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Abstract

COMPLICATIONS ASSOCIATED WITH CLOSING WEDGE OSTECTOMY
PROCEDURE FOR TREATMENT OF CRANIAL CRUCIATE LIGAMENTE RUPTURE IN
DOGS: A RETROSPECTIVE STUDY OF 145 CASES

Cranial cruciate ligament (CrCL) rupture is one of the most common causes of lameness in
dogs and the leading cause of osteoarthritis in this species, therefore, expressing a relevant
clinical and economic impact in veterinary medicine. Despite the great variety of surgical
techniques available for management of this condition, the perfect treatment is yet to be found.
Currently, the tibial osteotomies are preferred over the intracapsular and extracapsular
techniques. The cranial closing wedge ostectomy procedure (CWO) for the tibial plateau
levelling has been used for several years to provide dynamic stabilization of the stifle joint in
cases of CrCL failure. In this technique, a wedge of bone is removed from the proximal tibia,
aiming to reduce the tibial plateau angle (TPA) and, consequently, neutralise the cranial tibial
thrust, so that the need for a CrCL is eliminated. Nevertheless, alike all the other surgical
procedures, intraoperative and postoperative complications are sometimes observed following
CWO surgery. In this retrospective study, complications resulting from a series of 145 cases of
CWOs were evaluated. All procedures were performed by only one surgeon at Kingston
Veterinary Group, in Hull, with a minimum of 6 months follow-up period. The overall
complication rate was 18.6% (27/145) and the rate of complications requiring further surgical
intervention, defined as major complications, was 3.4% (5/145), and included subsequent
meniscal injury, implant failure and infection. Minor complications, defined as those not
requiring second surgery, occurred in 15.2% (22/145) of the cases, with surgical wound
infection being the most common complication encountered. The rate of major complications
obtained in the present study is comparable to the ones most recently reported for TPLO
procedure. In conclusion, a reasonably low rate of complications can be expected following

CWO procedure when performed by experienced surgeons of the surgical technique.

Keywords: Cranial cruciate ligament, closing wedge ostectomy, complications, tibial plateau

levelling, surgery
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Resumo

COMPLICACOES ASSOCIADAS COM A CLOSING WEDGE OSTECTOMY
PROCEDURE PARA O TRATAMENTO DA RUPTURA DO LIGAMENTO CRUZADO
CRANIAL EM CAES: UM ESTUDO RETROSPECTIVO DE 145 CASOS

A rutura do ligamento cruzado cranial € uma das causas mais comuns de claudicagdo em caes,
sendo a principal causa de osteoartrite nesta espécie, mostrando um relevante impacto clinico
e economico em medicina veterinaria. Apesar da grande variedade de técnicas cirdrgicas
disponiveis para o tratamento desta doenca néo existe, até a0 momento, uma técnica cirirgica
mais eficiente. No entanto, as osteotomias tibiais parecem ser preferidas em relagdo as técnicas
intracapsulares e extracapsulares. A cirurgia closing wedge ostectomy para nivelamento do
plateau tibial tem vindo a ser utilizada desde ha4 muitos anos para promover estabilizacdo
dindmica da articulacdo do joelho, em casos de insuficiéncia do ligamento cruzado cranial.
Nesta técnica, um fragmento de osso em cunha é removido da parte proximal da tibia, com o
objetivo de reduzir o angulo do plateau tibial e, consequentemente, neutralizar 0 movimento
cranial da tibia durante compressdo (cranial tibial thrust), de forma a ndo ser necessaria a
existéncia de um ligamento cruzado cranial. No entanto, bem como todas as outras cirurgias,
complicagdes intraoperatérias e pos-operatorias sdo, tambem, observadas nesta técnica. Neste
estudo retrospetivo em 145 casos, descreve-se 0 procedimento cirlrgico procedendo-se ao
registo e analise das complicacdes em um periodo minimo de 6 meses pos-cirargico. A taxa
geral de complicacgdes foi de 18.6% (27/145) e a taxa de complica¢Bes que necessitaram uma
segunda intervencdo cirurgica, designadas de complicacGes maiores, foi de 3.4% (5/145), sendo
a lesdo subsequente do menisco, a falha do implante e a infecdo. As complicacGes menores,
definidas como aquelas que ndo necessitaram segunda intervencdo cirdrgica, ocorreram em
15.2% (22/145) dos casos, sendo a infecdo da ferida cirdrgica a mais frequente. A taxa de
complica¢Bes maiores obtida no presente estudo é comparavel a estudos anteriores para outras
técnicas cirurgicas. E possivel concluir que uma taxa significativamente baixa de complicagdes

pode ser esperada nesta técnica quando realizada por cirurgides com experiéncia na mesma.

