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Abstract: During extraction surgery, the inferior alveolar nerve (IAN) can occasionally be observed in
the extraction socket of the mandibular third molar (M3). The purpose of this study was to investigate
and compare the incidence of IAN injury in groups with and without intraoperative IAN exposure
during surgical extraction of M3, and to identify additional risk factors for the IAN injury in addition
to the IAN exposure. A total of 288 cases in 240 patients, who underwent surgical extraction of M3 by
a single surgeon, were divided into the exposed group (n = 69) and the unexposed group (n = 219).
The surgeon recorded the information regarding the procedure when the clinical observation of IAN
exposure was made during the surgery. The incidence of IAN injury after the extraction surgery was
significantly higher in the exposed group than in the unexposed group (4.3% versus 0%, p < 0.05).
Paresthesia was recognized in three cases of the exposed group, but it showed complete recovery
within three postoperative months. No case of permanent paresthesia was detected in both groups.
According to the logistic regression, the only significant risk factor of IAN injury in the exposed
group was the increase of age (OR 1.108, p < 0.05). Intraoperative IAN exposure during surgical
extraction of M3 may show a higher incidence of IAN injury than the case without IAN exposure,
representing an incidence of 4.3%. Even if the paresthesia associated with IAN exposure occurs, it is
likely to be a temporary injury, and this risk may increase with age.

Keywords: third molar surgery; cone-beam computed tomography; peripheral nerve injury; inferior
alveolar nerve; oral surgery

1. Introduction

Surgical extraction of the mandibular third molar is prevalent in oral and maxillo-
facial surgery, but some complications may occur. The most significant complication is
postoperative nerve injury, associated with inferior alveolar nerve (IAN) or lingual nerve
after the surgical extraction of the mandibular third molar. According to the literature, the
incidence of IAN damage and lingual nerve damage after third molar surgery have been
reported to be various, at approximately 0.35–8.4% [1–3] and 0.02–2% [4]. Consequently,
several surgical approaches have been proposed to reconstruct the damaged tissues, with
promising short-term outcomes [5].

In some cases, IAN can be directly observed in or around the extraction socket of
the mandibular third molar during the extraction. The incidence of IAN exposure during
extraction of the mandibular third molar has been reported to be 5.7–43% [1,6], and the
resulting temporary paresthesia and permanent paresthesia have been reported to be
14.3–22% [6–9] and less than 1% [1,10–12], respectively. As described above, several studies
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have reported the frequency of IAN exposure and the rate of related nerve damage after
extraction of the mandibular third molar. However, no study has directly compared cases
with and without intraoperative IAN exposure during surgical extraction of mandibular
third molar to determine how nerve exposure is related to nerve damage. Therefore, it is
necessary to demonstrate whether IAN exposure has clinical significance in nerve injury
through this method. In addition, when IAN injury occurs, it is necessary to investigate
whether there are additional risk factors besides nerve exposure.

The aims of the present study were: (1) to investigate and compare the incidence
of IAN injury in groups with and without intraoperative IAN exposure during surgical
extraction of the mandibular third molar; (2) to identify additional risk factors for the IAN
injury in addition to the IAN exposure.

2. Materials and Methods
2.1. Samples and Group Assignment

This retrospective study was conducted on patients who underwent mandibular third
molar extraction from January 2019 to April 2021 by a single surgeon (S.W.O) in Hallym
University Dongtan Sacred Heart Hospital. A total of 795 patients with 885 mandibular
third molars underwent the mandibular third molar extraction during the study period.
The inclusion and exclusion criteria are as follows.

