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Abstract

Objective. This study aimed to analyze the crown and root morphology of maxillary and mandibular third molars, and assess
their position in relation to adjacent anatomical structures using clinical examination and radiographic images. Materials and
Methods. A total of 176 extracted impacted or partially impacted third molars were included in this study. Orthopantomogram
images (OPG) were used to evaluate the number of roots, position, depth of impaction relative to the occlusal plane of the
second molar, and angulation of maxillary and mandibular third molars. The extracted teeth were examined to determine the
actual number of roots. The root morphology was classified using the Alavi classification system for maxillary third molars and
the Machado classification for mandibular third molars. Additionally, the number of cusps, crown dimensions, and morphol-
ogy were analyzed using digital and dental calipers. Results. The extracted samples exhibited a significantly higher number of
roots compared to the number assessed on OPG images (P<0.001). The majority of mandibular third molars had two fused
roots (37.39%) and a five-cuspid crown (48.70%), while maxillary third molars had three fused roots (26.23%) and four cusps
(42.62%). Both maxillary (60.66%) and mandibular third molars (61.74%) were predominantly vertically positioned. Regarding
the depth of impaction, maxillary third molars were primarily classified as Class C (65.57%), while mandibular third molars
were classified as Class B (47.83%). Differences in crown shape were observed, with maxillary crowns being mostly triangular
(36.07%) and mandibular crowns being oval (38.26%). Maxillary third molars had shorter crowns compared to mandibular
third molars (P<0.05). Conclusion. The root morphology of maxillary and mandibular third molars in the population of Bosnia
and Herzegovina displays variability. Orthopantomogram imaging was found to be inadequate for accurate determination of
the number of roots in third molars. The number of cusps on third molars cannot be relied upon as a predictor of the number
of roots. The study’s findings will have implications for dental practice, particularly for oral surgeons and restorative dentists.
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Introduction

The impaction of third molars is considered a devel-
opmental feature of modern civilization that occurs
due to a lack of space for their eruption, the pres-
ence of physical barriers that prevent them from
reaching the occlusal plane, and malposition (1).

*ORCID ID https://orcid.org/0000-0003-4808-703X

It is well known that third molars are char-
acterized by morphological complexity and that
their place within the dental arch affects almost
all dental disciplines (2, 3). Their distal position
and enhanced fissure system contribute to plaque
retention and the development of caries, which
consequently leads to the need for tooth restora-
tion and endodontic treatment (4). From a dental
prosthetic point of view, they can act as abutments
for fixed prosthetic restorations (5). Difficulties
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with the eruption of third molars and their often
irregular position in the oral cavity can affect the
results of orthodontic treatment and lead to peri-
odontal disease (6). In oral surgery, it is of great
importance to be familiar with the morphological
characteristics of third molars, as their operative
extraction is one of the most common oral-sur-
gical interventions (7). Both clinical and radio-
graphic evaluation of the position of the third mo-
lars should be performed to reduce complications
and achieve the best possible outcome. To the best
of our knowledge, this is the first study that ad-
dresses the morphology of impacted and partially
impacted third molars in the population of Bosnia
and Herzegovina.

Therefore, the goals set for this study were to
analyze the number and morphology of maxillary
and mandibular third molar roots, the morpholo-
gy and dimensions of their crowns, and their posi-
tion regarding adjacent anatomic structures, using
clinical examination and radiographic images.

Materials and Methods
The Sample

The patients were recruited from the Department
of Oral Surgery, University of Sarajevo, Faculty of
Dentistry with Dental Clinical Center, and they
submitted signed informed consent forms after be-
ing introduced to the details of the study. With the
exception of samples with crowns and roots dam-
aged during operative extraction, fractured roots,
and incomplete root and crown development, all
intact, surgically extracted, impacted or partially
impacted third molars were included in the study.
Initially, 176 third molars (61 maxillary and 115
mandibular) were included in the study. The to-
tal sample size was drawn from 140 patients, with
the youngest being 14 years old and the oldest be-
ing 59 years old (39 men and 101 women). The ex-
tracted teeth were stored in a 3% solution of sodi-
um hypochlorite (NaOCl).