Palavras-chaves: Ligamento cruzado cranial, closing wedge ostectomy, complicacdes,

nivelamento do plateau tibial, cirurgia
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INTERNSHIP REPORT

As part of the Integrated Masters Degree in Veterinary Medicine from the Faculty of Veterinary
Medicine, University of Lisbon, | completed a 6-month training at Kingston Veterinary Group,
Hull, UK, between 2nd September 2015 and 27th February 2016, in a total of approximately
1100 hours. During that time | assisted and participated in several procedures carried out in
different areas of small animal practice. In the Surgery department, headed by Dr. David
Robinson, | collaborated helping in several orthopaedic procedures (e.g. CWO, Fabello-tibial
Suture, Tibial Tuberosity Transposition, Fracture repairs, Transcarpal and Transtarsal
arthrodesis, placement of transcondylar screw for correction of IOHC), soft tissue surgeries
(e.g. splenectomies, exploratory laparotomies, cystotomies, brachycephalic airway syndrome
surgery, laparoscopies) and postoperative care of the patients. | was also able to develop my
surgical skills by performing various surgical procedures under supervision of senior surgeons,
such as dog, cat and rabbit castrations, dog and cat ovariohysterectomies, umbilical hernia
repair, dewclaw removal, pyometra, and dentistry procedures such as teeth extraction, scaling
and polishing. In terms of Anaesthesia, | was able to practice procedures such as induction,
intubation and general anaesthetic monitoring. In the Internal Medicine department, | developed
my clinical case solving skills and participated in the care and treatment of the inpatients,
practicing procedures such as drugs administration, blood sampling, catheterization,
cystocentesis and running several diagnostic tests. In the Diagnostic Imaging department, |
assisted the surgeons during endoscopy and ultrasound scans and was able to practice patient
positioning during radiographic examination. During and after these procedures, | was taught
by the senior vets to interpret the results and take conclusions towards diagnostic and treatment
planning in specific clinical cases.

During the period - December 2015 to May 2016 - and with the prized support of my supervisor
David Robinson, who kindly provided all his clinical records for the research subject that lead

to this dissertation paper.






. INTRODUCTION

Cranial cruciate ligament (CrCL) disease is one of the most common orthopaedic conditions
seen in dogs (Corr, 2009; Hayashi, Manley & Muir, 2004) and the leading cause of osteoarthritis
(OA) in this species (Hegemann, Wondimu, Kohn, Brunnberg & Schmidt, 2005). Therefore, is
of great clinical and economic relevance in small animal practice. In 2003, owners spent $1.32
billion for the treatment of CrCL disease in the United States (Wilke, Robinson, Evan,
Rothschild & Conzemius, 2005). Several surgical techniques have been developed to manage
this condition, attempting to alleviate pain, decrease stifle instability and minimise OA. Yet,
there is not a single one that is considered entirely satisfactory (Vasseur, 2003), therefore, many
practitioners are faced with a dilemma: choose the best technique for each case. Clinical
research focusing on the outcome and complications associated with each surgical procedure

has been published but yet with rather variable results.

1. ANATOMY AND BIOMECHANICS OF THE STIFLE JOINT

1.1. Stifle anatomy

The stifle joint is composed of three long bones - femur, proximal tibia and proximal fibula,
and four sesamoid bones - the patella, lateral, medial and popliteal sesamoids, or fabellae
(Robins, 1990; Evans & Hermanson, 1993). It is considered a compound joint because it
comprises femorotibial, femoropatellar and proximal tibiofibular joints as well as the joints
between the femur and paired sesamoids in the origins of the gastrocnemius and that between
the tibia and the sesamoid in the popliteus tendon, all sharing a common synovial cavity
(Robins, 1990). The articular ends of the main three bones that compose the stifle are covered
by the articular cartilage, which is a smooth, compressible and avascular structure that reduces
friction and concussion. The joint capsule, with an outer dense fibrous layer, which attaches to
the periosteum, and an inner synovial membrane that is highly vascularized and produces the
synovial fluid, surrounds the stifle. The capsule also contains the nerve supply and produces
phagocytic synoviocytes (Leeson, Leesson & Paparo, 1988). The synovial fluid is colourless,
viscous and primarily composed of water and a strongly polymerised hyaluronic acid (Lesson
etal., 1988, Evans & Hermanson, 1993). It provides lubrication, supplies the joint with nutrients
and removes waste from the hyaline articular cartilage (Leeson et al., 1988; Evans &

Hermanson, 1993).



