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Objectives: To evaluate the relationship of the first
and second mandibular molar roots to the inferior
alveolar canal (IAC) and cortical plates using cone
beam computed tomography (CBCT) in the Saudi

population.

Methods: Scans of 60 patients were collected
retrospectively from the dental hospital database in
King Saud University, Riyadh, Kingdom of Saudi
Arabia. Measurements of the right and left first and
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second mandibular molars for each dental root and
the mandibular bone thickness were determined. The
position of the IAC was estimated using axial, coronal,
and sagittal views. Three examiners performed the
measurements independently.

Results: The mean distance between the root apices
of the mandibular molars and the IAC ranged from
1.68-4.79 mm, whereas the mean distance from the
outer surface of the buccal cortical plate to the buccal
root surface ranged from 2.33-6.72 mm. Similarly,
the mean distance from the outer surface of the
lingual cortical plate to the lingual root surface ranged
from 2.62-4.80 mm. Finally, the mean distance from
the outer surface of the lingual cortical plate to the
outer surface of the buccal cortical plate was 11.93-
13.19 mm.

Conclusion: The measurements reported in this
study may be of value to practitioners treating
Saudi patients, as they need to be familiar with the
distance of the mandibular first and second molars in
relation to the IAC and surrounding cortical plates
to accurately assess and plan endodontic surgeries,
surgical extractions, and implant placements.
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he inferior alveolar canal starts from the mandibular

foramen in the medial side of the mandibular
ramus and descends downward and forward obliquely
towards the body of mandible at which it becomes
horizontally oriented. It contains a neurovascular
bundle that includes the inferior alveolar nerve (IAN),
which runs through the canal and branches into the
mental nerve. The IAN exits the mental foramen, and
the incisive nerve continues through the mandibular
incisive canal." The inferior alveolar canal has variant
forms and courses that affect its proximity to adjacent
structures.” Studies agree on the high proximity of the
posterior teeth, especially the mandibular second and
third molars. Injury to neural tissues within the IAC
is a possibility during multiple dental procedures,
including dental implant placement, tooth extraction,
endodontic surgeries, and even during non-surgical root
canal treatment.*¢ The extraction of third molars has
been reported to be the most common reason for IAN
injury.” Implant placements cause IAN injury more
frequently than endodontic intervention, however,
when combined, they cause injury at a rate lower than
that of third molar extraction.® The most common
reasons for non-surgical endodontic associated IAN
injury are: 1) over instrumentation that mechanically
traumatizes the nerve; 2) presence of endodontic points
or sealants in the IAC causing pressure; 3) and chemical
irritation from endodontic medicament or sealants.” It
is therefore important to understand the relationship
of the IAC with its adjacent structures, particularly the
root apices of adjacent teeth, as well as the buccal and
lingual cortical plates.

Several methods have been used to evaluate the
relationship of the IAC to its adjacent structures,
including cadavers and conventional panoramic and
periapical radiographs.'!'* However, these methods have
limitations with regard to the availability of sufficient
samples and the accuracy of measurements. More
recently, cone beam computed tomography (CBCT)
has been used in the evaluation of the relationship
between the TAC and its adjacent structures.' Cone
beam computed tomography is a 3-dimensional
imaging modality that offers the advantage of observing
anatomical structures clearly without any of the
superimpositions and distortions that can be seen
in conventional imaging."” In recent years, there has
been a widespread use of CBCT in dentistry, mainly
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due to lower costs, shorter imaging time, smaller unit
size, and the lower dose of radiation that is emitted in
comparison with conventional computed tomography
(CT).">!¢ Cone beam computed tomography has been
shown to be both a reliable and accurate method to
obtain linear measurements for preoperative treatment
planning.'314"

Previous studies have evaluated the position of the
IAC in relation to the mandibular third molars in
the Saudi population for extraction purposes.’®" The
objective of this study was to evaluate the relationship
of the mandibular first and second molar roots to the
IAC and cortical plates using CBCT in the Saudi

population.

Methods. The College of Dentistry Research Center
(CDRC), King Saud University, Riyadh, Saudi Arabia
approved this research. The CBCT data of patients
were retrieved from the oral and maxillofacial radiology
database of King Saud University Dental Hospital,
Riyadh, Kingdom of Saudi Arabia, between January
2014 and December 2016. Patients of Saudi origin who
had both their right and left first and second mandibular
molars intact and who were 18 years of age or older
were included in this study. The exclusion criteria for
this study were as follows: 1) presence of a lesion at
the region of interest (ROI); 2) history of orthodontic
treatment, bone loss, or a defect in the ROI; 3) evidence
of external or internal root resorption; 4) radiographic
evidence of skeletal or dental malocclusions; 5) evidence
of abnormal anatomy of the roots; and 6) endodontic
treatment had been previously performed on the teeth
in the area of interest.

All CBCT scans were obtained using the Planmeca
Promax®3D Maxdigitaldentalimagingdevice(Planmeca,
Helsinki, Finland) with an isotropic voxel size between
0.2-0.4 mm. The assessment of various anatomical
structures and measurements were performed using
Planmeca Romexis® 3.6 imaging software (Planmeca,
Helsinki, Finland). Images were viewed on a 30.4
inch TFT AM Color LCD Dual Domain IPS medical
display Coronis Fusion MDCC-6130 (Barco, Belgium)
at a resolution of 3280x2048. All measurements and
analyses were performed by an oral and maxillofacial
radiologist, along with 2 general practitioners who were
trained by the oral and maxillofacial radiologist.

