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Abstract

Objective: The aim of this study was to evaluate the effect of some morphological features of the mandible and
mandibular permanent molars on impaction of mandibular third molars with panoramic measurements in a Turkish
patient group.
Study design: Standardized panoramic radiography variables compiled from 140 patients retrospectively were evaluated. Predictive variables included mesio-distal crown width and inclination of the mandibular molars, vertical
and horizontal surface dimension between distal surface of the lower second molar tooth and anterior surface of its
ramus, length and width of the mandible ramus and corpus, angle of the mandible gonion, the number of the lower
third molar roots, and angulations of roots of the lower third molars.
Results and Conclusions: According to the data obtained in this study, the vertical height of the anterior border of
the ramus, length of the posterior basal corpus, mesio-distal diameters of the first, second and the third molars, 1/3
root angle of the third molar, number of third molar roots, inclination of the first molar to increase, vertical height
of the posterior border of the ramus, vertical height of alveolar crest, and height and the width of the retro-molar
space to decrease are all in direct proportion to the possibility of impaction of the third molar.
Key words: Impaction, mandibular third molar, morphological feature.
*This study was presented at the 2nd. International Oral and Maxillofacial Surgery Society Congress, Antalya,
2008.
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Introduction

Mandibular third molars (MTMs), or wisdom teeth, are
the most frequently congenitally impacted teeth (1,2).
Although MTM, normally erupt at ages ranging from 16
to 24 (mean: 20) when they are in appropriate occlusion,
about 40% of cases are partially or completely impacted
(1-4).
Retention of the MTM is important for its role in orthodontic anchorage, prosthetic abutment and transplantation (2). The reported percentage of pathological
changes such as infection, pain, caries, root resorption,
cysts and benign or malign tumors (5,6) is not high,
but eruption failure usually causes irreversible damage
even after mandibular third molars have been removed
(7). On account of this dilemma, the indications for asymptomatic MTMs, extraction is a controversial topic
among clinicians (8). While deciding upon the necessi-

Fig. 1. Panoramic view of impacted mandibular third molar.

Fig. 2. Panoramic view of erupted mandibular third molar.
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ty for extraction, in addition to the potential complications, it is important that morphological factors are taken
into account. Since first proposed in 1936 by Henry and
Morant, the prediction models have been improved (9).
The objective of this study was to evaluate the effects of
some morphological features of the mandible and mandibular permanent molars on impaction of MTMs with
panoramic measurements in a Turkish patient group.

Material and Methods

Subjects
This retrospective study was carried out by evaluation of
panoramic radiographs from 140 patients (64 male, 76
female) who presented at our oral and maxillofacial surgery services from 1998 to 2007. The patient selection
criteria for panoramic radiography were intact dental
arches, radiologically confirmed MTMs besides having
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a mesiangular inclination and having a completed root
apex, having no periapical lesions or caries that include
the pulp of MTMs, and being over the age of 20 years.
In addition, those previously treated for any orthodontic problem, those having experienced trauma or having
masses such as cysts or tumors in the mandible were
excluded from the study. The patients in the first group
(n=60; mean age, 25.3 years; range 21 to 38) had completed normal dentition with erupted mandibular third
Variable
Points
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Planes
1 (rhP)
2 (rhA)
3 (blU)
4 (blL)
5 (rw)
6 (fmw)
7 (smw)
8 (sV)
9 (sH)
10 (bwP)
11 (bwA)
12 (fmi)
13 (smi)
14 (tmw)
Angles
1 (GaO)
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molars. The patients in the second group (n=80; mean
age, 23.04; range, 20 to 33) had impacted MTMs with
mesioangular inclination. Impaction was assessed orthopantomographically if the tooth was fully embedded in
the bone (Fig. 1). MTMs were classified as erupted if
vertical third molars were situated at the same occlusal
level as the neighboring second molars with sufficient
space between the ramus and the third molars (Fig. 2).