Figure 1: Ligaments and menisci of the stifle joint. (A) Ligaments and menisci of the left stifle joint,
caudal view. (B) Ligaments and menisci of the left stifle joint, cranial view. (C) Ligaments and menisci
of the left stifle joint, lateral view. (D) Ligaments and menisci of the left stifle joint, medial view. (From:
Evans, H. E. & de Lahunta, E. Arthrology. Guide to the Dissection of the Dog, 7% ed., 2010, p. 72.
Saunders Elsevier.)
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The bones of the stifle joint contain processes for the origin and insertion of muscles and
ligaments; therefore, playing a major role in the mechanics of stifle joint motion (Robins, 1990;
Evans & Hermanson, 1993). The ligaments are strong bands of fibrous connective tissue
connecting the bones and these can be intracapsular when located within the capsule like the
cruciate ligaments or can be extracapsular when located outside or as part of the joint capsule
like the collateral ligaments. There are 15 ligaments in the stifle joint. Four of them are the
anatomical structures of major importance in providing stability of the joint. Two of them are
the collateral ligaments: the medial and lateral collateral ligaments, which stabilize the medial
4



and lateral sides of the joint and the other two are called cruciate ligaments: the cranial and the
caudal (Arnoczky, 1988). The lateral collateral ligament originates in the lateral femoral
epicondyle and extends caudodistally to insert on the fibular head. During flexion the ligament
is loose, allowing the lateral femoral condyle to freely move caudally resulting in internal
rotation of the tibia, whereas in extension it is taut (Vasseur & Anorczky, 1981). The medial
collateral ligament originates on the medial femoral epicondyle and extends distally, forming
an attachment with the joint capsule and the medial meniscus and inserts on the proximal medial
tibia. Between the ligament and the tibia, a fluid-filled bursa can be identified, which reduces
friction and helps the movement of the ligament caudally during flexion of the stifle (\Vasseur
& Arnoczky, 1981). The cranial and caudal cruciate ligaments are named for their tibial
attachment. Therefore, the CrCL, which is the lateral one, arises from the caudolateral femur
within the intercondylar fossa, running craniodistally to attach cranially on the tibia. Further
emphasis will be given to the CrCL later on this dissertation. The caudal cruciate ligament
(CaCL), the medial one, originates at the lateral aspect of the medial femoral condyle and runs
caudodistally to the lateral edge of the popliteal notch of the tibia, and prevents caudal
movement of the tibia relatively to the femur. The cruciate ligaments receive their blood supply
from the synovial sheaths that surround them and their mid-sections have a poorer blood supply
than the proximal and distal ends (Vasseur, 2003).

The femoropatellar joint is formed between the femoral trochlea and the articular surface of the
patella and the ligaments that connect the femur to the patella are the medial and lateral
femoropatellar ligaments which are often vestigial and run from the patella to the fabellae and
merge with the femoral fascia, functioning weakly to hold the patella in the trochlea (Robins,
1990; Evans & Hermanson, 1993). Distally, the patella connects to the tibial tuberosity by a
single patellar ligament, which represents the insertion tendon of the quadriceps femoris. There
are also two ligaments assisting the articulation of the head of the fibula to the fibular articular
facet of the tibia, one cranial and one caudal (Robins, 1990; Evan & Hermanson, 1993).
Between the femoral and tibial condyles two biconcave C-shaped fibrocartilaginous structures
can be identified, which are the medial and the lateral menisci (Arnoczky, 1993). They are
semilunar structures in plan and wedge-shaped in section with thicker peripheral borders,
providing stability and lubrication of the joint, compensating the incongruity of the tibial and
femoral articular surfaces and helping relieve concussion (Robins, 1990; Arnoczky, 1993).
Water is the main component of these structures, followed by large amounts of collagen,
proteoglycans and glycosaminoglycans (Stephan, McLaughlin & Griffith, 1998). The major
blood supply to the menisci is through branches of the medial and lateral genicular arteries,

which supply the joint capsule giving rise to vessels that penetrate 15-25% of the width of the
5



menisci, which is why the central part of the menisci is nourished by the synovial fluid
(Arnoczky, 1993).