Measurements were obtained at 3 mm coronal to the
apex for each root of the right and left first and second
mandibular molars for each patient. After aligning the
coronal and sagittal planes with the long axis of each
root, the mandibular bone thickness was measured as
follows: Firstly, the distance from the outer boundary of
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the buccal cortical plate to the buccal root surface was
measured (R1); secondly, the distance from the outer
boundary of the lingual cortical plate to the lingual root
surface was measured (R2); and thirdly, the total bone
thickness including the root was then quantified (R3).
Additionally, the position of the IAC was determined
using axial, coronal, and sagittal views. The shortest
distance from the outer surface of the cortical boundary
of the inferior alveolar canal to the nearest root surface
was measured for each root (R4) (Figure 1).

A pilot study was conducted in order to determine
the inter- and intra-examiner reliability between the 3
examiners. Nine cases were selected at random and were
blinded by an independent clinician. The examiners
were required to perform the measurements for the
selected cases twice within a one-week time interval.
The inter-examiner correlation was high (r=0.99) with
a p-value of <0.01. Also, the correlation coeficient
between the examiners was excellent (r: >0.92; p<0.05).
A paired t-test showed high intra-examiner reliability,
as there was no significant difference between the first
and second readings performed by each examiner.
Cronbach’s alpha indicated a reliability among
examiners of approximately 0.83-0.92 (p<0.05).

An independent t-test was used to compare 2
independent groups. A Chi-square test was used to
test the association between categorical variables, and

Figure 1 - Cone beam computed tomography cross-section of a
mandibular molar root. The buccal (R1) and lingual (R2)
cortical plate measurements are shown. The total bone
thickness including the root (R3) and the distance to the IAC
(R4) are also included. R1 - distance from the outer boundary
of the buccal cortical plate to the buccal root surface, R2 -
distance from the outer boundary of the lingual cortical plate
to the lingual root surface, R3 - total bone thickness including
the root, R4 - shortest distance from the outer surface of the
cortical boundary of the inferior alveolar canal to the nearest
root surface.

the Pearson correlation coefficient (PCC) was used for
measuring correlation. For data analysis, we use the
Statistical Package for Social Sciences software Version

20.0 (IBM Corp., Armonk, NY, USA) for Windows. A
p-value of <0.05 was considered significant.

Results. A total of 60 patients, 36 males (60%)
and 24 females (40%), were included in this study.
The mean age of the patients was 29.59+14.08 years
(18-78 years). The mean distance between the root
apices of the mandibular molars and the IAC ranged
from 1.68-4.79 mm. The mean distance from the outer
surface of the buccal cortical plate to the buccal root
surface ranged from 2.33-6.72 mm. The mean distance
from the outer surface of the lingual cortical plate to
the lingual root surface ranged from 2.62-4.80 mm.
The mean distance from the outer surface of the lingual
cortical plate to the outer surface of the buccal cortical
plate ranged from 11.93-13.19 mm (Table 1). The
mesial root of the first molar was in contact with the
IAC in one case (1.7%), while the distal root was in
contact in one other case. The mesial root of the second
molar was in contact with the IAC in 15 cases (25%),
and the distal root was in contact in 23 cases (38.3%).
There were no significant differences in any of the
mandibular first and second molar measurements
between the rightand theleftside of each patient (p<0.05)
(Table 2). A shorter distance between the root apices of
the first and second mandibular molars in relation to the
IAC (R4) was observed in a greater number of female
patients compared to male patients; such distances were
statistically significant in the distal root of the second
molar (p<0.05). There was a statistically significant
difference between female and male patients in terms
of the overall distance between the buccal and lingual
cortical plates (R3) at the distal root of the mandibular

Table 1 - Mean distance measurements of the mandibular first and
second molars to the buccal and lingual cortical plates and the

IAC (in mm).
Readings First molar Second molar
Mesial Distal Mesial Distal
R1 2.33+1.36 3.49+1.73 5.91+2.0 6.72+1.87
R2 4.51+1.42 4.80+1.23 2.67£1.57 2.62£1.67
R3 11.93+1.64 12.61+1.91 13.17+1.9 13.19+2.01
R4 4.79£2.29 4.28+2.12 2.33+2.16 1.68+1.98

Values are presented as Mean+SD. IAC - inferior alveolar canal, R1
- distance from the outer boundary of the buccal cortical plate to the
buccal root surface, R2 - distance from the outer boundary of the lingual
cortical plate to the lingual root surface, R3 - total bone thickness
including the root, R4 - shortest distance from the outer surface of the
cortical boundary of the inferior alveolar canal to the nearest root surface.
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second molar (p<0.05) (Table 3). A Pearson product-
moment correlation coefficient was conducted in order
to measure the correlation between patient age and root
distance. Subsequently, this demonstrated that there
was a moderate positive correlation in all root distances
with respect to the IAC (R4), as well as the mesial root
distance of the second molar in relation to the lingual
cortical plate (R3) (r=0.3-0.4, n=60, p<0.01).

