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ABSTRACT

InThe aim of this study was to analyze oral hygiene maintenance habits and the correctness of applying
oral hygiene methods among students of the Faculty of Dentistry and students of other faculties at the
University of Sarajevo, with focus on assessing the importance of oral hygiene in the prevention of
gingivitis.

Materials and methods: The study included 30 students from the Faculty of Dentistry and 30 students
from other faculties. The age of participants ranged from 21 to 26 years. All participants signed informed
consent for voluntary participation prior to the examination. Data were recorded on specially designed
forms. Inclusion criteria were systemic health and absence of ongoing therapy.
All participants answered questions regarding harmful habits, oral hygiene practices, and regular dental
visits. A clinical examination of the gingiva was performed, including the assessment of periodontal
indicesand diagnostic tests.

Results: Dental students demonstrated better oral hygiene habits and gingival health compared to
students from other faculties. Plaque, calculus, and gingival index values were lower among dental
students, while signs of gingival inflammation—such as redness, smooth surface, and a positive Pitting
test—were more common among students of other faculties. Dental students more frequently used
interdental cleaning aids and regularly visited the dentist, indicating a higher level of knowledge and
awareness regarding oral health.

Conclusion: The results confirm that education plays a key role in maintaining oral health and highlight
the need for preventive and educational programs even among populations not belonging to the dental
profession.

Keywords: student, oral hygiene, harmful habits.
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Introduction

Gingivitis caused by poor oral hygiene, along with
dental caries, is among the most common diseases in
school-aged and student populations [1, 2]. Numerous
reports from various countries describe studies on oral
health, knowledge, and behaviors among dental
students [3, 4, 5]. However, few studies have assessed
the awareness of dental students regarding gingival
health by comparing their clinical parameters and self-
assessments with those of students from other
faculties [1].

Plaque accumulation along the gingival margin
leads to gingival inflammation [6, 7]. This inflamma-
tory condition, known as gingivitis, is characterized by
gingival redness, edema, and bleeding on probing,
without visible loss of alveolar bone or supporting
tooth structures [8, 9]. Based on epidemiological and
experimental studies, dentists recommend effective
oral hygiene to control dental plaque and maintain
optimal oral health [10].

Educating students about their oral health
increases awareness of oral hygiene as the most
important measure in preventing gingivitis [11]. This
research focuses on assessing the level of oral hygiene
among students of the Faculty of Dentistry compared
to students of other faculties at the University of
Sarajevo, with special emphasis on the importance of
oral hygiene education in the prevention of gingivitis
and further progression of periodontal diseases.

The aim of the study was to analyze oral hygiene
maintenance habits and the correctness of applying
oral hygiene methods among students of the Faculty of
Dentistry and students from other faculties of the
University of Sarajevo, with special emphasis on
evaluating the importance of oral hygiene in the
prevention of gingivitis.

Materials and Methods

The study included 30 students of the Faculty of
Dentistry and 30 students from other faculties of the
University of Sarajevo. The research was approved by
the Ethics Committee of the Faculty of Dentistry with
the Dental Clinical Center in Sarajevo, no: 02-3-4-19-2-
3/2024, dated 14.02.2024.

The age of participants ranged from 20 to 26 years.
All participants signed informed consent for voluntary
participation prior to the examination. Data collected
during the examination were entered into specially
designed forms created for this study, without
recording participants' names.

The research was conducted during student practi-
cal sessions in the summer semester of the 2023 /2024
academic year. Inclusion criteria were:

>  systemichealth,
>  no chronicdisease therapy,
> noantibiotic use in the past 6 months,

> no professional dental cleaning in the
past 6 months.

Exclusion criteria were:

>  presence of systemic disease,

>  currentuse of any therapy,

>  antibiotic use within the past 6 months,

> professional dental cleaning within the
past 6 months.

This study was designed as a cross-sectional study.

All participants answered questions regarding
harmful habits, oral hygiene practices, and regular
dental visits. A clinical gingival examination was
performed, including the assessment of periodontal
indices and diagnostic tests.

Statistical Analysis

The data were processed using standard statistical
methods with the SPSS statistical software package
(Statistical Package for Social Sciences), version 21.0.
Results were presented as mean value (X) and
standard deviation (SD), as well as absolute numbers
and percentages. The Shapiro-Wilk test was used to
assess deviations from normal distribution. Since
numerical variables followed a normal distribution,
the results were analyzed using the student's t-test.
The chi-square test or Fisher's exact test was used to
analyze the relationship between categorical variables.
A p-value of <0.05 was considered statistically
significant.
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Table 1.

Demographic characteristics and oral hygiene in the examined groups

Group 1 Group 2
Variable — students from — students of the p
other faculties faculty of Dentistry
Gender
Male 10 (33,3%) 11 (36,1%)
0,662
Female 20 (66,7%) 19 (61,3%)
Year of study
First year 5(16,7%) 0(0,0)
Second year 4 (13,3%) 0(0,0)
Third year 10 (33,3%) 0(0,0)
Fourth year 5(16,7%) 10 (33,3%) -
Fifth year 6 (20,0%) 7 (22,6%)
Sixth year 0(0,0) 14 (45,2%)
Oral hygiene
Toothbrush and toothpaste 8 (26,7%) 0 (0,0%)
Toothbrush, toothpaste, and dental floss 8 (25,8%) 9 (30,0%)
Toothbrush, toothpaste, and interdental brushes 3(10,0%) 7 (22,6%) -
Toothbrush, toothpaste, and mouthwash 4 (13,3%) 1(3,2%)
All combined 6 (20,0%) 15 (48,4%)
Frequency of brushing
1x 1(3,3%) 1(3,2%)
2x 19 (61,3%) 21 (70,0%)
3x 6 (20,0%) 9 (29,0%) -
3x 2 (6,7%) 2 (6,6%)
l  Brushing duration
Up to 3 minutes 22 (71,0%) 23 (76,7%)
From 3 to 5 minutes 5(20,0%) 8 (25,6%) _
Longer than 5 minutes 1(3,3%) 1(3,2%)
Dental visits
As needed 7 (23,3%) 4 (12,9%)
Every 6 months 6 (20,0%) 13 (41,9%)
Every 3 months 12 (40,0%) 8 (25,8%) 0,233
Once a year 5(20,0%) 6 (19,4%)
Smoking
12 (40,0%) 9 (29,0%) 0,367

The results are presented as absolute numbers (N) and as percentage values (%).
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Table 2.

Plaque index, calculus index, and gingival bleeding index in the examined groups

Group 1 - students

Variable from other faculties  of the faculty of Dentistry ’
Plague index 1,40+0,14 0,64+0,09 <0,001
Calculus index 1,40+0,20 0,58+0,09 0,004
Gingival bleeding index 2,0310,23 1,03+0,17 0,002

Group 2 - students

The results are presented as mean + standard deviation (X + SD).

Results

The plaque index in the group of students from other
faculties was 1.4 * 0.14, which was statistically
significantly higher than the plaque index value in the
group of dental students, 0.64 = 0.09 (p < 0.001).
The calculus index in the group of students from other
faculties was 1.40 = 0.20, which was statistically

significantly higher than the calculus index value in the
group of dental students, 0.58 + 0.09 (p = 0.004).

The gingival bleeding index in the group of students
from other faculties was 2.03 + 0.23, which was
statistically significantly higher than the value
recorded in the group of dental students, 1.03 + 0.17 (p
=0.002) (Table 2).

Table 3.

Results of dental examination and oral hygiene assessment

Group 1 - students

Variable from other faculties  of the faculty of Dentistry °
Gingival color
Normal 10 (33,3%) 24 (77,4%)
Intensely red 5(16,7%) 0 (0,0%) 0,001
Mildly red 15 (50,0%) 7 (22,6%)
Gingiva
Stippled (orange peel) 7(23,3%) 22 (71,0%)
Smooth, shiny 20 (66,7%) 9 (29,0%) _
Enlarged 3 (10,0%) 0 (0,0%)
Positive Pitting Test 14 (46,7%) 3(9,7%)
Student self-assessment
Excellent 4(13,3%) 11 (35,5%)
Good 23 (76,6%) 17 (54,8%)
Insufficient 3(10,0%) 2 (63,5%) 0,001
Poor 0 (0,0%) 1(3,2%)
Assessment by the dentist
Excellent 0(0,0%) 11 (35,5%)
Good 14 (46,7%) 19 (61,3%)
Insufficient 14 (46,7%) 1(3,2%) -
Poor 2 (6,7%) 0(0,0%)

Group 2 - students

The results are presented as absolute numbers (N) and percentages (%).
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Normal gingival color in the group of students
from other faculties was recorded in 10 participants
(33.3%), while in the group of dental students it was
recorded in 24 participants (77.4%).

Intensely red gingival color in the group of
students from other faculties was present in 5
participants (16.7%), whereas no such cases were
recorded among dental students.

Mildly red gingival color was observed in 15
participants (50.0%) in the group of students from
other faculties, compared to 7 participants (22.6%) in
the group of dental students. The difference in gingival
color between the examined groups was statistically
significant (p=0.001).

Stippled (orange peel) gingiva was most
commonly recorded in the group of dental students,
with a frequency of 22 (71.0%), whereas smooth,
shiny gingiva was predominant in the group of
students from other faculties, recorded in 20 (66.7%).

A positive Pitting test was found in 14 participants
(46.7%) in the group of students from other faculties,
compared to only 3 participants (9.7%) in the group of
dental students. The difference in the frequency of
positive Pitting test findings between the groups was
statistically significant (p = 0.001).

Good oral hygiene (self-assessed) was most
frequently reported among students from other
faculties, recorded in 23 participants (76.6%), whereas
in the group of dental students it was reported in 17
participants (54.8%).

Good and insufficient oral hygiene assessed by
the dentist was most frequent in the group of students
from other faculties, recorded in 14 participants
(46.7%).

Good oral hygiene assessed by the dentist was
most frequent in the group of dental students,
recorded in 19 participants (61.3%).

Discussion

The results of this study showed that students of the
Faculty of Dentistry exhibited significantly better oral
hygiene parameters and periodontal status compared
to students from other faculties. Plaque index, calculus
index, and gingival bleeding index values were
significantly lower among dental students (p < 0.001; p
= 0.004; p = 0.002), indicating a higher level of

awareness regarding the importance of regular oral
hygiene and the prevention of periodontal diseases.

These findings are consistent with previous studies
demonstrating that dental students, due to their
education and professional orientation, pay more
attention to oral health and proper hygiene techniques
[12,13].

Rahman and Kawas reported that dental students
in the United Arab Emirates had better oral health and
a lower prevalence of gingivitis compared to the
general population, which was attributed to greater
education and knowledge of periodontal disease
etiology [5].

Similar results were reported by Khami et al., who
noted that dental students develop positive habits and
awareness of oral hygiene early in their studies, while
students from other faculties often maintain oral
hygiene irregularly and without adequate tools [4].

Our findings, showing that almost half of dental
students (48.4%) used all available oral hygiene aids
(toothbrush, dental floss, interdental brushes, and
mouthwash), support this trend.

In contrast, among students from other faculties,
the basic form of hygiene—using only a toothbrush
and toothpaste—was dominant (26.7%), indicating
limited awareness of the importance of interdental
cleaning.

This pattern aligns with the findings of AlGhamdi et
al.,, who showed that oral hygiene habits among high
school students in Saudi Arabia are generally poor,
with a high prevalence of gingivitis and early
periodontal disease [12, 13].

