. This indicates that these metals may have been 
present during prenatal development. Additionally, the 
concentration of heavy metals identified in primary teeth 
differs between sexes, with boys showing higher levels 
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of Pb and Zn than girls. The study conducted in Bytom 
analyzed primary teeth of children and found limited po-
tential for these teeth to serve as an indicator of exposure 
to Cd, Pb and Zn in the environment. It appears that pre-
natal exposure may be a complicating factor in assessing 
the exposure to these metals in children.60

Wiechuła  et  al. performed a  statistical examination 
of  quantities of  metals found in the teeth of  individu-
als residing in the Silesian region of  southern Poland.61 
Specifically, the concentrations of  11 different metals, 
namely Cd, Cr, Cu, Fe, Mn, Pb, Zn, Na, K, Ca, and Mg, 
were measured in the teeth of 2 different groups of people 
residing in the Silesian region. The first group consisted 
of individuals living in the town of Katowice-Szopienice, 
situated in the center of the Upper Silesian Industrial Re-
gion, in close proximity to a Pb plant. The second group 
was comprised of  residents of Strumień, an agricultural 
community. The results of  the analysis showed that the 
residents of Katowice-Szopienice exhibited higher levels 
of trace metals in their teeth.61

Fischer  et  al. evaluated metal concentrations (Cd, Pb, 
Mn, Cu, Cr, Fe, Zn, Na, K, Mg, and Ca) in deciduous and 
permanent human teeth, specifically in the maxilla and 
mandible.62 The results showed significantly higher con-
centrations of metals in the deciduous teeth in comparison 
to the permanent teeth. Regression and principal compo-
nent analyses revealed that the process of binding elements 
by hydroxyapatite in deciduous teeth is becoming more dy-
namic. Furthermore, the concentration of metals was ob-
served to be higher in the permanent and deciduous teeth 
of the maxilla compared to those in the mandible.62

It is important to acknowledge that the exposure to 
toxic metals in the workplace leads to their accumulation 
in the human body. In a study conducted by Malara et al., 
the presence of certain metals in the teeth of coal miners 
was investigated in relation to age and duration of employ-
ment.63 The research consisted of an evaluation of Cd, Cr, 
Cu, Fe, Mn, Ni, Pb, Zn, K, Na, Ca, and Mg concentrations 
in different types of teeth, including incisors, canines, pre-
molars, and molars. Atomic absorption spectroscopy was 
utilized to measure the concentration levels of these met-
als. The results showed that the concentration of Pb in mo-
lars had a positive correlation with the age of the coal min-
ers, whereas the concentration of Na and K demonstrated 
a positive correlation with the duration of employment.63 
Kwapuliński et al. also conducted a study on the prevalence 
of selected metals in the teeth of coal miners.64 The study 
aimed to investigate the metal concentrations in the teeth 
of coal miners and non-miners in the town of Ruda Śląska, 
which is situated in the Upper Silesian Industrial Region in 
Poland. The study subjects consisted of men between the 
ages of 20 and 50. The results of the study provide valuable 
insights into the prevalence of metals in the teeth of indi-
viduals exposed to environmental contaminants in both 
occupational and non-occupational settings. The find-
ings revealed that the concentrations of Pb, Cr, Fe, Na, Ca, 

and Mg in the teeth varied depending on the tooth type. 
Although there were no statistically significant differenc-
es in the concentrations of elements present in the teeth 
of miners and non-miners, some isolated differences were 
observed in the context of specific elements and teeth, such 
as elevated levels of K in incisors, Pb in premolars, and Cr, 
Zn and Mg in molars.64

Poczatek et al. performed an investigation to assess the 
potential risks to workers in the industry by evaluating the 
levels of particular elements in their teeth and bodily flu-
ids.65 The study involved measuring the levels of certain el-
ements in the teeth and body fluids of Polish workers across 
3 distinct industries with established production profiles: 
Rail Rolling Stock Repair Workshops, which specializes in 
repairing rail vehicles; Philips Lighting Poland, which pro-
duces lighting systems; and Metal-Plast, a factory that is in-
volved in building and furnishing. As part of the study, the 
teeth were extracted, and the samples of various bodily flu-
ids, including urine, blood and saliva, were collected during 
routine health check-ups. The study evaluated the levels 
of various elements, including Ca, Mg, fluorine (F), P (in 
the form of phosphates), K, Na, Fe, Zn, Cu, Cd, and Pb. To 
measure the elements, AAS was utilized. The study dem-
onstrated that the concentrations of these elements present 
in the teeth and body fluids of  the subjects varied across 
the industries. Significant differences were identified in the 
levels of Mg, phosphates, Zn, Na, and K in the teeth.65

