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Radiographic findings 
associated with postsurgical 
nerve alteration in lower third 
molar surgery 
Alexander Wladimir Pilco Guilcapi 1, a , Samantha Angeles Pilco Guilcapi 2, a , 

Mayra Elizabeth Paltas Miranda1, b, c 

ABSTRACT
Objective: To identify the radiographic findings associated with postsurgical 
nerve alteration in lower third molar surgery in patients treated in the Faculty of 
Odontology operating room from 2015 to 2019. Materials and methods: This 
cross-sectional study included a population composed of medical records and 
panoramic radiographs of patients who underwent lower third molar extraction 
at the Faculty of Odontology, Universidad Central del Ecuador (FOUCE), from 
2015 to 2019. The sample was selected based on inclusion and exclusion criteria. 
Radiographic predictor signs were observed, and the presence or absence of nerve 
alteration was assessed from the evolution notes. Data were recorded in an Excel 
file, and statistical analysis was conducted using SPSS version 25.0. Descriptive 
statistics for absolute and relative frequencies, as well as the relationship between 
variables, were analyzed using the Chi-square test with a confidence level of 95%. 
Results: The frequency of nerve alteration was 3.8% (n = 16); for patients older 
than 25 years, it was 9.7% (n = 7). For the Pell & Gregory classification, type C and 
class II had frequencies of 4.4% (n = 6) and 2.4% (n = 13), respectively. The dark 
and bifid root sign was found in 8.7% (n = 2) of the cases with nerve alteration. 
Conclusions: In third molar surgery, radiographic signs such as dark and bifid 
roots, loss of the white line, and canal deviation are associated with postsurgical 
nerve alteration.
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INTRODUCTION
The third molar is the most frequently impacted 
tooth, which is why it has become the most common 
surgery performed by dentists, oral and maxillofacial 
surgeons. Despite being a low complexity oral surgery, 
it is associated with multiple trans- and postoperative 
complications (1, 2). Among the complications related 
to the extraction of mandibular third molars, one of 
the most significant is injury to the inferior alveolar 
nerve. Clinically, this may present as hypoesthesia, 
hyperesthesia, anesthesia, or dysesthesia, and can be 
temporary or permanent if it persists for more than 
six months. According to several studies, its incidence 
ranges from 0.6% to 22% (3-5).

The inferior alveolar nerve, which runs through the 
mandible via the inferior dental canal, is generally 
located near the roots of the third molars, and has a 
greater relationship with these teeth when they are 
retained or impacted (6). Injury to the inferior dental 
nerve is usually one of the intraoperative complications 
that may occur during surgical procedures, such as 
the placement of dental implants or the extraction of 
impacted inferior third molars, so it is very important 
to know the anatomy and its trajectory (7).

Nerve injury has been defined as reversible or 
irreversible nerve damage caused by mechanical 
compression factors associated with normal or 
pathological anatomical structures, or by iatrogenic 
injuries during surgery (8). This results in altered 
sensory perception to mechanical stimuli and changes 
in sensitivity to touch and pressure, or even total 
loss of sensitivity in an anatomical area; however, 
other neurovegetative symptoms may also occur (9). 
Regarding the etiology of nerve injuries, it has mainly 
been described that they are of mechanical origin 
(due to compression, tears, sections, or avulsions), 
although there can also be a chemical cause due to 
the local anesthetic components, or due to improper 
thermal handling of surgical equipment, leading to 
bone overheating during the surgical procedure (6). 

Conventional panoramic radiography is the most 
commonly used imaging test as a diagnostic tool in 
preoperative evaluation of mandibular third molars, 
mainly because of its cost and the fairly reliable 
information it provides to assess the proximity to 
the inferior alveolar canal (10). Although newer 
high-quality imaging options are available, these are 
not widely used due to poor accessibility and high 
costs, suggesting that these more advanced imaging 
techniques should be employed only when a significant 

proximity between both anatomical structures is 
observed (11-13). 

In 1990, Rood & Shehab (14) described seven 
radiographic signs that could indicate a close 
relationship between inferior third molars and the 
inferior dental canal. Four of these signs are observed 
in the root of the third molar: root darkening, root 
deviation, root narrowing, and dark and bifid root. The 
remaining three radiographic signs are related to the 
inferior dental nerve canal, such as the interruption of 
the white line, deviation of the inferior alveolar canal, 
and narrowing of the dental canal.