Figure 2: Dorsal view of the menisci and ligaments of the left stifle joint, proximal end of the tibia
(From: Evans, H. E. & de Lahunta, E. Arthrology. Guide to the Dissection of the Dog, 7" ed., 2010, p.

74. Saunders Elsevier.)
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The menisci are secured to the tibia by two ligaments (one cranial and one caudal) each and
one that attaches the lateral meniscus to the femur called meniscofemoral ligament (Robins,
1990; Evan & Hermanson, 1993). The cranial meniscotibial ligaments extend to the cranial
intercondyloid area, whereas the caudal meniscotibial ligaments attach to the caudal
intercondyloid area just cranial to the CaCL and to the popliteal notch caudolateral to the CaCL,
the medial and lateral meniscus, respectively (Robins, 1990; Evans & Hermanson, 1993). The
meniscofemoral ligament connects the caudal part of the lateral meniscus to the lateral surface
of the medial femoral condyle, which allows the lateral meniscus to move more freely within
the joint during motion (Arnoczky, 1993). In opposition, the medial meniscus is firmly attached
to the tibial plateau with attachments to the medial collateral ligament and to the joint capsule
via the coronary ligaments (Arnoczky, 1993; Vasseur 2003).

1.2. Cranial cruciate ligament

1.2.1. General macroanatomy

The CrCL originates as a fan-shaped ligament from the caudomedial aspect of the lateral
femoral condyle (Stouffer, Butler & Kim, 1983) and runs, cranially, medially and distally in an
outward spiral across the intercondylar notch to insert on the cranial intercondyloid area of the
tibia (Arnoczky & Marshall, 1977). Functionally, the CrCL has two distinct bands: a smaller



craniomedial band and a larger caudolateral band (Arnoczky & Marshall, 1977; Heffron &
Campbell, 1978). The craniomedial band is the most spiral and the longest, arising more
proximally from the femur and inserting more cranially on the tibial attachment area compared
to the caudolateral band (Arnoczky & Marshall, 1977; Heffron & Campbell, 1978). The
craniomedial band is taut in flexion and extension and is commonly damaged, whereas the
caudolateral band is taut in extension only and is less commonly injured (Arnoczky & Marshall,
1977).

1.2.2. General microanatomy and neurovascular supply

The cruciate ligaments are composed of a complex regulatory network of proteins,
glycoproteins, viscoelastic fibres and glycosaminoglycans. The main protein found in their
matrix is type | collagen. Other structural components of these ligaments are water, blood
vessels and nerves, which are important for the proprioceptive feedback that controls stifle
motion. These ligaments are covered by a fold of synovial membrane (Arnoczky, Rubin &
Marshall, 1979), mainly of dense connective tissue, small fibroblasts and some adipocytes,
being more cellular than the rest of the ligaments (Heffron & Campbell, 1978). The CrCL has
histologic features of dense collagenous connective tissue with parallel bundles of fibers,
formed by fibrils that are composed by repeated collagen subunits (Alm & Strémberg, 1974;
Heffron & Cambell, 1978; Vasseur, Pool & Arnoczky, 1985), longitudinally oriented,
intercalated predominantly with fibroblasts (Heffron & Campbell, 1978). These collagen fibers
are organized in subfascicles which compose different sized fascicles. A fascicle can contain
between 1 and 10 subfascicles (Heffron & Campbell, 1978; Yahia & Drouin, 1989).

As previously referred, branches of the middle genicular artery appear to give the most vascular
contribution to the centre of the joint. The middle genicular artery arises from the popliteal
artery and penetrates the joint capsule on its caudal aspect, passing craniodistally to the
intercondylar fossa and running cranially between the cruciate ligaments. The blood supply to
both cruciate ligaments is mostly of soft tissue origin (Arnoczky et al., 1979; Kobayashi et al.,
2006), particularly from the infrapatellar fat pad and the well-vascularized synovial membranes,
which form an envelope around the ligaments (Alm & Stromberg, 1974; Tirgari, 1978;
Arnoczky et al., 1979; Kobayashi et al. 2006). There is an endoligamentous vascular network
around and along the bundles of collagen fibres inside the ligaments that supports the

connective tissue (Alm & Strémberg, 1974; Arnoczky et al., 1979). Also, microscopic holes,



