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A B S T R A C T

Introduction: Inferior alveolar nerve block (IANB) is the most widely used local anesthesia technique for man-
dibular primary or permanent teeth. The success of an adequate and effective nerve block with this technique 
depends on deposition of  local anesthetic solution near mandibular foramen (MF), located on the medial side 
of mandibular ramus. 
Objectives: The purpose of the study was to investigate the relative position of MF using digital panoramic 
radiographic technique to provide data for IANB technique in children. 
Material and methods: This retrospective study consisted of digital panoramic radiographs from 200 chil-
dren, aged 5-14 years. Panoramic radiographs were divided into 5 groups according to Hellman dental classifica-
tion. The distance of MF to occlusal plane, anterior border of the ramus, and lower border of the mandible were 
measured using computer software in different age groups, and then compared to determine the position of MF 
on radiographs. One-way analysis of variance test, which is one of the parametric tests, was used to compare mean 
values between the groups. 
Results: While MF was 0.85 mm above the occlusal plane in Hellman IIC age group, this distance increased with 
age progression, and there was a statistically significant difference between age groups. The distance from MF to 
anterior edge of the ramus and lower plane of the mandible increased in Hellman IVA age group, and there was 
a statistically significant difference between age groups. 
Conclusions: The position of MF in panoramic radiographs gradually changed posteriorly and upwards on 
the ramus with age progression. 
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INTRODUCTION

The control of pain and fear, which develops during 
dental procedures in children, is one of the most import-
ant issues of dental behavior management. Children who 
experience pain during restorative or surgical procedures 
may avoid dental treatment in the  future [1, 2]. Local  

anesthesia is a  loss of  sensation in a  certain part 
of the body due to suppression of pain transmission in 
peripheral nerves or stimulating factor in nerve end-
ings [3]. Intensive and effective local anesthesia facili-
tates a successful dental treatment of patients, especial-
ly pediatric ones, by alleviating anxiety and discomfort 
during restorative and surgical procedures [4]. 
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The inferior alveolar nerve that penetrates the man-
dible through mandibular foramen (MF) located on 
medial surface of  mandibular ramus, is responsible for 
sensory innervation of the lower gingiva and teeth as well 
as part of the lower lip, tongue, and chin within the ipsi
lateral side [5]. Inferior alveolar nerve block (IANB) is 
the  most widely used local anesthesia technique for 
mandibular primary or permanent teeth [6]. The success 
of an adequate and effective nerve block with this tech-
nique depends on deposition of local anesthetic solution 
near the mandibular foramen, located in the medial side 
of mandibular ramus [7]. 

Successful IANB in pediatric patients is difficult 
to achieve, and the  main reasons include additional 
branching of the nerve and, even more common, inap-
propriate needle insertion position [8, 9]. Moreover, it 
has been reported that MF position changes as the child 
mature into adulthood, and dento-facial characteristics 
of patients with different ethnic groups may show a dis-
crepancy [10]. Therefore, considering the change of MF 
position in individuals during the growth period can re-
duce the possibility of a failed injection [11]. 

Lower occlusal plane can be used in children as a ref-
erence to IANB [2]. Panoramic radiographs can help 
dentists in administering IANB by providing informa-
tion regarding the positional relationship between lower 
occlusal plane and MF [12]. Various studies from differ-
ent countries investigated MF location and its relation-
ship with occlusal plane of deciduous molars in pediat-
ric patients and provided inconsistent results (below, at 
the same level, or above) [13-16]. 

OBJECTIVES 

The purpose of the present study was to investigate 
the relative position of MF using digital panoramic ra-
diographic technique, to provide data for IANB tech-
nique in children, since there is lack of  studies on the 
MF position on panoramic radiographs from different 
age groups in children. 

MATERIAL AND METHODS 

This retrospective study consisted of  digital pano
ramic radiographs from 200 children, aged 5-14 years, who  

visited the Alanya Aladdin Keykubat University, Depart-
ment of Pediatric Dentistry between January 2018 and 
March 2020 for dental treatments. All panoramic radio-
graphs were taken during routine dental examinations, and 
no additional radiographs were provided for the current 
study. Moreover, all archived radiographs used in the study 
were obtained with ethical and deontological principles, 
including consents of the patients or their parents. After 
ethical approval from the institutional ethics committee, 
the subjects were randomly selected from a database of the 
institution, and were divided into five groups as per Hell-
man’s dental developmental stages, with 40 children in each 
group (Table 1) [17]. Age and gender were also recorded. 