Johnston et al. evaluated Pb and As in the shed decidu-
ous teeth of children living near a lead-acid battery smelt-
er.66 The assessment of prenatal and initial stage exposure 
to toxic elements can be achieved through the use of shed 
deciduous teeth to measure Pb and As. A  community-
based research approach was taken to analyze 50 shed 
deciduous teeth from 43 children who have lived within 
a 2-mile radius of a smelter for the entirety of their lives. 
Laser ablation inductively coupled plasma mass spec-
trometry was used for the evaluation of  the concentra-
tions of Pb and As in the teeth. In order to determine the 
concentration of  Pb in the soil, the researchers utilized 
spatial kriging to analyze the soil’s surface. Findings of the 
research imply that the exposure to toxic metals during 
the prenatal and early life stages is linked to soil contami-
nation caused by past industrial activities in an  urban 
community located near a smelter.66

The detonation of bombs, bullets and other forms of am-
munition in areas of conflict results in the release of several 
neurotoxicants into the environment. Currently, the Mid-
dle East is facing a considerable degree of environmental 
degradation as a result of extensive bombardments. Sava-
bieasfahani  et  al. developed a  method for elemental bio-
imaging to examine trace elements in the deciduous teeth 
of children from Iraq who were born with defects.67 Ad-
ditionally, the authors analyzed naturally shed teeth from 
Lebanon and Iran for trace elements. The research con-
firmed that elevated levels of metal in deciduous teeth are 
correlated with increased levels of war activity.67
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Haavikko et al. employed the proton-induced X-ray emis-
sion technique to assess Pb levels in the enamel and dentin 
of deciduous teeth of children from 2 Finnish towns.68 It 
was presumed that Helsinki, the capital, would indicate 
high Pb exposure, while the rural town of Kuopio in central 
Finland would represent low to moderate Pb exposure. In 
nearly all cases, with the exception of 2 teeth, the enamel 
exhibited greater Pb concentrations than the dentin. The 
ratio of Pb concentration between enamel and dentin was 
not consistent and showed significant variability.68

The study conducted by Shishniashvili et al. focused on 
the use of primary teeth and hair as reliable markers for 
measuring environmental pollution.69 The results of their 
study revealed that in areas with unfavorable environmen-
tal conditions, the levels of toxic elements such as Pb, Hg, 
Sn, and titanium (Ti) were significantly higher compared to 
areas with more favorable conditions. Furthermore, their 
research demonstrated that dental hard tissues in polluted 
regions of  Tbilisi (Georgia) exhibited higher concentra-
tions of  toxic elements and lower levels of  essential ele-
ments when compared to less polluted areas.69

Tsuji et al. reported increased levels of Pb in the dentin 
of  deciduous teeth obtained from isolated First Nations 
communities in the western James Bay region of northern 
Ontario, Canada.70 The research findings indicated that the 
average concentration of Pb in shed teeth from this remote 
area was comparable to the levels observed in children liv-
ing in urban environments or in proximity to smelting fa-
cilities. Furthermore, a notable percentage of the children 
exhibited elevated Pb levels in their dentin.70

van Wyk and Grobler assessed the Pb concentrations in 
the shed deciduous teeth from children residing in 2 se-
lected urban areas of the Cape Peninsula.71 The children 
residing in proximity to 2 major industrial facilities exhib-
ited the following average Pb levels: whole teeth at 20,419 
ppm; enamel at 10,952 ppm; and dentin at 22,733 ppm. In 
contrast, the children living near light industrial facilities 
exhibited Pb levels of 16,556 ppm in whole teeth, 2,919 
ppm in enamel and 19,926 ppm in dentin. These varia-
tions were statistically significant at the 1% level for teeth 
and enamel, and at the 5% level for dentin.71

Lyngbye et al. conducted a study of Pb exposure in chil-
dren. In a  low-exposure area, the researchers explored 
potential predictors of  Pb burden in children.72 A  total 
of  1,302 first-form school children from the municipal-
ity of  Aarhus, Denmark, donated their deciduous teeth 
for the measurement of Pb concentration in the circum-
pulpal dentin. Families were interviewed regarding pos-
sible sources of Pb exposure. Children with a high Pb bur-
den resided significantly more often in heavily-travelled 
streets than those with a  lower burden, but only during 
their first 3 years of life. The relationship between traffic 
intensity and the risk of a high Pb burden was evident in 
a dose-response manner.72

