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Abstract

Background: Third molar impaction is a major problem facing the dental profession and its impacts on the dentition has long
been a major concern. Third molar is the most frequently impacted tooth. The prevalence of mandibular third molar impaction
has been reported from 18 to 32 percent which varies between populations and races.
Objectives: This study was designed to determine the best retromolar space analysis from available methods with the highest cor-
relation with mesio-distal width of mandibular third molar (MTM) in order to predict its eruption or impaction.
Patients and Methods: Measurements were carried out on digital panoramic radiographs of 98 Iranian patients. One hundred
and seventy mandibular third molars were divided into 4 groups: impacted females, impacted males, erupted females and erupted
males. Twenty eight points and 24 planes were marked on the radiographs: 11 points in relation to retromolar space analysis and
the mesio-distal width of MTM; and 17 points in relation to some anatomic variables assumed to be related to MTM eruption or
impaction. Using these landmarks, different methods were tested for analyzing the retromolar space and its relation to the width of
the MTM. Student’s t-test was applied for comparison between erupted and impacted groups and ROC curve was drawn to determine
the method with the highest specificity and sensitivity.
Results: Among the performed retromolar space analysis, the method that measured the distance between distal surface of second
molar and the anterior border of ramus parallel to functional occlusal plane had the highest correlation with the MTM width. Also,
the impact of some anatomic factors including posterior ramus height, upper body length, etc. on MTM eruption or impaction was
observed.
Conclusions: Retromolar space analysis on panoramic radiographs can be a relatively precise predictor for mandibular third molar
eruption or impaction. This study also supports the multifactorial concept about third molar impaction.
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1. Background

Third molar impaction is a major problem facing the
dental profession and its impacts on the dentition has long
been a major concern. Third molar is the most frequently
impacted tooth. The prevalence of mandibular third molar
impaction has been reported from 18 to 32 percent which
varies between populations and races (1). The average age
of MTM eruption has been reported about 20 years ranging
from 14 to 24 years (2, 3). However, in case of impaction,
clinical changes in tooth position have been observed up
to 32 years (4).

Impacted and partially erupted teeth can be associated
with various problems and pathologic conditions. The eti-

ology of third molar impaction is multifactorial and there
is a great uncertainty with the possibility of its eruption.
Factors such as insufficient space, genetics, growth direc-
tion, the effect of buccinators muscles, external oblique
ridge, second molar position, bone resorbtion at the ante-
rior border of ascending ramus, mandibular growth rota-
tion, mesio-distal width of mandibular third molar (MTM)
or its angulation and its relative depth has been denoted in
the literature (4-6).

Predicting the impaction or eruption of MTM is impor-
tant in planning the time of intervention. For example,
more complication has been attributed to older age of sur-
gical procedure for MTM removal (whether impacted or
partially erupted) (7). Moreover, predicting the risk of im-
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paction can be a considering factor in planning orthodon-
tic treatment plan as reportedly the rate of MTM impaction
reduced in patients treated with premolar extraction com-
pared with non-extraction patients (8, 9).

Many authors have tried to develop a method for pre-
diction of MTM eruption or impaction However, there is
a great uncertainty in these predictions yet. One of the
widely accepted explanations for MTM impaction is the dis-
crepancy between the second molar to mandibular ramus
space and the mesio-distal width of MTM. Comparing the
available space with the mesio-distal width of MTM has
been advocated for prediction of MTM impaction. It has
been reported that if the mesio-distal available space for
MTM is larger than or equal to the mesio-distal width of
the tooth, the possibility of eruption is about 70% (10). Sev-
eral methods has been applied to measure the retromo-
lar space using panoramic images, lateral chephalograms
and CBCT. Although multidetector CT and cone beam CT
provides practitioners with the highest quality diagnos-
tic information owing to their dimensionally accurate na-
ture, these imaging methods increase radiation exposure
and cost of the procedure and thus are not a part of rou-
tine dental examination (11). On the other hand, lateral
cephalograms are not prescribed routinely and bilateral
analysis would not be accurate or possible in this image
modality.