Discussion. Dental practitioners need to be
familiar with mandibular first and second molar
distances in relation to the IAC and the surrounding
cortical plates to accurately assess and plan endodontic
surgeries, surgical extractions, or the placement of
implants in such areas; even non-surgical endodontic
treatment in this area is prone to cause IAN injury,
mechanically or chemically.” The management of such
injuries can range from patient reassurance to surgical
debridement, depending on the severity of the damage
and the speed in which corrective intervention was
provided.?’ Surgical correction is an effective treatment

for such injuries, especially in cases were endodontic
material such as calcium hydroxide been extruded.*!

In the present study, we anatomically analyzed the
first and second mandibular molars using CBCT. This
technology was chosen for its ability to provide superior
visualization of structures with respect to the molar
teeth, the IAC, and the cortical plates.

In the current study, we found that the distance
from the root apices to the IAC increased, moving
anteriorly from the distal root of the second molar
to the mesial root of the first molar. This result is in
agreement with that of Aksoy et al,”> who examined the
proximity of mandibular teeth to the IAC and found
that the second molar is significantly closer to the IAC
compared to the first molar and premolars. They also
found that the second molar is in direct contact with
IAC in 16% of cases, whereas only 3.3% of the first
molars were in contact with the IAC. Burklein et al,'
have also found similar results. Our results showed that
direct contact of the mesial root was present in 25%
and distal root was present in 38.3% of the second

Table 2 - Mean distance measurements of the mandibular molars in relation to the buccal and lingual cortical plates and

the IAC (in mm) according to patient side.

Readings First molar Second molar
Mesial Distal Mesial Distal
Right Left Right Left Right Left Right Left
R1 2.5+¢1.4 2.7+1.2 4.2+1.7 4.1+1.6 6.62.0 6.9+1.8 7.7+1.7 7.7x1.5
R2 5.1+1.2 4.9+1.4 4.9+1.2 4.9+1.3 2.9+1.7 2.7+1.5 2.7+1.6 2.5+1.7
R3 12.4+1.8 12.4+1.7 13.3+2.1 13.4+1.8 14.1+2.0 13.8+2.0 14.1+2.1 13.8+2.2
R 4 4.6+2.4 4.442.2 4.042.2 3.9+1.9 2.1+2.1 2.2+2.1 1.6£1.9 1.4+1.8

Values are presented as Mean+SD. IAC - inferior alveolar canal, R1 - distance from the outer boundary of the buccal
cortical plate to the buccal root surface, R2 - distance from the outer boundary of the lingual cortical plate to the lingual
root surface, R3 - total bone thickness including the root, R4 - shortest distance from the outer surface of the cortical
boundary of the inferior alveolar canal to the nearest root surface.

Table 3 - Mean distance measurements of the mandibular molars in relation to the buccal and lingual cortical plates and the IAC (in mm)

according to each gender group.

Readings First molar Second molar
Mesial Distal Mesial Distal
Male Female Male Female Male Female Male Female
R1 2.29+1.2 2.37+1.4 3.28+1.7 3.79+1.6 5.73+2.2 6.18+1.66 6.65+2.1 6.83+1.2
R2 4.29+1.3 4.81+1.4 4.87+1.2 4.68+1.2 2.79+1.7 2.49+1.3 2.85+1.8 2.28+1.3
R3 11.9+1.7 11.97+1.5 12.5£2.0 12.7£1.6 13.38+1.9 12.85+1.7 13.61+2* 12.5+1.8*
R4 5.25+2.4 4.1+1.7 4.61+2.3 3.78+1.6 2.73+2.2 1.7+1.8 2.1+2.1* 1.0+1.5*

Values are presented as Mean+SD. *p<0.05 significant. IAC - inferior alveolar canal, R1 - distance from the outer boundary of the buccal

cortical plate to the buccal root surface, R2 - distance from the outer boundary of the lingual cortical plate to the lingual root surface, R3 -

total bone thickness including the root, R4 - shortest distance from the outer surface of the cortical boundary of the inferior alveolar canal
to the nearest root surface.
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molars to the IAC of cases; however, there was only one
case in which the distal root of the first molar was in
direct contact with the IAC and one other case in which
the mesial root was in contact. The number of second
molars that were in contact with the IAC in our sample
was large compared to that in previously mentioned
studies. This could possibly be explained by our sample
age distribution, in which most of our subjects (45
subjects, 75%) were younger than 30 years. Previous
studies have demonstrated that age affects the proximity
of the IAC to the roots of the mandibular teeth, with
younger patients having shorter distances between the
teeth and IAC."*??* An increase in this distance with
age is likely due to the fact that the craniofacial complex
continuously changes throughout life.”> Swasty et al,”
demonstrated a continuity of mandibular molar vertical
maturation with increasing age (40-49 years), followed
by a subsequent reduction in these measurements.
Because of the skewed age distribution in our sample,
we could not statistically assess age as a factor; however,
we did observe a tendency for the distance to increase
with age.

When comparing measurements of the mandibular
first and second molar teeth from the right and the left
side of each patient, we found no significant difference
(»<0.05), which is consistent with the findings of both
Burklein et al,'* and Kawashima et al.*

Several studies have shown that female patients
display a shorter distance between the IAC and the
roots of the mandibular molars in comparison with
male patients.'*?*?%2¢ Moreover, female patients tended
to have a thinner horizontal mandibular bone width.*
In our study, we found that females tended to exhibit
shorter distances in relation to the IAC when compared
to males, and it was statistically significant at the distal
root of the mandibular second molar.

