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Abstract (J Korean Assoc Oral Maxillofac Surg 2019;45:158-166)

Objectives: Inferior alveolar nerve block (IANB) is the most frequently used treatment for mandibular molars. Successful IANB requires insertion of 
the dental needle near the mandibular foramen. In this study, we aimed to analyze the anatomic location of the mandibular lingula and evaluate the ef-
fects of internal oblique ridge (IOR)-guided IANB.
Materials and Methods: The location of the mandibular lingula was measured using cone-beam computed tomography images of the mandibles 
obtained from 125 patients. We measured the distances from the occlusal plane to the lingula and from the IOR to the lingula in 250 mandibular rami. 
Based on the mean of these distances, alternative anesthesia was carried out on 300 patients, and the success rate of the technique was evaluated.
Results: The mean vertical distance was 8.85±2.59 mm, and the mean horizontal distance was 14.68±1.44 mm. The vertical (P<0.001) and the hori-
zontal (P<0.05) distances showed significant differences between the sex groups. The success rate of the IOR-guided technique was 97.3%.
Conclusion: IANB-based location of mandibular lingula showed a high success rate. From this study, we concluded that analysis of the anatomic lo-
cations for mandibular lingula and IOR-guided IANB are useful for restorative and surgical dental procedures of the mandibular molars.
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I. Introduction

The inferior alveolar nerve (IAN) passes through the inside 
of the mandible and controls the sensory system of the man-
dibular region, including the mandibular teeth, the gingiva 
of the mandible, and the lower lip. During restorative and 
surgical procedures performed in these areas, infiltration an-
esthesia is not sufficient because the mandible is surrounded 
with compact bone. The inferior alveolar nerve block (IANB) 
is the most commonly used technique for dental procedures 
to provide sufficient anesthesia, but numerous clinicians 
have experienced difficulty with the IANB because the clini-

cian has to insert the needle into the movable soft tissue and 
blindly access the mandibular foramen depending on sense of 
touch during the IANB. Various studies have reported that the 
IANB has a relatively high failure rate for local anesthesia of 
the oral region1-7. 

Various techniques have been introduced to anesthetize 
the IAN; each technique has advantages and disadvantages. 
Both the clinician and the patient desire a predictable and 
successful IANB. If the clinician can accurately recognize the 
anatomic location of the mandibular foramen and inject the 
anesthetic in the pterygomandibular space, the success rate of 
the IANB would be raised. Therefore, an easily recognizable, 
anatomic landmark is needed for needle insertion. Moreover, 
anatomical studies of the mandible are also required to ap-
proach the mandibular foramen. 

 In this study, the anatomical location of the lingula existing 
in the inner surface of the ramus was measured using cone-
beam computed tomography (CBCT) analysis. The data were 
used as a reference for the approach of the needle to the man-
dibular foramen. The alternative IANB was performed using 
the internal oblique ridge (IOR) as an anatomic landmark, 

Ho-Yeol Jang
Department of Oral and Maxillofacial Surgery, Konyang University 
Hospital, 158 Gwanjeodong-ro, Seo-gu, Daejeon 35365, Korea
TEL: +82-42-600-9235   FAX: +82-42-600-9095
E-mail: janghy5102@gmail.com
ORCID: https://orcid.org/0000-0001-5646-9535

http://crossmark.crossref.org/dialog/?doi=10.5125/jkaoms.2019.45.3.158&domain=pdf&date_stamp=2019-06-27
https://orcid.org/0000-0001-5646-9535


Measurement of mandibular lingula location using CBCT and IOR-guided IANB

159

and its success rate was evaluated. 

II. Materials and Methods

1. Patients and methods

1) Measuring the lingula location 
This study included 125 patients who required extraction 

of the mandibular 3rd molar and who had CBCT taken in 
the Department of Oral and Maxillofacial Surgery, Konyang 
University Hospital (Daejeon, Korea) from May 2015 to Au-
gust 2016. Patients whose occlusal plane (OP) could not be 
established because of the loss of the mandibular incisor or 
molar or who had lesions related to an impacted tooth were 
excluded. In total, 63 males and 62 females were enrolled in 
this study, and patient age ranged from 15 to 56 years with a 
mean age of 27.15±7.90 years. The anatomic location of the 
lingula was measured by CBCT image analysis in 250 man-
dibular rami of the 125 patients.(Table 1)