detected by electron microscopy, in the synovial membrane covering the ligaments have been
suggested to play a role in the ligament nutrition via the synovial fluid (Kobayashi et al., 2006).
The mid-portion of the CrCL appears to be the less vascularised area of the ligament and the
same is noted in the CaCL, although the later displays a greater abundance of periligamentous
and synovial vessels than the CrCL (Tirgari, 1978; Arnoczky et al., 1979; Vasseur et al., 1985).
There are three main articular nerves, which arise from the saphenous nerve, common peroneal
nerve and tibial nerve. They are, respectively, the medial articular nerve - the largest of the
stifle; the lateral articular nerve, which supplies the lateral aspect of the stifle joint; and the
caudal articular nerve, which runs to the caudal aspect of the joint capsule where it
communicates with branches of the medial articular nerve, though it is variably present in dogs
(O’Connor & Woodbury, 1991).

The cruciate ligaments are covered by a peripheral synovium where nerves of various diameters
spread on, with axons radiating through the interfascicular spaces, running along with the
epiligamentous and endoligamentous blood vessels (Yahia, Newman & St Georges, 1992). This
sensory network of the cruciate ligaments is important in the neurosensory system around the
joint as it provides information about joint movement and position as well as noxious events
(Johansson, Sjolander & Sojka, 1991; Miyatsu, Atsuta & Watakabe, 1993).

1.2.3. Functional anatomy

Roughly, during flexion the CrCL in relaxed and becomes taut in extension, whereas the CaCL
is taut during flexion and remains relaxed in extension (Arnoczky & Marshall, 1977). However,
the two bands that compose the CrCL do not have the same dimensions, functioning
independently during flexion and extension (Arnoczky & Marshall, 1977). Therefore, during
flexion, there is elongation of the craniomedial component and shortening of the caudolateral
component (Arnoczky & Marshall, 1977; Heffron & Campbell, 1978). In contrast, when the
stifle is in extension, both bands are taut (Arnoczky & Marshall, 1977; Heffron & Campbell,
1978). Diversely, in the CaCL, the cranial part is loose in extension and becomes taut during

flexing, while the caudal part displays the opposite (Arnoczky & Marshall, 1977).

1.3. Biomechanics of the intact stifle

The stifle is a condylar joint, where the round femoral condyles articulate with the flat tibial

condyles. The stifle allows motion in three planes, not functioning as a pure hinge joint. The



flexion-extension motion results from a combination of rolling and gliding of the femur on the
tibia. Femorotibial contact translates more caudally on the lateral than on the medial plateau,
resulting in tibial rotation during flexion (Vasseur & Arnoczky, 1981). Limited varus and
valgus angulation may also occur during flexion since the collateral ligaments are loosen in this
position. However, in extension both collateral ligaments function to minimise these two
angulations of the tibia. Also, they function together with the cruciate ligaments to limit internal
rotation of the tibia relative to the femur both in flexion and extension, representing the primary
restraint in extension, whereas the cruciate ligaments provide primary check during flexion
(Vasseur & Arnoczky, 1981; Slocum & Devine, 1983). In contrast, external rotation is
constraint exclusively by the collateral ligaments (Vasseur & Arnoczky, 1981). Slight medial-
lateral and proximal-distal tibial translation may also be seen but such movements are tightly

constrained also by the collateral ligaments.

Figure 3: Drawing illustrating the six degrees of freedom of the femorotibial articulation. The femur
and the tibia translate and rotate about the three axis shown in the drawing (From: Muir, P. Structure
and Function, Advances in Canine Cranial Cruciate Ligament, 1* ed., 2010, p. 38.Wiley-Blackwell)
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During flexion of the stifle, the craniomedial band of the CrCL is taut whereas the caudolateral
band and the lateral collateral ligament are relaxed, allowing internal rotation of the tibia on the
femur. Flexion is limited by contact between the musculature of the thigh and the tarsal region.
During extension, both bands of the CrCL and the lateral collateral ligament are taut and
external rotation of the tibia relative do the femur occurs. Extension is limited by contact
between the CrCL and the intercondylar notch, preventing hyperflexion of the joint. The

cruciate ligaments move independently as the stifle joint is flexed and extended although their



movement is coordinated to maintain the position of the tibia relative to the femur and thus
keep it stable (Slocum & Slocum, 1993).

Joint motion also leads to motion of the menisci. Therefore, menisci slide caudally during
flexion, particularly the lateral meniscus due to medial meniscus attachments to the medial
collateral ligament and joint capsule (Arnoczky, 1993).