Further multicenter studies with a larger sample size
comprising a greater age and ethnic distribution are
needed to confirm the impact of these variables and to
overcome our research limitations.

In conclusion, the findings of the current study have
revealed the close proximity of the second mandibular
molar to the IAC, especially in the distal root. The
study has also highlighted significant differences in
this relationship with regard to gender. Understanding
such anatomical variations will help dental practitioners
with pre-surgical assessment and in the planning of
treatment pertaining to the first and second mandibular
molars. Thus, the findings of this research may facilitate
better treatment planning strategies for Saudi patients
undergoing dental procedures, including dental implant
placement, tooth extraction, endodontic surgeries.

Acknowledgment. 7he authors grarefully acknowledge the
RAED program at King Saud University, Riyadh, Kingdom of Saudi
Arabia, for their support.

References

1. Juodzbalys G, Wang HL, Sabalys G. Anatomy of mandibular
vital structures. Part I: mandibular canal and inferior alveolar
neurovascular bundle in relation with dental implantology. J
Oral Maxillofac Res 2010; 1: e2.

2. Lins CCdSA, de Almeida Beltrao RL, de Lima Gomes WE
Ribeiro MM. Study of morphology of mandibular canal
through computed tomography/Rstudio de la morfologia del
canal mandibular a traves de tomografia computadorizada. Int
J Morphol 2015; 33: 553-558.

3. Burstein J, Mastin C, Le B. Avoiding injury to the inferior
alveolar nerve by routine use of intraoperative radiographs
during implant placement. J Oral Implantol 2008; 34: 34-38.

4. Sarikov R, Juodzbalys G. Inferior alveolar nerve injury after
mandibular third molar extraction: a literature review. J Oral
Maxillofac Res 2014; 5: el.

5. Libersa B, Savignat M, Tonnel A. Neurosensory disturbances of
the inferior alveolar nerve: a retrospective study of complaints in
a 10-year period. J Oral Maxillofac Surg 2007; 65: 1486-1489.

6. Rowe AH. Damage to the inferior dental nerve during or
following endodontic treatment. Br Dent J 1983; 155:
306-307.

7. Bagheri SC, Meyer RA, Khan HA, Kuhmichel A, Steed MB.
Retrospective review of microsurgical repair of 222 lingual
nerve injuries. J Oral Maxillofac Surg 2010; 68: 715-723.

8. Renton T, Yilmaz Z. Managing iatrogenic trigeminal nerve
injury: a case series and review of the literature. Int J Oral
Maxillofac Surg 2012; 41: 629-637.

9. Pogrel MA. Damage to the inferior alveolar nerve as the result
of root canal therapy. J Am Dent Assoc 2007; 138: 65-69.

10. Littner MM, Kaffe I, Tamse A, Dicapua P Relationship
between the apices of the lower molars and mandibular canal--a
radiographic study. Oral Surg Oral Med Oral Pathol 1986; 62:
595-602.

11. Sato I, Ueno R, Kawai T, Yosue T. Rare courses of the
mandibular canal in the molar regions of the human mandible:
a cadaveric study. Okajimas Folia Anat Jpn 2005; 82: 95-101.

12. Shahidi S, Zamiri B, Bronoosh P. Comparison of panoramic
radiography with cone beam CT in predicting the relationship
of the mandibular third molar roots to the alveolar canal.
Imaging Sci Dent 2013; 43: 105-109.

13. Timock AM, Cook V, McDonald T, Leo MC, Crowe ],
Benninger BL, et al. Accuracy and reliability of buccal bone
height and thickness measurements from cone-beam computed
tomography imaging. Am J Orthod Dentofacial Orthop 2011;
140: 734-744.

14. Biirklein S, Grund C, Schifer E. Relationship between Root
Apices and the Mandibular Canal: A Cone-beam Computed
Tomographic Analysis in a German Population. J Endod 2015;
41: 1696-1700.

15. Zain-Alabdeen EH, El Khateeb SM. Incidental cone beam
computed tomographic findings among Taibah University
patients, KSA: A retrospective study. J Taibah Univ Med Sci
20175 12: 131-138.

16. Saito K, de Aratjo NS, Saito MT, Pinheiro JdJV, Carvalho PLd.
Analysis of the mental foramen using cone beam computerized
tomography. Revista de Odontologia da UNESP 2015; 44:
226-231.

