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variety of muscle attachment positions 
and ranges of distribution
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Abstract 

Objectives  The objective was to investigate the details of the attachments of the mylohyoid muscle to the mandible 
anterior to the hyoid and mylohyoid lines to understand the positional relationship between the sublingual space 
and the mylohyoid, knowledge that is essential for dental implant surgery in the incisal region, as well as the routes 
of communication between the sublingual space and other spaces.

Methods  While evaluating the presence or absence of an anterior mylohyoid muscle fiber attachment to the man-
dible, sublingual gland herniation, spaces between muscle fascicles were also recorded as sites of penetration. The 
mean muscle thickness in each of these areas was also calculated.

Results  In all specimens, the mylohyoid originated not only from the mylohyoid line but also from the lingual surface 
of the center of the mandibular body (the mandibular symphysis) below the mental spines. The mylohyoid muscle 
fascicles were thickest in the posterior region, and further anterior to this, they tended to become thinner. Sublin-
gual gland herniations passing through the mylohyoid were noted in the anterior and central regions, but not in 
the posterior region. Penetration between the muscle fascicles was most common in the central region, and no such 
penetration was evident in the posterior region.

Conclusions  These results suggest that the mylohyoid functions only incompletely as a septum, and that routes 
of communication from the sublingual space to the submandibular space may be present in both the anterior 
and central muscle fascicles of the mylohyoid. Therefore, bleeding complications during dental implant placement 
in the anterior mandible can be serious issues. There is a potential for sublingual hematoma that could compromise 
the airway by pressing the tongue against the soft palate into the pharynx.
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Background
Reported complications associated with dental implant 
surgery in the mandibular incisal region include severe 
bleeding and hematoma in the floor of the oral cavity as 
a result of arterial damage caused by perforation by an 
instrument that has penetrated through the lingual cor-
tical bone of the mandible [1–5]. The bleeding may eas-
ily spread into the loose connective tissue of the floor of 
the oral cavity and cause airway obstruction [6, 7]. The 
sublingual and submental arteries that are the source of 
this bleeding are located in the sublingual space [8, 9]. 
Understanding the anatomical structure of the sublin-
gual space, and, in particular, the mandibular attach-
ments of the mylohyoid muscle that forms the lower 
wall of the sublingual space, is thus extremely impor-
tant for assessing routes of bleeding when an artery is 
damaged.

The mylohyoid muscle usually originates on the 
mylohyoid line and terminates on the hyoid body, 
with the left and right mylohyoids meeting at the 
midline anterior to the hyoid to form the mylohyoid 
raphe [10, 11]. Because the mylohyoid is a flat mus-
cle formed of thick muscle fibers enclosed by a strong 
fascia, it has been described as a septum dividing the 
floor of the mouth into upper and lower parts. This 
septum is known to be robust and to block commu-
nication between the sublingual and submandibu-
lar regions, giving rise to its alternative name of the 
“oral diaphragm” [10]. The sublingual glands found in 
the sublingual space have been reported to herniate 
through the septum formed by the mylohyoid into the 
submandibular space, and it has been suggested that 
this may create a route of communication between 
the sublingual and submandibular spaces, depending 
on the location of the mylohyoid through which the 
submandibular glands have penetrated [12–14]. There 
have been almost no descriptions of the site of attach-
ment to the mandible of the mylohyoid other than on 
the mylohyoid line, and if there is an area between the 
incisal and premolar areas in which there is no attach-
ment between muscle and bone, this could provide a 
route of communication between the upper and lower 
parts of the floor of the mouth.

The objective of the present study was, therefore, to 
investigate the details of the mandibular attachments 
of the mylohyoid muscle anterior to the hyoid and 
mylohyoid lines to understand the positional relation-
ship between the sublingual space and the mylohyoid, 
knowledge that is essential for dental implant surgery 
in the incisal region, as well as the routes of communi-
cation between the sublingual space and other spaces.

