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Abstract

Background: The suitability of micro-computed tomography (CT) for soft tissue applications has
been well documented. Although the application of micro-CT to the three dimensional (3D) struc-
ture of the tongue muscle has been reported, a 3D rendering and/or a schematic view of the ton-
gue muscle has yet to be published. Material and Method: First, muse tongues were fixed and de-
calcified, and then the vertical muscle (Ve), the transverse muscle (Tr), and/or the genioglossus
muscle of the mouse tongue (Ge) were analyzed using micro-CT and are shown in this report in
rendered images and pattern diagrams. Results: 1) The Tr is classified into three parts: the first
part extends from the middle to the apical part of the tongue; the second part is strongly connected
to the superior longitudinal muscles of the tongue (Lo); the third part fans out from the middle to
the root of the tongue. 2) The Ve is classified into two main groups: the first group joins the dorsal
and the lateral parts of the tongue; the second group joins the dorsal part and the floor of the ton-
gue. 3) Ge is classified into four parts: three parts comprise the Ge apical and middle parts of the
tongue, with one part in the inferior longitudinal muscles of the tongue, one joining the lingual
septum of the tongue (LS), and the other joining the sub-surface of the dorsal part of the Lo. The
remaining Ge exits in a fan-like manner through the root of the tongue and then joins the Tr.
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1. Introduction

The anatomical structure of the tongue is well known. In fact, anatomical and histological studies of the tongue
were conducted as early as the second century [1], and many reports about the tongue survive to the present [2]
[3]. Despite a long period of limited interest in the tongue, recent morphological studies of human [4] and ani-
mal tongues [5]-[8] have focused on their function. Studies of tongue function in animals such as the chameleon
and the toad [9]-[12] are examples. In particular, many physiological and anatomical studies [13]-[15] have also
focused on the function of the tongue in actions such as speaking, swallowing, and eating. A previous study on
the structural details of the tongue muscle focused on tongue muscle innervation [16]. It was interesting that the
above-mentioned paper did not include detailed information about the structure of the tongue despite the need
for a physiological study of this aspect. The main reason could be that no new observational methods have been
developed that are suitable for studying the complex structure of the tongue. No previous study has considered
that 3D observations have greater amounts of morphological information than two dimensional (2D) images
[17]-[19]. Recent 3D morphological studies of the tongue muscles were accomplished primarily using ma-
cro-anatomical [4] [20]-[22], histological [1] [6], CT [23], MRI [13] [24] [25], and ultrasound methods [26].
However, most of these methods do not display histological resolution. However, Aoyagi et al. showed the ap-
propriateness of observations made using micro-CT [19], although he did not provide 3D images of individual
tongue muscles. By contrast, reptilian tongues, such as that of the chameleon, have been successfully illustrated
[5]. Rendered images similar to those shown in [27], in addition to illustrations, provide an improved depiction
of the tongue structure. Recently, Aoyagi [28] showed images of mouse tongue muscles, such as the superior
longitudinal muscle of the tongue (sLo), the hyoglossus muscle of the tongue (Hyo), the inferior longitudinal
muscle of the tongue (iLo), and the styloglossus muscle of the tongue (Sty), which were processed by rendering
methods, but a complete image of the tongue was not included. The aim of the present study was to fill this gap
in the images of the tongue muscles by providing information about the transverse muscle of the tongue (Tr), the
vertical muscle of the tongue (Ve), and the genioglossus muscle of the tongue (Ge).

2. Materials and Methods
Animals and Experimental Procedures

The animal experiments were performed in accordance with the guidelines for animal experiments at Nippon
Dental University’s School of Life Dentistry at Niigata. Four 3-month-old male mice (Slc:ddY, Hamamatsu,
Japan, average weight 45 g) were used in this study. They were killed using an intraperitoneal overdose of so-
dium pentobarbital (200 mg/kg body weight). The head portions with tongues were fixed in 4% formaldehyde
for one week at room temperature. The tongues were then separated from the heads and decalcified in decalci-
fying solution A (Plank-Rychlo; Wako, Osaka, Japan). After alcohol dehydration, T-butyl alcohol substitution
was performed. The tongues were then freeze-dried in a freeze dryer (ES-2030; Hitachi, Hitachi, Japan).

