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Introduction

It is known that the third molars are the last teeth to erupt and 
their root formation usually begins around the age of 15 years 
and erupts in about 20 years [1-5]. One of the common practices 
in dental clinics is the surgical removal of the third molar of the 
lower jaw [6,7].  According to published researches, the third 
molars are the teeth with the highest frequency of impaction, 
followed by the canines [8-10].  Several factors contribute 
to the impact of the third molar, including the length of the 
arch, the teeth size and position of the adjacent second molar, 
bone density, eruption path, and the developmental limit of the 
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mandible [11,12].  The modern diet was also found to enhance 
the effect by decreasing the effort required to chew, provided 
that little motivation for the growth of the upper jaw; as a 
result, modern humans have a higher rate of dental impactions 
than humans in the recent past  [12].  Third molar impaction 
may lead to pericarditis, necrotic lesions, abscesses, dental 
tumors, gum disease, and external root resorption of adjacent 
teeth [5,9,12-15]. 

When previous unfavorable conditions arise, the third molar 
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excision is recommended surgically. Preventive surgery may 
also be indicated, but the surgeon must balance the surgical 
risks associated with removal, such as injury to the inferior 
alveolar nerve (IAN), against the potential consequences of not 
removing the tooth, the most important of which is the risk of 
fractures of the mandible [16,17].  Careful surgical planning 
and a deep knowledge of anatomy are crucial for the removal of 

the third molar due to its close association with vital structures 
such as the IAN, the lingual nerve and the adjacent second 
molar [16].  It has been reported from Sarikov and Juodzbalys 
[16] that the frequency of IAN injury during the removal of 
the third molar varies from 0.35% to 8.4% [13]. The damage 
resulted from direct pressure on the nerve or indirect forces 
transmitted by the root during the elevator extraction [16,18].

Figure 1:Radiographic signs of proximity relating the third molar and the mandibular canal. A. Darkening of the roots. B. 
Deviation of the roots. C- Narrowing of the roots. D. Dark and cleft crest. E- Interruption of the maxillary canal. And the. 

Deviation of the mandibular canal. G - Narrowing of the lower canal (from Kim et al.[25].)
Rood and Shehab identified some radiographic markers 
associated with the connection between the third molars and 
the mandibular canal [19]. These signs are the deflection of the 
roots, the darkening of the roots, narrowing of the roots, a dark 
and bifid apex, interruption of the mandibular canal, deflection 
of the mandibular canal, and narrowing of the mandibular 
canal (Fig. 1) [19]. The evaluation of these markers is very 
important for better surgical planning, thus helping the surgeon 
avoid IAN injuries. Panoramic radiography is an effective 
preoperative evaluation of the lower third molars, and these 
images are widely used to assess the spread of the impaction 
and the proximity of the third molar to the maxillary canal. 
[20,21].  Also, its main advantage over other radiological 
examinations is that it reduces the time of exposure to radiation 
[21,22].

Figure 2: Pell and Gregory classification of the lower third 
molars. Horizontal classification PGH-1: normal apical region, 
PGH-2: moderate apical region, PGH-3: small apical region. 
Vertical classification: A = PGV-1: the occlusal level of the 
third molar at the same level as the occlusal level of the second 
molar, B = PGV-2: the occlusal level of the third molar lies 
between the occlusal plane and the cervical edge of the second 

molar, C = PGV-3: the occlusal level of the third molar lies 
below the cervical margin of the second molar. Regarding the 
occlusal level, the affected third molar is in position A when 
its highest point is in the plane with or above occlusal level, 
position B when its highest point is between the occlusal plane 
and the cervical edge of the second molar, and position C when 
it is the highest point at Or below the cervical margin of the 

second molar [19,23].