In light of the above, the objective of this research is 
to identify the radiographic findings associated with 
postsurgical nerve alteration in inferior third molar 
surgery in patients treated in the operating room of 
the Faculty of Odontology of Universidad Central del 
Ecuador (FOUCE, for its Spanish acronym) during the 
period from 2015 to 2019.

MATERIALS AND METHODS
Cross-sectional study with a population made up of 
clinical records and digital panoramic radiographs of 
patients who came to the FOUCE’s operation room 
for surgical extraction of inferior third molars during 
the period from 2015 to 2019, which are kept in the 
general archive of this faculty. The estimated sample 
consisted of 424 clinical records with panoramic 
radiographs according to the following inclusion 
criteria: clinical records of patients of both sexes 
and any age who attended for surgery of one or two 
inferior third molars, systemically healthy, without 
previous nerve alteration, and with high-quality 
panoramic radiographs. In addition, as exclusion 
criteria we considered the clinical records of patients 
who came for surgery of oral pathologies other than 
inferior third molars, with other complications that 
were not due to nerve alteration, or where this had 
been suffered prior to the surgical intervention, 
clinical records that were not legible, or with deficient 
filing without informed consent and/or assent, and 
with panoramic radiographs that did not present a 
high-quality image. 

After being approved by the Research Committee 
of the Faculty (COIF, for it Spanish acronym) and 
authorized by FOUCE’s authorities, the selection of 
clinical records began. The patient’s clinical history 
number and data (age and sex) were registered, and 
the presence or absence of nerve alterations was 
verified in the evolution notes. In the panoramic 
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radiographs, the following data were analyzed and 
recorded: data such as the side of the third molar; 
the classification according to Pell & Gregory  (15), 
and Winter (16), which categorizes the third molars 
according to their spatial position in the bone; the 
Nolla staging (17), which determines the level of 
development of the permanent teeth; and the presence 
or absence of radiographic signs predictive of nerve 
injury according to Rood & Shehab (14), such as root 
darkening, changes in root direction, root narrowing, 
root darkening and bifid root, dental canal deviation, 
dental canal narrowing and interruption of the white 
line of the dental canal.

The data were recorded in an Excel matrix. Statistical 
analysis was carried out using SPSS version 25.0, and 
descriptive statistics were conducted for absolute and 
relative frequencies. To assess potential associations 
between nerve alteration and variables such as age, 
sex, third molar location, Pell & Gregory classification, 
Winter’s position, Nolla stage, and radiographic signs 
predictive of nerve involvement, the chi-square test 
was applied with a 95% confidence level (p < 0.05).

RESULTS
The estimated sample consisted of 424 clinical records 
that met the inclusion and exclusion criteria, analyzing 
772 third molars in the corresponding digital 
panoramic radiographs. Of the total of 424 clinical 
records reviewed, 16 presented nerve alterations, 
representing 3.8% (table 1).

The female sex presented 5.6% (n = 14) of nerve 
alteration. The third molar number 38 presented 2.3% 
(n = 9), and the third molar number 48 presented 
1.8% (n = 7). In the Pearson’s chi-square test (p-value), 

the significance level value was 0.016; therefore, the 
presence of nerve alteration may be influenced by sex 
(table 2).

Table 1. Frequency of nerve alteration in patients 
treated in the operating room of the Faculty of 

Odontology during the period 2015-2019.

Nerve alteration n %

Absent 408 96.2

Present 16 3.8

Total 424 100.0

Regarding age, patients between 15 and 19 years old 
who presented nerve alteration are 1.5% (n = 3); those 
between 20 and 25 years old, 3.9% (n = 6); and those 
older than 25 years old, 9.7% (n = 7). Regarding the 
Nolla staging, stage 7 presented 0.9% (n = 1); stage 8, 
1.3% (n = 1); stage 9, 1.8% (n = 2); and stage 10, 3.0% 
(n = 12). In the Pearson’s chi-square test (p-value), the 
value of the level of significance is 0.007; therefore, 
there is statistical significance between the variables 
age and nerve alteration (table 2).

