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ABSTRACT

Objectives : The aim of this study
is to review the gross anatomy and
variations of the stapedius muscle
and its relations to the structures
forming the retrotympanic area. In ad-
dition, this study will try to present a
theory to explain the reason for these
variations from a developmental point
of view.

Subjects and Methods : Thirty-five
temporal bones were dissected, and
studied utilizing a microscope and
otoendoscopes. The muscle gross
anatomy and its relations were stud-
ied.

Results : Marked variations in the
origin and size of the muscle, the
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course of its bony canal and its rela-
tion to the facial nerve canal were de-
tected. These were mainly influenced
by the sinus tympani development.
These variations affected the length
of the tendon and the pyramidal emi-
nence. The presence of ectopic mus-
cle bundles was confirmed in one
specimen.

Conclusion : The stapedius mus-
cle anatomy can vary significantly
from one temporal bone to another. In
some situations, these variations can
be of surgical importance worth
enough to be recognized.

INTRODUCTION

Recent advances in otologic surgi-
cal procedures, particularly endosco-
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py require the need for more detailed
knowledge of the components of the
posterior mesotympanum and retro-
tympanic areas. The stapedius mus-
cle is one of the structures, which can
be frequently encountered during
many surgical procedures in this
area.

In most literature, the stapedius
muscle complex is described as
formed of a fusiform body, which is a
mixture of striated and nonstriated fi-
bers that converge into a tendon. The
muscle lies in a bony sulcus or canal
adjacent to the facial canal in the pos-
terior wall of the tympanic cavity. Its
tendon emerges from the orifice of
the pyramidal eminence into the tym-
panic cavity to attach variably to the
head and / or posterior crus of the
stapes 1. Some authors have high-
lighted the gross anatomical varia-
tions of the stapedius muscle espe-
cially in its relation to the facial nerve
canal 2. 3,

This work aims to provide a more
detailed study of the variations in the
gross anatomical features of the sta-
pedius muscle and its relations to the
surrounding  structures, specifically
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the facial nerve canal and the various
retrotympanic recesses. In addition,
we will try to explain these variations
from a developmental point of view.

METHODS

. The gross anatomy and anatomi-
cal variations of posterior mesotym-
panum and retrotympanic areas in-
cluding the stapedius muscle and
facial nerve canal were studied in 35
Fresh frozen temporal bones. To best
of our knowledge, all bones came
from adult cadavers. There were 21
right temporal bones and 14 left. All
bones were dissected by the same
approach and all were studied utiliz-
ing an operating microscope and
otoendoscopes with 09, 30° and 70°
angles and 2.7 and 3 mm diameters.
The photos were processed digitally
by Photoswit® digital computer pho-
to-system (Photoswit, USA). Meas-
urements were taken by the use of
paparella Fenestrometer (Gyrus®,
USA).

The muscle complex anatomy was
studied on serial steps, to accurately
and completely study the Stapedius
muscle complex and to preserve the
relations to surrounding structures as
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much as possible. The first step was
to observe and measure the gross
structure including the tendon, the py-
ramidal eminence and the bony ca-
nal. Next, the site of the tendon inser-
tion to the stapes was noted. Then,
the relations of the muscle complex to
the surrounding structures were ob-
served, these including the facial
nerve canal, the sinus tympani, the
posterior tympanic sinus, the facial re-
cess and the lateral tympanic sinus.
Also, the various eminences and ridg-
es crossing near the muscle complex
were studied. In a following step, both
bony canals around the stapedius
muscle and facial nerve were re-
moved partially to observe their con-
tents and their relations to each other
with direct measures of the muscle.
Finally, the muscle shape, origin and
full course were noted together with
whether the muscle was sebarated
from the nerve or not.

Results
In all of the 35 specimens the
muscular complex consisted of 3 seg-
ments (from distal to proximal), the
free tendon, the pyramidal portion
(both muscle and tendon) and the
muscular bony canal. It was only pos-

sible to see the muscle bony canal
partially by using the operating micro-
scope. It became possible to examine
the whole bony canal length only by
using the 30° otoendoscope. It was
reexamined again after removal of
the bony covering of the muscle ca-
nal.