Figure 3: Winter’s classification: Third molars are classified 
according to their inclination to the long axis of the second 
molar. (1) vertical angulation, (2) horizontal angulation, 
(3) distoangular angulation, (4) mesioangular angulation, 
(5) transversal angulation, (6) inverse angulation.  The 
classification proposed by Winter’s evaluates the long axis of 
the embedded third molar in relation to the long axis of the 
second molar [24] According to this classification, the third 
molar may be found in the following positions: vertical, 
when the long axis of the third molar is parallel to the second 
molar; mesioangular, when the long axis of the third molar is 
angled mesially toward the second molar; distoangular, when 
the long axis of the third molar is angled distally away from 
the second molar; horizontal, when the long axis of the third 
molar is perpendicular to the long axis of the second molar; 
linguoversion, when the long axis of the third molar is angled 
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lingually in relation to the second molar; buccoversion, when 
the long axis of the third molar is angled buccally in relation to 
the second molar; and inversion, when the crown of the third 
molar is oriented in the direction of the mandibular border and 

the root is oriented to the occlusal plane.[24]

The present study aimed to assess the association between 
the third molar and the mandibular canal, to identify the 
most common radiographic markers in predicting the contact 
between the two structures, and to correlate these signs and 
proximity with the position of the third molar according to 
Pell and Gregory’s (Fig. 2) and Winter’s (Fig 3) classifications  
[19,23,24].

Subjects and Methods

A retrospective cross-sectional study was carried out in the city 
of Sana’a on a sample of Yemeni patients in Ammar Dental 
Clinics who underwent panoramic radiography in the year 
2019 until September 2020. The study consisted of panoramic 
radiographs of 597 patients with third molars with a total of 
1017 third molars; the number of males was 216 (36.2%) 
and 381 females (63.8%). The panoramic radiographs were 
evaluated for proximity signs. Inclusion criteria were patients 
of both sexes who had at least a fully formed third molar of the 
mandible that was adjacent to the second molar. The radiographs 
were excluded if evidence of cystic, neoplastic, or extensive 
caries processes was detected. Seven radiological signs were 
used to determine if there was contact between the third molar 
and the mandibular canal.  All panoramic radiographs were 
made with a Proline XC. By the first investigator these images 
were carefully examined. 

Lighting conditions with free use of tools in photo software, 
such as brightness and contrast. The seven radiotracers 
described by Rood and Shehab were used to analyze the 
contact of the third molar with the lower canal (Fig. 1) [19, 25]: 

1. Darkening of the roots. When the roots and the lower 
canal are in contact, a loss of density is observed due to 
a decrease in the amount of tooth structure or the cortical 
lining of the mandibular canal. 

2. The deflection of the roots. There is a sudden change in the 
root pathway when it reaches the mandibular canal.

3. Narrowing of the roots.  The canal of the mandible and 
the roots of the third molar are overlapping or in contact, 
indicating that the narrowed region is surrounded by the 
canal. 

4. Dark and bifid apex. When the apex of the third molar 
crosses the mandibular canal, it results in a radiating 
appearance or cleft due to the shadow of the periodontal 
ligament. 

5. Lower canal disconnection. Detachment is characterized 
by a disconnection of the roof or floor of the mandibular 
canal (shaded lines) at the location of the third molar

6. Deflection of the mandibular canal. A change in the 
direction of the lower canal is observed upon the passage 

of the roots of the third molar. 

7. Mandibular canal stenosis. This is the narrowing of the 
duct diameter when the canal and the roots of the third 
molar are in contact or overlapping. The presence of 
proximity between the third molar and the mandibular 
canal was determined on a yes / no basis. Each third molar 
was assessed individually if there was more than 1 on 
the radiograph. The examiners scored a “yes” decision 
regarding proximity if any of the seven radiographic signs 
were present.

