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IlJ'l'RODUC'I'IOlJ 

The pocket gopher, '.fhomo!:QY§. (formerly and the 

kangaroo rat, Di_p9_d.9.!ID:§. were s·"J..ected for a comparative Gtudy of 

the osteology a.nd of the hind limb. This selection 1·Tas made 

because these two species are considered. closely related phylogenetica.lly. 

However, they are very cliff erent when considered from the vie·wpoint of 

general morphology, habitat and habits. 

Very little literature was f01md on the anatom,y of the pocket 

gopher and the kangaroo rat which applied to this study. However, the 

literature which was found wa::1 very complete. More has been written on 

the pocket gopher, but only one work was f mmd on the kangaroo rat. 

The Ana_t,2_m.y of g_ Wood Hat by Howell (1926) was found to be useful 

because of its convenient groupj_ng of the muscles of the hind limb. These 

muscles were grouped as to flmction and location. It also includes illus-

trations of the rauscles and bones. 

Hill (1937) gives a complete description of the bones and musculature 

of the pocket gopher, and this paper was used as a guide to check the dis-

section as to origin, insertion and location. 

Scheffer (1931) reports on the habits, environ.'Ilent a.nd economic 

statc1s of the pocket gopher, thus this work was useful in determining the 

use3 made of the hind limb by tM .. s animal. 

The 1rrork done on the thoracic limb of the poclrnt gopher and kangaroo 

rat by Allen (1950) was important as a guide in methods and procedures. 

Fitch (1911.8) fully describes the kangaroo l"at as to habitat, eco-
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nomic ir.aportance and habits. The mode of locomotion and other adaptive uses 

of the hind limb are included. 

The only literature fotmd on the anatomy of the hind lirnb of the 

kangaroo rat was that ·written by Howell (1932). This work was used as a 

guide in my dissection. Howell describes the entire anatomy of the kangaroo 

rat as it compares to the jerboas. 



METHODS A!JD PROCEDURES 

A. Areas and Methods of Collection 

The kangaroo rats were all collected from the Uinta Basin, which 

is located .30 :miles south of Vernal, Utah. Live traps were used to collect 

the specimens, with oatmeal used as bait. 

The traps were set in the evening and collected early the following 

morning. These annuals were collected for the author by Dr. C, Iwnn 
Hayward, of the Zoology Department. 

The pocl<::et gophers were collected from the area south of Spring-

v:U..le, Utah. The California Gopher Trap was used in collection. The 

traps were placed in the burrow openings and firmly anchored. No bait 

was used as these traps work on the basis of a tripping mechanism. Light 

enters the rear of the trap and as the gopher enters to investigate he is 

caught. 

These traps were set in the afternoon and checked every hour for 

animals. Elvis Holt supplied the author with the pocket gophers. 
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B. Laboratory Techniques 

After collection, the specimens were placed in a dee: freeze until 

needed for dissection. At this time they were brought to the laboratory, 

where they were skinned, eviscerated, beheaded and placed in the preserv-

ative. The preservative used was that found to be suitable by Allen (1950). 

It left the muscles flexible and soft, yet they did not tear apart easily. 

The following rn:i..xture was used: 

70 ml. Ethyl Alcohol 

10 ml. Glycerine 

20 ml. Ammonium Hydroxide (concentrated) 

After a few days in the solution the muscles were found ready for 

dissection. First, the volumetric displacement was taken of the total 

body volume without the viscera. Second, the general morphology was stud-

ied; third, pictures were taken of the superficial muscles; fourth, the 

muscles were measured by linear measurements and volumetric displacement; 

fifth, the muscles were removed one at a time in order for the origins and 

insertions to be seen; sixth, notes were taken as to or:.igins and insertions. 

Pictures were taken of the deep muscles as dissection proceeded. 

The bones were then prepared for study and photography. The method 

used for the preparation of the bones was the HJ\mmonim11 Hydroxide Method 11 • 

This consisted of soaking the bones in concentrated arrm1oni.um hydroxide for 

a week to ten days, then boiling the bones in a soap and water solution for 

three or four minutes, The bones were then removed from the boiling water 

and held under a gentle stream of cold water to remove the remaining bits 

of flesh A brush was used, gently, to clean the bones thoroughly as they 

were held under the stream of water. They were then placed in the sun to 

dry, and the bones of the foot were placed out straight to prevent curling 
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when drying occured. 

The volumetric measurements were accomplished by using graduated 

flasks of appropriate sizes. The muscles were placed in water in the 

flasks and their d.isplacement taken. The specimens were p:reserved jn com-

parable volumes of the sante solution so the water withdrawn from the pre-

servative was the sarne for all speci.rnens. The muscles were kept moistened 

during dissection, but care was taken not to saturate them. 

The volumetric displacement of the total body volun1e, without the 

viscera, was taJ.<en, then as dissection proceeded the muscles and muscle 

groups were measured. The displacement of the very small muscles were not 

taken due to the possibility of error in readjng thefr displacements. 

The linear measurements were accomplished by means of a caliper. 

The muscle was measured by a caliper and then placed on a metric sc.1le 

where the measurements were given in centimeters. The same method of 

linear measurements Wl?5 m:ide of the bones. The measurements made were 

for compar:Lson of the morphology of the two species. 

The terminology used jn the descriptions of the muscles and bones 

is that as determined in Nornina Anatomica (1956), or the commonly used 

I;nglish equivalents. 

Photographs were taken of the muscles and bones. The negatives 

were then placed in a slide projector a.n.d the pictures traced. Exact 

comparisons were not made due to the difficulty involved in photographing 

them. 

The actions of the muscles were determined by studyinr; the muscles 

as to location. The bones were also studied to ascertain the action the 

:muscles would have with their respective origin a and insertions. Thus, 
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the main actions of the muscles could be seen. Comparisons with the 

anatomy of the cat and man were used. 



OSTEOLOGY OF THE HIND r.nm 

A. Pocket Gopher 

The os coxae is long and narrow and attached to the sacrum: which 

is fused. 'l'he sacru.11 in turn is attached to the lumbar vertebrae, craniad, 

which vertebrae are separate. All of the vertebrae have small stout spinouc 

and transverse processes for muscle attachment. The sacrum and the fifth 

lumbar vertebra are attached to the ilium, finriy. 

All of the bones of the pelvic girdle are thoroughly fused. The 

ischium and iliuri. are both long in relation to the body length. 'l11e pubis 

forms the entire ventral border of the h:Lp bone, and the pubic syr1;.;'hysis 

is very thin and the arch wide. 

The ischium forms the dorsal and caudal parts of the hip bone. It 

has an ischial tuberosity which is divided into two part.s--the dorsal and 

ventral portions, joined by the caudal border. The dorsal tuberordty is 

the larger and pro,iects dorsacl to the rest of the hip bone and laterally. 

The ventral tuberosity mark:.:-, the ventral limits of the hip bone and extends 

caudally. In all probability, the ventral tuberosi ty mA.rks tho encl of the 

ischial ran.ms. The ischium extends craniad apprmdmately to the ilio-

pectinea.1 eminence. 

The ilium. is a slender bone which extends from the acet2bulum 

craniad. At the cranial end it is pointed and thickened, which part is 

termed the crest and tubercle. There is an iliac ridge which runs from 

the acetabulum, craniad, to the tubercle and separates the gluteal fossa. 
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(fossa gluteal), dorsad, from the iliac fossa (fossa iliaca), ventrad. 

There is also a tubercle on this ridge, very near the acetabulum, and dorso-

caulal to this tubercle is a roughened area. The tubercle and roughened 

area are for the attachment of the H.ectus femoris muscle. 

The iliac f ossa and gluteal f ossa are excavated and form places of 

attachment for muscles. On the ventral border of the ilium there ls a 

process which is termed the iliopectineal em:inence, which also allows for 

muscle attachment. The dorsal and ventrcl borders of the ililun lie ap-

J_:lro:zd1riately parallel to each other most of their distance and are sl:Lghtly 

convex. 

There is an opening dorsal to the ventral border of the pubis which 

is the obturator for amen (f oraJT.en obtu.ratUlE). This opening is slightly 

oval, being approximately 0.7 cm long and 0.3 cm. wide. The obtura.tor 

fora.men lies ventral and caudal to the acetabulum. 

The acetabulu.m is a depression for articulation with the head of 

the femur. It is a dee;i socket located. dorsocranial to the obturator for-

amen awl caudad to the iliac crest. The opening is 0.3 cm wide 

and lies caudally in the innominate bone. The distance from the cranial 

end of the pelvic girdle is 1.6 cm; whereas, the distance the caudal 

border of the ischium is 1.2 cm. 

The width of the pelvic girdle at the ·widest ·art is 1.8 cm, which 

is the width across the dorsal tuberosities, and the length is .05 cm. 

Fitting into the acetabulurn and articulating with the hip bone is 

the head of the femur. The femur is a stout, short bone and the processes 

are large. The head of the femur is off the main shaft (collum femoris) 

in a craniomed:Lal direction. 'rhe neck of the head is very short. The great-

er trochanter (trochanter major) is very large and projects in a slightly 
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lateral line, and dorsad to the head of the fer;mr. Dlstal to the head of 

the f e..'llur is the lesser trochanter ( troclmnter nd.nor). It :Ls smaller than 

the g1·eater trochanter but is very proa:O_nent. It comes off the shaft at 

a1J,1ost a ri[)lt ant;le and lies on the r:1erJ:Lal s-2.clc. 

fron the creater trochanter to the lesser trocharrter on the 

poster::..or surf ace of the f e:mur is the trochanter:i.c r5_dgc ( cresta trochan--

ted.ca), anc1 botueen this end the head of the fcmlUr is a called. 

the troclmntor:'_c f"ossa (fossa t:cocho..nter: cc.). (D.Gtr:J. to the e;reater 

t1°ochanter is a roud1ened area ·t.err1ed the r:.,luteal tube:rosity (tuberositas - -
elutea), which :..s for :-nsertion of the Gluteus 1aax:Ln11s nusclc. 

Distad to the greatt>r t:ochanter, running down the lateral side of 

the f e!"tur·, is the late:cnl ridge ( cresta lateral:Ls). It met ends approxi-

nately baJ...J.' of the way down tho sha:':'t. At the distal eni of the femur are 

the medial arnl lateral condyles (condylus ;.:ed:Lal::i.s and condyl1.l3 lateral:'Ls). 

Between the condyles, on the ante}:ic:_· cf the f c1:mr, is the patellar 

and on the pcste:r·:'Lor surface, between tl:e enln::-ged conrlyles, lies 

The shaft is rounded and smooth other than the above mentioned 

pc:J.nt.s of muscle attacl:c::aent. The f er:ur is 2 .4 cm and is 0. 6 er.: wide 

at the condyles. The uidth at the prox:i..m.al end is 0. 65 cm. 

The tibia and t:1 . .bula are fused. The proxj1TcEtl two-thirds of the 

J..cwe:.0 lez, bone is clivided. except for the head of the t:lbia and .fibula, w"hich 

are solidly .fused. The u.rtfoulat.j.nc surfaces for the fecur are large. 

The medial condyle is slightl:r distal to tl10 lateral. At the proximal end 

of the tibia is the tibial tuberosity (tuberositas tibiae), which is part 

of the comm.on proxfri.al ep:i.physis, and the large patellar tcr.don inse::ets on 

this tuberos1ty. 
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'rhe cranial, interosseous and medial crests (margo medialis, margo 

ante:d.o:c, and n:argo interosseous) are prominent. The cranial crest begins 

lateral to the medial condyle and runs approx:Luat0ly one-half of the way 

down thr3 tibia. The crest projects laterally over the lateral fossa on 

the lateral surface of the tibia. 

The medial crest begins distal and caudal to the medial condyle, 

bec0111in15 indistinct about one-third of the way fror:L the prox1rrktl end. The 

proximal po1°tion is very irreeular and ctc·ves over the medial fossa. Be-

tween the ned:i.a1 fossa and lateral fcssa is the mterosseous erect, to which 

the :i.nterosseous attaches. 

