t.)

Check for
updates

https://doi.org/10.5115/acb.23.298
eISSN 2093-3673

Anatomy & Cell Biology

Development and growth of the temporal
fascia: a histological study using human
fetuses

Kei Kitamura', Satoshi Ishizuka’, Ji Hyun Kim®, Hitoshi Yamamoto', Gen Murakami,

. ’ / 5 . : . 6
Jose Francisco Rodriguez-Vazquez’, Shin-ichi Abe
'Department of Histology and Developmental Biology, Tokyo Dental College, Tokyo, *Department of Pharmacology, Tokyo Dental College, Tokyo,

Japan, ‘Department of Anatomy, Jeonbuk National University Medical School, Jeonju, Korea, ‘Division of Internal Medicine, Cupid Clinic, Iwamizawa,
Japan, *Department of Anatomy and Embryology, School of Medicine, Complutense University, Madrid, Spain, ‘Department of Anatomy, Tokyo
Dental College, Tokyo, Japan

Abstract: The temporal fascia is a double lamina sandwiching a thick fat layer above the zygomatic bony arch. To
characterize each lamina, their developmental processes were examined in fetuses. We observed histological sections from
22 half-heads of 10 mid-term fetuses at 14-18 weeks (crown-rump length, 95-150 mm) and 12 near-term fetuses at 26-40
weeks (crown-rump length, 215-334 mm). The superficial lamina of the temporal fascia was not evident at mid-term. Instead,
a loose subcutaneous tissue was attached to the thin, deep lamina of the temporal fascia covering the temporalis muscle. At
near-term, the deep lamina became thick, while the superficial lamina appeared and exhibited several variations: i) a mono-
layered thick membrane (5 specimens); ii) a multi-layered membranous structure (6) and; iii) a cluster of independent thick
fasciae each of which were separated by fatty tissues (1). In the second and third patterns, fatty tissue between the two laminae
was likely to contain longitudinal fibrous bands in parallel with the deep lamina. Varying proportions of the multi-layered
superficial lamina were not attached to the zygomatic arch, but extended below the bony arch. Whether or not lobulation
or septation of fatty tissues was evident was not dependent on age. The deep lamina seemed to develop from the temporalis
muscle depending on the muscle contraction. In contrast, the superficial lamina developed from subcutaneous collagenous
bundles continuous to the cheek. Therein, a difference in development was clearly seen between two categories of the fasciae.
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Introduction

The temporal fascia is a double-lamina structure sand-
wiching a fatty tissue layer above the zygomatic bony arch
and below the superior temporal line of the parietal bone [1-
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3], i.e., the superficial and deep laminae of the temporal facia
(SLTF, DLTF). Because of its specific structure, the DLTF
is a convenient and useful tissue for application to plastic
and reconstructive surgery [4, 5]. In a morphometrical and
histological study, Morales-Avalos et al. [6] demonstrated
the advantages of the DLTF for graft use in terms of its fiber
arrangement. Surprisingly, in living humans, an excellent
ultrasound technique is able to demonstrate details of the
multilaminar STFL and its individual variation [7].

Stuzin et al. [8] simply termed the SLTF and DLTF the
“superficial temporal fascia and deep temporal fascia”,
respectively. Likewise, Watanabe et al. [9] considered the

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.5115/acb.23.298&domain=pdf&date_stamp=2024-06-30
https://orcid.org/0000-0003-3335-1440

Development of the temporal facia

SLTF to be the upper extension of the superficial musculo-
aponeurotic system defined by Mitz and Peyronie [10]: this
membranous structure divides the subcutaneous fatty tissue
into superficial and deep layers. Their insight led us to hy-
pothesize that the SLTF develops as a superficial fascia in the
subcutaneous tissue, while the DLTF develops as a muscle-
covering fascia from the temporalis muscle. As an analogy
to the latter, Cho et al. [11] have demonstrated a process
whereby the multi-laminated femoral fascia develops from
the quadriceps femoris muscle. Consequently, the aim of the
present study was to investigate any development and growth
differences between the SLTF and the DLTF. As the concept
“deep fascia” includes several types of fasciae with quite dif-
ferent origins and developmental processes (for details, see
the Discussion), we use the term “muscle-covering fascia” in
this study.