Plaque and calculus index values in our study were
directly related to poorer hygiene habits and lower
levels of knowledge on periodontal diseases,
consistent with findings by Baiju et al., who identified
low education and irregular brushing as predictors of
early periodontal changes in adolescents [11].
These results further confirm the etio-pathogenic role
of dental plaque and calculus in the development of
gingival inflammation, which has been described in
classical studies by Loe et al. (10) and in modern
research by Kornman [6] and Trombelli et al. [9].
Clinical analysis of gingival conditions showed that
normal gingival color and texture (“orange peel”) were
significantly more frequently recorded among dental
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students, whereas red and smooth gingiva, as well as
positive Pitting test results, were considerably more
common in students from other faculties (p = 0.001).

These differences indicate the presence of
inflammatory changes in individuals with poorer oral
hygiene and confirm the association between clinical
parameters and plaque and gingival bleeding indices.
Similar correlations were reported by Kriiger et al,
who found that hygiene habits, brushing frequency,
and regular dental check-ups are key factors in
maintaining gingival health [2].

An important finding of this study is that students
from other faculties most often visited the dentist “as
needed” (23.3%), while dental students visited the
dentist more regularly, every three to six months.
This corresponds with findings by Kawamura et al,
who showed that cultural and educational factors
significantly influence dental habits and behaviors
among students in various countries [4].

No significant difference in brushing frequency was
observed between the groups, suggesting that
frequency alone is not sufficient if technique and
additional hygiene aids are not properly used.
Baser et al. also emphasized the discrepancy between
self-perceived hygiene and objective clinical findings,
which our results confirm—students from other
faculties most frequently rated their own hygiene as
"good,” although clinical measurements showed
higher levels of plaque, calculus, and gingival bleeding
[1].

In a broader context, our findings confirm that
education plays a crucial role in the prevention and
control of periodontal disease. Regular education,
practical training in proper oral hygiene, and
motivation for routine dental check-ups should be part
of preventive programs even for non-dental students.
This could help reduce the prevalence of gingivitis and
early periodontal disease in young adults, as
previously noted by AlGhamdi et al. and Baijuetal. [11,
12,13].

Conclusion

The results of this study clearly indicate that
students of the Faculty of Dentistry have significantly
better oral hygiene and gingival health compared to
students from other faculties. Lower plaque, calculus,

and gingival index values among dental students
reflect a higher level of knowledge, awareness, and
correct implementation of oral hygiene habits. In
contrast, students from other faculties showed more
pronounced signs of gingival inflammation, greater
presence of dental plaque and calculus, and less
frequent use of additional hygiene aids such as dental
floss and interdental brushes.

The findings confirm that education and
professional awareness play a key role in forming
proper hygiene habits and preventing periodontal
disease. These results highlight the need to introduce
preventive and educational oral health programs even
among non-dental students to increase awareness
about the importance of regular hygiene and timely
dental check-ups.

Further studies with a larger sample size and
additional parameters—such as knowledge level,
attitudes, and motivation toward oral health—could
contribute to better understanding of how education
and behaviors influence the periodontal status of
young adults.
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ABSTRACT

Objective: Investigate the relationship between age, gender and dental status with changes in the
osseous structures of the TM]J.

Material and Methods: The study included 110 CBCT images of patients. According to age, the CBCT
images of patients were divided into three groups: 20-40 years old, 40-60 years old, group over 60 years
old. According to dental status, the images of patients were divided according to the Eichner's
classification I, I and III. Analysis and measurements, vertical, linear and angular were performed on
CBCT images: condylar morphology, medio-lateral and antero-posterior width condyles, height and
inclination of the articular eminence and depth of the glenoid fossa.

Results: One-way ANOVA revealed no statistically significant differences in any TM] measurements
across Eichner classes [, II, and IIl and between the different age groups. Significant difference was
observed for antero-posterior condylar width between the age groups (p = 0.016). Males showed
significantly greater medio-lateral condylar width (p = 0.0006), as well as a larger articular eminence
height and inclination (p = 0.003, p = 0.006,), and a greater glenoid fossa depth (p =0.0036) compared to
females. Coronal morphology was not significantly associated with sex and age. Sagittal condylar
morphology showed a trend toward statistical significance in relation to age (p = 0.055).

Conclusion: Antero-posterior condylar width was significantly shorter with increasing age. Men showed
significantly greater medio-lateral condyle width, articular eminence height and inclination, and greater
glenoid fossa depth in relation to women. Dental status classified according to Eichner showed no
measurable association with temporomandibular joint morphology in this sample. Only sagittal condylar
morphology showed a trend toward statistical significance with respectto age.

Keywords: Tooth loss, Temporomandibular joint, Articular eminence, Condyle morphology, Cone-Beam
Computed Tomography
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Introduction

The temporomandibular joint (TM]) is a specific
joint of vital importance, as it enables mandibular
movements during mastication, swallowing, and
speech. Any morphological or functional alteration
leads to disruption of normal function. Throughout life,
continuous adaptation and remodeling of these
structures occur. The process of physiological
remodeling represents the TM]'s response to
masticatory forces and loading [1, 2]. Furthermore, the
process of remodeling of the mandibular condyles and
associated osseous changes may be response to
degenerative alterations within the temporomandi-
bularjoint (TM]) [3-5].

Cone-Beam Computed Tomography (CBCT) is the
method of choice for assessing and diagnosing
morphological changes of the TM], providing accurate
and precise analysis of osseous structures and detailed
information on all present pathological processes [6].
Morphological changes of the TM] associated with
excessive loading or tooth loss remain a subject of
ongoing research. The articular eminence, as the
anterior border of the articular surface of the
mandibular fossa influences the kinematics of the joint
through its shape and size and determines the
inclination of the condylar path. Its morphological
change can be associated with dental status [7].

Previous studies have shown that patients with loss
of posterior tooth may have changes in terms of the
inclination of the articular eminence and the reduction
of the depth of the glenoid fossa [8-10]. Changes in the
dental status increase the loading on the condyle and
articular eminence, resulting in structural changes of
the TM] in terms of functional adaptation or functional
disorders [11]. While some studies report a steeper
articular eminence and greater depth and height of the
mandibular fossa in patients with temporomandibular
disorders (TMD), other studies indicate that
individuals without TMD present with a steeper
articular eminence [12, 13]. Changes in the osseous
structures of the temporomandibular joint, anatomical
and functional as well as the inclination of the
mandibular condyle, may be associated with
dislocation of the articular disc ]14, 15].
The aim of the study is to investigate the relationship
between age, sex and dental status with changes in the
osseous structures of the temporomandibular joint.

Subjects and methods

In this retrospective study, the sample consists of
CBCT images of patients, who were previously
recorded for diagnostics, therapy and treatment
planning, archived in the database of the Radiology
Department of the Faculty of Dentistry, University of
Sarajevo. The Ethical committee of the Faculty of
Dentistry University of Sarajevo issued its approval of
this research under no: 02-3-4-19-2-2/2023. The
study included 110 CBCT images of patients from the
Bosnian-Herzegovinian population. According to age,
the CBCT images of patients were divided into three
groups:

group 20-40 years old, group 40-60 years old and
group over 60 years old.

According to dental status, the images of patients
were divided according to the Eichner's classification:

>  C(lass I - antagonistic contact of teeth exists in
all four supporting zones,

>  C(lass II - antagonistic contact of teeth exists in
one, two or three supporting zones or only in
the area of the frontal teeth

> C(lass III - absence of antagonistic occlusal
contact in the supporting zones with a few
remaining teeth or complete edentulism in one
orboth jaws.

CBCT images showing fractures or pathological
processes on the structures of the temporo-
mandibular joint and mandible, as well as
developmental anomalies were excluded from
the study. Also, images of patients younger
than 20 years were not included due to
incomplete growth. The imaging was
performed using a Galileos Comfort plus
(Sirona Dental Company, Germany). The field
of view (FOV) was a spherical volume of 15.4
cm, collimated to 15 x 85 cm, with an
operating voltage of 98 kV, current of 3-6 mA,
exposure time of 14 s, and isotropic voxel size
of 0.25/0.125 mm. The recording was
performed with the mouth closed. The
patient's head was positioned so that the
Frankfurt plane was parallel to the floor. CBCT
images were placed in the position of
multiplanar reconstruction - MPR ensuring
that sections were analyzed in accordance
with the correctly positioned head of the
patient and the area of analysis. CBCT images
were analyzed and measured in sagittal,
coronal and axial sections. For data analysis
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and measurements, Sidexix 4 software for
diagnostics and three-dimensional treatment
planning was used.

Analysis and measurements, vertical, horizontal
linear and angular were performed on CBCT
images:

1. Condylar morphology was analyzed in coronal
and sagittal sections. The coronal plane was
aligned parallel to the long axis of the condyle,
and the sagittal plane was oriented
perpendicular to the coronal plane. Condyles
were classified as convex, round, flat, angular,
or irregular in shape in the coronal plane [16,
17]. In the sagittal plane, condyles were
classified as round and flat [18].

2. Medio-lateral (ML) width of the right and left
condyles was measured in the coronal section
from the point of the medial to the point of the
lateral pole of the condyle at the widest section
of the condyle.

3. Antero-posterior (AP) width of the right and
left condyles was measured in the sagittal
section from the most anterior to the most
posterior point of the widest condylar section.
The sagittal section evaluated where the
mediolateral width of the condyle was the
greatest on the axial section, which represents
the reference [19, 20].

4. Height and inclination of the articular
eminence were measured in the sagittal
section. The axial section where the widest
mediolateral diameter of the condyle was used
as a reference for the reconstruction of the
sagittal section. The height of the articular
eminence was measured as the vertical
distance between the lines passing through
the highest point of the glenoid fossa and the
lowest point of the articular eminence. The
inclination of the articular eminence was
determined as the angle between the plane
passing through the highest point of the
glenoid fossa and the lowest point of the top of
the articular eminence with the Frankfurt
horizontal. Measurements were made on the
central sagittal section of the condyle [20, 21].

5.  Depth of the glenoid fossa was measured as
the vertical distance between the highest point
of the glenoid fossa and the line passing
through the lowest point of the articular
eminence and postglenoid process [12].

Statistical methods of data analysis

Descriptive statistics were calculated for all
demographic and morphometric variables. To
compare the right and left temporomandibular joint
(TMJ) measurements paired t-tests were used.

Morphometric differences between age groups
were analyzed with a one-way ANOVA. Sex-related
differences in TM] measurements were checked using
independent-samples Welch's t-tests, which seemed
more appropriate due to some unequal variances. The
effect of dental status, classified by the Eichner index
(I-11I), on TM] morphology was also examined using
one-way ANOVA, and Tukey's post-hoc tests were
applied when needed. Associations between
categorical variables, including condylar morphology
(both coronal and sagittal) and sex, age group, or
Eichner class, were evaluated with chi-square tests.
Pearson's correlation coefficients were computed to
explore linear relationships between selected
morphometric variables—specifically AP width with
fossa depth, eminence angle with fossa depth, and ML
width with the eminence angle. These correlations
were checked just to see if they moved together in any
meaningful way.