The evaluators used the Pell and Gregory’s classifications (Fig. 
2) and Winter’s (Fig. 3) to identify and record the position of 
the third molars [23, 24]. The radiographs were evaluated by 
the examiner who is the first author. Pell and Gregory classified 
(Fig.2) [23] mandibular third molars based on the relationships 
of the impacted tooth to the anterior border of the mandibular 
ramus (class) and the occlusal plane (position). In relation to 
the mandibular ramus, the third molar is class I when the space 
between the anterior border of the ramus and the distal surface 
of the second molar is greater than the mesiodistal parameter 
of the impacted third molar crown; class II when this space 
is smaller than the mesiodistal diameter of the impacted 
crown; and class III when the ramus is adjacent to the second 
molar, meaning that the third molar is situated totally within 
the ramus.  As for occlusal level, the affected third molar is 
in position A when its highest point is in the plane with or 
above occlusal level, and position B when its highest point 
is between the occlusal plane and the cervical edge of the 
second molar, and position C when it is the highest point at 
Or just below the cervical margin of the second molar. The 
classification proposed by Winter (Fig.3) [24] evaluates the 
long axis of the embedded third molar in relation to the long 
axis of the second molar. According to this classification, the 
third molar may be found in the following positions: vertical, 
when the long axis of the third molar is parallel to the second 
molar; mesioangular, when the long axis of the third molar is 
angled mesially toward the second molar; distoangular, when 
the long axis of the third molar is angled distally away from 
the second molar; horizontal, when the long axis of the third 
molar is perpendicular to the long axis of the second molar; 
linguoversion, when the long axis of the third molar is angled 
lingually in relation to the second molar; buccoversion, when 
the long axis of the third molar is angled buccally in relation to 
the second molar; and inversion, when the crown of the third 
molar is oriented in the direction of the mandibular border and 
the root is oriented to the occlusal plane.

Ethical Approval 
The Medical Ethics and Research Committee at the Faculty 
of Medicine and Health Sciences at Sana’a University gave us 
ethical approval. The patient identification and x-ray were kept 
confidential.
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Results

Radiographic sign Number Percentage
A-Darkening of the roots 315 31
B-Deflection of the roots 11 1.08
C-Narrowing of the roots 3 0.29
D-Dark and bifid apex 6 0.59
E-Discontinuity of the mandibular canal 267 26.3
F-Deflection of the mandibular canal 6 0.59
G-Narrowing of the mandibular canal 12 1.18
Total 620/1017 61

Table 1: Frequency of radiographic signs of third molar/mandibular canal proximity (N = 1017 teeth, Fig.1).

Group Positive TM/MP CI 95% OR P *
No %

Sex
Male n=216 140 64.8 0.47-0.97 0.68 0.036*
Female n=381 278 73 1.1-2.1 1.5 0.036*
Age group
15-24 years n=322 261 81 2.2-4.6 3.2 <0.0001*
25-34 years n=215 140 65 0.4-1.0 0.69 0.044*
≥35 years n= 60 17 28.3 0.07-0.24 0.13 <0.0001*
Total n=597 418 70

Table 2: The rate of third molar/mandibular canal proximity (TM/MP) in association with patient sex and age (N = 597 patients).

*Uncorrected chi-square test

Proximity IA IIA IIIA IB IIB IIIB IC IIC IIIC TOTAL pa

Yes 352 
(59.7%)

153
(88.4%)

2
(75%)

59 
(90.7%)

35 
(20.9%)

1
(100%)

7 
(87.5%)

10
(100%)

1
(100%)

620
(61%)

<0.001*

No 237
(40.2%)

20
(11.6%)

1
(25%)

6
(9.3%)

132
(79.1%)

0
(0.0%)

1
(12.5%)

0
(0.0%)

0
(0.0%)

397
(39%)

Total 589
(57.9%)

173
(17%)

3
(0.29%)

65
(6.4%)

167
(16.4%)

1
(0.09%)

8
(0.78%)

10
(0.98%)

1
(0.09%)

1017
(100)

a= Pearson chi-square test.

