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a b s t r a c t 

This clinical report presents a unique and previously unreported case of anatomical varia- 

tions in the mandible, specifically involving the main mental foramen (MF), the mandibular 

canal (MC), and genial tubercles (GTs). The case involves a 21-year-old male seeking dental 

implant rehabilitation. The patient exhibited an unusual lingual exit path of the main left 

MF through the lingual cortical bone, with the MC following an anterior lingual direction 

along a lingual groove before exiting through the labial cortical bone between the apexes of 

the left canine and first premolar. Additionally, the patient displayed excessive enlargement 

and rare shape of the GTs. These rare anatomical findings presented challenges in dental 

implant planning. This case report emphasizes the importance of advanced imaging tech- 

niques like cone-beam computed tomography (CBCT) in evaluating mandibular structures 

for precise treatment planning and highlights the significance of understanding anatomical 

variations to prevent complications in dental procedures. 
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individuals. 
Introduction 

The mandibular canal (MC) is a bilateral bony channel that
extends longitudinally from the mandibular foramen to the
mental foramen (MF). This canal serves as a pathway for
the inferior alveolar nerve (IAN) and vessels to traverse the
mandible, supplying the mandibular teeth, alveolar bone, and
associated soft tissues, including the gingiva and lower lip
[1 ,2] . The IAN branches into 2 divisions, namely the incisive
nerve and the mental nerve. The mental nerve, together with
the mental artery and vein, passes through the MF [3 ,4] . The
segment of the nerve located anterior to the MF, just before its
division into the incisive nerve, is referred to as the anterior
loop (AL) of the IAN [5–8] . The presence and extent of the AL
may vary among different populations [9 ,10] . 

The MC exhibits a consistent trajectory adjacent to the lin-
gual surface of the mandible until it reaches the mesial sur-
face of the mandibular first molar, subsequently transitioning
gradually towards a more buccal position until its culmination
at the MF [11] . Although the MC commonly takes the form of
a singular passage with a symmetrical arrangement on both
sides of the mandible, there can be deviations in its position-
ing in relation to the lower border of the mandible and tooth
apex [12] . 

The anatomical variations in the MC can be classified based
on the number of additional branches it has, such as bifid and
trifid types. The bifid type also has subtypes, with the retromo-
lar MC variant being the most common [13] . The bifid MC is a
variation where the MC divides into 2 branches, each contain-
ing a distinct neurovascular bundle [14] . The reported preva-
lence of bifid MCs varies considerably across different system-
atic reviews and meta-analyses with prevalence estimates of
38% [15] , 57% [13] , and 16.25% [16] reported in separate reviews.
According to 1 literature review, the prevalence of bifid MCs
can range between 0.05% and 69% in the population [1] . 

The trifid MC is a rare variant, accounting for less than 6%
of all bifid mandibular canals [17] . In some cases, these bifid
and trifid MCs are associated with an even rarer anatomical
variant - the double mandibular foramen [17] , with incidence
of 1.35% on CBCT images [18] . These anatomical variations can
complicate mandibular nerve block anesthesia and increase
surgical risks in the mandibular ramus. The double mandibu-
lar foramen also provides an easy path for tumor cells spread
after radiotherapy. Therefore, careful CBCT evaluation of these
variations is important for surgical and radiotherapy planning
involving the mandible [18] . 

The MF is a bilateral oblique opening on the outer surface
of the mandible, through which the mental nerve, artery, and
vein pass, supplying the lower incisor, canine, and premolar
teeth’s mucosa, as well as the skin and mucosa of the lower lip,
cheeks, and chin [19–21] . Typically located inferiorly between
the root apexes of the mandibular premolars [22] . 

The MF typically appears as a single opening in the hu-
man mandible. However, in some cases, additional smaller
openings called accessory mental foramina (AMFs) can be
observed [23] . These AMFs are smaller than the main MF
and branch off from the MC [24 ,25] . It is important to differ-
entiate AMFs from nutrient foramina, which may also sur-
round the MF but are unconnected to the IAN [26] . The
MF can exist as a single opening, or it may have variations
such as being double, multiple, or in rare cases, completely
absent [4] . 