The image-processing specimens were scanned using a micro-CT system (SMX-100CTSV, Shimadzu, Kyoto,
Japan) as follows: X-ray source 22 kv, 57 mA, pixel size 512, 512, source to object distance (SOD) 37.6 mm,
source to image-receptor distance (SID) 179.7 mm (Figure 1(A), 5); X-ray source 22 kv, 83 mA, pixel size 512,
512, SOD 13.3 mm, SID 216.3 mm (Figure 1(B), Figure 1(C), 2, 3); and X-ray source 22 kv, 56 mA, pixel size
512, 512, SOD 17.5 mm, SID 179.8 mm (Figure 1(D), 4). The micro-CT images were then reconstructed using
3D structural analysis software (MPR, Shimadzu, Kyoto, Japan and TRI/3D BON and FCS4D/VOLyvie, Ratoc
System Engineering, Tokyo, Japan).

In the process of image rendering, most images were made manually, focusing on consecutive muscle fibers
(fascicles) in the 3D structure and then grouping each muscle in the tongue. Rendering the images of tongue
muscles, such as sLo, iLo, Hyo, and Sty, which are processed automatically, is beyond the focus of this study.

3. Results
3.1. Extraction of the Image Object

The tongue muscles and their surrounding tissues were recorded using micro-CT and the Aoyagi method [19].
Two types of observations were performed: high magnification of the muscle fascicle images (Figures 1-3) and
low magnification of the pattern diagram (Figure 4) of the entire tongue image. This study focused on the
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Figure 1. Apical part of the tongue using micro-CT. Deep green, sLoG; green, iLoG; red, Ve; blue, Tr; Ge, yellow; pink,

mMS. Stereo pairs of images; Bar: 10 m. (A) tongue image of micro-CT before image processing; (B;) apical side cut face

and (B,) middle side cut face in (A) after image processing; (C) surgical cut image in (B); (D) horizontal cut image in (B); (E)
bottom view of mMMS and cTr; (F) bottom view of Tr and Ve. (G) frontal view of parts of Ve and Tr; (H) frontal view of part

of Ve; (1) bottom view of Tr; (J) upper view of iLoG; (K) Surgical cut image in (J).

muscle fascicles of the genioglossus muscle of the tongue (Ge, yellow), the vertical muscle of the tongue (Ve,
red), and/or the transverse muscle of the tongue (Tr, green). Tr, Ve, and Ge were extracted from the micro-CT
data and then marked with the appropriate color on the raw micro-CT images (Figures 1-3). They were then
shown as pattern diagrams of the tongue muscle with other muscles (Figure 4). Other tongue muscles (other
than Tr, Ve, and Ge) were displayed according to Aoyagi [28]; the superior longitudinal muscle of the tongue
(sLo) and the hyoglossus muscle of the tongue (Hyo) were considered to make a muscle set in the sLo group
(sLoG, deep green). Similarly, the inferior longitudinal muscle of the tongue (iLo) and the styloglossus muscle
of the tongue (Sty) were considered to make a muscle set in the iLo group (iLoG, deep green). Muscle bundles
exist under the median sulcus of the tongue (MS), shown as mMS (pink). Above these muscles, the hyoid bone
(HB, white) was also extracted from the micro-CT data and marked with the appropriate color on the raw mi-
cro-CT images (Figures 1-3). In conjunction with the Tr (cTr, aqua), an unknown structure (mentioned later)
was also painted in the micro-CT images. Another unknown structure (also mentioned later) appeared in con-
junction with the circumvallate. It was named cCP (pink) and painted in micro-CT images. In this research, the
epithelial images, vessels and the nerves were cropped by image processing. In several cases, stereo pairs of the
reconstructed images were used to clarify the real 3D images.