Methods
Specimens
The specimens included the mandibles and the sur-
rounding tissue, including the mylohyoid, collected 
from 48 Japanese cadavers in the collection of the 
Department of Anatomy of Tokyo Dental College. The 
tongue was removed, after which the mylohyoid and 
its surrounding tissue, including the sublingual glands, 
were dissected, while the mylohyoid fascia was pre-
served. This study was conducted with the approval of 
the Tokyo Dental College Institutional Review Board 
(IRB No. 11000736, IRB approval No. 781).

Gross morphological observations and measurements 
of mylohyoid attachments and muscle fascicles
Standard photographs were taken for observations of 
the dissected specimens (Fig.  1). The mylohyoid was 
divided into six regions of interest, and the muscle fas-
cicles attaching to the hyoid bone and mylohyoid line 
were defined as posterior, those attaching to the mylohy-
oid line and mylohyoid raphe as central, and those other 
than these as anterior (Fig. 2). While evaluating the pres-
ence or absence of an anterior mylohyoid muscle fiber 
attachment to the mandible, sublingual gland herniation, 
and the herniated area, a light source was also used to 

Fig. 1  Dissection of the mylohyoid muscle, which attaches 
to the hyoid and the mandible. ※: mylohyoid muscle. #: geniohyoid 
muscle (cut). White arrows: alveolar arch. Black arrows: mylohyoid line. 
Black arrowheads: mylohyoid raphe
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ascertain muscle thickness, and spaces between muscle 
fascicles into which no sublingual glands were herniated 
were recorded as sites of penetration. The muscle thick-
ness was also measured at three randomly selected points 
in each region, and the mean thickness of the regions was 
calculated.

Next, to measure the vertical position of the mylohyoid 
line, a line joining the anterior margin of the mylohyoid 
line and the mandibular lingula running parallel to the 

mandibular plane was divided into two equal parts. The 
distance a (mm) from the anterior margin of the mylo-
hyoid line to the mandibular plane (the distance between 
the mylohyoid line and the lower margin of the mandible 
(LMM) at the vertical line of mental foramen (MF): dis-
tance between the mylohyoid line and LMM at the ver-
tical line and LMM at the vertical line of MF (MFMY)) 
and the distance b (mm) from the mylohyoid line to the 
mandibular plane along the vertical line dropped from 
the point halfway along the line joining the anterior mar-
gin of the mylohyoid line and the mandibular lingula (the 
distance between the mylohyoid line at the point halfway 
between the lingula and MF and LMM: distance between 
the mylohyoid line which the half point of the lingula’s 
notch and MF, and LMM (HLMY)) were then measured 
(Fig. 3) [15]. At the same time, c (mm), the vertical dis-
tance from the mandibular plane to the mental spines, 
and d (mm), the distance from the mandibular plane to 
the anterior attachment of the mylohyoid to the mandible 
(mandibular symphysis) were also measured.

Results
Gross morphological observations of mylohyoid 
attachments and muscle fascicles
This investigation of the mandibular attachments of the 
mylohyoid showed that, in all specimens, the mylohy-
oid originated not only from the mylohyoid line, but 
also from the lingual surface of the mandibular sym-
physis below the mental spines (Fig. 4). The terminus of 
the mylohyoid was at the anterior surface of the center 
of the hyoid body or the mylohyoid raphe. The anterior 

Fig. 2  Measurement regions in the mylohyoid. The mylohyoid 
was divided into six regions of interest, and the muscle fascicles 
attaching to the hyoid bone and mylohyoid line were defined 
as posterior (left: E, right: F), those attaching to the mylohyoid line 
and mylohyoid raphe as central (left: C, right: D), and those other 
than these as anterior (left: A, right: B). I: side adjoining the mylohyoid 
line. II: side adjoining the mylohyoid raphe (hyoid bone)

Fig. 3  Locations for the measurement of the vertical positions 
of the mylohyoid attachments. a Distance from the anterior margin 
of the mylohyoid line to the mandibular plane (MFMY) b Vertical 
distance at the midpoint of the distance from the mandibular 
foramen to the anterior margin of the mylohyoid line (HLMY) c 
Distance between the mandibular plane and the mental spines d 
Vertical distance at the mandibular symphysis

