INVITED REVIEW

Ligaments

Objective—To review the gross, microscopic, and functional anatomy of the cranial cruciate
ligament (CCL) in dogs.

Study Design—Literature review.

Methods—Reports of the anatomy and function of the cruciate ligaments in dogs were retrieved by
search of the 1975-2005 PubMed database.

Results—The CCL has an important biomechanical function resisting cranial drawer, hyperexten-
sion, and internal rotation and acts to fine tune and guide the stifle through its rolling and sliding
motion. It has a complex architecture, and distinct geographic regions within the ligament have
different functional roles depending on the angle and loading conditions. Collagen type I is the main
component of the extracellular matrix; the fibrils have a crimped structure. The cruciate ligaments
are almost completely covered by synovium, protecting them from synovial fluid. Cruciate blood
supply is mainly of soft tissue origin. The intraligamentous network is relatively limited whereas the
core of the middle third of the CCL is even less well vascularized. Neurohistologic studies are very
limited in the dog. Various mechanoreceptors and proprioceptive receptors have been identified
within the substance of the cruciate ligaments.

Conclusions—CCL structural characteristics play an important part in its complex behaviour with
the crimped pattern of the collagen fibrils being an important determinant of its biomechanical
properties. In contrast to reports of managing CCL rupture, there are few reports describing the
microanatomy and neurovascular morphology of the cruciate ligaments.

Clinical Relevance—Cruciate disease is likely multi-factorial. Improved understanding of CCL
degradation leading to CCL rupture is critical to development of new diagnostic tests for cruciate
disease in dogs. Appropriate intervention during the early stages of disease process might preserve
CCL structural properties by preventing further collagen degradation. Accurate knowledge of
functional and fiber bundle anatomy is imperative for reconstruction and restoration of normal
stifle joint physiology. Reconstructive goals should alleviate existing instability and mimic normal
kinematics. Knowledge of the exact function of the CCL in the neuromuscular control around the
stifle joint could possibly explain osteoarthritis progression after CCL damage.
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NE OF the most complex joints, the stifle joint,
contains the cruciate ligaments that are required for
craniocaudal joint stability. Morphologically and func-
tionally complex, the cruciate ligaments are dynamic
structures, strongly connecting the femur to the tibia. In

early medical literature, the cruciate ligaments were called
crucial ligaments because of their crossed arrangement.'
Subsequently, the crucial role of the cruciate ligaments to
stifle joint kinematics of the stifle joint has been appre-
ciated.?

The distal femoral intercondylar notch is almost com-
pletely filled by the cruciate ligaments and some fat. The
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770 CANINE CRUCIATE LIGAMENTS

cranial cruciate ligament (CCL) and the caudal cruciate
ligament (CaCL) both attach to the intercondyloid area
of the tibia.> ® Although the length of both canine cru-
ciate ligaments is nearly equal, their distal attachment
points on the tibia are separated by almost twice the dis-
tance of their femoral origins.” Because of their anatomy
and spatial arrangement, the cruciate ligaments provide
primary ligamentous support for craniocaudal and axial
stability of the stifle joint throughout the functional range
of motion.” The CCL controls cranial drawer motion,
whereas the CaCL acts as a major stabilizer against cau-
dal drawer motion. Furthermore, the CCL is considered
to fine-tune normal stifle joint kinematics.

Published reports have primarily focused on the CCL,
seemingly because it is the most vulnerable and important
ligament of the stifle joint.*® Its morphologic features and
relationships with other joint structures have been studied
extensively and comparative studies reinforce the import-
ance of the CCL in various mammals. Although species
differences in CCL anatomy, physiology, and biome-
chanics are minor,”’ there are nevertheless differences and
information should clearly reference the species source.
Unfortunately, this distinction has not always been clear-
ly stated in veterinary reports, leading the less critical
reader to believe that much more is known about canine
cruciate ligaments than is actually so. Understanding the
normal anatomy of the stifle joint, and in particular the
normal cruciate anatomy, is essential for diagnosis and
rational treatment of CCL rupture.

FIBER BUNDLE ANATOMY

The cruciate ligaments are not just a single-strand
configuration of longitudinally orientated collagen fi-
bers.” In humans and dogs, they contain twisted collag-
enous fascicles and fiber bundles that are subdivided
into fascicles, subfascicular units, fibers, and fibrils.'®"!
The canine CCL and CaCL can each be divided into 2
functional components because they have individual
attachment zones.”