3.2. Observations of the Apical Part of the Tongue

Using micro-CT, the apical part of the tongue (Figure 4(A), as positioned) was shown as a macro gross image
(Figure 1(A)). The cut face of the tongue structure indicated that it was constructed from the muscle fascicles.
Tr (green), Ve (red), Ge (yellow), sLoG (dark green), iLoG (brown), mMS (pink), and cTr (aqua) were identi-
fied and painted. Two frontal cuts of the tongue were made: the left cut was near the apical side; and the right
cut was on the middle side of the tongue (Figure 1(B,), Figure 1(B,)). A surgical cut and a horizontal cut were
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Figure 2. Middle part of the tongue using micro-CT after image processing. Deep green, sLoG; green, iLoG; red, Ve; blue,
Tr; yellow, Ge; pink, mMS. Stereo pairs of images. Bar: 10 um. (A) tongue image of micro-CT after image processing with
epithelium; (B) surgical cut image of (A); (C) bottom view of mMS and cTr; (D) lateral view of Tr and Ve; (E) same view of
Ve in (D); (F) same view of Tr in (D); (G) front diagonal view of units Tr and Ve. (H) lateral view of part of iLoG and part
of Ge; (I) front view of (H); (J) lateral view of Ge; (K) back view of (H); (L) same image as in (K) showing other muscles.

made near the lingual septum (LS) of the tongue (Figure 1(C), Figure 1(D)). The local relation of Tr and Ve in
the tongue was clearly recognizable, as shown in Figures 1(B)-(D). The structure of cTr (aqua), which was pre-
viously unnamed, was named in this study (Abbreviations). It bordered Tr (Figure 1(B,)) or was near Tr
(Figure 1(B,)). Consequently, cTr and Tr at the apex side joined at the middle part of the tongue. These rela-
tionships are shown in the pattern diagrams in Figure 4(B). Because the structure and function of cTr were sim-
ilar to Tr, it had been considered the same as Tr. In order to clarify the relation between cTr and Tr, the upper
part of the tongue that contained cTr, mMT, and/or sLoG was separated by the image analyzer and viewed from
the bottom side. The view showed that cTr had a joint function between both sides of sLoG. mMT (pink) was
viewed weakly under the cTr (Figure 1(E)). When the relations between Tr and Ve were viewed separately
from the bottom side, the stratified formation of Tr and Ve was clearly recognizable (Figure 1(F)). Part of the
stratified units of Ve and Tr was viewed from the upper-frontal position (Figure 1(G)). Ve (Figure 1(H)) and Tr
(Figure 1(I)) were viewed alone. The relation between Tr and Ve was well shown in the image, and two types
of Ve muscle fascicles were recognized. Two patterns of Ve fascicles were grouped. One was near the corner of
the tongue (Figure 1(G), Figure 1(H) arrow), running from the dorsal part laterally; the other one was near the
center of the tongue (Figure 1(G), Figure 1(H) arrow head), running from the dorsal part to the base. The shape
of the Tr unit was similar to a fan and spread from the LS. However, they were not on the same plane, and they
continuously slipped from each other from the apical to the middle parts of the tongue (Figure 1(1)). These rela-
tions are shown in the pattern diagrams provided in Figure 4(A). The floor part of the tongue mainly contained
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Figure 3. Root part of the tongue using micro-CT. Deep green, sLoG; green, iLoG; red, Ve; blue, Tr; yellow, Ge; pink,
mMS. Stereo pairs of images. Bar: 10 um. (A) tongue picture of micro-CT after image processing; (B) surgical cut image of
(A); (C) horizontal view of (A); (D) bottom view of (A) after Ge removal; (E) top view of Tr; (F) lateral view of (E); (G)
back bottom image focused on Ve; (H) lateral view of (A) after removal of iLoG and sLoG; (I) same view of Ge in (H) (J)
front view of unit Tr and Ge in a raw image, a:Ge, b:Tr; (K) semi-surgical cut image of tongue; (L) cut face of red back line
in (K); (L) cut face of red line in (K).(G) back bottom image focused on Ve; (H) lateral view of (A) after removal of iLoG
and sLoG; (1) same view of Ge in (H); (J) front view of unit Tr and Ge in a raw image, a:Ge, b:Tr; (K) semi-surgical cut im-
age of tongue; (L) cut face of red back line in (K); (L) cut face of red line in (K).

