\Vct.l\l"("‘]"(;iz.‘l' VOl._SZ,,l NO'.Z' -(2004):289 i

r0SS ANATOMICAL Sypy OF

¢, ELNADY
Depl. of Anatomy and Embryology

Faculty of veterinary medicine, Cairo University

Received: 29. 4. 2004

Accepted: 13.5.2004

SUMMARY

The aim of the present study was to grossly dis-
sect the stifle joint and to compare its anatomical
:slt.ructures with that of other small domesticated
animals. Dissection of twelve stifles joints from
six Baladi and New Zealand rabbits of different
ages and sexes ;vas conducted. Conventional radi-
égraphy and cast preparations of the joints was
performed. Digital images were shot using Sony
cyber-shot DSC F 717 digital camera. The study
Tevealed a great 51m11ar1ty between bony and liga-
.Mentous structures of the stifle joint in the dog
and rabbit. However structural variations of the

stifle joint among domesticated animals are dis-

~cussed,

AN IEQDUCTIQN

! m
As prey, Rabbits are fast movmg to escape fT0

havior
their predators such as carnivores. This 'Qe

H
E ARTICULATIO GENUS

requires powerful hind limbs. The stifle joint be-
ing one of the major and complicated components
of the hind limb was the aim of the present study.
Rabbits have been used as an important laborato-
ry animal, yet the detailed anatomical literatures
available are quite few. I hope this study be help-
ful for students, scientists, veterinarians and or-

thopedic researchers.
MATERIALS AND METHODS

Dissection of twelve stifles of six cadaver speci-
mens of clinically healthy male and female Baladi

and New Zealand rabbits, young and adult, was

performed.

The animals were slaughtered and hind limbs
were scparatcd and immersed in formalin 5 %’so-

jution for three days. A Macroscopic dissection of

the stifle joint was then performed. The distal ex-

tremity of the femur and the proximal extremity
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of the tibia and fibula were p e
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e ( capsule of some

atex col-

¢ capsule,
tissucs, and liga-

surfaces, the

¢ c,\'mnincd. Join

ments wer
ens Was injected with
and diluted with
middle of the later-

gum-milk |
et ammonium
ored with blue ink,
hydroxide solution. About the

ar ligament, the necdle was

al border of the patell

and then directed caudomedially 1nto the

inserted,
cavity of femoropatellar capsule. From

the latex passes to the communicated medi

he latter,

al and

lateral femorotibial capsules.

The relative position of the articulating bones in
the normal standing posture of the animal, was
explored through a conventional radiographic X-
ray examinations were performed on young and
adult rabbits at the department of surgery, faculty
of veterinary medicine, Cairo University. Radio-
graphs were obtained in lateral, oblique, cranio-
caudal and skyline projections, at 42 KV, 300
MA, .30 mas, using Toshiba KXO-15E system.

Digital images were shot using Sony DSC F717,
cyber-shot digital camera; labels are added ip
Adobe Photoshop 7.0 program. The nomenclature
applied in this study was according to the Nomina

lAn: [ . ' - .
Anatomica Veterinariq (1994) and illustrated vet-

eri i
nary anatomijca] Nomenclature (1992)

RESULTS

-€Xtends to surround the tendon of origin of

jar, femorotibial articulations,
’

rticulatio femor vatellaris Plate | Fig
4

c & D, plate 2 figs. A & F and plae 3 ek B,

The femoropatellar articulation jg belween P
® pa.

of ‘he
nd lhe

(ella, a sesamoid bone in the deep Surfac
€

endon of vastus intermedius muscle, ,

trochlea of femur.

rticulatio femorotibialis Plate | figs.B ¢ D

plate 2 and plate 3

The articulating bones are the femoral apg tbig)
condyles in addition to two fabellae; megiy ad
Jateral present in the: origin of the medial apq lt.

