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ABSTRACT

Surgeries in the anterior mandible such as implant placement in the interforaminal area or
chin grafting may damage the anterior loop of the mental nerve, resulting in neurosensory disturbances. Given the
significance of genial tubercles in delineating the safe zone for mandible treatment planning, this study aims to establish
the optimal implant placement zone in the anterior mandible relative to genial tubercle location.

This study analyzed 96 CBCT images from patients treated at the Oral and Maxillofacial Radiology
Department of Ahvaz Jundishapur School of Dentistry. The anatomies of the anterior mandible areas were studied based
on the coronal sections, as well as the axial and cross sectional images, while the genial tubercles, mental foramen, and
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Available Online: 20 nov The mean distance from the genial tubercles to the mesial margin of the mental foramen was 22.44 + 2.23 mm
2024 overall, 22.41 + 2.20 mm on the left side, and 22.47 £ 2.27 mm on the right side. The mean distance from the genial

tubercles to the mesial margin of the anterior loop was 21.03 + 2.43 mm overall, 21.19 + 2.58 mm on the left side, and
20.70 £ 2.21 mm on the right side. The mean safe zone was 36.47 + 2.75 mm overall, 18.15 + 2.36 mm on the left side,
and 18.07 + 2.21 mm on the right side. Statistical analysis revealed that the mean safe zone in the anterior mandible is
36.24 +2.75 mm.

The mean distance from the genial tubercle to the mesial of the left mental foramen, the mean distance from
the genial tubercle to the mesial of the left anterior loop, and the mean left safe zone were found to be smaller in women.
However, this difference was not statistically significant. The mean distance from the genial tubercle to the mesial of the
mental foramen overall and on the right side, the mean distance from the genial tubercle to the mesial of the anterior
loop overall and on the right side, the mean safe zone overall and on the right side, and the mean safe zone in the anterior
mandible were all smaller in women. This difference was statistically significant. No significant differences were observed
between different age groups for any of the distances. A statistically significant difference was found between the left and
right sides when comparing the distance from the genial tubercle to the mesial of the anterior loop.
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Introduction

urgeries in the anterior mandible such as
S implant placement in the interforaminal area
or chin grafting may damage the anterior loop
of the mental nerve, resulting in neurosensory
disturbances. Given the significance of genial tubercles in
delineating the safe zone for mandible treatment planning,
this study aims to establish the optimal implant placement
zone in the anterior mandible relative to genial tubercle
location. Implant technology has enabled dentists to help
patients regain the ability to chew normally and
functionally (2). Criteria must be evaluated for implant
placement. One of these criteria is radiographic evaluation.
Radiographic examination in terms of quantity, quality and
position of alveolar bone in potential implant areas is the
final determinant of whether the patient is a candidate for
implant placement or not. Appropriate radiographs can be
useful in identifying vital structures (3). Many anatomical
structures are found in the vicinity of the desired areas for
implant placement in the maxilla and mandible. Familiarity
with the radiographic appearance of these structures is
important during treatment design and implant placement.
In this connection, the important anatomical structures in
the mandible that must be identified are: the mandibular
canal, the anterior loop of the mandibular canal, the mental
foramen, the extension in front of the canal, and the
submandibular fossa (4). Some researchers claim that two-
dimensional radiographs are sufficient for preplanning
implant surgery. However, others believe that additional
cross-sectional images are needed. Recently, it has been
recommended that cross-sectional imaging be used to
obtain all areas of the implant, and cone beam computed
tomography (CBCT) is the method of choice to obtain this
information (1).

When planning an implant in the mandible, one of the most
important anatomical landmarks is the mandibular canal,
through which the lower alveolar nerve passes and
continues anteriorly in the form of the mental nerve and
finally exits the mental foramen. The mental nerve may
include the anterior loop. This problem is described in
Sesher's oral anatomy. The anterior loop is described in the
form of the mental canal, which originates from the
mandibular canal and continues outward, forward, upward
and backward and opens in the mental foramen.
Complications of surgical trauma to the mental nerve can
lead to nerve sensation disorders and changes in the
sensation of the lower lip and chin after implant placement.
Clinically, it is not possible to see the anterior loop, but it
can be identified with panoramic radiographs, CBCT,
spiral computed tomography, and MRI. Some studies have
shown that in panoramic radiographs, compared to
anatomical methods, significantly fewer loops have been
observed. Also, in panoramic radiographs, compared to
direct measurements, significantly shorter anterior loops

were observed. Other studies have shown that 50% of
anterior loops observed through panoramic radiography
were misdiagnosed, and 62% of them were not diagnosed
through radiography. As a result, researchers have come to
the conclusion that panoramic radiography is not reliable
and its high error rate leads to negative results in the
diagnosis of anterior loops. It is worth mentioning that in
the existing literature, CBCT and spiral CT are more
reliable for detecting anterior loops

