A STUDY ON THE MUSCULATURE OF THE HUMAN TONGUE

Observations on transparent preparations of serial sections.

Kuniko Miyawaki

Abstract

The musculature of the human tongue is studied and described in
detail through observations of a complete, consecutive series of tongue
sections (2. 5 - 3 mm in thickness) in three planes: sagittal, coronal, and
transverse. The sections are put into xyrol and made quasi-transparent so
that the direction of the muscle fibres is readily identifiable. The results
of the observations are presented in the form of a complete series of draw-
ings with indications of the fibres of the lingual muscles.

The present study is considered to be primarily for the benefit of
those who are working in the field of speech science. It is hoped that the
systematic and fairly detailed information concerning the musculature of
the lingual muscles will be of help in understanding, more fully and more
clearly, the role of each muscle or group(s) of muscles as they function in
speech production.

Introduction

During the past ten to fifteen years there has been a renewed inter-
est in the 'articulatory' approach to the study of speech production pheno-
mena. It is, however, not just a simple sway back to traditional articula-
tory phonetics. Rather, speech scientists are now beginning to replace the
subjective observations and qualitative analyses of the past with quantita-
tive analyses based on more objective observations that are being made
possible by the recent development and improvement of various experimen-
tal apparatus. Consequently, we are now faced with an urgent need for
basic anatomical and neurophysiological knowledge of the speech production
mechanism, for an adequate interpretation of the results of the analyses.

The present work, a study on the musculature of the human tongue,
was carried out with the hope of meeting (a fraction of) such demands. It
aims to provide systematic and fairly detailed information concerning the
musculature of the human tongue so that it may be of help in understanding
more clearly the role of each muscle, or group(s) of muscles, as they func-
tion in speech production. *

The study is considered to be primarily for the benefit of those who
are working in the field of speech science, especially those who are inter-
ested in such areas as the analysis of the mechanism of speech production,

* The present paper deals exclusively with muscles and is not concerned

with other aspects of the tongue, for instance, the distribution of nerves

and the connective tissue framework. For such information readers may
refer to the anatomical literature listed in the Selected Bibliography

at the end of the paper.
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computer simulation of the articulatory mechanism, speech synthesis
based on articulatory (physiological) parameters, and also in such prac-
tical fields as speech therapy and foreign language teaching.

1. Material and Method

The study is based on observations of transparent preparations of
serial sections of three adult human tongues assisted by ordinary dis-
sections of two adult human tongues. The results of the dissections of the
head and neck region and the observations of the transparent preparations
of the tongue are given below in 2. 1, and 2. 2, respectively. The des-
criptions are accompanied by drawings (Fig. 1 through Fig. 5)*, all of
which were made by the author during the course of these dissections and
observations.

The preparations of the sections are made in the following manner:
1) Each of the three tongues, fixed in 10% formaline for a period of approxi-
mately four years is divided into exact halves, each of which is then cut
either sagittally, coronally. or transversely, making different series of
sections 2,5 -~ 3.0 mm in thickness.

2) The sections are dehydrated with alcohol, starting with a 30% solution
and gradually increasing the concentration of the alcohol by 10% every 24
hours up to a 90% solution, and thereon by 5% until pure {39. 9%) alcohol is
attained. The sections are kept in pure alcohol for 48 hours.

3) The sections are then put into xyrol, through which process the speci-
mens turn brownish but the muscle fibres become transparent so that when
observed with an appropriate light from below, the courses of muscle
fibres are distinctly identifiable.

The observations are made essentially by eye with the help of a
magnifying glass whenever necessary. The colour slides of the tongue
specimens taken before dehydration are also consulted.

2. Musculature of the Tongue

The muscles that will be described in detail in this study (Section
2.2) are the three extrinsic lingual muscles, Genioglossus (GG), Hyo-
glossus (HG) and Styloglossus (SG), and the four intrinsic lingual muscles,
Superior Longitudinalis (SL), Inferior Longitudinalis (IL), Transversus
(T), and Verticalis (V). %%, &%

* All of the figures are given at the end of the paper.

* Throughout the study, both in the text and in the figures, abbrevia-
tions will be used for the identification of the muscles, The list of abbre-
viations is given at the end of the paper together with a list of the terms
of location and orientation as used in this paper.