A multiple linear regression model was used to
assess the combined influence of sex, age group,
Eichner classification, and glenoid fossa depth on the
articular eminence angle. Model diagnostics were
inspected, though briefly, and explanatory strength
was reported using adjusted R% In addition, a
multinomial logistic regression was performed to
determine whether sex, age group, and Eichner
classification predicted the different coronal condylar
morphology types, using the round shape as the
reference. Odds ratios (ORs) with 95% confidence
intervals were presented, but results for the irregular
morphology type were interpreted cautiously because
it appeared very rarely. A significance level of p < 0.05
was considered statistically important for all analyses.
All statistical procedures were carried out using R
software (version 4.1.2)

Results

In this study, the sample included CBCT images of
110 patients, 220 temporomandibular joints and
1.540 measurements. Of the total, 45 (40.9%) were
men and 65 (59.1%) were women. According to age
groups, the group of 20-40 years included 22 (20%)
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subjects, the group of 40-60 years 66 (60%) and the
group over 60 years 22 (20%). According to dental
status (Eichner class) group I included 30 (27.3%),
group I145 (40.9%) and group I11 35 (31.8%) images.

No statistically significant differences were found
between the right and left sides of TM] for any of the
parameters that were analyzed (p > 0.05). The
distribution of values for each parameter is shown in
Figure 1.

One-way ANOVA revealed no statistically significant
differences in any temporomandibular joint
measurements across Eichner classes I, 1I, and III
(Table 1). Follow-up Tukey post-hoc comparisons
confirmed the absence of pairwise differences
between any Eichner groups (all adjusted p > 0.12)
(Table 2). These findings indicate that tooth loss
classification according to Eichner did not show
measurable association with TM] morphology in this
sample.

The one-way ANOVA showed no statistically
significant differences between the different age
groups for medio-lateral condylar width, articular
eminence height and inclination, or the depth of the
glenoid fossa (p > 0.05). However, a statistically
significant difference was observed for antero-
posterior condylar width between the age groups (F =
4.29, p = 0.016), suggesting that AP condylar
dimensions may change with increasing age. The
distribution of AP condylar width in relation to age
groups is illustrated in Figure 2. Tukey post-hoc
analysis revealed that AP condylar width is
significantly shorter in age group 60+ compared to 40-
60 (p = 0.014), while differences between other age
groups are not statistically significant.

Males showed significantly greater medio-lateral
condylar width (p = 0.0006), as well as a larger
articular eminence height and inclination (p = 0.003
and p = 0.006, respectively), and also greater glenoid
fossa depth (p = 0.0036) when compared to females.
On the other hand, no statistically significant difference
was noted in the antero-posterior condylar width
between the two sexes (p > 0.05) (Table 3). Boxplot
figures of the parameters that showed significant
differences between males and females are presented
in Figure 3.

The analysis of the distribution of condylar
morphology in the coronal plane with different dental
status showed in Eichner class I, the most common
forms of condyles were round and angular (41.38%,
41.38%) for the right TM] and left TM] (40.00%,
33.33%). In class II, the most common shape was

Table 1.
TMJ morphology according to Eichner classification
(mean £ SD, with ANOVA p-values)

Parameter

ML width (mm)
AP width (mm)

Eminence height (mm)
Eminence angle (°)

Fossa depth (mm)

Eichner |
(mean % SD)

16.33+£2.13
7.38 £0.92
8.14+1.12
46.28 +7.01

8.46 +1.22

Eichner Il
(mean % SD)

16.52 +2.05
7.59 £0.91
821 1.1
46.20+7.18
8.54 +1.22

Eichner Il
(mean % SD)

16.39 + 2.09
7.48 £0.89
8.18+1.12
46.05+7.18
8.45+1.21

Figure 1.
Right and left TMJ (AP condyle width, eminence inclination,
eminence height, glenoid fossa depth, ML condyle width)

AP condyle width (mm) Eminence angle (°) Eminence height (mm)
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angular on the right condyle (34.09%), followed by
round and flat shape equally (27.27%), while on the
left side of the TM] the most common shape was flat
condyle (40.00%), followed by round and angular
shape equally (26.67%). In Class III, the flat shape of
the condyle for the right and left TM] was dominantly
present (44.12% and 41.18%). In the sagittal plane,
the dominant shape of the condyles of the right and left
TM] with different dental status was round, class I
(83.33%,83.33%)), class II (73.33%,71.11%), class III
(65.71,62.86%). There was no statistically significant
association between coronal and sagittal condylar
morphology and Eichner classification (x* = 11.68 p =
0.166), (x*=2.59,p=0.274), (x* (2) =3.37,p=0.186).

There was no statistically significant association
between coronal condylar morphology and sex (x> =
5.52, p = 0.24). In a similar way, coronal morphology
was also not significantly associated with age group ()?
= 12.98, p = 0.11). However, sagittal condylar
morphology showed a trend toward statistical
significance in relation to age (p = 0.055). The

12
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Table 2.
Tukey post-hoc comparisons
between Eichner classes for all TMJ parameters

Table 3.
Sex differences in temporomandibular joint
parameters (ML width, eminence angle, and fossa depth).

Mean

Parameter differenc

Comparison

e‘ 95% CI

ML means [I-l 0.347 | -0.826-1.521
0492 | -0.747-1.731

0.145 | -0.977-1.267

Male Female Mean 95% CI

Parameter | 1 ean+SE | mean+SE |difference

ML width |17.22+£0.32 [11582£0.23| 140 | 0.61-2.18

AP width | 7.60+0.13 | 7.38 £0.12 022 |-0.14-0.57

AP means - -0.132 | -0.651-0.387
-0.458 | -1.006-0.09
-0.325 | -0.822-0.171

Eminence

height 8.54+0.164|789+0.128 | 065 | 0.23-1.06

Eminence |48.41+1.06(4465+0.83 | 3.77

1.08 - 6.45
angle

Eminence height - -0.107 | -0.728-0.514
means 0.009 | -0.646-0.665
0.116 | -0.478-0.71

Fossa depth | 8.89 £ 0.19 | 8.19+0.14 0.70 0.23-1.17

Eminence angle - 0.464
means

-3.561-4.479
0.336 | -3.902-4.574
-0.127 | -3.966-3.712

Figure 3.
Sex differences in TMJ

Fossa depth - -0.219 | -0.912-0.474
means 0425 | -0.857-0.607

0.094 | -0.569-0.757

Figure 2.
Antero-posterior condylar width according to age group
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percentage distribution of different condylar shapes
according to sex and age groups is shown in Tables 4
and 5.

A moderate positive correlation was found between
antero-posterior condylar width and glenoid fossa
depth (r = 0.255, p = 0.007), as well as between
articular eminence inclination and fossa depth (r =
0.271, p = 0.004). In addition, a significant positive
correlation was also observed between medio-lateral
condylar width and articular eminence inclination (r =
0.254, p = 0.007). The correlation coefficients and
related p-values are presented in Table 6.

A multiple linear regression model was constructed
to evaluate the combined influence of sex, age group,
Eichner classification, and glenoid fossa depth on
articular eminence inclination. This model excluded
medio-lateral and antero-posterior condylar width, in
accordance with anatomical considerations indicating
that condylar size does not directly determine
eminence inclination.

The overall model was statistically significant (F =
2.32, p = 0.039), explaining 11.9% of the variance in
articulation eminence inclination (adjusted R* =
0.068). Among the included predictors, only glenoid
fossa depth showed a statistically significant effect on
articular eminence inclination ( = 1.21, p = 0.033). A
deeper fossa is associated with a steeper articular
eminence slope. Sex showed a trend toward
significance (p = 0.054), with males tending to exhibit
slightly steeper eminence inclinations, although this
did not reach the conventional 0.05 level. Age group
and Eichner classification were not significant
predictors (all p > 0.40) (Table 7.).
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Table 4.
Distribution of coronal condylar morphology
according to sex (%)

Table 7.
Multiple linear regression predicting articular
eminence inclination

Round | Convex Flat Angular | Irregular Predictor Est(lg;ate Std. Error T p-value
Male 311 22 35.6 28.9 22 Intercept 36.56 5.36 6.82 <0.001
Female 327 9.7 226 355 0.0 Sex (Female) -2.76 1.42 -1.95 0.054
Age 40-60 (20-40) 1.38 1.85 0.75 0.455
Table 5. Age 60+ (20-40) 195 242 0.81 0.422
Distribution of coronal condylar morphology -
according to age group (%) Eichner Il () 0.06 1.75 004 | 0971
Eichner Il (1) -0.83 1.98 -0.42 0.676
Round | Convex Flat Angular | Irregular
Fossa depth (mm) 1.21 0.56 2.16 0.033
20-40 38.1 9.5 14.3 38.1 0.0
40 - 60 35.9 3.1 281 32.8 0.0
60+ 13.6 13.6 40.9 27.3 46
was assessed using variance inflation factors (VIF),
which remained below 5 for all predictors.
Homoscedasticity and linearity were additionally
Table 6. verified through residual vs fitted plots.

Correlation between selected temporomandibular
joint parameters.

Variables r P
AP width - Fossa depth 0.255 0.0073
Eminence angle - Fossa depth 0.271 0.0042
ML width - Eminence angle 0.254 0.0074

These findings support the anatomical assumption
that vertical skeletal morphology (fossa depth) plays a
key role in shaping the articular eminence, whereas
condylar width and tooth-loss status do not provide
additional explanatory value.

In addition, multinomial logistic regression analysis
did not identify any statistically significant predictors
for the other coronal shape categories. The irregular
shape category was not included in the main
interpretation because of unstable estimates caused by
its low frequency in the sample. The results for this
analysis are presented in Table 8.

Model assumptions were verified through
inspection of residual and Q-Q plots. Multicollinearity

Discussion

In this retrospective study, CBCT images of women
were more prevalent than men, aged 40-60 years.
According to dental status, the most prevalent subjects
were group II classified according to Eichner with
preserved support zones, but not in all four zones,
followed by subjects with a small number of remaining
teeth with loss of support zones of group III, and
subjects of control group I with contact of teeth in all
four supportzones.

No statistically significant differences were found
between the right and left sides of TM] for any of the
parameters that were analyzed (p > 0.05) (Figure 1.)

These findings indicate that dental status as
classified by Eichner showed no measurable
association with temporomandibular joint
morphology in this sample (Table 1 and Table 2.).

Chen et al. [22] in a study conducted on CBCT
images showed that subjects divided according to
Kenedy classes with unilateral and bilateral tooth loss
and the control group had a larger medio-lateral width
of the condyle, a shallower glenoid fossa and a smaller
inclination of the articular eminence compared to the
results of this study. Also, they proved that there is no

14
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Table 8.
Multinomial logistic regression analysis of factors associated with coronal condylar morphology

Outcome Predictor B SE OR (95%Cl) p
(Intercept) -2.656 1.39 0.07 (0.005-1.07) 0.056
Female (Male) 1489 1185 4434 (0.435-45.24) 0.200
4060 (20-40) 068 1159 0.507 (0.052-4.918) 0.558
Convex 60+ (20-40) 2339 1462 10.375 (0.591-182.03) 0109
Eichner Il () 018 1157 1.198 (0.124-11.562) 0.676
Eichner Il (1 1498 1631 0.224 (0.009-5.475) 0.359
(Intercept) 1350 0.892 0.257 (0.045-1474) 0.127
Female (Male) 0293 0534 0.746 (0.262-2.125) 0.583
o 40-60 (20-40) 0.243 0.809 1276 (0.2616.233) 0.764
60+ (20-40) 1284 107 3,600 (0.444-29.366) 0.230
Eichner | 1195 0.793 3,303 (0.699-15.614) 0.132
Eichner Il 1.326 0.844 3,766 (0.72-19.699) 0.16
(Intercept) 0.153 0.657 0.858 (0.237-3.109) 0.816
Female (Male) 0.194 0.508 1214 (0.449-3.284) 0.703
angular 40-60 (20-40) 0.048 0628 1,049 (0.306-3.5%) 0.939
60+(20-40) 1,09 0.992 2,882 (0413-20.131) 0.286
Eichner I () 0.004 0593 1,009 (0.344-3512) 0.874
Eichner Il () 053 0717 0.589 (0.144-2.398) 0.460

significant difference in TM] morphological
parameters between the examined groups, which
corresponds to the findings of this study, but the depth
of the glenoid fossa of the control group was greater
than in the group with bilateral and unilateral tooth
loss, which is not in accordance with the findings of this
study. The inclination of the articular eminence in this
study was within the normal value for different dental
status. It has been proven that there is a connection
between the inclination of the articular eminence and
the inclination of the occlusal plane [23]. Articular
eminences with inclination values <30° are considered
flat, and articular eminence inclination values >60° are
considered steep, and may be the cause of TMD [25,
26].