Accurate identification of the precise location and varia-
tions of the MC and MF is paramount in mandibular surgi-
cal procedures, such as implant placement, bone grafting, and
extraction of third molars [2 ,27 ,28] . Neglecting to identify the
usual location and variations of the MC and MF can result in
several complications, including somatosensory impairment,
traumatic neuroma, bleeding, bruising, and an elevated level
of difficulty in administering alveolar mandibular nerve block,
thereby causing patient discomfort [29–31] . Furthermore, un-
derstanding the position of the MF is beneficial in endodon-
tic treatments for precise location, cleaning, and filling of root
canals [32] , as well as in orthodontics for planning tooth move-
ment and aligner placement [33] . 

Genial tubercles (GTs), also referred to as mental spines, are
small osseous projections situated bilaterally within the lin-
gual cortex of the mandible, slightly superior to the mandibu-
lar base, at the midline. These projections serve as attachment
points for the geniohyoid muscle below and the genioglos-
sus muscle above, both of which play indispensable roles in
tongue movement, swallowing, speech, and mastication. Ex-
cessive mobility of the tongue can result in the hypertrophy of
GTs, leading to their protrusion beyond the crest of the alveo-
lar ridges and heightening their susceptibility to spontaneous
fracture [34] . 

The dimensions of the GTs have been found to impact the
stability of complete dentures in the mandible [35 ,36] and can
serve as a reference point for assessing mandibular asymme-
try [37] . Additionally, the GTs can provide valuable guidance in
identifying a safe area near the mental foramina for implant
surgery and have been recognized as an important anatom-
ical parameter in the surgical treatment of obstructive sleep
apnea [38] . 

There are five patterns of GTs that have been described in
the literature. These patterns include the classical arrange-
ment of four spines (consisting of 2 inferior tubercles and 2
superior tubercles), 2 superior tubercles fused with 1 inferior
tubercle, 2 superior tubercles with a rough impression below
them, a single central projection, or the complete absence of
any bony tubercle [39] . 

Panoramic radiographs have limitations in accurately as-
sessing the MC and MF. In contrast, CBCT is a superior imaging
modality that provides 3-dimensional images and better visu-
alization of accessory canals, including narrow ones. CBCT is
reliable for differentiating true from false mandibular acces-
sory canals and accurately identifying the anatomical location
of GTs [40] . 

This article presents a previously unreported rare case
where the main left MF exhibited a lingual exit through
the lingual cortical bone of the mandible. Additionally, af-
ter passing through the lingual MF, the MC followed an an-
terior lingual direction along a lingual groove and opened
on the labial cortical bone between the apexes of the left
canine and first premolar apically. Furthermore, the ar-
ticle describes, in the same patient, an uncommon oc-
currence of excessive enlargement of the GTs with un-
usual shape, which is particularly rare, especially in dentate
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Fig. 1 – Panoramic image. Left MF apical to the roots of 
second premolar and first molar (white arrow), labial 
anterior exit of the MC (red arrow), and an internal root 
resorption (yellow arrow). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case report 

A 21-year-old male without any systemic disease presented at
the Oral Surgery Clinic, Abulohoom Center, Ibb, Yemen, seek-
ing dental implant rehabilitation due to a previous gunshot in-
jury to the mandible that resulted in right mandibular recon-
struction. Extraoral examination showed a scar below the in-
ferior border of the left mandible from the previous injury, but
there were no notable signs or symptoms related to the tem-
poromandibular joints, and the patient had a normal range of
mouth opening. 

Intraoral examination revealed clinical signs of periodon-
tal disease in the maxillary arch, and the patient had fixed
restorations on several mandibular teeth, (#42, 41, 31, 32, 33, 34,
35, 36, 37) as well as retained roots of two teeth (#47, 48). There
was also an edentulous area in the right mandibular premo-
lar and molar regions, indicating a need for bone grafting
and dental implants placement. The patient reported numb-
ness and pain upon pressure on the inner aspect of the left
mandible. 

Panoramic radiographs showed an unusual opening ob-
served on the labial surface of the alveolar bone between the
root apices of the left canine and first premolar. Internal root
resorption was also observed at the middle portion of the root
of the left second premolar ( Fig. 1 ). 