Materials and Methods

The study was performed in accordance with the provi-
sions of the Declaration of Helsinki 1995 (as revised in 2013).
We used histological sections from 10 mid-term and 12 near-
term human fetuses.

Paraffin-embedded serial sections of 10 mid-term fetus
heads (approximately 14-18 weeks of gestational age [GA];
crown-rump length [CRL], 95-150 mm) were part of the
large collection kept at the Department of Anatomy and Em-
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bryology of Complutense University, Madrid, the embryos
having been obtained as a result of miscarriages and ectopic
pregnancies at the Department of Obstetrics Complutense
University. No information about the genetic background
of the embryos and/or abortion was available. The sectional
plane was frontal at a right angle to the zygomatic arch and,
for each midterm-fetus, more than 2,000 sections contained
an almost whole head: i.e., a large volume from the orbital
roof to the mandibular base (supero-inferior axis) and from
the eyelids to the internal jugular vein (antero-posterior
axis). Therefore, we had used these sections for multiple pre-
vious studies: for instance, a fetus used for the present Fig.
1 (95 mm CRL) had been shown in Fig. 4 in a study of the
palate and incisive bone [12]. The sections were stained with
hematoxylin and eosin (H&E) or azan. This study was ap-
proved by the Ethics Committees of Complutense University
(B08/374) and Tokyo Dental College (No. 932-2).

Semiserial sections from 12 near-term fetus heads (GA
approximately 26-40 weeks; CRL 215-334 mm; 0.1-mm
interval) had been previously prepared by our group for
studies of the palate and sphenoid [12-14]. The near-term
fetuses were part of the collection kept at the Department of
Anatomy, Akita University, Akita, Japan. They had been do-
nated by their families to the Department in 1975-1985 and
preserved in 10% w/w neutral formalin solution for more
than 30 years. Data for these specimens included the date of
donation and the number of gestational weeks, but did not
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Fig. 1. The temporal fascia without its superficial lamina in three mid-term fetuses. Frontal sections. Azan staining. (A, B) A 95-mm crown-

rump length (CRL) fetus (gestational age [GA] approximately 13 weeks); (C, D) (1.2 mm posterior to panel C) a 113-mm CRL fetus (GA

approximately 15 weeks); (E) a 137-mm CRL fetus (GA approximately 16 weeks). (B) Shows a higher-magnification view of the square in (A).

Arrowheads indicate the deep lamina of the temporal fascia providing origins for the temporalis muscle (TM) and ending at the zygomatic arch

(ZA). The latter muscle fibers insert to an intramuscular tendon (triangles). Asterisks in (E) indicate subcutaneous bleeding during sampling of

the specimen. (A, C—E) Were prepared at the same magnification (scale bars in panels A and B, I mm). CPM, coronoid process of the mandible.
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include the name of the family, obstetrician or hospital,
or the reason for abortion. The use of these specimens for
research was approved by the Akita University Ethics Com-
mittee (No. 1428). Before routine procedures for paraffin
embedding, the fetal limb specimens were decalcified by
incubating them at room temperature in Plank-Rychlo
solution (AICl,/6H,0, 7.0 w/v%; HCI, 3.6; HCOOH, 4.6) for
3-7 days. The sectional plane was frontal at right angle to the
zygomatic arch and, for each near-term fetus, more than 200
sections contained an almost whole temporal region of the
left or right half of the head: i.e., a 30- or 40-mm-cubic tissue
mass from the zygomatic arch, via the temporomandibular
joint, to the inner ear vestibule (antero-posterior axis) and

Fig. 2. The mono-layered superficial lamina of the temporal fascia in

two near-term fetuses. Frontal sections. H&E staining. (A) A 215-mm
crown-rump length (CRL) fetus (gestational age [GA] approximately
26 weeks); (B, C) (4.5 mm posterior to panel B) a 260-mm CRL
fetus (GA approximately 31 weeks). Arrows indicate the superficial
lamina of the temporal fascia underlying the subcutancous tissue,
while arrowheads indicate the deep lamina providing origins for the
temporalis muscle (TM) and ending at the zygomatic arch (ZA). The
latter muscle fibers insert to an intramuscular tendon (triangles). All
panels were prepared at the same magnification (scale bar in panel A,
1 mm).
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from the temporal muscle to the mandibular lingula (supero-
inferior axis). Therefore, using the same series of near-term
fetus sections, two studies are now on review (one about
the fossa mandibularis and another of Meckel’s cartilage
remnant). The sections were stained with H&E or Masson
trichrome. All photographs for histology were taken with a
Nikon Eclipse 80 (Nikon).