Previous studies have indicated that age and gender
can influence the bone morphology of the TM] [9, 23,
24]. This study showed that antero-posterior condylar
width (AP) significantly shorter in the group over 60
years of age. Considering that age group over 60 years
old had a dental status without preserved support
zones, although a direct association was not proven in

this study due to the small sample, it can be assumed
that in addition to age, dental status may also have an
influence on the AP parameter (Figure 2.).

Males had a greater medio-lateral (ML) condyle
width, higher and steeper articular eminence and
deeper glenoid fossa in relation to women but there
was no difference in AP width (Table 3. and Figure 3.).
Previous studies have shown that men had higher
values of height and inclination of the articular
eminence compared to women [17, 29]. Other studies
have shown that men have higher morphometric
values of the condyle and glenoid fossa, but there was
no difference in the inclination of the articular
eminence between the sexes [30].

A study that included CBCT analysis of 1820 TMJs
have shown that the morphology of the condyle in the
coronal plane was flat in persons with partial and total
edentulism, and convex in persons with a full set of
teeth. The flat shape of the condyle was common in
men, the round shape in women. The authors found a
significant difference between condylar morphology
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Figure 4.
Sagittal condylar morphology by age group

16 Stomatoloski vjesnik 2025; 14 (2)



Strujic - Porovic S, Ajanovi¢ M, Tosum Poskovi¢ S, Kazazi¢ L, Gavranovi¢ Glamoc A, Berhamovic L, Zuki¢ S, DerviSevic A, Palac K, KamberA

and age. The angular shape was most common
between 30-59 years of age compared to people
between 18-29 and people over 60 [27]. In this study,
the round and angular shape of the condyle were most
often represented in Eichner class |, in class Il angular
on the right TM] and flat on the left TMJ, and in Eichner
class III the flat shape of the condyle was most often
present, which corresponds to the findings of the
Yalcin and Ararat. In the sagittal plane, the dominantly
round shape of the condyle was present in different
dental statuses. There was no association between
condylar morphology in the coronal and sagittal planes
and different dental status according to Eichner. The
flat condylar shape was most common in men, and the
angular condylar shape in women, but there was no
significant association between coronal condylar
morphology and gender and age. The round shape was
most common in the 20-40 and 40-60 age groups, and
the flat shape was most common in those over 60 years
of age. However, sagittal condylar morphology showed
a trend towards statistical significance with age (Table
4and?5.).

Correlation between AP width of condyle and depth
of glenoid fossa, then inclination of articular eminence
and depth of glenoid fossa and ML width of condyle
and inclination of articular eminence was proven
(Table 6). A multiple linear regression model showed
that only glenoid fossa depth had a significant effect on
articular eminence inclination. Thus, a deeper glenoid
fossa was associated with a steeper articular eminence
(Table 7.) Also, a correlation between the inclination of
the articular eminence and the depth of the glenoid
fossa was demonstrated in a previous study by
analyzing MRI of the TM] [27].

Multinomial logistic regression determined that
gender,; age and Eichner classification did not predict
different types of coronal condylar morphology (Table
8.) Contrary to these findings, Arayapisit et al. [5]
proved the relationship of all the mentioned clinical
factors with flat condylar morphology.

The limitation of this study is a small sample. Larger
sample sizes are needed to investigate these
associations.

Conclusion

Antero-posterior condylar width was significantly
shorter with increasing age. Men showed significantly
greater medio-lateral condyle width, articular
eminence height and inclination, and greater glenoid

fossa depth in relation to women. Dental status
classified according to Eichner showed no measurable
association with temporomandibular joint morpho-
logy in this sample. Only sagittal condylar morphology
showed a trend toward statistical significance with
respectto age.

There is no conflict of interest.
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Gingival melanin or metal tattoo pigmentation is occasionally observed and produces aesthetic
problems to the patients while smiling. Among dental lasers, the Er:YAG laser used water spray
minimizes the thermal changes of the irradiated soft tissue and safe and effective tool for
depigmentation procedure. Microscope-assisted Er:YAG laser surgery can precisely detect and
remove melanin pigmentation and metal debris embedded in the connective tissue. When using a
laser device in a microsurgery, it is necessary to pay attention to safety. It is essential to wear
protective goggles to protect from reflections and scattered light during treatment.

Key words: Laser depigmentation; Er:YAG laser; Melanin hyperpigmentation; Metal tattoo
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Introduction

The healthy color of the gingiva plays a vital role
in the attractiveness of a smile, particularly in
individuals with a high smileline [1]. Under normal
physiological conditions, the gingiva appears coral
or salmon pink, though this shade may vary depen-
ding on several factors, including the degree of vas-
cularization, epithelial thickness, gingival biotype,
and the concentration of melanin pigment[1, 2].

Gingival hyperpigmentation may be either phy-
siological or pathological in origin (Figure 1). Phy-
siological pigmentation most commonly appears
asvisible oral melanin pigmentation, which is most
frequently observed on the gingiva among all
intraoral tissues. Melanin, the pigment responsible
for this coloration, is synthesized and stored
within melanosomes produced by melanocytes
[1]. These melanocytes are located in the basal cell
layer of the epithelium and contribute to the
darkened appearance of the gingiva, referred to as
melanin hyperpigmentation/MH [1, 2].

To the contrary, iatrogenic pigmentation, such
as metal or amalgam tattoos, can occur unintentio-
nally during dental procedures. This type of pig-
mentation presents as blue-grey discoloration of
the gingiva, resulting from the accidental depo-
sition of metallic particles or micro fragments from
dental prosthetic materials into the gingival tissue
adjacentto treated teeth [1, 2].

Physiological
pigmentation

Gingival
pigmentation

latrogenic
pigmentation

Although melanin hyperpigmentation and
amalgam tattoos are not associated with medical
complications, patient demand for their removal,
particularly in cases involving pigmentation of the
anterior labial gingiva, continues to rise due to
aesthetic concerns. A wide range of treatment mo-
dalities have been introduced for MH removal,
including bur abrasion, electrosurgery, chemical
and cryosurgery, laser therapy, gingivectomy, flap
surgery, gingival grafting, and various combina-
tions of these methods [1-4]. Among these, laser
surgery has proven to be an effective, safe, com-
fortable, and reliable technique for gingival
depigmentation [5-7].

In recent years, the Er:YAG laser, among other
laser types, has gained significant attention for its
exceptional efficiency in soft tissue ablation while
minimizing thermal damage to surrounding and
underlying tissues [5-7]. In vivo studies have
shown that the thermally affected layer in gingival
connective tissue following Er:YAG laser incision is
limited to only 5-20 pm [7, 8]. As a result, Er:YAG
laser treatment is widely recognized as a
minimally invasive and highly precise approach to
gingival depigmentation. Moreover, combining the
Er:YAG laser with a surgical microscope enhances
the precision, safety, and completeness of the
procedure [2, 9]. These technical advantages of
Er:YAG laser microsurgery contribute to improved
wound healing, reduced postoperative discomfort,
and enable delicate or complex interventions that
are difficult to perform using conventional
methods [2].

Melanin
hyperpigmentation

Metal/amalgam
tattoo

Figure 1. Gingival pigmentation
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A critical consideration in ensuring the safety of
clinical laser applications is the prevention of
accidental eye exposure. The eye possesses the
lowest maximum permissible exposure threshold
of all body tissues [10]. Because the Er:YAG laser
wavelength is absorbed by the surface layers of the
eyeball, accidental irradiation can resultin thermal
injury to the cornea [10]. Therefore, before
beginning treatment, it is essential that the patient,
operator, and assistant wear protective eyewear
(goggles) specifically designed for the laser's
wavelength to safeguard against reflected or
scattered laserlight [10].

Removal of melanin pigmentation

Melanin depigmentation using the Er:YAG laser
can be performed under local, topical, or no
anesthesia, depending on the severity and extent of
pigmentation as well as the patient's comfort and
preference [1, 2]. The laser irradiation is typically
set at an energy level of 50-80 m] per pulse on the
control panel (corresponding to an actual energy
output of 25-40 m] per pulse), with an energy
density of 8.8-14.2 J/cm? per pulse when using a
600 um diameter contact tip. The procedure is
carried out at a repetition rate of 10-30 Hz under
continuous water spray, with the laser applied in
an oblique contact mode at an angle of approxi-
mately 20-30 degrees to the gingival surface [1, 2].

The laser beam is moved using the “brush” or
“sweeping motion” technique-entailing slow,
continuous movements with overlapping laser
spots to ensure uniform ablation. After the initial
complete ablation of the pigmented area, any
residual pigmentation is meticulously removed
under 20-30x magnification by fine-tuning the
laser focus, targeting small dotted or occasionally
linear pigment deposits, particularly those located
at the base of epithelial rete pegs. Immediately
after the procedure, spontaneous hemostasis is
achieved in a few minutes and no suture is required
[2-4].

Figure 2. Case presentation of Er:YAG laser
melanin depigmentation. a) Female, 19 years old.
Generalized severe melanin hyperpigmentation in
the upper arch, on the first visit, b) During
irradiation with local anesthesia, 40-47 m]/pulse at
tip end (62-72 m]/pulse on the control panel) and
30 Hz under water spray in oblique contact mode
using an 80 degree curved contact tip, c) imme-
diately after Er:YAG laser melanin depigmentation,
no severe thermal injuries such as carbonization
and severe coagulation of the gingival tissue, d) 9
days postoperatively, ablated gingiva showed fast
epithelialization with a healthy appearance, e) 42
days postoperatively, f) 6 months following
irradiation complete healing was observed without
recurrences or gingival recessions or deformities.
[Picture from Ishii S, Aoki A, Kawashima Y,
Watanabe H, Ishikawa I. Application of an Er:YAG
laser to remove gingival melanin hyperpig-
mentation-Treatment procedure and clinical
evaluation. ] Jpn Soc Laser Dent. 2002;13:89-96. ©
copyright (2002) ] Jpn Soc Laser Dent] [9]

Removal of metal tattoo
pigmentation

Most treatment sites are located in the
maxillary anterior region, followed by the
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mandibular anterior and premolar areas.
Typically, a small amount of local anesthesia (0.2-
0.45 ml) is sufficient for this procedure. In cases of
mild pigmentation, treatment can sometimes be
performed under topical anesthesia or even
without anesthesia, depending on the extent and
severity of pigmentation [1-4].

Laser irradiation is generally applied at an
energy setting of 50-80 m] per pulse on the panel
(corresponding to an actual energy output of 25-
40 m] per pulse and an energy density of 8.8-14.2
] /cm? per pulse when using a 600 um contact tip).
The procedure is performed at a repetition rate of
10-30 Hz under continuous water spray, with the
laser applied in a vertical or oblique contact mode
at an angle between 30° and 90° to the tissue
surface. Curved, round-ended contact tips (400 or
600 um in diameter) are recommended. Each
treatment session typically lasts about 20-40
minutes [1-4].