Panoramic images provide a complete overview of the
dentition with a relatively low radiation exposure. These
radiographs offer a full view of dental arch and associated
structures with excellent patient acceptance. The stage
of tooth development, the angulation and position of the
teeth, and any pathologic condition are observable. Al-
though, there are some innate inaccuracy due to distortion
and geometric magnification, the acceptable accuracy of
these images and their wide application in routine dental
examination has made them potentially appropriate for
evaluation and prediction of MTM impaction or eruption
(5, 12, 13). There are several methods for measurement of
retromolar space but no comparison to identify the most
accurate one was found in our literature review.

2. Objectives

The current study was designed to evaluate different
recommended methods of retromolar space analysis by
the use of panoramic images in adult males and females
with and without impaction of mandibular third molar,
with the aim of identifying the best method with the high-
est correlation with the mesio-distal width of the third mo-
lar and its eruption or impaction.

3. Patients and Methods

This study was carried out on panoramic radiographs
of 98 patients who met our inclusion criteria: intact
mandibular dental arch, without any missing or extracted
tooth, any proximal restoration or crown, presence of bi-
lateral MTM, all patients older than 22 years with evidence
of MTM apical root closure, absence of any periapical le-
sion or extensive caries that affect the pulp of MTM, normal
morphology of MTM, no sign of previous trauma on jaws
or face, no history of orthodontic or orthognathic surgical
treatment. Cases with suboptimal panoramic radiographs
were excluded from this study. Digital panoramic radio-
graphs were obtained from a private radiography practice
and were taken with a same imaging device (Plamenca Pro-
line XC, Helsinki, Finland).

Totally, 196 MTM were collected from which 26 ones
were eliminated due to non-identifiable landmarks in
some points; leaving us 170 MTM. The final samples were
divided into 4 groups: impacted MTM in females (N = 52),
erupted MTM in females (N = 38), impacted MTM in males
(N = 46) and erupted MTM in males (N = 34).

The MTM that had the same occlusal level as the ad-
jacent second molar and presented in full occlusion with
sufficient space between third molar and ascending ramus
was considered as erupted. MTM impaction was defined
as incomplete eruption when its normal path of eruption
was impeded or blocked by the adjacent tooth. Radio-
graphs were evaluated using tracing papers (14).

Twenty eight points were identified on the radio-
graphs: 11 points in relation to retromolar space analysis
and its correlation with the mesio-distal width of the third
molar; and 17 points in relation to 16 different anatomic
variables that were assumed to be related to third mo-
lar eruption or impaction (Figure 1). Using the above 28
points, 24 planes and angles were drawn and measured
(Figure 2). All measurements were performed manually us-
ing a ruler to the nearest 0.1mm. To confirm the reliability
of measurements, 10 samples were selected randomly and
were remeasured. The differences between the two obser-
vations were not significant (P = 0.767), indicating the ac-
curacy of the measuring procedure.

In the next step, five different methods were performed
to analyze the retromolar space- previously offered by dif-
ferent authors (Table 1). The measured spaces were di-
vided to the width of the MTM to identify the method with
the highest correlation. To determine the best retromolar
space analysis method with regard to the highest sensitiv-
ity and specificity, the related ROC curve was drawn in Excel
software.

To compare each measure in the two groups of im-
pacted and erupted in males and females and to determine
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Figure 1. Reference Points Used for Panoramic Radiographs Analysis in the Present Study, 1. A point on condylar head tangent to posterior border of ramus; 2. A point on
mandibular angle tangent to posterior border of ramus; 3. The outer point on ramus and mandibular body junction; 4. A point mandibular angle tangent to mandibular
plane; 5. The most inferior point on mandibular border tangent to mandibular plane; 6. The most anterior superior on coronoid process; 7. The most inferior point on
anterior border of ramus; 8. Interior point ramus mandibular body; 9. The most superior point on alveolar crest between first and second molar; 10. The most superior point
on alveolar crest between canine and first premolar; 11. The most mesial point on the crown of the first molar; 12. The most distal point on the crown of the first molar; 13. The
middle point between the mesial and Distal of the first molar; 14. A point on the furcation of the first molar root; 15. The most mesial point on the crown of the second molar;
16. The most distal point on the crown of the second molar; 17. The middle point between the mesial and Distal of the second molar; 18. A point on the furcation of the first
molar root; 19. The most mesial point on the crown of the third molar; 20. The most mesial point on the crown of the third molar; 21. The middle point between the mesial
and Distal of the second molar; 22. A point on the furcation of the first molar root; 23. The most concave point on the anterior border of ramus; 24. A point on posterior border
of ramus corresponding to the most concave point on the anterior border of ramus; 25. The deepest point on sigmoid notch on the middle; 26. A point on the lower border of
mandible corresponding to the deepest point on sigmoid notch on the middle; 27. On the most anterior-superior cusp tip of first premolar; 28. On the most posterior-superior
cusp tip of second molar.