The fibula, as has been stated abo-ve, is fused with the tibia at 

tLe heal but is d:i.v:J..cled for about two-thirds of the length, at which point 

it a::::a:Ln :1.s fused vdth the tib:i.a. It is a ver'jr s:r:;all, th:i.n bone lying 

caudal to the tibia, and its head forms part of tLe pro.::c:U::al ep::i.physis. 

The bone is f1attenecl on tlle surfaces facing the tibia 3.!ld caudally. It 

has an interosseous crest for attachment of the :5_nterosseous i:1e:-J.brane. 

Thc:ce a..!'e two :r·:1 on the surface of the tibiof:l.bula, one 

distal and j.n h.ne with the lateral crest and the other representing the 

:·,:.a:cgin of the fil>ula. 

T!:e dist.al of the tibiofibula consists of the ua.ileoli &'1d. an 

m·l::.icu1ar f.mrfv.c0 fo::c the talus bone. The malleolus latcralis is large and 

the D.ost distal portion of the bone; whereas, the malleolus medial.is is 

less d:i.si:.inct. There :!.s a groo7e on the rc,alleolus lateralis, laterally, whfoh 

serves for passage of the tendon of the Peroneus lonb"Us muscle. There is 

also, a large groove behind the malleolus lateralis which is for the passage 

of other tendons. There are two grooves on the anterior surface of the dis-

tal end of the tibiofibula. The malleolus medialis a"'Chibits two more such 
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g-£ooves and there is a large groove behind it. The distal end of the tibio-

fibula articula·tes with the talus. The tibiofibula :i.s 2. 5 5 cm long and the 

fibula is l.L} cm long. 

The tarsus contains eight bones, :including the medial tarsal bone. 

The talus articulates with the tibiofibula. It has two condyles, the lat-

eral condyle is much larger. The neck is short and the head large. There 

are two facets for articulation with the dorsal portion of the calcaneus, 

of which the lateral facet is larger and both are concave, The medial 

facet is sn1all and divided from the lateral facet by a convex groove which 

articulates •v:Lth the sustentaculum tali of the calcaneus and gives attach-

ment for a ligament. 

The calcaneus bone is approx:i.rt1ately T-shaped, with the caudal end 

containing a groove for the tendon calcaneus. The distal end is concave 

and articulates with the cuboid bone. There is the tali 

which articulates with the talus and a lateral facet with a convex articu-

lar surface. The interosseous groove between the two serves as attach-

nIBnt. On the lateral side of the calcaneus is the large trochlea which 

has a groove on the lateral surf ace for the passage of the tendon of the 

Peroneus longus muscle. There is a large groove on the dorsal surface of 

this process for other tendons, while the plantar aspect also has a groove 

for the passage of tendons. 

Os tarsale mediale is a very small bone lying medial to the talus. 

It is circular from the side and has flattened surf aces medially and dis-

tally. The os naviculare is also a very small bone which is concave at its 

proximal end to fit with the talus bone. 

Ossa cuneif orme media.le, inter:rnedj_um and laterale are the three 

cuneiform bones. The laterale is large and roughly rectangular. It is 
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larger and more convex distally. The intermeditrrn is smaller and rhomboidal 

in its dorsal aspect. The nediale is also large and wedr;e-shaped. 

Os cuboideu,-n is sori1ewhat triangular. It has a convex facet for 

articulation with the calca.neus. Distally there is a concave facet for 

articulation with the fo1ffth metatarsal bone and a projection laterally for 

slicht articulation with the fifth metatarsal. There is a deep groove on 

the plantar surface for the passage of tendons. 

Ossa metatarsal:ta I-V are the meta.tarsal bones of the foot. The 

fifth is the smallest,with the first be:Lng slightly longer but more slender. 

The proximal surf ace of the first is concavo-convex for articulation with 

the lateralis cuneiform and the second metatarsal. The proximal end of 

the second is narrow and square, the shaft is more slender tl'i.13.n those of 

three and. four. The proxilr.al ends of three and four are in an oblique 

plane. The third has a process on the shaft for articulatfon vrith a de-

pression in the fourth. The fifth is stout with a large lateral tuber-

osity. The heads of all the metatarsals are swollen and keeled. 

The phalanges attach to the distal ends of the metatarsals and 

are very short, rounded bones. A claw is attached to each terminal phalanx. 

The middle digit is the longest. 



B. Kangaroo Eat 

The os coxae of the kangaroo rat is t.ypical of that of most rodents. 

All of the bones of the innominate are thoroughly fused, so that it is ir11-

possible to state the e..xact limits of each bone. 

The cranial part of the sacrum is attached to the innominate bone, 

forir . .ing the sacroiliac joint. None of the lumbar vertebrae are attached 

to the hip bone but attaches caudaJ.ly to the sacrwn. The vertebrae dis-

play very long spinous and transverse processes. Hrn·ever, the processes 

a.re thin and fragile. 

The innow.inate bone is long and narrow, being 3.0 cm long at its 

longest portfon. The width is 1.8 cm at the widest part, which is at the 

cranial tip of the ilium. 

The ischiu.m comprises the dorsal and caudal portions of the hip 

bone. The caudal portion is marked by the ischial tuberosity which is 

divided into two portions--the dorsal tuberosity and the ventral tuber-

osity. The dorsal portion is elevated above the rest of the ischium and 

its margin runs caudoventral to join the ventral tuberosity. The caudal 

ridge connecting the two portions is on a slant. There is also a ridge 

running from the dorsal tuberosity, craniad, to the acetabulum. 

The ischium fuses caudally with the pubis bone. The pubis bones 

f or:m a strong pubic symphysis where they attach to each other on the ven-

tral surface of the hip bone. This symphysis is wide and long, forming a 

strong arch. The pubis bone also forms the ventral margin of the hip bone • 

.:.'his bone runs at an angle to the rest of the innominate, with the anterior 

end being more dorsal. 

'11he anterior portion of the innominate is composed of the ilimn, 

which extends from the acetabulum craniad. This portion is long and wide. 

-13-



The ilium ends, cranially, in a curved, flared point. A large ridge (iliac 

ridge) runs from the crest at the anterior point cauda.d to the acetabulum 

and separates the gluteal fossa, dorsad, from the iliac fossa, ventrad. 

These areas are concave and well defined. Arising on the iliac ridge, just 

craniad to the acetabulum, is a large tubercle which is for the attachm.ent 

of the Rectus femoris muscle. 

On the ventral border of the ilium there is a small elevated area 

which forms the iliopectineal eminence, which also serves for muscle attach-

ment. The ventral and dorsal borders of the iliu.rn run approximately paral-

lel to each other, however, the dorsal border is more irregular than the 

ventral. 

The obturator foramen (fora.men obturatum) is a large openinG be-

tween the ischium and pubis. It lies at an angle with the anterior por-

tion lying more dorsal and the posterior end being ventral. The opening 

is oval and is .09 cm long and 0.4 cm wide. 

Imm.ediately dorsocranial to the obturator fora.men is the acetabull.Ull. 

This is a deep socket for articulation with the head of the femur. It is 

0.3 cm across and is round. The acetabulum is situated more caudally in 

the innonrlna.te bone, being 1. 5 cm from the cranial end of the ilium and 

1.25 cm from the most caudal portion of the hi. bone. 

The pelv-ic limb is attached to the innomjnate by the head of the 

fe:mur, which fits into the acetabulum. The femur is 2.8 cm long and is a 

long, slender bone. The processes are very large and well defined. The 

is attached to the shaft, prox:Lm.ally, by a long neck, which comes off 

the shaft at an angle. Next to the head is the greater trochanter which 

comes off the shaft slightly laterally and projects dorsad to the head of 

the femur. Distal to the head of the femur is the lesser trochanter, which 
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fa smaller than the greater trochanter and l:i.es on the mesial side of the 

femur. A short distance ::listal to the greater trochanter is another pro-

cess, the th:i.rd trochanter. It is a very prominent projection :Ln the kanga-

roo rat and runs a short distance on the shaft of the femur. 

On the posterior surface of the femur a well defined r5_d.ge is pre-

sent, running fron the r;reater trochanter to the lesser trochanter Between 

the trochanteric ridge and the head of the fetiU.."".' there fo a depression, the 

trochanteric fossa. 

At the distal end of the femur are the medial and lateral condyles, 

which are rounded portions of the bone. Between the two condyles, on the 

anterior sm·face, there is a patellar groove with which the patella ar-

ticulates. On the posterior surface the :opliteal fossa lies between the 

enlarced ends of the condyles. Immediately craniad to the ccndyles, on the 

posterior surface, there are two small sesamoid bones. The>re is also a 

sesaraoid bone at the distal edGe of the popliteal fossa. 

'rl1e shaft of the f emu..r ::_s regular, except for a slight • l riu.ge run-

ning fro:-:2 the lesser t:r·ochanter, dj_stally, a short distance. 

'rhe tibia and fibula are fused at their heads and the distal two-

fifths of the tibia. The proximal three-fifths of the lower ler.._,; bone is 

divided. The heads of the tibia and fibula are fused but the place of 

fusion is very d.istllict. The head of the fibula is slightly dist,:.l to the 

lateral condyle of the tibia to which it is fused. 

The condyles of the f'emur articulate with the nedial and lateral 

ccmdyles of the tibia. The lateral condyle lies distal a.'Yl.d is sraller than 

the medial conctyle. There is a slight tuberosity on the anterfor surface 

of the tibia at the cornnon proximal epiphysis and it lies distal to the 

condyles. 
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On the tibiofibula the cranial, jnterosseous, and medial crests are 

very promment. The cranial crest begins lateral to the nedial condyle aJ1d 

runs less than half wa;y dj_stad on the tJ.bJ.a. It projects laterally over 

the lateral f ossa, being very wide at the proximal end and diminishing as 

it runs distad. 

The medial c:cest beg5ns just d:i.stal and caudal to the medial con-

dyle and runs distally less than one half the leng!:il1 of the tibia. It ex-

·tends as far dist.ad as the cranial crest, and over the medial 

fossa. The medial crest is very distjnct for its entire length but is not 

as iv·ide or clear as the cranial crest. The proximal portion :i.s slightly 

irregular. Between the lateral fossa and the medial fossa lies the inter-

osseous crest to which the interosseous membrane attaches. This crest is 

lart;e and well defined. 

The fibula is fused at the proximal end with the tibiP-, as was 

stated above. It ::is a very thin, slender bone and lies caudal to the t:l.bia. 

It extends three-fifths of the ·way down the tibia where it fuses solicUy. 

It is 1. 9 cm. long and the tibiofibula is 3. 6 cm long. The n.bu1a is flat 

on the surfaces f adng the tibia and caudally, and is wider at its head 

and very narrow at the distal portion. It also has a slight interosseous 

crest for attach.Tilent of the :interosseous membrane. After fus:ton the t.ibio-

fibula continues distally regular. 

At the distal end of the tibiof ibula there are the lateral and 

medial malleoli. These are projections for art:i.culation with the talus 

bone. The lateral malleolus i.s the larger and ex!:iends distally slightly 

farther than does the nedial rnalleolus. 

There is a groove on the lateral surface of the lateral malleolus 

and a large groove behind it, which serves for the passage of tendons 
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There are two grooves on the e.nterior surface of the tibiofibula at its 

c;_istal end. The medial malleolu.s has two more grooves on its medial surface 

and a large groove behind it. 

The tarsus contains eight bones. They are: the talus, calcaneus, 

navic-ular, cuboj.d, three cuneifomes, and the medial tarsal bone. The 

talus is a large bone, being 0.3 cm wide. It articulates ttlth the tibio-

fibula by two articulating surfaces--the medial and lateral condyles, of 

which the lateral is the larger. The trochlear process is pully-like and 

is dorsal to the rest of the bone. There arc two facets for articulation 

with the dorsal portion of the c<'caneus, both are concave. The talus 

bone exhibits no extraordinary variations from the talus bones fotmd in 

other rodents. 

The calcaneus is a ver:_r long bone, ventral to the talus. The he 

protrudes extensively. The rest of this bone does not differ from the 

usual and has been described elsewhere in this paper. The remaining tarsal 

bones are in the same general shapes as for other rodents, but they are a 

little larger than those found in the pocket gopher. There is a lateral 

sesamoid bone on the medial tarsal bone. 