Analysis of the Orthopantomogram Images

OPG images were used to determine the number
of roots, the position of the third molars, the depth

of their impaction measured in relation to the oc-
clusal plane of the second molars, and the angu-
lation of the maxillary and mandibular third mo-
lars (8-10). Orthopantomogram imaging was also
used preoperatively to assess the number of roots
of impacted and partially impacted third molars.
The samples were divided into three categories:
Group 1 had a single root, Group 2 had two roots,
and Group 3 had three roots.

Analysis of the Number and Morphology of
the Roots of Extracted Impacted or Partially
Impacted Third Molars

The extracted teeth were used to determine the real
number of roots. On the basis of the data acquired,
the sample was divided into 4 groups: Group 1 had
a single root, Group 2 had two roots, Group 3 had
three roots, and Group 4 had four roots.

In terms of morphology and the number of
roots, maxillary third molars were classified using
the Alavi classification system, while mandibular
third molars were classified using the Machado clas-
sification (11, 12). In detail, the Alavi classification
divides upper wisdom teeth into ten classes based
on the number and shape of their roots (I- three
roots: all separate, II- three roots: Buccal roots fused,
I1I- three roots: Distobuccal and palatal fused, IV-
three roots: all fused, V- two roots separate, VI- two
roots fused, VII- one root conical, VIII- one root
C shaped, IX-four roots fused, X- four roots other
(11). According to root morphology, the Machado
classifies mandibular third molars as convergent,
parallel, fused, single, or divergent (12).

Analysis of the Crown Morphology of Impacted
and Partially Impacted Third Molars

The samples were used to analyze the number of
cusps and the shape of the crown. The shape of the
crown was classified according to the geometric
figure it resembled: oval, cubic, rectangular, rhom-
boid, circular, triangular, and trapezoidal (13).

Metric Analyses of the Samples

Metric analyses were performed using a ste-
reomicroscope (Kern Opticus OZL 464) at 15x




magnification. The samples were photographed
using a Kern Opticus ODC 824 camera, and dig-
ital images were stored in JPEG format. The digi-
tal caliper was calibrated and adjusted before each
measurement on the basis of the calibration block,
which is an integral part of the Kern Opticus OZL
464, in accordance with the manufacturer’s in-
structions. In other words, the distance measured
by the digital caliper must correspond to the dis-
tance measured by two points on the calibration
block. JPEG images of the third molars were used
to measure the length of the third molar roots, the
mesiodistal (MD) diameter, and the buccolingual
(BL) diameter of the crown, using a digital caliper.
The “single line” option was used to measure the
crown’s MD and BL diameters, while the “poly-
line” software option was used to measure the
length of the roots, due to their variable morphol-
ogy and curvature. The measurements were given
in millimeters.

A dental caliper was used to measure the di-
mensions of the extracted teeth: crown length
(from the crest of the buccal cusp or cusps to the
crest of curvature at the cementoenamel junction),
root length (from the crest of curvature at the
crown cervix to the apex of the root), tooth length
(from the crest of the buccal cusp or cusps to the
apex of the root), the MD diameter of the tooth
crown (from the crest of the curvature on the me-
sial surface (mesial contact area) to the crest of
the curvature on the distal surface (distal contact
area), the MD diameter of the crown cervix (from
the junction of the crown and root on the mesial
surface to the junction of the crown and root on
the distal surface), the BL diameter of the crown
(from the crest of the curvature on the buccal sur-
face to the crest of the curvature on the lingual
surface), and the BL diameter of the crown cervix
(from the junction of the crown and root on the
buccal surface to the junction of the crown and
root on the lingual surface) (14). The measure-
ments were also given in millimeters.