Table 1. Different Methods for Measuring the Retromolar Space (A1 - A5) and the Ratio
of the Measured Spaces to Third Molar Width (A6 - A10)

Methods

A1 The distance between the distal surface of second molar to the line
tangent to the most concave point on the anterior border of ramus

A2 The distance between the distal surface of second molar to the
anterior surface of ramus along the functional occlusal plane

A3 The distance between a line perpendicular to the distal surface of
second molar to the anterior border of ramus

A4 The distance between the distal surface of second molar to the
anterior border of ramus parallel to functional occlusal plane

A5 The distance between the distal surface of second molar to Xi point

A6 The ratio of A1 to the mesio-distal width of third molar

A7 The ratio of A2 to the mesio-distal width of third molar

A8 The ratio of A3 to the mesio-distal width of third molar

A9 The ratio of A4 to the mesio-distal width of third molar

A10 The ratio of A5 to the mesio-distal width of third molar

which of the following variables can act as the predictor
of the eruption possibility, the independent t-test was ap-
plied. The variables comprised: anterior and posterior ra-
mus height, ramus width, upper mandibular body length,
first, second and third molar width, the height of retromo-
lar space, anterior and posterior mandibular body width,
first and second molar inclination, inner and outer gonial
angle and the angle between the central line of the lower
one-third of distal root of third molar with the line axis of
third molar.

3.1. Ethics Statement

The authors warrant this article has been conducted
in full accordance with the world medical association dec-
laration of Helsinki. This study was part of an M.S. thesis
supported by Dental faculty of Tehran University of Med-
ical Sciences (grant No: 4873-69-02-91) and has been inde-
pendently reviewed and approved by the ethics committee
of this University. There were no patients involved in the
study that need patient’s permission or any consent form.
The radiographs were selected from the archive of a private
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Figure 2. Twenty Four Lines Angle for Estimation of Variables in Impacted and Erupted Third Molars, 1. 1. Posterior ramus height (prh); 2. Anterior ramus height (arh); 3. Upper
mandibular body length; 4. Ramus weight; 5. First molar width; 6. second molar width; 7. Third molar width; 8. V space (sV): The distance between a perpendicular line from
the distal surface of second molar to the anterior border of ramus; 9. H space (sH): The distance between junctional point of anterior ramus border and a line which pass
along the most superior point of alveolar crest and junctional point of a line perpendicular to the distal surface of second molar to the anterior border of ramus; 10. Posterior
mandibular body width; 11. Anterior mandibular body width; 12. First molar inclination; 13; Second molar inclination; 14; Third molar inclination; 15.The angle between the
central line of the lower one-third of mesial root of third molar with the line axis of third molar (tmmra); 16. The angle between the central line of the lower one-third of distal
root of third molar with the line axis of third molar (tmdra); 17. Outer gonial angle (oga) : The angle between posterior ramus border and mandibular lower border; 18. Inner
gonial angle (iga): The angle between anterior ramus border and the line along with the most superior crestal points; 19. Functional occlusal plane (fp): A plane that form
by connecting anterior-superior cusp tip of first premolar to the most posterior-superior cusp tip of second molar; 20. A plane perpendicular to functional occlusal plane: A
line from point 16 to the anterior border of ramus.21.Four lines tangent to points 23,24,25 and 26 to form ramus square.22. The diameters of ramus square to identify the Xi
point; 23. The distance between second molar and Xi; 24. The distance between the distal surface of second molar to the line tangent to the most concave point on the anterior
border of ramus.

radiography practice center ant did not have any personal
information other than gender and age. The radiographs
were taken previously with different diagnostic purposes
not for this study.