2) IOR-guided IANB 
An IOR-guided IANB was carried out in 300 patients who 

required extraction of the mandibular 3rd molar at the Depart-
ment of Oral and Maxillofacial Surgery, Konyang University 
Hospital from August 2016 to February 2017. This study was 
approved by the Konyang University Hospital Institutional 
Review Board, and all participants signed an informed con-
sent agreement prior to the study. A total of 133 male and 167 
female patients were randomly selected for the IOR-guided 
IANB. The patients’ ages ranged from 15 to 70 years with a 
mean age of 29.36±12.21 years. The mandibular 3rd molars 
were extracted in 168 sites on the right and in 132 sites on the 
left for a total of 300 sites.(Table 2)

2. Study method

1) Measuring of lingula location 
The CBCT images were reconstructed in three dimensions 

(3D) using Ez3D-I software (Vatech Korea, Seoul, Korea), 
and the mandible was separated using the eraser function in 
3D images for exact measuring.(Fig. 1. A) The OP was set up 
with a plane between the tip of the mandibular central incisor 
and the mesiobuccal cusps of both mandibular 2nd molars. 

Table 1. Sex and age distribution of patients in cone-beam com-
puted tomography analysis

Age group (yr) Male (n=63) Female (n=62) Total (n=125)

10-19 5 6 11 (8.8)
20-29 40 39 79 (63.2)
30-39 14 12 26 (20.8)
≥40 4 5 9 (7.2)

Values are presented as number only or number (%).
Ho-Yeol Jang et al: Measurement of mandibular lingula location using cone-beam 
computed tomography and internal oblique ridge-guided inferior alveolar nerve block. J 
Korean Assoc Oral Maxillofac Surg 2019

Table 2. Sex and age distribution of patients for inferior alveolar 
nerve block

Age group (yr) Male (n=133) Female (n=167) Total (n=300)

10-19 30 21 51 (17.0)
20-29 57 93 150 (50.0)
30-39 18 20 38 (12.7)
40-49 16 20 36 (12.0)
≥50 12 13 25 (8.3)

Values are presented as number only or number (%).
Ho-Yeol Jang et al: Measurement of mandibular lingula location using cone-beam 
computed tomography and internal oblique ridge-guided inferior alveolar nerve block. J 
Korean Assoc Oral Maxillofac Surg 2019
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Fig. 1. Measuring of lingula location using cone-beam computed tomography (CBCT) analysis. A. three-dimensional reconstruction of 
CBCT images. B. Vertical distance (OP-L) in the coronal view. C. Horizontal distance (IOR-L) in the axial view. (L: lingula, IOR: internal 
oblique ridge, IOR-L: distance from IOR to lingula, OP: occlusal plane, OP-L: distance from OP to lingula)
Ho-Yeol Jang et al: Measurement of mandibular lingula location using cone-beam computed tomography and internal oblique ridge-guided inferior alveolar nerve block. J Korean Assoc 
Oral Maxillofac Surg 2019
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In the CBCT coronal view, the reference landmark of the 
measuring point was set on the mandibular lingula (L). Next, 
the vertical distance was measured from the OP to the lingula 
(OP-L).(Fig. 1. B) In the CBCT axial view, the measuring 
points were set on the IOR and L. The horizontal distance 
paralleling the OP was measured from the IOR to the lingula 
(IOR-L).(Fig. 1. C) To reduce personal errors that may occur 
in setting the reference point and measuring distances, the 
CBCT analyses of all patients were performed by the same 
researcher.

2) IOR-guided IANB 
The IOR-guided IANB was carried out for the extraction 

of 3rd molar based on the mean location of the mandibular 
lingula from the previous CBCT analysis.(Fig. 2, 3) To mini-
mize personal errors from different clinicians, all anesthesia 

procedures were performed by the same oral-maxillofacial 
surgeon. The 2% lidocaine cartilage included 1:100,000 epi-
nephrine, and a 27 gauge and 32 mm dental needle was used 
in the IANB. 

3. Technique

1) The IOR of the ramus anterior border was detected by 
palpation using the thumb or index finger.(Fig. 3. A) 

2) The soft tissue was retracted laterally with the finger to 
determine an approximate insertion point from 8 to 10 mm 
above the OP. The bevel of the needle tip was directed paral-
lel with inner surface of the ramus to prevent damage to the 
periosteum. 

