Muscle Patterns of the Late Fetal Tongue Tip
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The tongue can be considered a mu-
cosal envelope filled with skeletal
muscle.!? Movement of the tongue is
effected by a complex musculature
which is distinctive in its interlacing ar-
rangement.®* This study will describe
the normal histologic muscle patterns of
the infant tongue tip.

EMBRYOLOGY

The complex musculature of the in-
fant tongue may be best understood
by examining the development of this
unique organ (Fig. 1). The oral cavity
is formed in the human embryo at the
3.5 mm stage by an invagination of
ectoderm.’® On the ventral surface of
the newly formed oral cavity are two
raised mounds of tissue referred to as
the primordial tongue. These ventral
thickenings arise from the area of the
first and second branchial arches. At
this early stage the tissue underlying the
epithelium is composed of primitive
stellate mesenchymal cells with a deli-
cate fibrous stroma; no muscle differ-
entiation has occurred. The tongue’s
subsequent growth is characterized by
proliferation, migration, and fusion.
The tuberculum impar, prominent dur-
ing early embryogenesis, is soon ob-
scured by the developing lateral halves,
as depicted in the diagram. The tongue
mucosa is derived from two different
germ layers, ectoderm anteriorly, and
foregut entoderm around the terminal
sulcus posteriorly.

Differentiation of the tongue muscu-
lature begins at the 26 mm stage and
is essentially complete at approximately
five months’ gestation.? Lewis,® in 1910,
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suggested that tongue skeletal muscle
was formed directly from primitive
mesenchyme in the floor of the oral
cavity. More recent studies, however,
support the concept of a dual origin
from both the floor of the mouth and
from the occipital and cervical seg-
ments. Studies by Hunter” in the chick
and by Bates® in the cat pointed to a
dual origin of tongue muscle; and a
definitive study by Deuchar® demon-
strated muscle migration to the tongue
with carbon labeling of cervical and
occipital somites in the chick embryo.
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Fig. 1 This sequence, done in halftone,
demonstrates how the tongue forms from
the floor of the oral cavity during 3.5
to 11 mm stages. Drawn by Keiko Moore
from D. K. Winter’s Armed Forces In-
stitute of Pathology illustration.
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Fig. 2 Sagittal view of newborn tongue,
adapted from Werner Spalteholz, Hand
Atlas of Human Anatomy, J. B. Lippin-
cott Co.

Tortella’® examined human embryos
from 15 to 27 mm and described a
similar progressive somatic muscle mi-
gration from cervical somites.

ANATOMY

The intricate musculature of the
tongue can be appreciated in Figures
2 and 3. Attention will be directed par-
ticularly to the muscular architecture
of the tongue tip which displays two
distinct muscle patterns, intrinsic and
extrinsic groups.!***1%14 Most of the
tongue tip is a well-defined mass of in-
trinsic musculature which can be fur-
ther identified as transverse, vertical,
superior longitudinal, and inferior lon-
gitudinal. These individual intrinsic
groups cannot be traced, however, as

Fig. 3 The Extrinsic Tongue Muscles,
from Gray's Anatomy 25th Edition, Lea
and Febiger.
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facial planes are lacking and fiber in-
terlacing complicates an orderly dissec-
tion. Fibers of the genioglossus can be
clearly identified in the sagittal plane
inferior to the mass of the intrinsic mus-
culature; however, in the frontal plane
the genioglossal fibers intertwine with
the intrinsics and precise fiber identifi-
cation is not possible. Fibers of the
styloglossus have been described as ex-
tending to the tongue tip. A median
fibrous septum extends to the mucosa of
the apex.

Histologically, the intertwining of in-
trinsic muscle groups is readily appre-
ciated; and, as in the gross specimens,
intrinsic and extrinsic groups are easily
separated. The verticalis can be well
demonstrated microscopically. The dor-
sum of the tongue is covered by a
papillary keratinized mucosa which
changes abruptly to a smooth, non-
keratinized mucosa at the lateral mar-
gins and extends to cover the ventral
surface.