Minimal gingival ablation is performed in the
darkly pigmented (black or gray) areas to expose
the underlying metal debris deposited within the
connective tissue. A magnified visual field
(approximately 10-30x) enables precise and safe
tissue ablation while minimizing injury to
surrounding areas. The metal fragments and
adjacent discolored connective tissue are carefully
removed, while the papillary edges, free gingival
margins, and periodontal tissue attachment to the
root surface are preserved to prevent tissue
detachment and potential gingival recession
caused by excessive or inadvertent irradiation [2-
4].

The limited hemostatic effect of the Er:YAG laser
is advantageous for wound healing, as
postoperative bleeding promotes blood clot
formation and subsequent granulation within the
ablation site. This process supports favorable
healing and helps prevent gingival defects. Care
must be taken to minimize tissue injury in order to
maintain the integrity of the blood clot and avoid
postoperative complications[2, 3].

Figure 3. Patient was a 27-years old female who
had (A) linear moderate metal tattoo pigmentation
in the mesial and distal marginal gingiva of the
maxillary right central incisor. (B) The metal tattoo
area was vaporized using an Er:YAG laser and
topical anesthesia only. (C) The postoperative view
immediately after minimally-invasive metal tattoo
removal. Slight bleeding followed by spontaneous
hemostasis was observed. (D) One week after
treatment, epithelialization was complete and the
gingival discoloration had disappeared. No
gingival recession was observed. [Picture from
Mikami R, Mizutani K, Nagai S, Pavlic V, Iwata T,
Aoki A. A novel minimally-invasive approach for
metal tattoo removal with Er:YAG laser. ] Esthet
Restor Dent. 2021;33(4):550-559, with
permission] [3]

Recently, a minimally invasive approach known
as Er:YAG Laser Micro-Keyhole Surgery (EL-MIKS)
has been introduced [2, 4]. In this microsurgical
technique, small “keyholes” are created to enable
targeted removal of pigmentation. Initially, a
keyhole with a diameter of 1-2 mm is prepared
using the Er:YAG laser with a 400 or 600 pm
contact tip. The laser is applied vertically at 60-80
m] per pulse on the panel (actual energy output
approximately 30-40 m] per pulse; energy density
23.9-31.2 ] /cm? per pulse for a 400 pm tip) and a
frequency of 20-30 Hz. Deposited metal fragments
and surrounding discolored connective tissue are
eliminated [4].
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Figure 4. Step-by-step procedure of Er:YAG
laser micro-keyhole laser surgery (EL-MIKS) for
removing metal tattoos in the gingiva adjacent to
prosthetic teeth (a). Making a small keyhole with a
diameter of 1-2 mm to access the pigmented
gingiva to ablate metal fragments and the
surrounding discolored connective tissue using an
Er:YAG laser (b). Shifting the laser direction to
ablate the metal and surrounding tissue. Eliminate
micro-metal fragments as much as possible
through the keyhole so as not to expand the size of
the keyhole. Carefully preserve the overlaying
gingiva of the discolored tissue intact (c). After the
tissue evaporation, the ablated space fills with
blood. Defocus irradiation (10 Hz, 60 m]) withouta
water spray to the micro-keyhole entrance with
more than 5 mm distance between the laser tip and
gingiva (double-headed arrow) was performed.
The coagulation of the blood surface is encouraged
by a laser-derived heat reaction. The blood clot is
stabilized within the evaporated space (d). If the
pigmentation is widespread, the area to be treated
must be divided into several parts that are treated
one by one. Micro keyholes are prepared to access
the center of each part. [Picture from Mizutani K,
Mikami R, Tsukui A, Nagai S, Pavlic V, Komada W,
Iwata T, Aoki A. Novel flapless esthetic procedure
for the elimination of extended gingival metal
tattoos adjacent to prosthetic teeth: Er:YAG laser
micro-keyhole surgery. ] Prosthodont Res.
2022;66(2):346-352,licensed under CC BY-NC 4.0,
Japan Prosthodotic Society]. [4]

Next, the lateral wall of the pigmented area is
treated at an inclined angle to evaporate the
pigmented tissue while preserving the overlying
epithelium and preventing enlargement of the
keyhole entrance. Accessible metal particles and
pigmented tissue within the undercut area are
carefully ablated [2-4]. For better visualization, a
laser tip or periodontal probe may be used to
gently retract the marginal gingiva. The coaxial
water spray accompanying the Er:YAG laser helps
flush out residual metal fragments and tissue
debris from the keyhole. The irradiation angle is
repeatedly adjusted in multiple directions within
each micro-keyhole to remove as much pigmented
tissue as possible within the accessible range. After
blood fills the tissue defect, the surface at the
keyhole entrance is coagulated using defocused
laser irradiation (60-80 m] per pulse; 400 or 600
um contacttip; 10-20 Hz) without water spray [4].

Figure 5. A representative case of Er:YAG laser
micro-keyhole laser surgery (EL-MIKS) on a
widespread metal tattoo (a). The patient was a 61-
year-old female with a prominent metal tattoo in
the gingiva of #12 (b). Because the pigmentation
was widespread, the area to be treated was divided
into several parts (dotted line). Micro-keyholes
were prepared to access the center of each part. In
this case, the distal part with the most severe
discoloration was treated first (c). All procedures
were performed with a microscope and Er:YAG
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laser under local anesthesia. Immediately after the
first session, only the apical part of the distal
pigmentation was treated through one micro-
keyhole (arrowhead) (d). One month after the first
surgery, the area treated in the first session was
completely epithelized (e), and treatment of the
distal pigmentation of the coronal part and mesial,
buccal middle areas were partly performed
through five microkeyholes (arrowheads) in the
second session (f). One month after the second
session (g), the deposited pigments in the deep
mesial region were removed through four micro-
keyholes (arrowheads) in the second session (h).
At one month after the third session, the
pigmentation slightly remained (i). Three months
after the third session, the gingival pigmentation
had completely disappeared. Since the metal
fragments causing the pigmentation had been
removed, the slightly remained discoloration
spontaneously disappeared with the gingival
turnover. The recession of the marginal gingiva
was generally prevented. Note the crown was
replaced (j). Two years after the procedures, the
improved gingival color has been maintained, and
the patient was esthetically satisfied with the
treatment (k). Figure reproduced from Mizutani K,
Mikami R, Tsukui A, Nagai S, Pavlic V, Komada W,
Iwata T, Aoki A. Novel flapless esthetic procedure
for the elimination of extended gingival metal

tattoos adjacent to prosthetic teeth: Er:YAG laser
micro-keyhole surgery. ] Prosthodont Res.
2022;66(2):346-352,licensed under CC BY-NC 4.0,
Japan Prosthodotic Society. [4]

Because of the minimally invasive nature of the
procedure, postoperative medication is usually
unnecessary for small treatment areas [2, 4].
However, analgesics or antibiotics may be
prescribed depending on the treatment extent and
patient preference. Patients are advised to avoid
tooth brushing in the treated area and to use
antiseptic mouth rinses for one week following the
procedure. Re-epithelialization typically occurs
within 4-7 days, depending on the size of the
treated region, while complete tissue maturation is
generally achieved within approximately two
weeks [1-4].

Conclusion

The Er:YAG laser allows for precise and efficient
treatment of gingival tissue, enabling controlled
ablation through the use of fine contact tips. Its
minimal thermal effect offers significant
advantages, including improved visibility of the
treated surface, enhanced wound healing, and
effective pain management during soft tissue
procedures. Moreover, when combined with
microscopic assistance, Er:YAG laser irradiation
permits careful and accurate removal of gingival
pigmentation with minimal tissue trauma. This
approach simplifies the procedure, reduces
postoperative discomfort, and promotes smooth
and rapid healing. Notably, the novel minimally
invasive technique for metal tattoo removal
utilizing the Er:YAG laser under microscopic
monitoring has proven to be simpler, more
efficient, and far less invasive than conventional
periodontal surgical methods.
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ABSTRACT

Introduction: Periodontitis is a chronic inflammatory disease leading to the loss of the supporting
apparatus of the tooth, and tooth mobility is a common complication of advanced stages of the disease.
Splinting is a therapeutic measure stabilizing mobile teeth and improves function in the patient.

Aim: To present the clinical procedure and therapeutic outcome of splinting of mobile lower incisors in a
patient with stage 3, class B periodontitis.

Methods: A case of a 40-year-old patient with pronounced gingival recessions, moderate plaque index,
subgingival calculus and mobility of the lower frontal teeth is presented. After initial non-surgical therapy
and subgingival curettage, splinting of the lower incisors was performed using Ribbond fibers. The
procedure included etching, adhesive preparation, adaptation of the fibers to the contour of the tooth and
finishing with composite material, with occlusion check and polishing. Clinical effects were monitored
through multiple visits.

Discussion: Splinting with fiber-reinforced composite materials is an effective and aesthetically
acceptable method of tooth stabilization in patients with periodontitis. In this case, stabilization of mobile
teeth and reduction of subjective symptoms of hypersensitivity after treatment were achieved. The
literature confirms that adequately planned and timely splinting can contribute to the improvement of
periodontal parameters, bone remodeling and increased oral health quality of life. An individualized
approach and estimation of optimal intervention timing are key to achieving stable long-term outcomes.

Keywords: periodontitis, tooth mobility, periodontal splint, Ribbond fibers, non-surgical therapy, tooth
stabilization.
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Introduction

Periodontitis is a chronic, multifactorial
inflammatory disease associated with the
accumulation of dental plaque (dental biofilm) and
is characterized by progressive damage to the
periodontal ligamentand alveolar bone [1].

Periodontitis is a significant health problem,
with a prevalence of 62% in adults with preserved
teeth, while severe forms of the disease affect
about 23.6% of the population [2]. Studies show
that 30-50% of patients with periodontitis have
loose teeth, which significantly affects the quality
oflife associated with oral health [3].

According to the new classification,
periodontitis is classified into 4 stages (stage I-1V)
according to the severity and complexity of
treatment of the disease and is determined by
several factors: loss of clinical attachment, amount
and percentage of bone loss, depth of probing,
presence and size of bone defects, and involvement
of root furcations, tooth mobility and tooth loss
due to periodontitis. There are three classes (Class
A - low risk, Class B - moderate risk, Class C - high
risk of disease progression) and it also includes
aspects related to the progression of periodontitis,
general health and other risk factors such as
smoking and the level of metabolic control of
diabetes [2].

According to the World Classification of
Periodontal Diseases 2017, teeth with progressive
mobility may require the placement of a splint in
their therapy [4].

Early splint placement in advanced
periodontitis can improve periodontal healing and
prolong tooth retention. There are different types
of splint materials, categorized according to their
purpose, such as wire, fiber-reinforced tape
(Ribbond splint), retainers, and welded tapes
(metal strips) [5].

Casereport

The patient, aged 40, reports to the Clinic for
Oral Medicine and Periodontology of the School of
Dental Medicine in Sarajevo due to pain in the area
ofteeth 37 and due to pronounced hypersensitivity
of the teeth in the frontal part of the mandible.
Anamnestic data indicate a negative medical
history but a positive genetic predisposition to
periodontitis. The patient denies bad habits.

The general condition of the patient was good,
extraoral examination did not reveal any
abnormalities.