Saudi Med J 2019; Vol. 40 2) 193

WWW.Smj.org.sa


http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juodzbalys+G%2C+Wang+HL%2C+Sabalys+G.+Anatomy+of+mandibular+vital+structures.+Part+I%3A+mandibular+canal+and+inferior+alveolar+neurovascular+bundle+in+relation+with+dental+implantology
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juodzbalys+G%2C+Wang+HL%2C+Sabalys+G.+Anatomy+of+mandibular+vital+structures.+Part+I%3A+mandibular+canal+and+inferior+alveolar+neurovascular+bundle+in+relation+with+dental+implantology
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juodzbalys+G%2C+Wang+HL%2C+Sabalys+G.+Anatomy+of+mandibular+vital+structures.+Part+I%3A+mandibular+canal+and+inferior+alveolar+neurovascular+bundle+in+relation+with+dental+implantology
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juodzbalys+G%2C+Wang+HL%2C+Sabalys+G.+Anatomy+of+mandibular+vital+structures.+Part+I%3A+mandibular+canal+and+inferior+alveolar+neurovascular+bundle+in+relation+with+dental+implantology
https://doi.org/10.4067/S0717-95022015000200023
https://doi.org/10.4067/S0717-95022015000200023
https://doi.org/10.4067/S0717-95022015000200023
https://doi.org/10.4067/S0717-95022015000200023
https://doi.org/10.4067/S0717-95022015000200023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burstein+J%2C+Mastin+C%2C+Le+B.+Avoiding+injury+to+the+inferior+alveolar+nerve+by+routine+use+of+intraoperative+radiographs+during+implant+placement
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burstein+J%2C+Mastin+C%2C+Le+B.+Avoiding+injury+to+the+inferior+alveolar+nerve+by+routine+use+of+intraoperative+radiographs+during+implant+placement
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burstein+J%2C+Mastin+C%2C+Le+B.+Avoiding+injury+to+the+inferior+alveolar+nerve+by+routine+use+of+intraoperative+radiographs+during+implant+placement
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarikov+R%2C+Juodzbalys+G.+Inferior+alveolar+nerve+injury+after+mandibular+third+molar+extraction%3A+a+literature+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarikov+R%2C+Juodzbalys+G.+Inferior+alveolar+nerve+injury+after+mandibular+third+molar+extraction%3A+a+literature+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarikov+R%2C+Juodzbalys+G.+Inferior+alveolar+nerve+injury+after+mandibular+third+molar+extraction%3A+a+literature+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neurosensory+disturbances+of+the+inferior+alveolar+nerve%3A+a+retrospective+study+of+complaints+in+a+10-year+period
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neurosensory+disturbances+of+the+inferior+alveolar+nerve%3A+a+retrospective+study+of+complaints+in+a+10-year+period
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neurosensory+disturbances+of+the+inferior+alveolar+nerve%3A+a+retrospective+study+of+complaints+in+a+10-year+period
https://www.ncbi.nlm.nih.gov/pubmed/6580031
https://www.ncbi.nlm.nih.gov/pubmed/6580031
https://www.ncbi.nlm.nih.gov/pubmed/6580031
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bagheri+SC%2C+Meyer+RA%2C+Khan+HA%2C+Kuhmichel+A%2C+Steed+MB.+Retrospective+review+of+microsurgical+repair+of+222+lingual+nerve+injuries
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bagheri+SC%2C+Meyer+RA%2C+Khan+HA%2C+Kuhmichel+A%2C+Steed+MB.+Retrospective+review+of+microsurgical+repair+of+222+lingual+nerve+injuries
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bagheri+SC%2C+Meyer+RA%2C+Khan+HA%2C+Kuhmichel+A%2C+Steed+MB.+Retrospective+review+of+microsurgical+repair+of+222+lingual+nerve+injuries
https://www.ncbi.nlm.nih.gov/pubmed/?term=Renton+T%2C+Yilmaz+Z.+Managing+iatrogenic+trigeminal+nerve+injury%3A+a+case+series+and+review+of+the+literature
https://www.ncbi.nlm.nih.gov/pubmed/?term=Renton+T%2C+Yilmaz+Z.+Managing+iatrogenic+trigeminal+nerve+injury%3A+a+case+series+and+review+of+the+literature
https://www.ncbi.nlm.nih.gov/pubmed/?term=Renton+T%2C+Yilmaz+Z.+Managing+iatrogenic+trigeminal+nerve+injury%3A+a+case+series+and+review+of+the+literature
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pogrel+MA.+Damage+to+the+inferior+alveolar+nerve+as+the+result+of+root+canal+therapy
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pogrel+MA.+Damage+to+the+inferior+alveolar+nerve+as+the+result+of+root+canal+therapy
https://www.ncbi.nlm.nih.gov/pubmed/?term=Littner+MM%2C+Kaffe+I%2C+Tamse+A%2C+Dicapua+P.+Relationship+between+the+apices+of+the+lower+molars+and+mandibular+canal%E2%80%94a+radiographic+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Littner+MM%2C+Kaffe+I%2C+Tamse+A%2C+Dicapua+P.+Relationship+between+the+apices+of+the+lower+molars+and+mandibular+canal%E2%80%94a+radiographic+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Littner+MM%2C+Kaffe+I%2C+Tamse+A%2C+Dicapua+P.+Relationship+between+the+apices+of+the+lower+molars+and+mandibular+canal%E2%80%94a+radiographic+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Littner+MM%2C+Kaffe+I%2C+Tamse+A%2C+Dicapua+P.+Relationship+between+the+apices+of+the+lower+molars+and+mandibular+canal%E2%80%94a+radiographic+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sato+I%2C+Ueno+R%2C+Kawai+T%2C+Yosue+T.+Rare+courses+of+the+mandibular+canal+in+the+molar+regions+of+the+human+mandible%3A+a+cadaveric+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sato+I%2C+Ueno+R%2C+Kawai+T%2C+Yosue+T.+Rare+courses+of+the+mandibular+canal+in+the+molar+regions+of+the+human+mandible%3A+a+cadaveric+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sato+I%2C+Ueno+R%2C+Kawai+T%2C+Yosue+T.+Rare+courses+of+the+mandibular+canal+in+the+molar+regions+of+the+human+mandible%3A+a+cadaveric+study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shahidi+S%2C+Zamiri+B%2C+Bronoosh+P.+Comparison+of+panoramic+radiography+with+cone+beam+CT+in+predicting+the+relationship+of+the+mandibular+third+molar+roots+to+the+alveolar+canal
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shahidi+S%2C+Zamiri+B%2C+Bronoosh+P.+Comparison+of+panoramic+radiography+with+cone+beam+CT+in+predicting+the+relationship+of+the+mandibular+third+molar+roots+to+the+alveolar+canal
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shahidi+S%2C+Zamiri+B%2C+Bronoosh+P.+Comparison+of+panoramic+radiography+with+cone+beam+CT+in+predicting+the+relationship+of+the+mandibular+third+molar+roots+to+the+alveolar+canal
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shahidi+S%2C+Zamiri+B%2C+Bronoosh+P.+Comparison+of+panoramic+radiography+with+cone+beam+CT+in+predicting+the+relationship+of+the+mandibular+third+molar+roots+to+the+alveolar+canal
https://www.ncbi.nlm.nih.gov/pubmed/?term=Timock+AM%2C+Cook+V%2C+McDonald+T%2C+Leo+MC%2C+Crowe+J%2C+Benninger+BL%2C+et+al.+Accuracy+and+reliability+of+buccal+bone+height+and+thickness+measurements+from+cone-beam+computed+tomography+imaging
https://www.ncbi.nlm.nih.gov/pubmed/?term=Timock+AM%2C+Cook+V%2C+McDonald+T%2C+Leo+MC%2C+Crowe+J%2C+Benninger+BL%2C+et+al.+Accuracy+and+reliability+of+buccal+bone+height+and+thickness+measurements+from+cone-beam+computed+tomography+imaging
https://www.ncbi.nlm.nih.gov/pubmed/?term=Timock+AM%2C+Cook+V%2C+McDonald+T%2C+Leo+MC%2C+Crowe+J%2C+Benninger+BL%2C+et+al.+Accuracy+and+reliability+of+buccal+bone+height+and+thickness+measurements+from+cone-beam+computed+tomography+imaging
https://www.ncbi.nlm.nih.gov/pubmed/?term=Timock+AM%2C+Cook+V%2C+McDonald+T%2C+Leo+MC%2C+Crowe+J%2C+Benninger+BL%2C+et+al.+Accuracy+and+reliability+of+buccal+bone+height+and+thickness+measurements+from+cone-beam+computed+tomography+imaging
https://www.ncbi.nlm.nih.gov/pubmed/?term=Timock+AM%2C+Cook+V%2C+McDonald+T%2C+Leo+MC%2C+Crowe+J%2C+Benninger+BL%2C+et+al.+Accuracy+and+reliability+of+buccal+bone+height+and+thickness+measurements+from+cone-beam+computed+tomography+imaging
https://www.ncbi.nlm.nih.gov/pubmed/?term=Relationship+between+root+apices+and+the+mandibular+canal%3A+a+cone-beam+computed+tomographic+analysis+in+a+German+population
https://www.ncbi.nlm.nih.gov/pubmed/?term=Relationship+between+root+apices+and+the+mandibular+canal%3A+a+cone-beam+computed+tomographic+analysis+in+a+German+population
https://www.ncbi.nlm.nih.gov/pubmed/?term=Relationship+between+root+apices+and+the+mandibular+canal%3A+a+cone-beam+computed+tomographic+analysis+in+a+German+population
https://www.ncbi.nlm.nih.gov/pubmed/?term=Relationship+between+root+apices+and+the+mandibular+canal%3A+a+cone-beam+computed+tomographic+analysis+in+a+German+population
https://doi.org/10.1016/j.jtumed.2016.10.014
https://doi.org/10.1016/j.jtumed.2016.10.014
https://doi.org/10.1016/j.jtumed.2016.10.014
https://doi.org/10.1016/j.jtumed.2016.10.014
https://doi.org/10.1590/1807-2577.0067
https://doi.org/10.1590/1807-2577.0067
https://doi.org/10.1590/1807-2577.0067
https://doi.org/10.1590/1807-2577.0067