Ethics Statement

The study was approved by an Institutional Ethical
Review Board (No. 02-3-4-59-1-4/2021).
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Statistical Analysis

Descriptive analysis was used to describe and
present the characteristics and dimensions of the
upper and lower third molars. Continuous vari-
ables were presented as means with standard de-
viations, and categorical variables were present-
ed as percentages. Additionally, t-tests and one-
way ANOVAs (analysis of variance) were conduct-
ed. Statistical analyses were performed using IBM
SPSS software, version 23 (Chicago IL).

Results

Patients who underwent surgery were both male
and female, with a mean age of 22.8, SD 6.47.

Out of the 176 third molars included in the
study (61 maxillary and 115 mandibular), 89 were
impacted and 87 were partially impacted. The fre-
quency of upper and lower third molars in relation
to diagnosis, angulation, crown and root morphol-
ogy, and depth of impaction is shown in Table 1
(A and B).

Root Morphology

According to the Alavi classification for upper
third molars, the most frequent finding for upper
third molars is a fusion of three roots (Class IV)
(Table 1 A). The Machado classification system
states that the fusion of roots is the most common
finding for lower third molars (Table 1 B).

The number of roots found on OPG images and
the number of roots detected on extracted teeth is
shown in Figure 1. The dependent samples t-test
showed a statistically significant difference be-
tween the average number of roots found on OPG
and the actual number of roots, i.e., a statistically
significant greater number of roots was found on
the extracted third molars than on OPG images,
t(175) = -10.776; P<0.001.The range of the average
dimensions of the maxillary and mandibular third
molars measured by dental and digital calipers
(DC) can be found in Table 2.
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Table 1. Descriptive Statistical Parameters: Diagnosis, Angulation, Crown Shape, and Depth of Impaction of Maxillary and
Mandibular Third Molars

A Maxillary third molars

Root morphology
according to Alavi N (%)

Depth in relation to

Shape of the crown N (%) occlusal plane N (%)

Diagnosis N (%) Angulation N (%)

Impacted  39(63.93)  Vertical 37 (60.66)  Oval 7 (11.47) Class | 4 (6.55) A 6(9.84)
Mesioangular 14 (22.95) Cubic 2(3.28) Class Il 5(8.20) B 15 (24.59)
Distoangular 9(14.75) Rectangular 1(1.64) Class lll 12 (19.67) C 40 (65.57)
Horizontal - Rhomboid 19(31.15)  Class IV 16 (26.23)
. Linguoangular - Circular 4(6.55) ClassV 2(3.28)
f:f\’;:’c'z 4 22(3607) Buccoangular _1(1.64) Triangular ~ 22(36.07) ClassV 2(3.28)
Trapezoidal 6(9.84) Class VI 4 (6.55)
Class VIl 3(4.92)
Class IX 6(9.84)
Class X 7(11.48)
Total 61 (100) Total 61 (100) Total 61 (100) Total 61(100) Total 61 (100)
B Mandibular third molars
Root morphology . .
Diagnosis N (%) Angulation N (%) Shape of the crown N (%) according 5:33;: r|ea|:20|:|] (t;/))
to Machado N (%) P 4
Impacted  50(43.48)  Vertical 71(61.74)  Oval 44 (38.26) Convergent 16(13.91) A 39(33.91)
f’artlally 65 (56.52) Mesioangular 32(27.82) Cubic 19(16.52)  Parallel 25(21.73) B 55 (47.83)
impacted
Distoangular 4 (3.48) Rectangular 12(10.43) Fused 43(37.39) C 21(18.26)
Horizontal 3(2.61) Rhomboid 4(3.48) Single 4(3.47)
Linguoangular 5 (4.35) Circular 7 (6.09) Dilaceration 19 (16.52)
Triangular 5 (4.35) .
Buccoangular - - Divergent 8(6.95)
Trapezoidal 24 (20.87)
Total 115(100)  Total 115(100)  Total 115(100)  Total 115(100)  Total 115 (100)
105
110
100
90
80
70
60
[0)
g 50
S 37
% 40 37 29 (6066}
o 25
(21.74)
12
10
(19.67) 87) 4
(3.48) 1
0 0 0(0.87)
Maxillary ~ Maxillary ~ Maxillary ~ Maxillary ~Mandibul. ~ Mandibul. ~ Mandibul. ~ Mandibul.
third molar third molar third molar third molar third molar third molar third molar  third molar
1 root 2 root 3 root 4 root 1 root 2 root 3 root 4 root