4. Results

From 196 mandibular third molars, 170 were collected
and divided into four groups. There were 45 females with
52 impacted and 38 erupted MTM and 40 males with 46
impacted and 34 erupted MTM. The correlations between
ten parameters of retromolar space and the width of MTM
were calculated. To determine the most precise predictor,
the space measured by each of the space analysis param-
eters was divided to the MTM width. The observed means
and standard deviations are demonstrated in Tables 2 and
3. In the impacted groups of males and females, for the
first four parameters, the ratio of measured space to the
MTM were less than 1, while, in the erupted groups the ra-
tios were more than 1.

A ROC curve was then plotted to identify the method
with the highest sensitivity and specificity (Figure 3). Ac-

cording to the plotted curve and Table 4, the A9 method
which shows the ratio of the distance between the distal
surface of the mandibular second molar and anterior bor-
der of ramus parallel to functional occlusal plane to the
mesio-distal width of MTM was observed as the most pre-
cise method. The A7 method was the next appropriate
method followed by A8, A10 and A6 respectively. The speci-
ficity and sensitivity for the applied methods in five cuts of
points is demonstrated in Tables 5 and 6. Sensitivity stands
for the possibility of impaction and specificity shows the
possibility of eruption.

The results of measuring sixteen different variables
that were assumed to be associated with MTM impaction
are summarized in Tables 7 and 8. In the male group, the
upper length of mandibular body and the posterior and
anterior width of mandibular body were more in patients
with erupted MTM than patients with impacted ones.
Moreover, posterior ramus height, mesio-distal width of
the first, second and third molar, the angulation of second
molar and the angle of the lower one-third of third molar’s
mesial root and long axis of the teeth were less than the im-
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Table 2. The Ratio of the Retromolar Space Measured by Each of the Ten Space Analysis Methods to the MTM Width in Femalesa

Retromolar Space Analysis Methods Impacted Erupted

N Min Max Mean SD N Min Max Mean SD P

D-along the tangent line to the most concave point of the anterior border (A1) 52 5.4 16.1 9.863 2.315 38 9.5 19.3 13.697 2.45 0

D-anterior border of ramus along the occlusal plane (A2) 52 6.5 17 10.273 2.232 38 11.6 19.2 14.639 1.98 0

D-along to the constructed anterior border of ramus (A3) 52 7.3 18.4 11.148 2.36 38 11.8 19.3 15.068 2.269 0

D-anterior border of ramus parallel to occlusal plane (A4) 52 3.4 14.8 8.615 2.326 38 9.8 18.4 13.097 1.888 0

D-xi point (A5) 52 20 34 26.42 2.757 38 25 35 30.41 2.366 0

A1/MDW(A6) 52 0.406 1.201 0.77 0.18 38 0.826 1.622 1.142 0.194 0

A2/MDW (A7) 52 0.524 1.269 0.802 0.174 38 0.935 1.637 1.222 0.164 0

A3/MDW (A8) 52 0.566 1.373 0.871 0.188 38 0.968 1.622 1.257 0.18 0

A4/MDW (A9) 52 0.274 1.104 0.672 0.18 38 0.9 1.546 1.094 0.159 0

A5/MDW (A10) 52 1.599 2.959 2.066 0.265 38 2.227 3.099 2.538 0.165 0

Valid N (listwise) 52 38

Abbreviations: D, distal surface of mandibular second molar; MDW, mesiodistal width of third molar; SD, standard deviation.
a P value significant at 0.05 level.

Table 3. The Ratio of the Retromolar Space Measured by Each of the Ten Space Analysis Parameters to the MTM Width in Malesa

Retromolar Space Analysis Methods Impacted Erupted

N Min Max Mean SD N Min Ma Mean SD P

D-along the tangent line to the most concave point of the anterior border (A1) 46 1.7 15.5 11.172 2.843 34 12 19.9 15.374 2.078 0

D-anterior border of ramus along the occlusal plane (A2) 46 1.1 15.8 11.32 2.679 34 13.1 20.1 16.144 1.97 0

D-along to the constructed anterior border of ramus (A3) 46 1.7 17 12.763 2.747 34 13.4 21.2 16.9 2.082 0