Results

Observations of mid-term specimens

In 10 mid-term fetuses with a GA of 14-18 weeks, the
SLTF was not evident (Fig. 1). Instead, a loose subcutane-
ous tissue was attached to a muscle-covering fascia, i.e., the

Fig. 3. The multi-layered superficial lamina of the temporal fascia

in two near-term fetuses. Frontal sections. H&E staining (A, B) and
Masson trichrome staining (C, D). (A, B) A 225-mm crown-rump
length (CRL) fetus (gestational age [GA] approximately 28 weceks);
(C, D) a228-mm CRL fetus (GA approximately 28 weeks). (B, D)
are higher-magnification views of the squares in (A, C), respectively.
Arrowheads indicate the deep lamina of the temporal fascia covering
the temporalis muscle (TM) and attached to the zygomatic arch
(ZA). The superficial lamina of the temporal fascia appears to be
multi-layered. Between the superficial and deep laminae, there are
irregularly arrayed fiber bundles (stars and arrows in panel B), fatty
tissue lobules and the middle temporal artery (D). Asterisks in (B)
indicate an artifactual space. (A, B) (or B, D) Were prepared at the
same magnification (scale bar in panels A and B, 1 mm).
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DLTE. Above the zygomatic arch, the temporalis muscle
fibers originated from the DLTF and inserted to a thick in-
tramuscular tendon. The attachment of muscle fibers to the
DLTF tended to become evident with increased age (Fig. 1B
vs. Fig. 1C). When the DLTF-attaching muscle fibers became
dense, the fascia appeared to become clear and thick. Con-
versely, the DLTF was rather unclear immediately above the
zygomatic arch (Fig. 1E) because of the relatively low density
of muscle fibers attached to the fascia. Temporalis muscle
fibers from the temporal bone squamosa also inserted to the
intramuscular tendon.

Observations of near-term specimens

In 12 near-term specimens at a GA of 26-40 weeks, the
temporalis muscle was 3-4 times as thick as that at mid-
term at the level of the zygomatic arch, but the increase in
thickness was less than 2-3-fold in the subcutaneous tis-
sue. The DLTF was thick and provided muscle origins. In
contrast, the SLTF exhibited several variations in lamina-
tion: i) a mono-layered membrane (7 specimens; Fig. 2); ii)
a multi-layered membranous structure or a thick bundle of
thin membranes (4 specimens; Fig. 3) and; iii) a cluster of
independent thick fasciae each of which were separated by
fatty tissue (1=the largest specimen; Fig. 4). Thus, the major-
ity or the first pattern appeared to correspond to a classical
double-layered morphology (see Introduction), but it was
seen in both small and large fetuses (Fig. 2A vs. Fig. 2B, C).
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Along the superficial side of the STLF, clusters of thin fibers
tended to be seen together (Figs. 2B, 3C) and appeared to be
miniature versions of the independent thick fasciae seen in
the largest specimens.

For any of the patterns of the SLTF, fatty tissue between
the SLTF and DLTF contained various amounts of fibers,
which divided the fatty tissues into small lobules. Especially
in the second and third patterns, the fatty tissue tended to
contain longitudinal fibrous bands in parallel with the DLTF
(Figs. 3B, 4C). Whether or not lobulation or septation of fatty
tissues was evident in the SLTF and DLTF was not dependent
on age (Fig. 3B vs. Fig. 3D). In some specimens (Figs. 3C, 4C),
greater or lesser portions of the multi-layered STLF were not
attached to the zygomatic arch but extended below the bony
arch toward the cheek. The middle temporal artery took a
wavy course in the fatty tissue (Fig. 3D).