Ge and iLoG (Figure 1(J), Figure 1(K)). The part of the Ge inside the iLoG is shown in Figure 1(K). The
iLoG was composed of two structures: one structure consisted of the muscle fascicles that run parallel to the
long axis of the tongue (Figure 1(J), broken red line); the other one runs around Ge and is oblique to the long
axis of the tongue, connecting to the LS (Figure 1(J), broken black line).

3.3. Observation of the Middle Part of the Tongue

The middle part of the tongue (Figure 4(A), as positioned) was analyzed in the same way as the apical part. It
was also revealed by a frontal cut, which added epithelium and the intermolar eminence (IE) [29] (Figure 2(A)),
and by a surgical cut (Figure 2(B)). It was found that Ge (yellow) had three types of muscle fascicles (Figure
2(B), “‘mark): one fascicle was in the iLoG (green); one fascicle was connected to Tr (blue) or LS(blue); and the
remaining fascicle was connected to the iLoG, or it ran under the IE. The broad-based area of Ge (Figure 2(B),
Ge mark), which was connected to three types of Ge and is seen as a form outside the tongue body, had only a
Ge component. Therefore, the rendering of the Ge muscle fascicle in this area was done automatically, not ma-
nually. The image showed that the amount of Ge muscle outside the tongue body was greater than the other
three types of Ge. Hence, in this study, the quantities of information about the muscle fascicles were uncertain.
It was also found that cTr (aqua) diminished as it moved to the root side of the tongue. This observation is
shown in Figure 2(C) and in Figure 1(D). The size of the cTr was reduced, and it mixed with the Tr and/or the
LS as it reached the root side. The separate views in the images of Tr and Ve show the lateral view (Figure
2(D)), the frontal view of Tr alone (Figure 2(E)), the same frontal view of Ve alone (Figure 2(F)), and the
frontal view of Tr and Ve in one unit (Figure 2(G)). These relationships were almost the same as in the apical
part of the tongue, except Ge. Two types of muscle fascicles in the Ve (Figure 2(G), arrow and arrowhead)
were also found to be partly the same as the apical part of the tongue, but the Ve on the center side diminished
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| Apical part ! | Middle part | Root part Ji
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Figure 4. Diagram of the muscles in the tongue focused on Tr, Ve, and Ge. Blue, Tr; Ve, red; yellow, Ge; aqua, cTr; pink,
mMS; a sLoG; g, iLoG; y, Gl; 6, HB; (A) horizontal image of symbolized muscles, (B) lateral image of symbolized muscles
(C)-(F); cut face images of symbolized muscles shown by the arrows in (C)-(F).

as it moved to the root side. Ge (yellow) and iLoG (green) were separated from the other tongue muscles, but
the latter was an appendix. It is shown in a lateral view (Figure 2(H)) and a frontal view (Figure 2(1)). Part of
iLoG connected with the LS as shown by the broken black line in Figure 1(J). In the same manner as iLoG, part
of the Ge ran into the LS area and changed roles from iLoG to Ge (Figure 2(H), Figure 2(1) arrow). The frontal
view of Ge alone clarified the relation of the third type of Ge (Figure 2(J), "mark). Part of the Ge ran laterally in
the frontal view of Ge (Figure 2(K), arrowhead), which occurred in a mixed muscle scramble (Figure 2(L)).