D-anterior border of ramus parallel to occlusal plane (A4) 46 0 13.5 9.3 2.712 34 11 17.8 14.276 1.917 0

D-Xi point (A5) 46 21 34 29.04 3.053 34 28 39 32.98 2.21 0

A1/MDW(A6) 46 0.129 1.211 0.84 0.202 34 1.025 1.478 1.235 0.13 0

A2/MDW (A7) 46 0.083 1.18 0.853 0.196 34 1.073 1.595 1.299 0.137 0

A3/MDW (A8) 46 0.129 1.3 0.962 0.201 34 1.145 1.614 1.359 0.137 0

A4/MDW (A9) 46 0 0.955 0.7 0.197 34 0.887 1.413 1.149 0.136 0

A5/MDW A10) 46 1.583 2.733 2.192 0.223 34 2.398 3.255 2.658 0.161 0

Valid N (listwise) 46 34

Abbreviations: D, distal surface of mandibular second molar; MDW, mesiodistal width of third molar; SD, standard deviation.
a P value significant at 0.05 level.

paction group (Table 7).
In the females group, the upper length of mandibu-

lar body and the posterior width of body were higher in
erupted samples than impacted ones. However, mesio-
distal width of the first, second and third molars and the
angle of the lower one-third of third molar’s mesial root
with the long axis of the teeth were less than the impacted
samples (Table 8).

5. Discussion

In the present study, different retromolar space analy-
ses were evaluated to compare the correlation of the space
derived from these methods with the mesio-distal width
of the MTM. In the first investigated method in which the
distance between the distal surface of second molar to the
line tangent to the most concave point on the anterior

Table 4. Area Under ROC Curve

Test Result Variable (s) Area

A 1 0.870

A2 0.931

A3 0.877

A4 0.941

A5 0.832

A6 0.946

A7 0.980

A8 0.951

A9 0.987

A10 0.947
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Figure 3. ROC Curve to Determine the Best Segregation Between Specificity and Sen-
sitivity

Table 5. The Sensitivity and Specificity A1 to A5 Methods for Retromolar Space Anal-
ysis

Test Result
Variable(s)

Positive if Greater
Than or Equal

to(a)

Sensitivity 1- Specificity

A1

9.450 1.000 0.694

10.050 0.986 0.571

11.450 0.889 0.347

12.250 0.819 0.265

15.400 0.375 0.020

A2

11.550 1.000 0.378

12.100 0.958 0.316

12.550 0.903 0.214

13.050 0.847 0.143

15.750 0.403 0.020

A3

11.700 1.000 0.571

11.950 0.972 0.541

12.300 0.958 0.459

12.950 0.889 0.337

16.850 0.347 0.020

A4

9.750 1.000 0.398

10.350 0.986 0.276

10.950 0.944 0.204

11.250 0.917 0.153

13.450 0.528 0.020

A5

24.60 1.000 0.847

26.55 0.986 0.673

27.35 0.944 0.531

27.95 0.931 0.418

34.05 0.167 0.020

border of ramus was measured, the mean distance in pa-
tients with erupted MTM was 13.6 and 15.3 mm in females
and males respectively. These results meet the Quiroz and
Palma suggestion that this distance should be more than
14 mm (15).

In the next method, the distance between the distal
surface of second molar to the anterior aspect of ramus
along the functional occlusal plane was measured. The
observed data for erupted cases were 14.6 and 16.1 mm in
female and male subjects respectively. The same method
which was applied by Hattab et al revealed 14.1 mm for fe-
males and 15 mm for males.5 However, in the study that
was conducted by Venta et al. to design TME predictor, the
average distance in erupted cases was 13.6 mm which was
lower than our results. This discrepancy can be attributed

6 Iran J Ortho. 2017; 12(1):e6501.
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Table 6. The Sensitivity and Specificity A1 to A5 Methods for Retromolar Space Anal-
ysis

Test Result
Variable(s)

Positive if Greater
Than or Equal

to(a)