The CCL originates on the axial aspect of the lateral
femoral condyle, very close to the articular margin. It
extends diagonally across the joint space and attaches to
the cranial intercondyloid area of the tibial plateau.™>!'?
The proximal attachment site is bordered cranially by the
cranial meniscotibial ligament of the medial meniscus and
caudally by the cranial meniscotibial ligament of the lat-
eral meniscus.*'*!'* The canine CCL is the narrowest in
its mid region and fans out proximally and distally."? Its
shape changes through the normal range of motion of the
stifle joint,>'® and the decrease in cross-sectional area is
also the greatest at the mid region when forces are act-
ing.!” CCL length is positively correlated with canine

body weight; taking the average length of its cranial and
caudal borders, the mean length of the canine CCL has
been reported as 13.5-18.7 mm.'*'®

The canine CCL runs cranially, medially, and distally
in an outward spiral as it passes from the femur to the
tibia,'>!? resulting in a gross appearance of distinct an-
atomic components. Two demonstrably separate bundles
are apparent in the dog (Fig 1).>"'* These components are
termed craniomedial and caudolateral, based on their
relative attachment sites onto the tibial plateau. The
craniomedial subdivision is the most spiral and the long-
est, yet smaller component'® and arises more proximally
from the femur and inserts more cranially on the tibial
attachment area, compared with the caudolateral sub-
division.>!® The fibers of the caudolateral component
originate from the most lateral and distal part of the
attachment area of the lateral femoral condyle, have a
straighter path, and insert on the most caudal region of
the tibial attachment area.>'?

The geometry of the reciprocal attachment sites of the
component parts of the CCL ligament is responsible for
their slackening and tensioning caused by the relative ro-
tations of their attachments through the normal func-
tional range of motion of the stifle joint.> Different
morphologic components of the CCL seemingly attach to
different locations within the attachment area of each

Fig 1. Cranial view of the stifle joint. The cranial cruciate
ligament (CCL) in the dog is composed of 2 separate bundles.
CM Craniomedial bundle of the CCL, CaL Caudolateral bun-
dle of the CCL, CaCL Caudal cruciate ligament, TT Tibial
tubercle.
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bone. Reciprocal tension and thus functional difference
occur because their individual attachment sites rotate and
translate relative to each other.’ In stifle extension, the
long axis of the CCL is aligned with the long axis of the
femur. The femoral attachments of both craniomedial
and caudolateral components are almost perpendicular to
the joint surface and both are taut.'’ In flexion, the
craniomedial component of the CCL curves and twists
around the caudolateral component while the femoral
attachment site moves distally and caudally.>'? This re-
orientation of femoral attachment sites during stifle flex-
ion results in an increased distance between the sites of
femoral origin and tibial attachment of the craniomedial
component, causing tension in this component during
flexion. The relative relaxation of the fibers of the
caudolateral component can be explained by the same
principles, because the bone attachment sites move closer
together as the stifle is flexed; thus, the caudolateral
component is slack in flexion.>'?

The canine CaCL is slightly longer and broader than
the CCL.*> %% Even its collagen fibrils are thicker com-
pared with the CCL.?! The total midsection diameter of
CaClL is the smallest as it fans out from the center, mak-
ing the femoral and, to a lesser extent, the tibial attach-
ments larger.* The CaCL also has 2 components
although they are less distinct and often inseparable.'>*
The cranial component is larger than the caudal compo-
nent.?*> The restraining effect of both components of the
CaCL also varies with stifle position, and they perform
reciprocal functions at different angles of flexion because
of the location of their attachment sites.>° Similar to the
CCL, the geometry of the femoral attachment is largely
responsible for ligament tensioning'?; the cranial compo-
nent is taut in flexion and loose in extension, whereas
these states are reversed for the caudal component.”*°