Inclusion criteria:

(1) Patients who were medically healthy and over 16 years of age
(2) Patients who underwent the surgical extraction of mandibular third molar under

local anesthesia
(3) Patients who visited the hospital for suture removal and follow-up check
(4) Patients whose preoperative panoramic view was available and whose preoperative

cone-beam computed tomography (CBCT) was available only when the mandibular
third molar and the IAN canal overlapped on the panoramic radiograph

Exclusion criteria:

(1) Patients who underwent the simple extraction of mandibular third molar or surgical
extraction of mandibular third molar under general anesthesia

(2) Patients whose adjacent molars were extracted simultaneously
(3) Patients with mandibular third molar associated with periapical or cystic lesions

or tumors
(4) Patients taking steroids for medical problems

Among them, 404 cases were excluded, and the remaining 481 cases were analyzed
radiologically. After the radiological analysis using preoperative panorama and CBCT,
cases in which the IAN was not exposed during surgery and the mandibular third molar
contacted the IAN were additionally excluded. Consequently, a total of 288 cases in
240 patients were finally included in this study. The detailed process of case selection is
presented in Figure 1.

This retrospective study was reviewed and approved by the Institutional Review
Board of Hallym University Dongtan Sacred Heart Hospital, Hwaseong, Korea (IRB No.
2021-04-012).

The samples were divided into two groups: the exposed group (n = 69; mean age,
29.32 years; Table 1) and the unexposed group (n = 219; mean age, 29.25 years; Table 1). The
cases where IAN was observed during surgical extraction of the mandibular third molar
were classified as the exposed group. In all cases of the exposed group, contact between
the IAN and the mandibular third molar was observed radiologically. The radiological
definition of “contact” was the absence of an interstitial space or bone marrow between
the mandibular third molar and the corticated or uncorticated IAN canal as suggested by
Ohman et al. [13]. The cases in which the IAN was not exposed during the operation and
the mandibular third molar did not contact the IAN radiologically were classified into the
unexposed group.
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Figure 1. Flowchart showing the process of case selection. M3, mandibular third molar; IAN, infe-
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Figure 1. Flowchart showing the process of case selection. M3, mandibular third molar; IAN, inferior alveolar nerve.

Table 1. Comparison of Baseline Characteristics and Incidence of Inferior Alveolar Nerve Injury between the Exposed
Group and the Unexposed Group.

Variables Exposed Group Unexposed Group p-Value

(n = 69) (n = 219)

Age (years) 29.32 ± 8.75 (range: 17-61) 29.25 ± 10.70 (range: 17-68) 0.393
Sex (male: female) 30:34 94:82 0.370

Side (right: left) 43:26 112:107 0.104
Procedural factors
Bone reduction (n) 68 (98.6%) 186 (84.9%) 0.002 *

Odontomy (n) 59 (85.5%) 174 (79.5%) 0.264
Incidence of inferior alveolar

nerve injury (n) 3 (4.3%) 0 (0%) 0.013 †

* p-Value examined using Chi-square test; †, p-Value examined using Fisher’s exact test.

2.2. CBCT Image Acquisition and Assessment of the Relationship between the IAN Canal and
Mandibular Third Molar in the Exposed Group

CBCT scans were taken preoperatively using the Alphard VEGA dental CT system
(Asahi Roentgen Ind. Co., Ltd., Kyoto, Japan) in 80 kV and 5 mA (Scanning time, 18 s; field
of view, 154 mm × 154 mm; slice, 0.3 mm) when the preoperative panoramic radiograph
showed signs of proximity between the IAN canal and the mandibular third molar. Three-
dimensional image reconstruction was performed through OnDemand 3D (Cybermed Inc.,
Seoul, Korea) for the assessment of the relationship between the IAN and mandibular third
molar on the coronal view. The course of the IAN canal (Figure 2) and the relationship of
the mandibular third molar to the lingual cortex (Figure 3) were investigated in the exposed
group based on the criteria suggested by Ohman et al. [13] to evaluate the radiological
properties and identify additional factors for nerve injury.