eral heads of gastrocnemius muscle,

Capsula articularis

The synovial joint capsule is ample and and coulg
be divided into three communicable synovial
sacs; a femoropatellar sac and two femorotibil
sacs. The femoropatellar sac (Plate 1 fig. C/6)ex-
tends proximally between the shaft of the femur
and the quadriceps femoris muscle for about LS
cm. The femoropatellar sac is continuous with the

medial and lateral femorotibial synovial sacs &

. the distal end of the trochlea (plate 1 fig. cné

Plate 2 fig. B/3, 4). The two femorotibial sacs &%
separated by incomplete septum and they comm”
hicate together transversly across the intercondy-
loid space. The two fabellae of the gastrocnemius
muscle are included within the femorotibid sac®

(Plate 2 fig. C/3, 4). The lateral fcmorotibial Sa,c
poph‘
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cle. It also send
. muscle. S a tendop
(e sheath 1o
cess

. through the extens li
diS[;\"_\ throug nﬁor Sulcug of the tlbll . gament, The patellar |

the join, Capsule by 4 |
Patellar £y body which
the pate]|

igament is separated from
arge quantity of fat; infra-

Increases at the site where

nd the tendon of origin
qrroun BN of the Tong iy,
EnSOr muscle (Plate 1 fig, C/).

ar lig: S
T HBament inserts on the tibial tuberosi-

iscus lateralis and Y. The patel

o n ] i ar lie: t .
Meit eniscus mediqjjg (Plate  epyne ar ligament is in contact with the
. ' . I"dl]l' aspe "
g'ﬁk- E/4; 5 and plate 3 fig, D/1, 2) are semilunay al aspect of the fibrous capsule.
N [

(?'lﬁli‘:aped)_ fibrocartilages interposeqd between the Lig. femoro |
WO cond?iles of .femur and lll?la. Each meniscys jg tellare lalcrj:t:]:zr?:dl.alc ,a.nd e .chor?p.a‘
(hick at 118 peripheral TITargm and thin concaye Capsule extendin fr;cmc:;mg5 ) l.hc fl'i‘)mUS o
cf',ntrally to correct the incongruence that eXists  of the patella megdiall ; Corr"”po"d'"'g t')(')r'der
petween the articulating surfaces of the femuy and Ty .

i dles Menisc . fibers to be inserted on the corresponding fabella
[,lbu?. condyles. Cl are very important to ab-  in heads of gastrocnemius, so they are called fa-
- uring j abbi ’ .
_SQﬂ?fh?CkS during jumps of rabbits and to pre-  bellopatellar ligaments; medial and lateral.

vent or minimize friction between articular sur-

faces. Ligaments of the Articulatio femorotibialis

‘The fibrous joint capsule surrounds the femorpa-  1- Lig. collaterale laterale. Plate 3 fig. C/5, and

_!;"_tei;l';i'r and femorotibial joints. It adheres to the me-  plate 3 fig. D/10. The lateral collateral (fibular)

,l‘di_dzil and lateral ‘collateral ligaments of the stifle  ligament extends from lateral epicondyle of femur
joint. I;z-nerally it contacts tendon of insertion of  to head of fibula and adjacent part of the lateral
the biceps femoris musclé, while, cranially it is in condyle of the tibia. Along its short course it

“ contact with the patellar :‘ligament (plate 1 fig. A/ crosses the tendon of origin of the popliteus mus-
6,7,8 & 9). gle.

fl o

L ?ments of the Articulatio femoropatellare
.« Lig. patellae. Plate 1 fig. C/3 and plate 3 figs- A/
8,B/12, C/9 & D/8. The patellar ligament extends

from apex of the patella to tibial tuberosity- A su-

2- Lig. collaterale mediale. Plate 3 fig. B/11 & D/
{1. The medial collateral (tibial) ligament extends
from the medial epicondyle of the femur to the
medial condyle of tbe tibia. During its course it

i 5 f the joint capsule
P 1l ot rposed between adheres to the fibrous layer O j P
fapatellar fibrocartilage is 1Nt€

llar andto the outer margin of medial meniscus. -
patella

the quadriceps femoris muscle and the 3.Ligg.cruciata gents. Plate 2 and 3.
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according 10
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) incom-

f stifle joint,

, . 6
Cruciate ligaments >

re they
and €
psular forming &l
rotibial syno-

their nomenclatu
X shape. The cranial

ments IOC'dlL‘(l intraca

tween the two femo

plete septum be
vial sacs.