FUNCTIONAL ANATOMY

There is a ranked hierarchy of structures neutralizing
specific forces acting on the stifle joint and resisting dif-
ferent kinds of joint laxity. Stifle function is complement-
ed by static support from a complex (passive) restraining
system consisting of bony and musculotendinous struc-
tures, menisci, and several ligaments. Furthermore, mus-
cular forces and joint compression contribute to joint
stability.”*** The cruciate ligaments have specific func-
tions that are directly related to their anatomic locations
and orientations within the stifle joint. Although the main
functions of other intra-articular and peri-articular struc-
tures and ligaments differ from those of the cruciate lig-
aments, they act complementary as constraints of stifle
joint motion in various planes.'**

The CCL has to provide a stabilizing effect of the tibia
on the femur throughout the whole range of motion,
resisting forces that would cause the tibia to translate
cranially relative to the femur and, to a lesser degree,
resisting forces that would cause tibial rotation during
flexion of the stifle joint.>**%° In dogs, both cruciate lig-
aments have 2 components that behave independently
and differently from each other throughout loading.’
Every change in joint angle alters the tension in the sep-
arate bands as some fibers are stressed and others are not.
This feature contributes to the CCL’s ability to withstand
the multi-axial stresses of normal function and range of
motion. Most assessments of ligamentous function have
been based on the changes in laxity observed after se-
quential cutting of selected ligaments in cadaveric human
knees.?’* The actual proportion of their combined con-
tributions to sustaining load varies with the angle of stifle
flexion. With the stifle in extension, the entire CCL is taut
and thus both components limit cranial translation of the
tibia relative to the femur.>'* Because of combined in-
teractions, an isolated lesion of a component part of the
CCL does not necessarily provoke clinically detectable
instability.>”?® In the human knee, the CCL is the sole
structure to limit cranial drawer motion near full exten-
sion of the joint, as tension in the hamstring muscles lacks
to provide extra restraint.>' It is probably much less so in
the canine stifle joint where maximal extension is far less
than 180°. The craniomedial component of the CCL is
taut during the whole range of stifle motion and is the
major contributor to craniocaudal stability in stifle flex-
ion.®?° The relaxed caudolateral component only acts as
a weak secondary restraint to this unidirectional cranial
translating force and in fact, only contributes when the
craniomedial band is damaged or severely stretched.
Other joint structures seemingly contribute less to cranio-
caudal stability during flexion.'®

In subtle balance with the capsular structures, the col-
lateral ligaments, muscles, the condylar geometry, and
joint surface contact, the cruciate ligaments control and
produce rotation of the tibia relative to the fe-
mur.>®#2%222%32 An increased angle of stifle flexion is ac-
companied by increased internal rotation of the tibia if
unrestricted.®'*3*3 Part of the valgus load is trans-
formed into an axial rotatory force as the lateral collat-
eral ligament begins to relax.”>** As the stifle flexes, the
cruciate ligaments are not only wrapped upon each other
but also spiral on themselves.>*? The higher strain in the
ligaments also limits the amount of normal internal ro-
tation of the tibia on the femur.>'%2%? As the stifle ex-
tends, the lateral collateral ligament tightens and the
lateral femoral condyle moves cranially, causing external
rotation of the tibia. This motion has classically been
described as the screw-home mechanism.*? In extension,
the medial and lateral collateral ligaments become the
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primary restraints of rotation, and the cruciate ligaments
provide only a secondary check from the tension in both
ligaments.*'*!” No singular limiting effect on external
rotation is provided by the cruciate ligaments in dogs, not
even as secondary restraint structures.”>*3? By external
rotation of the tibia, the cruciate ligaments start to un-
twist, and strain decreases.®!%*?

Axial tibial rotation of the canine stifle joint is coupled
with varus-valgus rotation.>* In a stable stifle joint, the
collateral ligaments are considered the primary ligament-
ous structures providing sideways restraint when stifle
joint motion is restricted. In fact, they share their func-
tion with other joint structures and ligaments.**** Both
cruciate ligaments together are important secondary re-
straints against varus and valgus angulation. Stresses on
the cruciate ligaments during medial and lateral opening
of the joint space generally increase slightly with the de-
gree of flexion of the stifle joint, as the collateral liga-
ments begin to relax as the stifle joint is flexed.**** In
humans and dogs, the cruciate ligaments become primary
restraints if there is loss of collateral ligament sup-
port.?®3% In the fully hyperextended human knee, the
cruciate ligaments can prevent joint opening by them-
selves.?® When varus forces act, the CCL has to sustain
larger strains than the CaCL although these forces are
still much lower than those sustained by the lateral col-
lateral ligament.?® For medial restraint (valgus force), the
relative contribution of the CaCL becomes greater with
increases in flexion angle.*®*