Location
The condyle head in contact with and tangent to the ramus plane
The mandibular angle in contact with and tangent to the ramus plane
The exterior turning point of the ramus and the mandibular body
The mandibular angle in contact with and tangent to the mandibular plane
The deepest point on the antegonial notch,
The inferior mandibular border in contact with and tangent to the mandibular plane
The most superior anterior convex point on the coronoid process
The most inferior convace point on the anterior border of the ramus
The internal turning point of the ramus and mandibular body
The intersection of the anterior ramus border and the distal surface of the second molar
The most superior point on the alveolar crest between the first molar and the second molar
The most superior point on the alveolar crest between the canine and the first premolar
The most distal convex point on the crown of the second molar
The most mesial concex point on the crown of the second molar
The furcation point on the root of the second molar
The most distal convex point on the crown on the first molar
The most mesial convex point on the crown of the first molar
The furcation point on the root of the first molar
The most distal convex point on the crown of the third molar
The most mesial concex point on the crown of the third molar
Ramus height-P: The distance between reference points 1 and 2
Ramus height-A: The distance between reference points 7 and 8
Body length-U: The distance between reference points 12 and the intersection of line 7-8 (reference point 7 to 8) and line 11-12 (reference point 11 to 12)
Body length-L: The distance between reference points 5 and 6
Ramus width: The distance between reference points 3 and 9
First molar width: The distance between reference points 16 and 17
Second molar width: The distance between reference points 13 and 14
Space-V: The distance of perpendicular line from reference point 13 to 7-8 (reference point 7 to 8)
Space-H: The distance between the intersection of line 7-8 (reference point 7 to 8) to line 11-12
(reference point 11 to 12) and the intersection of perpendicular line from reference point 13 to
line 7-8 (reference point 7 to 8)
Body width-P: The distance of perpendicular line from point 11 to line 4-6 (reference point 4 to 6)
Body with-A: The distance of perpendicular line from point 12 to line 4-6 (reference point 4 to 6)
First molar inclination: The angle of first molar axis (mid point of reference points 16 and 17 to
reference point 18) and line 4-6 (reference point 4 to 6)
Second molar inclination: The angle of the second molar axis (mid point of reference points 13
and 14 to reference point 15) and line 4-6 (reference point 4 to 6)
Third molar width: The distance between reference points 19 and 20
Gonial angle-O: The angle of line 1-2 (reference point 1 to 2) and line 4-6 (reference point 4 to 6)

2 (GaL)

Gonial angle-I: The angle of line 7-8 (reference point 7 to 8) and line 11-12 (reference point 11 to 12)

3 (tmra)

Third molar 1/3 root angle: The angle formed by the long axis drawn perpendicular to the occlusal
plane of the crown of the mandibular 3rd molar and the central line of the lower one-third of the
root through the root apex.

Table 1. Orthopantomographic measurements of selected points, planes, and angles (Modified from Tsai, 2005)(6)
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Measures
Prior to digital orthopantomography in Oral Diagnosis
and Roentgenology Clinics, objects that could interfere with the outcome and cause artifacts were removed.
After dressing with a leaded apron, the patients were
positioned anterior-posterior, their Frankfurt plane was
parallel to the floor and the heads of all patients were
stabilized to avoid distortions. All images were obtained under exposure to 60-80 kV and 1-10mA images
of 3 rotation centers with constant magnification of 1.3
lasting 16.2 s (J. Marita, MFG Corp., Kyoto, Japan). On
the negatoscope, the patients’ chin layout was copied
onto a piece of transparent paper cut the same size as
the film using a 0.3 mm pen. Angles were measured by
a protractor to the nearest 0.5º. Points, angles, and plane
measurements are shown in Table 1.
Statistical Analysis
Because there was no difference in the panoramic measurements between the left and right mandible, data were
averaged before statistical analyses were carried out.
Statistical analysis was performed using SPSS version
13.0 for Windows (SPSS, Inc. Chicago, IL, USA). The
Student’s t-test was performed to test the effect of the
third molar status and gender. The linear model included two-way interactions of the main effects. To build a

Variable
rhP
rhA
blU
bLL
rw
fmw
smw
sV
sH
bwP
bwA
Fmi
smi
gaO
gaL
tmw
tmra

Female (n = 76)
Impacted
Erupted
(n = 42)
(n = 34)
48.62 ± 0.53
50.66 ± 0.59
22.42 ± 0.36
20.74 ± 0.40
57.30 ± 0.55
58.81 ± 0.61
31.41 ± 0.76
21.34 ± 0.85
36.45 ± 0.48
37.85 ± 0.53
14.63 ± 0.12
14.00 ± 0.13
14.46 ± 0.14
13.93 ± 0.16
13.06 ± 0.48
19.18 ± 0.53
8.55 ± 0.31
8.97 ± 0.35
30.12 ± 0.33
32.21 ± 0.37
37.29 ± 0.40
40.53 ± 0.45
83.29 ± 0.62
82.72 ± 0.69
83.41 ± 0.50
85.07 ± 0.55
121.00 ± 0.66
121.68 ± 0.74
85.27 ± 0.61
84.21 ± 0.68
14.08 ± 0.12
13.29 ± 0.13
38.73 ± 1.78
36.25 ± 1.98

model of impacted and non-impacted groups, multivariate discriminate analyses were carried out. Statistical
significance was considered as P < 0.05 and the results
were reported as the least square mean ± pooled standard error.