3.4. Observation of the Root Part of the Tongue

The root part of the tongue (Figure 4(A), as positioned) was analyzed in the same manner as the apical part. The
surgical cut and the horizontal cut are shown as the colored images in Figure 3(A)-(C). It was found that Ge
(yellow) spread in a fan-like structure and ran into the Tr (blue), stopping at sLoG (dark green) and/or the glan-
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dular tissue (GI; brown). In the other tissue, the Ge was manually selected. However, some muscle fascicles in
Ge were difficult to identify as Ge because it was uncertain that the Ge fascicle continued from the base area. In
this case, Ge that could not be identified was ignored. Consequently, the actual amounts of Ge in the other tis-
sues were low, but the distribution of Ge was correct. Figure 3(B), Figure 3(H), and Figure 3(1) ('mark) shows
an unnamed structure that had a small plate in the center, which ran from under the circumvallate papilla (CP) to
over the HB (white). This structure was temporarily named cCP (in conjunction with the circumvallate papilla
shown in pink). The cCP was a good marker of the position of tongue tissue and could have a functional relation
with the tongue muscles (Figure 3). The distribution and structure of Tr (blue) through the tongue are shown
clearly in Figure 3(A)-(C). Even clearer information about Tr is shown in the bottom view, which was obtained
by removing the Ge (Figure 3(D)). The bottom and lateral views composed of Tr, cCP, and/or HB (white) are
shown in Figure 3(E) and Figure 3(F). The Tr that occupied most of the inside space of the sLoG was viewed
as a wraparound and regular-pattern layered structure. The layers were steadily bent along the Ge fan-like struc-
ture. The width of the unit structure of Tr narrowed as it crossed to HB because of the presence of Gl. The dis-
tribution of Ve (red) was viewed in conjunction with sLoG (deep green), cCP (pink), and HB (white) (Figure
3(G)). Ve ran on the angular part of the tongue, and the amount of Ve decreased, and it dispersed as it ap-
proached the root. Similar to the Ge in the other tissue, the amount of Ve was also uncertain. To clarify the
structure of Ge (yellow), a lateral view of Tr, Gl, HB, and cCP (Figure 3(H)) and a lateral view of HB and cCP
(Figure 3(I)) were made. The unit structure of Tr with Ge was determined without rendering the image in
processing (Figure 3(J)), and frontal-like cut images of the Ge in other tissue (Figures 3(K)-(M)) were made.
The continuity of the Ge fascicle and its direction are shown is Figure 3(I). However, a comparison among
Figure 3(A)-(C), Figure 3(H), Figure 3(I), and Figures 3(K)-(M) was needed to obtain the Ge images. The
relationship between Tr and Ge was complex, because they were partially interwoven (Figure 3(J)), a: Ge, b:
Tr). The relationship between Ge and Tr was easy to understand in the cut face. In the Gl area, it appeared that
part of Ge ran into the GI. However, the line that resembled Ge was irregular (Figure 3(M), “arrow). Thus, in
this study, this irregular structure was ignored and considered part of the Gl structure.

3.5. Summarized Model of Tongue Muscles

The three-dimensional structural properties of Tr, Ve, and Ge in the tongue muscle were summarized as pattern
diagrams in the horizontal, lateral, and frontal views (Figure 4):

About Tr (blue): There were three types of Tr. The first type was expressed as several triangle planes. It was
anchored by LS, and it was viewed from the apical to the center parts of the tongue (Figure 4(A)). The second
type was cTr (named in this study), which was similar to Tr. It was expressed as many thin triangle planes
(aqua), and it was attached to sLoG (Figure 4(A), Figure 4(C)). It existed apart from Tr in the apical part, but
was near Tr in the center part of the tongue (Figures 4(B)-(D)). The third type was seen as many square planes
that changed arrangement and width (Figure 4(A), Figure 4(E), Figure 4(F)).