All radiographs were taken by the same radiology tech-
nician, and all the subjects were positioned with their head 
oriented as per Frankfurt horizontal plane, parallel with 
earth horizontal plane. The lips of the subjects were posi-
tioned in a resting position, and the midline was adjust-
ed correctly. Radiographs were taken using Kavo OP 3D 
(Instrumentarium Dental, PaloDEx Group, Tuusula, Fin-
land), using 66 kV, 5 mA, and 12.8 s parameters. Evalua-
tion and measurements of digital images were performed 
with Kavo CliniViewTM (Instrumentarium Dental, Palo-
DEx Group, Tuusula, Finland) software, which automati-
cally corrected magnification ratio of the panoramic radi-
ography device on the images. 

The radiographs used in the study have met the cri-
teria of having an acceptable mandibular occlusal plane 
without any major anatomical abnormality. Radiographs 
with poor image quality, and patients presenting with 
a previous history of craniofacial trauma, temporoman-
dibular joint, cranio-cervical disorders, orthodontic treat-
ment, and in whom the mandibular occlusal plane was 
affected due to lack of posterior teeth and existence of im-
mersed or supra-erupted mandibular teeth, were exclud-
ed from the study. 

Here, right sides of the patients only were measured, as 
no difference between measurements made in the right and 
left regions was found in previous studies [2, 6]. The loca-
tion of MF was investigated radiographically by panoramic 
images, and the precise linear measurements were record-
ed using anatomic sites as reference points [11]. The ana-
lyzed points and planes were as follows (Figure 1): 
•	the points: point 1 – most superior anterior point 

of  the  mandibular canal; point 2 – most prominent 
point at the end of most fully erupted tooth; point 3 – 

TABLE 1. Division of patients and their characteristics according to Hellman’s dental development stages classification 

Group Hellman’s stages Age (years) Characteristics 

1 IIC 5-7 Eruptive phase of the permanent first molars 

2 IIIA 7-9 Completion of the eruption phase of permanent first molars 

3 IIIB 9-12 Exchange phase of lateral incisor teeth 

4 IIIC 11-12 Eruptive phase of the permanent second molars 

5 IVA 12-13 Completion of the eruption phase of permanent second molars 
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most prominent point at the canine cusp tip; point 4 – 
most prominent point of  the  anterior border of  ra-
mus; point 5 – deepest point of  the  anterior border 
of  ramus; point 6 – most prominent inferior point 
of the body of mandible at canine area; point 7 – most 
prominent inferior point at the angle of the mandible. 

•	 the planes: plane 1 (P1) – occlusal plane connecting 
point 2 and point 3; plane 2 (P2) – plane connecting 
point 4 and point 5; plane 3 (P3) – plane connecting 
point 6 and point 7; L1 – perpendicular line from point 1 
to plane 1; L2 – perpendicular line from point 1 to 
plane 2; L3 – perpendicular line from point 1 to plane 3. 
All the measurements, including points, planes, and 

lines were drawn using a software with 100th millimeter 
of  accuracy, and registered. All the  quantities were ob-
tained by a single calibrated examiner, with five panoram-
ic images daily in order to prevent any eye bias. To assess 
the reproducibility, 10 randomly selected panoramic ra-
diographs were re-evaluated 2 weeks after being blindly 

assessed by the same researcher. Dahlberg’s formula was 
used to determine method’s error, and it was found to be 
within acceptable limits. Paired samples t-test was applied 
to test the significance of difference between the first and 
second measurements, with no statistically significant dif-
ference found between the measurements (p > 0.05). 