2.3. Surgical Procedure and Identification of IAN Exposure

Surgical extraction of the mandibular third molar was performed by a single surgeon.
All patients underwent the procedure under local anesthesia (lidocaine 2% with 1:100,000
epinephrine), and a mucoperiosteal incision and buccal flap reflection were carried out.
Bone reduction around the tooth and odontomy (tooth sectioning) using rotary instru-
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ments were performed when necessary. Immediately before the surgery, if preoperative
CBCT was present, the CBCT image was reviewed with the patient. When the IAN and
the mandibular third molar were in contact in CBCT images, the surgeon inspected all
extraction socket walls and floors to identify the IAN exposure after copious irrigation of
the socket following the tooth removal. If the IAN bundle was observed, it was palpated
using instruments (e.g., suction tip). When the patient felt abnormal sensations, including
a cold sensation or pain, the clinical diagnosis of IAN exposure was made (Figure 4). The
flap was then sutured, and the patients received IV antibiotics (amoxicillin/clavulanate
1.2 g or cefotetan 1 g), analgesics (ketorolac tromethamine 30 mg), and steroids (dexam-
ethasone 5 mg) immediately after surgery, and were prescribed oral antibiotics (usually
oral amoxicillin/clavulanate 375 mg 3 times daily or cefdinir 100 mg 3 times daily) and
analgesics (zaltoprofen 80 mg 3 times daily) for about one week and steroids (prednisolone
5 mg 3 times daily) for two days. One week after the surgery, the sutures were removed. If
the patients felt hypoesthesia or the abnormal sensation persisting even after the next day
after surgery, they were asked to visit the hospital immediately. In such cases, hypoesthesia
or paresthesia of the lower lip and chin were clinically investigated. When nerve injury was
diagnosed, oral steroids (prednisolone 5 mg 3 times daily) were prescribed for one week
and continued prescription of the vitamin B complex (cyanocobalamin 1 µg, nicotinamide
25 mg, pyridoxine hydrochloride 1 mg, riboflavin 6 mg, and thiamine hydrochloride 6 mg
3 times daily) was performed during the follow-up period. The follow-up was conducted
up to 6 months from the day the paresthesia was recognized.
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2.4. Statistical Analysis

Descriptive statistics were performed to calculate the mean and standard deviation
of the variables obtained from the patient data. The Shapiro-Wilk test and Kolmogorov-
Smirnov test were used to evaluate the normality of the data. Wilcoxon-signed rank test,
Chi-square test, and Fisher’s exact test were used to compare differences and ratios of
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variables between the two groups. The influence of demographic or procedure-related
variables on the occurrence of IAN injury was analyzed using univariate and stepwise mul-
tiple logistic regression. p values of less than 0.05 were considered statistically significant.
All statistical analyses were conducted using SPSS 21.0 (SPSS Inc, Chicago, IL, USA).
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3. Results
3.1. Comparison of Demographic or Procedure-Related Variables and the Incidence of IAN Injury
between the Two Groups

Among the demographic or procedure-related variables, only whether the bone
reduction was performed showed a significant difference between the two groups (p < 0.05;
Table 1). There were no significant differences between the two groups in variables such as
age, sex, side of tooth presence, and whether or not the odontomy was performed.

Regarding the incidence of IAN injury, the incidence was significantly higher in the
exposed group than in the unexposed group (4.3% versus 0%, p < 0.05; Table 1). Paresthesia
was recognized in three cases of the exposed group, but it was temporary paresthesia in
which the sensation recovered within three months after surgery. In no case was a sign of
permanent paresthesia detected.

3.2. Radiographic Characteristics in the Exposed Group

In the course of the IAN canal in CBCT images, the most common radiographic sign
was lingual (59.4%), followed by inferior (26.1%), inter-radicular (11.6%), and buccal (2.9%)
(Table 2).

Regarding the relationship of the mandibular third molar to the lingual cortex, all
cases in the exposed group showed the contact between the mandibular third molar and the
lingual cortex, and the frequency of contact patterns was highest in the order of thinning
(62.3%) and perforation (37.7%) (Table 2).