The normal anatomy of the IAN, mandibular foramen, MC,
MF, and the branches of the IAN are shown through schematic
illustrations in Figure 2 . Furthermore, Figures 3 and 4 F present
the anatomical variations described in this clinical report. 

To assess the alveolar bone in the posterior region of the
right mandible for bone grafting and dental implant place-
ment, a CBCT scan was performed using i-CAT technology.
The CBCT scan revealed rare anatomical variations in the
mandible. The main left MF exhibited a lingual exit path
through the lingual cortical bone, and the MC followed an an-
terior lingual direction along a lingual groove before exiting
through the labial cortical bone between the apexes of the left
canine and first premolar ( Figs. 5-8 ). These anatomical vari-
ations were isolated to the left side, with no corresponding
variations on the right side. 

Additionally, the CBCT imaging showed unusual large di-
mensions of the GTs located on the lingual surface of the
Fig. 2 – A, The normal anatomy of the inferior alveolar nerve (IAN
mandibular foramen and IAN on the medial surface of the mand
mandible, measuring 13.43 mm length and approximately
11.78 mm height. The GTs also exhibited atypical shape, char-
acterized by a single central projection with 3 distinct heads
(superior, middle, and inferior) ( Figs. 7A , 9 ). 

Discussion 

This study identified a previously unreported rare anatomical
variation in the mandible. Specifically, it pertains to the lin-
gual opening of the left MF and the anterior lingual path of
the MC. Furthermore, the same patient showcased an atyp-
ical observation of a larger-than-normal GTs, exceeding the
conventional anatomical dimensions. 

In the study conducted by Goyushov et al [41] which visu-
alized all MF locations, it was found that the majority (49.2%)
were situated between the first and second premolars, while
7.7% were distal and 39.7% coincided with the apex of the
mandibular second premolar. The mean opening angle of the
MFs was approximately 45.4 ° on the right side and 45.9 ° on
the left side, with no significant gender differences. Ahmed
), mental foramen (MF), and branches of the IAN. B, 
ible. 
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Fig. 3 – (A) The anatomical variations of the opening of the mental foramen (MF). (B) the mandibular foramen, inferior 
alveolar nerve (IAN), lingual MF opening and lingual opening for mental nerve on the medial surface of the mandible. 

Fig. 4 – Different types of genial tubercle (GT) patterns. (A) Type 1: the classic 4 tubercles pattern. (B) Type 2: 2 superior 
tubercles and 1 fused inferior ridge. (C) Type 3: 2 superior tubercles with a rough impression below. (D) Type 4: a single 
median tubercle. (E) Type 5: absence of genial tubercles. (F) a single large median tubercle with 3 small separated heads, a 
variation observed in this study. 

Fig. 5 – 3D view (left buccal side). Absence of the MF on the 
buccal cortex (red circle), left anterior opening of MC (red 

arrow), and remnant of bullet fragments (black arrow). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

et al [42] analyzed the size and position of the MC, AL, and MF,
reporting that in male patients, the MC tended to be located
more coronal and medial in the jaw. The MF was commonly
positioned below the second premolar with an average height
of 2.94 mm and length of 3.28 mm, and its size varied with the
age of individuals. Most cases showed a forward extension of
the AL (66.01%), and a small percentage (2.6%) exhibited ac-
cessory mental foramina. 

In this clinical report, the GTs showed larger dimensions,
measuring 13.43 mm in length and 11.78 mm in height. Sev-
eral studies have reported the mean width and height of GTs.
One study [39] found a width of 6.23 ± 1.93 mm and a height
of 6.67 ± 3.04 mm, while another study [43] reported a width
range of 7.1-8.2 mm and a height range of 6.5-7.9 mm. In a dif-
ferent study [44] , the mean width was 5.3 ± 1.2 mm, and the
mean height was 5.1 ± 1.6 mm. Another study [45] reported
a width of 5.24 mm and a height of 5.36 mm. In terms of GT
variants, a cross-sectional study found that the two-tubercle
variant was the most prevalent (57.7%), followed by a single
tubercle (25.0%), 3 tubercles (16.1%), and 4 tubercles (1.2%) [46] .

