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Abstract
Introduction: Third molars (TMs) are the most frequently impacted teeth due to the frequent lack of space in the
dental arch resulting in their malposition or inability to erupt. Partially erupted TMs that cause recurrent inflammatory
conditions must be removed. The aim of this study was to assess TM position on panoramic radiographs. Materials
and methods: We evaluated 200 panoramic radiographs of patients 18-72 years of age. Teeth were assessed in terms
of the presence of dental follicle, cervix/root ratio and root development stage. Maxillary TMs were assessed using the
Archer and Pell and Gregory classifications, whereas the mandibular ones according to Pell and Gregory, Winter, IAN
and Pederson classifications. Results: 622 TMs were assessed. In the maxilla, the most common type was A-positioned,
vertically angulated TM with completely formed root/roots. In the mandible, the most common type was A1-positioned, mesioangular TM with completely formed root/roots and without enlarged follicle. According to Pederson’s index,
59.44% TMs were moderately difficult to extract. Most roots were in contact with inferior alveolar nerve. Conclusions:
The use of the classifications mentioned above is helpful in assessment of the surgery difficulty level. In the long term
this allows to increase the predictability of the procedure and minimize the intra- and post-operative complications.
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Table 1. Difficulty level prediction for impacted mandibular third

Third molars (TMs) are the most frequently impacted teeth due to the frequent lack of space in the
dental arch results in their malposition or inability to
erupt. This promotes pericoronitis (operculitis), root
resorption in second molars, dental caries, pulpitis, periodontitis, osteitis or ulcerative stomatitis. For these
and other reasons the TMs often have to be extracted.
The pantomographic radiograph is a basic tool used to
evaluate the position of the TMs before the procedure
[1-3]. The aim of this paper was to evaluate the TMs
on panoramic radiographs using selected indicators.

Materials and methods

The study group included 200 patients, 18-72 years
of age, who were treated at a single instutution in
Gdańsk (Poland) in the years 2018-2019. The inclusion
criteria were: having at least one TM, lack of chronic
diseases, not taking any medication. Informed consent
was obtained from all the participants and their anonymity was preserved.
Teeth were assessed in terms of the root formation
stage (complete or incomplete root development; Fig.
1), cervix/root ratio (roots spaced more widely than the
cervix, cervix diameter larger than the width of the roots or width of the roots equal to the diameter of the
cervix; Fig. 2) and occurrence of enlarged follicle (Fig. 3).
Upper teeth were assessed using the Archer (Fig. 4) and
Pell and Gregory classification (Fig. 5). The relation of
the lower TMs to the inferior alveolar nerve was assessed using the IAN (inferior alveolar nerve) classification
(Fig. 6). Teeth angulation was assessed using the Winter
(Fig. 7) and the Pell and Gregory classifications (Fig. 8 and
9), as well as the Pederson index (Table 1) [4-14].

molar removal – Pederson scale

Classification

Score

Spatial relationship
Mesioangular

1

Horizontal/

2

transverse
Vertical

3

Distoangular

4
Depth

Level A

1

Level B

2

Level C

3

Ramus relationship
Class I

1

Class II

2

Class III

3

Difficulty index
Very difficult
Moderately
difficult
Minimally
difficult

7-10

5-6

3-4

TM – third molar; level A – the occlusal plane of the TM is at the
same level as the occlusal plane of the second molar; level B – the
occlusal plane of the TM is between the occlusal plane and the
cervical margin of the second molar; level C – the occlusal level
of the TM is below the cervical margin of the second molar; class
I – there is sufficient amount of space between the anterior border
of the ramus and the distal part of the second molar for the me-

1A

1B

siodistal diameter of the TM crown; class II – the space between
the anterior border of the ramus and the distal part of the second

Figure 1. Roots development (lower third molars – right side)

A. complete; B. incomplete roots development

molar is less than the mesio-distal diameter of the TM crown; class
III – most part or all of the TM is located within the ramus
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2A

2B

2C

Figure 2. Cervix/root ratio (lower third molars – right side)

A. cervix diameter larger than the width of the roots; B. width of the roots equal to the diameter of the cervix; C. roots spaced more widely than the cervix

3A

3B

Figure 3. Dental follicle (lower third molars – left side)

A. enlarged follicle; B. non-enlarged follicle

4A

4C

5A

5B

5C

Figure 5. Pell and Gregory classification for the maxilla (upper third molars – left side)
A. level A; B. level B; C. level C

6A

6B

6C

6D

4B

Figure 6. IAN classification (lower third

4D

molars – right side)

A. darkening of ro-

Figure 4. Archer-Kruger classification (upper third molars
– left side)

4E

ots; B. deflection of

6E

6F

roots; C. narrowing
of roots; D. dark and

A. mesioangular;

bifid apex of roots;

B. distoangular;

E. interruption of

C. vertical;

white line of the

D. buccoangular;

canal; F. diversion of

E. linguoangular

canal; G. narrowing

6G

6H

of the canal; H. no
relationship
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7A