Methods

This study analyzed 96 CBCT images from patients treated
at the Oral and Maxillofacial Radiology Department of
Ahvaz Jundishapur School of Dentistry. The anatomies of
the anterior mandible areas were studied based on the
coronal sections, as well as the axial and cross sectional
images, while the genial tubercles, mental foramen, and the
anterior loop of inferior alveolar nerve were marked on
each side.

The anatomy of the anterior region of the mandible was
examined in coronal, axial and cross-sectional images.
Genital tubercle, mental foramen, and anterior loop of
inferior alveolar nerve were marked on both right and left
sides. Genial tubercles and mental foramina were
identified in axial and cross-sectional slices, while the
anterior loop was visualized in quasi-panoramic and cross-
sectional images. Vertical lines were drawn perpendicular
to the occlusal plane at the mesial margin of the mental
foramen, the mesial margin of the anterior loop, and at the
most prominent point of the genial tubercle. Linear
distances were measured between the genial tubercle and
the mesial of the mental foramen, as well as between the
genial tubercle and the mesial of the anterior loop on both
sides. To determine the safe zone for implant placement on
each side, 2 mm was subtracted from the distance between
the genial tubercle and the mesial of the anterior loop on
both sides (8). Then, to determine the safe zone in the
anterior mandible, these distances were added together

In this study, patients were evaluated in two gender groups,
male and female, and three age groups: 20-39, 40-59, and
60-79. The data were analyzed under the supervision of a
statistical consultant. To analyze the data, descriptive
statistics were initially employed to characterize the study
variables. This included frequency distribution tables,
graphs, measures of central tendency, and appropriate
dispersion metrics. The normality of quantitative data was
checked using the Kolmogorov-Smirnov test. In order to
compare the mean of the main variables of the research in
two groups of men and women, independent t-test was
used, and for comparisons across age groups, one-way
analysis of variance (ANOVA) was used. Paired t-test was
used to compare the mean of quantitative variables on the
left and right sides. The significance level of the tests was
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considered less than 0.05. Data analysis was done using
SPSS 22 statistical software. Given the use of archival
samples and the absence of new participant exposure, no
specific ethical considerations were required.

Results

The mean distance from the genial tubercles to the
mesial margin of the mental foramen was 22.44 +
2.23 mm overall, 22.41 + 2.20 mm on the left side,
and 22.47 £ 2.27 mm on the right side. The mean
distance from the genial tubercles to the mesial
margin of the anterior loop was 21.03 = 2.43 mm
overall, 21.19 + 2.58 mm on the left side, and 20.70
+2.21 mm on the right side. The mean safe zone was
36.47 £ 2.75 mm overall, 18.15 + 2.36 mm on the left
side, and 18.07 = 2.21 mm on the right side.
Statistical analysis revealed that the mean safe zone
in the anterior mandible is 36.24 £ 2.75 mm.

Conclusion

The mean distance from the genial tubercle to the mesial of
the left mental foramen, the mean distance from the genial
tubercle to the mesial of the left anterior loop, and the mean
left safe zone were found to be smaller in women. However,
this difference was not statistically significant. The mean
distance from the genial tubercle to the mesial of the mental
foramen overall and on the right side, the mean distance
from the genial tubercle to the mesial of the anterior loop
overall and on the right side, the mean safe zone overall and
on the right side, and the mean safe zone in the anterior
mandible were all smaller in women. This difference was
statistically significant. No significant differences were
observed between different age groups for any of the
distances. A statistically significant difference was found
between the left and right sides when comparing the distance
from the genial tubercle to the mesial of the anterior loop.