The Length of each individual seg-
ment was taken. There were marked
variations in lengths of each of the
three parts. The longest tendon in all
specimens was 5 mm and the short-
est on was 1 mm with mean 3. the py-
ramidal eminence varied in length be-
tween 7 mm and 2 mm with mean
4.7. The bony canal length was be-
tween 11 mm and 2 mm with mean 4.
When the retrotympanic area was
well aerated the ratio of the 3 seg-
ments was generally preserved with a
ratio of 1 for tendon to 1.5 for pyrami-
dal eminence to 1.3 for the bony ca-
nal.

The tendon shape usually was uni-
form cylindrical with slight tapering to-
ward the insertion in the stapes. Ex-
cept for 2 bones, the tendon direction
was straight with slight tilting from dis-
tal to proximal. For the other two
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bones, one bone the tendon was re-
markably tilted in the usual direction
and the other bone the tendon re-
versed its tilting direction into the
proximal to distal manner. This was
mainly due to the fact that relatively
large sinus tympani pushed the entire
muscle complex superior and lateral.
The pyramidal eminence varied in
shape from cylindrical in bones with a
well-developed and well-pneumatized
retrotympanic area to pyramidal in
less developed bones. Its direction,
which depended mainly on the sinus
tympani pneumatization, was usually
pointing forward or forward and down-
ward in bones with large sinuses tym-
pani. The bony canal was fusiform in
shape in most of bones. Only in two
bones, the canal took a tube like
shape. The canal was dehiscent ex-
ternally in 2 specimens. This dehis-
cence was partial and towards the si-
nus tympani alone in 1 specimen and
toward the sinus tympani and the
middle ear cavity in the other speci-
men.

One must be careful to remove
mucosal folds from the tendon when
studying the attachments since they
may obscure the anatomy. The actual
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tendon attachment was to the stapes
head alone in 25 specimens and to
the stapes head and posterior crus in
4 specimens. The tendon was at-
tached to stapes head and sent a
small muscular twig to attach in the
posterior crus, or there was a hole
near its end, in 4 specimens. The ten-
don was attached to the posterior
crus only in 1 specimen and it was
attached to the stapes head and pos-
terior crus as well as the long process
of incus in another specimen.

The bony canal directions together
with its relations to the surroundings
are the mainstay this research work
was based on. Grossly the canal di-
rections were influenced by two main
factors; its relation to the facial nerve
canal and the size and development
of the sinus tympani. In the temporal
bones with well-developed and well-
pneumatized retrotympanic area, the
canal took one of two directions. First
was a slightly curved direction with
distal end pointing forward and paral-
lel to the tympanic segment of the fa-
cial nerve and the proximal end point-
ing backward and downward and
parallel to or approaching the medial
aspect of the mastoid (vertical) seg-
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ment of the facial nerve and just be-
low its 2"d genu. In both directions,
the canal occupied the superolateral
aspect of the sinus tympani. On the
other hand, in temporal bone speci-
mens with less or poorly-developed
and less or poorly-pneumatized retro-
tympanic area, the canal was in
straight, parallel to the tympanic seg-
ment of the facial nerve and at right
angles to mastoid segment. In these
specimens, the canal was superior,
anterior and lateral to the tympanic
orifice of the sinus tympani, i.e. out-
side it or with limited posterior exten-
sion to come inside the superior part
of the sinus tympani.

As usual, the various bony ridges
that define the retrotympanic spaces
crossed the posterior tympanic wall.
Nevertheless, the relations between
these ridges and the pyramidal emi-
nence and bony canal parts of the
stapedius muscle complex varied.
These variations were influenced by
the development and pneumatization
of the retrotympanic area (mainly of
the sinus tympani). Usually the pon-
ticulus extends as a ridge from the
medial aspect of the pyramidal emi-
nence to the promontory immediately

below the oval window niche to sep-
arate the posterior tympanic sinus su-
periorly from the sinus tympani inferi-
orly. In 7 specimens the sinus
tympani was very large, subsequently
the ponticulus formed a true bridge
rather than a ridge between the pos-
terior tympanic sinus above and the
sinus tympani below. As a result the
muscle bony canal encroached the
lateral aspect of most of the posterior
tympanic sinus and the upper part of
the sinus tympani. In all other speci-
mens, the posterior tympanic sinus
was superior and medial to the mus-
cle which did not form any part of the
wall of the sinus.