After determining and measuring periodontal
indices and pockets, the patient was determined to
maintain a moderate level of hygiene, with a plaque
index of 20%. Present subgingival stones in all
regions, gingival edema, and generalized bleeding
on probing.

All teeth are present except teeth 36, 38, 46, 48
(missing). Gingival recessions are present on all
teeth of the lower jaw and their value is from 2 to 5
mm, in the upper jaw recessions are present only
on the lateral teeth and from 2 to 3 mm. When
probing, the depth of the periodontal pocket
(measured by the Williams graduated probe) in the
upper jaw is highest in the area of the frontal teeth
(from 13 to 23) and is 4-5 mm, on the remaining
lateral teeth of the upper jaw the depth is from 2 to
4 mm. By probing the teeth of the lower jaw, the

Figure 1. (a)
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Figure 1. (b)

Figure 1. (c)

Figure 1. (d)

Figure 1. (a-d)
Clinical intraoral photographs of the patient

Figure 2.
Orthopantomogram of the patient

depth is from 2 to 3 mm. Clinical examination
observed the mobility of individual teeth (42, 31,
32), the mobility of 2 degrees is in question.
Intraoral photos of the patient are shown in Figure
1,and the OPGimage is shown in Figure 2.

On the OPG scan, we can see the loss of alveolar
bone, with dominant horizontal resorption in the
upper and lower jaw. On the lateral teeth of the
mandible in the area of the premolars and molars,
the greatest bone resorption is observed with the
presence of infrabone pockets (vertical bone
resorption). By clinical examination and analysis of
the OPG image, the diagnosis in the patient
according to the classification from 1999 is chronic
periodontitis, however, according to the new
classification of the World Health Organization
from 2017, the diagnosis of periodontitis stage 3, B
class is made. The therapy plan for this patient
includes non-surgical periodontal therapy, sub-
gingival curettage of the tooth 13,12,11,21,22,23.
In order to preserve function and prevent further
deterioration, periodontal splint is planned to be
placed in the therapy as an additional therapeutic
measure to non-surgical therapy.

During the first visit, non-surgical periodontal
therapy was performed, with the aim of removing
supragingival and subgingival stones. After seven
days, a check-up was carried out. During the exami-
nation, the patient reported tooth hypersensitivity
32,31 and 41, which was correlated with clinically
recorded exposed root surfaces. At the next check-
up, a week later, a complete withdrawal of
subjective symptoms of hypersensitivity was
confirmed.
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In the continuation of the therapy, subgingival
curettage was performed in the lower jaw, on teeth
33,32,31,41, 42 and 43. During the fourth visit, a
splint was placed on the lower frontal teeth with
the application of Ribbond fibers.

Sterilized aluminum foil was used as a measure,
as it was tightly fitted to the teeth. The measured
foil was then used as a template for the Ribbond

Figure 3.
Preparation for Ribond splint placement
and necessary instruments

Figure 4.
Clinical picture after Ribbond splint placement

ribbon. The teeth were coated with 37%
phosphoric acid for 15 seconds, after which the
acid was washed away. After drying, the surfaces
acquired a white matte appearance. Then, a bond
was applied to the rinsed and dried surfaces using
amicrobrush, air-dried and fixed with LED light for
15 seconds, twice (Figure 3).

The Ribbond tape is carefully held with a
special instrument, a thin layer of composite for
fixing the Ribbond is applied to the prepared
surfaces of the teeth. Holding the Ribbond with
metal pliers, it is carefully adapted to the lingual
and aproximal surfaces of the teeth by following
their contour and anatomy.

The liquid composite was then carefully applied
to cover all of the Ribbond fibers and was
thoroughly polymerized for 30 seconds per tooth.
Finally, occlusion checking, finishing and polishing
followed (Figure 4).

Discussion

Tooth mobility is an important characteristic of
periodontal disease, which begins as periodontitis
progresses and affects the periodontal ligament,
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leading to bone loss, tooth mobility, and eventual
tooth loss if left untreated. That is why tooth
mobility is one of the criteria for assessing the
condition of periodontium. It has become an
important diagnostic parameter for clinicians to
determine the integrity, functional state, and
disease of periodontium [3].

The placement of the splint helps to redistribute
forces to the stronger teeth, thereby reducing the
occlusalload on the periodontium.

[t is also noted that splinting stimulates the
bone remodeling process to prevent bone tissue
loss. It is necessary to take into account the
indications and contraindications for the splint
placement procedure itself, which will eventually
lead to positive clinical and functional outcomes
for a longer period of time [5]. In our case report,
we made the diagnosis based on clinical
parameters and analysis of the family farm image.

Fiber-reinforced composite splint quickly
gained popularity as the material of choice for
periodontal splint. They allow precise adjustment
to the contours of the teeth, making them resistant
to damage. They can be glued, repaired, are more
aesthetically pleasing and easier and faster to
adjust than conventional wire splinters.
Periodontal splintis widely accepted and is used as
an adjunct treatment for tooth mobility [6].
According to a retrospective study by Sarah K.
Sonnenschein et al., the splint durability rate in the
lower front teeth was 67% after 10 years.
Kumbuloglu etal. also found an extremely high rate
of splint persistence in their retrospective follow-
up of 19 periodontitis patients who had lower
canine-to-canine splinting therapy. After 4.5 years,
the splint durability rate was 94.8% [7, 8]. These
indicate significant differences in the stability of
splints in the mandibular anterior region
compared to the posterior region, which was
confirmed by both Graetz et al. [6]. Posterior teeth
are exposed to greater chewing forces compared to
the front teeth, and it can be assumed that this
leads to different loads on the splints in individual
regions, which is why fractures in the posterior
region occur more often [7].

A new classification of periodontal diseases
states that teeth with progressive mobility may
require splint placement in therapy to improve
patient comfort [9]. The latest evidence also points
to a trend of additional improvement in oral health
quality of life in patients with periodontitis
through splinting of mobile incisors as an integral
part of periodontal therapy. Retrospective studies,
furthermore, show high endurance rates and
periodontal stability of spliced teeth during long-
term, supportive periodontal therapy [6, 10].

According to the results of research by
Sonnenschein et al. (2022), the splinting time of
mobile mandibular incisors can significantly affect
periodontal outcomes. Early splinting, before the
implementation of complete non-surgical
periodontal therapy, showed a tendency to better
results in terms of periodontal parameters, which
can be explained by the reduction of microtrauma
and easier maintenance of oral hygiene [9].

On the other hand, splinting after non-surgical
periodontal therapy makes it possible to monitor
the remission of tooth mobility, which can avoid
unnecessary stabilization of the tooth, which
emphasizes the importance of an individualized
approach in therapy planning. These findings
suggest that the decision on the optimal moment of
splinting should be based on clinical parameters
and the specific condition of the patient, thereby
maximizing the therapeutic effect and minimizing
unnecessary intervention [9].

The work of Zhang et al. (2021) presents an
innovative digital technique for splinting mobile
teeth in the lower frontal region in patients with
periodontitis. The use of an intraoral scanner and
CAD/CAM technology enables the production of a
precise and durable splint, which minimizes the
risk of improper adhesion and potential
mechanical complications. The use of titanium
alloy ensures long-term mechanical stability, while
the design of the splint does not interfere with oral
hygiene or worsen periodontal condition. This
digital approach further emphasizes the
importance of individualization of therapy and can
extend the life of mobile teeth, improve chewing
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function, aesthetics and patient comfort, and delay
or avoid invasive interventions [[10]. However, the
clinical applicability of a digital approach depends
on the availability of technology and professional
competencies in practices, and long-term research
is needed to assess the durability and impact on
periodontal health [11].

Of course, there are also some drawbacks to
splinting. Access to oral hygiene and plaque control
are difficult after splint placement. It has been
observed that due to the accumulation of plaque on
the margins of the splint, gum irritation and
periodontal problems can occur in patients with
damaged periodontium. Long-term splinting can
cause caries on interproximal surfaces, gingival
caries due to the accumulation of food debris, as
well as crown loss or fractures of the front teeth.
Splinting can also cause phonetic problems [5].

Conclusion

Periodontal splint is an important addition to
non-surgical periodontal therapy in teeth with
increased mobility, as it stabilizes teeth, reduces

microtrauma and improves functional and
aesthetic outcomes. The combination of strategic
planning of splinting time and the application of
digitally precise methods represents a promising
direction in modern periodontal therapy, with the
aim of preserving mobile teeth and increasing the
quality oflife of patients.
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ABSTRACT

[Background: Periapical lesions in adolescents present a particular therapeutic challenge due to age-
related anatomical and physiological characteristics, including greater susceptibility to dental trauma,
higher caries risk, wide apical foramen and thin dentinal walls. At the same time, high regenerative
capacity offers the possibility of successful treatment even in cases with an initially very poor prognosis.

Case Presentation: This report presents a 14-year-old patient with a massive periapical lesion and an
iatrogenicroot canal perforation of tooth 12. Cone-beam computed tomography (CBCT) imaging revealed
an extensive osseous defect with complete perforation of the palatal cortical plate and marked
destruction of the vestibular bone. Management included sealing the perforation with MTA under an
operative microscope and endodontic treatment followed by apicoectomy with bone graft augmentation
and placement of a PRF membrane. After the surgery, the tooth was stabilized with a wire-composite
splint until physiologic stability was restored. A four-month follow-up CBCT scan showed complete repair
ofthe osseous defect, homogeneous graft integration, re-established cortical continuity, and preservation
of a normal periodontal ligament space. Clinically, stable function and satisfactory esthetics were
achieved.

Conclusion: This case demonstrates that even large periapical lesions complicated by iatrogenic
perforation with an initially unfavorable prognosis can be successfully managed through a combination of
advanced endodontic therapy and surgical intervention. A multidisciplinary approach, precise
diagnostics, and the use of bioactive materials enabled preservation of the natural tooth and complete
recovery of periapical structures in an adolescent patient.

Keywords: massive periapical lesion, adolescent, endodontic surgery, regenerative dentistry, bioactive
materials
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Introduction

Periapical lesions in children and adolescents
hold particular clinical significance due to
anatomical and physiological characteristics, such
as increased susceptibility to trauma, high caries
risk associated with poor oral hygiene and, in cases
of incomplete root development, a wide apical
foramen and thin dentinal walls, that can
complicate treatment and allow a progressive
infection spread [1, 2, 3]. However, young patients'
tissues demonstrate enhanced vascularization and
high regenerative potential, promoting faster,
more effective tissue repair [4]. This report aims to
present the therapeutic protocol and clinical
outcome of treating a tooth with an extensive
periapical lesion in an adolescent patient,
emphasizing the importance of comprehensive
clinical assessment providing0 tooth preservation
despite a poorinitial prognosis.

Casereport

A 14-year-old patient was referred to the Clinic
of Dental Pathology and Endodontics due to
persistent symptoms in tooth 12 following
unsuccessful long-term repeated endodontic
treatment. Medical history revealed a sports-
related trauma occurred prior to two years .

Figure 1. Initial periapical radiograph

Figure 2a.
Dimensions of the lesion on sagittal CBCT view

Figure 2b.
Dimensions of the lesion on axial CBCT view

Clinical examination under an operative
microscope and radiographic analysis showed a
previously initiated endodontic treatment and a
fausse route in the cervical third of the root.
Previous radiographs revealed an extensive
periapical radiolucency with residual intracanal
medication (Figure 1). The patient was referred
for a segmental cone-beam computed tomography
(CBCT) scan, which confirmed a significant bone
defect measuring 10.65 mm in the apico-coronal,
7.86 mm in the bucco-palatal, and 8.20 mm in the
mesic-distal dimensions (Figure 2). The palatal
cortical bone was completely perforated, with a
significant destruction of the vestibular bone
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Figure 3.
Axial CBCT view shows complete perforation of palatal cortex

Figure 4a.
Absence of the palatal bone on 3D reconstruction view

Figure 4b.