Table 3: Frequency (%) of Pell and  Gregory’s classification categories according to third molar/mandibular canal proximity (N 
= 1017 teeth) (Fig 2).

Proximity Vertical Mesioangular Distoangular Horizontal Transalveolar Inverse TOTAL pa

Yes 327
(53.2%)

190
(76%)

4
(66.7%)

59
(71.1%)

40
(63.5%)

0
(0.0%)

620
(61%)

<0.001*

No 288
(46.8%)

60
(24%)

2
(33.3%)

21
(28.9%)

23
(36.5%)

0
(0.0%)

397
(39%)

Total 615
(60.5%)

250
(24.6%)

6
(0.59%)

83
(8.2%)

63
(6.2%)

0
(0.0%)

1017
(100)

a= Pearson chi-square test.

Table 4: Frequency (%) of Winter’s classification categories according to third molar/mandibular canal proximity (N = 1017 
teeth)  (Fig 3).
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Proximity to the mandibular canal was confirmed for 620 
(61%) of 1017 third molars. The most common radiographic 
signs of proximity were darkened roots (315 teeth [31%]) 
and discontinuity of the mandibular canal (267 teeth [26.3%], 
whereas deflection of the roots (1.08%), narrowing of the 
roots (0.29%), dark and bifid apex (0.59%), deflection of the 
mandibular canal (0.59%), and  narrowing of the mandibular 
canal (1.18%) were rare. When we consider the rate of molar / 
mandibular canal proximity (TM / MP) in conjunction with the 
sex and age of the patient, there was a significant association 
between TM / MP with female patients where the TM / MP 
rate was 73%, with an associated odds ratio of 1.5, CI95%: 
1.1--2.1 (p = 0.036) (Table 2). Also for age groups, there was a 
significant association between TM / MP with the younger age 
group (15-24 years) as TM / MP was 81%, with an associated 
odds ratio of 3.2, 95% CI: 2.2 - 4.6 (p <0.0001). ) (Table 
2). Table 3 shows the frequency (%) of Bell & Gregory’s 
classification classes according to third molar / mandibular 
proximity (Fig.2). IA was predominant with 589 teeth (57.9%) 
352 (59.7%) with TM / MP, followed by IIA with 173 teeth 
(17%) 153 (88.4%) with TM / MP, IIB with 167 teeth (16.4%) 
35 (20.9%) had TM / MP and IB with 65 teeth (6.4%) 59 
(90.7%) had TM / MP. However, other situations were less 
frequent and occurred less than 1% (Table 3). Table 4 shows 
the frequency (%) of Winter’s classification classes according 
to third molar / mandibular proximity (Fig.3). Vertical position 
was predominant with 615 teeth (60.5%) 327 (53.2%) of 
them with TM / MP, followed by mesioangular with 250 teeth 
(24.6%) 190 (76%) with TM / MP, horizontal with 83 teeth. 
(8.2%) 59 (71.1%) with TM / MP and trans-alveolar with 63 
(6.3%) 40 (63.5%) suffering from TM / MP. However, other 
situations were less frequent and occurred less than 1% (Table 
3).

Discussion

The impact rate of the mandibular third molars is high, and 
it requires careful radiological interpretation and a high 
level of preparation by the surgeon in order to carry out 
removal procedures without causing IAN injuries and the 
consequent paresthesia. [26]. In the current study; Proximity 
to the mandibular canal was confirmed for 620 (61%) of 1017 
third molars, and the most common radiographic signs of 
proximity were dark roots (315 teeth [31%]) and discontinuity 
of the mandibular canal (267 teeth [26.3%]), supporting the 
findings of previous researchers to this result [3,19,20,27-29]. 
Some studies have verified that these markers are among the 
radiographic parameters of greatest importance for indicating 
the risk of IAN damage during removal of the third molar of the 
mandible where the risks range from 8% to 22% [4,26,27,30]. 
However, it is important to note that radiographic markers 
themselves do not directly predict nerve injury; Instead, 
they predict the likelihood of seeing the canal / nerve in the 
extraction socket.