According to the Pell & Gregory classification, type 
C presented 4.4% (n = 6); and class III, 1.9% (n = 2) 
of nerve alteration. Winter’s mesioangular position 
presented 2.6% (n = 13); horizontal, 0.9% (n = 1); 
and vertical; 1.4% (n = 2). In the Pearson’s chi-square 
test (p-value), the significance level value is 0.039; 
therefore, there is a significant difference between the 
Pell & Gregory type variables, and the nerve alteration 
(table 2).
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Table 2. Nerve alteration according to the characteristics of patients treated in the operation room of the 
Faculty of Odontology during the period 2015-2019.

Variable
Nerve alteration

Total
pAbsent Present

n % n % n %
Sex

Male 174 98.9 2 1.1 176 100.0
0.016*Female 234 94.4 14 5.6 248 100.0

Total 408 96.2 16 3.8 424 100.0
Third molar

Left 38 380 97.7 9 2.3 389 100.0
0.636Right 38 376 98.2 7 1.8 383 100.0

Total 756 97.9 16 2.1 772 100.0
Age 

15-19 years old 196 98.5 3 1.5 199 100.0

0.007*
20-25 years old 147 96.1 6 3.9 153 100.0
>25 years old 65 90.3 7 9.7 72 100.0
Total 408 96.2 16 3.8 424 100.0

Nolla staging 
Stage 5 21 100.0 0 0.0 21 100.0

0.494

Stage 6 56 100.0 0 0.0 56 100.0
Stage 7 108 99.1 1 0.9 109 100.0
Stage 8 77 98.7 1 1.3 78 100.0
Stage 9 109 98.2 2 1.8 111 100.0
Stage 10 385 97.9 12 3.0 397 100.0
Total 756 97.9 16 2.1 772 100.0

Pell & Gregory
Type A 291 99.3 2 0.7 293 100.0

0.039*
Type B 334 97.7 8 2.3 342 100.0
Type C 131 95.6 6 4.4 137 100.0
Total 756 97.9 16 2.1 772 100.0
Class I 120 99.2 1 0.8 121 100.0

0.541
Class II 530 97.6 13 2.4 543 100.0
Class III 106 98.1 2 1.9 108 100.0
Total 756 97.9 16 2.1 772 100.0

Winter
Mesioangular 480 97.4 13 2.6 493 100.0

0.794

Distoangular 17 100.0 0 0.0 17 100.0
Horizontal 108 99.1 1 0.9 109 100.0
Vertical 141 98.6 2 1.4 143 100.0
Cross-sectional 9 100.0 0 0.0 9 100.0
Inverted 1 100.0 0 0.0 1 100.0
Total 756 97.9 16 2.1 772 100.0
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Among the predictive radiographic signs, the variables 
that showed an association with the prevalence of 
nerve injury were dark and bifid roots with a value 

(p-value) of 0.024, interruption of the white line with 
0.025, and deviation of the inferior alveolar canal with 
0.012 (table 3).

Table 3. Radiographic findings associated with postsurgical nerve alteration in inferior third molar surgery in 
patients treated in the operation room of the Faculty of Odontology during the period 2015-2019.

Variable

Nerve alteration
Total

pAbsent Present

n % n % n %

Root darkening 351 98.6 5 1.4 356 100.0
0.228

Root without darkening 405 97.4 11 2.6 416 100.0

Root deviation 78 100.0 0 0.0 78 100.0
0.175

Root without deviation 678 97.7 16 2.3 694 100.0

Root narrowing 31 96.9 1 3.1 32 100.0
0.669

Root without narrowing 725 98.0 15 2.0 740 100.0

Dark and bifid root 21 91.3 2 8.7 23 100.0
0.024*

Without dark and bifid root 735 98.1 14 1.9 749 100.0

White line interruption 156 95.7 7 4.3 163 100.0
0.025*

Without white line interruption 600 98.5 9 1.5 609 100.0

Deviation of the inferior alveolar canal 58 93.5 4 6.5 62 100.0
0.012*

Without deviation of the inferior alveolar canal 698 98.3 12 1.7 710 100.0

Dental canal narrowing 74 98.7 1 1.3 75 100.0
0.636

Without dental canal narrowing 682 97.8 15 2.2 697 100.0

DISCUSSION
The study determined that the frequency of nerve 
alteration after mandibular third molar surgeries 
in patients treated in the FOUCE’s operation room 
during the period 2015-2019 was 3.8%.

