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Ostriches (Struthiones), which belong to the
taxonomical order Struthioniformes along with
the flightless Rheae, Casuarii and Apteryges,
have been drawing the attention of morpholo-
gists for almost two centuries (Meckel, 1825).
Besides being attractive in the evolutionary
sense (there is still controversy as to whether or
not their ancestors were able to fly (Steiner,
1949) or they branched so early in avian history
that their ancestors did not yet acquire flight
(Lowe, 1928; 1942)) ostriches also become in-
creasingly interesting as farm meat animals.
The muscles of the hindlimbs are mainly used
for meat production (Jost, 1993).

The first studies of hindlimb myology of the
Ostrich (Struthio camelus) are dated back as
early as the first half of the nineteenth century
(Meckel, 1828). Many of the following studies
also were conducted in the same century
(Haughton, 1865; Macalister, 1865; Garrod,
Darwin, 1872; Gadow, 1880). In the following
centuries a number of works dealing with the
hindlimb myology of the ostrich has also ap-
peared (Sudilovskaya, 1931; Cho et al., 1984;
Mellet, 1985, 1994; Fowler, 1991; Hopkins and
Constantinescu, 1995; Pavaux and Lingereux,
1995; Liswaniso, 1996, Liswaniso et al, 1996
a,b, 1997; Bezuidenhout, 1999; Zinoviev, 1999;
Chow et al., 2000; Gangl, 2001; Weissengruber
et al., 2002, 2003). Despite such a broad array
of works, many of the studies are either too old
to follow modern nomenclatural rules or are re-
stricted to certain parts of the limb. Gangl et al.
(2004) recently tried to resolve the situation by
providing an updated description of hindlimb

muscle topography, names and morphology,
based on the dissection of 12 specimens of the
African Ostrich and available citations synthe-
sis. However, their work was not without some
discrepancies. Since morphological characters
are now extensively used in phylogenetic recon-
structions, including those of avian hind limbs
(McKitrich, 1991), one should be very cautious
in describing new structures or changing names
of known ones. Thus, the aim of the present
study is to point out certain discrepancies in
previous descriptions of hindlimb muscles of
the Ostrich.

!6102-6�7	6.3	8019�37

The hindlimbs of two formalin-fixed adult
male Ostriches the collection of the Zoological
Museum of Moscow State Lomonosov Univer-
sity have been dissected following standards of
gross anatomical methodology. Investigations
have been performed at the Department of Ver-
tebrate Zoology, Moscow State Lomonosov
University, Moscow, Russia, and at the Depart-
ment of Zoology, Tver State University, Tver,
Russia. Stages of dissection have been docu-
mented by multiple original pencil drawings,
several of which have been redrawn in ink for
this publication.

�074�17

As in previous studies (Mellet, 1994; Gangl
et al., 2004) we found 36 hindlimb muscles in
the Ostrich (table).
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However, as seen in the table, we discarded
two muscles (M. pectineus and M. femorotibia-
lis accessorius) revealing two others instead (M.
iliotrochantericus medius and M. plantaris). We
also made certain changes in muscles’ heads
and parts list. As a number of previous works
contain a substantial morphological description
of the hindlimb muscles of the Ostrich (see In-
troduction), we do not see any reason to provide
a new one here (that is why our Results part ap-
pears unusually short). Instead, in the Discus-
sion, using the most recent description of Gangl
et al. (2004) as a reference, we point out the dif-
ferences and support them by drawings when-
ever necessary. Like our predecessors, we have
continued to use anatomical names listed in the
NAA (Vanden Berge, Zweers, 1993). In case of
the structures which are not in the NAA, we
used names proposed by the previous authors,
favoring either the earliest or more appropriate.
Only in a few cases did we propose new names
as the most logical and suitable.

&-75477-�.

Despite the fact that the previous study
(Gangl et al., 2004) was based on representative
anatomical material and extensive literature re-
view, we still found some differences in presence
and topography of the hindlimb muscles of the
Ostrich. Some of them are only slight and can be
interpreted as individual variations; we do not
discuss them here. However we could not fail to
note several others due to their importance as
characters used in cladistic analyses.