] : (0. B/9 & fig.
a) Lig. cruciatum craniale. Plate 3 fig. B
D/5
The cranial cruciate lig ‘
cranial intercondyloid area of the ti ;
passes through the intercondyloid fossa of the fe-
mur in a diagonal direction to be inserted onto the

caudal part of the medial surface of the lateral fe-

ament originates from the
bial plateau

moral condyle.

b) Lig. Cruciatum caudale. Plate 2 fig. D/8 &
fig. E/9 and plate 3 figs. B/10, D/6

The caudal cruciate ligament is longer than the
cranial one and originates from the caudal part of
the intercondyloid area of the tibial plateau near
the popliteal notch. It passes craniomedially and
dorsally through the intercondyloid fossa of femur
in a spirally twisted manner to be inserted on the
caudomedial part of the medial femoral condyle.

4- Lig. Transversum genus. Plate 3 figs. A/4 &
© D/3

Transverse ligament of stifle joint or intermenis-
cal ligament, it is stretched between the cranial
ends of medial and lateral menisci. It lies cauda]

: .
o the cranial tibjal ligament of medial menisc
and cranial to the cranial N

tibial lj
meniscus. ; gament of lateral

5) Cranial tipiq] ligament
cus. Plate 3 figs, A/3 & D/4

of the mediq] menis-
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cu i :
:d area of the tibia, being crania] ¢ ]
dylot b

(ransverse ligament of the stifle joint apq g ¢

: ‘ . o
nial tibial ligament of the lateral menjgyq andr
nial cruciate ligament.

g in a diagonal manner to the cranigy| e
I

the

cra

6) Cranial tibial ligament of laterq) -
Plate 3 fig. B/8 5
It extends from the cranial end of the ltera) 1

niscus in a diagonal way to be inserted op the Cr:.
nial intercondyloid area of the tibia forming 4
acute angle with the origin of the cranial tjbjy, o,
ament of medial meniscus. .

7) Caudal tibial ligament of the medial men;.
cus. Plate 2 fig. E/8 s
It extends from the caudal axial end of the mediy
meniscus to the caudal intercondyloid area of the
tibia, being cranial to the tibial attachment of cay-
dal cruciate ligament.

)
8) Caudal tibial ligahtent of the lateral meniscus.
Plate 2 fig. E/7
It extends from the caudal axial end of the lateral
meniscus to the popliteal notch of tibia, being

caudal to the tibial attachment of caudal cruciat
ligament.

9) Lig. meniscofemorale. Plate 2 figs. D/1 & Elb
and plate 3 fig. D/9

It extends from the caudal axial end of the I
meniscus passes dorsomedially in 2 diago
manner, crossing the intercondyloid fossa Of fe
mur to be inserted on the medial aspect of med
femoral condyle,

teral
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Plate: (2)
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Plate 1

Fig. A) A photograph ©
abbit showing:

f opened femoropatellar

articulation in the 1

N D
. Trochlea of femur 3- 1

atella 4- Su-
1- Femur =

prapatellar fibrocartilage

5- Quadriceps femoris muscle. 6- Synovial mem-
brane of the femoropatellar joint

7- Fibrous capsule of the stifle joint 8- Biceps
femoris muscle 9- Tendon of insertion of bi-
ceps femoris muscle. 10- Infrapatellar fat body.