Results

Main effects of explanatory variables
Mandibular third molar status: Erupted MTMs group
had greater rhP (P < 0.03), sV (P < 0.0001), sH (P <
0.02), bwA (P < 0.0001) values and lower rhA (P <
0.0001), fmw (P < 0.0001),smw (P < 0.0001), tmw (P
< 0.0001), tmra (P < 0.0001), tmr (P < 0.0001), bLL (P
< 0.0001), fmi(P < 0.02), values than impacted MTMs
group. blU value tended to be greater for erupted MTMs
group than for impacted ones (Table 2).
Gender: rhP (P < 0.0001), rhA (P < 0.0001), blU (P <
0.003), rw (P < 0.0001), bwP (P < 0.0001), bwA (P <
0.0001), tmw (P < 0.0002) values were lower and sH
(P < 0.03) value was greater in females than for those
in males. Females tended to have greater smw, fmi, and
GaO and lower GaL values than males (Table 2).
The interactions among explanatory variables
Mandibular third molar status by gender interaction:
Diminish in bwa (P < 0.001), rw (P < 0.004), sv (P <

Male (n =64)
Impacted
Erupted
(n = 38)
(n = 26)
53.70 ± 0.56
55.15 ± 0.68
24.72 ± 0.38
22.27 ± 0.46
59.49 ± 0.58
60.33 ± 0.70
31.24 ± 0.80
20.98 ± 0.97
41.26 ± 0.50
39.50 ± 0.61
14.61 ± 0.12
14.10 ± 0.15
14.41 ± 0.15
13.39 ± 0.18
14.67 ± 0.50
17.90 ± 0.61
7.41 ± 0.33
8.60 ± 0.40
34.63 ± 0.35
33.27 ± 0.42
40.57 ± 0.42
41.02 ± 0.51
83.09 ± 0.65
80.31 ± 0.78
84.58 ± 0.52
83.29 ± 0.63
119.01 ± 0.70
120.75 ± 0.84
86.32 ± 0.64
85.71 ± 0.78
14.54 ± 0.13
13.81 ± 0.15
45.42 ± 1.87
32.77 ± 2.26

Statistical Significance, P <
Gender
0.0001
0.0001
0.003
0.76
0.0001
0.78
0.05
0.75
0.03
0.0001
0.0001
0.06
0.58
0.05
0.06
0.0001
0.42

Table 2. Effects of third mandibular molar status and gender on panoramic variables

Variable1
Women
bwA
rw
smw

Coefficient

SE

P

OR

-0.21
-0.20

0.07
0.07

0.001
0.004

0.81 (0.71 – 0.92)
0.82 (0.72 – 0.94)

0.47

0.19

0.02

1.60 (1.09 – 2.33)

sV
constant
Men
smw
sV
tmra
Constant

-0.28
13.50

0.06

0.0001

0.76 (0.67 – 0.85)

0.96
-0.30
0.05
-9.95

0.28
0.08
0.02

0.0006
0.0004
0.005

2.62 (1.51 – 4.54)
0.74 (0.63 – 0.88)
1.05 (1.01 – 1.08)

Table 3. Coefficients and odd ratio of factors affecting impactness of mandibular third molar status
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Status
0.003
0.0001
0.06
0.0001
0.73
0.0001
0.0001
0.0001
0.02
0.32
0.0001
0.02
0.73
0.10
0.22
0.0001
0.0001

Gender x Status
0.62
0.34
0.58
0.91
0.003
0.63
0.12
0.007
0.27
0.0001
0.002
0.11
0.008
0.47
0.73
0.83
0.01
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0.0001) values and increase in smw (P < 0.02 value for
female when their MTMs were impacted. Diminish in sV
(P < 0.0004) value and increase in, smw (P < 0.0006),
tmra (P < 0.005) values for male when their MTMs were
impacted (Table 3).