The facial recess relations to sta-
pedius muscle differed when studied,
first from within the middle ear cavity,
then after partial removal of the pos-
terior canal wall. From within the mid-
dle ear cavity, the facial recess ap-
peared to be superior and lateral to
the muscle. In all bones with large si-
nus tympani, the recess formed the
superior boundaries of the pyramidal
eminence and the muscle bony canal.
The pyramidal crest should run as a
ridge superiorly from the styloid emi-
nence to the pyramidal eminence,
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then to the lower edge of the facial re-
cess and turn up to the superior edge
of the recess to end there superior to
the level of the chordal eminence.
When the sinus tympani was very
large it stopped at the level of pyrami-
dal eminence and turned anterior to
end just proximal to the tendon exit.

This relationship was not applica-
ble to the lateral sinus, as it is shallow
and non-pneumamatized so its rela-
tions to other structures are more or
less fixed. After partial removal of the
posterior canal wall, the facial recess
appeared also to extend posteriorly
and slight medially to the proximal
end of the muscle. These changes in
the pneumatization and development
of both facial recess and sinus tympa-
ni also influenced the last of the sty-
loid complex eminences, the chordal
eminence, and the chordal crest (or
ridge) between it and the pyramidal
eminence. In very well pneumatized
specimens there was an anticlock-
wise rotation of all the lateral struc-
tures of the styloid complex to bring
them medial while bringing the medial
structures to a more lateral position.
Thus the chordal eminence became
in more inferior position. The chordal
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crest was shorted and ridging from
lateral and inferior to medial and su-
perior to join the pyramidal eminence.

For more data collection, both
bony canals around the stapedius
muscle and facial nerve were re-
moved partially. There was no bony
separation between the body of the
muscle and the facial nerve (i.e. lying
together in one bony canal) in 2 spec-
imens. Then the origin of the muscle
was observed to come directly from
the walls of the bony canal in all spec-
imens. In 9 bones the muscle was
only attached to the anterior and lat-
eral walls of the canal (the walls not
related to facial nerve). In the 2 bones
with deficient separation from the fa-
cial nerve, there was thick connecting
tissue between the muscle and nerve.
The exact place where the muscle fi-
bers were converted (grossly) into
tendon was the distal (anterior) end
(summit) of the pyramidal eminence
in all specimens. The muscle itself in-
side the canal was fusiform in shape
in all specimens.

It is also worth noting the muscle
course and length inside the bony ca-
nal. In 11 of the bones, especially
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those bones with good development,
the muscle course and length inside
the bony canal significantly differed
than what observed before opening
the bony canal. In 7 bones, the mus-
cle occupied only the distal two thirds
of the bony canal and the proximal
third was filled by thick fibrous tissue
in 4 bones and was obliterated by
bone in the other 3 specimens. In
these bones, the muscle length was
shorter 1- 2 mm than what it was ex-
ternally apparent. In another 4 bones,
the body of the muscle exceeded the
bony canal cavity by 1 - 2 mm from
the proximal side, either to come into
direct contact with the facial nerve ca-
nal in 1 specimen or to lie inside an
air cell of the retrofacial mastoid air
cells. In all specimens, the muscle
course was straight inside the canal,
it did not take a curved course in any
bone.

The relations between the facial
nerve and the muscle could be classi-
fied into five categories: 1) the muscle

was completely anterior to the facial
nerve (2 bones), 2) the muscle was
anterior and extended laterally to the
facial nerve (2 bones), 3) the muscle
was anterior and extended medially
to the facial nerve (13 bones), 4) the
muscle was anterior, extended later-
ally and then posterior to the facial
nerve (1 bone), 5) the muscle was an-
terior, extended medially and then
posterior to the facial nerve (17
bones). In all the specimens with
muscle extension posterior to the fa-
cial nerve, the muscle was laying di-
reétly anterior to the posterior semicir-
cular canal and inferior to the lateral
semicircular canal (wedged between
the nerve and the canals).

In one specimen, when the muscle
extended medially and posterior to
the facial nerve, a small muscle con-
densation (1 mm x 2 mm) could be
seen away from the posterior end and
completely isolated inside bone. We
thought this to be ectopic muscle tis-
sue and this proved histologically to
be muscle tissue.
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Fig 1: Left ear (70 degree otoendoscop e) Fig 2 : Right ear (30 degree
showing the relation of Stapedius otoendoscope) showing the relation
muscle to the Sinus Tympani. of Stapedius muscle to the Tympanic

segment of the Facial nerve canal.