Overextension is prevented by tension in the cruciate
ligaments,® where the CCL acts as the primary restraint
with both the craniomedial and the caudolateral compo-
nents taut at full extension.™? The caudolateral com-
ponent of the CCL is under the greatest tension in
extension,'® and is thus the primary contributor to re-
straining hyperextension. The slightly longer caudal com-
ponent of the CaCL can only be considered a secondary
restraint.>>%2

Hyperflexion of the stifle normally will not occur be-
cause of contact between the thigh muscles and the gas-
trocnemius muscle.’ The cruciate ligaments spiral on
themselves, and they are naturally twisted upon each
other when the stifle is flexed.*** During the stance
phase, the angle of the stifle joint is ~ 140° in dogs. The
twist of both cruciate ligaments upon each other prevents
stifle collapse during stance.’ Quadriceps contraction
would cause cranial tibial subluxation at this flexion
angle but by loading of an intact CCL this is prevented.**

Stifle joint stability in humans and dogs is dynamic as
far as muscle control (active forces) is concerned.*** 2
On the cranial aspect of the stifle joint, the quadriceps
muscle and the patellar tendon provide support. The
popliteal muscle as well as the hamstring muscles and
gastrocnemius provide additional support caudally.®® In

cats, through CCL-muscle reflexes, direct loading of the
CCL causes quadriceps muscle inhibition and simultan-
eously increases hamstring muscle activity to reduce CCL
loading.*® Joint compression and muscle actions greatly
contribute to joint stabilization.?* Cranial tibial thrust is
generated during weight bearing by the slope of the tibial
plateau and by tibial compression because of musculo-
tendinous attachments such as the tendon of the biceps
femoris.?>** According to Slocum and Devine, the CCL
is only a backup mechanism for control of cranial pro-
jection of the proximal aspect of the tibia as a dog walks,
and experiences no stresses as long as the cranial tibial
thrust is effectively opposed by the caudal pull of the
biceps femoris and hamstring muscle group.”**® Only
when these active muscle forces are insufficient to coun-
teract cranial translation of the tibia will the CCL provide
the first passive restraint. There is no perfect balance at
all times and because of the functional cranial to caudal
slope of the tibial plateau, the CCL must intermittently
resist cranial tibial thrust.?®* A lesser tibial plateau slope
is thought to account for less CCL strain because cranial
translation is prevented by decreasing cranial tibial
thrust.>%373% However, a more recent study reported
that the standing tibial plateau angle is not significantly
different from a plane parallel to the ground in most
dogs; furthermore, it failed to demonstrate differences in
angles between dogs with and without risk of cruciate
disease.*

In contrast to the individual functions of the CCL,
selective transection of only one component of the CaCL
does not result in caudal drawer in the canine stifle joint
for any joint angle.>?® The importance of the CaCL in
stability of the canine stifle joint is far less than that of the
CCL although its exact contribution remains unre-
solved.*! The CaCL is usually larger than the CCL;
therefore, it seems unlikely that in the dog it does not
have some important function. Prevention of caudal dis-
placement of the tibia on the femur seems the only
primary role of the CaCL.>® In a flexed stifle joint, the
cranial component of the CaCL is a primary restraint
against caudal instability because of looseness of the col-
lateral ligaments in this joint position.?*?*-2

MICROANATOMY AND ULTRASTRUCTURE

Both cranial and caudal cruciate ligaments are covered
by a fairly uniform fold of synovial membrane which
incompletely divides the stifle joint in the sagittal
plane.®** This synovial tissue continues over the horns
of the menisci.*® These enveloping epiligamentous mem-
branes consist mainly of dense connective tissue, small
fibroblasts, and some adipocytes;'** an intima and a
thin sub-intimal layer can be distinguished. The intima is
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a single layer of synoviocytes and the subintimal layer is
areolar tissue containing small vascular structures.'’
Compared with the cruciate ligaments, the enveloping
synovial membrane is relatively cellular.'® Synovial lining
does not occur on the surfaces in direct contact with the
other cruciate ligament.!” This synovial envelope makes
the cruciate ligaments extrasynovial structures, protected
from the degradative effects of the synovial environment,
even though they are intra-articular.>® The synovial en-
velope covering the CCL originates caudally at the inter-
condylar notch and extends to the cranial aspect of the
tibial attachment.*> At that point, the epiligamentous
tissue communicates with a fold of the distal joint cap-
sule.*> The CaCL is ensheathed by 2 folds of synovial
membrane. The cranial envelope originates proximally
from the cranial aspect of the joint capsule, while distally
the caudal fold originates from the caudal aspect of the
joint capsule.*’