3.3. Factors Affecting the Occurrence of IAN Injury after Surgical Extraction of Mandibular Third
Molar in the Exposed Group

The univariate logistic regression and multiple stepwise logistic regression of the
occurrence of IAN injury versus demographic or procedure-related variables in the exposed
group are shown in Tables 3 and 4, respectively. The incidence of IAN injury increased
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significantly only with age (OR 1.108, 95% CI 1.001–1.228, p < 0.05; Table 3) in the univariate
logistic regression. In addition, multiple stepwise logistic regression selected age (OR 1.108,
95% CI 1.001–1.228, p < 0.05; Table 4) as a solitary risk factor.

Table 2. Characteristics of radiographic signs in the exposed group.

Variables Number of Samples %

The course of the inferior alveolar nerve canal *
Buccal 2 2.9

Lingual 41 59.4
Inferior 18 26.1

Inter-radicular 8 11.6
The proximity of the mandibular third molar to

the lingual cortex *
No contact 0 0

Contact, thinning 43 62.3
Contact, perforation 26 37.7

* Classification suggested by Ohman et al.

Table 3. Univariate Logistic Regression of the Occurrence of Inferior Alveolar Nerve Injury versus
Demographic and Procedural Variables in Exposed Group.

Variables OR 95% CI p-Value

Age (year) 1.108 1.001–1.228 0.048 *
Sex

Male Ref.
Female N/E N/E

Side
Right Ref.
Left 3.500 0.301–40.652 0.317

The course of the inferior
alveolar nerve canal

Buccal Ref.
Lingual N/E N/E
Inferior 1.000 1.000
Inter-radicular N/E N/E
The proximity of the mandibular
third molar to the lingual cortex

Contact, thinning Ref.
Contact, perforation 3.500 0.301–40.652 0.317

Bone reduction N/E N/E
Odontomy N/E N/E

OR, odds ratio; CI, confidence interval; N/E, not estimable because of no patient in the reference variable;
*, p < 0.05.

Table 4. Multivariate Logistic Regression of the Occurrence of Inferior Alveolar Nerve Injury versus
Demographic and Procedural Variables in the Exposed Group.

Variables OR 95% CI p-Value

Age (year) 1.108 1.001–1.228 0.048 *
Side (left) 0.396

The proximity of the mandibular
third molar to the lingual cortex

(contact, perforation)
0.734

OR, odds ratio; CI, confidence interval; *, p < 0.05.

4. Discussion

This retrospective case-control study investigated the incidence of IAN injury follow-
ing the exposure or non-exposure of IAN during surgical extraction of the mandibular third
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molar. As a result, the exposed group exhibited a significantly higher incidence of IAN
injury than the unexposed group (4.3% versus 0%, p < 0.05; Table 1). In particular, there was
no case of IAN injury in the unexposed group. Although some cases in the exposed group
showed signs of temporary IAN injury, in no case was the permanent paresthesia observed.
In addition, when logistic regression analysis was performed to identify risk factors for the
IAN injury in the exposed group, the risk of IAN injury increased with age (OR 1.108, 95%
CI 1.001–1.228, p < 0.05; Tables 3 and 4). Therefore, if the IAN is exposed during surgical
extraction of the mandibular third molar, it is necessary to inform the patients that the
incidence of IAN injury is higher when exposed and that the possibility of IAN injury
increases with age. However, it should also be explained that continuous follow-up checks
and medication is required because it is most likely to be a temporary IAN injury.