The first edition of the NAA (Vanden
Berge, 1979) does not contain information on
names of the parts of M. iliotibialis lateralis. In
the second edition (Vanden Berge and Zweers,
1993), however, two subdivisions are recog-
nized, Pars preacetabularis and Pars postace-
tabularis, which may be continuous or separat-
ed by the gap Hiatus acetabularis. In case of
the continuity of one head of the muscle into the
other, a third, acetabular part of the muscle is
usually considered. Gangl et al. (2004) named
this part Pars intermedia. There already have
been several names used for this part of the
muscle prior to this work. We do not think that
the mentioned part merits being named as a sep-
arate muscle, as it has been by early authors: M.
tensor fasciae latae of Meckel (1830) and Gad-
ow (1880); M. rectus femoris and M. tensor va-

ginae of Owen (1849) and de Man (1873); M.
glutaeus maximus of Macalister (1865) and
Beddard (1896); M. tensor fasciae of Garrod
(1877); M. tensor fasciae femoris of Watson
(1883); M. ilio-tibialis medius of Gadow (Gad-
ow and Selenka, 1891) and Dement’ev (1940).
However, there is an appropriate name for this
part, given by Vanden Berge as early as 1975 —
Pars acetabularis. Since this name has been
used in number of subsequent works (e.g.:
Swierczewski and Raikow, 1981; Raikow, 1987,
Zinoviev, 1999), we do not think it should be
changed.

Gangl et al. (2004) described M. iliofemora-
lis externus as having its origin along almost the
entire dorsal part of the Ala preacetabularis ilii
just below those of the Mm. iliotibiales. They
also found two tendons of insertion of this large
muscle belly, which they named Crus craniale
and Crus caudale. If we accept such an expan-
sion of the muscle, it will be unique for birds.
However, if we take a closer look at this muscle
mass we will see that there are two muscles in
fact — M. iliotrochantericus caudalis and M. il-
iofemoralis externus in their normal position
(fig. 1a). M. iliotrochantericus caudalis origi-
nate from almost entire length of Ala preacetab-
ularis ilii just below M. iliotibialis lateralis,
caudally to M. iliotibialis cranialis and dorsally
to M. iliofemoralis internus. Its tendon of inser-
tion is nothing else but Crus craniale of Gangl
et al. (2004), which inserts laterally on the Tro-
chanter femoris (fig. 1b). M. iliofemoralis exter-
nus arises fleshy caudally to the mentioned
muscle from the ilium just above acetabulum
and below M. iliotibialis lateralis pars acetabu-
laris. It inserts to trochanter femoris distally by
the attachment of the terminal tendon of M. il-
iotrochantericus caudalis by the tendon (fig.
1b), which Gangl et al. (2004) named Crus cau-
dale of M. iliofemoralis externus. Bellies of M.
iliotrochantericus caudalis and M. iliofemoralis
externus are fused to a large extent, which is not
unusual for birds (Gadow and Selenka, 1891;
Hudson, 1937; Wilcox, 1952; Kurochkin, 1968;
Klemm, 1969; etc.). This muscle was found in
the Ostrich by Gadow (1880) (M. gluteus ante-
rior) and Sudilovskaya (1931). Even Gangl et
al. (2004) noticed that their M. iliofemoralis ex-
ternus could possibly consist of two partly
fused individual muscles.

Gangl et al. (2004) claimed M. iliotrochant-
ericus medius was absent in the Ostrich. In fact,
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it is present in the Ostrich, being M. iliotrochan-
tericus caudalis of the mentioned authors. The
place of its insertion fully corresponds to that of
M. iliotrochantericus medius in other birds. In
those which possess this muscle, it inserts prox-
imally to the insertion of M. iliotrochantericus
cranialis on Trochanter femoris, with its termi-
nal tendons often intimately associated with that

of M. iliotrochantericus cranialis (fig. 1b). This
muscle has been correctly identified by several
previous authors. Hans Gadow (1880: M. ilia-
cus externus medius) pointed out that this mus-
cle is quite variable in ostriches and can either
arise from the Ala preacetabularis ilii between
places of origin of M. iliofemoralis internus and
M. iliotrochantericus caudalis, as was the case

a b
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in specimens dissected by Haughton (1865: M.
gluteus minimus), Macalister (1865: M. gluteus
minimus), Zinoviev (1999) and Gangl et al.
(2004), or just caudally to the origin of M. il-
iotrochantericus cranialis, being fused to a
varying extent with the belly of the mentioned
muscle, as Sudilovskaya (1939) observed.