M Orthopantomogram W Extracted samples

Figure 1.The frequencies of the number of roots of the upper and lower third molars based on the orthopantomogram and
extracted samples.
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Table 2. Upper and Lower Third Molar Average Dimensions in mm Measured with a Dental and Digital Caliper

Dimension Maxillary third molars (mm) Mandibular third molars (mm) P
Total length 17.86 18.11 >0.05
Length of the crown 7.23 7.65 <0.05"
Length of the root 10.76 10.71 >0.05
Mesiodistal diameter of the crown 9.53 9.70 >0.05
Mesiodistal diameter of the crown at the cervix 9.07 8.97 >0.05
Buccolingual diameter of the crown 8.61 8.63 >0.05
Buccolingual diameter of the crown at the cervix 8.27 7.93 >0.05
Length of the root DC 10.65 10.52 >0.05
Mesiodistal diameter of the crown DC’ 9.38 9.57 >0.05
Buccolingual diameter of the crown DC* 8.47 8.50 >0.05

"Digital caliper; fIndependent samples t-test.

The Average Dimensions of Lower Third Molars
in Comparison to the Available Space between
the Mandibular Ramus and Second Molar

The position of third molars according to the Pell
and Gregory classification is shown in Table 3.
One-way between group ANOVA analysis showed
a statistically significant difference in the mesio-
distal diameter of the crown of lower third molars
(measured with a dental caliper) within the Pell
and Gregory classes, F (2, 105)=5.016; P<0.01. The
post hoc Scheft test revealed a distinction between
classes I and III. The mean mesiodistal diameter of
the crown in class I (M=9.51; SD=0.91) was small-
er than the mean mesiodistal diameter of the class
III crown (M=10.50; SD=0.96), P=0.023.

One-way between group ANOVA revealed a
statistically significant difference in the mesiodis-
tal diameter of the crowns measured with a digital
caliper for the Pell and Gregory classes, F (2, 105)=
5.706; P<0.01. The post hoc Sheff test revealed dif-
ferences between classes I and II, as well as classes
I and III. The mean mesiodistal diameter of the
class I crowns (M=9.34; SD=0.83) measured with
a digital caliper was significantly smaller than the
mean mesiodistal diameter of the class II crowns
(M=9.80; SD=0.83), P=0.038. The mean mesiodis-
tal diameter of the class I crowns measured with a
digital caliper was smaller than the mean mesio-
distal diameter of the class III crowns (M=10.37;
SD=0.97) P=0.016 (Table 3).

Table 3. Average Dimensions of Lower Third Molars in mm with Respect to Pell and Gregory’s Classification

Pell & Gregory'’s classification of mandibular third molars

Dimension
Class | (N=32) Class Il (N=76) Class lll (N=7) P

Total length 17.87 18.40 20.00 >0.05
Length of the crown 7.47 7.93 7.86 >0.05
Length of the root 11.19 10.52 11.80 >0.05
Mesiodistal diameter of the crown 9.52 9.94 10.50 <0.01"
Mesiodistal diameter of the crown at the cervix 8.73 9.10 9.00 >0.05
Buccolingual diameter of the crown 8.54 8.68 9.14 >0.05
Buccolingual diameter of the crown at the cervix 7.80 8.14 8.28 >0.05
Length of the root DC 10.66 10.47 11.77 >0.05
Mesiodistal diameter of the crown DC* 9.34 9.81 10.37 <0.01%
Buccolingual diameter of the crown DC' 8.46 8.38 9.10 >0.05

‘Digital caliper; 'One-way between groups ANOVA.
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Percentage
o

3 cusp 4 cusp

B Maxillary third molar

Crown Dimensions of the Third Molars

Using an independent samples t-test, measure-
ments with a dental caliper revealed a statistical-
ly significant difference in the crown length of the
upper and lower third molars. The crown of the
upper third molars was smaller than the crown
of the lower third molars: t(174)=-2.277; P<0.05
(Table 2).