Consistent with the results of this research, Gomes et 
al. (4) found 3.8% of sensorial alteration in a clinical 
trial in patients treated with local anesthesia. In a 
study similar to ours, conducted with clinical records 
of 609 patients treated at the Carlos Andrade Hospital 
in the city of Quito, a prevalence of nerve injuries 
of 2.46% was found following the extraction of 
inferior third molars (18). In a study conducted with 
136 patients that underwent a surgical extraction of 
retained inferior third molars, 3.5% had neurosensory 
disorders (9), a figure close to that reported by 
Charan Babu et al. (19) with a 4%. While, in a Korean 
population of 4708 patients, only 0.658% complained 
to have had nerve damage (3); and in a study with 
12,842 patients, a prevalence of 0.81% nerve alteration 

was found; however, in other studies, frequencies of 
6.4% (21), 12% (22), and 13.2% (23) have been reported. 
Sarikov & Juodzbalys (24), after analyzing various 
studies in a bibliographic review, determined that 
paresthesias appear with a frequency of 0.35 to 8.4%. 
The great variability in prevalence may be influenced 
by the criteria considered for the sample selection, 
or the control of certain factors such as the surgeon’s 
experience, the use of postsurgical medication, 
subsequent controls, among others. 

The results showed that the female sex is mostly 
associated with nerve alterations. Similar studies 
confirm that the risk of nerve damage is higher in 
women compared to men (3, 18, 20, 25, 26), reaching 
a 5.3 times higher risk in women (27). This is possibly 
related to the physiological and hormonal changes in 
women, to the greater neurogenic vulnerability, or to 
the development of the mandibular bone, generally 
giving less space for the eruption of the third molar 
in comparison with the male sex. On the other 
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hand, other studies have published that there is no 
significant difference between both sexes in relation 
to the presence of nerve alteration (19, 21).

The hemiarch where the third molar is located, 
according to this study, is not a relevant factor for 
the appearance of nerve alteration, since both the 
right and left sides can present the same proportion 
of nerve alteration. Studies with these variables also 
found no significant difference for the relationship 
between this condition and the location of the third 
molar (21, 25, 26), being the possible reason that there 
is no topographic anatomical difference between both 
sides of the mandible. Whereas Guerra (9) when 
associating the location of the third molars with the 
nerve alteration, found that there is predominance on 
the left side. 

Studies linking age to nerve alteration have concluded 
that the prevalence increases significantly with age (3, 
19-21, 24, 26, 27), which is consistent with the results 
of our study. This is presumably due to more advanced 
stages in the formation of the third molar, greater 
bone density, lower capacity for nerve regeneration 
and higher incidence of associated pathologies. 

According to the Pell & Gregory classification, for 
this study the depth of the third molar influences the 
presence of postsurgical nerve alteration, taking into 
account that it is more associated with type C. While 
for the class no significant difference was found, 
perhaps because it is related to the horizontal position 
of the third molar, and not to its depth. Other studies 
also mention that there is only a relationship between 
the depth of impaction of the third molar (Pell & 
Gregory type) and the incidence of nerve injury, more 
frequently in type C, arguing that the deeper the tooth 
is, the closer it is to the nerve. This makes its extraction 
more difficult, thus increasing the possibility of injury 
(3, 18, 20). Although it has also been mentioned that 
there is a significant difference for the appearance 
of nerve alteration in relation to type C and class III 
according to Pell & Gregory (9, 21).

The position of the third molar, according to Winter, 
was not a differentiating factor for the appearance 
of nerve alteration. It is necessary to obtain results 
with a bigger sample to have better variability of 
positions, since in this study there were positions with 
a low percentage. Similar to this result, other studies 
reported that there was no significant difference in 
Winter’s positions (19-21). However, it was also found 
that the mesioangular impaction is most frequently 
found in relation to the inferior dental nerve, causing 
the greatest amount of nerve alterations (9, 11, 25, 26). 

Furthermore, Sarikov & Juodzbalys (24) determined 
that the horizontal impaction may increase the risk of 
nerve alteration.