Grossly, the canine cruciate ligaments each have 2
components.>'* This uncomplicated and distinct subdiv-
ision does not carry through to their intricate microar-
chitecture.'*> Each ligament component is a
multifascicular structure, and contains many wavy fas-
cicular subunits. The fascicles located at the periphery of
the CCL appear to follow a spiral path of waviness
around the fascicle axis.!!*># In the canine CCL, there is
a great variability in the elliptical-shaped fascicle size, as
fascicles may be composed of 1-10 subfascicles, subdiv-
ided by loose endoligamentous tissue.'"'* The subfasci-
cles contain bundles of collagen fibers. Each fiber bundle
is not oriented such that it is isometric during stifle joint
motion.*® Every subtle 3-dimensional change in stifle
joint position recruits fibers differently.*’ Individual fibers
change length by straightening their crimp as they are
recruited into tension. This change is not visible at a gross
anatomic level, but is confirmed by histologic assess-
ment.'*% At the osseous attachment sites of the CCL, the
collagen fibers are not arranged entirely parallel to the
longitudinal axis of the ligament and, especially in young-
er specimens, columns of chondroid cells do penetrate
into the CCL (Fig 2B)."** Where the CCL and CaCL
are in contact, the collagen fibers are more dense and
oriented tangential to the surface instead of parallel to the
long axis.'” Those fibers maintain an orientation tangen-
tial to the surface of contact, even when the cruciate lig-
aments start to twist about each other.'” Fibers are
formed by fibrils, which are composed of organization of
repeated collagen subunits.'>!"#*4  Collagen fibril
morphology and architecture is also characterized by
uniform crimp parallel to the long axis of the fascicle (Fig
2A).%% The internal collagen fibrils are nearly straight,
whereas the fibrils undergo a maximum crimp at the fas-
cicular periphery.'>* The collagen fibrils are the smallest
visible structures on electron microscopy.'®!"~°

Fig 2. Normal cranial cruciate ligament (CCL) of a 4-month-
old Riezenschnauzer, harvested at its tibial attachment site
(H&E stain). (A) Along the CCL, dense collagen is aligned
parallel to the longitudinal axis of the ligament (bar = 100 pm).
The collagen fibers have a recurrent crimped pattern. (B) At
the osseous attachment site of the CCL, the collagen fibers are
not arranged entirely parallel to the long axis of the ligament.
Columns of chondroid cells (arrow) do penetrate into the CCL
(bar =100 pm).

Ultrastructurally, the CCL is a heterogenic composite
structure formed by an extracellular matrix composed of
macromolecules with highly specific arrangements and
interactions.**>' Collagen is the chief macromolecule
prevalent in the framework of the CCL. Type I collagen
comprises >90% of the collagen content of the CCL,
with the remainder being type III collagen.’*>® The mol-
ecules are produced by the fibroblasts in the loose
supporting connective tissue. The cells are present in
long parallel columns between the collagen fibers, their
axes parallel to the surrounding collagen fibers. Neuro-
vascular components follow the same longitudinal orien-
tation.!>*?#34¢ Besides fibroblasts, the cell population

also consists of various stages of chondrocyte-like
Ce11S.17,49,54

MICROVASCULAR SUPPLY

The major vascular contribution to the center of the
stifle joint occurs from branches of the middle genicular
artery,”” >’ which arises from the popliteal artery, pene-
trates the caudal joint capsule, and passes craniodistally
to the fossa intercondylaris, running cranially between
the cruciate ligaments (Fig 3).%® The vascular structures
to the proximal part of the CCL are more numerous and
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Fig 3. Caudal view of the major blood supply to the stifle
joint in the dog. (1) Femoral artery, (2) popliteal artery, (3)
descending genicular artery, (4) proximal medial genicular
artery, (5) middle genicular artery, (6) cranial tibial artery,
(7) caudal tibial artery.