The temporalis muscle fibers originated from the DLTF,
but immediately above the zygomatic arch there was a nar-
row space between the muscle and the fascia. Thus, in con-
trast to mid-term specimens (Fig. 1B, E), the lowest part of
the DLTF appeared to “detach” from the temporalis muscle
(Figs. 2A, C, 3C). Moreover, in a single specimen (GA 40
weeks), fatty tissues separated the DLTF from the muscle to
form a solitary muscle mass detached from the intramuscu-
lar tendon (Fig. 4D).

Cranial
cavity

Fig. 4. The superficial lamina of the temporal fascia comprising a cluster of multiple independent fasciae. Frontal sections. H&E staining. A 334-
mm crown-rump length (CRL) fetus (gestational age [GA] approximately 40 weeks). (A) Shows a plane 14 mm anterior to (C). (B, D) are higher-
magnification views of the squares in (A, C), respectively. During the histological procedure, the temporalis muscle (TM) was torn (asterisks)

along almost all of the intramuscular tendon (triangles). Arrowheads indicate the deep lamina of the temporal fascia covering the muscle and

attached to the zygomatic arch (ZA), but facty tissues (stars) separate the muscle from the fascia. A muscle fragment is contained within the fatty

tissue and appears to be detached from the intramuscular tendon (D). The superficial lamina is composed of a cluster of multiple independent
fasciac cach of which are separated by fatty tissue (B, D). (A, B) (or B, D) Were prepared at the same magnification (scale bar in panels A and B, 1

mm).

https://doi.org/10.5115/acb.23.298



292 Anat Cell Biol 2024;57:288-293

Discussion

The present study seems to provide the first demonstra-
tion of the near-term morphologies of the temporal fascia,
being characterized by variations in the structure of the
SLTF. Development of the subcutaneous or superficial SLTF
was considerably delayed relative to the muscle-covering
DLTF. The SLTF appeared to change from a mono-layered
membrane, via a multi-layered membranous structure, to a
cluster of independent thick fasciae each of which were sepa-
rated by fatty tissue, but apparently dependent on the thick-
ness of the subcutaneous tissue. Notably, this step-by-step
process did not clearly depend on fetal size or age, but matu-
ration of the SLTF appeared to correlate with the thickness
of the subcutaneous tissue. A multi-layered muscle-covering
fascia develops from the muscle itself, depending on muscle
contractions [11]. However, as seen in adults [9], the tempo-
ralis muscle was partly separated from the DLTF by fatty
tissue immediately above the zygomatic arch. The changing
topographical relationship between the muscle and bone
might lead to detachment of muscle fibers from the DLTF.

Similarly to the DLTF, development of the SLTF might
also be influenced by temporalis muscle activity. However,
the SLTF was a sheet-like structure comprising thickened
and/or bundled collagenous fibers in the subcutaneous
tissue. The driving force for the thickening and bundling
appeared to come from the expanding skin, including the
galea aponeurotica, as well as the underlying muscles. In
fact, greater or lesser parts of the multi-layered STLF did not
attach to the zygomatic arch, but extended below the bony
arch, being apparently continuous with the musculoaponeu-
rotic system of the cheek [10].

Here, we avoided use of the term “deep fascia” and instead
applied the term “muscle-covering fascia”. We were con-
cerned that the former term was likely to give a misleading
impression of 1) a fascia lining a deeply-located muscle or 2)
a deeply-located fascia distant from skeletal muscles. A typi-
cal example of the former is the transversalis fascia covering
the internal aspect of the rectus abdominis and the scalenus
fascia covering the superior aspect of the scalenus anterior
muscle. In contrast, the latter is known well to surgeons as
Denonvillier’s fascia [15-17], the fascia of Treitz [18-20] or the
renal fascia [21-23].

Taken together, the present findings have demonstrated
that the temporal fascia is composed of 1) a later-developing
superficial facia and 2) an early-developing deep fascia. The
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thicker subcutaneous tissue tends to contain well-differenti-
ated superficial fasciae, while higher activity of the tempora-
lis muscle appears to play a role in growth of the deep fascia.
The temporal fascia seems to be the best sample to show a
difference in development between two categories of the fas-
ciae.
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