Vestibular bone defect on 3D reconstruction view

(Figure 3, 4). Communication between the
periapical lesion and the root canal through the
perforation was observed (Figure 5), creating a
pathway for Para radicular spread of infection,
which affected approximately three-quarters of
therootlength.

Figure 5. Communication between the perforation
and the lesion on an axial CBCT view

Casemanagement

During the first visit, the iatrogenic root canal
perforation was sealed using a mineral trioxide
aggregate (MTA)-based material under the
operative microscope. The canal was then
instrumented to a size of 40/.04 with copious
irrigation using 2.5% sodium hypochlorite. At the
end of the procedure, calcium hydroxide was
placed in the canal, along with a gutta-percha cone
used as a physical barrier for potential MTA
extrusion from the perforation site into the canal,
which could compromise future access to the root
canal. After 10 days, the canal was obturated with
gutta-percha and a bio ceramic sealer using the
ultrasonic condensation technique, and the access
cavity was restored with a glass-ionomer filling.

Figure 6. Vestibular bone fenestration
observed after flap elevation
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Figure 7a. The bone defect after the
apicoectomy and cystectomy
Figure 7b. Pathological material after enucleation

The treatment plan mandated sequential
performance of endodontic and surgical
procedures. Therefore, the patient was admitted to
the Clinic of Oral Surgery the following day,
immediately after the canal filling had set. Four
tubes of blood were collected, from which were
obtained two platelet-rich fibrin (PRF)
membranes and one PRF clot. Sticky bone graft
was prepared using synthetic bone material. A
mucoperiosteal flap with a distal releasing incision
was raised to gain access to the surgical field,
revealing the bone defect and the lesion with Para
radicular extension (Figure 6). Apicoectomy of
tooth 12 was performed along with cystectomy
(Figure 7). The bone defect was filled with sticky

Figure 8. Control periapical radiograph
after the splint placement

Figure 9a.
Control CBCT scan in sagittal view

Figure 9b.
Control CBCT scan in axial view

bone and covered with PRF membranes. The flap
was sutured using 5-0 resorbable monofilament
sutures.

At the follow-up examination 4 days after
surgery, due to grade 3 tooth mobility, a wire-
composite splint was placed involving teeth 11 to
14 (Figure 8). The patientattended regular follow-
ups every 2 weeks. Physiologic tooth stability was
achieved after 8 weeks and the splint was removed.

After 4 months, a follow-up CBCT scan showed
that the graft was successfully integrated, the bone
defect was homogenously filled, with no signs of
resorption or pathological cavities, and the cortical
continuity had been restored (Figure 9). The tooth
was subsequently reconstructed and reshaped
witha composite veneer.
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Discussion

Periapical lesions in adolescents represent a
particular clinical challenge due to specific
anatomical and physiological characteristics that
increase the risk of rapid infection progression and
destruction of surrounding bone structures. In the
presented case, the patient exhibited a significant
degree of bone destruction, with complete
perforation of the palatal cortex and major
vestibular resorption which were findings
traditionally associated with an extremely poor
tooth prognosis. Severe bone resorptions allow
progressive spread of infection into surrounding
tissues, making microbial elimination via standard
endodontic treatment more difficult, thereby
increasing the risk of persistent infection and
recurrence [5]. Additionally, loss of bony support
structurally compromises tooth stability, leading
to increased mobility and potential tooth loss.
Although the adolescent patients show an
immense regenerative capacity due to increased
tissue vascularization and numerous active
osteoblasts and fibroblasts, such extensive defects
rarely undergo spontaneous repair, requiring a
multidisciplinary treatment.

Moreover, the presence of an iatrogenic
perforation in the cervical third of the root
provided a direct pathway for potential infection
spread, further complicating the therapeutic
approach. Due to the size and radiographic
characteristics of the lesion, tooth 12 was managed
under an empirical diagnosis of an odontogenic
cyst, although a definitive diagnosis can be
confirmed only through histopathological analysis.
Considering the critically unfavorable prognosis,
extraction was initially indicated. However, in an
adolescent patient, loss of a tooth in the esthetic
zone could significantly affect self-esteem,
socialization, and psychological well-being.
Hypodontia of tooth 22 contributed to the overall
complexity of the case, given that the extraction of
tooth 12 would resultin challenging functional and
esthetic compromises.

While several replacement options were
considered, each carried limitations due to the

patient's developmental stage, ongoing growth,
and high esthetic demands in the anterior region.
Adolescents belong to an age group with incom-
plete craniofacial and jaw development, making
conventional fixed prostheses, including bridges
and implant-supported restorations, typically
contraindicated. A fixed bridge would require
preparation of adjacent teeth and the removal of
substantial healthy tooth structure. Additionally,
fixed prostheses can inhibit premaxillary growth,
while the maxilla and alveolar ridge continue to
develop. Teeth included in a fixed bridge are rigidly
connected and restricted in physiological
movement, potentially resulting in disproportion
between the prosthetic segment and the
surrounding osseous structures, which can
manifest clinically as asymmetry or a midline shift
[6]. Consequently, occlusal relationships may be
altered with masticatory forces distributed
unevenly. Vertical sceletal dental growth during
adolescence also affects apical migration of the
gingiva, which can negatively impact the long-term
esthetics of a fixed prosthesis [7].

Although implant-supported rehabilitation
provides the most favorable esthetic and
functional outcomes in adults, it is usually
contraindicated in adolescents. The implant, once
integrated into bone, remains in a fixed position
and cannot follow maxillary growth or vertical
changes of the gingiva and alveolar ridge. Thus, the
implant remains in an apical position, leading to
infraocclusion of the superstructure in reference to
the adjacent teeth, which is unacceptable in a
highly esthetic zone such astooth 12 [6].

Therefore, the only optimal temporary
therapeutic option was a partial denture (flipper).
While minimally invasive, continuous growth and
movement of adjacent teeth may affect the stability
and retention of the prosthesis, reducing
functional performance and patient comfort. Long-
term complications may include soft-tissue
irritation, alveolar ridge changes, and altered
distribution of masticatory forces [8]. This type of
prosthesis serves only as a temporary solution
until the patient becomes a candidate for more
definitive restorations after craniofacial growth is
complete.
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The decision to pursue combined endodontic-
surgical treatment was driven by the goal of
preserving the natural tooth in a highly esthetic
region despite a very poor prognosis, in light of the
patient's psychological and social well-being.

The primary objective of treatment was to
achieve thorough disinfection of the root canal
system and homogenous obturation via
orthograde endodontic therapy. The use of an
operative microscope enabled precise localization
of the existing cervical root perforation and
improved control during MTA application,
contributing to the effective repair of the fausse
route [9].

MTA provides not only mechanical sealing but
also shows bioactive properties, promoting
mineralized tissue formation [10]. Its highly
alkaline pH provides antibacterial features,
contributing to infection control at the perforation
site [11]. Additionally, MTA demonstrates high
biocompatibility and minimal cytotoxicity to
surrounding tissues, supporting the regeneration
of periradicular and periodontal structures
without significant inflammatory response [12].
Upon hydration, MTA initially forms calcium
hydroxide and releases calcium ions, which are
essential for adhesion, proliferation, and functio-
nal activity of reparative cells [13]. The release of
calcium ions induces the expression of Bone
Morphogenetic Protein 2 (BMP-2), which stimula-
tes periodontal ligament progenitor cells to produ-
ce mineralized matrix locally. This process promo-
tes their differentiation into osteoblasts and
cement oblasts, ultimately supporting the forma-
tion of robust mineralized tissue in the peri radicu-
lar region [14]. Moreover, MTA modulates cytokine
production by suppressing proinflammatory while
stimulating reparative cytokines, thereby main-
taining a regulated and balanced inflammatory
response [15]. Finally, hydroxyapatite or
carbonate apatite forms on the surface of MTA,
establishing a stable biological seal and ensu-ring
long-term hermetic closure of the perforation [10].

The perforation was closed during the initial
visit because the interval between perforation's
occurrence and its sealing is critical for minimizing

microbial contamination and preventing localized
periodontal ligament inflammation, which
ultimately improves treatment prognosis [16, 17].

The root canal was instrumented to size 40/.04
with abundant irrigation using 2.5% sodium
hypochlorite. At the end of the first visit, a calcium
hydroxide-based intracanal medicament was
placed along with gutta-percha. Although the
perforation had already been sealed with MTA, the
perforation site remained biologically active and
sensitive to pH fluctuations, minor material
displacement, and microleakage. Freshly mixed
MTA has an initial pH of approximately 10-10.2,
which gradually increases during hydration and
setting to approximately 12.5 over 24-72 hours as
the material fully sets [18, 19]. In contrast, the pH
of calcium hydroxide immediately upon
applicationisapproximately 12.5-12.8 [20].

During the initial setting phase, the MTA surface
isrelatively sensitive to strong alkaline substances.
Contact with calcium hydroxide could potentially
destabilize the surface layer of MTA, compromising
hermetic sealing. Gutta-percha, placed between
the calcium hydroxide and MTA, acts as a physical
barrier protecting MTA during early setting, while
allowing the antibacterial action of calcium
hydroxide in the rest of the canal. Also, it stabilizes
the filling, thereby reducing microleakage and
micromovements of the material [21].

After 10 days, the canal was obturated with
gutta-percha and a bio ceramic sealer using
ultrasonic condensation technique. Considering
the morphological irregularities of the canal due to
prolonged previous treatment, including uneven
canal diameters along its length, ultrasonic
condensation was selected as the most favorable
method, as it provides superior gutta-percha
adaptation to canal walls and efficient filling of
irregularities, minimizing voids and ensuring
three-dimensional hermeticsealing [22, 23].

The selection of a bio ceramic sealer was based
on its biocompatibility, bioactivity, and
dimensional stability. Calcium silicate-based
sealers release hydroxyl and calcium ions during
setting, which react with phosphate ions from
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dentinal fluid to form hydroxyapatite.
Hydroxyapatite deposition creates a mineral
infiltration zone between the sealer and dentin,
providing chemical bonding, while the diffusion of
sealer particles into intertubular dentin creates
mechanical interlocking with the canal walls. This
ensures improved adaptation and sealing, as well
as the promotion of mineralization of surrounding
tissues (dentin, cementum, periapical bone) [24,
25]. Studies show that calcium silicate sealers
promote osteoblastic differentiation and
hydroxyapatite deposition in an osteoblastic cell
line while reducing proinflammatory cytokine
expression in macrophages, further supporting
periapical healing [26]. Given that the root
perforation had been previously sealed with MTA,
the sealer's bioactivity and compatibility with MTA
were pivotal. Furthermore, bio ceramic sealers
exhibit minimal shrinkage upon setting, reducing
therisk of microleakage [27].