Ethical Considerations

Compliance with ethical guidelines

Because of using retrospective data there was no ethical
consideration
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Std. 14.449 1.28505 1.51139 1.37596 2.2013 2.5873 2.3642 2.2756 2.2129 2.2129 2.7506
Deviation
Minimum 23 19.55 16.10 13.90 18.6 14.4 12.2 17.8 16.5 14.5 27.8
Maximum 78 25.55 24.05 21.00 27.1 27.1 22.4 26.9 24.9 22.9 42.0
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Paired Differences
95% confidence interval
of the
difference
Std. Error
Mean Std. Mean lower upper t df Sig. (2-
Deviation tailed)
Pair G-m LMe - G-m -.0583 3.6664 3742 -.8012 .6846 -.156 95 .876
1 RMe
Pair G-m Lal - G-m RAl 1.1229 3.7477 .3825 .3636 1.8823 2.936 95 .004
2
Pair L Safe zone - R .0823 3.6606 .3736 -.6594 .8240 .220 95 .826
3 Safe zone
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Age G-m Me G-m Al Safe G-m LMe G-m LAl L Safe G-m G-m RAI R Safe Gs
zone zone RMe zone
N Valid 48 48 48 48 48 48 48 48 48 48 48
Missing 0 0 0 0 0 0 0 0 0 0 0
Mean 40.42 21.9448 20.2677 17.7896 22.085 20.965 18.006 21.804 19.571 17.573 35.600
Median 4000 220500 20.6500 17.9000  22.500 20450 18200 21600 19350 17350  35.850
Mode 43 22.152 18.402 16.302 22.62 18.32 18.22 19.32 19.3 17.3 32.6
Std. 11.439 1.26294 1.50253 1.42784 2.2108 2.7874 2.5716 2.0155 1.9799 1.9804 2.8580
Deviation
Minimum 23 19.55 16.10 13.90 18.6 14.4 12.2 18.8 16.5 14.5 27.8
Maximum 65 24.50 23.15 19.85 26.2 26.2 22.1 26.9 24.9 229 39.7
b & el sl ke 5 jiele YelOVEY/YY 245 30 LS i 9 b gl 1me yobdy dadiges 6ylel uboos
e VATTVEY/NO (o s oo VATEEEN YO 4 gl Jlie Juje b S pgJlir galol (ke Wdye 095
3,5 e pSei i due ATOVEY YT cdl) o 3 5 YIVEEYINS (o com o e VYT AT EV/0Y s
oo TEIAGEYIO0 Jusia ol 5 sl b mioman oSl iake YWIWEY/YE cl) can o 5 oo
(4 g )58 dslona W EVIYY IS oty abiiog) Jbja b S gl gelols

Casly Ceams 33 9 yioske VY EYIYV (o ns 13 20 Lo
L(zs.))adg]oy'),o dhb 4394).3 ‘_5)‘.91 @LJ—4 J5A>

Age G-m Me G-m Al Safe G-m LMe G-m LAI L Safe G-m G-m RAI R Safe Gs
zone zone RMe zone
N Valid 48 48 48 48 48 48 48 48 48 48 48
Missing 0 0 0 0 0 0 0 0 0 0 0
Mean 53.21 22.9385 21.0052 18.4448 22.740 21.431 18.310 23.138 20.579 18.579 36.890
Median 53.00 22.7250 20.8252 18.4750 22.450 21.200 17.650 23.400 20.200 18.200 36.950
Mode 5l 21.552 20.35 18.35 20.1 24.2 16.02 26.1 22.8° 20.82 36.72
Std. 14.407  1.11290 1.44286 1.25254 2.1652 2.3770 2.1535 2.3446 2.3364 2.3364 2.5051
Deviation
Minimum 24 20.55 17.25 15.25 19.9 17.2 15.2 17.8 16.5 14.5 30.5
Maximum 78 25.55 24.5 21.00 27.1 27.1 224 26.4 24.0 22.0 42.0

Mousavi E, et al. Safe Zone in Anterior Mandible Related to the Genial Tubercle for Implant Placement using Cone Beam Computed Tomography
ilndex JSMJ. 2024; 23(4):341-358