Fig 3: Left ear (30 degree otoendoscope) Fig 4: Right ear (30 degree

showing the relation of Stapedius muscle otoendoscope), Panoramic

to the Mastoid segment of the Facial view, showing the relations of

nerve canal. Stapedius muscle to the
structures of the retrotympanic
area.
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DISCUSSION
Although there are many varia-
tions in the gross morphology of the
stapedius muscle, its relations to the
surrounding structures and the pat-
terns of the arrangement of the ana-
tomical landmarks of the posterior
mesotympanun and retrotympanic
area, all these variations appear to
have fairly predictable patterns.
These variations can be explained by
the generally accepted and popular
theories of the middle ear develop-
ment. Embryologically there is more
than one element sharing in the com-
plex formation of the retrotympanic
area. In addition, postnatal develop-
mental plays an important role in the

completion of this process.

The posterior bony wall of the tym-
panum is derived from the second
branchial arch, which contains Reich-
ert’s cartilage as its skeletal support.
Reichert’s cartilage extends up to the
posterior aspect of the oval window,
separated from both the cartilaginous
labyrinth, and the cartilaginous annu-
lus tympanicus by a narrow band of
gelatinous material containing the
primitive endothelium that is to line
the future tympanum and its viscera

4. The upper club shaped part of the
cartilage will form the stapes and the
loose substance (usually known as in-
terhyale). The lower; hyoid portion of
the cartilage later develops into the
stapedial muscle tendon. The muscle
itself develops from blastema related
to facial musculature. The isolated
position of the muscle is due to den-
velopment of the rapidly growing laby-
rinth capsule, the laterohyale and the
proximal end of Reichert's cartilage
(which ossifies to form the pyramidal
eminence and bony muscular ca-
nal)5. The entire second arch struc-
ture, composed of cartilage and other
arch mesodermal structures, can be
referred to as the styloid complex 6.

Each branchial arch is supplied by
a cranial nerve, which does not devel-
op from the arch mesoderm but it
arises from the neural tube and en-
ters the respective arch to supply its
musculature. The facial nerve is the
cranial nerve that supplies the second
arch. It courses on the posteromedial
surface of the Reichert's cartilage 4.
The complex course of the Facial
nerve is a result of the development
of the structures that surround it 7.
The first genu may be considered the
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result of the nerve being pushed for-
ward by the developing otic capsule.
Here the fallopian canal is derived
from the mesoderm of the otic cap-
sule. More distally, the fallopian canal
is partly formed by Reichert's cartil-
age 3. In the tenth week, the facial
nerve makes its second gene in the
middle ear, and its relationship to the
external and middle ear structures is
far anterior than in the adult. By week
26, there is partial closure of the fallo-
pian canal by bone and the nerve has
moved posteriorly, coming to lie in a
position comparable to the adult. In a
similar way to the nerve being pushed
forward by the otic capsule more
proximally, it is pulled posteriorly by
the growing tympanic ring and struc-
tures of the posterior tympanum and
pulled inferiorly by the developing
meatus and mastoid system. The fa-
cial nerve comes to lie, therefore, be-
tween the tympanic and mastoid por-
tions of the temporal bone. Even at
birth, the nerve exits through the su-
perficially positioned stylomastoid fo-
ramen and only comes to its more
medial adult position with postnatal
mastoid tip development. 7

Another element takes. part in the
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process of formation of the retrotym-
panic spaces is the passage of the
endothelial pouches of the primitive
eustachian tube (sacci) to develop
the middle ear air cell system. Saccus
medius, leaves the mesotympanum
via the anterior tympanic isthmus to
extend posterior and forms the attic,
and goes into the pars petrosal por-
tion of the mastoid. Saccus superior,
ascends over the styloid complex (py-
ramidal eminence, styloid eminence,
and chordal eminence) and through
the posterior tympanic isthmus to
form the antrum and squamosal por-
tion of the mastoid. The facial sinus,
descends behind the chordal ridge
and drops downward on the lateral
aspect of the facial canal. Saccus
posticus, forms the hypotympanum,
round window niche, sinus tympani,
and inferior half of oval window niche.
Saccus anticus may form the supratu-
bal recess 8.

After birth and during childhood,
the neck grows at a more rapid pace
compared to the skull, so that the in-
ferior portion of the drum rotates out-
ward, enlarging the hypotympanum
while the mastoid is pulled down and
out by the growth of the sternomas-
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toid muscle. This growth pattern facili-
tates the expansion into the middle
ear cleft of the endothelial-lined
pouch originating from the primitive
eustachian tube 4. Now the stylomas-
toid foramen takes its final adult posi-
tion, which is attained by growth of
the mastoid tip 7.