Gomes et al. assessed the levels of Pb present in the su-
perficial enamel of deciduous teeth in children aged 4 to 

5 years.73 The findings revealed that children residing in 
industrial regions exhibited considerably higher concen-
trations of Pb in their enamel compared to those living in 
areas distant from industrial influences.73

It is important to highlight that the dental environment 
is becoming increasingly contaminated with metals from 
dental materials, primarily due to procedures that gen-
erate aerosols, which could compromise the long-term 
health of  dentists, dental students and dental staff. The 
current pollution in dentistry includes metallic nanopar-
ticles that are highly reactive and can easily become air-
borne, particularly those that detach from the bulk com-
position. Additionally, dental amalgam may release liquid 
Hg or Hg vapors. These issues give rise to concerns within 
the dental community.74

Smoking 

The deposition of tar and toxic metals in the body rep-
resents a significant health concern associated with smok-
ing. Any form of smoking, whether active or passive, can 
result in the accumulation of toxic metals in one’s teeth. 
In their analysis, Malara  et  al.75 evaluated the impact 
of smoking on the concentration of Pb and Cd in the hard 
tissue of  teeth. The study was conducted on permanent 
teeth obtained from both smokers and non-smokers re-
siding in Ruda Śląska in Poland. Atomic absorption spec-
trophotometry was used to determine the concentration 
of Cd and Pb. To gain further insight into the accumula-
tion of  these harmful metals, the Ca levels in the tooth 
samples were assessed, resulting in the calculation of the 
Cd:Ca and Pb:Ca quotients. The act of smoking cigarettes 
has been observed to affect the concentration of Pb and 
Cd present in the teeth of individuals. The teeth of smok-
ers contained higher levels of these elements in compari-
son to non-smokers, with the discrepancy in Cd content 
being statistically significant.75 Additionally, studies have 
shown that the extent of  the increase in Cd and Pb lev-
els due to smoking is more pronounced in males than 
in females.75,76 Inhalation of  cigarette smoke represents 
a significant source of exposure to heavy metals. Passive 
exposure to cigarette smoke can also result in the accu-
mulation of these substances. Deciduous teeth, with their 
stable chemical composition, are often utilized as an in-
dicator of  heavy metal exposure in children. In a  study 
conducted by Malara et al., the impact of passive smoking 
on the concentration of specific metals in deciduous teeth 
was examined.76 The study utilized deciduous teeth as its 
primary research material, with some samples sourced 
from children exposed to cigarette smoke in their apart-
ments. The levels of various elements, including Cd, Cu, 
Fe, Mn, Pb, Zn, Ca, and Mg, were measured using AAS 
with flame atomization. The results indicate that the ex-
posure to cigarette smoke in children can lead to changes 
in the levels of both toxic and essential elements found in 
deciduous teeth. Specifically, higher levels of Cd, Cu, Pb, 
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and Zn, which are permanent constituents of  cigarette 
smoke, were observed, along with lower levels of  Mn, 
Ca and Mg. Additionally, it was noted that children ex-
posed to cigarette smoke in their apartments exhibited 
a disturbed gradient of Pb levels depending on the type 
of  tooth.76 Malara  et  al. also evaluated the occurrence 
of Pb and Cd in deciduous teeth of children exposed to 
cigarette smoke in apartments.77 The study utilized shed 
deciduous teeth from children between the ages of 6 and 
13 who had been exposed to tobacco smoke in their apart-
ments, as well as from children in the same age group who 
lived in smoke-free apartments. The results showed that 
the deciduous teeth of children exposed to tobacco smoke 
in their apartments exhibited higher levels of Pb and Cd, 
accompanied by elevated Pb:Ca and Cd:Ca ratios, indica-
tive of  significant accumulation of  these metals when 
compared to the teeth of children residing in smoke-free 
apartments.77