Gangl et al. (2004) pointed out certain prob-
lems with scientific names of Mm. femorotibi-
ales externus and medius existing in the litera-
ture, finally following the picture from Hudson
et al. (1969) used in the NAA (Van den Berge
and Zweers, 1993: fig. 6.16). There we see a
short M. femorotibialis externus, which lies dis-
tally on the lateral surface of the femur, covered
by M. femorotibialis medius. However, the de-
scription, provided in the NAA is quite different
from the drawing. Van den Berge and Zweers,
in fact, name the mentioned short muscle as
Pars distalis of M. femorotibialis externus,
while the lateral part of the muscle, which cov-
ers the previous head defined as M. femorotibia-
lis externus pars proximalis. M. femorotibialis
medius, thus, lies on the cranial surface of the
femur and is fused laterally with M. femorotibi-
alis externus. This is the traditional definition of
these muscles, widely used in literature (Gadow,
1891; George and Berger, 1966; Raikow, 1985;

etc.). Therefore we do not see any reason to fol-
low the works of Hudson et al. (1959; 1969),
since in his early work Hudson (1937) himself
follows the traditional classification. Thus, the
muscle, which Gangl et al. (2004) described as
M. femorotibialis medius is, in fact, Pars proxi-
malis of M. femorotibialis externus (fig. 1a),
with initial M. femorotibialis externus being
only M. femorotibialis externus pars distalis
(fig. 1b). This part is present in many other
birds (Owen, 1849; Beddard, 1899; McGowan,
1979; Zinoviev, 1999; etc.) but not as well de-
veloped as in the Ostrich, being either confined
to the distal ventrolateral surface of the femur or
totally fused with Pars proximalis. The real M.
femorotibialis medius thus will be M. femorotib-
ialis accessorius of Mellet (1994) and Gangl et
al. (2004). According to these authors, it covers
the cranial surface of the femur, originating in
two heads. First, Caput craniale arises distally
of the Trochanter femoris from the middle part
of the cranial femoral shaft. The larger Caput
mediale originates proximomedially from the
previous head, and the proximal patella seems
to be embedded in the distal extension of the
latter head. Covering the cranial surface of the
femur, it has the same subdivision as in many
other birds. Such a subdivision is not mentioned
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in the NAA since the distal part of this muscle
is generally minute, poorly separated from the
proximal part and easily overlooked by anato-
mists. However, in the majority of birds which
we dissected or reviewed in an extensive litera-
ture (Zinoviev, 1999), we found Pars distalis,
generally represented by a number of muscular
fibers, running from craniodistal femur to the
proximal surface of patella to insert there fleshy
and only slightly contributing to the patellar lig-
ament. This is, as we see, also the case in the
Ostrich (fig. 1a, 2), in which, however, the dis-
tal part of the muscle simply expands proximal-
ly, with its tendon still embedding the part of
patella (Weissengruber et al., 2002). For the M.
iliotibialis internus Gangl et al. (2004) report
only two heads — Caput mediale and Caput
laterale, treating the belly, which starts on the
pectineal process and adjacent area of pubis, as
a separate muscle — M. pectineus (in naming
such muscle, the authors mention Mellet (1994)
as a source; in fact, Haughton (1865) was the
first to name this muscular belly M. pectineus).
We do not see any reason to treat it as a separate
muscle. Its close association with Caput medi-
ale (fig. 2) allows us to name it as a third part,
Pars pectineus (traditionally, names Partes rath-
er then Capita are used for subdivisions of M.
femorotibiales) of M. femorotibialis internus, as
was already noted by Gadow (1880) and Sud-
ilovskaya (1934).