17.

18.

19.

20.

194

Mandibular molar roots proximity to IAC ... Ajarbou et al

Freire-Maia B, Machado VD, Valerio CS, Custédio AL,
Manzi FR, Junqueira JL. Evaluation of the accuracy of linear
measurements on muld-slice and cone beam computed
tomography scans to detect the mandibular canal during
bilateral sagittal split osteotomy of the mandible. Jnt J Oral
Maxillofac Surg 2017; 46: 296-302.

Shujaat S, Abouelkheir HM, Al-Khalifa KS, Al-Jandan B,
Marei HE. Pre-operative assessment of relationship between
inferior dental nerve canal and mandibular impacted third
molar in Saudi population. Saudi Dent J 2014; 26: 103-107.
Nasser A, Altamimi A, Alomar A, AlOtaibi N. Correlation of
panoramic radiograph and CBCT findings in assessment of
relationship between impacted mandibular third molars and
mandibular canal in Saudi population. Dent Oral Craniofac
Res 2018; 4: 2-5.

Ozkan BT, Celik S, Durmus E. Paresthesia of the mental nerve
stem from periapical infection of mandibular canine tooth:
a case report. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2008; 105: €28-¢31.

Saudi Med ] 2019; Vol. 40 (2)

WWW.Smj.org.sa

21.