In several biological samples, there is an  alteration in 
the coexistence pattern of elements (regardless of wheth-
er they are antagonistic or synergistic) when in the pres-
ence of toxic elements at harmful levels. The study con-
ducted by Malara et al. aimed to determine whether there 
is a variation in the amount of Cd and Zn present in the 
hard tissues of retained wisdom teeth in smokers and non-
smokers, and whether the exposure to cigarette smoke 
has an effect on the coexistence of these metals within the 
tissues.78 The materials used for this study were retained 
wisdom teeth from both smokers and non-smokers, and 
the Cd and Zn levels were determined using AAS. The 
results showed that the retained wisdom teeth of smok-
ers exhibited higher levels of Cd and Zn compared to the 
non-smokers’ teeth. Furthermore, the coexistence pat-
tern of Cd and Zn in teeth was influenced by exposure to 
heavy metals, exhibiting a strong synergistic relationship 
in smokers.78

The study conducted by Alhasmi et al. employed laser-
induced breakdown spectroscopy to detect the presence 
of toxic elements in the teeth of smokers and non-smok-
ers.79 The research investigated periodontal parameters 
associated with differences in exposure to these toxic 
elements. The aim of the study was to ascertain the im-
pact of  smoking on the accumulation of  toxic elements 
in teeth and the associated changes in periodontal health. 
The study revealed that the concentrations of Pb, Cd and 
As were significantly higher in the teeth of smokers com-
pared to non-smokers and the control group. Specifically, 
smokers exhibited elevated levels of these toxic elements 
compared to non-smokers, who also demonstrated higher 
concentrations than the control group. Overall, the con-
trol group exhibited the lowest levels of these elements.79

One aspect investigated by Olovčić et al. was the impact 
of smoking on the accumulation of toxic metals.80 The re-
searchers analyzed the presence of 12 different metals in 
dental samples collected from 2 cities in Bosnia and Herze-
govina, namely Bihać and Sarajevo. The research revealed 

statistically significant differences in the levels of  Zn be-
tween the dentin samples of smokers and non-smokers.80

The study conducted by Fischer  et  al. evaluated the 
significance of  passive smoking on the levels of  Pb and 
Cr found in deciduous teeth.81 The study presented the 
changes in Pb and Cr content in deciduous teeth of chil-
dren exposed to environmental tobacco smoke. The con-
trol group consisted of  children whose deciduous teeth 
were not exposed to tobacco smoke at home. The analysis 
revealed that the Pb content was higher in the non-ex-
posed population (13.81 μg/g) than in the passive smok-
ing population (12.28 μg/g). Passive smoking resulted in 
a  reduction in Cr content in deciduous teeth. The quo-
tient of Pb and Cr contents was higher in passive-smoking 
boys and girls and in different types of deciduous teeth.81 
Fischer et al. also evaluated the effect of passive smoking 
on the concentration of other metals in deciduous teeth.82 
The increased concentration of  toxic elements may dis-
rupt the balance of  trace elements which are crucial for 
the body’s physiology. The study involved the examina-
tion of  deciduous teeth that were collected during the 
process of  being replaced by permanent dentition. The 
content of various elements, including Mn, Fe, Cu, Ca, K, 
Na, Mg, Zn, Cr, Cd, and Pb, was determined through the 
use of  AAS. The deciduous teeth of  children who were 
not exposed to tobacco smoke exhibited higher levels 
of elements that are essential for the body’s physiological 
functions, such as Fe, Zn, K, Na, and Ca. In contrast, the 
deciduous teeth of children exposed to passive smoking 
exhibited lower levels of  these essential elements. Fur-
thermore, the study demonstrated higher levels of  toxic 
metals in the hard tissues of  the teeth of  children who 
were exposed to passive smoking at home.82 It is possible 
that these toxic metals originate from tobacco smoke.

Toxic metals are a  major contaminant in cigarette 
smoke, leading to the accumulation of these elements in 
calcified tissue of the teeth after entering the human body. 
This creates new conditions for the coexistence and oc-
currence of metals, which can be described using Czar-
nowski’s model of the equilibrium between biological and 
chemical cations.83 In their study, Malara et al. investigated 
the impact of smoking on the cationic equilibrium pres-
ent in the teeth of men.83 The study aimed to determine 
whether the consumption of cigarettes had any effect on 
the levels of Cd, Cr, Cu, Fe, Mn, Pb, Zn, K, Na, Ca, and 
Mg present in the hard tissues of men’s teeth, as well as 
on the constant value of the cationic equilibrium model. 
The research material consisted of extracted permanent 
teeth from both smokers and non-smokers. The results 
indicated that smokers exhibited higher levels of Cd, Cr, 
Cu, Pb, and Zn in their teeth, whereas the concentrations 
of K, Na, Ca, Mg, Fe, and Mn were lower in smokers’ teeth 
than those found in non-smokers. Additionally, the con-
stant value of cationic equilibrium in the teeth of smokers 
was observed to be lower than that of non-smokers.83 The 
abovementioned studies are summarized in Table 1.
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Table 1. Summary of the studies included in the literature review

Study Study design Aim of the study/study results

Rayad et al. 
20231 in vitro pilot study

The study evaluates the concentration of toxic metals in third molars obtained from residents 
of the Legnica–Głogów Copper District and identifies risk factors for metal accumulation.