In the current study; the majority (61%) of 1017 third molars 
presented radiographic markers of contact between their roots 
and the mandibular canal. This result is similar to that reported 
by Dalili et al. Kositbowornchai et al. and Lacerda-Santos et al. 
[29,30,3]. Nevertheless, several studies discussed the results of 

radiographic examinations of 1589 affected third molars and 
reported a low frequency of these markers [16]. This difference 
in results may be related to the inclusion criteria used by these 
authors, as only 3 of the seven indicative signs were adopted 
(deflection of the canal, deflection of the roots, and darkening 
of the roots) [16].

The depth of the third molar in the mandible, the angle of the 
teeth, and the position of the roots in relation to the mandibular 
canal can influence the risk of IAN neurosensory injury [25]. 
In this study, radiographic signs of contact between the third 
molar and the lower canal were frequently associated with 
teeth at the positions IB (90.7%), IIA (88.4%), IIC (100%) and 
IIIC (100%).  Consequently, the deeper the tooth is influenced 
in the ram, the greater the frequency of the marks, a finding 
that approves the results of a study by Rodriguez et al. And 
Lacerda-Santos et al [3,22].

A statistically significant association between the presence 
of radiographic signs of proximity and a mesioangular third 
molar position was observed in 76% of our patients. However, 
the previously mentioned studies found that the incidence of 
damage to the IAN is greatest after extraction of horizontally 
impacted third molars and lowest when the extracted tooth was 
in a vertical position [16].  When we consider the rate of TM 
/ MP in conjunction with the sex of the patient, there was a 
significant association between TM / MP with female patients 
as the TM / MP rate was 73%, with an associated odds ratio of 
1.5, CI95%: 1.1-2.1 (p = 0.036) (Table 2). The present results 
are in contrast to a study conducted by Tachinami et al. where 
they discovered a greater rate of TM / MP in male patients 
[28]. However, our result is comparable to that described by 
Lacerda-Santos et al. in that an important connection was 
found between TM / MP with female patients [3]. The current 
study also had a significant association between TM / MP with 
the younger age group (15-24 years) as the TM / MP rate was 
81%, with an associated odds ratio of 3.2, 95% CI: 2.2 - 4.6 
(p <0.0001). (Table 2), this result is similar to that reported by 
Lacerda-Santos et al.  [3];  Sarikov and Juodzbalys [16] and 
Kim et al. [25] found that more than half of the patients who 
provided contact with the third molar with the maxillary canal 
were 24 years of age or younger. However, these data are not 
worrisome, because other researchers have noted that young 
patients are less likely to experience permanent damage to IAN 
after a third molar extraction. [16,25].

The present results demonstrate the importance of panoramic 
radiography as a preoperative screening examination for 
removal of the third molars of the lower jaw. A review of the 
literature did not find any studies indicating that the preoperative 
use of cone beam computed tomography significantly reduces 
the incidence of nerve damage during third molar surgery [31]. 
Despite the consequences of the imaging examination used, 
if radiographic signs of proximity are present, the physician 
should adopt surgical techniques that facilitate the removal of 
the third molar while minimizing the risk of damage to the IAN: 
cutting teeth, cutting the bone, avoiding sudden movements of 
elevators, and avoiding the use of forceps.
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Conclusion

This study was designed to examine the relationship between 
the third molars and the lower canal in relation to variables 
such as the patient’s sex and age, tooth position, and 
radiographic parameters. This information can inform the 
doctor about surgical planning, helping to avoid damage to the 
IAN. The frequency near the molar duct / mandible was greater 
in female patients and patients aged 24 years or younger. The 
most common signs of proximity were darkening of the roots 
and discontinuity of the mandibular canal. The tooth positions 
most associated with the proximity of the third molar to the 
lower canal were the C and the mesioangular position.
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