In the work of Gangl et al. (2004) a tendi-
nous structure to which terminal tendons of
Mm. flexores crures caudalis et medialis insert
is named a quadrifascial tendinous sheet. It is
also serves as a place of insertion for M. cruris
lateralis pars accessoria, while tendon-like
Pars supramedialis m. gastrocnemii (see below
the discussion on this Pars), which runs from
the tibiotarsus to the tendon of the Pars media-
lis m. gastrocnemii, forms its ventral part. How-
ever, from the descriptions provided by the
mentioned authors it is not clear whether this
sheet is connected with tibiotarsus or not. If not,
as it actually appears from their work, M. flex-
ores crures do not have an insertion to the crus.
It would have been a unique feature for birds if
not for the fact that these muscles in the Ostrich
do have a normal insertion on the caudomedial
surface of proximal tibiotarsus by the common,
although weak tendon (fig. 2). This insertion
has been reported by many previous authors
(Haughton, 1865; Macalister, 1865; Gadow,
1880; Sudilovskaya, 1931; Zinoviev, 1999).

Authors (Gangl et al., 2004) describe M. ob-
turatorius medialis as a muscle which originates
primarily on the ventral border of Ischium and
the dorsal border and lateral surfaces of the Pu-
bis. In fact, the majority of muscle fibers origi-
nate from the lateral surface of the Membrana
ischiopubica (fig. 3), ending on the aponeurosis,
covering almost the whole lateral surface of the
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muscle. It is worth mentioning here that most of
the belly of M. obturatorius medialis has a
unique lateral position in the Ostrich, whereas
in other birds it is entirely confined to the medi-
al (inner) surface of the pelvis.

Gangl et al. (2004) have also reported an
absence of M. plantaris in all 12 dissected Os-
triches. We cannot agree with them; this muscle,
although greatly reduced, is always present in
this species. Hans Gadow already pointed out
(Gadow, 1880; Gadow and Selenka, 1891) that
this muscle in the Ostrich shows several stages
of reduction from having a minute belly to be-
ing represented by an entire tendinous structure.
Gangl et al. (2004) actually found this muscle,
but took it for the fourth part of M. gastrocne-
mius — M. gastrocnemius pars supramedialis.
The tendinous structure which they thus de-
scribed fully corresponds in position with M.
plantaris of other birds. In our Ostriches this
muscle, which originated tendinously by two
heads from the lateral meniscus of the knee and
the adjacent caudomedial surface of the tibiotar-
sus near Lig. collaterale mediale genus, had a
minute unipennate belly (fig. 2). Its thin termi-
nal tendon fused with that of M. gastrocnemius
pars intermedia near the middle of the shank,
although Sudilovskaya (1931), who also found
a minute belly of this muscle, has traced the ten-
don down to the Cartilago tibialis.

Since M. extensor proprius digiti IV was
found only in Coliiformes, a group with highly
specialized manipulative hind limbs (Berman
and Raikow, 1982), we do not think it makes
sense to mention its absence in the Ostrich on
the sole basis that this muscle was listed in the
NAA. The fact of the matter is that extensors of
foretoes in birds show a high degree of varia-
tion (Zinoviev, 2003). If we follow the authors,
we also should have mentioned that the Ostrich
lacks M. proprius digiti III accessorius, report-
ed by Berman (1984) for Amazona albifrons
and found by Gadow (Gadow and Selenka,
1891) in a number of other parrots, and M. ex-
tensor brevis digiti II, described for Numida me-
leagris by Hudson et al. (1959).

Thus, our study showed that the hindlimb
musculature of the Ostrich is not as unique as it
appears from the studies of Mellet (1994) and
Gangl et al. (2004). A number of muscles and
heads which have been reported as peculiar to
the Ostrich, on closer inspection turned out not

to be such, whereas muscles mentioned as ab-
sent are indeed present. This shows that one
who describes new structures for a given spe-
cies of birds should be very cautious and use
extensive comparative data from the entire clas-
sis Aves.
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