The metatarsals are very long and rounded. They fit very close to-

gether and the d1.stal ends are thickened and round, filth a depression for 

articulat:l..on. There are five of these bones in the kangaroo rat, however, 

there is no hallux in the kangaroo rat. The phalanges are relatively long 

and in the regular shape. There are eight of these bones and to each 

terninal phalanx is attached a long claw. 

On the plantar surface of the foot there are small sesamoid bones 

to which some of the tendons attach. The entire length of the foot is 

3.5 cm, and the heel projects 0.4 cm from the talus, caudad. 



JvIYOLCGY OF THE HIND LIMB 

A. Pocket Gopher 

M. Psoas minor (Figs. 1, 13) 

Origin. This muscle arises from the first, second and third lumbar verte-

brae. 

Insertion. It inserts by a tendon upon the psoas process of the ilium, 

ventrad of the acetabulum. 

Action. It flexes the pelvis and lumbar vertebral colurrin. 

Description. This muscle is long with a fleshy origin. It is tendinous 

as it passes caudad to its insertion and lies superficial to the Psoas 

Iil. Psoas major (Figs. 5, 13) 

Origi:n. It arises fron: the bodies and transverse processes of the last 

three lumbar vertebrae, first two sacral vertebrae and the ventral border 

of the ililnn. 

InserJ:.i.on. The insertion is upon the lesser trochanter of the femur. 

Acti.on. This muscle flexes the femur and rotates it laterally. 

Description. The Psoas :major is a :relatively thick muscle and lies deep 

to the Psoas rrclncr. 

M. Iliacus (Figs. 1, 5, 13, 15) 

Origin. This muscle arises from the iliac f ossa and the transverse process 

of the last lu111bar vertebra. 

Insertion. This muscle inserts deep to the Psoas major upon the lesser 

trochanter and upon the shaft of the femur. 
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f,ctio:q. Flexes and laterally rotates the femur. 

Description. This muscle is quadrilatera.l in sha.1)e and is 1aru,e a.nd thick • 

.Qr:l:.g;in. It arises fro:tr. the vertebral colurm fro::;·, the spines of the tthd 

to the f:Lftl-: sacral vertebrae and an a:r::oneurosis which tbe 

Gluteus m.edius. 

Insertion. The caudal part inserts by a tendon onto the gluteal tuberosity. 

The rest of ttJ:8 :tnsert8 by· an aponeurosis en tl1e lateral riclge of 

the fer:ru.r. 

f\ct7.on. Abducts, ex.tends and laterally rotates tLe fe2 . .mr. 

DescriDtion. This :_s a very broad, thin muscle which is rather :':..n a shape 

of a fan from t'c1e cautfa.l :Lnsertion. It lies superficial to the Glutem> 
, . 

1l18Ct1.US • 

H. Gluteus medius (Figs. 1, 3, 15) 

Qrip;in. TM.s 1Euscle arises in two portions. The r:1ore superficial layer 

orig:tnates from the srdnes of t;he first four sacral vertebrae, fascia, and 

crest and spine of the ilitr-:1, while the other part arises fro:;1 most cif the 

gluteaJ_ f ossa of t.he ilium. 

Insertion. The j_nsertion is upon the prox.11110-medial part of the greater 

trochanter. 

Action. Abducts the thigh. 

_Description" It is in the sha e of a fan and is a very thick muscle. The 

superficial layer is separable from the deeper layer except at insertion 

and along the ventrolateral border. 

Iv;:. Gluteus minim.us (Figs. 1, 3) 

Origin. This r.mscle arises from the iliac ridge and its inferior gluteal 

f ossa. The ventral portion originates from an aponeurotic sheet which 
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arises fron the inferior border of the iliurn. 

Insertion. 

Action. Abducts the f cm.Ir. 

Descript-i on. Th2.s nuscle 15.es cleep to the Gluto·Qs mecl:'..us and ..J...<> very 

c:osely assoc:Latetl it. 

H. Geraellus sunerior (Pigs. 1, 3) 

t• l.nser ion. It :1.nser·ts on the tendon of the obturator j_n the 

".:..rcchanteric fossa, in front of the t0·n.don. 

r11is n:uscle ::s small and lies ventral to the G:-,_i.teus ned:lus. 

Origin. It arises from the transverse processes of the second., a.nd 

fourth sacral vori:.ebrae. 

Insertion. It innerts with the Gluteus me-:iius onto the [:,'1.'eater trochan:l::,er 

l•cti.on. Rotates t:te thigh laterally. 

Description. ':i.'his iauscle is closely associated with the Gluteus m.edius 

and i.s fan shaped. 

11. Obturator internus (Fig. 

Orizi..YJ.. 'fi1is ir;uscle arises caw.lad to the obturator forair.en on the pelvic 

surf ace of the ischiun:.. 

Insertion. It inserts by a tendon :tnto the trochanteric fossa and crest. 

Action. Rotates t,he fenur latera::..ly, extends the femur when flexed. 

Description. This is a small muscle which inserts with the Ger.nelli. 

N. Gemcllus mfer:Lor (Fig. 1) 

Origin. It arises from the ischial crest just above the c:_-J.adratus feTnoris. 
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Insertion. Insertion is on the posterior side of the head of the femur, 

Action. Rotates the femur laterally. 

Description. It is a small thick muscle. 

M. Quadratus (Figs. 1, 15) 

Orig:ip. The Quadratus femoris originates from the ischial crest. 

Insertion. This muscle inserts upon the posterior side of the upper femur 

just below the head, 

Action. Rotates the femur laterally. 

Description. This is a very short, thick muscle which lies next to the 

Gemellus inferior. 

J.vf. Obturator externus (Figs. 1, 3) 

Origin. The origin is from the obturator membrane and the ext.ernal border 

of the obturator fora.men. 

Insertfon. This is very deep on the trochanteric fossa of the femur, by 

a tendon. 

Action. Rotates the femur laterally and adducts it. 

Description. The Obturator externus is a short, broad muscle which lies 

cranial to the Adductor :minimus, deep to the Psoas major. 

M. Sem.iJn.embranosus (Figs. 1, 5, 13, 15) 

Origin. It arises from the caudal border of the ischium and the ventral 

ischial tuberosity. 

Insertion. It inserts by a tendon into the mediocranial Slirface of the 

tibia near its head. 

Extends the femur and flexes the shank. 

DescrjptJon. This is a broad, long muscle which lies proximal to the 

Cracilis 
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'(If J..I.. (Figs. 1, 5, 11, 13) 

9.F._igin. The Sentltendinosus arises from the spines of the last sacral and 

first caudal vertebra and from the dorsal tuberosity of the ischium 

Insertion. The insertion is by a flat tendon on the mediocranial surf ace 

of the tibia near the middle. 

Action. Extends the fem:u.r and flexes the shank. 

The Semitendinosuo is a long, narrow, thick muscle. It lies 

distad to the Semimembranosus. 

N. (Biceps f emoris antic us) (Figs. 1, :) , 11, 15) 

O_rigin. The muscle arises from fascia and the ischial tuberosity near the 

Gluteus max:bnus insertion. 

Insertion. The muscle inserts upon the patella and the most dfatal part 

of the femur. 

Action. Flexes the shank. 

De_§l.!?!,.:b:P_tion. This rr,uscle is also long, thin, and narrow. 

N. Biceps femoris (Figs. 1, 3, 11, 15) 

It seems to have two heads originating from fascia on the ischial 

tuberosity and along the ventral border of the hip bone, along with the 

Gracilis. 

It attaches to the dense fascia lata of the leg, also to the 

lateral surface of the head of the tibia. 

Action. Flexes the shank and extends the femur. 

D.escriI?ti9P.:• This is a very broad, thick muscle. It is superficial to the 

Caudofemoralis. 

M. Rectus femoris (Figs. 1, 5, 11, 13, 15) 

Origin. Originates by two heads very close together. The one arises from 

the roughened area craniodorsal to the acetabuJ:um. The straight head ls 
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from the iliac tuberosity. 

It inserts by the patellar tendon onto the patella and then 

onto the tuberosity cf the tibia. 

Action. F..xtends the shank Emel flexes the femur. 

Description. This muscle is a large mass, cranial to the Vastus la.teralis 

and Vastus medialis. 

M. Va.st us laterali.s (Figs. 3, 11, 15) 

The origin is from the greater trochanter of the femur, the 

cephalic surf ace of the lateral ridge and laterocranial surf ace of the 

femur. 

Insertion. It inserts upon the aponeurosis of the Rectus femoris and on 

the late:r-odorsal surface of the patella, to the tibia. 

Action. Fxtends the shank. 

The above muscle is difficult to separate from the other 

Vasti muscles. It is a thick mass of rmscle. 

M. Vastus .med;l§llis (Figs. 5, 13) 

This muscle arises from the cranial and merUal surfaces of the 

fe:mur. 

Insertion. It inserts with the Rectus fe:moris by the patellar tendon onto 

the patella and then to the tuberosity of the tibia. 

Act:.on. E.t..'tends the shank. 

Description. 'rhis muscle is a mass wh:Lch is difficult to separate from 

the Vastus lateralis. There is no div:tsion of the Vast us jntermedius r:iuscle. 

!'I. Pect,ineus (Figs. 1, 5, 13) 

Orig:in. The Pectineus originates on the ventral border of the pubis, craniad 

of the origin of the Adductor longus. 

Inse:c·t.ion;. It inserts with the Adductor longus on the medial sur:face of 



the femur, midway. 

r• I 
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Ac"tJ..911• Adducts the femur and flexes it. 

Th:L:J is a short_, narrow, thick muscle :'Llnmediately craniad to 

the Adductor longus. 

M. (Figs. 1, 5, 11, i·:', 15) 

Origin. Fron the ventral margin of the ischium. 

Insertiott.!. This fa upon the anterior surface of the tibia, two-thirds 

from the bottom, proximal to the re:n:dtendinosus. 

Adducts the femur and possibly flexes the shank. 

This muscle lies caudad to the Se:mirnembranosus. It is 

relatively long and thin. 

M. Adductor (Figs. 1, 5, 13) 

O;rigin. It orieinates from the pubic bone, ventral margin 

Insertion . The jnsertion is by a tendon to the medial sti_rf ace of the femur . 

Description. A very short, Sl".all muscle which lies caudad to the Pectineus 

and craniad of the Adductor brevis. 

Adductor brevj.s (Figs 1, 5, 13) 

The ori[.?:in :1.s from the ventral :w.arr;j.n of the hip bone, ventral 

to the obtnrator formnen. 

It. mserts between the Adductor longus and Adductor m.:1gnus on-

to the aiddle half of the femur on the caudomedi.'.:J. surface. 

Let:': on. Adducts the femur. 

Description. A flat muscle which is thm. It lies caudad to the 

Adductor lonr;us. 

Adductor 1, 5, 13, 15) 

Origm. It originates from the ventral border of the pubis, caudad to the 



origin of the A:J.ductor brevis. 

It insc1')ts onto ·l:.he o:r th.e femur, distacl:, up about 

ActJ::s>E.· Adducts the femur. 

Doscrj_ption. This muscle :Ls thfok but :i.s long and narrow, staying a.bcut 

tho S3llie width :i.ts entire length. 

Its ccep to the Adductor brevis on tho :'. ·-:chium. 

Insertion. It :'Jlserts on the caudal surface of the lateral ridge of the 

fer:nr. It lies close to the Adductor mar;:;nus n..."1d Qun.drG.tr:.:; f PJTI.oris. 

' t• Adducts the f ei;.1u.r. 

A SF.all nuscle which is ventral to the Quadratus fo:r:10ris and 

l'tms horizontally in contact with the Adductor ma.gnus. 

E. Add_UFtor :rmr;nus pro:erius (Figs. 1, 3, 17) 

Tl1is nrusclc cr·ir;inates fror:i the a:ce2 .. l:Jctween tl1e obtura.tor for-

at'Ten and ventrcil tuberosity. 