Radiographic signs, which by their presence may 
indicate an increased risk of postsurgical nerve 
alteration, were dark and bifid root, white line 
interruption, and alveolar canal deviation. The 
possible cause of these results is that these signs show 
a true proximity between the roots of the inferior 
third molars and the inferior dental nerve. According 
to Su et al. (28), the canal deviation, the interruption 
of the canal’s white line, and the root darkening 
can be considered risk signs for postsurgical nerve 
injury. While Hasegawa et al. (21) found white line 
interruption and canal deviation as the most predictive 
signs. In contrast, Kim et al. (20) found root darkening, 
root deviation, root narrowing, dark and bifid root 
apexes, and canal narrowing as statistically significant 
risk factors for cases of nerve alteration. Kim et al. 
(3) found that root darkening and the alveolar canal 
deviation can be related to the increased likehood 
of nerve alterations. For Patel et al. (29), white line 
interruption, root darkening, root deviation, canal 
narrowing, and canal deviation are associated with 
the absence of corticalization between the third molar 
and the inferior alveolar nerve canal, resulting in 
postsurgical neurologic complications. Elkhateeb & 
Awad (30) evaluated the risk relationship between the 
inferior alveolar nerve and impacted mandibular third 
molars, finding canal wall disruption, root darkening, 
and canal narrowing as the most predictive signs. 
Other authors who also analyzed these variables 
found that the absence of the radiographic cortical or 
with line had a significantly higher incidence in nerve 
injuries (11, 22, 23).

As a limitation of this study, we can mention that the 
sample could not be homogenous among the groups 
of variables such as age or sex, since the existing 
radiographs of patients treated in the operation room 
of Universidad Central del Ecuador were taken.

CONCLUSIONS
The frequency of nerve alterations following the 
extraction of mandibular third molars in patients 
treated at the FOUCE Surgical Center between 
January 2015 and December 2019 was 3.8%. There 
was an association between the presence of nerve 
injury and sex, age and depth of the third molar, 
according to the Pell & Gregory classification. It 
was identified that the radiographic signs such as 
dark and bifid root, white line interruption, and 
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inferior alveolar canal deviation are associated with 
postsurgical nerve alteration. 

REFERENCES
1.	 Rodrigues WC, Okamoto R, Pellizzer EP, Carrijo 

AC, De Almeida RS, De Melo WM. Antibiotic 
prophylaxis for third molar extraction in healthy 
patients: current scientific evidence. Quintessence 
Int [Internet]. 2015; 46(2): 149-161. Available 
from: https://doi.org/10.3290/j.qi.a32825

2.	 Pacheco-Vergara MJ, Cartes-Velásquez RA. 
[Referrals, procedures and complications in oral 
surgery services. Literature review]. Rev Odontol 
Mex [Internet]. 2016; 20(1): 13-21. Available from: 
https://www.medigraphic.com/cgi-bin/new/
resumen.cgi?IDARTICULO=63050 Spanish.

3.	 Kim HJ, Jo YJ, Choi JS, Kim HJ, Kim J, Moon 
SY. Anatomical risk factors of inferior alveolar 
nerve injury association with surgical extraction 
of mandibular third molar in Korean population. 
Appl Sci [Internet]. 2021; 11(2): 816. Available 
from: https://doi.org/10.3390/app11020816

4.	 Gomes AC, Vasconcelos BC, De Oliveira e Silva 
ED, Da Silva LC. Lingual nerve damage after 
mandibular third molar surgery: a randomized 
clinical trial. J Oral Maxillofac Surg [Internet]. 
2005; 63(10): 1443-1446. Available from: https://
doi.org/10.1016/j.joms.2005.06.012

5.	 González MM, Bessone GG, Fernández ER, 
Rosales CA. [Study of the topographic relationship 
between the lower third molar with the mandibular 
canal: Frequency and complications]. Rev Nac 
Odontol [Internet]. 2017; 13(24): 47-54. Available 
from: https://doi.org/10.16925/od.v12i24.1666 
Spanish.

6.	 Sánchez MI, Martínez A, Cáceres E, Rubio L. 
[Clinical and radiological predictor factors for 
nerve damage during third molar surgery]. Gac 
Dent [Internet]. 2009; 202: 142-153. Available 
from: https://gacetadental.com/2011/09/
factores-clnicos-y-radiolgicos-predictores-de-
lesin-nerviosa-durante-la-ciruga-del-tercer-
molar-inferior-4656/ Spanish.