Discussion

Imaging methods may have caused the variability in
the literature dealing with predicting third molar status.
It appears that panoramic radiography is a reliable and
common method for evaluating the mandibular third
molar (MTMs) status and relevant measurements as
well as linear dimensions and angles of the mandible
(2,6,10,11). In this experiment, equipment was fixed
at a constant magnification and patients were prepared
according to the radiography protocol. Thus, numerical
differences between the left and right mandible measurements was minimal and could be due to inevitable
distortions that might result from patient movement at
the time of imaging. In addition to imaging methods, the
patients’ age is also important. Due to positional changes
occurring during third molar development, prediction of
the third molar status based on variables measured before age 20 may not be reliable (2,10), suggesting that
predictive variables should be collected after completion
of the positional changes (> 20 years old).
The increasing incidence of third molar impaction is
of great concern (2). Although numerous publications
are available on this topic, the etiology of the impacted
MTM has not been fully elucidated. Kaplan (12) postulated that there was a direct relationship between facial
development and growth and positions of the MTM.
Eruption or impaction of the third molars depends on
genetics and race as well as other factors such as the
degree of mastication, dietary habits, and extent of generalized tooth attrition (2,8,13). In relation to dietary
factors, it was shown that the incidence of impaction
was less in undeveloped countries than in developed
countries (14).
Many studies have revealed that insufficiency of the
retromolar surface area is associated with impaction of
the MTM (2,5,14). Ganss et al. (5) evaluated rotational
tomograms and lateral cephalometric radiographs in 75
patients. Based on follow up 3 and 7 years later, they
found that 70% of the MTMs were erupted if the ratio of retromolar space to tooth width was greater than
1. However, Hattab and Alhaija (2) reported that 17%
of third molars failed to erupt, although this ratio was
greater than 1. Similarly, Björk and Skieller (15) used
metallic implants in three locations to monitor mandibular growth and development and showed that small
retromolar space accounted for 90% of MTM impaction.
Contrary to the reports of some scientists that there is
no relationship between the retro molar space and third
molar status (8,10,16,17), it is shown in our study that
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insufficient retro molar space plays a role in causing the
MTM to remain impacted (Table 2).
The MTM develops in the ramus of the mandible; its
occlusal surface faces upwards and forwards and as a
space becomes available for it due to growth of the mandible, it rotates into a more upright position. Therefore,
space for third molar eruption is created partially by the
forward movement of the dentition and partially by the
resorption of bone at the back of the dental arch. The
pattern of growth that influences this space should be
considered (6). If resorption of the anterior border of the
ascending ramus and horizontal growth of the mandible does not occur, the third molar remains in the bone
(14,18). Ng et al. (3) postulated that depressed alveolar
development was responsible for impaction of the third
molars. However, results reported by Tsai (6) were in disagreement with this theory. Based on our data, we think
that the eruption of teeth with a mesioangular inclination
caused by anterior movements of the molars is responsible, rather than partial resorption at the anterior border
of the ramus. As a result, alveolar crest length and ramus
width could be independent from eruption (Table 2).
Mesial drift of the posterior teeth results in excessive
interproximal attrition and consequently to increased retromolar space (14). Pulling premolar teeth out is associated with a decreased rate of impaction of third molars
(6,19) whereas pulling molar teeth out eliminates the
chance of third molar impaction (19). Early loss of deciduous molars or first molar accelerates the eruption of
third molars (11). This could be attributed to an increased
eruption surface area resulting from mesial movement
of the molar teeth during extraction-site closure (14).
Kaplan (19) reported that the MTMs impaction could
occur when premolars were extracted, which possibly
resulted from insignificant resorption along the anterior
border of the ramus. According to the author, this could
be associated with an increased vertical ramus growth. A
greater vertical height of the anterior border of the ramus
in impacted third molars partially supports the findings
of Kaplan (Table 2).
Tooth diameter is also proposed as a descriptive variable
for the third molar status. Impacted third molars were
shown to have a greater diameter (3,13). However, some
authors (2) found no difference in the diameters of erupted and impacted third molars. Tsai showed that first
molars had a greater diameter when third molars were
impacted (6). Our results suggest that third molar status depends on the diameters of first and third molars as
well as second ones, which may reflect the importance
of chin morphology.
Movements of the mandible and teeth may cause some
morphological alterations at the bottom 1/3 part of the
root. Despite being in a similar position, these effects
can be different on the left and right third molars. The
bottom 1/3 part of the root is especially affected when
e16
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the anterior border of the ramus is resorbed and the corpus mandible is enlarged (18,20). Yamaoka et al. (18)
reported the presence of angled-roots in impacted third
molars, especially in females. In the present study, angled-roots affected impaction in both genders (Table 2).
In addition, increase in the number of roots adversely
affected the MTM status. Due to occupying a relatively
larger space and limiting eruption surface, third molars
with multiple roots may be prone to impaction (Table
2).
According to the data obtained in this study, the vertical height of the anterior border of the ramus, length of
the posterior basal corpus, mesio-distal diameters of the
first, second and the third molars, 1/3 root angle of the
third molar, number of third molar roots, inclination of
the first molar to increase, vertical height of the posterior
border of the ramus, vertical height of alveolar crest, and
height and the width of the retro-molar space to decrease
are all in direct proportion to the possibility of impaction
of the MTM.
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