Insertion. ---·-·--------- It inserts upon the lateral ridee of the .fenur, distal to the 

insertion of the Adductor minimus, e),..'i:.end.:l.ng alxmst to the condyle. 

Adducts the fer:cur. 

This is ::;, short, thick nmscle. It is bounded cranially by 

the /\.dductor ninir,ms and externus; dorsally, by the Quadratus 

f enoris; caudally, by the Se:nirn.embranosus and ventrally, by the Gracilis and 

f1d_duct,or brev:ts. 

Origi!l• The Cuudof omoralfo orir;:inates from the dcrsal ri.arc111. of the ischial 

border. 

Insertfon is onto the medial ep:i .. condyle of the ferur. 
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Action. Abductor of the femur. 

Description. Thi.s j_s n thick, broad muscle which lfos partially hidden --·---------
by the .l\.dductor magnus. 

H. Gastrocne::-rdus (Figs. 3, 5, 7 11, 13, 15) 

It origJ.11ates by two heads from the medial and lateral condyles 

of the f'enur, by tc:mdons. 

Insert:5_on. It j_nserts b;y tendons from both halves which unite and for:m 

the calcaneous tendon whi.ch attaches to the tuberosity of the calcaneus. 

Action. Flexes the shank and plantar flexes the foot. 

Descrintion. A large, broad, thick muscle which is sepc-.ratcd at tl:e --------
origins.. The ::nedial half is larger than the lateral. 

M. Plantaris (Fir;s. 3, 9) 

OrigL11. This muscle originates with the lateral head of the Gastrocnernius 

from the lateral condyle of the f emtir. 

Insertion. Insertion is by a tendon onto the plantar aspect of the foot. 

The tendon divides and one goes to the middle digit and one goes to the 

fourth die:;it. 

Action. PJ.antar flexes the foot, and flexes the sharlc. 

Descriptio1!_: The above muscle is large in the pocket gopher and lies a1ong 

the lateral part of the Gastrocnemius, partially covering j_t 

:t-I. (Figs. 3, 7, 15) 

Origin. 'fhe origin is from the caudal surface of the J of the fibula. 

Insertion. By tendon which unites with that of the Gastrocnern.:Lus and 

:i.nsert.s onto the tut.ur·u:.:ity of the calcaneus. 

Action. Plantar flexes the foot. 

:Qescrj._Rtion. This muscle lies proximal to the Gc>.strocne>:1:Lus. It J_s sri ndal 

shaped. 
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J1l P.opJ iteu.a (Figs. 3, 5) 

This muscle oriefr1ates from the lateral epicondyle of the f ouur. 

J!!se.Ftj:?1l_._ Insertfon is upon the prox:L'Yl.a.l three-eighths of the border of 

the tibia. 

Action. Flexes the share: and rotates it medially. 

It is a fan-shaped nuscle lying beneath the Gastrocnord11s. 

It vr.raps arolmd the posterior surface of the shanlc. 

M. Flexor lonJIS ( tibialis) (Figs. 5, 9, 17) 

The o:;:igin fron the medial ridge of the tibia, close by the 

insertion of the Popliteus. 

Insertion. It inserts by a tendon which passes over the medial malleolus, 

divides and inserts on the base of the first :metata.:::-sal and the ether 

tendon unites with the tendon of the Flexor d:igitorlL".1 fi_h1Llaris. 

i\ -1-. . Plantar flexes the foot and flexes the terminal phalanges • 

A small muscle close to the Popliteus. 

M. FleY_o;· ,-i;"-itor1 w:1 f-:b11 l<>-r·i·!=: (F·l,,,.,,,. r:; q 13) 
- -- .._,..__...C)'"i- 'J - 1-A.J._, ....i-v- • / ' tF ' 

Orj-ein. It arises from the tibiofibula and interosseou2. nembrnne frorri the 

proximal cf the shank. 

It passes by a large tendon through a groove on the caudal 

surf ace of the tibiofibula bet.1iwen the :r:1a.lleol:1-. It d::'_vides on tl:J.e plantar 

surface of th:; foot and inserts on the dj_stal phalanges of the five dip:its. 

/1.cti:_::. Flexes cL:Lgits. 

Description. This is a large, thlck muscle on the posterior surface of the 

tibiofibula. 

T ] • (Figs. ), 7, 9, 17) 

The origin is deep and caudal from the jnsertion of the Popliteus, 

from the caudal f ossa of the tibia and from. the medial surf ace of the bead 



of the fibula and fascia of the Flexor digitorur.r1 fibular is. 

Insertion. It inserts by a tendon which forms the lower half of the shank. 

It passes over the medial m.a.lleolus of the tibia and inserts on the medial 

tarsal bone. 

Action. Inverts and plantar fle..,"{es the foot. 

Description. This is a round, thick muscle with a ro.ajor pnrt of it being 

tendon. 

M. Tibialis anterior (Figs. 3, 7, 11, 15) 

O_rigin. It a.rises from the lateral condyle and proximal half of the body 

of the tibia. 

Insertion. Insertion is by a tendon onto the first cuneiform and the base 

of the first metatarsal. 

Actio11. Dorsal flexes the foot. 

Des_q,ri12tion. The muscle is large and broad. It is long, running do't'm the 

shaft of the tibia. 

N. Extensor hallucis lonr:us (Figs. 3, 7) 

Origi11. This muscle arises from the interosseous fascia between the tibia 

and fibula. 

Insertion. It attaches by a small tend.on upon the dorsal aspect of the 

hallu..x, upon the terminal phalam:. 

Act::"wn. Extends the terrrdnal phalanx of the ha.llu..x. 

Description. This is a very sIJ1..all muscle lying between the tibia and 

fibula. It passes in close relation with the Tibialis anterior. 

H. Extensor diGitorum longus (Figs.::;,, 7, 11, 15, 17) 

Origin. The Fax.tensor dieitorum loneus originates by a tendon from a de-

pression near the lateral li of the patellar groove and from the fibular 

collateral ligarient. 
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Insertion. It inserts by tendons on the terminal phalanges of the four 

digits with some fascial attachment to each phalanx a..11d to the heads of the 

metatarsals. 

Action_. :Extends the prox:i.mal phalanges and dorsally flexes the foot. 

De9crit}tion. This is a long narrow muscle which lies between the Tibialis 

anterior and the Peroneue longu.s. 

M. lorigus (Figs. 3, 9, ll, 15, 17) 

Origin. It arises from the cranial and lateral surf aces of the head of 

the fibula. 

Insert,ion. The insertion is by a tendon through a groove of the lateral 

rnalleolus, onto the first cuneiform and metatarsal bone. 

Action. Everts and plantar flexes the foot. 

Deq_(!ri:rrcion. A long, thin muscle which lies medial to the Extensor dig-

itonrr1 longus. 

H. Peroneus breyj.s (Figs •. , 9, 11, 15) 

Origin.. The ori13in is from the cranial surface of the fibula, interosseous 

membrane c:i..nd. part of the tibiofibula. 

Inser:tion. !:. tendon forms the insertion. It passes behind and under the 

lateral r1alleolus over the trochlear process of the calcaneus and inserts 

on the tuberosity of the fifth metatarsal. 

Aq_iJ8!1. Everts and plantar flexes the foot. 

Desc_r=l'Qtion. The Peroneus brevis muscle is smaller than the Peroncms 

lOTio!711S. It is long and narrow, having a rather round form. It lies 

medial to the Peroneus longus. 

M. :Extensor digiti guinti (Peroneus digiti quinti) (Figs. 3, 7) 

Origig. The origin is from the proximal fibular shaft. 

Insert,ion, It inserts by a tendon onto the distal end of the fifth metatarsal 
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and roxircl ends of the first and second phalanges. 

Action. Extends the digits. 

Desc:ri2tion. Very small muscle with few muscle fibers. 

H. Kxtensor digiti quarti (Peroneus digiti quarti) (Figs. 7) 

O:d-sin. It originates from the proximal shaft of the fibula. 

Insertion. Insertion is by a tendon onto the dorsolaterul surf ace of the 

metatarsal of the fourth digit and all its phalanges 

Action. Extends the fourth di.git. 

Description. Small, long muscle with fm'lf muscle fibers. It lies prcxir•ial 

to the Extensor digiti quinti. 

Hm. Extensors digitorum brevis (Fig. 7) 

Origin is :fror1 the calcaneus for the two :muscles in this group. 

Insertion. They both insert on the second and third digits. 

Action. Extend the second and third digits. 

DescriEtion. Ver;{ short muscles. 

M. Flexer digitorurD. (Fig. 9) 

Origin. It originates from the deep surface of the Plantaris tendon. 

Insertion. Insertion is by a slender tendon onto the second phalanx of 

the second digit. 

Action. Flexes the proximal of the second digit. 

Description. It is a verJ small slip of a muscle on the plantar aspect of 

the foot. 

H. Qua.drat us plantae (Fig. 9) 

Origin. Some muscle fibers seem to originate from the :medial surface of 

the ca.J..caneus. 

Insertion. It inserts onto the tendon of the Flexor digitorum fibularis. 

Action. Helps the Flexor digitoru.m longus tendons to flex the terminal 
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phalanges of the digits. 

Descri1Jtion. Thj_s too is a very small muscle in the pocket gopher with 

few nuscle fibers • 

.Qriz:lJL. Originates fror\l. the long flex.or tendons. 

I.nse:i;:t:Lon. 'I'here are two small slips which go to the nedial sides of the 

:;-)rox:i.rnal phalanx cf the fourth and fifth digits. 

ActiQU. Flexes the ::'rox:iir..al phalanx of the fourth and fifth digits. 

Descrintiqn. These are very small muscles, the fifth is the larger. 

M. Plexor hallucis br,:evis (Fig. 9) 

It orig::':.nates from the plantar surf ace of the third cune:i.form. 

Insert;i,,o,n. It attaches at the n:etatarsophalangeal joint onto the sesa.moid 

bone of the hallu..x. 

A.ilion. Flex.es the terminal phalanx of the hallux. 

Descdntfon. Very s:inall muscle which lies on the plantar surface of the 

foot. 

Abductor hallucis (Fig 9) 

Origin.. This muscle originates from the plantar surface of the navicular 

and second cuneiforn bones. 

Insertion. The atto.ch.'1Yl.ent for this muscle is on the plantar surface of 

the proximal phalanx: cf the hallux. There is a large sesai"noid bone present 

Action. Abducts the )rm:imal phalanx of the hallux. 

Description. J_,jjrn other muscles of the foot, this muscle is ver,,· small 

and short. 

1 r. Al• t 1" •t• ' • • ( • t t • • t•\ (li'' 9J' d. ./;). )rJ.Uc or c.:i..gr i r:un:i..rru ossis me a arsi qum 1; .. ig. 

It arises from the plantar aspect of the calcaneus bone. 
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In§ertion. Insertion is upon the fifth metatarsal bone. 

Action. Stabilizes the fifth digit. 

Description. This is a stout. ligament which runs from the calcaneus to 

the fifth metatarsal bone on the sole of the foot. 

Origin. The muscles to the second digit arise from the third cuneiform 

bone and the base of the second metatarsal. The other muscles arise from 

the cuboid and bases of their respective metatarsal bones. 

Insertion. ±hey attach to the sesamoid bones at the metatarsophalangeal 

joints. 

Action. Abducts and adducts the digits. 

Description. There are two muscles to each of the four lateral diglts. 

These are small, running a very short distance. 



B. Kangaroo Ea.t 

Oriqin. This arises from the first three ltu;cbar vertebrae • ..... -,.,.. 
Insertion. It j_nserts by a tendcin upon the psoas process of the innominate 

bone. 

Action. Fle:rns tb8 reb·:i s .2.nt:l lv.mbar vertebral colun-11. 

'fhere fa a fleshy origin and a tenc:inous This 

is a long muscle which lies superficial to the Psoas :major. 

0 • ('"" • I r'SOaS lliaJor l!lgs. o, - -
11,,, 18) 

Origin. It arises from the first five lumbar vertebrae. 

Insertion. Insertion is upon the lesser trochanter of the femur, along 

with that of the Iliacus . 

Action. Flexes the fen:ur and rotates it latertlly. 

Description. This is a well developed muscle lying deep to the Psoas minor. 