7.	 Velasco-Torres M, Padial-Molina M, Avila-Ortiz 
G, García-Delgado R, Catena A, Galindo-Moreno 
P. Inferior alveolar nerve trajectory, mental 
foramen location and incidence of mental nerve 
anterior loop. Med Oral Patol Oral Cir Bucal 
[Internet]. 2017; 22(5): e630-e635. Available from: 
https://doi.org/10.4317%2Fmedoral.21905

8.	 Bautista D, Loyola N, Contreras G, Milla P, 
Guajardo R. [Accupuncture adyuvant treatment 

in paresthesia post third molar extraction: a case 
report]. Rev Dent Chile. 2013; 104(2): 19-23. 
Spanish.

9.	 Guerra O. [Neurosensory disorders after removal 
of retained lower third molars]. Rev Haban Cienc 
Méd [Internet]. 2018; 17(5): 736-749. Available 
from: http://scielo.sld.cu/scielo.php?script=sci_
arttext&pid=S1729-519X2018000500736 Spanish.

10.	 Gu L, Zhu C, Chen K, Liu X, Tang Z. Anatomic 
study of the position of the mandibular canal and 
corresponding mandibular third molar on cone-
beam computed tomography images. Surg Radiol 
Anat [Internet]. 2017; 40(6): 609-614. Available 
from: http://dx.doi.org/10.1007/s00276-017-1928-6

11.	 Deshpande P, Guledgud MV, Patil K. Proximity of 
impacted mandibular third molars to the inferior 
alveolar canal and its radiographic predictors: a 
panoramic radiographic study. J Maxillofac Oral 
Surg [Internet]. 2013; 12(2): 145-151. Available 
from: https://doi.org/10.1007/s12663-012-0409-z

12.	 Cederhag J, Lundegren N, Alstergren P, Shi 
XQ, Hellén-Halme K. Evaluation of panoramic 
radiographs in relation to the mandibular 
third molar and to incidental findings in an 
adult population. Eur J Dent [Internet]. 2021; 
15(2): 266-272. Available from: https://doi.
org/10.1055/s-0040-1721294

13.	 Tantanapornkul W, Mavin D, Prapaiphittayakun 
J, Phipatboonyarat N, Julphantong W. Accuracy 
of panoramic radiograph in assessment of the 
relationship between mandibular canal and 
impacted third molars. Open Dent J [Internet]. 
2016; 10: 322-329. Available from: https://doi.
org/10.2174%2F1874210601610010322

14.	 Rood JP, Shehab BA. The radiological prediction 
of inferior alveolar nerve injury during third molar 
surgery. Br J Oral Maxilofac Surgery [Internet]. 
1990; 28(1): 20-25. Available from: https://doi.
org/10.1016/0266-4356(90)90005-6

15.	 Pell GJ, Gregory GT. Impacted mandibular third 
molars: classification and modified technique 
for removal. Dent Dig [Internet]. 1933; 
39(9): 330-338. Available from: https://www.
bristolctoralsurgery.com/files/2015/03/Pell-and-
Gregory-Classification-1933.pdf

16.	 Winter GB. Principles of exodontia as applied 
to the impacted third molar: a complete treatise 
on the operative technic with clinical diagnoses 
and radiographic interpretations [Internet]. St. 
Louis: American Medical Book Company; 1926. 
Available from: https://wellcomecollection.org/
works/szjum4za/items?canvas=7