4 ol 23 0551403 Ll g s20

oS by 55 dlols ) o el o oo VATFFEN/YO adyo y3 s
(P Value=+/+\ ) cul hlins o)l s jl Y51 ) 5 038y
oy 2 e el Jite Jbje U JS pgidlin galol (ke
oo YYIVEEY/VE basje 3 g o bea YY/oALY/Y)
alols Myl andl sl yioS Baryj 53 dlols ol 45 owd 4 030
sdhols ,Sile (P Value = 0/14) cus jbliae sylel s 5l
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To) Jits T 50T Lasgi 30 9 035 095 99 (sladigas caa gl 0 5
Slods 03,91 5 Jgaz )3 guls cpl 3,5 (sduslie ¢ Juloo (TESE
L) 52 S sgbd (alygd Jlie Jujo b S g Jlir alold (ke
gk YYTAYEVNY baspe 3 g jole YV/AFEN/YS
ool il ST ) 4 03g 1S gy s Aol ol &
Iy Jhis salols o Sile (P Value = /v ) el jlsbies
5 soske Y IYFENO0 a5 5 JSysbay (a5 g) JUse
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(PValue = /4 V) cul jlsline G5! oyl )bol sl 5
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Gender N Mean Std. Deviation Std. Error Mean
G-m Me Female 48 21.9448 1.26294 118229
Male 48 22.9385 1.11290 .16063
G-m Al Female 48 20.2677 1.50253 21687
Male 48 21.0052 1.44286 .20826
Safe zone Female 48 17.7896 1.42784 .20609
Male 48 18.4448 1.25254 .18079
G-m LMe Female 48 22.085 2.2108 3191
Male 48 22.740 2.1652 3125
G-m LAl Female 48 20.965 2.7874 4023
Male 48 21.431 2.3770 3431
L Safe zone Female 48 18.006 2.5716 3712
Male 48 18.310 2.1535 .3108
G-m RMe Female 48 21.804 2.0155 .2909
Male 48 23.138 2.3446 .3384
G-m RAI Female 48 19.571 1.9799 .2858
Male 48 20.579 2.3364 .3372
R Safe zone Female 48 17.573 1.9804 .2858
Male 48 18.579 2.3364 .3372
Gs Female 48 35.600 2.8580 4125
Male 48 36.890 2.5051 .3616
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il b e Joge b 555 i ol ke (Vallie

o VAL EYIOV a5 5 o o ool 50l uSilie
ol oyl &S ond 4 09 i Jen SATYVEY VO ladpe 3 g

23 basPe Garudl § Pamels (Bl S 9005 prolai jl a3l b Cilyoul (5 101 S S pr8 Jliar 4 Sl Jiio o1 45 (pol 4l (a0 (e 9 Sgmigo plo!
197 JUo jlanl (Sl sl s (goaSuiils




. S 3y cole alo 4 5, 23 5,95 1403 (Ll g 40
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B Overal W Male ®Female
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Llods 03)9] 6 Jg.\? » Jubss Qﬁ‘ 4 bgyye ‘5)La1 Clasio yle

(T-Test) Jiws T 301 Lausg 30 5 1) 05,5 53 o &1 bogeyo 6ol Sliaseiie b =6 Joan

Independent Samples Test
Levenes Test

for Equality t-test for Equality of means
of Variances

95% Confience
Interval of the
Difference
Mean Std. error
F Siq t df Sig. (2- Difference Difference Lower Upper

tailed)

Mousavi E, et al. Safe Zone in Anterior Mandible Related to the Genial Tubercle for Implant Placement using Cone Beam Computed Tomography
JSMJ. 2024; 23(4):341-358