1-1. Iliacus (Figs. 2, 6, 14, 18) 

Origin. The origin is from the whole of the inferior gluteal fossa of the 

ilium, to just below the rectus procesu. 

Insertion. This muscle joins with the Psoas major at the insertion on the 

anterior part of the lesser trochanter. 

Action. Flexes the femur and rotates it laterally. 

Descrir:tion. It is a large fan-shaped muscle lying next to the Psoas 

major. It has a thick, wide origin. 

Origin. It orir;inates from the dorsal aponeurosis and from the iliac crest. 

Insertion. Insertion is upon the proximal part of the lateral ridee of the 

femur and fascia covering the anterior thigh. 

Action. Abducts and laterally rotates the femur. 

-33-
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Defic:rintion. Very thin and partly formed f: ·;m an a oneurotic sheet • 

.Qr.:1$.J.-n. The origin is from the dorsal fascia above the ilium. 

Insertion. The G:t.uteus :maxim.us inserts upon the posterior border of the 

:;reate:r trochanter and distally to the base cf the lateral crest. 

i\ction. Bcte11cis, e.J;clucts ancl late:'CalJ.y the fer:i11::"'. 

Desc:tintion. Th:Ls muscle is very thin and cor:iposed of fascia w:i..th the 

muscle fibers. It ccvers a larse area and is superf:Lcial to the Gluteus 

rnedius. 

It arises slightly from fascia covering the iliocostalis but is 

:uostly fror.1 tl1e anter:wr part of the superior gluteal fossa of the ilium 

and for a short distance ventrally on the crest. 

Insertion is upon the greater trochanter, to the Vastus 

lateralis. 

Act:b£.Il• Abducts the femur. 

It is a very large, thick muscle and is the largest of the 

Gluteal con;:ple.x .. 

(1.1 nt RU.ct 'Tin..i;1· .. -1"S (J:i'-l '"S 2 4 1 6 1\ ·'"·- .c< -"-C> • _, ' 

Qr.i.:.E2£.:.. The Gluteus minir.:us arises from the entire S1F'er:1..or gluteal fossa 

of the i 1 iu1;: cmd. caudally a1J1ost to the acetabul1n:i.. 

JI'.&.t?rtio..!h_ This muscle inserts upon the cranial border of the grcs.ter 

trcchanter. 

Abducts the femur. 

pes_cJ:i.PJ;j.Qn. It lies ventrad to the Gluteus mecl:tus and :i.s a laree muscle. 

Th:Ls muscle originates from the middle of the supe:i:ior :Uiac border 
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as far caudally as the process before the acetabu1Ui11. 

Iunerj;jon. It inserts by a tendon upon the greater trochanter. 

AQtion. Rotates the femur laterally. 

Description. This rmscle is al.nest completely fused with the Piriformis. 

It lies ventral to the Gluteus medius muscle and is fan-shaped. 

E. Piriform:i.s (Figs. 4, 16) 

Origin. The fibers of this muscle arise from the transverse processes of 

the third and fourth sacral vertebrae. 

Insertio11. Insertion is by a tendon upon the greater trochanter. 

Action. Rotates the femur laterally. 

Descriptj.on. This muscle was fused v.rith the Gemellus superior muscle to 

the point of being virtually inseriarable. It is d.istin5'Uishable only 

from the origin. 

H. Obturator _internus (Figs. 2, 6) 

Origin. It arises from two origins, the posterior portion from the caudal 

part of the obturator foramen, and the other part from a well defined 

fossa medial and caudal to the acetabulum. 

Inse..rtion. The tendons from the two parts join and insert into the tro-

chanteric fossa. 

Action. Hotatos the femur laterally and extends it when the femur is flexed. 

Description. A relat::tvely s:mall, short muscle, which lies next to the 

Gemellus inferior. 

N. Gemellus :inf§:rior (Figs. 2, 6, 16) 

Orip;in. The main part arises from the ischial border, anterior to the 

notch for the internal obturator tendon, but the muscle had extended 

slightly to the rear o:r this point, thus, covering the obturator tendon. 

These fibers arise from deep sacral fascia. 
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Insertion is upon the obturator tendon which inserts into the 

trochanteric f ossa. 

ktion. Rotates the femur laterally. 

Descriptio11. This is a small :muscle which lies next to the Quadratus 

ferwris, cranially. 

N. Quadratll? femoris (Figs. 2, 1+, 16) 

Origin. Part of the origin is tendinous from the cr.3.Ilial part of the 

lateral ischial tuberosity and the fleshy origin is from almost all of the 

ischiurn. posterior to the obturator fora.men. 

Inse:;:..tion. The fleshy insertion is upon the proximal base of the third 

trochanter of the femur. The tendinous insertion is upon the lesser tro-

chanter and its proximal ridge. 

Action. Hotates the femur laterally, and powerfully adducts it. 

Description. It is a large muscle which appears to be in two portions but 

is actually indivisible. 

M. Ohtur..filor externus (Figs. 2, 6, 16) 

Origin. This muscle arises from all of the external margin of the ob-

turator foramen except the extreme cranial portion. 

Insertion. It inserts into the trocr.tanteric fossa of the fer.RU'. 

Actiol'!• Adducts and rotates the femur laterally. 

It is fan-shaped and a large, thick muscle. 

M. (Figs. 2, 6, 14, 16, lG) 

This muscle occurs in two divisions with origins and insertions 

both separate. 

A. H. Pars postica 

Orip;1=g. The Pars postica is the posterior nmscle and arises from the 

ischium along the lateral ridge extencline from. the tuberosity. 
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Insertion. The insertion of Pars postica is by fascia upon the distal 

part of the patellar ligament, which inserts upon the tibial tuberosity. 

Action. Flexeo the shank. 

Origin. The Pars anticus arises deep to and anterior to the origin of Pars 

postica. 

Insertion. The insertion of Pars anticus is by two divisions. The larger 

and more medial inserting upon the medial epicondyle of the femur. The 

second slip inserts upon the base of the femoral shaft, adjacent, but more 

toward the lateral si.de. 

Action. Flexes the sha.T"Jk and e.;.,.'tends the femur. 

_pescrintion. There are two definite muscles here. The postica is the larger 

of the two. They are both long and ribbon-like, and wide. 

(Figs. 2, 6, 12, 11+) 

Q:r)..gin,. This muscle arises from two heads. The origin of the fascial 

head is from the dorsurn and the ischial head is from the ischial tuberosity. 

Insertion. The ti,-v·o heads fuse shortly and there occurs a cor1pletely trans-

verse aponeurotic jnscription. From this the main portion of the muscle in-

serts on the middle of the calf, but a small slip diverges to fuse with the 

Biceps fenoris posticus and pass to the lateral thigh. 

Action. Powerfully extends tre femur and flexes the shank. 

Description. This muscle is very long and thfok. It passes from the dorsal 

surf ace to the ventral. It j0 wider nt the insertion. 

M. Biceps femoris apticus (Figs. 4, 12) 

Origin. The Biceps f emoris anticus arises from the dorsal aponeurosis over 

the ischium. 

Insertion. Insertion is upon the patellar ligament which inserts on the 



Actio11. Flexes the 

It is a long,stout muscle vrhich is thiclc and partly fused 

with the Biceps fern.or is posticus. 

Pr:ie:in. The or·igi:n is by an aponeurosis from the isch:i.al tuberosity. 

Doscr:Loti.on. 'rl1.is :5 .. s a thin sheet of r.1uscle which runs very close to the 

anticus and is artially fused with it. 

Prigin. The 'L'enuissinus u.rises fror:.i the deep dorsal deep to the 

anterior biceps. 

Insertion. It inserts by fascia upon the medial calf. 

Action. l''le:zes the starJ:. 

Description. This is a long, extrer.iely sna.11 muscle. 

H.ectus femoris (Figs. 2, 4, lli.) 

Q.1j_p;in. It or::! .. ginates from the rectus f encoris process of the :1.lium. 

I:q..§..ertiq_g. Insertion is on the prox:iJ'.'!E.l atella. 

Ay_tiq,11. Flexes the femur and extends the shank. 

It lies dorsad to the Vastus 

interrr:.edil1s Md is covered late::·ally by the Vast us 1ateralis. 

Orip;jn. This muscle arises from the distal bord.er of the greater trochanter. 

Insertion. Tho insertion is upon the patella and its tendon to the t.:l.bia. 

Descr:intj.:.2!±• Thie.; :i.s a large, well developed muscle. It H.cs dorsal to 
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tbe I?ectus fen:oris but does not cover :Lt at :!.ts orizin. 

QJ2{c'.Jn. The V.0.stus medic..lis arises from the anterior surface of the lesser 

t1'ochanter and the ad.joining shaft. It passes dorsal J(jo the head onto the 

g:;:•eater· trochanter and :Hs caudal bord.er. 

Insertion. Fibers fro:m the posterior part insert upon an aponeurosis that 

c::no:cs rr.offt, of the V,'1.stus :!nLernedius. The !'lain :1 s ned5a11y 

u2cn the patella. 

Fxtends tJ::e shan1c. 

This '11Uscle fa also large and is larger at the orj_gin tban 

nt the insertfon. It runs arljEcent to the Rectus femoris, ca,udally, and 

co7ors so:r;1e of the Rectus femoris on the edge. 

Vast.us :i.ntermed.ius (F:i_fY. 6) 
...------------... <.._;. 

Q:G,fil.::P.:· Jt or:\rfoates fro:ri the anterior shaft--both medially and laterally. 

Insertion is onto the capsule of the knee joint. 

Action. Fxtencls tho sharoJc. 

Thu fibers are Ye::-y close to those of the Vast us J.ateralis. 

It rm1s next to the shaft of the femur and is ve:r,;r th::i.n. 

The vdgin is 0, short distance the ventral pubic border, 

carnla,:1_ to t:.:b.e pso:o.s process. 

It :Lnser·ts by a tenclon along the part of the famoral 

sh..aft. 

!:s . .:ti£g. Adducts the femur and flexes j_t. 

P..&_scriutfon. It is a srcall triangular shaped muscle, thick and ending in a 

tendon. It liGs craniad of the Adductor longus accessorius. 

H. Gracilis (Figs. 2, 6, 11+) 
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Orig.in. The posted.or di7ision originates along the caudoventraJ. border 

of the ischi.um as far as the anterior part of the symphyd.s. 

Insertion. Insertion is along the shank, over an area proximal to tho 

Semitendinosus, almost as far as the patellar liganent. 

B. :t:l. pa.rs anticus 

.Qrigin. The anterior pa.rt originates along the ventral margin of the pubis, 

cranial to the posterior portion. 

;,tg_sertion. It inserts upon the pat.ellar ligwtent, cranial to the Semi-

membranosus posticus. 

Action. They both adduct the femur and possibly flex the slw.ri.k. 

Q.escription. They are both very much alike, being very thin, narrow and 

long. ±he Gracilis ant:i.cus lies craniad to the Gracilis postl.ca. 

N. Adductor ]-ongus accessorius (Figs. 2, 6, 14, lf:;) 

Origin. This muscle originates fror:-: along the pubic border, caudal to the 

Pectineus. 

It inserts by a tendon which jo:lns the distal part of the 

pectineal tendon to insert upon the femur. 

Action. Adducts the i'enur. 

This muscle resernbles, from the superfi.cial aspect, the 

Adductor longus of 1i:an. It is triangular shaped and thick. 

1,1. Adductor brevis (F'j_gs. 2, 16) 

P.rig.:gi..!. It has a thin origin from the ventral ischial border between the 

Aclductores long;us accessorius and m.agnus. 

Insertion. It jnserts upon the caudal surface of the third trochanter. 

Action. Adducts the fe'2mr. 

Desc..riJ2.tion. This is a long muscle which lies deep to the Adductor ma.gnus. 
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H. Adducto,,.• ruae;ri11.:; (Figs. 2, 4, 16) 

ClJ;:..i.f1iin· 'I'he Adductor nm{';llus arises from the caudovent:ra1 part of the ischial 

border. 

It :bwerts upon the feno:ral shaft distal to the third trochanter 

for about three-fifths cf the disto:n.ce to the conr:lyles. 