Due to the incongruence observed between the femoral condyles and the tibial plateau, the stifle
stability relies on dynamic stabilisers, principally the quadriceps, hamstrings and gastrocnemius
muscles, and on passive stabilisers, principally the cruciate ligaments, menisci, collateral
ligaments and joint capsule (Pozzi & Kim, 2010; Hayes, Granger, Langley-Hobbs, & Jeffery,
2013).

The CrCL has three basic biomechanical functions: prevent the cranial drawer movement of the
tibia relative to the femur; prevent overextension of the stifle and prevent excessive internal
rotation of the tibia in relation to the femur. During flexion, there is elongation of the
craniomedial band of the CrCL and shortening of the caudolateral component (Arnoczky &
Marshall, 1977; Heffron & Campbell, 1978). Therefore, the former is the leading contributor
in preventing craniocaudal translation during flexion. The caudolateral band only has this
function when the craniomedial band is damaged or severely stretched (Wingfield, Amis &
Stead, 2000). Conversely, when the stifle is in extension, both bands are taut and limit cranial
translation of the tibia relative to the femur (Arnoczky & Marshall, 1977; Heffron & Campbell,
1978).

The cruciate ligaments also limit the internal rotation of the tibia relative to the femur during
flexion (Arnoczky & Marshall, 1977; Harari, 1993) by being wrapped upon each other and
spiral on themselves (Singleton, 1957; Arnoczky & Marshall, 1977), whereas in extension, the
collateral ligaments are responsible for limiting rotation and the cruciate ligaments provide a
secondary restraint (Singleton, 1957; Vasseur et al., 1985). With respect to the overextension,
the caudolateral band of the CrCL acts as a primary and the CaCL as a secondary restraint
(Singleton 1957; Arnoczky & Marshall, 1977).

The CaCL limits caudal tibial translation and helps limiting excessive internal-external rotation
(Arnoczky & Marshall, 1977). The collateral ligaments prevent, primarily, varus and valgus
angulation but in case of failure of these, the cruciate ligaments play the same role (Vasseur &
Arnoczky, 1981). The menisci compensate the joint incongruence, acting as secondary
stabilizers when there’s integrity of the primary stabilizers, particularly the CrCL.

The function of the stifle is influenced by pelvic limb musculature. These muscles represent the
dynamic stabilizers of the joint, resultant of simultaneous contraction (co-contraction),

mediated by the nervous system. They include the quadriceps muscle group, the caudal thigh
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muscle group, including semimembranosus, semitendinosus and biceps femoris, and the
extensor group, comprising gastrocnemius and superficial digital flexor (Slocum & Slocum
1993).

Considering the forces created by weight-bearing and the musculature of the pelvic limb, during
the weight bearing phase of the gait cycle, the anatomically caudally sloped tibial plateau
relative to the tibial long axis result in a cranially directed shear force on the tibia within the
stifle joint, which is typically referred to as the cranial tibial thrust. Thereafter, during weight
bearing, by compression of the femoral condyles against the tibial plateau, the forward
movement of the tibia relatively to the femur would be expected if a passive restraining was
absent. This movement is prevented by the CrCL. The magnitude of cranial tibial thrust is
dependent on both the degree of compression during weight-bearing, which is related to the
size and activity level of the dog, and the tibial plateau angle, which slopes caudodistally and
varies between dogs due to anatomical and conformational differences (Warzee, Dejardin,
Arnoczky & Perry, 2001).

2. CRANIAL CRUCIATE LIGAMENT DISEASE

2.1. Pathogenesis

Initially, cranial cruciate rupture in dogs was thought to be consequence of traumatic injury.
However, the high risk of contralateral CrCL rupture observed in affected dogs combined with
the non-concordant clinical histories of the patients, gave risen to new theories of the
ethiopathology of the CrCL disease which has been studied since then. Although it is a fact that
a traumatic injury can cause an acute CrCL rupture, studies have suggested that most cases of
CrCL rupture result from chronic degenerative changes within the ligament (Vasseur et al.,
1985; Hayashi et al., 2003). These changes develop through gradual degeneration of the CrCL,
inflammation of the stifle joint, partial rupture and, finally, complete rupture of the CrCL. In
the beginning, changes may not cause lameness but they can create mild joint instability
endorsing osteoarthritis development (Muir, 2010).