sl ga s
e .
G-m Equal variances .622 432 - 94 0.00 -.99375 .24297 - -.51134
Me assumed 4.090 1.47616
Equal variances - 92.535 0.00 - -.51124
assumed 4.090 1.47626
G-m Equal variances .637 427 - 94 .016 -.73750 .30067 - -.14050
Al assumed 2.453 1.33450
Equal variances - 93.846 .016 - -.14049
assumed 2.453 1.33451
Safe Equal variances 3.175 .078 - 94 .019 -.65521 27415 - -.11088
zone assumed 2.390 1.19954
Equal variances - 92.432 .019 - -.11079
assumed 2.390 1.19966
G-m Equal variances .090 .765 - 94 .146 -.6542 4466 -1.5410 2327
LMe assumed 1.465
Equal variances - 93.959 146 -1.5410 2327
assumed 1.465
G-m Equal variances 709 402  -.883 94 .380 -.4667 .5288 -1.5165 .5832
LAI assumed
Equal variances -.883 91.713 .380 -1.5169 .5835
assumed
L Safe Equal variances 153 696  -.628 94 531 -.3042 4841 -1.2654 .6571
zone assumed
Equal variances -.628 91.188 531 -1.2658 .6575
assumed
G-m Equal variances 1391 241 = 94 .004 -1.3333 4463 -2.2194 -4473
RMe assumed 2.988
Equal variances - 91.928 .004 -2.2197 -.4470
assumed 2.988
G-m Equal variances 5.547 0.21 - 94 .025 -1.0083 4420 -1.8860  -.1307
RAI assumed 2.281
Equal variances - 91.536 .025 -1.8863 -.1304
assumed 2.281
R Safe Equal variances 5510 0.21 - 94 .025 -1.0063 4421 -1.8840  -.1285
zone assumed 2.276
Equal variances - 91.543 .025 -1.8843 -.1282
assumed 2.276
Gs Equal variances 3.295 0.73 - 94 .021 -1.2896 .5485 -2.3787 -.2004
assumed 2.351
Equal variances - 92.413 .021 -2.3790 -.2002
assumed 2.351
Culy o g yioe THIAOEYISV o i 3532 Jgl 09,5 53 BB (S manndl 09,5 dw s iyl ] Lol
st el shnl Sle ale Yo/ SYEY/¥S 2 55 44 pe> 09,5 13(33/3%) Jlw 20-39 i (codgime
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2 e VIVORNIXY IS gbay alis g Jbja b JS g
(39-20) 1 L 09,5 4 axanly ()bl @l =7 Jgi>
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G-m Me Gmal St GmiMe Gmial - ¥ gpwe (&M Rsafe o
zone zone RAI zone
N Valid 32 32 32 32 32 32 32 32 32 32
Missing 0 0 0 0 0 0 0 0 0 0
20.64
Mean 22.5313 20.7500 18.3031 22.091 20.853 17.959 20.853 7 18.647 36.637
) 21.00
Median 22.2500 20.9500 18.5500 21.950 20.850 18.100 20.850 0 19.000 37.100
Mode 22.152 18.402 16.40°2 18.92 23.0 16.42 23.0 16.62 14.6? 37.1
Std. Deviation 1.19850 1.47358 1.27810 2.2120 2.6789 2.3596 2.6789 ;'466 2.4663 25471
Minimum 20.55 18.20 16.20 18.6 14.7 12.7 14.7 16.5 14.5 324
Maximum 25.55 24.05 20.80 26.6 25.1 21.4 25.1 24.9 22.9 41.6
o e agieske  WAVEVOY sl —ay opolyg Jie JUje b S e Jlin salol 555ke pgd 09,5 5
WIVOEY vv ) canws o g jioke VAIYY Y/ T4 \ATEZEAVEL QORISR A 0 A AE VA LTSN
Jutie pld 0 el sanl pimen A3 pSojlul e e ole iadhe YYIYYEY/ A ) oo 3 5 yio s
(8 Usis) 3,5 dwloes jio ko YE /ALY /0¥ Sisba B oy e b Sps Jus salols

sodee VNVOEYTEA (o s 3 el Yo/ YOV OF
ool ganl 5Sle 5 yie e VATVOEY0v ) o 5 s

(59-80) 2 i 095 & tily (5 ] ol —8 Jpir

G-m Me G-m Al Safe G-m LMe G-m LAl L Safe G-m G-m RAl R Safe Gs
zone zone RMe zone
N Valid 44 44 44 44 44 44 44 44 44 44
Missing 0 0 0 0 0 0 0 0 0 0
Mean 22.4114  20.4580 18.0477 22.600 21.159 18.336 22.223 19.757 17.759 36.095
Median 22.6250  20.5750 18.3000 22.600 20.950 18.250 22.150 19.400 17.400 36.600
Mode 22.50 20.552 17.90 20.32 20.32 16.0? 20.02 19.42 17.42 35.8
Std. 1.27657 153130 1.52017 1.9927 2.4809 2.3937 2.0879 2.0041 2.0045 3.0403
Deviation
Minimum 19.80 16.10 13.90 19.2 14.4 12.2 18.8 16.5 14.5 27.8
Maximum 24.50 23.15 21.00 26.2 26.2 22.2 26.2 24.0 22.0 42.0