Due to the bio ceramic sealer's setting time,
which is approximately 4 hours or even prolonged
depending on environmental conditions [24], the
surgical intervention was performed the day after
the obturation. Apicoectomy and cystectomy were
performed, and the bony defect was filled with a
sticky bone, which is a combination of PRF and
bone substitute material. This combination
provides greater Oste inductive and
osteoconductive support compared to the use of
either bone substitute or PRF alone [28]. The fibrin
network of PRF stabilizes the graft particles,
allowing efficient three-dimensional filling of
irregular defects, while growth factors contained
within PREF such as transforming growth factor 31
(TGF-B1), platelet-derived growth factor (PDGF),
vascular endothelial growth factor (VEGF),
epidermal growth factor (EGF), and insulin-like
growth factor (IGF), stimulate angiogenesis,
osteogenesis, and fibroblast proliferation [29].
This accelerates healing and improves the quality
of newly formed bone [30]. Furthermore, sticky
bone offers superior stability compared to
conventional bone granules, reducing graft
migration and facilitating easier shaping and
placement into the defect. The autologous nature

of PRF minimizes immunologic reactions and
lowers therisk of graftrejection [29].

Due to severe postoperative tooth mobility,
immobilization using a wire-composite splint
allowed physiologic stability of the tooth during
the regenerative process, as confirmed by follow-
up evaluation at 8 weeks. Although there was
concern regarding potential ankylosis, the degree
of mobility required prolonged splinting with
mandatory frequent monitoring. Ultimately, the
tooth achieved stable alveolar fixation,
maintaining physiologic mobility and
radiographically preserved periodontal ligament
space.

A follow-up CBCT scan at four months showed
complete healing of the bone defect with
homogeneous integration of the graft. There was
an evident reduction of the radiolucent area,
formation of new bone at the graft site, trabecular
homogenization, and reestablishment of cortical
continuity, indicating successful repair and
regeneration of periapical tissue.

Conclusion

Teeth with large periapical lesions in adolescent
patients, including those initially deemed hopeless
and indicated for extraction, can achieve successful
therapeutic outcomes. Although the procedure is
technically demanding and requires a high level of
expertise and meticulous planning, the expected
benefits exceed the risks associated with
extraction and early prosthetic rehabilitation.
Thanks to the biological characteristics of a young
patient, significant lesion regression can be
achieved, preserving both tooth function and
esthetics. The tooth's long-term prognosis
depends on the success of endodontic and surgical
procedures and their coordination, the
maintenance of proper oral hygiene, and
participation in regular follow-up assessments.
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Background: The Acute Apical Abscess (AAA) represents a common endodontic emergency. The aim
of this case report was to present successful root canal treatment, despite poor and uncertain prognosis.
Case presentation: Despite the severity of the findings, which required a modification from standard
therapeutic approach, the patient underwent immediate root canal treatment. The modified protocol
involved the repeated, long-term application of aqueous calcium hydroxide paste, enhanced with
methylcellulose. This formulation achieved a rapid pH increase and effective endotoxin neutralization,

Conclusion: This case highlights the clinical significance of long-term calcium hydroxide dressing in
the conservative management of AAA with extensive periapical bone resorption. The extended
medication protocol induced bone healing, enabling the completion of the root canal treatment and
resulting in a favorable long-term therapeutic outcome, contrary to the initial prognosis.

Keywords: acute apical abscess, calcium hydroxide, non-surgical treatment, endotoxin
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Introduction

Acute Apical Abscess (AAA) is an acute,
purulent inflammation of periapical tissues,
caused by bacterial infection in the root canal
system [1]. It is defined as a localized purulent
collection adjacent to the tooth apex formed by
tissue liquefaction [2]. Bacteria from the root canal
system invade periapical tissues via apical
foramen, lateral foramina or other root
perforations and therefore cause acute or chronic
inflammatory response [3]. The microbiota
responsible for AAA development is highly diverse
and complex. It dominantly consists of strict
anaerobic species inhabiting in the environment of
necrotic pulp and associated periapical tissues [4].
The application of molecular methods to identify
root canal microorganisms has significantly
improved the knowledge of AAA etiology. These
techniques enabled the discovery of previously
uncultivable species [5].

Clinically, the patient is presented with pain and
swelling usually located intraorally but it has the
potential to spread rapidly into surrounding
maxillofacial structures and lead to systemic
complications. Severe clinical cases may manifest
symptoms such as fever, fatigue, general malaise,
lymphadenopathy, nausea. Most often, due to the
vigorous reaction to the dissemination of infection
from the endodontic space, resorption of the
surrounding bone does not occur, so the disease is
radiographically undetectable. However, in the
situations where radiographic evidence of
surrounding bone resorption is evident, the AAA is
described as an acute flare up of a pre-existing
chronic infection [2]. The first step in AAA
treatmentis to eliminate the purulent collection by
effective drainage. Antibiotic therapy is necessary
only for patients with systemic symptoms [6].

This case report describes non-surgical
endodontic treatment of a maxillary lateral incisor
with AAA and extensive resorption of the
surrounding bone.

Case report

A 58-year-old male patient presented at the
Department of Dental Pathology with Endodontics
at the Faculty of Dentistry with Dental Clinical
Center, complaining of mild pain and swelling in
the maxillary incisor region. The patient's medical
history was unremarkable.

Clinical inspection revealed an intraoral
swelling positioned labially relative to the apex of
the tooth #22. Digital palpation confirmed a soft
consistency of the edema, which clinically
suggested a significant cortical bone loss in that
region in addition to Grade 1 tooth mobility.
Clinical evidence led to the Acute Apical Abscess
diagnosis.

Case management

Emergency endodontic treatment of the tooth
#22 was performed under aseptic conditions. An
access cavity was prepared and root canal orifice
was widened and shaped using a Gates-Glidden
bur. Subsequently, root canal patency was achieved
with a size #10 hand K-file (Denco Medical Co.,
Shenzhen, China). Trans canal drainage was
established for decompression and exudate
release, which is essential for symptom relief.
Copious irrigation with 2.5% sodium hypochlorite
(NaOCl) and 2% chlorhexidine (CHX) was
performed, including mandatory saline solution
irrigation in between. An electronic apex locator
(Woodpecker Guilin, China) was used to determine
working length. Root canal instrumentation was
performed using Mtwo® rotary files (VDW, Munich,
Germany) with apical enlargement up to size
24 /04. Intracanal dressing of UltraCal XS calcium
hydroxide (Ultradent, South Jordan, Utah, USA)
was applied for seven days. The access cavity was
sealed by temporary restorative glass ionomer
cement. Due to the severity of the symptoms and
the need for immediate pain relief, urgent
intervention was prioritized and the periapical
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Figure 1. Periapical radiograph of the tooth #22
revealed extensive surrounding bone resorption
after first calcium hydroxide application

Figure 2. The seven day follow-up control
periapical radiograph revealed significant
healing of pre-existing lesion.

Figure 3. Post-operative obturation control.

Figure 4. Three year follow-up.

radiograph was performed postoperatively.
Radiographic analysis revealed significant bone
resorption which involved apically two-thirds of
the rootlength #22 (Figure 1). Due to the severity
of bone resorption and uncertain treatment
outcome, the patient was advised to undergo an
apicoectomy with bone grafting. Patient declined,
insisting on a conservative approach. A mandatory
follow-up visitwas scheduled in seven days.

At the follow-up examination, pain and swelling
were significantly reduced. Control periapical
radiograph demonstrated significant healing of the
previously diagnosed lesion (Figure 2). The same
treatment protocol was repeated, including
instrumentation, irrigation, intracanal calcium
hydroxide medication with temporary glass
ionomerrestoration.

Since this occurred during the COVID-19
pandemic, dental visits were limited, the
subsequent visit took place after a six-month
interval. Given the prolonged interval between
appointments, the previous treatment steps were
repeated.

The patient returned after two years, stating the
COVID-19 pandemic as the reason for the non-
attendance. Since the access cavity had been sealed
with glass ionomer cement, clinical inspection
revealed that the restoration remained intact with
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preserved marginal integrity. Root canal was
obturated using the monocone technique with the
Mtwo®-matched gutta-percha and MTA-based bio
ceramic sealer Bioseal (Itena Clinical, Paris,
France). A postoperative periapical radiograph
was taken and revealed significant bone healing
(Figure 3). After two days, the definitive coronal
restoration of the tooth was performed.
The recall appointment occurred three years after
obturation and confirmed adequate root canal
fillingand complete periapical healing (Figure 4).

Discussion

The primary goal of AAA management is to
establish adequate drainage and evacuation of
purulent exudate. Based on the clinical findings,
drainage can be achieved via several methods:
trans canal approach, incision and drainage in
cases of fluctuating swelling, or in the most severe
cases via tooth extraction [2]. trans canal drainage,
thorough irrigation and instrumentation of the
root canal system is the most preferred method.
Subsequent to achieving adequate drainage,
intracanal medication is necessary to prevent the
proliferation of residual microorganisms [7].

Calcium hydroxide is considered the gold
standard for root canal medication. [8] It has a dual
mechanism of action: antimicrobial activity related
to high alkalinity and bio inductive effect by
promoting bone healing [9, 10]. Calcium hydroxide
dissociates into calcium ions (Ca®) and highly
reactive hydroxyl ions (OH) in contact with
periapical tissue fluids. The alkaline environment
(pH 12.5-12.8) is highly effective against most
microorganisms by inducing cytoplasmic
membrane disruption, protein denaturation and
DNA destruction within bacterial cells.
Furthermore, calcium hydroxide is a potent anti-
endotoxin agent responsible for bacterial
lipopolysaccharide (LPS) neutralization. LPS, also
known as endotoxins, are the key virulence factors
of Gram-negative bacteria that induce acute
inflammation. Endotoxin concentration is directly

correlated with the extent of surrounding bone
destruction [11]. LPS present in the root canal
system and periapical area are powerful
immunostimulatory. They trigger a strong host
immune response, leading to proinflammatory
cytokines release that are involved in apical
periodontitis pathogenesis. Consequently, as an
anti-endotoxin agent, calcium hydroxide
significantly facilitates and accelerates the healing
of periapical tissues [11]. Marinho AC et al. [11]
demonstrated that intracanal medication in a 30-
day period effectively reduces endotoxin levels,
even in chronicapical periodontitis.

The role of the vehicle (carrier) is crucial for the
calcium hydroxide kinetics. The specific type of
vehicle directly influences the rate and
concentration of the calcium and hydroxyl ion
dissociation [12]. Vehicles are classified as
aqueous (water-based) or viscous (oil-based). The
aqueous vehicles are characterized by rapid
dissociation but limited longevity, while the
viscous vehicles provide sustained ion release,
maintaining elevated pH levels [13,14].
In the presented case, UltraCal XS calcium
hydroxide was used: a pre-mixed paste of calcium
hydroxide in an aqueous vehicle with a
methylcellulose suspension. This modified vehicle
provides increased viscosity and easier
application into the root canal, and ensures
uniform distribution of calcium hydroxide
particles. Furthermore, methylcellulose acts as a
slow-dissolving matrix, thereby prolonging the
biological activity of the calcium hydroxide.
Although oil-based pastes were traditionally
favored for large periapical lesions, aqueous-based
calcium hydroxide paste was intentionally selected
based on previously described benefits. In this case
report, the elimination of infection through
drainage, instrumentation and irrigation,
combined with the repeated calcium hydroxide
application created the necessary environment for
the medicament's full therapeutic potential.

Systemic antibiotics were not prescribed. The
decision was based on the absence of systemic
symptoms and the spreading of the infection,
coupled with adequate drainage and evacuation of
the purulentexudate [15].
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Conclusion

This case report demonstrates the significance
of long-term calcium hydroxide dressing in AAA
with large periapical bone resorption. Despite
extensive bone loss, the extended medication
protocol led to bone healing, enabling a successful
root canal treatment. Bone healing is one of the
reliable indicators to proceed with the root canal
treatment, even with large periapical lesions.
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