Fig. B) Oblique mediolateral radiographic image
of the rabbit left stifle joint showing:

|- Femur, 2- Patella, 3- Femoropatellar joint 4-
Trochlea 5- Infrapatellar fat

6- Proximal sesamoids (fabellae) 7- Distal sesa-
moid 8- Femorotibial joint

9- Lateral condyle of femur 10- Medial condyle
of femur 11- Medial condyle of tibia 12- Tibi-
al tuberosity 13- Tibial crest 14- Head of fibula
15- Shaft of fibula 16- Interosseous space 17-
Shaft of tibia

Fig. C) A photograph shbwing a lateral view of
the joint capsule of the rabbit right stifle joint
injected with blue latex.

1- Quadriceps femoris muscle 2- Patella in troch-
lear groove, 3- Patellar ligament, 4- Tibial (u-
berosity 5- Lateral collateral lig. 6- Femoropa-
tellar synovial sac., 7- Lateral femorotibial

synovial sac.

Fig. D) A radiographic image of the flexed stifle
joint of a young rabbit;

skyline projection
showing;

1- Patella, 2- Trochlea of femur and

296

the patellar groove 3- Femoropatellar joint 4.
Shaft of femur superimpose tibia and fibuly 5
Medial femoral condyle 6- Medial tibjy Co;;.
dyle 7- Femorotibial joint 8- Tibioﬁbularjoi;n
9- Head of fibula 10- Shaft of tibia

Plate 2

Fig. A) A lateromedial radiographic image of p,
stifle joint of the rabbit showing:

|- Body of femur 2- Patella 3- Lateral supracop.
dylar crest 4- Lateral fabella 5- Medial fabella
6- Femoropatellar joint 7- Lateral ridge of the
trochlea ‘

8-Lateral condyle of femur 9- Lateral condyle of
tibia 10- Medial condyle of tibia d

11- Tibial crest 12- Tibial tuberosity 13- Fabella
in the tendon of M. popliteus

14- Tibiofibular joint 15- Body of tibia 16- Head
of fibula 17- Proximal epiphyseal ossification
center of the fibula 18- Body of fibula

Fig. B) A photograph of the caudal view of the
rabbit right stifle joint showing the femorotibi-
al joint capsule injected with blue latex; 1- Ot
gin of medial head of gastrocnemius 2- Origin
of lateral head of gastrocnemius 3- Medial f&
morotibial synovial sac 4- Lateral femorolibiﬂl
synovial sac. j

Fig. C) A photograph of the cadual aspect of et
stifle joint of rabbit showing; |- origi? of lafff‘
al head of gastrocnemius 2- origin Of e

head of gastrocnemius 3- Lateral fabell® -

i ; rant
Medial fabella covered by synov1a| memb
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Lrtud‘ lcmorotlbml synov;dl sac (Opened)
6] \kdml fcmorotlbtdl synovral sdc (lntact)
it D) A photograph of the cadual
gifle Jomt of rabblt Showmg,

. L‘“ew] falﬁllzir n‘ ougm of lateral heag of gas-

lOcnemlus 2- Medml fahellu in origin of méd;.’

al head of gasuocncmlus 3- Lateral femol al
condyl€ 4- Medial femoral condyle 5- | ateral
memscus 6- Medial meniscus 7- Memscolemo-
ral ligament 8- Caudal crucrate llgamem 9.
Joml capsule opened and reflected

10- Tendon of ouom of pophteus muscle ll Pop-
hteus muscle

Fig. E) A photograph of the cadual aspect of left
stlﬂe lomt of rabbit showmg,

[- Onom of gastrocnemlus 2- Lateral femoral
_condyle 3- Medial femoral condyle 4- Lateral
meniscus 5 Medral meniscus 6- Meniscofemo-
_ral ligament A '

T- Caydal tibial hgament of the lateral meniscus
8- Caudal [lblal hgament of the medial menis-
cus 9- Caudal c1u01ate lig. 10- Tendon of ori-
gin of pophteus muscle (reflected) 11- Distal
fabellain 10 12- Popliteus muscle reflected.