About Ve (red): property. There were two types of Ve. The first type was symbolized in the many lines that
joined the dorsal part and the lateral part of the tongue. It extended apart from the apical through the center to
the middle of the root part of the tongue (Figures 4(B)-(E)). The second type of Ve joined the dorsal part and
floor of the tongue. It extended apart from the apical part to the center part of the tongue.

About Ge (yellow): There were four types of Ge, which were shown in the images as many lines. The first
type ran mainly in the iLoG (Figure 4(B)). The second type connected with LS and/or Tr (Figure 4(B)). The
third type connected with sLoG and ran under the IE. Part of its Ge crossed over the second Ge near the center
part of the tongue (Figure 4(D)). The fourth type ran into the Tr, and it terminated at sSLoG and the boundary of
Gl (Figure 4(B), Figure 4(F)).

4. Discussion

4.1. Methods

Few studies have focused on the macromorphological study of the tongue muscle. The reason is that most re-
searchers assume that this area has been investigated [19] [28]. However, precise structural information about
the tongue muscles exists only in textbooks, but not in recent reports. The main reason for the lack of informa-
tion about the structure of the tongue is the difficulty of observing this complex muscle structure. For example,
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the separation of the unit muscle from the tongue is impossible. Consequently, most knowledge has been gained
by observing images of the cut faces. No information about the reconstruction of the tongue muscle by serial
section is available. Takemoto (2008) [30] cut a monkey’s tongue into several pieces and then constructed a 3D
model of the muscle after macromorphological observation. However, compared to the present results, it is dif-
ficult to extract muscle units for 3D display using Takemoto’s method. Thus, although the use of 2D images is
limited, several methods for the observation of the tongue muscle, such as MRI [13] [24] [25], are known [19].
When the aim is to reconstruct the muscle unit of the tongue, structural information is required about the resolu-
tion of the muscle fascicle. At present, in the case of mouse, micro-CT methods are used to achieve high resolu-
tion [17]-[19] [28]. MRI allows the direction of the muscle fascicle to be obtained easily and the muscles to be
rendered [31], but the histological resolution is not sufficient, because results of previous studies using MRI
methods that are similar to the present results were not found.

4.2. Results of Observations of Tr, Ve, and Ge

Previous studies related to the present results could not be found except for our recent research [28], which
showed iLoG and sLoG as 3D-rendering images. Hence, the main remaining muscles of the tongue, such as Tr,
Ve, and Ge were summarized.

Tr is divided into three groups. Unit Tr is spread from LS, and many Tr units are arranged in a zigzag forma-
tion from the apex to the middle part of the tongue. These images are considered the main structure of the inside
of the tongue. The newly named cTr is considered a part of the Tr group because its unit structure and arrange-
ments are similar to Tr but have no relation to LS. The other Tr, which extends apart from the center to the root
part of the tongue is divided from the main Tr, because its arrangement does not resemble the main Tr, and it has
no relation to LS. Moreover, it is suspected that the existence of three types of Tr structure has a strong relation
to muscle formation and the branchial arch in morphological development. Regarding the type of Tr, there are
many illustrations of frontal cut images [2] [3], but few are in the direction of the long axis [32]. The results of
these previous studies do not align with our results.

Ve is divided into two groups that are shown as symbolized images in the pattern diagrams. They exist mainly
between unit Trs, and they are not arrayed on the surface structure. This division was made by emphasizing two
functions: the first function joins the dorsal and floor parts; and the second function joins the lateral and dorsal
parts. In connection with the types of Ve, Sokoloff and Smith (2013) [33] showed three types of Ve in rat
through diagrammatic representations. The results of this study align with our results.