The significance of advanced imaging techniques, such as
CBCT, in the evaluation of mandibular structures is empha-
sized in this case report. CBCT provides three-dimensional im-
ages and improved visualization of accessory canals, which
assists in the identification of uncommon anatomical varia-
tions like lingual exits of the MF and deviations in the path-
way of the MC. In addition, the rare size and shape of GTs.
Consequently, CBCT should be regarded as a valuable tool
for dental implant planning, bone grafting, and other surgi-
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Fig. 6 – 3D views (left lingual side). (A) Lingual exit of the MF (white arrow), anterior exit of the MC (red arrow), and a groove 
between them (blue arrow). (B) Path of the MC (green color-coded). 

Fig. 7 – Axial CBCT views. (A) The main left MF exhibits lingual exit (white arrow), right MF (white arrow head) and 

excessive size GTs (yellow arrow). (B) Large opening of the lingual MF on the lingual side (white arrow). 

Fig. 8 – Sequential cross-sectional views in the posteroanterior direction. (A-D) display the left-side MC with measurements 
in millimeters of left lingual MF. (E) Lingual groove for the MC passage (white arrow). (F-H) anterior opening of the MC 

(yellow arrow) with measurements in millimeters. 
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Fig. 9 – (A) 3D lingual view shows single median GT with 3 heads (red arrows). (B) 3D bottom view shows the excessive size 
GTs (yellow arrow). (C and D) Axial and cross sectional views, respectively, depict the length and height measurements of 
GTs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cal procedures involving the mandible. Failure to recognize
the standard location and variations of the MC and MF can
lead to complications such as sensory impairment, traumatic
neuroma, bleeding, and difficulties in administering alveolar
mandibular nerve block. Therefore, clinicians should priori-
tize a thorough examination and the utilization of advanced
imaging techniques to precisely locate these structures. Addi-
tionally, this clinical report highlights the presence of anatom-
ical variations, such as lingual exits of the MF and deviations
in the pathway of the MC. Clinicians should be aware of these
variations and consider them during treatment planning. 

The clinical applications derived from this case include
rare anatomical findings that contribute to the complexity of
dental implant planning. CBCT imaging can provide valuable
guidance in identifying a safe area near the MF for implant
surgery. 

Understanding the morphology, position, and dimensions
of the GTs can assist in determining an appropriate surgical
approach. In cases where GTs are excessively enlarged, caus-
ing protrusion beyond the crest of the alveolar ridges, cautious
consideration should be given to prevent their fracture dur-
ing surgical interventions. The dimensions of the GTs have
been found to impact the stability of complete dentures in the
mandible and patient comfort. 

Conclusion 

In conclusion, this clinical report highlights the importance of
utilizing advanced imaging techniques, such as CBCT, to accu-
rately evaluate mandibular structures and identify anatomi-
cal variations. The MF and MC localization is crucial in var-
ious dental procedures, including dental implant planning,
endodontic treatments, and orthodontics. Clinicians should
know these anatomical considerations and tailor their treat-
ment plans accordingly to achieve successful outcomes and
minimize complications. Further research is warranted to in-
vestigate these variations’ prevalence and clinical significance
within the general population. 

Patient consent 
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report provided written consent for the publication of this re-
port and the associated images. 

CRediT authorship contribution statement 

Redhwan Al-Gabri: Conceptualization, Methodology, In-
vestigation, Writing – original draft, Writing – review & edit-
ing. Faisal Abulohoom: Methodology, Investigation, Writing –
review & editing. Ahmed Yaseen Alqutaibi: Writing – original
draft, Writing – review & editing. Ameera Obiad: Methodology,
Writing – original draft, Writing – review & editing. 

R E F E R E N C E S  

[1] Ngeow WC , Chai WL . The clinical anatomy of accessory 
mandibular canal in dentistry. Clin Anat 2020;33:1214–27 .