The intrinsic fibers insert directly into
the reticular lamina propria and thus
have a close relationship with the over-
lying mucosa (Fig. 4). This feature is
absent in the ventral mucosa. This
close muscle insertion in the dorsal mu-
cosa may be significant in the tongue
tip’s ability to perform intricate move-
ments.

Fig. 4 A H&E section of the anterior
dorsal surface of an infant tongue tip
that reveals a lack of a submucosa, and
close attachment of muscle fibers to the
covering mucosa. (2.5 X magnification)
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The extrinsic muscles, in contrast to
the intrinsic, can be followed with rela-
tive ease into the tongue. These muscles
include: the genioglossus, styloglossus,
hyoglossus, palatoglossus, and chondro-
glossus (Fig. 3). The extrinsic and in-
trinsic muscles are innervated by the
twelfth cranial nerve with the excep-
tion of the palatoglossus which is in-
nervated by the pharyngeal plexus of
the tenth cranial nerve.

METHODS AND MATERIALS

The tongue tip has no definite ana-
tomic demarcation. For the purpose of
this study, the tongue tip was consid-
ered to be the tongue mass between
the apex and an arbitrary line 2.5 cm
posterior to the tip. Seven neonatal
tongue tips and six normal adult tongue
tips were fixed in formalin. The speci-
mens were measured and photographed
and reference points were made. To
demonstrate muscle plans, frontal and
sagittal planes were used on the same
tongue. These were then sectioned,
mounted, stained with hematoxylin and
eosin. All slides were cut at seven mi-
crons. The study consisted of observing
the muscle patterns for similarity and
measuring fiber diameters. The mea-
surements were made using a micro-
meter which fit into the eye piece of a
Leitz microscope. Twenty fiber diam-
eter measurements were taken at ran-
dom on each tip, selecting intrinsic
muscle fibers which could be oriented
in a horizontal plane.

REesuLTs

A definite fiber diameter difference
was apparent. The average fiber diam-
eter of the infant tongue tip was 25
microns in contrast to the average fiber
diameter of the adult tongue tip of ap-
proximately 47 microns, almost a
doubling of fiber diameter from new-
born to adult. Observation error in
measuring any particular fiber was ap-
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Fig. 5 Line drawing from a sagittal
section of an infant tongue tip which
demonstrates muscle patterns created by
vertical and transverse muscle bundles.
(2.5 X magnification, drawn by Keiko
Moore)

proximately 5 microns. The doubling
of fiber diameters from newborn to
adult was less than the five-fold in-
crease found by Schafer.’® Schafer
failed however to specify which groups
were studied. Histologic patterns of the
newborn and adult tongue tips dis-
played a definite similarity. An interest-
ing pattern was seen in the sagittal sec-
tion where the vertical muscle fibers are
spaced at regular intervals by horizon-
tal fiber bundles (Fig. 5). The presence
of this feature in both newborn and
adult tongue tips indicated that there
is indeed a mature arrangement of
skeletal muscle fibers in the infant
closely resembling that of the adult.

Studies of gross tongue growth by
Hopkins'® have demonstrated a dou-
bling of size from infancy to adulthood.
No observations of microscopic muscle
patterns of the infant tongue have been
reported. Skeletal muscle biopsy is a
proven clinical approach to the diag-
nosis of neurological and muscular
disease. To utilize tongue biopsy as a
diagnostic tool, normal muscle patterns
must be studied. With standards of nor-
mal fiber variability established, mea-
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surement of fiber diameter may be used
to judge the hyper- or hypotrophic na-
ture of muscle fibers.’®7 A biopsy of the
anterior portion of the tongue could
be useful in demonstrating hypoglossal
nuclear degeneration or tract interrup-
tion. The advantages of an intraoral
biopsy include minimal scarring, good
accessibility, and a relatively large tis-
sue mass. Microscopically, the tongue
muscles are readily studied in both
longitudinal and horizontal sections.
This study reports a mature muscle
architecture in the neonatal tongue tip
with an average fiber diameter approxi-
mately half that of the adult.
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