ActiP..n. Adducts tho f e11!.ur. 

This muscle is wide, large and lies dorsal to the Adductor 

longus pdJ1ms. 

This nuscle may be the counterpart of the Adductor 1>1 in:i.nus in the 

pocket gopher. 

Qr'igjn. It originates alone; the pubic border, frora the Adductor brevi.s to 

the Pectineus and d.eei) to the longus accessorius. 

Tnsert-i on.._ The insertfon is along almost the entire shaft of the fernur. 

This is the main lonr,us muscle which is uore l:il<e that in 

rnan. It is lon{S narrow and thick. 

Origin. This nuscle is divided into two portions. The lateralis orieinates 

from the lateral epicondyle of the fe2;111r and the lateral sesarnoid bone. At 

the center of the superficial belly the origin ·was tendinous which cUvere;es 

to forr:1 a small aponeurot:i.c sheet. The medialis portion oricinates from 

the medi_al epicondyle of the femur and the vedi.al sesa.i:rioid bone. It extends 

a short distance proxfo•.ally along the shaft of the f eTIO:ur. The aponeurosis 

is more extensive than in the lateralis • 
.L. 

Insertion. They have e, co:mnmn insertion by a tendon to the lateral side 
----- .!-

of the calcaneus. 



.Ll..c:!;-1 rm. Plantnr f10::::es the foot and flexes the leg. 

the lower lee;. 

lD, 12) 16) 

.Qrizin. 'l'his mrsclo has by a tendon from the lateral sesa.moid, 

hardly sepm·ablo fron: those of the Gastrocnexdus lateralis. Its aponeurosis 

is fair·ly continuous '.::5th that of tho Gastrocnor.dus • 

.Ina.ext-ion. The muscle jnserts by a tendon over the heel and sole where it 

splits into four tendons, Three :oass to the three mediaJ ::lig:i.ts and attach 

·t;o the base of the second phalanx. 'rhe tendon to the fj_fth toe passes t.o 

the lateral side of the digit. 

Flexes the shank and plantar flexes the foot. 

J2escr:ipt·1an. The Pla.ntaris is very contfo.uous with the Gastrocnemius 

lateralis and bidden by it.. It Js a stout l'i'UScle. 

J ( lr'' _o, o) 

The Scleus arises by a tendon .from the fibvJ.ar head. 

J:n£m:t.im:J.. It inserts by a tendon which is fused with approx:1Jnately one-

half of the cornnon gastrocnem:i.al tendon • 

. A.cticn. the foot. 

Descrintion. It is a lone, narrow muscle h::.dden by the Go.ctr0cnemius. __ , __ ::;.i._ __ _ 

H. 

It hy a tendon fror: the 1ateral cp1concly1c of the femur. 

I:::isertion. j_s upon the border of the popl:l.tcsl f()SSG.. 

Action. m1d rotates medially. 

Descrinti.on. This :Ls a fan-shaped muscle which ·wraps around the back of 

the tibia. 
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N. Flexor digi torum lon,gun (Flexor tibial:i.s ) (Figs. 6, 14, lfj) --- .,....,_" -" "' -.... ...,,_._ ·-- ,._,_ .. _. ...... -....,.,. ·--
.Or.igi.n.._ The origin is hy a tendon from the medial ti.bial border distal to 

the Poplitous insertion • 

..In.s.arlion. The insertion is by a tendon which pc;:.sses behind a groove on 

the medial malleolus and fuses with the Flexer digitorum. fibularis tendon • 

Plantar flexes the foot and flexes the terminal phalanges • 

.llG.!2.c:.rj.pti.Qn. This i.s a very slender, long muscle. 

6, 10, 12, 14, 18) 

It arises from the fibular head, medal to tho Soleus,anc1 dir·'-<1.ly 

c;.long the shai't from the interosseous membrane, and from the med5.e.1 a.-,·· 

of the posterior shaft of the tibia. 

Iru;;.e.rt.ion. It inserts by a tendon which passes over the medial malleolus 

to the sole, deep to the Plantaric. At the middle of the solo it splits 

into four heavy tendons which insert upon the termina1 phalanges of all 

the digits. 

Action. Flexes the digits. 

This :i.s a large flat running dm-m the whole of the 

lower leg, postoriorally. 

9£i_g_ig. The origin is the fibuJar head, posteromec_:Lal tihial border and 

the interosseoua membrane, deep to the Popliteus. 

Jp_s2.rtJ9g. The insertion is by a tendon which passes to the media} tci,rsal 

sesamoid where it attaches. 

Plantar fJ.exes and inverts the foot. 

'I'his is a very small muscle with the muscle fibers cndinr; 

shortly in a tendon i'or insertion. 
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It originates from the entire tibial fossa deep upon the lateral 

aspect of the bone • 

..In.se:i;:t.i.@. It attaches by a tendon which pam>es beneath the transverse 

ligrunent of the ankle and then to the medial ankle to insert upon the 

middle of metatarsus one. 

Dorsally flexes the foot. 

This is a uell developed muscle. It is large and covers the 

anterior part of the lower leg partially. It lies next to the F.:ct.ensor 

digitorum longus. 

Or:ig_:l,n.!. It arises from the crural interosoeous membrane. 

I!}_sertj,._o_g. Insertion is by a tendon which passes beneath the transverse 

ligament and then diverges with, but cranial to, the Tibialis anterior to 

the medial side of the foot. It passes to the medial side of the second 

digit and attaches to the proYimal phalanx of the second toe. 

E..."\.'tencls the proximal phalanx of the second toe. 

This muscle lies deep to the 'ribialis anterior and is rela-

tively smalJ 1:1uscle. 

Q,rig;:i.!l,. 'I'he. origin is by e. tendon from the lateral epicondyle of the femur, 

near the patellar ligament. 

Insertion. It inserts by a tendon which splits into four branches which 

pass beneath the transverse ligament in company vr1 th the Tibial.is anterior 

and E::x:tcnnor hallucis longus and ez:tends to the four digits. These branches 

are superficial to other tendons. The main tendons join the toes upon the 

lateral side of digit 2, center of 3 and medial side of digits l+ and 5. 
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The tendon that passes to the second digit gives off' a sm<1ller lateral 

branch a.nd that of digit four a medial branch, both attach to the sides of 

digit three. 

As;Jj,._o_n. E:t:::tends the proximal phalanges of tho four digits and 

fle.x:.eo the foot. 

This :Ls n long, thick, narrow muscle. It is ro1mded and is 

hidden by the T:l..b:Lalis ;;interior which lien by it. 

H. ]....Qpffi!S (F:i.gn. L,., 10, 12, 16) 

The origin is from the fibular head :5.n connection with the 

collateral lieD.Jl1ent. 

Its tendon passes behind the lateral malleolus and inserts 

upon tl'1e plantar process of metatarsus one. 

A_cti2g. Plantar flezes and everts tho foot. 

This is a very long, narrmr, rounded muscle lying medial to 

tho I::'.xtensor digi torum longus. 

It arises from the medial border of the fibula for entire 

length cmcJ continuing onto the tibia at the junction of the two bones. 

_:f;rrss;.:.cti.2!!· The insertion is upon the bRse of metatarsus five. 

,A_c_t]:c:p.. Everts and plantar flexes the foot. 

The Peroneus brevis is a very long, rounded, narro1:I muscle, 

deep ·;;o the Peroneus longus. 

Q.:t:_i,.r;.i!!• The origin is from the prox:i..mal fibular shaft. 

Jri.E..erti.o,n. It attaches to the lateral side of the fifth cU.git at the 

ter:minal phala..nz:. 

Extends the fifth d..l.gi t. 



It is a long muscle, cleep to the Peroneus brevis and Peroneus 

longus. It is wi.de at its insertion. 

H. fuct..?ll.§2.r __ (Peroneus digiti quarti) (Figs. 8) 

Qyjg;i.11. It arises from the caudolateral belly of Extensor digi ti quinti. 

It attaches to the second by a tendon. 

Ext,ends the second digit. 

'I'he above muscle has very fevr muscle fibers. It runs ad-

jacent to F.xtensor digiti quinti. 

M. 

Orj._gj._J:1. The origin is the deep surface of the Plantaris tendon. 

D}pg..rti..<?..U· The tendon :is fused with that of the Plantaris and attaches 

wi.th it. 

Plantar flexes the foot. 

. ..QL1.· There are very few muscle fibers present and is very hard 

to distinguish. 

Ivrm. ___ (Fig. 10) 

9.£.i&n. There are two of these muscles. The origin is by an aponeurosis 

from the plantar process of the navicular bone. 

_Q"l_s,?rtion. One attaches to the inner side of the second digit and the 

other attaches to both sides of the fourth digit. 

AcJ;i,gn. Adducts the second digit, and adducts and abducts the fourth digit. 

Ve!"J few muscle fibers on the plantar aspect of the foot. 

Nm. Lur4Q.r_i9_a,J_es._ (Fig. 10) 

There are three of those muscles and they arise from the Flexor 

digitorun1 fibularis tendons. 

They insert upon the prox.i..mal phalarn: on the medial sides of 

the third, fourth and fifth digits. 
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Flexew Ll1e prmd.:mal phalanx oi' the third, fourth, and fifth digits. 

'l'hey are very small in the three intervals between the Fle::·:or 

digitorum fibularis tendons. 

The flexor to digi::. two arises by a short tendon from the navicular 

bone 2nc! e. fle:ah;r origin arises from the end of the first metatarsal. The 

to digit three arises from the c;uboid, and those to four and five 

arise from tl"-1.e lateral sesamoid bone. 

insertion ic upon both sides of each dig:l t. 

Flexes all four digits. 

These are the short flexors to each toe. There are very 

fm; muscle fibers present. 

10) 

It arises fro:rn the calcaneus tendon. 

Insertj_on :ts upon the lateral procccs oi' metatarsal five. 

This nu.scle is 1£>.rgely tendinou::; with verJ few muscJ,e fibers 

ti1e origin is difficult to ascertainl> 



AN.A.LYSIS OF 

Foster (1896) has shown that a muscle w:Lth the greater bulk will 

do the most work. He states: 

If two muscles are unequal both in length and sectional area, 
the work done idll be greater in the one which has the greater 
bulk, which contains the greater number of cubic un..i.ts. In 
speaking, therefore, of the work which can be done by a muscle, 
we may use as a standard a cubic unit of bulk, or, the specific 
gravity of the muscle being the same, the unit of weight. 

Thus, volume is selected as an indicator of strength. This method seems 

better adapted for testing both muscles anc' bones (Holliger, 1916). 

The volumetric measurements were taken of the larger muscles and 

of muscle groups for comparison purposes. Special note vras taken of those 

muscles or groups of muscles uhich are used more in the jumping movements. 

It was fom:c'., as listed in table 1, that for all the muscles 

measured, except one, the volume percent in relation to the total body 

vol12rn.e was greater in The Quadriceps femoris, which act together 

to extend the shank (the Rectus femoris of this group flexes the thigh) in 

comprised 2. 08 of the total body volume as compared to 2. 91+ 5; 

for The [3emimembranosus, Semitendinosus, and Biceps fet1or2.s of 

.. were 2.60 5; of the body volume as compared to 5.88 )G fo:t' 

The action of these muscles is to flex the sharJ,: and the Semi tenclinosu::; 

extends the thigh also. 

Greater variations can be found in the lower leg. Here the Gastro-

cnemius and the Plantaris comprised 1. Oh in and 2. 94 ;.; in 
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Tf,BLE l 

VOLillIBTRIC MEASUI'J:!:MF..iNTS OF CERTAIN MUSCLES OF THE HIND LIME OF UU.§_RINUS AND DIPODOMYS 01WII 

·--.=:7: :;;_.::::.:-<. :·::- ::..:::::c.::.:::.-::.::::::.:::. :::::.:: : .. :.:::::::. :;c:: . .:::::·::: ::::::: ... ...:::.·::;:,.-:-::.::.::-.-::::·:·::·=:::·;::::.:..::::::::.::_.-::::::::.-:::::::.==:::=.:::::::-:::::::::;_--=.= 

Huscle or Muscle Group Measured 

Semini.embranosus 
(-,, '°.J... ... 0erm. vencnnosus 
Biceps f emoris 
Quadriceps f emoris 
Gracilis 
Adductor magnus and brevis 
Gastrocnmni.us and Plantaris 
Gluteus ma.ximus 
Gluteus medi.us 
Entire lm:er leg plus bones and foot 

Vollm1etric 
Displacement 

Volume 
Percentage of 

Total Body Volume* 
·-... _,_ ..... .. - - ..... ..,. . .. ... ..... --.. -.·-

0.35 nil 
0.20 
0.70 
1.00 
0.09 
0.70 
0.50 
0.20 
0.}+0 
1.20 

2..:rsli.1. 