have a larger diameter compared with those on the tibial
side.'** Most of these vascular structures originate from
a branch of the middle genicular artery and from some
branches of the distal genicular arteries.>> >’ Also for
the CaCL most of the vessels originate from branches of

the middle genicular artery and from some branches of
the other genicular arteries.”’ The cruciate ligaments
are also nourished by passive permeation from the syn-
ovial fluid.*"%

The blood supply to both cruciate ligaments is pre-
dominantly of soft tissue origin; the contribution from
the osseous attachments is negligible.**>¢7-63¢4 The in-
frapatellar fat pad and the well-vascularized synovial
membranes that form an envelope around the cruciate
ligaments are the most important sources of vessels and
the major pathway for delivery of nutrients,**#33%-61.:63.64
The synovial vessels arborize into a finely meshed net-
work of epiligamentous vessels that ensheath the cruciate
ligaments throughout their entire length (Figs 4 and
5).426% In general, the vascular arrangement and struc-
tural characteristics of the vasculature inside the CaCL
and the CCL are similar.***>* In the inner part of the
cruciate ligaments, around and along the bundles of col-
lagen fibers, an endoligamentous vascular network cours-
es in the supporting connective tissue.*** The larger
vessels, usually one artery accompanied by two veins,
mainly course in a longitudinal direction both proximally
and distally and lie parallel to the collagen fascicles.*’
Some of them have a tortuous path in the interfascicular
areolar tissue.’’ Only small capillaries branching from
the longitudinal endoligamentous vessels, running in a
transverse direction, encircle the collagen bundles.*> The
core of the midportion of the CCL is less well vascu-
larized compared with the remainder of the liga-
ment, 12:17:42:45.59.63

Anastomoses exist between extra- and intraligament-
ous blood networks.***>* Epiligamentous vessels pene-
trate transversely into the cruciate ligaments (Fig 5 A).%*
Their branches ramify and anastomose with the endo-

Fig 4. Superficial vascularization of normal cruciate ligaments in the dog. (A) Macroscopic view after injection of latex in a
canine cadaver specimen. (B) Arthroscopic view of a stifle joint in a normal dog. (1) Cranial cruciate ligament (2) caudal cruciate
ligament (3) lateral femoral condyle, (4) tibial plateau. Arrow, artery originating from infrapatellar fat pad.
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Fig 5. Normal cranial cruciate ligament (CCL) of an adult
dog (H&E stain). (A) The CCL is ensheathed by epiligament-
ous vessels (bar =100 pm). (B) The well-vascularized synovial
membrane (SM) forms an envelope over the CCL
(bar =100 pm). (1) Epiligamentous vessels, (2) Anastomosis
between epiligamentous and endoligamentous vessels, (3) hypo-
vascular zone, (4) synovial vessels.

ligamentous vessels. There are numerous endosteal ves-
sels at the ligamentous—osseous junctions; however, com-
munications with intrinsic endoligamentous vessels are
quite poor, especially at the tibial attachment of the CCL
where most of the endosteal vessels seem to terminate in
subchondral loops instead of crossing the ligamentous—
osseous junction.*>#>61:6455 A number of endosteal ves-
sels communicate with the epiligamentous vascular net-
work overlying the CCL.* Vessels from the menisci
anastomose with the epiligamentous vascular plexus.*’

The web-like network of epiligamentous and synovial
vessels surrounding the CaCL appear to be slightly more
extensive than the vascular plexus around the CCL;*>%-63
however, the CaCL does not have a more abundant in-
trinsic vascular supply than the CCL.'*¢7-¢0 Endosteal
vascular communications are present proximally and dis-
tally, although they are rare.*>%°

INNERVATION

Three major articular nerves arise from the saphenous
nerve, tibial nerve, and common peroneal nerve to in-

nervate the periarticular tissues of the canine stifle joint
(Fig 6).°® In each of the studied species, the main trunk of
the nerve bundles is found at the femoral end of the cru-
ciate ligaments, an area that becomes strained only at
high loads.'®®*®® Other nerves may contribute afferent
fibers to a variable extent to the cruciate ligaments.®®®