Rayad et al. 
20232 in vitro pilot study

The study investigates the mercury content in impacted wisdom teeth of patients from the 
Legnica–Głogów Copper District and evaluates environmental exposure.

Bryła et al. 
20213 research article

The study measures the concentration of toxic metals in impacted third molars and adjacent 
bone tissue across different patient groups, revealing significant variations.

Fukunaka and Fujitani 
20184 review The study investigates the role of zinc homeostasis in the pathogenesis of diabetes and obesity.

Taniguchi et al. 
20135 experimental research The zinc transporter ZIP9/SLC39A9 is a critical regulator of B-cell receptor signaling pathways.

Ciosek et al. 
20236 review 

The study describes the interactions of iron, zinc, copper, cadmium, and mercury with bone 
tissue and discusses their potential health effects.

Brodziak-Dopierala et al. 
20097 research article

The study explores the interactions of copper and iron with other elements in the osseous tissue 
of the femoral head.

Kabata-Pendias and Mukherjee 
20078 book

The book traces the pathway of trace elements from soil to humans, emphasizing the 
environmental and health implications.

Otten et al. 
20069 book The guide provides dietary reference intakes for essential nutrients, including trace elements.

World Health Organization 
200710 guidelines

The report offers guidelines for the assessment of the iron status in populations and emphasizes 
the implications for public health.

Wang et al. 
201811 experimental research

Iron-induced oxidative stress stimulates osteoclast differentiation via the NF-κB signaling 
pathway in a mouse model.

Angus et al. 
198812 research article The study examines the relationship between dietary intake and bone mineral density.

Nriagu 
198913 research article The study provides a global assessment of the natural sources of atmospheric trace metals.

Collins et al. 
201014 review The article explores the metabolic crossroads of iron and copper, highlighting their interactions.

Wang and Shi 
200115 review The study investigates the molecular mechanisms underlying metal toxicity and carcinogenesis.

Dudek-Adamska et al. 
201816 research article The study analyzes chromium levels in postmortem material to assess environmental exposure.

Pietrzak et al. 
202117 research article

The study investigates the influence of arsenic, cadmium, mercury, and lead levels on the overall 
survival of patients with lung cancer.

Tvinnereim et al. 
200018 research article

The study identifies factors that influence the concentration of heavy metals in human primary 
teeth.

Alomary et al. 
201319 research article

The study measures lead, cadmium, copper, iron, and zinc levels in deciduous teeth of children in 
Jordan, identifying factors affecting their concentrations.

Amadi et al. 
201920 review The review explores natural antidotes and management strategies for metal toxicity.

Andersen 
200421 review

The review discusses the chemical and biological aspects of treating metal intoxications with 
chelating agents, emphasizing their mechanisms of action and effectiveness.

Fischer and Wiechuła 
201622 research article

The study reveals age-dependent changes in lead concentration in human teeth, indicating an 
increased accumulation with advancing age.

Fischer et al. 
201323 research article

The concentrations of elements in deciduous teeth vary with age, reflecting alterations in metal 
exposure and mineral metabolism as individuals grow older.

Malara et al. 
200524 research article

The study identifies factors influencing the presence of chromium in teeth, including 
environmental and dietary influences.

Fischer and Wiechuła 
201625 research article

The study explores the potential relationship between a child’s body weight and the 
concentration of metals in their deciduous teeth, revealing significant correlations.

Orzechowska-Wylęgała et al. 
201126 research article

The accumulation of cadmium and lead in deciduous teeth is higher in children with celiac 
disease or food allergies.

Yalçin et al. 
202127 research article

The study compares the element profiles in the blood and teeth of children with congenital 
heart disease to those of healthy children, demonstrating significant differences.

Sitarik et al. 
202028 research article

The exposure to lead in utero and in the early postnatal period is associated with changes in the 
infant gut microbiota.
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Study Study design Aim of the study/study results

Abdullah et al. 
201229 research article

There is a potential correlation between the presence of heavy metals in children’s tooth enamel 
and the occurrence of autism spectrum disorder and disruptive behaviors.