7B

7C

7D
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9A

9B

Figure 9. Pell and
Gregory classification
for the mandible

Figure 7. Winter’s classification

(lower third molars

(lower third molars – left side)

– left side)

A. vertical; B. mesioangular;

7E

A. level A;

C. horizontal; D. distoangular,

9C

E. buccoangular

B. level B;
C. level C

Figure 8. Pell and Gregory classification for

8A

8B

8C

Statistical analysis was performed using the STATISTICA 13.3 (StatSoft Inc. Tulsa, United States) licensed
by the Medical University of Gdańsk. All tests were
considered statistically significant at p≤0.05. Normal
distribution of the analysed variables was verified with
the Shapiro-Wilk test. Non-parametric tests were used
to evaluate the scales (Mann-Whitney, Wilcoxon and
Spearman correlation tests).

Results

Of the total evaluated 622 TMs, 299 were in the
maxilla and 323 in the mandible. In the maxilla, most
TMs were type A according to the Pell and Gregory
classification (n = 158; 52.84%), vertically angulated
(n = 210; 70.23%) according to the Archer classifi-

the mandible (lower third molars – left side)

A. class I; B. class II; C. class III

cation and with complete root formation (n = 216;
72.24%; Table 2 and 3). Whereas in the mandible most
TMs were type A1 (n = 143; 44.30%), mesioangular
(n = 164; 50.77%), with complete root development
(n = 248; 76.80%) and without enlarged follicle (n =
274; 84.83%). Most roots (61.99%) were in contact
with the inferior alveolar nerve (IAN classification) and
the most common type was the one with dark and
bifid apices. According to Pederson’s scale, 59.44% of
the TMs were moderately difficult to remove. Pederson’s scale identified significant differences within the
Pell and Gregory classification (position A1 significantly differs from A2, C2, B2, C3 and C1 ones). Evaluating
the median within individual groups, it can be shown
that the molars with the most difficulty (according to
Pederson scale) belonged to C3, B3 and A3 groups; followed by B2, C2, A2 and C1, B1, A1 (Tables 2 and 4).
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Table 2. Assessment of root development and enlarged follicle of third molars

Classification

Maxilla
n

%

Mandible
n

%

Total
n

216

72.24

248

76.80

Maxilla
n

%

Archer and Kruger classification

Complete
develop-

Classification

%

Root development

root

Table 3. Assessment of third molars in the maxilla

464

74.60

Mesioangular

26

8.70

Distoangular

39

13.04

Vertical

210

70.23

Horizontal

1

0.33

Buccoangular

21

7.02

Linguoangular

2

0.67

Inverted

0

0

ment
Incomplete
root
develop-

83

27.76

75

23.20

158

25.40

ment
Enlarged follicle
Yes

0

0

49

15.17

49

7.88

No

299

100.0

274

84.83

573

92.12

The studied population of patients was not normally distributed (Shapiro-Wilk’s test). The Spearmanrank correlation coefficient revealed a relationship
between the higher scores in the Pederson scale and
the IAN classification, complete root development and
roots spaced more widely than the cervix. The more
complicated and difficult the position according to
the Pederson scale, the higher the risk of the inferior
alveolar nerve injury. The relationship between the
complete root development and the Pearson index
indicates that it is more difficult to remove the tooth
with completely formed roots and with roots spaced
more widely than the cervix.

Discussion

The stage of root development is of significance
during the TM extraction procedure. The root formation process may be classified as complete or incomplete. It is assumed that the shorter the roots, the
easier the extraction. Roots spaced more widely than
the cervix suggest more difficulties during procedure
when compared with more tapered roots. Enlarged
follicle may facilitate tooth extraction [4-14]. The Archer classification is based on the analysis of the incli-

Pell-Gregory classification
Level A

158

52.84

Level B

38

12.71

Level C

103

34.45

TM – third molar; level A – the occlusal plane of the TM is at the
same level as the occlusal plane of the second molar; level B – the
occlusal plane of the TM is between the occlusal plane and the
cervical margin of the second molar; level C – the occlusal level of
the TM is below the cervical margin of the second molar

nation of the long axis of the TM to the second molar
in the maxilla. This classification features mesioangular, distoangular, vertical, horizontal, buccoangular, linguoangular and inverted positions. Similarly, Winter’s
classification is based on the analysis of the inclination
of the long axis of the TM to the second molar in the
mandible and features mesioangular, distoangular,
vertical, horizontal, buccoangular, linguoangular and
inverted positions [9-10]. Neither of these two classifications includes the assessment of the TM relation to
the occlusal plane (Archer and Winter classifications)
and the Winter classification doesn’t take cognisance
of the relation of the TM to the ramus of the mandible. The Pell and Gregory index supplements Winter
and Archer's shortcomings by evaluating the TM rela-
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Table 4. Assessment of third molars in the mandible