[2] Kalantar Motamedi MH , Navi F , Sarabi N . Bifid mandibular 
canals: prevalence and implications. J Oral Maxillofac Surg 
2015;73:387–90 .

http://refhub.elsevier.com/S1930-0433(24)00500-4/sbref0001
http://refhub.elsevier.com/S1930-0433(24)00500-4/sbref0001
http://refhub.elsevier.com/S1930-0433(24)00500-4/sbref0001
http://refhub.elsevier.com/S1930-0433(24)00500-4/sbref0002
http://refhub.elsevier.com/S1930-0433(24)00500-4/sbref0002
http://refhub.elsevier.com/S1930-0433(24)00500-4/sbref0002
http://refhub.elsevier.com/S1930-0433(24)00500-4/sbref0002


3940 R a d i o l o g y  C a s e  R e p o r t s  1 9  ( 2 0 2 4 )  3 9 3 4 – 3 9 4 1  

 

 

 

[3] Kawai T , Sato I , Asaumi R , Yosue T . Cone-beam computed 

tomography and anatomical observations of normal variants
in the mandible: variant dentists should recognize. Oral 
Radiol 2018;34:189–98 .

[4] Robinson C , Yoakum CB . Variation in accessory mental 
foramen frequency and number in extant hominoids. Anat 
Rec 2020;303:3000–13 .

[5] Velasco-Torres M , Padial-Molina M , Avila-Ortiz G ,
García-Delgado R , Catena A , Galindo-Moreno P . Inferior 
alveolar nerve trajectory, mental foramen location and 

incidence of mental nerve anterior loop. Medicina oral, 
patologia oral y cirugia bucal 2017;22:e630 .

[6] Apostolakis D , Brown JE . The anterior loop of the inferior 
alveolar nerve: prevalence, measurement of its length and a 
recommendation for interforaminal implant installation 

based on cone beam CT imaging. Clin Oral Implants Res 
2012;23:1022–30 .

[7] Von Arx T , Friedli M , Sendi P , Lozanoff S , Bornstein MM . 
Location and dimensions of the mental foramen: a 
radiographic analysis by using cone-beam computed 

tomography. J Endod 2013;39:1522–8 .
[8] Al-Mahalawy H , Al-Aithan H , Al-Kari B , Al-Jandan B ,

Shujaat S . Determination of the position of mental foramen 

and frequency of anterior loop in Saudi population. A 

retrospective CBCT study. Saudi Dental J 2017;29:29–35 .
[9] Li X , Jin Z-K , Zhao H , Yang K , Duan J-M , Wang W-J . The 

prevalence, length and position of the anterior loop of the 
inferior alveolar nerve in Chinese, assessed by spiral 
computed tomography. Surg Radiol Anat 2013;35:823–30 .

[10] Rosa MB , Sotto-Maior BS , VdC Machado , Francischone CE . 
Retrospective study of the anterior loop of the inferior 
alveolar nerve and the incisive canal using cone beam 

computed tomography. Int J Oral Maxillofac Implants 
2013;28:388–92 .

[11] Vieira CL , SdAR Veloso , Lopes FF . Location of the course of 
the mandibular canal, anterior loop and accessory mental 
foramen through cone-beam computed tomography. Surg 
Radiol Anat 2018;40:1411–17 .

[12] Sanchis J , Peñarrocha M , Soler F . Bifid mandibular canal. J 
Oral Maxillofac Surg 2003;61:422–4 .

[13] Valenzuela-Fuenzalida J , Cariseo C , Gold M , Díaz D ,
Orellana M , Iwanaga J . Anatomical variations of the 
mandibular canal and their clinical implications in dental 
practice: a literature review. Surg Radiol Anat 
2021;43:1259–72 .

[14] Naitoh M , Hiraiwa Y , Aimiya H , Gotoh M , Ariji Y , Izumi M ,
et al. Bifid mandibular canal in Japanese. Implant Dentist. 
2007;16:24–32 .

[15] Shan S , Zhong S , Li J , Wang T . Systematic review and 

meta-analysis of mandibular canal variations on cone beam 

computed tomography. Oral Radiol 2022;38:445–51 .
[16] Haas LF , Dutra K , Porporatti AL , Mezzomo LA , De Luca 

Canto G , Flores-Mir C , et al. Anatomical variations of 
mandibular canal detected by panoramic radiography and 

CT: a systematic review and meta-analysis. Dentomaxillofac 
Radiol 2016;45:20150310 .