Fig. 4  Mylohyoid attachment viewed from below (digastric 
muscle has been cut off at its origin). The mandibular symphysis 
from the mylohyoid line is continuous as the origin of the mylohyoid. 
Two sites of penetration are evident on the left-hand side. a: 
Mylohyoid line. b: Mandibular symphysis. c: Hyoid bone. d: Mylohyoid 
raphe. Yellow arrows: mandibular symphysis. White arrows: sites 
of penetration
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mandibular attachment of the mylohyoid (lingual sur-
face of the mandibular symphysis) and the center of the 
anterior surface of the hyoid body (mandibular symphy-
sis) were connected anteroposteriorly by the mylohyoid 
raphe, and the mylohyoid raphe constituted the inferior-
most line of the mylohyoid (Fig. 5). The posterior muscle 
fascicles of the mylohyoid ran posteroinferiorly from the 
bilateral mylohyoid lines and terminated at the anterior 
surface of the hyoid body on the same side. The central 
muscle fascicles of the mylohyoid originated from ante-
rior of the mylohyoid line and terminated at the mylo-
hyoid raphe, and the anterior muscle fascicles originated 
from the anterior mandibular attachment (mandibular 
symphysis, the lingual surface of the center of the man-
dibular body), after which they terminated at the mylohy-
oid raphe. In 50.0% of cases (48/96), continuity between 
the anterior and central muscle fascicles was lost, and 
there was a region between the anterior margin of the 
mylohyoid line and the anterior mandibular attachment 
(mandibular symphysis) in which there was no mylo-
hyoid attachment (Fig.  6). In all cases, the presence or 
absence of continuity between the anterior and central 
muscle fascicles was bilaterally symmetrical.

Mylohyoid thickness measurements
Overall, the mylohyoid muscle fibers formed a broad 
sheet, but its thickness was greatest in the posterior area 
and decreased further anteriorly, until, in the anterior 
part, it was less than 1-mm thick (Table 1). In both the 

Fig. 5  Positional relationship between the mylohyoid raphe and the hyoid bone. (Left: normal type. Right: herniated type) The left and right 
mylohyoids form an inverted-roof shape with the mylohyoid raphe at its crest. The mylohyoid, which attaches from the mandibular symphysis 
and the mylohyoid line to the mylohyoid raphe and the hyoid bone, consists of muscle fascicles regularly arrayed to form a sheet, and it divides 
the sublingual and submandibular spaces from each other.

Fig. 6  Mylohyoid attachment site viewed from below in which 
the mylohyoid line and the mandibular symphysis are not continuous 
(digastric muscle has been cut off at its origin). White arrows: regions 
in which there is no attachment between muscle and bone
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central and posterior regions, it was thickest in the area 
adjoining the mylohyoid line, and it tended to become 
thinner as it approached the hyoid bone or the mylohyoid 
raphe (Fig.  7). The fascia of the mylohyoid was present 
and enclosed the mylohyoid muscle at every point, but it 
was extremely thin. Sublingual gland herniation penetrat-
ing the mylohyoid was present in 23.0% of cases (22/96), 
of which herniation in the anterior part was present in 
54.5% of the total cases of sublingual gland herniation 
(12/22: 6 right and 6 left), and herniation in the central 
part was present in 45.5% of the total cases (10/22: 6 right 
and 4 left), whereas there was no sublingual gland her-
niation in the posterior part. Sites of penetration other 
than these were evident in 57.3% of cases (55/96), with 
penetration most commonly seen in the central part and 
not present at all in the posterior part. Most of the sites 
of penetration were at places, where the muscle fascicles 
were loose between muscle fibers, and consisted solely of 
loose connective tissue.

Measurements of the vertical distance 
from the mandibular plane to the origin
In measurements of the vertical distance from the man-
dibular plane to the mylohyoid line and the anterior man-
dibular attachment (lingual surface of the mandibular 
symphysis), a (MFMY) was 11.5 ± 2.0 mm, and b (HLMY) 
was 14.4 ± 2.0  mm (Table  1). For the other distances 
measured, c (the distance from the mental spines to the 
mandibular plane) was 14.4 ± 2.0 mm, and d (the distance 
from the mandibular symphysis to the mandibular plane) 
was 5.5 ± 1.6 mm (Table 2).