Sensitivity 1- Specificity

A6

0.82180 1.000 0.520

0.84646 0.986 0.469

0.93840 0.944 0.255

0.98002 0.931 0.122

1.20075 0.431 0.020

A7

0.93537 1.000 0.276

1.02441 0.972 0.133

1.05086 0.958 0.051

1.09632 0.889 0.020

1.17808 0.653 0.020

A8

0.96663 1.000 0.459

1.00427 0.986 0.347

1.02415 0.958 0.276

1.07348 0.931 0.163

1.30688 0.486 0.020

A9

0.88355 1.000 0.112

0.89954 0.986 0.102

0.90660 0.944 0.092

0.95695 0.903 0.010

1.10383 0.514 0.010

A10

2.22635 1.000 0.357

2.33067 0.986 0.184

2.35166 0.972 0.153

2.44287 0.819 0.092

2.57454 0.486 0.020

to the racial differences between the two studied popula-
tions and also to the small sample size of Venta’s study (16).

To perform the third method, the distance between a
line perpendicular to the distal surface of second molar
to the anterior border of ramus was measured. The ante-
rior border of ramus was considered a line from the most
superior-anterior convex point of coronoid process to the
most inferior concave point on the anterior border of ra-
mus. The average distance in erupted cases was 15 mm for
females and 16.9 mm for males. There is a relatively large
discrepancy between our results and those of Kaya et al.
study (19.1 mm for females and 17.9 mm for males) in which
the retromolar space was wider for females than males (17).
This finding was contrary to other studies that reported
larger retromolar space for males.

In the fourth method, the distance between the dis-
tal surface of second molar to the anterior border of ra-
mus parallel to functional occlusal plane was measured.
According to our study, for the MTM to erupt, this space
must be more than 9.8 mm and 11.0 mm in females and
males respectively. The average distance in erupted cases
was 13.0 and 14.2 mm for females and males. Uthman et al.
reported 16.0 mm for females and 16.9 mm for males (18).
However, the authors mentioned a discrepancy between
their results and others and attributed the discrepancy to
sample selection, racial traits, landmark identification and
measuring techniques.

In the current study, it was observed that the distance
between the distal surface of second molar to Xi point
should be at least 25 mm in females and 28 mm in males
to make the MTM eruption possible. Turley and Ricketts
recommended 30 mm distance for a MTM with appropri-
ate position whereas a minimum space of 35 mm was sug-
gested by Quiros and Palma (19). Uthman et al. believed
that the distance should be more than 27 mm in females
and more than 29mm in males (18). The Xi point has been
addressed by many authors and the distance between Xi
point and distal surface of second molar has been advo-
cated as the best method for retromolar space analysis (20,
21). Although our results about the distance between Xi
point and second molar was relatively constant with previ-
ous reports, this point was not introduced as an appropri-
ate reference due to low specificity and sensitivity of this
method and the time consuming process of identifying Xi
point.

In the next stage, the ratio of the measured space be-
tween each of the above methods to the mesio-distal width
of MTM was calculated to evaluate the Ganss et al. ratio (10).
In the A6 method (A1/MDW) 5% of female and 15% of males
with impacted MTM the ratio of retromolar space to the
width of MTM was more than 1. In erupted cases this ratio
was more than 1 in all males but in 79% of females which
means that in 21% of females the MTM erupted although
the ratio of retromolar space to MTM width was less than
1. In the A7 method (A2/MDW), 13% of MTM in females and
23% in males did not erupt despite a ratio of more than one.
This was in accordance with Hattab results in which 13% of
males and 22% of females with a more than one ratio had
MTM impaction (5). Similarly in the A8 method (A3/MDW),
23% of females and 5% of males the MTM remained im-
pacted although the ratio was more than one.

It worth to note that in A9 method (A4/MDW) which
was the method of choice in this study from specificity and
sensitivity stand point, only 2 % of females had impacted
MTM despite of a ratio of more than one. In males all MTM
erupted when the ratio between the distance between the
second molar to anterior ramus border parallel to occlusal
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Table 7. The Difference of Sixteen Variables Between Males With Erupted and Impacted Mandibular Third Molar