https://doi.org/10.3290/j.qi.a32825
https://www.medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=63050
https://www.medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=63050
https://doi.org/10.3390/app11020816
https://doi.org/10.1016/j.joms.2005.06.012
https://doi.org/10.1016/j.joms.2005.06.012
https://doi.org/10.16925/od.v12i24.1666
https://gacetadental.com/2011/09/factores-clnicos-y-radiolgicos-predictores-de-lesin-nerviosa-durante-la-ciruga-del-tercer-molar-inferior-4656/
https://gacetadental.com/2011/09/factores-clnicos-y-radiolgicos-predictores-de-lesin-nerviosa-durante-la-ciruga-del-tercer-molar-inferior-4656/
https://gacetadental.com/2011/09/factores-clnicos-y-radiolgicos-predictores-de-lesin-nerviosa-durante-la-ciruga-del-tercer-molar-inferior-4656/
https://gacetadental.com/2011/09/factores-clnicos-y-radiolgicos-predictores-de-lesin-nerviosa-durante-la-ciruga-del-tercer-molar-inferior-4656/
https://doi.org/10.4317%2Fmedoral.21905
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1729-519X2018000500736
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S1729-519X2018000500736
http://dx.doi.org/10.1007/s00276-017-1928-6
https://doi.org/10.1007/s12663-012-0409-z
https://doi.org/10.1055/s-0040-1721294
https://doi.org/10.1055/s-0040-1721294
https://doi.org/10.2174%2F1874210601610010322
https://doi.org/10.2174%2F1874210601610010322
https://doi.org/10.1016/0266-4356(90)90005-6
https://doi.org/10.1016/0266-4356(90)90005-6
https://www.bristolctoralsurgery.com/files/2015/03/Pell-and-Gregory-Classification-1933.pdf
https://www.bristolctoralsurgery.com/files/2015/03/Pell-and-Gregory-Classification-1933.pdf
https://www.bristolctoralsurgery.com/files/2015/03/Pell-and-Gregory-Classification-1933.pdf
https://wellcomecollection.org/works/szjum4za/items?canvas=7
https://wellcomecollection.org/works/szjum4za/items?canvas=7


198

Pilco AW et al.

Rev Estomatol Herediana. 2024; 34(3): 191-198

17.	 Nolla CM. The development of the permanent 
teeth. J Dent Child [Internet]. 1960; 27: 254-266. 
Available from: https://www.dentalage.co.uk/
wp-content/uploads/2014/09/nolla_cm_1960_
development_perm_teeth.pdf

18.	 Sangoquiza VE, Lanas G. [Prevalence and 
associated factors of inferior alveolar and lingual 
nerves injuries after lower third molars extractions: 
Retrospective study]. Odontol [Internet]. 2019; 
21(1): 14-25. Available from: https://docs.bvsalud.
org/biblioref/2020/02/1049531/14-25.pdf 
Spanish.

19.	 Charan Babu HS, Reddy PB, Pattathan RK, Desai 
R, Shubha AB. Factors influencing lingual nerve 
paraesthesia following third molar surgery: a 
prospective clinical study. J Maxillofac Oral Surg 
[Internet]. 2013; 12(2): 168-172. Available from: 
https://doi.org/10.1007/s12663-012-0391-5

20.	 Kim JW, Cha IH, Kim SJ, Kim MR. Which risk 
factors are associated with neurosensory deficits 
of inferior alveolar nerve after mandibular third 
molar extraction? J Oral Maxillofac Surg [Internet]. 
2012; 70(11): 2508-2514. Available from: http://
dx.doi.org/10.1016/j.joms.2012.06.004

21.	 Hasegawa T, Ri S, Shigeta T, Akashi M, Imai 
Y, Kakei Y, et  al. Risk factors associated with 
inferior alveolar nerve injury after extraction of 
the mandibular third molar - A comparative study 
of preoperative images by panoramic radiography 
and computed tomography. Int J Oral Maxillofac 
Surg [Internet]. 2013; 42(7): 843-851. Available 
from: https://doi.org/10.1016/j.ijom.2013.01.023

22.	 Umar G, Obisesan O, Bryant C, Rood JP. 
Elimination of permanent injuries to the inferior 
alveolar nerve following surgical intervention of 
the “high risk” third molar. Br J Oral Maxillofac Surg 
[Internet]. 2013; 51(4): 353-357. Available from: 
http://dx.doi.org/10.1016/j.bjoms.2012.08.006

23.	 Wang D, Lin T, Wang Y, Sun C, Yang L, Jiang 
H, et  al. Radiographic features of anatomic 
relationship between impacted third molar 
and inferior alveolar canal on coronal CBCT 
images: risk factors for nerve injury after tooth 
extraction. Arch Med Sci [Internet]. 2018; 14(3): 
532-540. Available from: https://doi.org/10.5114/
aoms.2016.58842