Table 1  Thickness (mm) of mylohyoid in each region, superior–inferior penetration, and sublingual gland invagination (n = 96)

Region A B C D E F

C I C II D I D II E I E II F I F II

Length (mm) 0.67 0.74 1.59 0.94 1.81 1.03 2.45 1.29 2.50 1.44

SD (mm) 0.27 0.27 0.33 0.65 0.65 0.37 0.67 0.41 0.78 0.51

Sublingual gland 
invagination

6 6 4 6 0 0

Penetration 9 11 15 20 0 0

Fig. 7  Areas where muscle fibers of mylohyoid are loose (where the light shines through). Left: no penetration. Right: penetration. The anterior part 
of the mylohyoid is thin, but further posteriorly (to the hyoid bone) it becomes thicker. It is also thinner nearer the mylohyoid raphe, and thicker 
nearer the mylohyoid line. Black arrow: site of penetration. White arrow: gap between muscle fascicles

Table 2  Measurements of the vertical position of the mylohyoid 
attachment in each region (n = 96)

a b c d

Length (mm) 11.52 14.51 14.40 5.52

SD (mm) 2.12 2.05 1.95 1.60
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Discussion
It is well-known that the mylohyoid originates from the 
mylohyoid line, and this is what is stated in all textbooks. 
Although Gray’s Anatomy describes the anterior man-
dibular attachment below the mental spines as located 
at the “symphysis menti,” [16], and Zdilla et  al.’s paper 
also describes this site as the “mandibular symphysis” 
[17], these are very minor mentions in comparison with 
the mylohyoid line. In the present study, the mandibular 
symphysis was the origin of the anterior mylohyoid mus-
cle fascicles in all specimens. The mandibular symphysis 
also played the role of the anterior attachment point of 
the mylohyoid raphe, and it was connected to the poste-
rior hyoid by the mylohyoid raphe. This showed that the 
mandibular symphysis thus plays an important role as 
the location of the anterior mylohyoid attachment to the 
mandible. However, the anterior muscle fascicles of the 
mylohyoid were generally very thin, and their attachment 
tended to be weak.

The present results showed that, in about half of mylo-
hyoids, the mylohyoid line was not continuous with the 
mandibular symphysis, and that, in the anterior part, 
there was bilateral communication between the sub-
lingual and submandibular spaces. Whereas sublingual 
gland herniation was apparent in 23.0% of all cases, 
superior–inferior penetration caused by loose muscle 
fascicles was present in 57.3%. The mean thickness of 
the central muscle fascicles adjacent to the mylohyoid 
raphe was less than 1.0 mm, whereas in the vicinity of the 
mylohyoid line, it was approximately 1.7 mm, and there 
was a tendency for it to be thinner closer to the midline, 
but there was no evidence at all of a split in the mylohy-
oid raphe itself. Penetration was most commonly seen 
in the central muscle fascicles, being present in 36.4% 
when both sides were included. From the above results, 
it should be considered that there are numerous routes of 
superior–inferior communication between the sublingual 
and submandibular spaces. The present study suggested 
that the mylohyoid functions only weakly as a septum on 
the lingual side of the premolar region, and that it may be 
a vertical route of communication, particularly for bleed-
ing or infection in the sublingual area.