In dogs, the medial articular nerve, which branches
from the saphenous nerve in the mid thigh region, is the
largest supply to the stifle joint. Some of its branches
course through the infra-patellar fat pad to terminate
within the proximal or distal attachments of the cruciate
ligaments or within the meniscal horns.®® Other branches
of the medial articular nerve pass cranially through the
joint capsule to supply an extensive innervation of the
femoral attachment of the CaCL.%® The caudal articular
nerve is variably present in dogs. Its branches arise either
directly from the tibial nerve or from a muscular branch
of the tibial nerve.® The caudal articular nerve runs to
the caudal aspect of the joint capsule, where it may com-
municate with branches of the medial articular nerve.®®
The lateral articular nerve branches from the common
peroneal nerve at the level of the fibular head, deep to the
biceps femoris muscle, and supplies the lateral aspect of
the stifle joint.®®

Nerves of differing sizes are located in the richly vas-
cularized synovial tissue covering the cruciate liga-
ments.**™ From this peripheral synovium, axons
radiate toward the center of the ligaments.”® Within the
cruciate ligaments, most nerves course along the epiliga-
mentous and endoligamentous blood vessels in the inter-
fascicular areolar spaces. It is believed that their function
is primarily associated with autonomic nervous regula-
tion of blood flow'** and pain perception.”!

In 1992, the first neurohistologic studies of the canine
cruciate ligaments were published.”®’* Various types of
sensory nerve endings (receptors and free nerve endings)
were identified in the middle of the ligaments, well be-
neath the synovial sheath.”® In the dog, the highest num-
ber of mechanoreceptors was found in the proximal third
of the CCL, and the lowest in the distal third.”" This
finding is in contrast to human and feline CCLs where the
middle third of the cruciate ligaments has less sensory
endings.*7

The sensory network of the cruciate ligaments has an
important role in the neurosensory system around the
stifle joint, providing information about joint movement
and position as well as noxious events.”*’® Mechanore-
ceptors located near the surface of the cruciate ligaments
respond to longitudinal extension and deformation of the
ligament.”>””"”® Mechanoreceptors within the substance
of the cruciate ligament activate local reflex patterns to
protect the ligament from tearing and warn against pos-
sible joint damage.®””> A CCL-muscle reflex has been
reported in cats, dogs, and humans.*®%7375767 By
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Fig 6. Major nerve supply to the stifle joint in the dog. (A) Medial view, (B) lateral view, (1) saphenous nerve, (2) medial articular
nerve, (3) posterior articular nerve (4) common peroneal nerve, (5) tibial nerve, (6) lateral articular nerve.

reflex arches, periarticular muscle groups are triggered to
contract to avoid ligamentous injury by extremes of mo-
tion.*¢-68.73.75.76 It is not a matter of conscious perception,
but rather a reaction to mechanically evoked electrical
signals. By this potent reflex, the sensory system of the
cruciate ligaments is able to contribute to the functional
stability of the joint by modifying the stiffness of the
surrounding muscles.

Based on limited information acquired from humans,
the synovia seem to serve as primary pain receptors.”
The cruciate ligaments themselves are considered rela-
tively insensitive to pain, although some sensation of pain
might also be transmitted by a small population of free
nerve endings that ramify in the cruciate ligaments.*®’®
Comparable information for cats or dogs was not iden-
tified.

PATHOGENESIS OF CCL DISEASE

The CCL is a critical stabilizer of the stifle joint, and
CCL rupture is the most common cause of stifle joint
lameness in dogs. CCL rupture can occur after trauma;

however, in most dogs, mid-substance rupture occurs
under conditions of normal loading because of pre-exist-
ing progressive fatigue and is often bilateral. Because
dogs in the early phase of cruciate disecase might have a
stable stifle joint on palpation, the condition is not readily
diagnosed.