Mousavi E, et al. Safe Zone in Anterior Mandible Related to the Genial Tubercle for Implant Placement using Cone Beam Computed Tomography
ilndex JSMJ. 2024; 23(4):341-358
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o Caas yeyiodes WIAVENIYY IS bay sl gaunl aohss Jtie JUse b S pgi s sal ol ,Slo pgw 55,5 )
WA EYNO ) s 3 g ok VAL ALY/ T o> Coo e Jaa YYIYEEV/YA U b
Jeatio a3 55 el e sl cppioman A5 6, So5lu | e Lo YYIXNVEYEY oty oo g3 g yio o YY/OVEY/ $F
(9J922) 43,5 assloes o o YOI AYEY/¥Y A psbts oliS gl Jbje B S 5 Jlute (geliols (S3bis cstn o
S5 il 5UT 51 i alises (6l 09,8 s (G Aumnlie (sl VWAV EY PN (s coa s 5 epiohen Yo LA 2N/ 00
(10 Jgo2) el 005 olizd ANOVA) &3 1 0Ska g o VATAZEYINO ey oo 3 5 o o

(79-60) 3 s 09,8 4 dtuly (slel b5 -9 Jguo

G-mMe  G-mAl Safe G-m LMe G-m LAl L Safe G-m G-m RAI R Safe Gs
zone zone RMe zone
N Valid 20 20 20 20 20 20 20 20 20 20
Missing 0 0 0 0 0 0 0 0 0 0
Mean 22.3650 20.8475 17.9425 22.515 21.835 18.085 22.215 19.860 17.860 35.945
Median 22.2250 21.1750 18.3000 22.550 21.900 17.350 22.650 19.750 17.750 36.600
Mode 19.552 18.052 17.102 19.92 20.12 16.22 22.7 20.6 18.6 34.22
Std. 1.48431 1.55863 1.21639 2.6440 2.6835 2.3981 2.4375 2.1532 2.1532 2.4328
Deviation
Minimum 19.55 18.05 15.95 19.1 17.2 15.2 17.8 16.5 14.5 31.9
Maximum 24.90 23.55 19.80 27.1 27.1 22.4 26.3 23.9 21.9 39.6
(s bl slo 09,5 (saulio 10 Joax
Sum of Squares df Mean Square F Sig.
G-m Me Between Groups 415 2 .207 123 .884
Within Groups 156.464 93 1.682
total 156.878 95
G-m Al Between Groups 2.705 2 1.353 .587 .558
Within Groups 214.302 93 2.304
total 217.007 95
Safe zone Between Groups 1.737 2 .869 454 .637
Within Groups 178.122 93 1.915
total 179.589 95
G-m LMe Between Groups 5.072 2 2.536 .518 .597
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Within Groups 455.253 93 4.895
total 460.325 95
G-m LAl Between Groups 11.988 2 5.994 .893 413
Within Groups 623.972 93 6.709
total 635.960 95
L Safe zone Between Groups 2.769 2 1.384 244 784
Within Groups 528.245 93 5.680
total 531.013 95
G-m RMe Between Groups 12.051 2 6.025 1.168 316
Within Groups 479.907 93 5.160
total 491.958 95
G-m RAI Between Groups 15.844 2 7.922 1.640 .200
Within Groups 449.356 93 4.832
total 465.200 95
R Safe zone Between Groups 15.781 2 7.890 1.633 .201
Within Groups 449.414 93 4.832
total 465.195 95
Gs Between Groups 7.714 2 3.857 .504 .605
Within Groups 711.044 93 7.646
total 718.757 95
phE ) ol el g cusly g o G g IS by (ol (g4l s S 09)5 (e (gyolize S F dunlio ol bl
50/41 50/55 031 50/59 50/88 s iy 4 o oalols gy P- Value .1 sanlie clalols g 5 cilisks
2wl 0/60 4 0/20 ,0/78 ,0/63 /20 sl 5 s g IS psbody yolysd Jlito Jlije b S pgi i

sl g o S g (A ygbty (8 g Jbje U 5 g Jli>

Mousavi E, et al. Safe Zone in Anterior Mandible Related to the Genial Tubercle for Implant Placement using Cone Beam Computed Tomography
JSMJ. 2024; 23(4):341-358
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