In contrast, the posterior muscle fascicles formed a 
thick sheet in the vicinity of both the origin and the ter-
minus, with no evidence at all of superior–inferior pen-
etration. The posterior fascicles preserve their thickness 
up to the posterior margin of the mylohyoid, and further 
posterior to this posterior margin there was complete 
communication between the sublingual and submandibu-
lar spaces via loose connective tissue. In some cases, the 
mylohyoid raphe was clearly visible as tendinous tissue, 
whereas in others, it was apparent as the union of the left 
and right mylohyoids, but in all specimens, the mylohyoid 

raphe was always continuous from the mandibular sym-
physis to the hyoid. The fasciae covering the mylohyoid 
were generally thin, and at sites where the muscle fascicles 
were disrupted the submandibular and sublingual spaces 
were separated only by loose connective tissue. The mylo-
hyoid muscle fascicles can be broadly divided into those 
that terminate at the hyoid and those that terminate at the 
mylohyoid raphe, and this structure means that a gap can 
readily appear at the boundary between these two types 
of muscle fascicles. In addition, the sublingual glands are 
often herniated within this gap. This means that sublin-
gual gland herniation and perforation are frequent in the 
central part of the muscle even at sites, where the mus-
cle fascicles are thick. The mylohyoid is also known as the 
“oral diaphragm,” and it is generally considered to provide 
a complete division between the sublingual and subman-
dibular areas above and below. However, what supports 
its role as a septum is its attachments to the mandible 
and the hyoid. The above results suggest that, despite the 
fact that the mylohyoid functions only weakly as a sep-
tum, and that routes of communication may be present 
between the sublingual and submandibular spaces in both 
its anterior and central parts.

The most frequent complications of implant surgery 
are infection, implant rejection, implant migration and 
implant fracture [18–20]. As is known, dental implant 
migration into the maxillary sinus is a complication 
sometimes encountered in implant treatment [21, 22]. 
In addition, Cariati et al. reported a very rare case of dis-
placement of a normally placed implant body into the 
sublingual space [22]. The authors suggested that the 
implant displacement was caused by the resorption of the 
internal jaw cortical. The reason for this is that during the 
first surgery the implant was severely medially inserted. 
Consequently, the lack of primary implant stability is the 
major cause of this complication. If the implant strays 
into the sublingual space, antibiotics must be adminis-
tered to prevent Ludwig’s angina and the implant must be 
removed promptly in the operating room. Furthermore, 
Choi et  al. reported that post-oral surgery sublingual 
hematoma leading to life-threatening airway obstruction 
requires immediate recognition and prompt manage-
ment [23]. Most dental implant specialists are alert to the 
possibility of perforation of the lingual-side cortical bone 
by the implant as an accidental complication during oral 
implant insertion in the area from the mandibular incisal 
region to the premolar region [9, 24–27]. In a cadaver 
study, Fujita et al. also suggested that because the sublin-
gual and submental arteries run through the sublingual 
space, if an implant perforates the lingual-side corti-
cal bone, it may blindly damage these arteries and cause 
arterial bleeding, which may result in airway obstruction 
or other fatal complications [8]. Therefore, we reaffirmed 
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the importance of carefully confirming the placement 
direction using a surgical guide when performing implant 
placement in the mandibular anterior region.

Conclusions
It is clear that although the mylohyoid muscle demarcates 
the sublingual and submandibular spaces as compart-
ments, it does not play a role in preventing the down-
ward movement of blood and pus according to gravity. 
In particular, there is a high probability of a fissure in the 
anterior and middle part of the mylohyoid muscle and a 
communication routes at the discontinuity between the 
mylohyoid muscle line and the mandibular symphysis. 
Therefore, it should be understood that injury to the sub-
lingual or submental arteries in the sublingual space asso-
ciated with implant placement surgery can result in rapid 
blood flow from the submandibular space to the lateral 
pharyngeal space and pretracheal space. In addition, cases 
of implant bodies displaced into the sublingual space due 
to resorption of lingual cortical bone have been reported, 
suggesting that bone resorption should be considered 
when placing implants in the vicinity of lingual cortical 
bone during oral implant insertion in the area from the 
mandibular incisal region to the premolar region.

Abbreviations
LMM	� The lower margin of the mandible
MF	� Mental foramen
MFMY	� Distance between the mylohyoid line and LMM at the vertical line of 

MF
HLMY	� Distance between the mylohyoid line which the half point of the lin-

gula’s notch and MF and LMM

Acknowledgements
The authors would like to thank Masaaki Kasahara and Kei Kitamura of Tokyo 
Dental College for their technical support.