Variables Erupted Impacted Mean Difference P Value

N Mean SD SE Mean N Mean SD SE Mean

rhP 34 47.512 5.0475 0.8656 46 50.022 3.5663 0.5258 -2.51 0.011a

rhA 34 26.429 4.4887 0.7698 46 27.561 4.14 0.6104 -1.131 0.247

blU 34 54.212 3.7029 0.635 46 51.909 3.006 0.4432 2.303 0.003a

rw 34 38.1 3.4257 0.5875 46 38.854 3.1613 0.4661 -0.754 0.312

tmw 34 12.426 0.8203 0.1407 46 13.276 0.9884 0.1457 -0.85 0a

smw 34 12.071 0.8208 0.1408 46 12.552 0.8424 0.1242 -0.482 0.013a

fmw 34 12.28 0.977 0.168 46 12.87 0.773 0.114 0.59 0.003a

rmsh 34 7.6 2.1777 0.3735 46 6.82 1.8619 0.2745 0.78 0.089

bwP 34 33.188 3.0974 0.5312 46 31.659 2.5373 0.3741 1.53 0.018a

bwA 34 39.556 3.284 0.5632 46 38.107 3.0567 0.4507 1.449 0.046a

fmi 34 98.28 7.719 1.324 46 98.38 6.483 0.956 -0.1 0.95

smi 34 89.12 6.455 1.107 46 92.05 4.667 0.688 -2.94 0.021a

Go.O 34 117.632 6.3045 1.0812 46 117.88 6.5304 0.9629 -0.248 0.865

Go.I 34 88.44 3.886 0.666 46 90.05 3.873 0.571 -1.61 0.07

Tmmra 34 29.22 9.228 1.583 46 35.4 13.753 2.028 -6.18 0.019a

tmdra 34 12.41 7.76 1.331 46 14.49 11.637 1.716 -2.08 0.37

a Significant at 0.05 level.

Table 8. The Difference of Sixteen Variables Between Females With Erupted and Impacted Mandibular Third Molar

Variables Erupted Impacted Mean Difference P Value

N Mean SD SE Mean N Mean SD SE Mean

rhP 38 44.842 3.3121 0.5373 52 45.156 3.5029 0.4858 -0.314 0.669

rhA 38 25.279 4.6008 0.7463 52 23.854 3.8565 0.5348 1.425 0.114

blU 38 51.858 2.2619 0.3669 52 49.725 4.3772 0.607 2.133 0.004a

rw 38 35.418 2.9043 0.4711 52 35.021 2.478 0.3436 0.397 0.487

tmw 38 12.011 1.0547 0.1711 52 12.867 1.1499 0.1595 -0.857 0.001a

smw 38 11.979 1.0723 0.1739 52 12.675 0.9515 0.132 -0.696 0.002a

fmw 38 12.62 1.008 0.164 52 13.13 0.979 0.136 -0.51 0.018a

rmsh 38 6.932 2.0344 0.33 52 6.837 1.4633 0.2029 0.095 0.797

bwP 38 30.789 3.1012 0.5031 52 29.365 2.4209 0.3357 1.424 0.016a

bwA 38 37.568 4.2734 0.6932 52 36.675 3.3559 0.4654 0.893 0.288

fmi 38 97.32 6.926 1.123 52 98.23 5.938 0.823 -0.91 0.503

smi 38 89.03 5.739 0.931 52 89.99 6.618 0.918 -0.96 0.473

Go.O 38 120.618 4.9776 0.8075 52 121.798 6.4323 0.892 -1.18 0.349

Go.l 38 88.68 4.945 0.802 52 89.51 5.012 0.695 -0.83 0.44

Tmmra 38 28.07 13.71 2.224 52 40.03 18.088 2.508 -11.96 0.001a

tmdra 38 11.5 7.614 1.235 52 16.95 12.386 1.718 -5.45 0.012a

a Significant at 0.05 level.

plane and the MTM width was more than one.

The fact that in some studies MTM do not erupt in spite
of enough retromolar space can be attributed to some in-
accuracy in the method of measuring the available space
in retromolar area. The results of this study demonstrated
that the A9 method can measure the retromolar space with
a higher degree of accuracy and higher correlation with
the width of MTM. Accordingly, this method can be a bet-
ter predictor for MTM eruption. However, there were some
cases in which the MTM erupted although the ratio of space

to tooth width was lesser than one. In order for a MTM to
erupt the ratio should be at least 0.9 in females and 0.88 in
males.