The Number of Cusps and Crown Shape

The analysis of the number of cusps on the occlu-
sal surface of third molars established five types
of cusp morphology: Type-1 (three cusps), Type-
2 (four cusps), Type-3 (five cusps), Type-4 (six
cusps), and Type-5 (seven cusps). Type-2 was
most often found in the upper third molars, while
Type-3 was most commonly found in the lower
third molars (Figure 2).

Maxillary third molars were found most often
to have a triangular crown shape. The crowns of
the lower third molars were mostly oval (Table 1).
An analysis of the relationship between the num-
ber of cusps and the number of roots revealed that
third molars with three cusps usually had three

5 cusp

B Mandibular third molar

Figure 2. The frequency and percentages of the number of cusps of upper and lower third molars.

6 cusp 7 cusp

roots, whereas third molars with 4, 5, 6, and 7
cusps mostly had two roots (Table 4).

Table 4. The Relationship between the Number of Cusps
and the Number of Roots of the Upper and Lower Third
Molars

Cusps Number of roots
One Two Three Four
Three 3 2 6 1
Four 6 35 24 3
Five 2 40 25 6
Six 0 10 2
Seven 0 3 1
Discussion

The population of Bosnia and Herzegovina has not
been the subject of any analysis of the third molar
crown and root morphology. Our study encom-
passes an equal number of impacted and partial-
ly impacted third molars, mostly vertically posi-
tioned, that were mainly extracted for orthodon-
tic reasons.

This study included 176 extracted maxillary
and mandibular third molars from adults of both
genders. A fusion of three roots was the most




common finding for upper-third molars. Root fu-
sion was the most common finding in lower third
molars as well. The number of roots detected on
extracted third molars was found to be statistically
significantly greater than the number of roots seen
on OPG images. The mesiodistal diameter of the
crown of lower third molars differed significantly
between the Pell and Gregory classes. When mea-
sured with a dental caliper and a digital caliper,
Class I had a smaller mean mesiodistal diameter
than Class III. The upper third molar crown was
found to be statistically significantly smaller than
the lower third molar crown. Type-2 (four cusps)
was more common in upper third molars, and
Type-3 (five cusps) was more common in lower
third molars. Lower third molars were mostly oval,
while maxillary third molars were mostly triangu-
lar. Third molars with three cusps typically had
three roots, whereas third molars with four, five,
six, or seven cusps typically had two roots.

Depth of Impaction

From an oral surgeon’s point of view, it is impor-
tant to assess the depth of impaction accurate-
ly. The deeper the maxillary or mandibular third
molar is placed within the jaw, the more complex
the procedure. Our research showed that impacted
upper third molars are usually in Class C (65.57%)
and rarely in Class A (9.84%). Lower third molars
were most commonly found in mid-deep posi-
tion, Class B (47.83%) and least frequently in Class
C (18.26%) (Table 1). This is in accordance with
the findings of Khoury et al., who analyzed the
depth of third molar impaction in the population
of Lebanon (15). This outcome is contrary to that
of Carvalho et al., which may be due to the larger
sample size of their study. They analyzed 473 man-
dibular molars and found that they were in Class
A in 48.4% of cases, Class B in 41% of cases, and
Class C in 10.6% of cases (16).

Root Morphology

One of the reasons for the complexity of third
molar extraction is the variability of their root
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morphology, which has been the subject of many
studies (11-13,17,18). Alavi et al. investigated
maxillary third molars in a Thai population and
established seven classes: Class I 50.9%; Class II
10.6%; Class IV 26.5%; Class VI 6.6%; Class VII
1.3%; Class IX 2%; and Class X 2%, while the re-
maining three classes (III, V and VII) were not
present in the sample (11). In our study of 61 max-
illary third molars, fusion was present in 26.23%
of cases, while the rest were divided among the
other classes (Table 1). Compared to the results of
Alavi et al., similarity can only be noticed in Class
IV. The results of our study in terms of root num-
ber and morphology were mostly in line with the
study by Todor et al. They classified the morpholo-
gy and the number of third molar roots into seven
categories, with three fused roots being the most
common (43.75%), as in our study (13). In their
study of the Croatian population (56 maxillary
third molars), Cosi¢ et al. discovered root fusion
in 19 samples (33.9%) while the rest of the sample
had independent roots (17). However, the com-
parison between studies would be more accurate
if the criteria for the number of roots and their fu-
sion were standardized.