Several studies have reported IAN injury related to IAN exposure after the mandibular
third molar extraction [6–9]. Tay and Go [9] reported that 20.3% of cases in which IAN
was observed during surgical removal of the mandibular third molar showed paresthesia,
and 71% of cases showed a recovery one year after the surgery. Tantanapornkul et al. [6]
reported postoperative paresthesia in 6 out of 27 cases after the mandibular third molar
extraction, resulting in an IAN injury rate of 22%. Maekawa et al. [8] conducted a study
to evaluate the relationship between the mandibular third molar and IAN using CT. As a
result, postoperative dysesthesia on the lower lip was observed in about 14.3% of cases
exposed to IAN. Hasegawa et al. [7] also presented a 20% IAN injury in cases of IAN
exposure in a study to identify risk factors for hypoesthesia of the lower lip after extraction
of the mandibular third molar. In the present study, exposure-related IAN injury rate
was low at 4.3% compared to other studies. This finding was an unexpected result of the
authors, and the following can be considered possible reasons. First, all patients in this
study received IV steroids immediately after surgery and oral steroids for two days after
surgery. The early application of steroids for nerve injury is widely accepted because of
their anti-inflammatory and neurotrophic effects [14–17]. Unless it is a direct nerve injury
such as axonotmesis or neurotmesis by a surgical bur, injury to IAN may occur indirectly
due to compression of the tissue surrounding the nerve trunk of IAN canal. Therefore, It is
plausible that the administration of steroids immediately after surgery and two days after
surgery in this study masked the actual IAN damage related to IAN exposure. Second,
procedural factors related to the surgeon’s experience may have had an influence. It is well
known that the less skilled surgeons have a significantly higher incidence of postoperative
complications, including nerve paresthesia after mandibular third molar extraction [18].
Since there is a difference in the experience or skill of the operator between this study and
the others, the difference in the IAN injury rate contributed by the operator factor cannot
be excluded. In other studies, although surgeons with sufficient experience operated,
most of them included the results of surgery performed by several surgeons, including
resident doctors. In the present study, all surgeries were performed by a single staff-grade
oral and maxillofacial surgeon with more than eight years of experience. Therefore, the
difference between the results of this study and that of others may have been caused by
the difference in the composition of the operator group, not merely the difference in the
operator’s experience.

Regarding radiographic characteristics in the exposed group, the most common course
of IAN canal in CBCT images was lingual (59.4%, Table 2). All cases in the exposed group
showed the contact between the mandibular third molar and the lingual cortex, and
thinning (62.3%, Table 2) was the most frequently observed finding of the contact patterns.
Maegawa et al. [8] reported that among the seven cases with IAN exposure, three cases
showed lingual (42.9%) in the buccolingual relationship between IAN and mandibular
third molar and accounted for the largest proportion. Although this study also showed
a result consistent with that of Maegawa et al. [8], the result of this study was derived
from a larger number of samples. Most of the studies on IAN exposure related to the
mandibular third molar extraction focused on the accuracy and characteristic findings on
the panoramic radiograph, which was confirmed with CBCT images. To the best of our
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knowledge, there is no study that performed CBCT analysis on the positional relationship
between IAN and mandibular third molar when IAN exposure was observed for as many
samples as in this study. According to the result of the present study, it is suggested that
the possibility of IAN exposure may be high when IAN and the mandibular third molar
are in contact, and the IAN is located on the lingual side of the mandibular third molar on
the CBCT images. Therefore, when the contact between the IAN and the mandibular third
molar is suspected on the panoramic radiograph, preoperative CBCT taking and review
are considered essential.

One of the unexpected results in this study was that no IAN injury occurred in the
unexposed group. This is thought to be because the possibility of contact between IAN and
the mandibular third molar was excluded in patients in the unexposed group when group
assignment was made. Therefore, if the surgeon confirms that the IAN does not contact
the mandibular third molar on the radiographic image and does not perform excessive
osteotomy or aggressive odontectomy during surgery, it is possible to prevent damage
to the IAN after surgical extraction of the mandibular third molar. Another unexpected
result of this study was that permanent IAN damage did not occur in the exposed group.
Although three patients in the exposed group showed paresthesia on the IAN-innervated
area, they all recovered from their paresthesia within three months. As described above,
since IAN injury associated with the extraction of the mandibular third molar is often due
to compression caused by a tooth, blood clot, or tissue edema, it is presumed to be only
a temporary injury even when the IAN is exposed if rotary instruments caused no direct
nerve injury. Therefore, although the third molar surgery is one of the most performed in
the oral and maxillofacial area, careful manipulation and techniques based on the standard
surgical principle should be required. In addition, when paresthesia due to IAN injury
is recognized, medications including steroids and vitamin B complex and continuous
follow-up are considered necessary.