3) The barrel of the syringe was placed in the canine or first 
premolar of the contralateral side of the extraction, and the 

IP
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Fig. 3. Internal oblique ridge (IOR)-guided inferior alveolar nerve block technique. A. Palpation of the IOR and lateral retraction of soft tis-
sue. Arrow: finger retraction. B. Initial insertion of needle toward IOR. C. Needle insertion near the mandibular foramen along medial peri-
osteum of ramus. (IP: insertion point)
Ho-Yeol Jang et al: Measurement of mandibular lingula location using cone-beam computed tomography and internal oblique ridge-guided inferior alveolar nerve block. J Korean Assoc 
Oral Maxillofac Surg 2019

P

MP

M

SCM

PMR

TT

IAN
LN

R

BM

A B C

P

MP

M

SCM

PMR

F

IAN
LN

R

BM

IOR

P

MP

M

SCM

PMR

F

IAN

LN

R

BM

IOR

Fig. 2. Comparison diagram of conventional inferior alveolar nerve block (IANB) and internal oblique ridge (IOR)-guided IANB. A. Needle 
pathway in conventional IANB. B. Needle insertion on IOR after finger palpation. C. Needle access to lingula along medial periosteum of 
ramus. (P: parotid gland, M: masseter muscle, MP: medial pterygoid muscle, IAN: inferior alveolar nerve, LN: lingual nerve, R: ramus, BM: 
buccinator muscle, SCM: superior constrictor muscle, TT: temporalis tendon, PMR: pterygomandibular raphe, F: finger palpation and re-
traction)
Ho-Yeol Jang et al: Measurement of mandibular lingula location using cone-beam computed tomography and internal oblique ridge-guided inferior alveolar nerve block. J Korean Assoc 
Oral Maxillofac Surg 2019
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needle was inserted at the prepared point of the IOR.(Fig. 2. B, 
3. B) 

4) After the needle tip was in contact with the IOR, the 
needle was moved about 23 to 25 mm posteriorly, until it was 
near the mandibular lingula along the medial periosteum of 
the ramus parallel to the OP.(Fig. 2. C, 3. C) The insertion 
depth of 23 to 25 mm was determined by totaling the mean 
14.68±1.44 mm distance of IOR-L obtained in measurement 
analysis of this study, the soft tissue thickness of insertion 
the point, and the width of the mandibular foramen. As the 
needle was advanced more deeply, the barrel of the syringe 
was adjusted toward the ipsilateral side of the extraction. This 
process can decrease the resistance of muscle and connective 
tissue and help move the needle smoothly in the pterygoman-
dibular space. 

5) After ensuring that there was no blood aspiration, 2 mL 
of anesthetic were injected. 

6) To etherize the long buccal nerve, 1 mL of anesthetic 
solution was injected at the distobuccal mucosa of the man-
dibular 2nd molar. No separate anesthesia was done for the 
lingual nerve.

7) If the patient expressed numbness on the ipsilateral 
lower lip and tongue after 8 to 10 minutes, the mandibular 
3rd molar extraction was performed. 

4. Success Rate of IOR-guided Technique

If the patients did not express any pain during extraction 
and no additional anesthesia was needed, the anesthesia was 
deemed successful. If patients did not feel numbness of the 
lower lip after anesthesia or expressed pain during the extrac-
tion, the anesthesia was classified as a failure.

5. Statistical analyses

Statistical analyses of data were performed using PASW 
Statistics 18.0 software (IBM, Armonk, NY, USA). OP-L and 
IOR-L were analyzed by frequency analysis. The independent 
t-test was used for comparisons of OP-L and IOR-L between 
sex groups. A one-way ANOVA was used for comparisons of 
OP-L and IOR-L between age groups. In both tests, a level of 
P<0.05 was considered statistically significant.

III. Results

1. Location of the mandibular lingula

The mean vertical distances (OP-L) were 8.93±2.71 mm 
on the right ramus, 8.76±2.57 mm on the left ramus, and 
8.85±2.59 mm on both rami.(Table 3) The mean horizontal 
IOR-L distances were 14.55±1.63 mm on the right ramus, 
14.82±1.44 mm on the left ramus, and 14.68±1.44 mm on 
both rami in level of the lingula. The OP-L distance has a 
more personal variation than the IOR-L distance.(Table 3) 
The mean OP-L distances were 10.30±2.33 mm in males and 
7.37±1.94 mm in females. There was a statistically signifi-
cant difference in the OP-L distances (P<0.001) between sex 
groups.(Table 4) The mean IOR-L distances were 14.99±1.27 
mm in males and 14.37±1.55 mm in females. There was a 
statistically significant difference in the IOR-L distances 
(P<0.05) between the sex groups.(Table 4) Both the IOR-L 
and OP-L distances of males were analyzed to be relatively 
longer than females. There were statistically significant dif-
ferences in the left (P<0.05) IOR-L distance and both (P<0.05) 
of IOR-L distances between the age groups.(Table 5) 