Fig. F) (Oblique mediolateral radlographrc image
showmg 1 Femur, 2- l’atella 3 Medlal con-

- dyle of femur 4- Lateral condyle of femur -
Medial tibial condyle ‘7 -

6- Latera] tlbldl condyle 7- Femolotlblal _]Olllt 8-
PlOXImal sesammds 9— Distal sesam01ds 10-
lelofrbular _]Olrlt 11 Trblal crest 12- Head of
fibula 13- Body of fibula 14- Shaft of tibia.”

5 VAT
. SR SR, S
\ll)_\"l«-i'-

- T e R v
Ll'Med-J-.Glza.Vol.52.No.2(2004)

aspect ()f lc'ﬁl‘....

Plate 3''

Fig. A -
i ) A Photograph showing a cranial view of

an-opened Jefy stifle joint of rabbit; 1- Troch-
lea, 2. Tendon of origin of long digital exten-
St)r muscle 3- Cranial tibjal ligament of the me-
dial meniscus 4- Transverse meniscal ligament

3- Lateral meniscus 6- Lateral tibial condyle 7-
Infrapatelldr fat body 8- Patellar ligament 9-
Patella 10- Suprapatellar fibrocartilage 11-
Joint capsule of stifle joint.

" Fig. B) A photograph showing a cranial view of

an opened left stifle joint of rabbit; 1- Trochlea
2- Extensor fossa of femur 3- Medial condyle
4- Lateral condyle 5- Medial meniscus 6- Lat-
eral meniscus 7- Cranial tibial lig. of medial
meniscus 8- Cranial tibial lig. of lateral menis-
cus 9: Cranial cruciateligament 10- Caudal
‘cruciate ligament 11- Medial collateral liga-
ment 12- Patellar ligament.
Fig. C) A photograph showing a lateral view of
" the rabbit stifle joint;l- dvateral ridge of troch-
lea 2- Lateral femoral condyle 3- Lateral tibial
condyle 4- Tendon of origin of long digital ex-
tensor muscle 5- Lateral collateral ligament 6-
Tendon of origin of popliteus muscle 7- Popli-
teus muscle 8- Infrapatellar fat body 9- Patellar
llgament
. D) A photograph showing a craniodorsal
view of the rabbit stifle joint; 1- Medial menis-
‘cus 2- Lateral meniscus 3- Transverse ligament
4. Cranial tibial lig. of medial meniscus 5- Cra-

fiial cruciate ligament 6- Caudal cruciate liga;
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ment 7- Medial condyle of tibia g- Patellar lig-

: a1 lisament
ament (reflected) 9- Meniscofemoral ligam
; ~dial col-
10- Lateral collateral ligament 1 [- Medial

lateral ligament
DISCUSSION

Accurate data on the anatomical structure of the
rabbit stifle joint is relatively rare. Jumping is a
characteristic feature of some mammals, includ-
ing the rabbit. The propulsive force and speed
come from the ankle and knee through the long,
muscular thigh and calf which are initiators of the
jump (Grand and Lorenz, 1968). For maximum
propulsive effectiveness, the joint motions of the
limbs (hip, knee, and ankle) tend in mammals to
be restricted to the sagittal plane (for flexion and
extension of these joints). This is achieved by the
restriction of joint motions through ligaments,
bony environments, and the muscular arrange-
ment (Grand and Lorenz, 1968). Although the fe-
morotibial articulation of the stifle joint is a con-
dy'[;a‘i" joint, it acts a gingylimus (Bonnie, 1999) in
the dog and (May, 1970) in sheep. Our observa-
tions on the rabbit, which is a natural jumper,
were in agreement with the previous facts.
Howeever, 180° extension of the stifle joint is
prevented by the medial and lateral collateral liga-
ments as well as the creanial cruciate ligament, on
cdn@rary the normal posture of the rabbit allows
the thigh and leg to lie in contact in a flexed posi-

tion this is attributed to musculoskeletal anatomy

where the femoral condyles are set caudal to (he

ghaft of femur and also the tibial condyles bCing

inclined caudal to the shaft of the tibia.