Author contributions
TN, SM, RS, and SA conceived and designed the present ideas and study. TN, 
SM, and NK developed the theory. TN, SM, RS, and KS collected and analyzed 
all data. TN, SM, RS, and SM led the writing. All authors discussed the results 
and contributed to the final manuscript. All authors read and approved the 
final manuscript.

Funding
This study was supported by a research grant under the Private University 
Research Branding Project from the Ministry of Education, Culture, Sports, 
Science, and Technology of Japan (2018, 2021) and Grants-in-Aid for Scientific 
Research (Basic Research (C): 18K09643, 21K09961).

Availability of data and materials
The data sets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Tokyo Dental College 
(approval number 783) and the Research Ethics Committee of the University 
of Tokyo Graduate School of Medicine and School of Medicine (approval 
number 11764).

Consent for publication
Not applicable.

Competing interests
Taku Noguchi, Sumiharu Morita, Ryu Suzuki, Satoru Matsunaga, Hidetomo 
Hirouchi, Norio Kasahara, Keisuke Sugahara and Shinichi Abe declare that they 
have no competing interests.

Author details
1 Department of Anatomy, Tokyo Dental College, 2‑9‑18 Kandamisaki‑cho, 
Chiyoda‑ku, Tokyo 101‑0061, Japan. 2 Oral Health Science Center, Tokyo Dental 
College, 2‑9‑18 Kandamisaki‑cho, Chiyoda‑ku, Tokyo 101‑0061, Japan. 3 Depart-
ment of Histology & Developmental Biology, Tokyo Dental College, 2‑9‑18 
Kandamisaki‑cho, Chiyoda‑ku, Tokyo 101‑0061, Japan. 4 Department of Oral 
Pathobiological Science and Surgery, Tokyo Dental College, 2‑9‑18 Kandami-
saki‑cho, Chiyoda‑ku, Tokyo 101‑0061, Japan. 

Received: 28 August 2023   Accepted: 5 November 2023

References
	1.	 Mordenfeld A, Andersson L, Bergstrom B. Hemorrhage in the floor of the 

mouth during implant placement in the edentulous mandible: a case 
report. Int J Oral Maxillofac Implants. 1997;12(4):558–61.

	2.	 Flanagan D. Important arterial supply of the mandible, control of an arte-
rial hemorrhage, and report of a hemorrhagic incident. J Oral Implantol. 
2003;29(4):165–73. https://​doi.​org/​10.​1563/​1548-​1336(2003)​029%​3c0165:​
IASOTM%​3e2.3.​CO;2.

	3.	 Boyes-Varley JG, Lownie JF. Haematoma of the floor of the mouth follow-
ing implant placement. SADJ. 2002;57(2):64–5.

	4.	 Isaacson TJ. Sublingual hematoma formation during immediate 
placement of mandibular endosseous implants. J Am Dent Assoc. 
2004;135(2):168–72. https://​doi.​org/​10.​14219/​jada.​archi​ve.​2004.​0148.

	5.	 Ten Bruggenkate CM, Krekeler G, Kraaijenhagen HA, Foitzik C, Oosterbeek 
HS. Hemorrhage of the floor of the mouth resulting from lingual perfora-
tion during implant placement: a clinical report. Int J Oral Maxillofac 
Implants. 1993;8(3):329–34.

	6.	 Niamtu J III. Near-fatal airway obstruction after routine implant place-
ment. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2001;92(6):597–
600. https://​doi.​org/​10.​1067/​moe.​2001.​116503.

	7.	 Givol N, Chaushu G, Halamish-Shani T, Taicher S. Emergency tracheos-
tomy following life-threatening hemorrhage in the floor of the mouth 
during immediate implant placement in the mandibular canine region. 
J Periodontol. 2000;71:1893–5. https://​doi.​org/​10.​1902/​jop.​2000.​71.​12.​
1893.