Table 3. Distances to lingula from mandibular landmarks

Distance Side Mean±SD Minimum Maximum 

OP-L
     (mm)

Right 8.93±2.71 4.1 16.4
(n=125)
Left 8.76±2.57 3.9 16.9
(n=125)
Both 8.85±2.59 3.9 16.9
(n=250)

IOR-L
     (mm)

Right 14.55±1.63 10 18.5
(n=125)
Left 14.82±1.44 11.2 19
(n=125)
Both 14.68±1.44 10 19
(n=250)

(OP-L: distance from occlusal plane to lingula, IOR-L: distance from 
internal oblique ridge to lingula, SD: standard deviation)
Ho-Yeol Jang et al: Measurement of mandibular lingula location using cone-beam 
computed tomography and internal oblique ridge-guided inferior alveolar nerve block. J 
Korean Assoc Oral Maxillofac Surg 2019

Table 4. Comparison of distance to lingula from mandibular land-
marks between sex

Distance Side Male (n=63) Female (n=62) P-value

OP-L
   (mm)

Right 10.42±2.52 7.42±1.97 <0.001**
Left 10.19±2.28 7.31±1.98 <0.001**
Both 10.30±2.33 7.37±1.94 <0.001**

IOR-L
  (mm)

Right 14.88±1.42 14.20±1.76 0.020*
Left 15.10±1.35 14.53±1.48 0.026*
Both 14.99±1.27 14.37±1.55 0.015*

(OP-L: distance from occlusal plane to lingula, IOR-L: distance from 
internal oblique ridge to lingula)
*P<0.05, **P<0.001.
Values are presented as mean±standard deviation.
Ho-Yeol Jang et al: Measurement of mandibular lingula location using cone-beam 
computed tomography and internal oblique ridge-guided inferior alveolar nerve block. J 
Korean Assoc Oral Maxillofac Surg 2019
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2. Success rate of IOR-guided technique 

The success rate of the IOR-guided technique was 97.3%.
(Table 6) Extractions of the mandibular 3rd molar were 
performed successfully in 292 patients without additional 
anesthesia. However, five patients who did not feel numbness 
of the lower lip after the initial anesthesia needed additional 
anesthesia. Three patients needed additional anesthesia due to 
pain during extraction. Complications related to anesthesia, 
including nerve injury, trismus, hematoma, and needle break-
age, did not occur.

IV. Discussion

Current anatomic studies on the location of the mandibular 
foramen have mostly been performed using dry mandibles8-15. 
The results of these studies are relatively accurate because a 
dry mandible can be measured directly. However, informa-
tion on dry mandibles regarding sex and age is limited, so 
comparison and analysis measuring the values is difficult. 
And a dry mandible, which has both intact dentition and an 
OP, is expensive and difficult to find. More recently, mea-
suring a variety of anatomical measurements has become 
possible using computers. This is because software has been 
developed that can make 3D reconstructions and analyses us-

ing a patient’s computed tomography (CT) images. These CT 
data are more convenient and inexpensive than those of a dry 
mandible. Also, researchers can set up various anatomic land-
marks and make a virtual line in the software images. Thus, 
computer reconstruction allows for a complex measurement 
of the distance or the angle more easily than in a dry mandi-
ble studies. These data can be used in systematic and accurate 
analyses related to sex or age. In this study, a 3D mandibular 
model was made with the patient’s CBCT images and then 
vertical and horizontal locations of the mandibular lingula 
were measured and analyzed.