The root morphology of lower third molars is
also variable. Our study comprised a larger num-
ber of samples (N=115), and found that most man-
dibular third molars had fused roots (37.39%),
followed by parallel roots (21.73%). Machado et
al. studied 48 mandibular third molars, and dis-
covered single and fused roots in 27.1% of sam-
ples, parallel in 33.3%, convergent in 35.4%, and
divergent in 4.2% of cases (12). In contrast, no
roots showed fusion in the study of a sample of 50
mandibular molars collected from a Croatia popu-
lation (17). Since the Bosnian-Herzegovinian and
Croatian populations are geographically close and
not expected to differ to any great extent, this re-
sult may be a reflection of differences in the sample
size. Saraswati et al. used a simpler root classifica-
tion in their study of 100 mandibular molars. They
classified mandibular third molar root morphol-
ogy into three groups: group I —roots with normal
morphology (12%); group II —fused roots (7%);
group III —curved roots (81%) (18). This differs
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from the results of our study. While curved roots
were dominant in their study, our sample showed
the greatest percentage of fused roots of mandibu-
lar third molars.

Root Number

OPG was primarily used as a radiographic tool in
preparation for surgical third molar extraction.
The number of roots was counted as part of our
analysis. To evaluate the accuracy of the OPG as-
sessment, the number of roots found in the OPG
images was compared to the number of roots found
on the extracted specimen. Our analysis of OPG
images showed that maxillary third molars mostly
had a single root (50.82%), while lower third mo-
lars predominately showed two roots (91.30%).
Furthermore, the extracted specimens revealed
three roots in the upper third molars (60.66%)
and two roots in the lower third molars (73.91%).
A statistically significant difference between the
number of roots assessed using OPG images and
the actual number of roots is evident (P<0.001). In
their study of the precision of three imaging tech-
niques in assessing the number of roots of man-
dibular wisdom teeth, Matzen et al. found no sta-
tistically significant difference (19). They used
OPG images to analyze 139 mandibular third mo-
lar root numbers, and CBCT images and stereo-
scanometry to examine 147 mandibular third mo-
lars. The results showed the equal reliability of the
three techniques when assessing the number of
third molar roots (19). Zhang et al. investigated
130 maxillary and mandibular third molars using
micro-computed tomography. The results of their
study on a Chinese population showed that upper
third molars mostly had one root (51.5%) and low-
er third molars were usually two-rooted (47.7%)
(20). Our results follow theirs in terms of mandib-
ular third molar root count. Cosi¢ et al. examined
106 third molars, 56 maxillary and 50 mandibular
teeth in Croatians. In their study, Croatians mostly
had three-rooted upper third molars (83.9%), as in
our study, while lower third molars mostly had sin-
gle roots (56%) (17). Unlike their study, the pop-
ulation from B&H had predominantly two-rooted

lower third molars. Our study had twice the sam-
ple size, which could be a reason for the discrep-
ancy between two geographically close nations. By
analyzing CBCT images, Park et al. discovered that
a Korean population mostly had two-rooted man-
dibular third molars (56.5%), then one (37.9%),
and three roots (1.9%) (21). As in our population,
two rooted mandibular third molars were found
most often.

In a study by Bell et al. from the United
Kingdom, the number of roots was analyzed on the
basis of OPG scans, and the accuracy of the OPG
scan in estimating the actual number of roots was
assessed. The results of that study showed a statisti-
cally significant difference between the number of
roots shown on OPG and the actual root number,
which brings the reliability of OPG into question
(22). Our results confirm the results of Bell et al.,
especially in terms of assessment of the number
of maxillary third molar roots. Although OPG is
routinely used preoperatively, it has low diagnostic
accuracy and is not a good tool to assess root num-
ber and curvature.