[17] Rashsuren O , Choi J-W , Han W-J , Kim E-K . Assessment of 
bifid and trifid mandibular canals using cone-beam 

computed tomography. Imaging Sci Dentistry 2014;44:229 .
[18] Choi Y-Y , Han S-S . Double mandibular foramen leading to 

the accessory canal on the mandibular ramus. Surg Radiol 
Anat 2014;36:851–5 .

[19] Ceballos F , González J , Hernández P , Deana N , Alves N . 
Frequency and position of the mental foramen in panoramic 
X-rays: literature review. Int J Morphol 2017;35:1114–20 .

[20] Pancer B , Garaicoa-Pazmiño C , Bashutski JD . Accessory 
mandibular foramen during dental implant placement: case 
report and review of literature. Implant Dent 2014;23:116–24 .
[21] Imada TSN , LMPdSR Fernandes , Centurion BS , de 
Oliveira-Santos C , Honório HM , Rubira-Bullen IRF . Accessory 
mental foramina: prevalence, position and diameter 
assessed by cone-beam computed tomography and digital 
panoramic radiographs. Clin Oral Implants Res 
2014;25:e94–ee9 .

[22] Sawyer DR , Kiely ML , Pyle MA . The frequency of accessory 
mental foramina in four ethnic groups. Arch Oral Biol 
1998;43:417–20 .

[23] Hanihara T , Ishida H . Frequency variations of discrete 
cranial traits in major human populations. IV. Vessel and 

nerve related variations. J Anat 2001;199:273–87 .
[24] Han S-S , Hwang JJ , Jeong H-G . Accessory mental foramina 

associated with neurovascular bundle in Korean population. 
Surg Radiol Anat 2016;38:1169–74 .

[25] Kalender A , Orhan K , Aksoy U . Evaluation of the mental 
foramen and accessory mental foramen in Turkish patients 
using cone-beam computed tomography images 
reconstructed from a volumetric rendering program. Clin 

Anat 2012;25:584–92 .
[26] Naitoh M , Hiraiwa Y , Aimiya H , Gotoh K , Ariji E . Accessory 

mental foramen assessment using cone-beam computed 

tomography. Oral Surg, Oral Med, Oral Pathol, Oral Radiol 
Endodontol 2009;107:289–94 .

[27] Naitoh M , Hiraiwa Y , Aimiya H , Ariji E . Observation of bifid 

mandibular canal using cone-beam computerized 
tomography. Int J Oral Maxillofacial Implants 2009;24:155–9 .

[28] Teerijoki-Oksa T , Jääskeläinen S , Forssell K , Forssell H ,
Vähätalo K , Tammisalo T , et al. Risk factors of nerve injury 
during mandibular sagittal split osteotomy. Int J Oral 
Maxillofac Surg 2002;31:33–9 .

[29] Wadhwani P , Mathur R , Kohli M , Sahu R . Mandibular canal 
variant: a case report. J Oral Pathol Med 2008;37:122–4 .

[30] Yeong-Hoon K , Hun-Mu Y . Conventional panoramic 
radiograph cannot identify the bifid mandibular canal. J 
Craniofac Surg 2015;26:e674–e6e5 .

[31] Renton T , Dawood A , Shah A , Searson L , Yilmaz Z . 
Post-implant neuropathy of the trigeminal nerve. A case 
series. Br Dent J 2012;212 E17-E .

[32] Gupta A , Pubreja L , Malik R , Gupta N . Evaluation of the 
dimensions of anterior loop of mental nerve in CBCT: a 
radiographic analysis. J Maxillofac Oral Surg 2020;19: 
168–172 .

[33] Cellina M , Martinenghi C , De Nardi S , Palamenghi A , Cè M ,
Sforza C , et al. Anatomy of the mental foramen: relationship 

among different metrical parameters for accurate 
localization. Appl Sci 2023;13:9235 .

[34] Ryan JM , Ross D , Obeid G . Genial tubercle fracture: a case 
report and review of the literature. J Oral Maxillofac Surg 
2010;68:2338–41 .
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