The present study is different from previous studies in that it was the first study to
directly compare the incidence of IAN injury in the IAN-exposed and unexposed groups.
To exclude the possibility that the operator could not find the exposed IAN in the unex-
posed group, the unexposed group in this study included only cases in which the contact
between IAN and the mandibular third molar was not observed in the radiological images.
Furthermore, the present study performed logistic regression analysis to identify additional
risk factors for IAN injury only within the exposed group and thus is different from other
studies in which logistic regression analysis was performed on all enrolled patients.

The present study demonstrates that when IAN is exposed during surgery, the inci-
dence of IAN injury is low and is likely to be temporary damage. However, our study
has several limitations. First, there are limitations such as the retrospective nature, small
sample size, and difference in the number of cases between the two groups. Further studies,
such as prospective or randomized controlled studies, are needed to determine the actual
incidence of IAN exposure and the associated incidence of IAN injury when the IAN and
the mandibular third molar are in contact on radiological images. The authors are planning
additional studies to achieve these objectives. Second, the clinical inspection may not be
the most accurate method of assessing nerve exposure. However, some researchers con-
firmed the IAN exposure by clinical inspection [7,9,10,19–22]. Further studies on objective
quantification methods for nerve exposure are needed.

In conclusion, intraoperative IAN exposure during surgical extraction of the mandibu-
lar third molar might show a higher incidence of IAN injury than the case without IAN
exposure, representing an incidence of 4.3%. Even when the paresthesia associated with
IAN exposure occurs, it is likely to be a temporary injury. Additionally, the risk of paresthe-
sia may increase with age. It is necessary to inform the patients of the clinical significance of
IAN exposure during the surgery. It should also be emphasized that continuous follow-up
checks and medication are required if the paresthesia occurs.



J. Clin. Med. 2021, 10, 4379 9 of 10

Author Contributions: Conceptualization, S.-W.O. and B.-E.Y.; methodology, S.-W.O. and B.-E.Y.;
Investigation, S.-W.O.; writing—original draft preparation, S.-W.O.; writing—review and editing,
S.-H.B., S.-W.C., and B.-E.Y.; visualization, S.-W.O.; supervision, S.-H.B. and B.-E.Y.; project ad-
ministration, S.-W.O. and B.-E.Y. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of Hallym University
Dongtan Sacred Heart Hospital (IRB No. 2021-04-012).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: This work was supported by the National Research Foundation of Korea (NRF)
grant funded by the Korean government (MSIT) (NRF-2021R1F1A1059824). This work was supported
by the Medical Device Technology Development Program (20006006, development of artificial
intelligence-based augmented reality surgery system for oral and maxillofacial surgery) and funded
by the Ministry of Trade, Industry, and Energy, Korea. This research was supported by a Korea
Health Technology R&D Project grant through the Korea Health Industry Development Institute
(KHIDI), funded by the Ministry of Health & Welfare, Korea (grant number: HI20C2114).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cheung, L.K.; Leung, Y.Y.; Chow, L.K.; Wong, M.C.; Chan, E.K.; Fok, Y.H. Incidence of neurosensory deficits and recovery after

lower third molar surgery: A prospective clinical study of 4338 cases. Int. J. Oral Maxillofac. Surg. 2010, 39, 320–326. [CrossRef]
2. Haug, R.H.; Perrott, D.H.; Gonzalez, M.L.; Talwar, R.M. The American Association of Oral and Maxillofacial Surgeons Age-Related

Third Molar Study. J. Oral Maxillofac. Surg. 2005, 63, 1106–1114. [CrossRef]
3. Lopes, V.; Mumenya, R.; Feinmann, C.; Harris, M. Third molar surgery: An audit of the indications for surgery, post-operative

complaints and patient satisfaction. Br. J. Oral Maxillofac. Surg. 1995, 33, 33–35. [CrossRef]
4. Renton, T.; McGurk, M. Evaluation of factors predictive of lingual nerve injury in third molar surgery. Br. J. Oral Maxillofac. Surg.