Dickerson et al. 
201730 review

There are potential sex differences in the relationship between metal exposure and autism 
spectrum disorder. Males and females may respond differently to the effects of metal toxicity.

Adams et al. 
200731 research article

The study compares the levels of mercury, lead and zinc in baby teeth between children with 
autism spectrum disorder and a control group, indicating higher levels in the former.

Figueroa-Romero et al. 
202032 research article Early life metal dysregulation is correlated with the development of amyotrophic lateral sclerosis.

Needleman et al. 
199033 research article

The study examines the long-term effects of low-dose lead exposure during childhood, showing 
its lasting impact on cognitive function.

Haavikko et al. 
198534 research article

The concentrations of zinc and copper in the deciduous teeth of Finnish children and 
adolescents are associated with early indicators of atherosclerosis.

Bauer et al. 
201735 research article

The correlation between manganese levels in teeth and neurobehavioral outcomes highlights 
the existence of sex-specific windows of susceptibility.

Gunier et al. 
201536 research article

Manganese levels in teeth are associated with neurodevelopmental outcomes in young 
Mexican-American children.

Horton et al. 
201837 observational study

Dentin biomarkers of prenatal and early childhood exposure to manganese, zinc and lead are 
associated with variations in childhood behavior.

Mora et al. 
201538 research article

The prenatal and postnatal manganese levels in teeth are linked to neurodevelopmental 
performance in children aged 7–10.5 years.

Henn et al. 
201839 research article

Using dentin microspatial analyses, researchers identify critical windows of susceptibility to 
manganese exposure that affect neurodevelopment.

Rísová  
201940 review 

The study identifies the pathway of lead transfer from the mother's body to the child, 
highlighting the risks associated with prenatal exposure.

Friedman et al. 
202241 research article

The study analyzes the presence of multiple metals in children’s deciduous teeth, revealing 
significant environmental exposure.

Anttila and Anttila 
198742 cross-sectional study

The trace element content in the enamel of deciduous incisors varies between children from 
rural and urban Finnish areas, as evidenced by proton-induced X-ray emission analysis.

Anttila 
198743 cross-sectional study

The enamel of deciduous teeth from high-radon areas exhibits a significantly higher lead content 
in comparison to enamel from areas with lower radon levels.

Järvinen et al. 
198444 analytical study

The concentrations of lead in deciduous molar enamel in Finland vary, with elevated levels 
detected in certain regions, suggesting the potential for environmental or occupational exposure.

Fosse and Justesen 
197845 environmental study

The concentration of lead in the deciduous teeth of Norwegian children is elevated, indicating a 
significant environmental or occupational exposure to lead.

Arora et al. 
200646 research article

The study uses the spatial distribution of lead in human primary teeth as a biomarker for pre- 
and neonatal lead exposure.

Asaduzzaman et al. 
201747 analytical study

Dentin from human teeth can serve as a bioindicator for heavy metal exposure and 
environmental pollution.

Wychowanski and Malkiewicz 
201748 research article

The study evaluates the concentration of metal ions in the hard tissues of teeth among residents 
in central Poland, revealing patterns of environmental exposure.

Nowak 
199549 research article

The study evaluates the prevalence of heavy metals and essential elements, including sodium, 
potassium and calcium, in human teeth, demonstrating regional variations.

Nowak and Chmielnicka 
200050 research article

The study examines the relationship between lead and cadmium and essential elements in the 
hair, teeth and nails of individuals who have been exposed to environmental factors.

Fischer et al. 
200451 research article

The study analyzes the content of lead in the teeth of individuals residing in the Silesian region, 
revealing elevated levels of contamination.

Malara et al. 
201652 research article

The study analyzes the presence of selected toxic and essential heavy metals in impacted teeth 
and mandibular bones of individuals exposed to environmental heavy metals.

Fischer et al. 
200853 analytical study

The study analyzes the co-occurrence of chromium with selected elements in impacted wisdom 
teeth, revealing significant interrelationships and potential sources of exposure.

Rzepnicka et al. 
200254 observational study

Microintoxication with lead, copper and zinc causes disturbances in the number of teeth among 
the youth from Legnica, Poland.

Malara et al. 
200555

environmental exposure 
assessment study

Environmental exposure affects the coexistence of cadmium and zinc in teeth, reflecting the 
extent of environmental contamination.