Ge is divided into four groups. To examine the types of Ge, Mu and Sander (2000) [16] used dog for innerva-
tion patterns in Ge. They used all GG muscles with Sihler’s stain for the muscle observations. Their results
showed that Ge was divided into three types as follows. The former extended into and controlled the apex side
of the tongue, and the latter ran vertically and transversely into the horizontal and oblique compartments, re-
spectively. The results of our observation of the Ge in the apex side of the tongue were in agreement [16], but
our other results did not. This difference was caused by the species differences and/or observation methods. Us-
ing the tongue of a 15-week-old human fetus, Langdon et al. (1978) [34] found a cross arrangement of Ge in the
center part of the tongue, which agrees with our results. In the Tr of the root of the tongue, it is difficult to select
all of the Ge because the Tr and Ge are intertwined. However, the present results showing their basic arrange-
ment are valid. It is suspected these four Ges have independent functions in the movement of the tongue.

4.3. Analysis of the Images of the Tongue Muscle

The general analysis of the entire range of images is beyond the scope of this report. Hence, problems related to
the tongue muscle are discussed here. When the muscle unit, such as Ge in Tr, was divided from micro-CT data,
it was impossible to use automatic selection. Miyawaki [35] focused on the direction of the muscle fascicle but
was unable to obtain 3D images because his data were not computerized. For the division of the muscle, the fas-
cicles were also used in the image rendering, but the process was difficult because no software is available. Most
analyses of the images were done manually and focused on the muscle fascicles that run in a continuous line on
the tongue. Our hypothesis that one muscle is composed of muscle fascicles that run continuously through the
muscle was supported by our previous studies [19] [28]. In the case of Ge in Tr, as mentioned above, confirma-
tion of continuity is difficult. Our future research will attempt to solve this problem by providing histological
conformation. Only a mouse tongue structure was investigated here, which comprises a limitation of this study;
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therefore, we plan to look at the tongue of a different animal in a future study.

5. Conclusion

In this study, the vertical muscle (Ve), the transverse muscle (Tr), and/or the genioglossus muscle (Ge) of the
mouse tongue were analyzed by micro-CT and were presented as rendered images and pattern diagrams as fol-
lows. The Tr was classified into three parts; the Ve was classified into two main groups; and the Ge was classi-
fied into four parts. A 3D rendering and/or a schematic view of the tongue muscle was crucial for this.
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Abbreviations

Lo: Longitudinal muscle of the tongue

sLo: Superior longitudinal muscle of the tongue
iLo: Inferior longitudinal muscle of the tongue
Tr: Transverse muscle of the tongue

Ve: Vertical muscle of the tongue

Sty: Styloglossus muscle of the tongue

Hyo: Hyoglossus muscle of the tongue

Gl: Glandular tissue

Ge: Genioglossus muscle of the tongue

MS: Median sulcus of the tongue

HB: Hyoid bone

LS: Lingual septum of the tongue

CP: Circumvallate papilla

IE: Intermolar eminence

Abbreviations of Temporary Names in This Paper

mMS: Muscle fascicle just under the MS

cCP: Unknown structure in conjunction with the CP
¢Tr: Unknown structure in conjunction with the Tr
sLoG: Group of sLo and Hyo

iLoG: Group of iLo and Sty



	Three-Dimensional Architecture of the Mouse Tongue Muscles Using Micro-CT with a Focus on the Transverse, Vertical, and Genioglossus Muscles
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	Animals and Experimental Procedures

	3. Results
	3.1. Extraction of the Image Object
	3.2. Observations of the Apical Part of the Tongue
	3.3. Observation of the Middle Part of the Tongue
	3.4. Observation of the Root Part of the Tongue
	3.5. Summarized Model of Tongue Muscles

	4. Discussion
	4.1. Methods
	4.2. Results of Observations of Tr, Ve, and Ge
	4.3. Analysis of the Images of the Tongue Muscle

	5. Conclusion
	Acknowledgements
	References
	Abbreviations
	Abbreviations of Temporary Names in This Paper