2001, 39, 423–428. [CrossRef] [PubMed]
5. Roccuzzo, A.; Molinero-Mourelle, P.; Ferrillo, M.; Cobo-Vázquez, C.; Sanchez-Labrador, L.; Ammendolia, A.; Migliario, M.; de

Sire, A. Type I Collagen-Based Devices to Treat Nerve Injuries after Oral Surgery Procedures. A Systematic Review. Appl. Sci.
2021, 11, 3927. [CrossRef]

6. Tantanapornkul, W.; Okouchi, K.; Fujiwara, Y.; Yamashiro, M.; Maruoka, Y.; Ohbayashi, N.; Kurabayashi, T. A comparative
study of cone-beam computed tomography and conventional panoramic radiography in assessing the topographic relationship
between the mandibular canal and impacted third molars. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology 2007, 103,
253–259. [CrossRef] [PubMed]

7. Hasegawa, T.; Ri, S.; Umeda, M.; Komori, T. Multivariate relationships among risk factors and hypoesthesia of the lower lip after
extraction of the mandibular third molar. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology 2011, 111, e1–e7. [CrossRef]

8. Maegawa, H.; Sano, K.; Kitagawa, Y.; Ogasawara, T.; Miyauchi, K.; Sekine, J.; Inokuchi, T. Preoperative assessment of the
relationship between the mandibular third molar and the mandibular canal by axial computed tomography with coronal and
sagittal reconstruction. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology 2003, 96, 639–646. [CrossRef]

9. Tay, A.B.; Go, W.S. Effect of exposed inferior alveolar neurovascular bundle during surgical removal of impacted lower third
molars. J. Oral Maxillofac. Surg. 2004, 62, 592–600. [CrossRef]

10. Sedaghatfar, M.; August, M.A.; Dodson, T.B. Panoramic radiographic findings as predictors of inferior alveolar nerve exposure
following third molar extraction. J. Oral Maxillofac. Surg. 2005, 63, 3–7. [CrossRef]

11. Smith, W.P. The relative risk of neurosensory deficit following removal of mandibular third molar teeth: The influence of
radiography and surgical technique. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology 2013, 115, 18–24. [CrossRef]

12. Xu, G.Z.; Yang, C.; Fan, X.D.; Yu, C.Q.; Cai, X.Y.; Wang, Y.; He, D. Anatomic relationship between impacted third mandibular
molar and the mandibular canal as the risk factor of inferior alveolar nerve injury. Br. J. Oral Maxillofac. Surg. 2013, 51, e215–e219.
[CrossRef]

13. Ohman, A.; Kivijarvi, K.; Blomback, U.; Flygare, L. Pre-operative radiographic evaluation of lower third molars with computed
tomography. Dentomaxillofac. Radiol. 2006, 35, 30–35. [CrossRef]

14. Jones, K.J. Steroid hormones and neurotrophism: Relationship to nerve injury. Metab. Brain Dis. 1988, 3, 1–18. [CrossRef]
15. Kawata, M. Roles of steroid hormones and their receptors in structural organization in the nervous system. Neurosci. Res. 1995,

24, 1–46. [CrossRef]

http://doi.org/10.1016/j.ijom.2009.11.010
http://doi.org/10.1016/j.joms.2005.04.022
http://doi.org/10.1016/0266-4356(95)90083-7
http://doi.org/10.1054/bjom.2001.0682
http://www.ncbi.nlm.nih.gov/pubmed/11735136
http://doi.org/10.3390/app11093927
http://doi.org/10.1016/j.tripleo.2006.06.060
http://www.ncbi.nlm.nih.gov/pubmed/17234544
http://doi.org/10.1016/j.tripleo.2011.02.013
http://doi.org/10.1016/S1079-2104(03)00356-1
http://doi.org/10.1016/j.joms.2003.08.033
http://doi.org/10.1016/j.joms.2004.05.217
http://doi.org/10.1016/j.oooo.2012.03.017
http://doi.org/10.1016/j.bjoms.2013.01.011
http://doi.org/10.1259/dmfr/58068337
http://doi.org/10.1007/BF01001350
http://doi.org/10.1016/0168-0102(96)81278-8