Many authors have used different landmarks, such as the 
mandibular foramen or the lingula, to analyze the location 
of the IAN8-18. The level of the mandibular lingula is a more 
useful landmark than the level of the mandibular foramen 
when a clinician determines the vertical target of the anes-
thetic needle in an IANB, because an IANB actually attempts 
to anesthetize the IAN around the mandibular lingula prior to 
it entering the mandibular foramen. Therefore, in this study, 
the location of the mandibular lingula was also measured as 
an anatomical landmark. Many results have been published 
about the antero-posterior location of the mandibular lingula 
or the mandibular foramen. According to Jansisyanont et al.8 
and Yu et al.16, the lingula was positioned at 20.6 mm and 
17.7 mm, respectively, from the anterior border of the ramus. 
Monnazzi et al.9 noted a mean distance of 17.67 mm from 
the anterior border of the ramus to the mandibular foramen. 
Oguz and Bozkir10 showed results with 16.9 mm on the right 
and 16.78 mm on the left. The distance from the IOR to the 
mandibular foramen was shorter than the distance from the 
anterior border of the ramus to the mandibular foramen11,12. 
Ennes and Medeiros11 and Viravudth and Plakornkul12 found 
14.6 mm and 14.33 mm, respectively, as the mean distances 
from the IOR to the mandibular foramen. In this study, the 

Table 5. Comparison of distance to lingula from mandibular landmarks in different age groups

Distance Side
Age group (yr)

P-value
10-19 (n=6) 20-29 (n=29) 30-39 (n=13) ≥40 (n=2)

OP-L
    (mm)

Right 10.06±2.89 8.80±2.65 9.02±2.95 8.46±2.31 0.496
Left 9.98±2.93 8.62±2.53 8.79±2.72 8.41±2.05 0.414
Both 10.02±2.86 8.71±2.53 8.91±2.80 8.43±2.16 0.440

IOR-L
    (mm)

Right 14.59±1.24 14.80±1.52 13.98±1.69 13.90±2.39 0.093
Left 14.85±1.05ab 15.12±1.37a 14.24±1.53b 13.86±1.45b 0.008*
Both 14.72±1.07ab 14.96±1.35a 14.11±1.50b 13.88±1.87b 0.019*

(OP-L: distance from occlusal plane to lingula, IOR-L: distance from internal oblique ridge to lingula)
*P<0.05.
abThe same characters were not significant by the least significant difference (LSD) test.
Values are presented as mean±standard deviation.
Ho-Yeol Jang et al: Measurement of mandibular lingula location using cone-beam computed tomography and internal oblique ridge-guided inferior alveolar nerve block. J Korean Assoc 
Oral Maxillofac Surg 2019

Table 6. Success rate of alternative inferior alveolar nerve block 
(IANB) (n=300)

Response after alternative IANB Value

Lower lip numbness 292 (97.3)
Additional anesthesia 5 (1.7)
Pain on extraction 3 (1.0)

Values are presented as number (%). 
Ho-Yeol Jang et al: Measurement of mandibular lingula location using cone-beam 
computed tomography and internal oblique ridge-guided inferior alveolar nerve block. J 
Korean Assoc Oral Maxillofac Surg 2019
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mean distance from the IOR of the ramus to the lingula was 
14.68±1.44 mm, and this distance is similar to the results of 
Ennes and Medeiros11.(Table 3) 

To determine the horizontal insertion depth of the needle, 
the clinician should consider the thickness of the oral mucosa 
of the insertion point and the location of the IAN, which en-
ters from the back of the lingula into the mandibular foramen. 
Many authors recommended an insertion depth of 20 to 25 
mm to closely approach the mandibular foramen1,8,13. In this 
study, the insertion depth of the needle was determined to be 
23 to 25 mm; this length was calculated by totaling the mean 
14.68±1.44 mm of the IOR-L distance of this study, 4.7 mm 
of mandibular foramen width8, and 4.12 mm of the mucosal 
thickness19. 

The mandibular foramen and the mandibular lingula vary 
in vertical location in each individual. Nicholson described 
that the mandibular foramen is located almost below the 
OP14. However, Hwang et al.17 and Kang et al.18 stated that 
mandibular foramina are located 4.16 mm and 3.8 mm, 
respectively, above the OP in adults. Jansisyanont et al.8 re-
ported that the lingula is located 4.5 mm above the OP. In this 
study, the mean OP-L vertical distance was measured to be 
8.85±2.59 mm from the OP to the mandibular lingula.(Table 
3) The OP-L vertical distance has more individual variation 
than the IOR-L horizontal distance, and both the OP-L verti-
cal distance and the IOR-L horizontal distance in males were 
relatively longer than those in females.(Table 4) In many 
studies, the insertion level of the needle was recommended to 
be set at 8 to 10 mm above the OP1,13,15. If the insertion level 
of the needle is adjusted vertically from 8.85±2.59 mm of the 
mean OP-L vertical distance, taking into consideration the 
patient’s information, such as sex, age, and panorama radiog-
raphy, the success rate of the anesthesia increases.