In adulthood the ridges of the pos-
terior tympanum which always cross
the floor of the hypotympanum from a
medial to a lateral position and bony
bridges from the styloid complex to
the promontory give evidence to the
original developmental processes.
The subiculum runs from the styloid
eminence to the posterior lip of the
round window niche, and the ponticu-
lus, extends as a ridge or bridge from
the pyramidal eminence to the prom-
ontory immediately below the oval
window niche 8,

The multifactorial development
could be the explanation of the varia-
tions in the gross morphology of the
stapedius muscle and its relations to
the surrounding structures. Each of
these factors depends on rate of its
occurrence (time factor), occurrence
progress (quantity factor), and occur-

rence pattern (quality factor) and as it
is expected, these factors would not
be fixed in every fetus or growing
child and would vary from one to an-
other.

The muscle, being in the upper
proximal part of the Reichert's cartil-
age, while the facial nerve on the car-
tilage posteromedial side, so the rela-
tion between the muscle and nerve
would be governed by the rate of de-
velopment and the level to which the
cartilage might approach and in turn
push the facial nerve. This also would
by modified by the force of downward
and outward traction of the develop-
ing mastoid and neck on the stylo-
mastoid foramen and annulus tym-
panicus. At the same time, the rate of
developing saccus posterior pushing
up the sinus tympani and saccus su-
perior pushing the facial recess down
and anterior would affect develop-
ment.

When these factors are balanced
that the retrotympanic area is ar-
ranged in the usual commonly de-
scribed pattern 1. When one of these
factors becomes predominant in its
rate or pattern of development, this
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would give the type and shape of
gross variation. Based on these pat-
terns of development, we found the
anatomic relationships to generally be
predictable and related. The five cate-
gories of the relations between the fa-
cial nerve and the muscle are best
explained by this concept. When the
muscle was completely anterior to the
facial nerve, this was due to predomi-
nant traction of mastoid by the sterno-
mastoid muscle rather than pushing
by developing cartilage and saccus
posterior. When the muscle was an-
terior and extended laterally to the fa-
cial nerve, the cartilage development
of Richert's cartilage appeared to be
the predominant factor in develop-
ment. Cartilage development also
was predominant when the muscle
was anterior, and extended laterally
and then posterior to the facial nerve,
but here the traction was the least af-
fecting factor. When the muscle was
anterior and extended medially to the
facial nerve, the mastoid traction and
the saccus posterior development
were predominant rather than the car-
tilage development and saccus super-
jor development. When, the muscle
was anterior, extended medially and
then posterior to the facial nerve, indi-
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cated that all the factors were gener-
ally evenly balanced. However, the
relation between the muscle and the
posterior tympanic recesses and fa-
cial recess respectively was depend-
ing in the extent of the saccus posteri-
or and superior development after the
full maturation of the cartilage and
hence on the force of the mastoid
traction.

The difference of the tendon site
of insertion mostly due to the inter-
hyale amount separates from the
stapes primordium rather than any
other developmental factor 5. This
also could be the reason for the for-
mation of ectopic muscle tissue in iso-
lated extraordinary palces 5.

Some other variations depended
mainly on the development of the Re-
ichert's cartilage. The dehiscence of
the muscle canal and the common
canal enveloping the vertical segment
of the facial nerve together with mus-
cle, were results of the cartilage pat-
tern of development 5. The vascular
connective tissue lodging the muscle
with the nerve 2, which was present
only in bones with deficient separa-
tion between nerve and muscle, sup-
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port the theory of the mesodermal ori-
gin of the canal. The size of the py-
ramidal eminence, as a derivative of
the styloid complex, depends on the
cartilage development also. However,
this could not explain the relation be-
tween the eminence and the tendon
(interhyale origin) or the tendon
length. Another factor also should be
taken in consideration, which- may af-
fect the lengths of the structures de-
rived from the proximal part of the
cartilage, is the otic capsule sharing
in the formation of the footplate of the
stapes and the fixed position for oval
window in the otic capsule 3.

CONCLUSION
The stapedius muscle anatomy
can vary significantly from one tempo-
ral bone to another. In some situa-
-tions, these variations can be of surgi-
cal importance worth enough to be
recognized.
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