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SUMMARY: In mammals, theMusculus quadriceps femoiisa well-developed extensor muscle of the thigh. It is also relatively
well developed in bats. The muscle group consists of a distally elongated muscle belly, which is important for the foli ektbesknee
joint during terrestrial locomotion. However, most bats species demonstrate poor terrestrial locomotion, although seaeeakspiele to
crawl on the ground. Among the crawling bats, knee joint extension is necessary for crawling. Among bat species geMeplydticeps
femorishas a distally elongated belly for extending the shank, although the feature also occurs among poor crawling bat species. The
relationship between a relatively well-developdd quadriceps femorignd poor crawling ability in bats is incongruous, but there is a
possibility that bats with a reduc®tl quadriceps femorisave not yet been found. The greater horsesho&batqlophus ferrumequingm
has long been known to be incapable of crawling, but there are no detailed descriptions in the literature concerniny tiijsdaiiseps
femoris The findings of this study reveal that tife quadriceps femorisf Rh. ferrumequinunhas a short muscle belly attached to the
proximal portion of the femur; furthermore, the insertional tendon of this muscle and its patellar ligament are very ¢hinoifiesogical
features suggest that this species cannot exert a strong and long-distance extension of its knee joints, unlike mepeotbsr Inadddition
to the above described morphological featuresMheectus femoriof Rh. ferrumequinunis fused with the vasti in thiel. quadriceps
femoris ThisM. quadriceps femoriarises from the pelvis and inserts onto the femur. Therefore, Rh. ferrumequinunivhaguadriceps
femorisspecialized for flexion of the hip joint.
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INTRODUCTION

Generally, in mammals, theMusculus quadriceps crawling bat speciePhyllostomidae: Desmodus rotundus
femorisconsists of th&l. rectus femoriérom the ilium and  and Diaemus younpextend their knee joints in the caudal
three vasti from the femur (e.g., Romer & Parsons, 198@)irection when crawling forward (Altenbach, 1979; Schtitt
This muscle covers almost all of the anterior and lateral., 1999; Riskinet al, 2005). In mammals, generally, the
portions of the thigh. The strong tendon inserts onto the basgensor muscles of the knee joint are Mequadriceps
of the patella, and the stout patellar ligament continues fiemorisandM. sartorius(Dyceet al, 2002). However, Meckel
the head of the tibia (Romer & Parsons). Whejuadriceps (1828) pointed out that thé. sartoriusis absent in bats, and
femorisis quite well developed and is a very powerful exao one since then has identified thle sartoriusin any
tensor muscle of the shank, which is useful for terrestridescriptions of the hind limb musculature in bats (cf.
locomotion (Kardong, 2014). Humphry, 1869; Macalister, 1872; Vaughan, 1959; Mori,

1960). Therefore, it appears that the only muscle associated

All bats are capable of powered flight using thavith extending the knee joint in bats is thle quadriceps
webbed wings of their forelimbs, but most bats are poor &moris Based on the relationship between bat crawling
terrestrial locomotion (Lawrence, 1969), although severgkhavior and the development of tidirquadriceps femorjs
bats are able to crawl well on the ground (Dietz, 1973; Riskie could infer that thé/l. quadriceps femorishould be
et al, 2005, 2006; Schutt & Simmons, 2006). In factieduced in bats that demonstrate poor crawtegmotion.
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However, rare crawling bats (e.®lacrotus californicus As bats evolved, their legs rotated so that the feet
Phyllostomidag have a relatively larg®l. quadriceps and claws turned backward (Altringham, 2011). Therefore,

femoris which they use for extending the shank (Vaughangnatomical terms used for most mammals concerning the
Among mammalian orders, bats have the second highesisitions and directions of legs are not applicable for bats.
number of species, after Rodentia (cf. Wilson & ReedeBGiven these differences, in the present study, terms
2005). Myological information on thd. quadriceps femoris typically used to describe the anterior/posterior surface of
is not available for many bat species, and so there mightthe thigh in mammals herein instead refer to the extensor/
some species that have poorly developkdquadriceps flexor surface of the thigh.

femoristhat corresponds to their poor crawling locomotion.