#%% The»lingual muscles are anatomically-divided into two groups, the
extrinsic and the intrinsic. The former group of muscles are character-
ized by the fact that they all originate outside the tongue mass, having
attachments to the bony structures of the head. In contrast, the intrinsic
muscles of the tongue have no such bony attachments, but arise from and

end up within the bulk of the tongue.
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For purposes of orientation, however, a brief overall description of the
lingual muscles and other muscles of the head and neck region that are
related to lingual articulation will be given first in 2. 1.

2.1, Tongue in relation to other structures of the head.

This section will give an overall description of the muscles of the
head and neck region based primarily on the author's observation during
systematic dissections of cadavres, assisted by the information available
in existing textbooks of anatomy.

Fig. 1 illustrates the position of the tongue in relation to other mus-
cles and hard structures of the head and neck region. Shown in the figure
are the seven muscles of the tongue and various other muscles that are
closely related to lingual articulation. Some of the non-lingual, infra-
and supra-hyoid muscles are shown in Fig. 2. The hard structures to
which the above mentioned muscles attach are the mandible, the hyoid bone,
the styloid processes and the mastoid processes: the areas of the muscle
attachment on the mandible and the hyoid bone are illustrated in Fig. 3.

Following is a very brief description of the muscles shown in Fig.1,
i.  Genioglossus Muscle originates from the mental spine on the inner
surface of the mandible, spreads out in a fan-shaped radiation in and
around the median plane, and reaches the submucous tissue of the dorsum
of the tongue (the medial portion) from its blade to its root. GG is not
found at the tip of the tongue.

ii. Hyoglossus Muscle is a flat, quadrilateral piece of muscle that origi-
nates from the lateral portion of the anterior surface of the body of the
hyoid bone and along the entire extent of its greater cornu, It spreads out
laterally both in an anterior and a superior direction towards the dorsum
of the tongue and inserts into the side of the tongue. )

iii. Styloglossus Muscle is a pair of fairly thin muscle bundles that may be
compared to a 'sling' of the tongue. They originate from the styloid pro-
cesses, run down anteriorly, and insert into the sides of the tongue.

iv. Superior Longitudinalis Muscle is a layer of muscle whose fibres
course longitudinally along the entire extent of the dorsum of the tongue
just beneath the layer of submucous tissue. SL is noticeably thicker in
the proximity of the median line,

v. Inferior Longitudinalis Muscle consists of a pair of muscle bundles
that extend between the tip and the root of the tongue along the inferior sur-
face of the tongue. Except at the tip, IL runs lateral to GG and inferior

to Transversus and Verticalis Muscles. The muscle bundle becomes
thicker as it runs towards the root of the tongue.

vi, Transversus Muscle constitutes a fairly thick stratum beneath the
whole extent of SL, occupying a main part of the superior half and the root
of the tongue. The fibres arise from the fascia in the mid-sagittal plane,
and, when seen in a coronal plane, fan out a little both superiorly and in-
feriorly and reach the lateral margin of the tongue.

vii. Verticalis Muscle is found only in the superior half of the tongue. The
fibres of this muscle arise from the dorsum and run down vertically, as in
the anterior fourth, or course slightly inferio-laterally, as in the remain-
ing part.

viii. Geniohyoid Muscle is a fairly thick muscle that originates from the
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mental spine on the inner side of the mandible just below the origin of GG
and inserts into the entire portion of the anterior surface of the body of the
hyoid bone.

ix. Mylohyoid Muscle is a flat sheet of muscle that originates from the
mylohyoidal ridge on the side of the inner surface of the mandible. The
fibres originating on the posterior portion of the mylohyoidal ridge insert
into the lower part of the anterior surface of the body of the hyoid and the
rest of the fibres that originate on the anterior portion of the mylohyoidal
ridge reach the median raphe where the fibres on both sides meet and in-
sert into each other.