22.

23.

24.

25.

26.

Byun SH, Kim SS, Chung HJ, Lim HK, Hei WH, Woo JM,
et al. Surgical management of damaged inferior alveolar nerve
caused by endodontic overfilling of calcium hydroxide paste.
Int Endod ] 2016; 49: 1020-1029.

Aksoy U, Aksoy S, Orhan K. A cone-beam computed
tomography study of the anatomical relationships between
mandibular teeth and the mandibular canal, with a review of
the current literature. Microsc Res Tech 2018; 81: 308-314.
Kovisto T, Ahmad M, Bowles WR. Proximity of the mandibular
canal to the tooth apex. J Endod 2011; 37: 311-315.
Kawashima Y, Sakai O, Shosho D, Kaneda T, Gohel A.
Proximity of the Mandibular Canal to Teeth and Cortical
Bone. J Endod 2016; 42: 221-224.

Swasty D, Lee ]S, Huang JC, Maki K, Gansky SA, Hatcher
D, et al. Anthropometric analysis of the human mandibular
cortical bone as assessed by cone-beam computed tomography.
J Oral Maxillofac Surg 2009; 67: 491-500.

Simonton JD, Azevedo B, Schindler WG, Hargreaves KM. Age-
and gender-related differences in the position of the inferior
alveolar nerve by using cone beam computed tomography. J

Endod 2009; 35: 944-949.