24.	 Sarikov R, Juodzbalys G. Inferior alveolar nerve 
injury after mandibular third molar extraction: a 
literature review. J Oral Maxillofac Res [Internet]. 
2014; 5(4): e1. Available from: https://doi.
org/10.5037/jomr.2014.5401

25.	 Lacerda-Santos JT, Granja GL, Catão MH, Araújo 
FF, Freitas GB, Araújo-Filho JC, et al. Signs of the 
proximity of third molar roots to the mandibular 
canal: an observational study in panoramic 
radiographs. Gen Dent [Internet]. 2020; 68(2): 
30-35. Available from: https://pubmed.ncbi.nlm.
nih.gov/32105223/

26.	 Tojyo I, Nakanishi T, Shintani Y, Okamoto 
K, Hiraishi Y, Fujita S. Risk of lingual nerve 
injuries in removal of mandibular third molars: a 
retrospective case-control study. Maxillofac Plast 
Reconstr Surg [Internet]. 2019; 41: 40. Available 
from: https://doi.org/10.1186/s40902-019-0222-4

27.	 Selvi F, Dodson TB, Nattestad A, Robertson K, 
Tolstunov L. Factors that are associated with 
injury to the inferior alveolar nerve in high-risk 
patients after removal of third molars. Br J Oral 
Maxillofac Surg [Internet]. 2013; 51(8): 868-
873. Available from: http://dx.doi.org/10.1016/j.
bjoms.2013.08.007

28.	 Su N, Van Wijk A, Berkhout E, Sanderink G, 
De Lange J, Wang H, et  al. Predictive value of 
panoramic radiography for injury of inferior 
alveolar nerve after mandibular third molar 
surgery. J Oral Maxillofac Surg [Internet]. 2017; 
75(4): 663-679. Available from: http://dx.doi.
org/10.1016/j.joms.2016.12.013

29.	 Patel PS, Shah JS, Dudhia BB, Butala PB, Jani 
YV, Macwaan RS. Comparison of panoramic 
radiograph and cone beam computed tomography 
findings for impacted mandibular third molar 
root and inferior alveolar nerve canal relation. 
Indian J Dent Res [Internet]. 2020; 31(1): 91-102. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/32246689/

30.	 Elkhateeb SM, Awad SS. Accuracy of panoramic 
radiographic predictor signs in the assessment 
of proximity of impacted third molars with 
the mandibular canal. J Taibah Univ Med Sci 
[Internet]. 2018; 13(3): 254-261. Available from: 
https://doi.org/10.1016/j.jtumed.2018.02.006

https://www.dentalage.co.uk/wp-content/uploads/2014/09/nolla_cm_1960_development_perm_teeth.pdf
https://www.dentalage.co.uk/wp-content/uploads/2014/09/nolla_cm_1960_development_perm_teeth.pdf
https://www.dentalage.co.uk/wp-content/uploads/2014/09/nolla_cm_1960_development_perm_teeth.pdf
https://docs.bvsalud.org/biblioref/2020/02/1049531/14-25.pdf
https://docs.bvsalud.org/biblioref/2020/02/1049531/14-25.pdf
https://doi.org/10.1007/s12663-012-0391-5
http://dx.doi.org/10.1016/j.joms.2012.06.004
http://dx.doi.org/10.1016/j.joms.2012.06.004
https://doi.org/10.1016/j.ijom.2013.01.023
http://dx.doi.org/10.1016/j.bjoms.2012.08.006
https://doi.org/10.5114/aoms.2016.58842
https://doi.org/10.5114/aoms.2016.58842
https://doi.org/10.5037/jomr.2014.5401
https://doi.org/10.5037/jomr.2014.5401
https://pubmed.ncbi.nlm.nih.gov/32105223/
https://pubmed.ncbi.nlm.nih.gov/32105223/
https://doi.org/10.1186/s40902-019-0222-4
http://dx.doi.org/10.1016/j.bjoms.2013.08.007
http://dx.doi.org/10.1016/j.bjoms.2013.08.007
http://dx.doi.org/10.1016/j.joms.2016.12.013
http://dx.doi.org/10.1016/j.joms.2016.12.013
https://pubmed.ncbi.nlm.nih.gov/32246689/
https://pubmed.ncbi.nlm.nih.gov/32246689/
https://doi.org/10.1016/j.jtumed.2018.02.006