The number of roots in the B&H population
ranged from one to four for the maxillary and
mandibular third molars. In his review article,
Ahmed demonstrated that maxillary third molars
may have one to five roots, and mandibular one to
four roots (5). In the American study by Sidow et
al., 17% of mandibular molars had one root, 77%
had two roots, 5% had three roots, and 1% had
four roots. Out of 150 maxillary third molars, 15%
had one root, 32% had two roots, 45% had three
roots, and 7% had four roots (3). In accordance
with the present results, lower third molars were
mostly two-rooted, and upper third molars were
three-rooted.

The Position of Third Molars

One of the characteristics of impacted third mo-
lars assessed preoperatively using OPG images
is their position within the jaw bone, most com-
monly according to Winter’s classification. Winter
classified third molars on the basis of their incli-
nation towards the long axis of the second molar




as vertical, horizontal, distoangular, mesioangular,
transversal, or inverse (8). In our sample, vertical
angulation was found most frequently in the max-
illa (60.66%) and mandible (61.74%), followed by
mesioangular, linguoangular, distoangular, and
horizontal angulation. (Table 1). The results of our
study are in accordance with the results of Carvalho
et al., who analyzed 473 mandibular third molars
and found them predominantly in a vertical posi-
tion (49.5%) (16). Meanwhile, Bokindo et al., es-
tablished that mandibular third molars were most-
ly in a mesioangular position (21.9%), followed by
horizontal (2.9%), vertical (1.3%), and distoangu-
lar positions (1%) (23). Sampieri et al. also found
the mesioangular position to be the most frequent
(53.8%) in their sample of Brazilians (N=1205
mandibular third molars) (7). In their study of 181
upper and lower third molars in a population from
Lebanon, Khouri et al. found the most mesioangu-
larly positioned third molars, followed by the dis-
toangular, horizontal, and vertical positions (15).

Crown Dimensions of Third Molars

A discrepancy between tooth size and available
space is a possible etiological factor for impac-
tion or partial impaction. The present study com-
pared the crown dimensions of third molars with
the available space in the sampled B&H popula-
tion. A statistically significant difference between
the crown length of maxillary and mandibular
third molars was found, while there was no dif-
ference between their root lengths (Table 2). Our
results agree with the results of Zhang et al. in a
Chinese population (20). It is evident from odon-
tometric measurements that Chinese people have
shorter crowns than Bosnians (20). Ahmed et al.
also studied the average dimensions of third mo-
lars, and noticed the length of third molars to be
14 mm to 22 mm, with an average of 17-19 mm
(5). In our study, the average length of maxil-
lary third molars was 17.86 mm, and the average
length of mandibular third molars was 18.1 mm.
The clinical importance of these measurements is
that they may be helpful when choosing the length
of instruments during endodontic treatment.
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The Average Dimensions of Lower Third
Molars in Comparison to the Available
Space between the Mandibular Ramus and
Second Molar

The average dimensions of lower third molars
were compared in relation to Pell and Gregory’s
classification of the position of lower third molars,
i.e., the available space between the mandibular ra-
mus and the second molar. We discovered a sig-
nificant difference in the mesiodistal diameter of
the crowns between Pell and Gregory’s Classes I,
II, and III. The mesiodistal diameter of the crowns
of the lower third molars in Class I was notably
smaller than the MD diameter of the crowns of the
third molars in Classes II and III (Table 3). This
was an attempt to see if tooth dimensions lead to
the occurrence of impaction or partial impaction.
In a recent study, Orafi et al. questioned the con-
nection between the MD diameter of the crown of
third molars and the available space for their erup-
tion (24). This study found three categories by size
(the impacted tooth’s mesiodistal diameter in rela-
tion to its normal space). S1: the MD diameter is
lower than the available space for the third molar
eruption; S2: the MD diameter is greater than the
available space for the third molar eruption; and
S3: the MD diameter equals the available space
for the third molar eruption (24). Our results are
in agreement with the results of Orafi et al. and
can be used to assess the possibility of the erup-
tion of third molars. For accurate measurement of
unerupted teeth, a 3D imaging technique such as
CBCT should be used (24).