http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+the+accuracy+of+linear+measurements+on+multi-slice+and+cone+beam+computed+tomography+scans+to+detect+the+mandibular+canal+during+bilateral+sagittal+split+osteotomy+of+the+mandible
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+the+accuracy+of+linear+measurements+on+multi-slice+and+cone+beam+computed+tomography+scans+to+detect+the+mandibular+canal+during+bilateral+sagittal+split+osteotomy+of+the+mandible
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+the+accuracy+of+linear+measurements+on+multi-slice+and+cone+beam+computed+tomography+scans+to+detect+the+mandibular+canal+during+bilateral+sagittal+split+osteotomy+of+the+mandible
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+the+accuracy+of+linear+measurements+on+multi-slice+and+cone+beam+computed+tomography+scans+to+detect+the+mandibular+canal+during+bilateral+sagittal+split+osteotomy+of+the+mandible
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+the+accuracy+of+linear+measurements+on+multi-slice+and+cone+beam+computed+tomography+scans+to+detect+the+mandibular+canal+during+bilateral+sagittal+split+osteotomy+of+the+mandible
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+the+accuracy+of+linear+measurements+on+multi-slice+and+cone+beam+computed+tomography+scans+to+detect+the+mandibular+canal+during+bilateral+sagittal+split+osteotomy+of+the+mandible
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shujaat+S%2C+Abouelkheir+HM%2C+Al-Khalifa+KS%2C+Al-Jandan+B%2C+Marei+HF.+Pre-operative+assessment+of+relationship+between+inferior+dental+nerve+canal+and+mandibular+impacted+third+molar+in+Saudi+population
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shujaat+S%2C+Abouelkheir+HM%2C+Al-Khalifa+KS%2C+Al-Jandan+B%2C+Marei+HF.+Pre-operative+assessment+of+relationship+between+inferior+dental+nerve+canal+and+mandibular+impacted+third+molar+in+Saudi+population
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shujaat+S%2C+Abouelkheir+HM%2C+Al-Khalifa+KS%2C+Al-Jandan+B%2C+Marei+HF.+Pre-operative+assessment+of+relationship+between+inferior+dental+nerve+canal+and+mandibular+impacted+third+molar+in+Saudi+population
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shujaat+S%2C+Abouelkheir+HM%2C+Al-Khalifa+KS%2C+Al-Jandan+B%2C+Marei+HF.+Pre-operative+assessment+of+relationship+between+inferior+dental+nerve+canal+and+mandibular+impacted+third+molar+in+Saudi+population
https://doi.org/10.15761/DOCR.1000256
https://doi.org/10.15761/DOCR.1000256
https://doi.org/10.15761/DOCR.1000256
https://doi.org/10.15761/DOCR.1000256
https://doi.org/10.15761/DOCR.1000256
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozkan+BT%2C+Celik+S%2C+Durmus+E.+Paresthesia+of+the+mental+nerve+stem+from+periapical+infection+of+mandibular+canine+tooth%3A+a+case+report
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozkan+BT%2C+Celik+S%2C+Durmus+E.+Paresthesia+of+the+mental+nerve+stem+from+periapical+infection+of+mandibular+canine+tooth%3A+a+case+report
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozkan+BT%2C+Celik+S%2C+Durmus+E.+Paresthesia+of+the+mental+nerve+stem+from+periapical+infection+of+mandibular+canine+tooth%3A+a+case+report
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozkan+BT%2C+Celik+S%2C+Durmus+E.+Paresthesia+of+the+mental+nerve+stem+from+periapical+infection+of+mandibular+canine+tooth%3A+a+case+report
https://www.ncbi.nlm.nih.gov/pubmed/?term=Byun+SH%2C+Kim+SS%2C+Chung+HJ%2C+Lim+HK%2C+Hei+WH%2C+Woo+JM%2C+et+al.+Surgical+management+of+damaged+inferior+alveolar+nerve+caused+by+endodontic+overfilling+of+calcium+hydroxide+paste
https://www.ncbi.nlm.nih.gov/pubmed/?term=Byun+SH%2C+Kim+SS%2C+Chung+HJ%2C+Lim+HK%2C+Hei+WH%2C+Woo+JM%2C+et+al.+Surgical+management+of+damaged+inferior+alveolar+nerve+caused+by+endodontic+overfilling+of+calcium+hydroxide+paste
https://www.ncbi.nlm.nih.gov/pubmed/?term=Byun+SH%2C+Kim+SS%2C+Chung+HJ%2C+Lim+HK%2C+Hei+WH%2C+Woo+JM%2C+et+al.+Surgical+management+of+damaged+inferior+alveolar+nerve+caused+by+endodontic+overfilling+of+calcium+hydroxide+paste
https://www.ncbi.nlm.nih.gov/pubmed/?term=Byun+SH%2C+Kim+SS%2C+Chung+HJ%2C+Lim+HK%2C+Hei+WH%2C+Woo+JM%2C+et+al.+Surgical+management+of+damaged+inferior+alveolar+nerve+caused+by+endodontic+overfilling+of+calcium+hydroxide+paste
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aksoy+U%2C+Aksoy+S%2C+Orhan+K.+A+cone-beam+computed+tomography+study+of+the+anatomical+relationships+between+mandibular+teeth+and+the+mandibular+canal%2C+with+a+review+of+the+current+literature
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aksoy+U%2C+Aksoy+S%2C+Orhan+K.+A+cone-beam+computed+tomography+study+of+the+anatomical+relationships+between+mandibular+teeth+and+the+mandibular+canal%2C+with+a+review+of+the+current+literature
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aksoy+U%2C+Aksoy+S%2C+Orhan+K.+A+cone-beam+computed+tomography+study+of+the+anatomical+relationships+between+mandibular+teeth+and+the+mandibular+canal%2C+with+a+review+of+the+current+literature
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aksoy+U%2C+Aksoy+S%2C+Orhan+K.+A+cone-beam+computed+tomography+study+of+the+anatomical+relationships+between+mandibular+teeth+and+the+mandibular+canal%2C+with+a+review+of+the+current+literature
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kovisto+T%2C+Ahmad+M%2C+Bowles+WR.+Proximity+of+the+mandibular+canal+to+the+tooth+apex
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kovisto+T%2C+Ahmad+M%2C+Bowles+WR.+Proximity+of+the+mandibular+canal+to+the+tooth+apex
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawashima+Y%2C+Sakai+O%2C+Shosho+D%2C+Kaneda+T%2C+Gohel+A.+Proximity+of+the+mandibular+canal+to+teeth+and+cortical+bone
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawashima+Y%2C+Sakai+O%2C+Shosho+D%2C+Kaneda+T%2C+Gohel+A.+Proximity+of+the+mandibular+canal+to+teeth+and+cortical+bone
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawashima+Y%2C+Sakai+O%2C+Shosho+D%2C+Kaneda+T%2C+Gohel+A.+Proximity+of+the+mandibular+canal+to+teeth+and+cortical+bone
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swasty+D%2C+Lee+JS%2C+Huang+JC%2C+Maki+K%2C+Gansky+SA%2C+Hatcher+D%2C+et+al.+Anthropometric+analysis+of+the+human+mandibular+cortical+bone+as+assessed+by+cone-beam+computed+tomography
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swasty+D%2C+Lee+JS%2C+Huang+JC%2C+Maki+K%2C+Gansky+SA%2C+Hatcher+D%2C+et+al.+Anthropometric+analysis+of+the+human+mandibular+cortical+bone+as+assessed+by+cone-beam+computed+tomography
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swasty+D%2C+Lee+JS%2C+Huang+JC%2C+Maki+K%2C+Gansky+SA%2C+Hatcher+D%2C+et+al.+Anthropometric+analysis+of+the+human+mandibular+cortical+bone+as+assessed+by+cone-beam+computed+tomography
https://www.ncbi.nlm.nih.gov/pubmed/?term=Swasty+D%2C+Lee+JS%2C+Huang+JC%2C+Maki+K%2C+Gansky+SA%2C+Hatcher+D%2C+et+al.+Anthropometric+analysis+of+the+human+mandibular+cortical+bone+as+assessed+by+cone-beam+computed+tomography
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simonton+JD%2C+Azevedo+B%2C+Schindler+WG%2C+Hargreaves+KM.+Age-+and+gender-related+differences+in+the+position+of+the+inferior+alveolar+nerve+by+using+cone+beam+computed+tomography
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simonton+JD%2C+Azevedo+B%2C+Schindler+WG%2C+Hargreaves+KM.+Age-+and+gender-related+differences+in+the+position+of+the+inferior+alveolar+nerve+by+using+cone+beam+computed+tomography
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simonton+JD%2C+Azevedo+B%2C+Schindler+WG%2C+Hargreaves+KM.+Age-+and+gender-related+differences+in+the+position+of+the+inferior+alveolar+nerve+by+using+cone+beam+computed+tomography
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simonton+JD%2C+Azevedo+B%2C+Schindler+WG%2C+Hargreaves+KM.+Age-+and+gender-related+differences+in+the+position+of+the+inferior+alveolar+nerve+by+using+cone+beam+computed+tomography

	Authors
	Affiliation
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	References
	Acknowledgment