O.hO ml. 
0.40 
1.00 
0.90 
0.20 
0.30 
0.90 
0.15 
0.50 
2.50 

Th 

o. 73 ;·; 
0.42 
l.h6 
?.OC 
0.19 
Ll+6 
1.04 
O.LJ2 
O.fl3 
2.50 

l?i podom;y:_s 
orcg_i., 

1.31 ?[ 
1.Jl 
3.27 
2.W,. 
0.65 
0.92 
2.91, 
0.1"9 
1.63 
f..17 

i<'I'otal Body Volume of Thomomys Eviscerated and Beheaded = l+E. 0 :rnl. 

i<'I'otal Body Volume of Dipodomys ordH--Skinned, Eviscerated and Beheaded :;:: 30.6 mL 

I +--
I 
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These two muscles, with the Soleus, are the princ:Lple muscles involved. in 

plantar flexion of the foot flexi.on of the shank. These actions are 

those used in the strong leaping move:ments of the kangaroo rat. The volu-

metric displacement of t.l-ie whole lower J.es H<'W si[:nif5_::-ant here. 'I'he per-

centage of the total boc:;y vol 1J1ne of was 50 as compared to f: .17 

in .. 

1!hen considering the foregoing data, using muscle volume as a 

criterion of strength, it is evident that the muscles of the hind limb of 

have greater force of movement than do those of Jhgrno!!!J!:s. 

'l'he muscles having to do with extension of the lower leg at the knee 

and plantar fleY,..ion are those most used in .jumping and it is this eroup nl 

muscles which show the greatest vari.ation between the two anjJnals. Some 

of the thigh and hip muscles showed less variation and the .A<lductores ma.gnus 

and brevis were larger in !:!!!!.l?riJih@.· The action of these :muscles is 

to aclduct the femur and in the pocket gopher they are needed for stabili-

zation of the hind limb during digging movements. These variations are 

shown in table 1. 

The variations in the lengths and widths of many of the muscles 

and bones can also be noted from tablee ? 3. Ti1e greater variations 

in these linear measurements occur in V.1.e sane muscles as those that varied 

in volumetrj displacement. 

The bone :measurements of are longer than When 

these measurements are considered in the light of the total body length 

they are significant. The length of a typical adult female of 

from the base of the skull to the base of the tail, is 9.e cm as compared 

to C. 2 cm for The femur in DjJ?odom;rs is • 4 cm longer than that 

in a 16. 6 increase. \!hereas, the tibiofibula is 1. 05 cm longer, 



T.A.BIB 2 

LIN:CAR 11EASUPJ:,'N.EN'fS OF THE MUSCLES OF 'l1HE HIND LIHB OF THOM.QJ:lY§. 1!}i@J1.J;!LU§ 
A1ID DIJ>.QDQEgi:: 

... - > ---- '" ........... ,,,_ >-·-A-,·-·-'-" ""'< ·-'""'' -·-· .... .... --• .-... ... -·--- -··-·---· .. .... ..-,.-.,,,.._,._., -·----,_,._, ---... •• --• ..... ,_ • .,._. ---··-· _._ __ , -.--.. ,,.. ..,,..,._, _. _ _,._ ,. ___ ... "·---·-----• ..,._ . ._..._.,_..., • n•-•-,. ..-------·•"'' _..._ ,, _________ _ 

Length 1\'idt.h 

11uscle 

};1!1lb um.bri)]J.-!§. 

Psoc.s minor 
Psoas rna;j or 
Iliacus 
Gluteus medius 
Quadre,tus femoris 

Biceps f emoris a. 
Biceps f emoris p. 
Eectus femoris 
Vastus latera1is 
Vastus medialis 
Pectinous 
Adductor longus 
Adductor brevis 
Adductor magnus 

1ateralis 
medialis 

7:-Plantaris 

Popliteus 
-lf-Flexor dig. longus 
*Tibialis anterior 

dig. longus 
-l*Peroneus longus 
*Peroneus brevis 

.,'{-To ankle. 

;2. e5 
3.00 
1 00 
_.. • I / 

1.65 
O.EO 
3.10 

2. 2l1-
2.()5 
2.05 
l..t".O 
1.30 
1 ".'1 
.... •• ,· .....l-

1. 95 
2.10 

2.60 
2.60 
2.90 
2.00 
0.90 
2.40 
2.30 
3.00 
2.20 
2.20 

cm J.00 0.1+0 
2.eo 0.52 
1.70 0.50 
:?.00 1.20 
1. (,() c.25 
3.47 0.?0 
3.60 o.:>o 
2.90 l.OC 
:?. • L:.O O.?O 
2.60 0.90 
2.25 0.50 
1.50 0.30 
l.60 0.20 
1.60 0.60 
') ··10 c. ... 0.60 

:.DO 0.50 
3.co 0.60 
3.70 O. i:,O 
?1 

•• 30 0.20 
0.70 0.20 
2.eo 0.30 
3JJO 0.1+0 
4.00 0.15 

.00 0.10 

Total Body I,ength of 1.fil1Q.:r:1r.ms. -- 9. f cm. 
(from base of skull to base of tail) 

Total Body Length of .. q:rclj,:i,. ·- 2-. 2 cm. 
(from base of skull to base of tail) 
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0.')0 
C). L;.C 
C.70 
1.10 
1.CO 
0.1.:0 
1.00 
1.10 
0.60 
l.10 
o. 50 
0.35 
0.40 
o. 50 
0.60 

0.90 
0.92 
0.40 
O.JO 
0.50 
0.1+0 
0.60 
0.30 
0.10 
0.20 



TABLJi: 3 

LINE.All llEASUHEMENTS OF THE BONES OF THE HIND LIMB OF J'HOMOMYS filIBRI@S 
AND Q.I.l.QQQHY.§. OHD]l 

Length Width 
Bones 

Pelvic girdle 
at ilium 

Obturator fora.men 
Acet. to Acet. 
Acetabu]JJJD 
Acet. to iliu.m 

craniacJ 
caudad 

Femur 
:Cpicondyles of femur 
Across lesser troch. 
Across greater troch. 
'I'ibiofibula 
Fibula 
Hee.d of Tibia. 
Calcaneus to end of 

longest phalan,"{ 
Talus 
Het.s.tarsal (longest) 

Thomomvs ..,, __ ,_ ___ "· .. 

3. 00 cm 

0.70 

1.60 
l.?0 

2.55 
l.Li.O 

2. 73 

0.90 

!22:P.9_d'"<2!J1;:@. 

?.00 cm 

O.G9 

1.50 
1.25 
2.f:O 

?.60 
1.90 

3.50 

1. 59 

:J'h e>m9rn..Y.Q 
};J.!'.lPl'.i!l.ll:. s_ 

i.;:o 
O.JO 
1.31 
o. ,,n 

'-' 

0.60 
0.60 
0.65 

0.60 

0.30 

Total Body Length of Thornpmys umbrir.ms = 9. S cm 
(from base of skull to base of ta:ilJ 

Total Body Length of gij)9d9giys = ['. 2 cm 
(from base of skull to base of tail) 
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Pi,r.2.05>.l11Yfl 
.91'2ii. 

1 .. 
O.!;.O 
1.50 
O.JO 

0.50 
0.50 
c;. 5e 

0.50 

0.30 
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a 41.15 % increase. Also, the d:tfference in length of the foot is . 77 cm, 

The length here in gained e:x:tensively in the metatarsals ancl phalang,es. 'I'he 

metatarsal in TI:tr90o:n11':9. is l. 59 en as cornpared to that of . st cm in 

a difference oi' • 69 cm, or a l+J. 39 increase. Thus, of the total 

length of the hind limb the tibiofibula iE: the longer, ;,,rj_th the foot next 

and tho femur last. A11 the bon0s in the hind l:L'TI.b of are longer 

despite the shorter body length. 

The innominate bone is apprm-::-i_'TI.atcly the same length in bot:-;. ani-

mals. However, the width of the bones :i.n the pel v:l.c and hind limb 

of '.TI29m9IDXQ is greater. They are short and stout, thus facilitating Dhort, 

strong novements. L11 Dipod2ni.;y§._ the trochn.nteric fossa extends further to 

the lesser trochanter, thus increasing the strength of move;went of the 

fe:mnr to the rear during leaping beca1.rne of better leverase. 

As would be expected the musc:les ht1ving to do lrith leaping move-

ments are those involved in p1anta.r fle:don of the foot and extension of 

Also, the 

muscles needed for fi .. x:2-tion of the lir:::b clu.rine: e:z:tenn:l..on or v.r0 

table 2. 'l'he Quadra:tus fenoris e:d1ibits <.:. great difference 1.n the two 

animals, being twice as long and four tL'D.eG as wide in as in 

Jh<?.m2.mJ:2 .. • The action of this muscle is rotation of the thigh laterally and 

as a powerful adductor of the femur. This latter action seems to be as 

a stabiliser of the fein.ur. It is logical, mechanically, that the action of 

this muscle is important to stabilize rdller than in the action of adduction 

as s11c11. 

The size of the muscles alone does not acc01.mt for the greater 
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strength in the :::ind limb of Using the principle of levers 

(l'Jhite, 1963) the longer bones of t..rolild give greater leverage 

to muscles of this animal. 



DISCUSSION 

This comparative study of the hind limb of and 

ti1J..2!l<?n12-s ordJi was undertaken to determine the morphological differences 

as they are associated \dth the habits of the two an:imals. The 

variations seen seem to be adaptive. 

The general outline of the bones of the hind limb of Tl}gmomY§. is 

regular and the processes are regular and smooth. The spines of the 

lrnnbar vertebrae are short and stout, and those from the sacrum are fused. 

However, the processes are prominent on all the bones. In }1.i.podom.ys the 

bones are very irregular and the processes large. 'I'he spines of' the 

vei·tebrae are long and prominent. '.i:his increases the overall area of the 

bones and allows more space for the attacrunent of the larger muscles. The 

femur of Di:Qodom.ys has a third trochanter which the pocket gopher does not 

have. 

The muscles in the two aILiJ.nals are very different as to relative 

size, position and number, and there are different divisions of the same 

muscles. The Gracilis muscle in the kangaroo rat is divided into bro 

portions, which gives this animal greater stabilization of the longer li1nb. 

The 3emimembranosus is also divided in and is single in Thgm,qgy§... 

The action of this muscle in both animals is to flex the shank. However, 

ti1e acti.on of the anterior portion in Di.J?.odom,ys is to extend the femur, 

also, thus givj_ng this animal greater extension, as is needed in jumping. 

The greater size of the Quadratus femoris in the kangaroo rat gives this 
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animal m.uch greater stabilization of the hind limb. The other stab:Uizers 

are more nearly the same size in both animals. However, the kangaroo rat 

needs ereater fixation c1ue to its longer l::i.mbs a..Dd Jumping movements. 

Not 2.ll of the muscles are present in both anh1als. 'l'he pocket 

p:opher has the Caudof'ern.oralis, Ac•.ductor mP.gnus proprius, Adductor minim.us 

am] Abductor hallucis, 11rhich have no counterpa .. rt in the rat. The 

kangaroo rat has the Gluteus superficialis, Tenuisoimus and l\c:cuctor longus 

primus, which are not found in the pocket gopher. These not 

seem to make any significant differences in the overall acdons of the 

nmsc1es. Variations can also be found in the origins and insertions of 

some of the muscles. 