The greater horseshoe batRHinolophus RESULTS
ferrumequinurpis widely distributed throughout North Afri-
ca and southern Europe through south-west Asia, the
Caucasus, Iran, Afghanistan, Pakistan, and the Himalayas = Musculus quadriceps femor{figs. 1B, 2A, 3A,
to south-eastern China, Korea, and Japan (Cserlzd, and 3B). Thé\. quadriceps femorisf Rh. ferrumequinum
2003; Simmons, 2005). It has long been known that tlw®mprises thé. rectus femoristhe M. vastus medialis
greater horseshoe bat is unable to walk (Coward, 1908nd theM. vastus intermediushe M. rectus femoriss
However, there has been only one study (Macalistethie most developed among the three muscleM of
describing the musculature Bh. ferrumequinupand that quadriceps femorislt arises from the cranial portion of
study did not describe the hind limb musculature in artye acetabulum and is flat in a dorsoventral direction at its
detail. In addition, no descriptions of hind limb musculaturerigin. The thin and shoNl. vastus medialiarises from
have been carried out in horseshoe bat species other tttaan medial ridge of the femur, while the wedk vastus
that of Rh. ferrumequinumTo address this gap in ourintermediusarises from the distal portion of the greater
knowledge, | provide anatomical information aboutthe trochanter and the extensor surface of the medial ridge of
quadriceps femorignd describe how this corresponds tdéhe femur. The muscle fibers of thk rectus femorigand
the poor crawling ability oRh. ferrumequinum the M. vastus intermediuise with each other into one
common muscle at the proximal half . quadriceps
femoris which then changes into a common tendon. The
MATERIAL AND METHOD insertion of theM. vastus medialiss approximately ex-
tensor-medial to th&l. rectus femoriaand theM. vastus
intermedius while the M. vastus medialis is contiguous
This study focuses on tiM. quadriceps femorisf  with the common tendon of the M. rectus femoris and the
Rh. ferrumequinugrand using osteological and myologicalM. vastus intermediu&inally, a narrow and thin common
terminologies proposed by Vaughan. The specimenendon of the three muscles inserts onto the proximal end
investigated are listed in Table I. All specimens weref the patella, and this thin tendon continues to the patellar
preserved in alcohol (the samples were first cold-stored aligiament.
then fixed in formalin). Because all examined the bats were
small, detailed dissections were performed using a stereo  The patellar ligament connects the distal end of the
microscope (SHIMADZU STZ-168-TL), and a digital patella to the process-like ridge on the middle of the
microscope (KEYENCE VHX-1000) was used for takingoroximal tibia. The patellar ligament is so thin that the
photos of théM. quadriceps femoriendon and the patellar boundary between the ligament and the surrounding
ligament inRh. ferrumequinum connective tissue is unclear.

Table I. The specimens used in this study.

Specimens

Species Number Donor or Location Storage of Specimens
Rhinolophus OUS-LCA 272 Okayama Prefecture, Okayama University of Science
ferrumequinum Japan (Okayama, Japan)

Rhinolophus OUS-LCA 291 Okayama Prefecture, Okayama University of Science
Sferrumequinum Japan (Okayama, Japan)

Rhinolophus H16-105 Kouchi Prefecture, NPO Shikoku Institute of Natural
ferrumequinum ) Japan History (Kouchi, Japan)
Rhinolophus H16-106 Kouchi Prefecture, NPO Shikoku Institute of Natural
ferrumequinum Japan History (Kouchi, Japan)
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Fig. 1 A) Schematic representation of ventral vielRbinolophushowing proportions of the body. The dashed square
indicates the dissected area of Figs. 1B and C. B) Lateral view of the left hind liRtbnafophus ferrumequinum
(OUS-LCA 291) showing the I. C) Lateral view of the left hind limtRafusettus leschenaul{OUS-LCA 367). The
dotted line indicates the boundary between the M. quadriceps and the femur. [Abbreviation: M., musculus].
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Fig. 2 Medial view of the left knee joint showing the
Musculus quadriceps femoris tendon:R)inolophus
ferrumequinum(OUS-LCA 291), B) Rousettus
leschenaultii (OUS-LCA 367). The distance between
the arrow heads indicates the thickness of Nhe
quadriceps femorigendon. [Abbreviation: M.,
musculus].