Infiltration anesthesia is very effective in the maxilla with-
out block anesthesia because the maxilla has a larger volume 
of cancellous bone. However, block anesthesia is needed for 
restorative and surgical procedures of a mandibular molar 
because the mandible is surrounded by thick compact bone, 
and the infiltration of the anesthetic solution is limited. Since 
Halstead introduced the first block anesthesia, many authors 
have described various techniques for the IANB20. Among 
them, the conventional IANB has commonly been used to 
achieve IAN anesthesia. The needle is inserted parallel to 
the OP and from the premolars on the contralateral side. 
The insertion point is determined at the soft tissue lateral to 
the pterygomandibular raphe and above 8 to 10 mm from 
the OP. The needle is inserted through the mucosa and ap-

proaches near the mandibular foramen of the inner ramus 
and then the anesthetic solution is given after aspiration. In 
the IANB, the anesthetic solution should be injected near 
the IAN located inside the pterygomandibular space. Thus, 
the clinician should consider both the anatomy of the IAN 
and the pterygomandibular space. The boundaries of each 
pterygomandibular space are the medial pterygoid muscle 
medially, the ascending ramus of the mandible laterally, the 
lateral pterygoid muscle superiorly, the posterior border of 
the buccal space anteriorly, and the parotid gland posteriorly. 
The pterygomandibular space contains the IAN, the lingual 
nerve, the inferior alveolar vessel, and the sphenomandibular 
ligament. The IAN passes along the pterygomandibular space 
through a narrow space between the medial pterygoid muscle 
and the lateral pterygoid muscle; it enters into the mandibular 
foramen and is distributed widely throughout the mandible. 
The lingual nerve passes more antero-medially than the IAN 
in the pterygomandibular space. The lingual nerve is com-
monly blocked together with the IAN by an IANB. 

The success rate of an IANB depends greatly on the skill 
and experience of clinician. It has a relatively high failure 
rate (15%-35%)1-3. Also, clinical studies in endodontics have 
found a high failure rate (38%-75%) with the IANB. This is 
related to the inflammatory condition of the pulp4-7. Many 
authors have described that a variable location of the man-
dibular foramen raises the failure rate of an IANB21-24. For the 
success of an IANB, the needle should approach as close as 
possible to the IAN or the mandibular foramen on the ptery-
gomandibular space.

Many alternative techniques for the IANB have been de-
scribed to achieve satisfactory success and reduce complica-
tions25-31. Thangavelu et al.25 introduced an alternative tech-
nique with a high success rate of 95%. In this technique, the 
first insertion point is 6 to 8 mm above the coronoid notch 
and 8 to 10 mm posterior from the anterior border of the 
ramus, and then the barrel of the syringe is adjusted toward 
the midline and the mandibular foramen approaches along 
the medial side of the ramus. This technique has a different 
needle insertion point than the IOR-guided technique, but 
both techniques are similar in needle movement along the in-
ner periosteum of the ramus. Chakranarayan and Mukherjee26 
introduced the arched needle technique for the IANB where, 
after insertion, the needle is arched and inserted in a man-
ner whereby it approaches the medial surface of the ramus 
at an angle almost perpendicular to it. A success rate of 98% 
was obtained, but this technique has the potential for needle 
breakage and damage to the soft tissue. Boonsiriseth et al.27 
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introduced a novel injection approach in which the barrel of 
the syringe is placed on the occlusal surface of the posterior 
teeth at the same operation site. The needle insertion point is 
the same point as for the conventional IANB. This technique 
has the advantage of eliminating pain from the needle trau-
matizing the periosteum and bone. Suazo Galdames et al.28 
introduced an alternative technique whereby the anesthetic is 
applied to the IAN via the retromolar triangle. According to 
their study, the needle is presented between the mandibular 
canal and variable holes of the retromolar triangle, through 
which the infiltration of an anesthetic solution would be 
possible. Even though this technique has a high failure rate 
of 27.5%, it can be used to minimize the complications for 
patients with blood dyscrasias. Takasugi et al.29 introduced an 
anterior technique in which the needle is inserted to a depth 
of 10 mm, and the anesthetic solution is injected into the an-
terior region of the pterygomandibular space. This technique 
was developed so that anesthesia can be delivered to the IAN 
with a lower risk of inferior alveolar neural and vascular 
complications; however, the success rate of this technique is 
relatively low (75%). The Gow-Gates technique30 and Akino-
si technique31 block the mandibular nerve trunk directly in 
the more upper position than the conventional IANB. Despite 
the fact that both techniques are very useful in some patients 
when the clinician cannot use the conventional IANB, most 
clinicians do not often use either technique because separate 
skillsets are required and the anesthetic latency is too late.