The main muscles ::Lnvolved. in plantar flexion of the foot and flex.ion 

of the nhank are the Gastrocnemius, Plantaris and Soleus. This ifJ the 

action needed for leap:i.ng movements. From the mef'.surements of these muscles 

this action is strong in the ka.ngaroo rat, as would be expected. In the 

pocket gopher the different size of the muscles is correlated i.d.th its 

particular habits. 

Both species are fossor:i.al, however, the k, ngaroo rat :i.s highly 

cursoria1. 'i'he result is that both animals burrow .for different :reasons. 

The l:anga.roo rat acquires all of its food above grourJ.d, <'"t night. It carries 

1:.;eeds in its cheek pouches to the burrow where the seeds are stored for later 

use. It burrow is used. as a plo.ce of refuge from predators and to reduce 

water loss during the day. It usually burrows approximately sb: inches 

undergro1Jnd. When ground, gathering food, it must be quick in its 

movem0nts. The kangaroo rat is the chief food for mnny other animals, for 

t:rd.s reason it must be swift in order to survive (Fitch, 19l:C). As a result, 

the hind limb is highly developed for leap:i..ng. The kangaroo rat can leap as 
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far as 28 and this :ts its mode of 1ocomot,ion. The longer hj.md limb 

aJso <:ids him j_n reaching the seeds on the plants, which it uses for food 

(Tappe, 1941). This an:bnal has speed and endurance. Thus, the .s.daptation 

of the hind limb is for survlvaJ_ purpose13. 

1'he pocket gopher lives mainly undergro1md, seldom leaving itc 

bnrrow, may be dee:p ·with man;7 pass;ages. The gathering of food is 

tmderaround. 1.'he pocket gopher eats the roots of alf<Jlfa c:.nd other such 

p1.ar1t f>. 'I1rns, the hind Jj.mb i.s not 2.daptet0 for leaping as in the kangaroo 

rat (Scheffer: 19?1). The muscles of the hind ljJn.b 0re sl:orter and stout, 

f}.vine; strength to stabilize the animal while digging lmderground pasi::;age-

wa;y'S wHh his forelimbs. 

In conclnsion, -- feel that the morphological differences found in 

the h::i.nd limb of ord:li and Thor,101n;1s lwbrinus aJ•e n result of 
--· ..... _.., -·-· ... - .. -·4- ,. 

adaptation for surv5.va1. Even though they are both fossorial, the kangaroo 

rat i,s highly cursorial, ·t.hns, their habits are vastly different, resulting 

:1.n t:1e above adaptations. 



SUl'-1MJl.EY 

The purpose of this study to compare the morphology of tl1c· 

hind limb of the pocket gopher with that oi' the ka.:nr;aroo rat ancl to de-

termine their ciifferences. This was accompliBhed by first, obtP:intne 

the specimens; second, prep,;; :rs.tion of the sped.:in.ens fo:r p:ceservat:ion rinr'1 

dissection; third, pbotcgraphing and tracing the fourth, noting 

the origin and insert:l.on of each :muscle and their general morphology; and 

fifth, preparation and photographing of the bones. 

Comparative volurnetric measurements we1•,<-> 11:>.ade of the nms0les of 

the two an:Lmals to determ:Lne the ciH'ferences between Th12s<? rnee.s1n·0-

nents showed the shank of the lrangaroc ra.t to be hr:i.ce the Gj ze o.f' thst. of the 

pocket gopher. The muscles nsed. by the lmnt;aroo rat i.n ,1u1'J1.p7.n13 are longer 

on6 larger as indicated by tho volumetric displacement and line<'tr n1easure-

ments. Also, linear measurements were mr.de of the various rrmseJ es P.,nr1 

bones. These measurements also showed the var:iation 5.n length and i,,rl dt.h, 

iv-lth those muscles of tbe kanearoo rat being longer and w:tr1er. In the 

stmly of the bones, the general ontJ ine1:; of the two f or:ms were vaetly di.f-

ferent. The local. 1on of t.uheros'i t:les, s:i ::;e of these tube:rmdties for 

muscle at.tachm.ent, bone length and 1'.rj_clth r:ia1fo up these cl1ffere:nces. 

Orig:'!ns, insertions, actions and de·seriptions of the mr.sdes are 

deterrrd.ned for each anim.a1. 
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Vt 

'° I 

ductor magnus proprius (0) 

uadratus femoris (0) 

dductor magnus 
racilis (0) 

femoris (0) 

(0) 

dductor brevis (0) 
dductor minimus (0) 

(0) 

(0) 

liacus (0) 
1uteus minimus (0) 
ectus femoris (0) 
soas minor (I) 

FIG. 1. LATERAL VIEW OF THE PELVIC GIRDLE SHOWING MUSCLE ORIGINS (0) AND INSERTIONS (I) 

(Thomomys umbrinus) 



I ep-. 
0 
I 

1uteus superficialis (0) 
·luteus medius (0) 

luteus minimus (0) 

superior (0) 

femoris (0) 

Psoas minor (Il ' 
Pectineus (0) 
Obturator internus 

Adductor longus primus 
Adductor longus accessorius 

Adductor brevis (0 

(0) 
anticus (0) 

(0) 

femoris posticus (0) 
(0) 

Adductor magnus (0) 
racilis posticus (0) 

racilis anticus (0) 

FIG. 2. LATERAL VIEW OF THE PELVIC GIRDLE SHOWING MUSCLE ORIGINS (0) AND INSERTIONS (I) 

(Dipodom.ys ordii) 



Gluteus medius (I _____ ___ 

Gluteus minimus emellus superior (I) 
bturator internus (I) 
bturator externus (I) 

Extensor digitorum longus 

Vast us 

Biceps femoris (I 

Tibialis anterior (0 

proprius (I) 

lateralis (0) 
(0) 

Jr-----J)oleus ( 0) 
digiti brevis (0) 

longus (0) 

ensor hallucis longus (0) 

FIG. 3. LATERAL VIEW" OF THE BONES OF.THE HIND LIMB SHOWING MUSCLE 
ORIGINS (0) AND INSERTIONS (I) 

(Thomornys 
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Gluteus minimus 

Gluteus medius 
Piriformis (Il-__ ..:::::::::....-----C-t!S 

Vastus lateralis 

Popliteus (0 

max.imus (I) 
femoris (I) 

Extensor digitorum longu 

superficialis (I) 

dductor magnus (I) 
(0) 

Peroneus·longus (0 

I 
I 

Biceps f 
posticus 

I 

Tibialis anterior (0 

dductor longus primus (I) 
.,---......,.astrocnemius lateralis (0) 

lantaris (0) 
(0) 

lexor digitorum fibularis (0) 

quinti (0) 

(0) 

FIG. 4. LATERAL VIEW OF THE BONES OF THE HIND LIMB SHOWING MUSCLE 
ORIGINS (0) AND INSERTIONS (I) 

(Dipodom.ys ordii) 
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Psoas major (I) 
Iliac us (IL_..:::::::::.----;--

Adductor brevis (I 
.... 

lateralis (0) 

astus medialis (0) 

dductor longus (I) 
ectineus (I) 

l ' • • • dductor magnus (I) 
• ! 

Gastrocnemius medialis (0 ' .:.. 

Tibialis posterior ectus femoris (I) 

astus medialia (I) 

Flexor digitorum fibularis (I) 

Flexor digitorum longus (0 

FIG. 5. MESIAL VIEN" OF THE BONES OF THE HIND LIMB SHOWING MUSCLE 
ORIGINS (0) AND INSERTIONS (I) 

(Thomom.ys umbrinus) 
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bturator internus (I) 

Quadratus f emoris (I 

bturator externus (I) 

Psoas major 

astus intermedius (0) 

Pectineus (I 

Gastrocnemius 
anticus (I) 

Semimembranosus anticus (I 

Semimembranosus posticus (I 

Tibialis posterior (01-.------------'"?)r 

Flexor digitorum fibularis 

:"' / 
-<. 

, 

I 

I •r 
I 

I 
I 

I 

1
..!..--Q.racilis (I) 

' I 

(I) 

FIG. 6. MESIAL VIEW OF THE BONES OF THE HIND LIMB SHOWING MUSCIE 
ORIGINS (0) AND INSERTIONS (I) 

(Dipodom.ys ordii) 
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Tibialis posterior (I 

Tibialis anterior (I 

Extensor hallucis longus (I 

Extensor digitorum brevis (I 

tensor digiti quinti (I) 

tensor digiti 
quarti (I) 

tensor digitorum longus (I) 

FIG. 7. DORSAL VIEW OF THE BONES OF THE FOOT OF THE HIND LIMB SHOWING 
MUSCLE ORIGINS (0) AND INSERTIONS (I) 

(Thomomys wnbrinus) 
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Gastrocnemius and Soleus (I 

tensor digiti quarti (I) 

tensor digiti quinti 

tensor hallucis longus (I) 

FIG. 8. DORSAL VIEW OF THE BONES OF THE FOOT OF THE HIND LIMB SHOWING 
MUSCLE ORIGINS (0) AND INSERTIONS (I) 

(Dipodom,ys ordii) 
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Abductor hallucis (0 

Quadratus plantae (0 

Flexer hallucis brevis 

Abductor digiti minimi 

Interosseus (0 

Peroneus brevis (I 

Abductor digiti minimi 

Interosseus 

Lumbricales (I 

lexor digitorum longus (I) 

posterior (I) 

(I) 

hallucis brevis (I) 

bductor hallucis (I) 

lexor digitorum 
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FIG. 9. PLANTAR VIEW OF THE BONES OF THE FOOT OF THE HIND LIMB SHOWING 
MUSCLE ORIGINS (0) AND INSERTIONS (I) 

(Thomom.ys umbrinus) 
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FIG. 10. PLANTAR VIEW OF THE BO!IJES OF THE FOOT OF THE HIND LIMB SHOWING 
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FIG. 11. LATERAL VIEW OF THE SUPERFICIAL MUSCLF3 

(Thomomys umbrinus) 
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FIG. 12. LATERAL VIEW OF THE SUPERFICIAL MUSCLES 

(Dipodom,.ys ordii) 
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FIG. 13. MESIAL VIEW OF THE SUPERFICIAL MUSCLES 

(Thomom.vs umbrinus) 
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FIG. 14. MESIAL VIEW OF THE SUPERFICIAL MUSCLES 
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FIG. 15. LATERAL VIEW OF THE DEEP MUSCLES 

(Thomomys umbrinus) 
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FIG. 16. LATERAL VIEW OF THE DEEP MUSCLES 
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FIG. 17. MESIAL VIEW OF THE DEEP MUSCLES .. 
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ABSTRACT 

The pu:cpose of this study was to compare the morphology of the 

hind limb of' the pocket gopher with that of the kangaroo rat and to de-

ter.mine their differences. 'I'his was ac :·.!mpl.ished by first, obta:Lning 

the ;5econd, preparation of specimens for preservatj.on and 

dissection_; third, photographing and tracing the muscles; fourth, noting 

the oriein and insertion of eaeh nmcle and their general morphology; and 

fifth, preparation and photograpld.ng of the bones. 

Comparative volumetric measurements were made of the muscles of 

the hm animals to cfotermine the differences between them. These two 

fand.lies, Geomyidae and Heteromyidae, are closely related but show great 

r.1orphologica1 differences "c'ftdch 2-.re adaptive due to their different en-

viromnents and habits. The volumetric measurements of the two animals 

shoued the shanL o:':' the ko.ngaroo rat to be bricc the s:' of that of the 

pocket gopher. 'I'he muscles used by the 1.:angaroo rat in jumping are longer 

and larger as indicated by tho volumetric dispJ ;..teement and linear measure-

ments. Also, linear measurements were rru0,cle of the various rnusc1es and 

bones. These measurements also showed the vari.:ition in length and width, 

1rith those muacles of the Langaroo ra.t being longer and ·wider. In the 

study of the bones, the general outlines of the two forms were vastly dif-

ferent. The location of tuberosi ties, size of these for 

muscle attaclunent, bone length and width m.·rfo up these differences. 

OriginsJ insert:Lons, actions ancl descriptions of the muscles are 

given for each anilnal. 
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