In the rabbit the f emoropatellar joint capsule cop.
municates distally with both medial and latera] fe.
morotibial capsules; and the medial and latery
capsules communicate transversly across the ip-
tercondylar space, this was in agreement with
what was cited in the dog by (Getty, 1975; Miller
et al. 1979; Shively, 1980; Bonnie, 1999) and pig
by (Sack, 1982) and sheep by (May, 1970). Thus
only one injection will reach the three divisions of
the joint. The joint capsule in large animals i
similar to the rabbit except the horse where the
femoropatellar joint capsule communicates with
the medial femorotibial synovial sac only (Shive-
ly, 1980 and Dyce et al., 1996). The patellar lock-
ing mechanism is absent in the rabbit, due to the
nature of the trochlea of femur. Dyce et al
(1996), reported that this locking mechanism is
prominent in equine as part of the pelvic limb stay

apparatus and to a lesser degree in large rumi-
nants.

Extension of the synovial membrane to invest the
tendon of origin of popliteus muscle and the re-
cess formed distally through the sulcus muscularis
of tibia as a synovial sheath around tenden of
long digital extensor, muscle was also in agfee-
ment to that reported in dog by (Getty, 1975
Miller et al., 1979; Shively, 1980; Bonnie, 197
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od MY 1970) in Shee‘p"’
and M

The sudy revealed the presence of sing, patellyy
jigament, which is similar to what was ¢jeq i,
calff} ivores, Pi% and small ruminantg by (Getty
1975 .Miller? al. 1979; Popesko, 1979 Shivcly:
1980: Sack, 1982; Garrett, 1988; Pasquini 1995:
pyce €t al., 1996 and Bonnie, 1999). 1, equine
and bovine there are three patellar ligaments; me.
al, middle and lateral (Getty, 1975 and Dyce of

al, 1996)-

ln.lhe rabbit we observed a suprapatellar fibrocar-
tilage proximal to the patella in the tendon of
quadricezps femoris muscle. This cartilage was ab-
sent othér doméétic animalé. However, Miller et
Al,, (1979) pointed its presence in older dogs. In
equine, bovine and canine there is a parapatellar

fibrocartilage (Getty, 1975; Dyce et al. 1996)

The medial and lateral femoropatellar ligaments
are present in carnivores, pig and small ruminants
as well as in equine and bovine (Getty, 1975;
Miller et al. 1979; Shively, 1980; Sack, 1982,
Pasquini 1995; Dyce et al. 1996 and Bonnie,
1999). However these ligaments arc sometimes
named fabellopatellar ligainents in case of carni-
vores Shively, (1980) and rabbits due to presence
of the sesamoides in the; head of gastrocncmius

muscle in these species.

The fabella found in the tendon of origin of popli-

Vet.Med.J. Giza.Vol,52,N0.2(2004)

teus .
© muscle in the rabbit was present in the dog
et . -
W ly' 1975; Miller et al. 1979; Shively 1980;
esle _
¢, 1994; Boyd, 1996 and Bonnie, 1999).

This g :
S §esa - .
amoid bone is absent in the other domes-

tic animals
als and may be absent in small dogs, but

I8 typically present in cats.

The cruciate ligaments and the femorotibial col-
lateral ligaments have a common arrangement
among domestic species. The meniscal ligaments
have a similar arrangement but the transverse lig-
ament connecting the two menisci which is
present in the rabbit was also reported in the dog,
and pig. However, it is absent in equine and bo-
vine as reported by (Getty, 1975; Miller et al.
1979; Shively 1980; Wesley, 1994; Boyd, 1996
and Bonnie, 1999).
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