Xx. Stylohyoid Muscle originates on the styloid process, runs down slight-
1y in an anterior direction, and inserts into the anteriormost portion of the
greater cornu of the hyoid bone.

xi. Digastricus Muscle consists of the anterior and the posterior bellies.
The former originates from the fossa digastrica, near the mental spine,
on the inner surface of the mandible, while the latter originates from the
mastoid process. Both bellies run toward the hyoid bone where they turn
into an intermediate tendon which is strapped to the outer side of the body
of the hyoid bone by a strong tendinous tissue.

xii. Sternohyoid Muscle is a long flat piece of muscle that originates main-
ly from the sternum and partly from the clavicle, courses vertically up-
wards, and inserts into the lower edge of the body of the hyoid bone.

xiii. Omohyoid Muscle is another long flat muscle that originates on the
upper edge of the scapula and inserts into the lower edge of the outer sur-
face of the hyoid bone, laterally to the insertion of SH.

xiv. Thyrohyoid Muscle originates from the oblique line of the thyroid
cartilage and inserts into the lower margin of the outer side of the greater
cornu of the hyoid bone. Its course is vertically upwards.

xv. Palatoglossus Muscle is a thin strip of muscle that runs between the
soft palate and the side of the tongue, posteriorly. PG is sometimes con-
sidered as a muscle of the tongue and sometimes as a muscle of the soft
palate. We will take the latter standpoint in this paper.

xvi. 'Glossopharyngeus' Muscle is not truly an anatomical term that refers
to any specific muscle, but is commonly, though wrongly, used to denote
the part of the Superior Constrictor Muscle of the pharynx that inserts into
the sides of the tongue root.

2.2. Observation of transparent specimens of the tongue.

This section will give a detailed description of the musculature of
the lingual muscles based solely on the author's observation of the trans-
parent specimens of human tongues.

The drawings of the complete serial sections of the tongues in three
different planes (sagittal, coronal, and transverse) are given in Figs, 4 and
5. The sections presented in Figs. 4-ii and 4-1ii are of the tongue of a 39-
year-old female, the outline of which is shown in Fig, 4-i. There are 11
sagittal sections and 20 coronal sections as indicated. Fig. 5-i gives a
sagittal projection of the outline of the tongue of a 29-year-old male. The
left half of this tongue was cut into 18 transverse sections as presented in
Fig. 5-ii. For purposes of better understanding, it would be helpful to keep
referring to the figures while following the explanations in the text. The
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figures that illustrate the point in the explanation best are indicated in
brackets. *

2,2.1, Genioglossus Muscle

This muscle originates on the superior mental spine on the inner
side of the mandible (Figs. 1, 2, and 3) and spreads out superiorly and
posteriorly in a fan-shaped radiation: it also spreads out slightly laterally
near the base of the tongue. Parasagittally, the fibres fan out towards the
whole extent of the dorsum and towards the root of the tongue (S:1, 2) but
laterally they spread only towards the posterior portion of the dorsum and
towards the root (S:3.4). Superiorly and posteriorly GG decussates and
interdigitates with T and V, runs through the layer of SL in thin fibres and
attaches to the submucous tissue of the dorsum and the root of the tongue
(S:1-4).

The superior fibres** course upward towards the anterior half of
the dorsum of the tongue. However, the fibres of GG are not found to
curve anteriorly as is often shown in the textbooks of anatomy and are not
found in the tip of the tongue (C:1-3). In the anteriormost coronal sections
(excluding those of the tip) the GG fibres are hardly distinguishable from
other muscle fibres such as those of IL, HG and SG. The first identifiable
sign of GG anteriorly is found in C:4. The intermediate fibres course
towards the posterior half of the dorsum of the tongue. The inferior fibres
run towards the root of the tongue, the most inferior of them running
towards the anterior surface of the hyoid bone (S:1-4, T:17, 18).

2. 2.2, Hyoglossus Muscle

HG is a flat piece of muscle, quadrilateral in shape, which origi-
nates on the hyoid bone (Figs. 1 and 3). #*%* It inserts into the side of the
posterior portion of the tongue and spreads anteriorly, superiorly and
also slightly posteriorly (S:7, 8, C:13-18, T:10-18).