	8.	 Fujita S, Ide Y, Abe S. Variations of vascular distribution in the mandibular 
anterior lingual region: a high risk of vascular injury during implant sur-
gery. Implant Dent. 2012;21(4):259–64. https://​doi.​org/​10.​1097/​ID.​0b013​
e3182​5cbb7d.

	9.	 Katsumi Y, Takagi R, Ohshima H. The Occurrence rate and diameter of 
arteries traveling near the mandible and an assessment of the rela-
tive hemorrhage risk in implant surgery. Clin Implant Dent Relat Res. 
2016;18:1023–33. https://​doi.​org/​10.​1111/​cid.​12365.

	10.	 Vidić B, Melloni BJ. Applied anatomy of the oral cavity and elated struc-
tures. Otolaryngol Clin North Am. 1979;12(1):3–14.

	11.	 Williams PL, Warwick R, Dyson M, Bannister LH. Gray’s Anatomy. 37th ed. 
New York: Churchill Livingstone; 1989. p. 584.

	12.	 Nathan H, Luchansky E. Sublingual gland herniation through the mylohy-
oid muscle. Oral Surg Oral Med Oral Pathol. 1985;59(1):21–3. https://​doi.​
org/​10.​1016/​0030-​4220(85)​90109-4.

	13.	 Engel JD, Harn SD, Cohen DM. Mylohyoid herniation: gross and histologic 
evaluation with clinical correlation. Oral Surg Oral Med Oral Pathol. 
1987;63(1):55–9. https://​doi.​org/​10.​1016/​0030-​4220(87)​90340-9.

	14.	 Yang HC, Kim SY, Kim SK, Oh CS, Chung IH, Nam KI. A cadaveric study on 
mylohyoid herniation of the sublingual gland. Eur Arch Otorhinolaryngol. 
2016;273(12):4413–6. https://​doi.​org/​10.​1007/​s00405-​016-​4095-1.

	15.	 Aoki C, Nara T, Kageyama I. Relative position of the mylohyoid line 
on dentulous and edentulous mandibles. Okajimas Folia Anat Jpn. 
2011;87(4):171–6.

https://doi.org/10.1563/1548-1336(2003)029%3c0165:IASOTM%3e2.3.CO;2
https://doi.org/10.1563/1548-1336(2003)029%3c0165:IASOTM%3e2.3.CO;2
https://doi.org/10.14219/jada.archive.2004.0148
https://doi.org/10.1067/moe.2001.116503
https://doi.org/10.1902/jop.2000.71.12.1893
https://doi.org/10.1902/jop.2000.71.12.1893
https://doi.org/10.1097/ID.0b013e31825cbb7d
https://doi.org/10.1097/ID.0b013e31825cbb7d
https://doi.org/10.1111/cid.12365
https://doi.org/10.1016/0030-4220(85)90109-4
https://doi.org/10.1016/0030-4220(85)90109-4
https://doi.org/10.1016/0030-4220(87)90340-9
https://doi.org/10.1007/s00405-016-4095-1


Page 8 of 8Noguchi et al. International Journal of Implant Dentistry            (2023) 9:49 

	16.	 Standring S. Gray’s anatomy: the anatomical basis of clinical practice. 
40th ed. New York: Churchill-Livingston/Elsevier; 2008. p. p600.

	17.	 Zdilla MJ, Mangus KR, Swearingen JV, Miller KD, Lambert HW. The sub-
mental arrowhead variation of the mylohyoid and anterior belly of the 
digastric muscles. Surg Radiol Anat. 2018;40(12):1429–36. https://​doi.​org/​
10.​1007/​s00276-​018-​2110-5.

	18.	 Nogami S, Yamauchi K, Tanuma Y, Odashima K, Matsui A, Tanaka K. 
Removal of dental implant displaced into maxillary sinus by combina-
tion of endoscopically assisted and bone repositioning techniques: 
a case report. J Med Case Rep. 2016;10:1. https://​doi.​org/​10.​1186/​
s13256-​015-​0787-1.