In each developmental stage, mean and standard devi-
ation values of all linear measurements based on the ref-
erence points were calculated using IBM SPSS 21.0 soft-
ware (International Business Machines Corp., New York, 
USA) for data analysis. The significance level was set at  
p < 0.05. Shapiro-Wilks’ normality test and Levene’s  
variance homogeneity test were applied to analyze dis-
tribution of  the  data, and it was observed that the  data 
were distributed normally. Therefore, one-way analysis of  
variance test (as one of the parametric tests) was applied 
to compare mean values between the studied groups. 

RESULTS 

Panoramic radiographs of 200 subjects (97 boys and 
103 girls) were included in the  study. While the mean 
distance between MF and occlusal plane (L1) in the 
Hellman IIC age group was 0.85 mm, this distance in-
creased significantly in the IIIA age group, with its mean 
found as 2.27 mm. L1 length increased significant-
ly from the IIIC age group to the IVA age group, with 
a  mean of  4.33 mm in the  IVA age group. The  mean 
length between MF and the  ramus frontal plane (L2) 
was 14.35 mm in the IIC age group, and this length in-
creased steadily towards the advanced age groups, show-
ing 16.86 mm in the IVA age group. L2 length increased 
significantly from the  IIIB age group to the  IIIC age 
group. The mean length between MF and lower border 
of the mandible (L3) was 20.46 mm in the IIC age group. 
L3 length improved significantly in all age groups, with 
a mean of 27.63 mm in the IVA age group. The means 
and standard deviations of L1, L2, and L3 linear length 
measurements for each Hellman’s dental development 
stage groups and the differences between age groups are 
presented in Table 2. 

FIGURE 1. Reference points, planes, and measurements 
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TABLE 2. Mean values and standard deviations of L1 (distance between mandibular foramen [MF] and occlusal pla-
ne), L2 (distance between MF and ramus frontal plane), and L3 (distance between MF and lower border of the man-
dible) measurements in all Hellman’s dental developmental stages and p-values of ANOVA test 

Age stages n L1 L2 L3 

Mean SD Mean SD Mean SD 

IIC 40 0.85a 1.61 14.35a 1.67 20.46a 1.85 

IIIA 40 2.27b 0.77 14.95a 1.95 21.65b 1.23 

IIIB 40 2.87bc 0.55 15.10a 1.82 23.57c 1.60 

IIIC 40 3.17c 1.00 16.16b 1.44 25.02d 1.26 

IVA 40 4.33d 1.54 16.86b 1.51 27.63e 1.88 

p-values of ANOVA test – < 0.001 < 0.001 < 0.001 
a, b, c, d, e – different superscript letters indicate statistically significant differences within the same column (p < 0.05).
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above-mentioned studies could be methodologies used 
as well as various growth potential of the children due to 
their ethnic origins. 

In studies examining antero-posterior positions 
of MF, localization of MF was defined as the distance be-
tween MF and the anterior border of the ramus greater 
than the distance between MF and the posterior border 
of the ramus [2, 6, 9, 11, 19]. However, previous studies 
reported that the antero-posterior position of MF does 
not change depending on age [14], and it is located in 
the midpoint of the ramus [21]. Also, there are studies re-
porting that horizontal localization of MF in the mandi-
ble ramus is more inferior-anterior in children compared 
to adults [14, 15, 21]. The  results of  the  current study 
showed that the distance values between MF and the ra-
mus frontal plane (L2) significantly increased from stage 
IIC to stage IVA, and MF was positioned more poste
riorly on the mandible ramus in the horizontal direction. 
This result indicates that as the child matures, the anes-
thetic solution must be injected deeper into the  ramus 
while performing IANB. 

The measured vertical distance between the mandib-
ular foramen and lower border of the mandible (L3) sig-
nificantly increased about 7 mm from stage IIC to stage 
IVA, which is similar to previous studies’ results [2, 6, 9]. 
It has been reported that vertical positional changes in 
MF may be related to child maturation, which results 
in the  expansion of  the  ramus and bone formation at 
the lower border of the mandible [6, 21]. In the present 
study, it was found that these changes were mostly spe-
cific between the stage IIIC and stage IVA groups, which 
may indicate that the mandible develops vertically more 
in the late mixed dentition stage than in the other stages. 