As mentioned in the previous studies as well as the cur-
rent one, the retromolar space is the most critical factor
in eruption or impaction of MTM. Albeit, it seems some
other contributing factor must exist as some times MTM
don not erupt in spite of sufficient retromolar space. The
angulation of MTM with apical base is one of these factors
in the way that the MTM do not erupt when this angle is too
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low (5). Quiros stated a minimum angle of 40 degree for a
MTM to erupt whereas Uthman et al. believed that the an-
gle of the teeth with mandibular plane should be at least
between 61 to 65 degree (18).

The width of MTM has been considered as another po-
tential factor. The mean difference between the MTM width
in erupted and impacted cases was 0.8 mm which was sta-
tistically significant (P = 0.01). There is considerable con-
troversy on this issue in the literature as some studies re-
ported a significant difference (5, 6, 16) while others be-
lieved that the difference between the width of erupted
and impacted MTM was not significant (7, 18, 22). This kind
of discrepancy can be attributed to the innate inaccuracy
of dental panoramic imaging. The objects which are sit-
uated buccally are viewed larger than the more lingually
situated objects with the same size because of the greater
distance from the film.

According to Sewerin investigations, the crown of a
MTM is situated buccally in in 65% of cases and lingually in
4% of cases and in the middle of the dental arch in the rest
of cases (23). To eliminate conventional radiographic er-
rors in the size of third molars, some investigations should
be carried out on human skull or extracted and erupted
third molars.

In addition to the dimension of third molar, the width
of first and second molar should also be taken into ac-
count. The determining role of this factor has been advo-
cated by Kaya and Tsai study in which the width of first
and second molar was lesser in erupted group than the im-
pacted group (4, 17). This is consistent with the observation
of the current study.

Gonial angle has also been addressed as a potential
contributing factor, albeit in this study as well as some pre-
vious investigations (5, 17, 18). No correlation was observed
between this angle and MTM impaction. However, Tsai re-
ported a lower internal gonial angle in erupted group con-
trary to Behbahani that defined reduced gonial angle as
a risk factor of MTM impaction (4, 9). The angle between
the lower one-third of third molar root with the line axis
of third molar (tmdra) can be affected by movements of
mandible and teeth especially when the anterior border
of the ramus is resorbed and the corpus mandible is en-
larged (24, 25). Kaya et al. addressed this angle and re-
ported increased risk of impaction with decreased angle
particularly the mesial root angle with the tooth line angle
(17).

In addition to the aforementioned variables, the up-
per length of mandibular body and anterior and posterior
width of mandibular body was lesser in impaction group.
Conversely, posterior ramus height and the angle between
second molar and lower mandibular border was more in
males with impacted MTM than males with erupted ones.

Regarding the most appropriate age for prediction of
MTM eruption or impaction, there is general agreement
with other reports that the prediction should be carried
out after the age of sixteen. At this age, the normal rotation
of MTM crown is relatively completed letting the MTM to
keep on the correct course. Moreover, the difference of vari-
ables related to position and space of third molar become
more pronounced between the two groups of erupted and
impacted. Ledyard found out the increase in the space be-
tween the second mandibular molar and ramus is less than
2mm after the age of 14 and it becomes negligible after the
age of 16. Thus the prediction would be possible after this
age.

5.1. Conclusions

Within the limitation of this study it was concluded
that: 1) The most important contributing factor to the im-
paction or eruption of mandibular third molar is the retro-
molar space. 2) In estimating the eruption space of third
molar, it is recommended to use the ratio of retromolar
space to MTM width. The method of choice in this study,
was, the distance between the distal surface of second mo-
lar to the anterior border of ramus parallel to functional
occlusal plane because it serves the highest correlation
with the width of MTM with regard to its eruption and had
the highest sensitivity and specificity. 3) In the above noted
method, the minimum ratio was 0.88% in erupted males
and 0.9 in erupted females. In impacted group, the ratio
was 1.1% and 1.09% for males and females respectively. 4)
The multifactorial etiology of MTM impaction was advo-
cated by the findings of this study. 5) Although the above-
mentioned factors were slightly different between males
and females there were no statistically significant differ-
ence in most of variables between males and females with
regard to the possibility of third molar impaction.
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