	19.	 Duarte PM, Serrão CR, Miranda TS, Zanatta LC, Bastos MF, Faveri M. Could 
cytokine levels in the peri-implant crevicular fluid be used to distinguish 
between healthy implants and implants with peri-implantitis? A system-
atic review. J Periodontal Res. 2016;51(6):689–98. https://​doi.​org/​10.​1111/​
jre.​12354.

	20.	 Yamashita Y, Iwai T, Hirota M, Omura S, Aoki N, Tohnai I. Removal of 
migrated dental implants from maxillary sinus 4 years 10 months after 
implant placement. Oral Maxillofac Surg. 2015;19:315–9.

	21.	 Ding X, Wang Q, Guo X, Yu Y. Displacement of a dental implant into the 
maxillary sinus after internal sinus floor elevation: report of a case and 
review of literature. Int J Clin Exp Med. 2015;8:4826–36.

	22.	 Cariati P, Fernández-Solís J, Marín-Fernández AB, Valencia-Laseca A, 
Monsalve-Iglesias F. Accidental displacement of a dental implant into 
the sublingual space: a case report. J Clin Exp Dent. 2016;8(4):e459–61. 
https://​doi.​org/​10.​4317/​jced.​52994.

	23.	 Choi BK, Lee SS, Yun IS, Yang EJ. Vascular anatomy for the prevention of 
sublingual hematomas: life-threatening complication of genioplasty. J 
Craniofac Surg. 2023;34(3):1308–11. https://​doi.​org/​10.​1097/​SCS.​00000​
00000​009104.

	24.	 Chaar MS, Naguib AA, Alsamad AMA, Ahmed DF, Nabi NA, Kern M. 
Vascular and neurosensory evaluation in relation to lingual canal 
anatomy after mandibular midline implant installation in edentulous 
patients. Clin Oral Investig. 2022;26(3):3311–23. https://​doi.​org/​10.​1007/​
s00784-​021-​04312-w.

	25.	 Del Castillo-Pardo de Vera JL, López-Arcas Calleja JM, Burgueño-García 
M. Hematoma of the floor of the mouth and airway obstruction during 
mandibular dental implant placement: a case report. Oral Maxillofac Surg. 
2008;12(4):223–6. doi: https://​doi.​org/​10.​1007/​s10006-​008-​0134-4.

	26.	 Wright RA, Bidra AS, Kuo CL. An analysis of anterior mandibular anatomy 
by using cone beam computed tomography: a study of 225 mandibular 
images. J Prosthet Dent. 2020;123(4):595–601. https://​doi.​org/​10.​1016/j.​
prosd​ent.​2019.​06.​025.

	27.	 Kinoshita H, Nagahata M, Takano N, Takemoto S, Matsunaga S, Abe S, 
Yoshinari M, Kawada E. Development of a drilling simulator for dental 
implant surgery. J Dent Educ. 2016;80(1):83–90.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s00276-018-2110-5
https://doi.org/10.1007/s00276-018-2110-5
https://doi.org/10.1186/s13256-015-0787-1
https://doi.org/10.1186/s13256-015-0787-1
https://doi.org/10.1111/jre.12354
https://doi.org/10.1111/jre.12354
https://doi.org/10.4317/jced.52994
https://doi.org/10.1097/SCS.0000000000009104
https://doi.org/10.1097/SCS.0000000000009104
https://doi.org/10.1007/s00784-021-04312-w
https://doi.org/10.1007/s00784-021-04312-w
https://doi.org/10.1007/s10006-008-0134-4
https://doi.org/10.1016/j.prosdent.2019.06.025
https://doi.org/10.1016/j.prosdent.2019.06.025

	Structural analysis of€the€mylohyoid muscle as€a€septum dividing the€floor of€the€oral cavity for€the€purposes of€dental implant surgery: variety of€muscle attachment positions and€ranges of€distribution
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Specimens
	Gross morphological observations and€measurements of€mylohyoid attachments and€muscle fascicles

	Results
	Gross morphological observations of€mylohyoid attachments and€muscle fascicles
	Mylohyoid thickness measurements
	Measurements of€the€vertical distance from€the€mandibular plane to€the€origin

	Discussion
	Conclusions
	Acknowledgements
	References