Malara and Kwapuliński 
200456

environmental exposure 
assessment study

The presence of metals in teeth is influenced by environmental factors, which can be useful in 
assessing population exposure.
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Study Study design Aim of the study/study results

Malara et al. 
200457 analytical study Lead interferes with the occurrence of essential elements in teeth.

Fischer et al. 
201458 analytical study

The study evaluates the concentration of barium in deciduous teeth, impacted teeth and facial 
bones of Polish residents, identifying variations associated with environmental exposure.

Fischer et al. 
200859 analytical study

The study analyzes the content of selenium in retained wisdom teeth, demonstrating a range 
of values.

Piekut et al. 
201860

environmental exposure 
assessment study

Primary teeth can serve as indicators of the extent of environmental exposure of children to 
heavy metals.

Wiechuła et al. 
200661 analytical study

The study reveals significant variation in metal concentrations in the teeth of residents of the 
Silesian region, indicating environmental impact.

Fischer et al. 
200962 analytical study

The concentrations of metals in the maxilla and mandible of deciduous and permanent teeth 
vary significantly.

Malara et al. 
200563

occupational exposure 
assessment study

The occurrence of selected metals in the teeth of coal miners is contingent upon age and the 
duration of employment.

Kwapuliński et al. 
200064

occupational exposure 
assessment study

The prevalence of selected metals varies among different types of teeth in coal miners.

Poczatek et al. 
200465

occupational exposure 
assessment study

The analysis indicates an occupational risk for industrial employees based on the concentration 
of specific elements in their teeth and body fluids.

Johnston et al. 
201966

environmental exposure 
assessment study

The presence of lead and arsenic in the deciduous teeth of children living near a lead-acid 
battery smelter indicates a considerable degree of environmental exposure.

Savabieasfahani et al. 
201667

environmental exposure 
assessment study

Prenatal metal exposure in the Middle East, as evidenced by the presence of traces in the 
deciduous teeth of children, is likely attributable to war-related pollution.

Haavikko et al. 
198468 observational study

The study reveals that the concentration of lead in both the enamel and dentin of deciduous 
teeth varies among children from 2 Finnish towns, indicating regional differences in 
environmental lead exposure.

Shishniashvili et al. 
201669

environmental exposure 
assessment study

Primary teeth and hair are reliable indicators of environmental pollution.

Tsuji et al. 
200170 observational study

The elevated levels of lead in the dentin of deciduous teeth collected from remote First Nations 
communities in the western James Bay region of northern Ontario, Canada, indicate significant 
environmental lead exposure in these communities.

van Wyk et al. 
198371 cross-sectional study

The elevated levels of lead in the deciduous teeth of children from selected urban areas in the 
Cape Peninsula indicate a higher degree of environmental lead exposure in these regions.

Lyngbye et al. 
199072 epidemiological study The levels of lead in children’s teeth are significantly associated with traffic-related lead exposure.

Gomes et al. 
200473 in vivo study

The lead content in the superficial enamel of deciduous teeth in preschool children is 
measurable, indicating environmental exposure to lead.

Fernandes and França 
202374 review 

Dental materials can contribute to nanometal and metal ion pollution in the dental environment, 
potentially impacting both patients and dental professionals.

Malara et al. 
200475 observational study Cigarette smoking increases the presence of cadmium and lead in the hard tissues of the teeth.

Malara et al. 
200676 observational study Passive smoking elevates the levels of selected metals in deciduous teeth.

Malara et al. 
200477 observational study

Lead and cadmium are present in the deciduous teeth of children exposed to cigarette smoke in 
their apartments.

Malara et al. 
200578 observational study Cigarette smoking affects the coexistence of cadmium and zinc in retained wisdom teeth.

Alhasmi et al. 
201579 observational study

The concentration of toxic elements in the teeth of smokers is higher than in the teeth of non-
smokers. These levels correlate with adverse periodontal parameters.

Olovčić et al. 
201980 cross-sectional study

The concentrations of metals in human enamel and dentin are influenced by sex, geographic 
location and smoking habits.

Fischer et al. 
200981 observational study Passive smoking affects the levels of lead and chromium in deciduous teeth.

Fischer et al. 
201182 observational study

The study evaluates the impact of passive smoking on the metal content in deciduous teeth, 
showing a significant exposure risk.