In conventional IANB, many clinicians have difficulty 
determining the insertion point and depth of the needle. This 
is due to the mobilization of the soft tissue during needle in-
sertion and because penetration is through multiple layers of 
anatomic structure. For a successful IANB, a definite point 
of reference is required at the needle insertion. Alternative 
IANBs using the IOR as the reference point were performed 
in this study. After detection of the IOR, located 8 to 10 mm 
above the OP, the needle is inserted to a 23 to 25 mm depth 
along the medial periosteum of the ramus; then, the anes-
thetic is injected around the mandibular lingula. In this alter-
native technique, the clinicians can more easily determine the 
injection point with a rigid and stable IOR. The needle can 
reach near to the mandibular lingula without resistance, and 
damage to the soft tissue can be prevented because the needle 
moves along the medial periosteum of the ramus. 

When we performed the IANB using the IOR in this study, 
anesthetic failure occurred in only eight patients (2.7%).
(Table 6) This is a lower failure rate than experienced using 
other IANB techniques. The causes of failure was not clear, 

but some possibilities are assumed. The needle and the an-
esthetic solution could not approach around the mandibular 
foramen because of a severe anatomical variation in the man-
dibular foramen or an accessory branch of the IAN14,21-24. If 
the needle is inserted into a malposition instead of the IAN 
around the mandibular foramen, various complications can 
occur, such as damage to the soft tissue, swelling, pain, and 
trismus32,33. The needle may fracture if the clinician applies 
excessive force34. If the needle is positioned too posteriorly, 
the anesthetic may be diffused into the parotid gland, which 
may cause transient paralysis of the facial nerve35. If the 
needle is positioned too high and deep, the auriculotemporal 
nerve can be anesthetized, and numbness around the ear can 
occur. Especially if the anesthetic solution is injected into the 
lateral pterygomandibular muscle, pain, trismus, and disor-
ders of the temporomandibular joint can be induced. If the 
pterygomandibular vessel or the pterygoid venous plexus is 
damaged by needle insertion, a hematoma can occur in the 
pterygomandibular space21. Most complications can be re-
solved in a short time, but any unexpected complication may 
affect the relationship between the patient and the clinician if 
it occurs after anesthesia. In this study, complications did not 
occur because a clear reference, such as the IOR, was used in 
the needle insertion, and the anesthetic solution was injected 
taking into consideration the mean location of the mandibular 
lingula.

In this study, all analyses were carried out using only 
hard tissue associated with the location of the mandibular 
lingula. To increase the success rate of an IANB, soft tissue 
also needs to be considered. Additional studies regarding the 
thickness of oral mucosa, where the needle is inserted, and 
the size of the pterygomandibular space where the anesthetic 
is injected, are necessary. In addition, the OP can change ac-
cording to malocclusion, prosthetics, sex, or age, which can 
lead to measurement errors or anesthesia failure. Additional 
studies of these variables are needed.

V. Conclusion

In this study, the anatomical location of the mandibular 
lingula and the mean distance throughout 3D reconstruction 
were measured and analyzed utilizing CBCT images. The 
insertion level and depth of the anesthetic needle were deter-
mined based on mean vertical and horizontal distances of the 
mandibular lingula. We attempted an alternative IANB where 
the dental needle was inserted via the IOR and approached 
the lingula along the medial periosteum of the mandibular 
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ramus; the anesthetic solution was injected near the mandibu-
lar lingula on the pterygomandibular space. This technique is 
easier and safer for the clinician than the conventional IANB 
because the anesthetic needle is inserted using the IOR, 
which is a consistent reference point and approaches the man-
dibular lingula freely inside the pterygomandibular space. 
The IOR-guided IANB showed a 97.3% success rate without 
special complications. Therefore, this study concludes that 
the anatomical location of the mandibular lingula should be 
considered in an IANB, and that the IOR-guided IANB is 
very useful for surgical procedures of the mandibular molar 
region.
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