The anterior portion of HG extends anteriorly along the inferior sur-
face of the tongue lateral to IL. It merges with IL and SG towards the tip
of the tongue but its fibres near the tip are difficult to identify in the coro-
nal sections. **%* The intermediate fibres of HG run vertically upward in
a slightly anterior direction and are easily distinguished from other mus-
cles in the tongue mass (C:13-16, T:10-18). The posterior fibres course

* Any specific drawing of a tongue section will be referred to by a
capital letter denoting the type of the section, e. g. S for 'sagitial, ' followed
by a number of that section, e. g S:1, S:2, S:3-5.

ek In speaking of GG, I shall use the terms 'superior, ' 'intermediate, '
and 'inferior,' depending on the relative position of the bony attachments of
the fibres on the mandible. That is, the fibres having a superior attach-
ment will be referred to as the 'superior' fibres of GG.

#%%  HG is often described as being made up of two parts, but it was
difficult to identify them accurately in the present samples,

#x#%% They can, however, be traced down — with some difficulty — towards
the tongue tip in an ordinary dissection of the tongue.
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posteriorly upward towards the posteriormost part of the dorsum of the
tongue (C:17, 18).

2,2.3. Styloglossus Muscle

SG is a pair of muscles originating from the styloid processes
(Fig. 1) and inserting into the sides of the tongue mass (S:5-11, C;9-19,
T:13-16). Once within the tongue mass, the fibres course anteriorly
towards the tip of the tongue. The posterior third of SG within the tongue
mass, lying lateral to HG, is flat mediolaterally (C:14-18), whereas the
middle third is flat superio-inferiorly and lies inferior to IL (C:9-13).
This is due to a twist of the fibre bundles which can be seen when we com-
pare C:13 and 14. The anterior portion of SG runs along with IL towards
the tip, some of the fibres merging with those of IL and HG (C:4-8, T:11).

2. 2.4. Superior Longitudinalis Muscle

SL is a layer of muscle whose fibres run longitudinally along the en-
tire superior surface of the tongue, just beneath the layer of submucous
tissue, from the tip to the very root of the tongue in the proximity of the
hyoid bone (S:1-7. C:1-19, T:1-16). SL also runs longitudinally along the
lateral border of the tongue (S:8, 9, C:4-15, T:5-6). At the root of the
tongue the fibres run vertically, ending in the fibrous tissue near the
attachment of the tongue to the hyoid bone (S:1-7, C:17-19). In the middle
two fourths of the tongue mass, SL is noticeably thicker near the midline
than elsewhere (C:6-15). The layer becomes thinner laterally and poster-
iorly (S:7, 8, C:16-17). SL interdigitates with GG and V dorsally and pos-
teriorly, and with T laterally.

2. 2.5. Inferior Longitudinalis Muscle

IL is a pair of muscle bundles extending in an anterior-posterior
direction on the inferior side of the tongue from the tip to the root. It lies
inferior to all other intrinsic muscles except, of course, where SL runs
vertically at the root of the tongue (5:1-7, C:1-19, T:10-15). The fibres
spread out in a conical form as they approach the root of the tongue.

In the anterior third it is a flat layer of muscle fibres lying beneath
T and V (C:1-6). Elsewhere, except at the posteriormost end of the. tongue
mass, IL is environed superiorly by T and V, medially by GG and laterally
by HG (C:12-16). Posteriorly, it seems to run through T and interdigitate
with SL running vertically (S:5, 6, T:12-16).

2. 2. 6. Transversus Muscle

T forms a fairly thick stratum beneath the whole extent of SL, con-
stituting a main part of the dorsal half of the tongue together with V'
(C:2-18). The fibres attach to the median septuin in the middle of the
tongue mass, or to the fibres of the same muscle on the other side, e. g.
at the tip of the tongue. The fibres, when seen in a coronal section, fan
out a little both superiorly and inferiorly, and attach to the sides of the
tongue. At the tip, it is found decussating with fibres of V and interdigi-
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tating with fibres of SL, IL and those of SG and HG that reach the tip
{C:2-4), In about the middle two fourths of the tongue, antero-posteriorly,
T lies superior to IL and the borderline between the two groups of muscles
is quite distinct (C:7-16). In the posterior one fourth, as is seen in the
sagittal sections (S:1, 2), the layer of T extends inferiorly, the stratum
now lying anterior to the layer of SL. This is clearly indicated by com-
paring T:8 and T:9, or C:15 and C:16. In this part the fibres of T inter-
digitate with those of V (C:17, 18) and are hard to distinguish from those of
IL in the coronal sections,

2.2.7. Verticalis Muscle

This muscle is found only in the superior half of the tongue
(C:2-18). When seen on the coronal plane the fibres of this muscle, sym-
metric on either side of the midline, extend either vertically downwards,
as in the anterior fourth (C:2-5), or inferic-laterally, as in the remaining
portion (C:6-18), For the most part the fibres are found to interdigitate.
with IL and end there before reaching the inferior surface of the tongue or
other muscle fibres. In the posteriormost part of the tongue where SL
runs vertically, V decussates with it but the fibres are less in quantity
there than in the main part of the stratum.