Fig. 3 A) Medial view of the left knee joint of
Rhinolophus ferrumequinu@®US-LCA 291) showing
the patellar ligament. B) Cross section of the patellar
ligament ofRh. ferrumequinutOUS-LCA 291) at the
broken line in Fig. 3A. C) Medial view of the left knee
joint of Rousettus leschenaultii (OUS-LCA 367)
showing the patellar ligament. D) Cross section of the
patellar ligament of Ro. leschenaultii (OUS-LCA 365)
at the broken line in Fig. 3C. The dashed line in Figu-
res C and D indicates the cross section position of the
patellar ligament.
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Musculus Sartorius.Both theM. quadriceps femoriand extensor surface of the femur, resulting in the rectus femoris
the M. sartoriusare extensor muscles of the thigh irhaving an insertional position at the proximal point of
mammals (Dycet al), but bats are not known to possessotation of the hip joint. This feature suggests thatMhe
anM. sartorius(Humphry; Macalister; Vaughan; Mori). This quadriceps femorisef Rh. ferrumequinuranables the femur
muscle also was not found in any of the specimens dissectedully flex the femur. This can occur because the muscle
in the present study. insertion at the proximal point of the rotation (at the joint)
enables the distal end to rotate more completely (Kardong).

DISCUSSION
Evolutionarily, Rh. ferrumequinunineage lost its
capacity to crawl. It is difficult for this species to crawl,
Based on previous studies, Mequadriceps femoris because itdl. quadriceps femorisas a short muscle belly,
in most bats has a distally extended muscle belly like otharthin insertional tendon, and a thin and weak patellar
mammals (cf. Humphry; Macalister; Howell & Straus, 1933jgament. This prevents extension of the knee joint, which
Vaughan; Mori; Crouch, 1969; Young, 1975; Evans & D@lays an important role in crawling for bats. However,
Lahunta, 2013; Standring, 2016) (refer Rmusettus because the muscle bellyMf quadriceps femoris almost
leschenaultiiof Fig. 1C). HoweverRh. ferrumequinuns  attached to the proximal area of the femur (through the vasti),
the exception in that its muscle belly is short. The contractigis main function now is flexion of the hip joint, rather than
distance is longer for a muscle with a long belly than a mus@gtension of the knee joint. Based on these findings, it
with a short belly, because the muscle belly is the part of tappears that thel. quadriceps femorisf Rh. ferrumequinum
muscle that contracts (Kardong). Therefore, a distallyas unique morphological attributes that make it unsuitable
elongated muscle belly of thd. quadriceps femoris to allow efficient crawling locomotion.
(common to almost all bats) enables bats to fully extend
their knee joints. In contrast, the short muscle belliof
quadriceps femorig1 Rh. ferrumequinumrevents it from ACKNOWLEDGMENTS
fully extending the knee joint.
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M. quadriceps femorito transmit a large amount of poweracknowledge the Hiroshima-City Asa Zoological Park and
to the tibia. However, ilRh. ferrumequinumthe patellar the Ikeda Zoo for granting permission to examine the
ligament and the insertional tendon of tle quadriceps specimens, Rousettus leschenaultii (OUS-LCA 365 and
femorisare very thin and weak, are thin where they covédUS-LCA 367).
the patella and are much thinner and weaker than generally
observed in mammals. These morphological features of the
M. quadriceps femorighin and weak tendon and patellarKOBAYASHI, M. Atributos anatomicos del musculo cuadriceps
ligament and its short muscle belly) suggest tRat femoral responsable de la limitada capacidad de arrastre en el

ferrumequinunis unable to fully and powerfully extend its Murciélago grande de herraduRin{nolophus ferrumequinynint.
shank J. Morphol., 36(1)69-73, 2018.

h dri f . | d RESUMEN: En los mamiferos, eMusculus quadriceps
TheM. quadriceps femoris mammals are separate femorises un muasculo extensor bien desarrollado del muslo. Este

into four muscles; in contrast, th rectus femori®f Rh.  nusculo también esta relativamente bien desarrollado en murcié-
ferrumequinundoes fuse with the vasti, which then attaclagos. EI grupo muscular consiste en un vientre muscular
onto the extensor surface of the femur. In other words, th&talmente alargado, lo que es importante para la extension com-
M. guadriceps femorim Rh. ferrumequinurappears to be pleta de la articulacion de la rodilla durante la locomocion terres-
a hip-joint muscle arising from the pelvis and inserting ontie- Sin embargo, la mayoria de las especies de murciélagos mues-
the femur. Furthermore, iRh. ferrumequinunthe muscle ran limitada locomocion terrestre, aunque varias especies pueden
belly of the vasti is assembled on the proximal region of tfsrastrarse por el suelo. Entre los murciélagos reptantes, la exten-
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sion de la articulacion de la rodilla es necesaria para gatear. Efiei, M. Muskulatur desPteropus edulisOkajimas Folia Anat. Jpn.,

las especies de murciélagos en generdl. gjuadriceps femoris 36:253-307, 1960.