With extensive knowledge of the normal microanato-
my, subtle changes might be detectable in the early phase
of cruciate disease in dogs, facilitating selection of ap-
propriate medical (or surgical) treatments. An accurate
understanding of the fiber bundle and functional anato-
my is imperative if reconstructions are to restore normal
stifle joint physiology. The goal of reconstructive meth-
ods should not only be to alleviate the existing instability
of the unstable stifle joint but also to mimic normal kin-
ematics as closely as possible. In addition to its biome-
chanical function as a primary restraint to cranial
translation, the proprioceptive functions of the normal
CCL are undoubtedly important for prevention of joint
damage as well as for postoperative rehabilitation. Only
the first step toward understanding the role of mechano-
receptors in proprioception is made by identifying their
distribution in the canine CCL, and further research is
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certainly needed. Knowledge of the exact function of the
CCL in neuromuscular control around the stifle joint
could possibly explain the progression of OA after CCL
damage.

In the search for the mechanisms for pathologic CCL
rupture, most studies have focused on the affected stifle
joint after CCL rupture. This is a major limitation when
examining degenerative and immunologic phenomena
involved in CCL degeneration because these joints have
reached the end stage of the disease. Prospective long-
term studies in the contralateral joint of unilaterally
affected dogs may bypass this flaw.

Cruciate disease is likely to be multi-factorial with no
single factor accounting for all aspects of its progression.
Furthermore, pathogenesis may differ for different sub-
groups of cruciate patients. The classic picture of old,
sedentary patients is more and more complemented with
that of young, active large-breed dogs.

The loads experienced by the CCL may be influenced
by several factors. It has been suggested that steep tibial
plateau angles predispose to CCL rupture. Nevertheless,
many dogs with a steep angle do not seem to develop
cruciate disease.* It is known that structural properties
of the CCL are affected by age, more commonly in
heavier dogs where onset of the degenerative changes
occurs earlier.'*!”

Dogs with CCL rupture typically have inflammatory
changes in the synovial membrane and the CCL epiliga-
ment, as well as in the synovial fluid.** Although further
studies are needed to evaluate whether this inflammation
precedes actual CCL rupture, Muir et al* recently hy-
pothesized that the inflammation develops in the early
phase of cruciate disease and before the development of
stifle instability. It has also been shown recently that the
epiligamentous synovial membrane reveals many small
holes that would allow infiltration of the CCL by syn-
ovial fluid.**

Joint inflammation, mechanical loading, ligament
microinjury, and ischemia may influence cellular metab-
olism, resulting in matrix changes. Progressive mechan-
ical overload diminishes the typical crimped structure of
the collagen fibrils seen in intact CCLs, and further tensile
loading causes disruption of the ligament fascicles.***
Increased collagen remodeling predisposes the CCL to
increased laxity leading to progressive OA.

It has been postulated that vascular mechanisms are
important in the pathophysiology of cruciate disease. The
blood supply to the core region of the CCL is already
marginal and tissue hypoxia because of microinjury fur-
ther weakens the midsubstance of the ligament. Extensive
tissue repair processes in response to hypoxia occur in the
epiligamentous tissue, which fails to bridge the site of
injury.*® A microvascular study in canine CCLs provided
evidence that the blood flow in the CCL is affected by

disturbance of joint fluid and that the blood—CCL barrier
of the endothelium is not very effective.®*

Immune-mediated phenomena may play a role in CCL
degradation. Several studies support the hypothesis that
the inflammation within the synovium found in dogs with
CCL rupture is, at least in part, immune mediated.**-%-82
Because intact cruciate ligaments are in fact extra-syn-
ovial because of a protective layer of synovium, collagen
type I is normally obscured from immunologic surveil-
lance and therefore has the potential to act as a self-
antigen when it is exposed after microinjury. Antibodies
to collagen type I have been found in the synovial fluid of
dogs with CCL rupture, but it remains to be elucidated
whether they are not just a secondary phenomenon.®!
The search for collagen reactive T-cells as a proof of
cellular immune reaction is ongoing.®

There is clinical evidence for major underlying bio-
chemical processes. Collagen might be weakened by bi-
ochemical factors such as collagenases and gelatinases.
Expression of the matrix metalloproteinases (MMPs)
that are able to degrade collagen has been studied in dogs
with cruciate disease.®> MMP targeting may offer a new
therapeutic approach to canine cruciate disease. Anti-in-
flammatory medical therapy may possibly slow down
further degeneration of the CCL, ameliorate joint deg-
radation, and eventually prevent rupture in the contra-
lateral stifle joint.
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