J. Clin. Med. 2021, 10, 4379 10 of 10

16. Tsai, S.Y.; Chiu, P.Y.; Yang, C.P.; Lee, Y.H. Synergistic effects of corticosterone and kainic acid on neurite outgrowth in axotomized
dorsal root ganglion. Neuroscience 2002, 114, 55–67. [CrossRef]

17. Yao, G.L.; Kiyama, H. Dexamethasone enhances level of GAP-43 mRNA after nerve injury and facilitates re-projection of the
hypoglossal nerve. Brain Res. Mol. Brain Res. 1995, 32, 308–312. [CrossRef]

18. Jerjes, W.; Upile, T.; Nhembe, F.; Gudka, D.; Shah, P.; Abbas, S.; McCarthy, E.; Patel, S.; Mahil, J.; Hopper, C. Experience in third
molar surgery: An update. Br. Dent. J. 2010, 209, E1. [CrossRef] [PubMed]

19. Bell, G.W. Use of dental panoramic tomographs to predict the relation between mandibular third molar teeth and the inferior
alveolar nerve. Radiological and surgical findings, and clinical outcome. Br. J. Oral Maxillofac. Surg. 2004, 42, 21–27. [CrossRef]

20. Ghai, S.; Choudhury, S. Role of Panoramic Imaging and Cone Beam CT for Assessment of Inferior Alveolar Nerve Exposure and
Subsequent Paresthesia Following Removal of Impacted Mandibular Third Molar. J. Maxillofac. Oral Surg. 2018, 17, 242–247.
[CrossRef] [PubMed]

21. Hasani, A.; Ahmadi Moshtaghin, F.; Roohi, P.; Rakhshan, V. Diagnostic value of cone beam computed tomography and panoramic
radiography in predicting mandibular nerve exposure during third molar surgery. Int. J. Oral Maxillofac. Surg. 2017, 46, 230–235.
[CrossRef] [PubMed]

22. Wang, D.; Lin, T.; Wang, Y.; Sun, C.; Yang, L.; Jiang, H.; Cheng, J. 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. 2018, 14, 532–540. [CrossRef] [PubMed]

http://doi.org/10.1016/S0306-4522(02)00261-0
http://doi.org/10.1016/0169-328X(95)00091-6
http://doi.org/10.1038/sj.bdj.2010.581
http://www.ncbi.nlm.nih.gov/pubmed/20596067
http://doi.org/10.1016/S0266-4356(03)00186-4
http://doi.org/10.1007/s12663-017-1026-7
http://www.ncbi.nlm.nih.gov/pubmed/29618893
http://doi.org/10.1016/j.ijom.2016.10.003
http://www.ncbi.nlm.nih.gov/pubmed/27810140
http://doi.org/10.5114/aoms.2016.58842
http://www.ncbi.nlm.nih.gov/pubmed/29765439

	Introduction 
	Materials and Methods 
	Samples and Group Assignment 
	CBCT Image Acquisition and Assessment of the Relationship between the IAN Canal and Mandibular Third Molar in the Exposed Group 
	Surgical Procedure and Identification of IAN Exposure 
	Statistical Analysis 

	Results 
	Comparison of Demographic or Procedure-Related Variables and the Incidence of IAN Injury between the Two Groups 
	Radiographic Characteristics in the Exposed Group 
	Factors Affecting the Occurrence of IAN Injury after Surgical Extraction of Mandibular Third Molar in the Exposed Group 

	Discussion 
	References