Classification

Maxilla
n

%

Roots spaced more widely than the cervix

116

35.84

Cervix diameter larger than the roots

76

23.53

Width of the roots equal to the diameter of the cervix

111

34.30

Less than 50% of the root is formed – impossible assessment

20

6.33

Mesioangular

164

50.77

Distoangular

97

30.03

Vertical

29

8.98

Horizontal

16

4.95

Buccoangular

16

4.95

Linguoangular

1

0.31

Inverted

0

0

Level A

189

58.51

Level B

71

21.98

Level C

63

19.50

Class 1

182

56.35

Class 2

119

36.84

Class 3

22

6.81

A1

143

44.27

A2

43

13.31

A3

3

0.93

B1

27

8.35

Cervix/root ratio

Winter classification (for mandible)

Pell-Gregory classification
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Classification

Maxilla
n

%

B2

41

12.69

B3

3

0.93

C1

12

3.72

C2

35

10.84

C3

16

4.95

Darkening of roots

26

8.05

Deflection of roots

24

7.43

Narrowing of roots

7

2.17

Dark and bifid apex of roots

86

23.63

Interruption of white line of canal

28

8.67

Diversion of canal

20

6.19

Narrowing of canal

6

1.86

Pell-Gregory classification

The TM in relation to inferior alveolar nerve

No relation with canal

126

39.01

Pederson classification
Very difficult

72

22.29

Moderately difficult

192

59.44

Minimally difficult

59

18.27

TM – third molar; level A – the occlusal plane of the TM is at the same level as the occlusal plane of the second molar; level B – the occlusal
plane of the TM is between the occlusal plane and the cervical margin of the second molar; level C – the occlusal level of the TM is below
the cervical margin of the second molar; class I – there is sufficient amount of space between the anterior border of the ramus and the distal
part of the second molar for the mesiodistal diameter of the TM crown; class II – the space between the anterior border of the ramus and
the distal part of the second molar is less than the mesio-distal diameter of the TM crown; class III – most part or all of the TM is located
within the ramus
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tionship to the occlusal surface of the adjacent second
molar and to the anterior border of the ramus of the
mandible. In the maxilla, the Pell and Gregory classification evaluates only the relationship to the occlusal
surface of the adjacent second molar and the assessment is analogous to the one in the mandible. The IAN
classification allows to predict the possible alveolar
nerve injury, based on a pantomographic examination.
Darkening, deflection or narrowing of roots, dark and
bifid apices, interruption of white line of the canal as
well as diversion or narrowing of the canal are associated with the risk of postsurgical paraesthesia [4-9].
Several studies suggest that some local and general factors can influence the degree of difficulty associated with the surgical TM removal [10-11, 15-19].
Factors and features contributing to the facilitation of
TM removal include: mesioangular impaction, class
I and level A according to the Pell and Gregory classification, fused roots that are not in contact with the
mandibular canal, incomplete impaction, tapered roots at no point spaced more widely that the diameter
at the level of the cervix, incomplete root development, large dental follicle, wide periodontal ligament
space and high elastic modulus of the bone. The last
two features are more commonly present in younger
patients [10-11, 15-19]. Factors and features rendering the extraction procedure difficult are: distoangular impaction, class III and level C according to Pell and
Gregory classification, curved roots, complete impaction, roots spaced more widely than the cervix, TM in
contact with the second molar or in close proximity
to the mandibular canal, complete root development,
narrow dental follicle, narrow periodontal ligament
space and low elastic modulus of bone. Narrow periodontal ligament space and lower elastic modulus of
bone are common in elderly patients [10-11, 15-19].
Yuasa et al. distinguished nine factors that may be
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of clinical significance while removing a TM (depth,
abnormal root curvature, width of roots, number of
roots, ramus relationship/space available, proximity to the mandibular canal, periodontal membrane
space, relative horizontal position of the third molar)
and examined them using univariate and multivariate
analysis [12]. Depth, ramus relationship/space available and width of root had impact on the degree of
difficulty associated with the surgery. Abnormal root
curvature and relative horizontal position of the third
molar were not statistically significant [12].
Carvalho et al. emphasized that patient's sex, age
or BMI index do not affect the degree of difficulty. However, age does play a role in the event of postoperative complications [15]. Eyricha et al. analysed retrospectively cone beam computed tomography scans
performed before the TMs extractions and demonstrated that the two independent factors leading to
the postoperative impairment of the inferior alveolar
nerve function are narrowing of the IAN canal and
direct contact between the IAN and the root [20].

Conclusions

The above- mentioned classifications are useful
when assessing the degree of difficulty associated
with the TM extraction surgery. In the long term, such
an assessment may increase the predictability of the
procedure and to minimize the intra- and post-operative complications. All of the described classifications
have limitations due to the fact that they do not take
into account all the significant features of TMs. In order to evaluate the risk of the intra- and post-operative complications and to plan the procedure properly,
all the classifications mentioned above should be taken into account prior to the surgery.
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