3
1%
#*
*
#*
%
#

The tongue, in spite of being always recognized as the primary --
and absolutely indispensable -- organ for the articulation of speech sounds,
seems to be somewhat left behind in the study of speech. One of the rea-
sons for this may be that the anatomical structure of the tongue is far from
simple and that the dynamics of the lingual movement are as complex as
the tongue itself.

It is hoped that the present study will serve as a stepping stone for
future research on the tongue and its dynamics in the production of speech.
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List of Abbreviations

Muscles:

GG: Genioglossus (muscle)

HG: Hyoglossus ( " )

SG: Styloglossus ( )

SL: Superior Longitudinalis ( ' )
IL: Inferior Longitudinalis ( " )
T: Transversus { ' )

V: Verticalis ( " )

GH: Geniohyoid ( " )

MH: Mylohyoid ( " )

SH: Stylohyoid ( " )

Dig. ant, , post. : Digastricus ( " )

(anterior belly and posterior belly)
SH: Sternohyoid (muscle)

OH: Omohyoid ( " )

ThH: Thyrohyoid ( " )

PG: Palatoglossus { "' )

[GPh: Glossopharyngeus ( " )]

Types of Sections:

S: Sagittal (sections)

C: Coronal({ " )

T: Transverse ( " )

List of Terms of Location and Orientation
As Used in this Paper (See Fig. A)

Anterior
Posterior
Superior
Inferior
Medial
Lateral
Sagittal
Coronal
Transverse

[
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STYLOID PROCESS
—SUPERIOR LONGITUDINALIS M.  PALATOGLOSSUS M,

-INFERIOR LONGITUDINALIS M. SUPERIOR MASTOID PROCESS

CONSTRICTOR M. é
f STYLO-
HYOID M
DIGASTRIC M,

{ TRANSVERSUS M, {"GLOSSO-
(PosT. BELLY)

VERTICALIS M.

THYROHYOID M.
OMOHYOID M,
DIGASTRIC M,
. BELLY) STERNOHYOID M.
GENIOHYOID M.,
MYLOHYOID M. *=_—~ THYROID CARTILAGE

Fig, I  THE MUSCLES OF THE TONGUE AND OTHER MUSCLES
RELATED TO LINGUAL ARTICULATION. IHE ANTERIOR
PORTION OF THE LEFT HALF OF THE TONGUE IS CUT
OFF TO SHOW THE INTRINSIC LINGUAL MUSCLES.
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CONDYLE PROCESS
HYOID BONE . A \ OMOHYOID M,

STERNOHYOID M.

Fic. 2 SOME OF THE SUPRA- AND INFRA-HYOID MUSCLES
AS VIEWED FROM BELOW.
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DIGASTRIC M.
(ANT. BELLY)

Fic. 3 THE AREAS OF MUSCLE ATTACHMENT ON
THE MANDIBLE AND THE HYOID BONE.
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F1G. 4-ii (CONTINUED)
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Fic. 4-ii (CONTINUED)
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16, U-iii

SL

IL

THE CORONAL SECTIONS OF
THE LEFT HALF OF A TONGUE
WHOSE ORIGINAL SHAPE 1S
SHOWN IN FIG. 4-1.
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Fic, U~iii (CONTINUED)
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Fic. 4-1ii (CONTINUED)
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F1G. 5-ii (CONTINUED)
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3, SUPERIOR

2. POSTERIOR

. ANTERIOR
LATERAL

r

TONGUE

9, TRANSVERSE
(SECTION)
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~1 L~ 8. CORONAL
(SECTION)

7. SAGITTAL (SECTION) *

4, INFERIOR )

Fic. A TERMS OF LOCATION AND ORIENTATION
AS USED IN THIS PAPER.
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