When the findings from all these studies were eval-
uated, it was seen that the needle insertion point should 
be higher than the occlusal plane in children older than 
7 years. Poonacha et al. conducted their study in Indian 
population, and reported that that the  needle can be 
placed at the occlusal level in all age groups during IANB 
for successful inferior alveolar anesthesia [9]. However, 
it should be noted that MF may be below the occlusal 
plane in children under the age of 7. In addition, IANB 
is performed with fully open-mouth technique, which 
may change the localization of MF [6]. 

The limitations of this study can involve panoramic 
radiographs taken within the presented methodology as 
well as the measurements obtained, which could not be 
as accurate as those acquired from three-dimensional 
computed tomography images. However, as stated in 
the literature, although panoramic radiographs are able 
to transform 3D information into 2D images, this imag-
ing modality maintains acceptable morphological ratio 
levels and can be used for metric analysis [22]. In addi-
tion, the routine use of computed tomography in pedia
tric dentistry is limited, since the patient is exposed to 
radiation at higher levels than conventional radiographs 
during examinations with computed tomography [23]. 

DISCUSSION 

One of the most commonly used anesthesia methods 
in dentistry is IANB, with a failure rate of 15-20%. It is 
observed that the local anesthetic solution should be in-
jected as close as possible to MF to increase the effec-
tiveness of the mandibular block [2]. As the child grows, 
the bone growth and development, including the man-
dible, continues. Therefore, the position of MF constant-
ly changes due to the mandible being in a constant re-
modeling phase [8, 9]. Dentists are required to associate 
position changes in MF with dental development stages 
in order to provide effective anesthesia while applying 
IANB in children [6]. Trost et al. [18] reported that lo-
cating MF in panoramic radiographs can be easy appli-
cation, providing valuable pre-operative information. 
Hence, this study was performed to investigate the po-
sitional alterations of MF from deciduous to permanent 
dentition according to Hellman’s dental developmental 
stages using panoramic radiographs. 

Previous studies have shown that there was no dif-
ference between male and female individuals in terms 
of  the positional change of MF, and also no difference 
was found between measurements made in the right and 
left regions of the mandible [2, 6]. For this reason, in this 
study, data belonging to both genders were pooled and 
evaluated. The  data obtained from measurements tak-
en from the right side of the mandible only were used; 
however, the teeth on both sides of  the mandible were 
assessed to radiographically determine Hellman’s dental 
developmental stage every patient. 

The results of the present study revealed that the ver-
tical measurement between MF and occlusal plane in-
creased statistically significant as the child matures. It was 
determined that the localization of MF tended to move 
upward in the  mandibular ramus with increasing age. 
This alteration may be related to the growth of the ramus 
itself [6]. Moreover, this result is consistent with findings 
of previous research [2, 6, 8, 19], where it was shown that 
the distance from MF to the alveolar crest plane or occlu-
sal plane increased from stage IIC to IVA. 

In a study of Benham [14], lateral cephalograms were 
examined, and it was found that MF was either at the same 
level as the occlusal plane or slightly above the occlusal 
plane during early mix dentition, and no statistically  
significant change in MF position until the age of 9 was 
observed. However, these results indicated that an  in-
crease in MF location as compared to occlusal plane was 
evident in the 9 to 11-year-old age group. On the other 
hand, several studies reported that vertical position of 
MF located slightly below occlusal plane in children un-
der 8 years old, as contrary to the present study [11, 20]. 
Avsar et al. [10] analyzed radiographic localization of 
mandibular anesthesia landmarks and, in opposition  
to the results of  this study, did not observe an  age- 
related difference in the  distance of  MF from the  oc-
clusal plane. The  reason for the  different results of the 
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CONCLUSIONS 

Based on the  outcomes of  the  present study, there 
was a  statistically significant relationship between MF 
position and specific age ranges in the investigated chil-
dren. It can be concluded that in child patients with stage 
IIC as per Hellman’s dental developmental classification, 
MF was almost at the  occlusion level, and its position 
gradually changed more posteriorly and upwardly on 
the  ramus during children’s maturation. This informa-
tion could be helpful in guiding dentists to obtain more 
accurate and effective IANB in child patients. 
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