Crown Morphology

The study established seven types of crown mor-
phology with regard to the geometric shape it re-
sembles. The occlusal surface of the maxillary third
molars was mainly triangular, while the occlusal
surface of the mandibular third molars was most-
ly oval. This differs from the results of a study by
Todor et al. in Romanians, who found six possible
geometric shapes of maxillary third molars, with
the rectangular shape being dominant (28.18%).
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Conversely, this shape was the least common in
our study (1.64%). This suggests that there are dif-
ferences in the crown morphology of maxillary
third molars between different populations (13).
In our analysis of the relationship between the root
number and the number of cusps on the occlusal
surface of the third molars, we established the fol-
lowing: a three-cuspid crown is usually followed
by three roots, while crowns with four, five, six,
and seven cusps are usually followed by two roots.
This suggests that the number of cusps is not a re-
liable indicator of the root number.

Study Limitations and Future Research
Suggestions

Considering that our study was based on the mor-
phology of crowns and roots, our sample had to be
intact. As a result, many of the samples were inel-
igible due to mechanical defects, or their position
necessitated operative separation. This was mostly
the case with horizontally positioned lower third
molars and molars in unusual positions that could
not be extracted as a whole. This affected the re-
sults concerning the position of mandibular third
molars. For future research, it would be interest-
ing to note all the positions of third molars that
require separation in order to be extracted. This
would be especially helpful to inexperienced oral
surgeons, as it would assist them in deciding when
to separate the tooth during the procedure.

Fi - Index Tool

This manuscript has been checked with the Fi-
index tool and obtained a score of 0.20 for the
first author only on the date 24 July 2023 accord-
ing to SCOPUS' (25). The fi-index tool aims to en-
sure the quality of the reference list and limit any
auto-citations.

Conclusion

Orthopantomogram imaging is not a precise di-
agnostic method to assess the third molar root
count. Our study of a Bosnian and Herzegovina

population showed that maxillary third molars
usually had three fused roots (Alavi Class IV),
while mandibular third molar roots were most-
ly fused. Both maxillary and mandibular third
molars were mostly vertically positioned. Lower
third molars were typically classified as Pell and
Gregory Class II. The crowns of upper and lower
third molars differ in shape: mandibular third mo-
lar crowns are mostly oval, and maxillary crowns
are triangular. The number of cusps on the upper
and lower third molars cannot be used to predict
the number of roots. Knowing the morphological
characteristics of wisdom teeth as well as their po-
sition is important for clinical practice in assess-
ing the potential risk of impaction, difficulty of ex-
traction, and increased susceptibility to caries and
periodontal disease.

What Is Already Known on This Topic:

Various classifications and scoring systems have been identified in studies
to categorize impacted third molars on the basis of their position and degree
of impaction. These classifications aid in treatment planning and extrac-
tion decision-making. Radiological evaluation also aids in determining the
relationship between the impacted tooth and adjacent structures, which is
important for surgical planning and lowering the risk of complications.
Furthermore, assessing crown and root morphology helps predict ex-
traction difficulty, determine the need for preoperative procedures, such
as sectioning or bone removal, and to identify the risk of postoperative
complications. Overall, clinical and radiological evaluation is impor-
tant in assessing impacted third molars, facilitating personalized treat-
ment plans, and reducing associated risks and complications.

What This Study Adds:

The prevalence, eruption patterns, and anatomical characteristics of
wisdom teeth differ between ethnic groups and populations. This is the
first study of wisdom teeth in the Bosnian and Herzegovinian popula-
tion, and it focuses on wisdom tooth position, as well as crown and root
morphology. This study’s findings will have an impact on dental care
and treatment decisions in the fields of oral surgery, restorative den-
tistry, and endodontics.
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