Malara et al. 
200483 analytical study Cigarette smoking affects the cationic equilibrium in men’s teeth.
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Limitations 

It is important to consider a number of potential bias-
es in this review. One potential source of bias is the use 
of language. The review included only articles written in 
English and Polish. Another potential source of  bias is 
publication bias, which can occur when only studies with 
significant findings are published. It is important to note 
that this narrative review is limited to studies published 
between 1978 and 2023. Consequently, research pub-
lished outside of the specified time frame may have been 
excluded.

Conclusions
The accumulation of toxic metals in the human body is 

an important issue due to its potential to result in a vari-
ety of adverse health outcomes. A visible sign of exposure 
to such substances is the development of oral complica-
tions. Human teeth can be negatively impacted by envi-
ronmental chemicals, drugs, or physical agents during 
both embryonic development and after they emerge in 
the oral cavity. According to the presented publications, 
the concentration of heavy metals in human teeth is in-
fluenced by both environmental and non-environmental 
factors. The findings of  these studies suggest that teeth 
can serve as a valuable tool for monitoring the presence 
of pollutants in the environment. It is crucial to emphasize 
the urgent need to minimize exposure to hazardous met-
als. The accumulation of toxic metals, such as Pb, Cd and 
Hg, can lead to structural damage to the teeth and gums. 
The presence of  these metals can result in the weaken-
ing of tooth enamel, thereby increasing the susceptibility 
of the teeth to the development of cavities and mechani-
cal damage. The presence of toxic metals in the body can 
disrupt the balance of  the oral microbiota, fostering the 
growth of cavity-causing bacteria and increasing the risk 
of  tooth decay. Toxins can affect tooth mineralization, 
resulting in weakened teeth that are more susceptible to 
erosion and fractures. In children, toxic metals can im-
pede the normal development of  the teeth, resulting in 
complications with tooth eruption and deformities. Ad-
ditionally, heavy metals can affect inflammation and gum 
health, potentially leading to chronic periodontal diseas-
es, such as gingivitis and periodontitis. Toxins present in 
the body can affect the effectiveness of dental treatments 
and interactions with medications used for oral health is-
sues.1–3 The presence of toxic metals in the body can lead 
to significant adverse consequences for overall health. 
Metals such as Pb and Hg are recognized for their det-
rimental effects on the nervous system. The exposure to 
Pb may result in cognitive impairments, developmental 
delays in children and various neurological disorders. On 
the other hand, the exposure to Hg can lead to tremors, 
memory loss and additional neurological complications. 

Heavy metals, including Cd and Hg, can accumulate in 
the kidneys, resulting in a  gradual impairment of  their 
functionality. This accumulation may cause kidney dam-
age or disease, thereby compromising the body’s capac-
ity to filter waste and regulate fluid balance. Additionally, 
toxic metals can affect cardiovascular health. For example, 
Cd has been associated with hypertension and atheroscle-
rosis, while Pb exposure has been shown to increase the 
risk of heart disease. Prolonged exposure to specific met-
als can weaken the immune system, increasing suscepti-
bility to infections and illnesses. This decline in immune 
function can adversely affect the body’s overall ability to 
combat diseases and sustain health. Certain toxic metals 
have the potential to interfere with endocrine function, 
impacting hormone equilibrium and resulting in compli-
cations such as thyroid dysfunction, reproductive issues 
and metabolic irregularities. Prolonged exposure to spe-
cific heavy metals has been associated with an increased 
risk of cancer development. Notably, As and Cd are rec-
ognized as carcinogens that play a role in the onset of dif-
ferent cancer types.1–3,6 Reducing exposure to hazardous 
metals requires a multifaceted approach involving strict 
regulations, increased public awareness and enhanced 
monitoring systems. Governments and environmental 
agencies must implement and enforce rigorous guidelines 
to limit the release of toxic metals into the environment. 
Public education campaigns should raise awareness about 
the sources and risks of metal exposure, encouraging indi-
viduals to take preventive measures. Additionally, techno-
logical advances can improve the detection and analysis 
of metal concentrations in teeth, providing valuable data 
for environmental health studies. Furthermore, interdisci-
plinary collaboration among scientists, healthcare profes-
sionals and policymakers is crucial for the development 
of effective strategies to mitigate the impact of toxic met-
als on human health. By integrating findings from dental 
research with broader environmental health studies, we 
can gain a more comprehensive understanding of the im-
pact of these metals on various aspects of health and well-
being. This holistic approach will enable the formulation 
of  targeted interventions to reduce metal exposure and 
the associated health risks.
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