tiene un vientre distalmente alargado para extender la rodilla, affiskin. D. K.; Bertram, J. E. & Hermanson, J. W. Testing the hindlimb-

que la caracteristica también ocurre entre las especies de murciélaSt'én9th hypothesis: non-aerial locomotion by Chiroptera is not
. L, . . constrained by the dimensions of the femur or tibigxp. Biol., 208(Pt.

gos de rastreo limitado. La relacion entrévumuadriceps femoris 7):1309-19, 2005.

relativamente bien desarrollado y la escasa capacidad de rasgRQin p. K.: Parsons, S.: Schutt, W, A. Jr.: Carter, G. G. & Hermanson, J.

en los murciélagos es incongruente, pero existe la posibilidad dew, Terrestrial locomotion of the New Zealand short-tailedvyattacina

gue aun no se hayan encontrado murciélagos con M. cuadricepsuberculataand the common vampire bat Desmodus rotunhuExp.

femoral poco desarrollado. Se sabe desde hace tiempo que el murBiol., 209(Pt. 9)1725-36, 2006.

ciélago de herradur&hinolophus ferrumequinyres incapaz de Romer, A. S. & Parsons, T. Bhe Vertebrate Bodyth ed. Philadelphia,

gatear, pero no hay descripciones detalladas en la literatura sobre>aunders College Publishing, 1986. ,

el M. quadriceps femorige este murciélago. Los hallazgos de esta®Mutt Ir. W. A. & Simmons, N. &uadrupedal Bats: Form, Function,

. . - . and Evolutionln: Zubaud, A.; Mccracken, G. F. & Kunz, T. H. (Eds.).
e_StUdlo re‘{e'a” que Bl. quadriceps femorldeRh. ffa.rrl_JmeqUI.num Functional and Evolutionary Ecology of Bats. New York, Oxford
tiene un vientre muscular corto, unido a la epifisis proximal del University Press, 2006. pp.145-59.
fémur; ademas, el tenddn de insercion de este musculo y su ligghutt, W. A. Jr.; Muradai, F.; Mondol, N.; Joseph, K. & Brockmann, K. B.
mento patelar son muy delgados. Estas caracteristicas morfolégicaBehavior and maintenance of captive white-winged vampire bats,
sugieren que esta especie no puede ejercer una extension imporbiaemus youngi. J. Mammal., 80(2)-81, 1999.
tante y de larga distancia de la articulacion de la rodilla, a difereépmmons, N. B. Order Chiroptera. In: Wilson, D. E. & Reeder, D. M. (Eds.).
cia de la mayoria de otras especies de murciélagos. Ademas de Iag'al?,“ma' sgechies ‘}’jthﬁ_ WOLrJ'df tax‘?tnolgmc a”gggé’grap?t‘licza'srzeéerence

£t 2 : : altimore, Jonns HOPKINS universi ress, . . - .
caracterstcas morfolbgicas descrias anteriormen LS smin, 6. Holaday, S D-& Smih, S A Patela selected bats: paters

. ’ . ; . L of occurrence or absence and associated modifications of the quadriceps
quadriceps femori€l M. quadriceps femorise origina de la pel- femoris tendonAnat. Rec., 242(4575-80, 1995.
vis y se inserta en el fémur. Por lo tan®Rh). ferrumequinurtiene  standring, SGray's Anatomy: The Anatomical Basis of Clinical Practice
un M. quadriceps femorigspecializado para la flexion de la arti- 41t ed. Amsterdam, Elsevier Health Sciences, 2016.
culacion de la cadera. Vaughan, T. A. Functional morphology of three bats: Eumpos, Myotis,

Macrotus.Univ. Kans. Publ. Mus. Nat. Hist., 12153, 1959.
PALABRAS CLAVE: Rhinolophus ferrumequinum W”S_Fm’ D. E. & Féegdef' D-h',V'MRaTma'g‘é” 3Pg‘iil‘5‘t_s of fhihw‘jf'ﬂi A
. iq axonomic an eograpnic reteren ed. baltimore, e Jonns
Musculus quadriceps femorjd.igamento patelar. Hopkins University P?eSQ’ 2005,

Young, J. ZThe Life of Mammals: Their Anatomy and Physiol@jyed.
Oxford, Clarendon Press, 1975.
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