Currently, CrCL injury in the dog, is more commonly considered a multifactorial complex
problem which involves a detailed understanding of the biomechanics of the stifle joint and
functional anatomy, conformation and gait analysis in order to achieve successful treatment.
Therefore, treatment should be based on managing the underlying anatomical and
conformational variances rather than classically struggling to eliminate tibial cranial drawer
movement (Jerram & Walker, 2003).
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Denny and Butherworth (2000) divided dogs with CrCL disease in four main groups, according

to aetiology:

1. CrCL rupture by traumatic injury, which is very unlikely but can occur in cases of
overextension of the stifle or excessive internal rotation during intensive exercise.

2. CrCL degenerative disease in adult dogs, which is the most common cause of CrCL
disease and affects mainly dogs between 5 and 7 years old. The dog may show a low
grade of lameness if there is a partial rupture that progresses to a complete rupture
triggered by normal exercise resulting in a higher grade of lameness. At this stage there
are often osteoarthritic changes already.

3. CrCL rupture in young large breed dogs (Bennett et al., 1988), mostly seen in dogs
between 6 months and 3 years and resulting from early degenerative changes that may
be related to the stifle and hindlimb conformation.

4. CrCL rupture associated with inflammatory arthropathies. In presence of immune-
mediated or infective inflammatory arthropathies changes can develop within the

ligament leading to its rupture.

Breed has been reported to be predisposing factor to degenerative disease of the CrCL (Guthrie,
Keeley, Maddock, Bright & May, 2012; Taylor-Brown et al., 2015). Also, a recent study has
shown a significant genetic component associated with canine CrCL rupture (Baird, Carter,
Innes, Ollier & Short, 2014). Excessive caudal slope of the tibial plateau leads to an increased
cranial thrust of the tibia, resulting in increased stress in the CrCL (Slocum & Devine, 1984).
Dogs with CrCL injuries have been reported to have significantly greater TPA than dogs
without CrCL injury (Morris & Lipowitz, 2001). However, recent studies reveal that there
seems to be no relationship between the angles of the proximal tibia and the CrCL rupture in
dogs (Arruda, Muzzi, Muzzi, Junior, Oberlender & Silva, 2015). Stenosis of the intercondylar
notch of the femur is thought to contribute to CrCL rupture due to the impingement of the
medial aspect of the lateral condyle of the femur on the CrCL (Lewis, Allen, Henrikson &
Lehenbauer, 2008). Obesity, inactivity in puppyhood and repetitive chronic trauma can also be
factors that enhance the chances of developing CrCL disease (Corr, 2009). Often, the layers
that compose the stifle joint capsule are hyperplastic with lymphoplasmacytic synovitis in dogs
that have naturally occurring CrCL rupture; thus, a possible underlying immune-mediated
component may be involved in spontaneous CrCL rupture (Galloway & Lester, 1995).

Dogs with early CrCL disease are usually presented with lameness, stifle joint effusion and
synovitis though they often have a stable joint clinically. On the contrary, complete CrCL

rupture results in evident instability of the stifle joint, leading to a more severe degree of
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lameness and joint pain as well as progressive degenerative changes within the joint with
periarticular osteophyte formation and fibrosis, capsular thickening and meniscal damage. The
progression of periarticular fibrosis may help stabilizing the joint but it does not improve the
dynamic instability significantly (Tashman, Anderst, Kolowich, Havstad & Arnoczky, 2004).

2.2. Biomechanics of the CrCL-deficient stifle

In the CrCL-deficient stifle, because of the caudally oriented tibial plateau with respect to the
tibial mechanical axes, force generated in the stifle joint acts to translate the tibia cranially
during weight bearing (Warzee et al., 2001; Slocum & Devine, 1983). Increased cranial tibial
translation is consistently identified following CrCL rupture and, as shown in a study of
experimental sectioning of the CrCL, it can reach 10 mm on average (Korvick, Pijanowski &
Schaeffer, 1994; Tashman et al., 2004). However, in spontaneously occurring CrCL rupture
cranial tibial translation may not reach such values, as a consequence of periarticular fibrosis
(Pozzi & Kim, 2010). Quadriceps contraction has been suggested as being one of the factors
that lead to cranial tibial translation during the stance phase (Korvick et al., 1994; Tashman et
al., 2004). In the absence of restraint by the CrCL, the medial meniscus acts as a primary
stabilizer working as a wedge that opposes to femoral condyle translation and rotation, which
justifies its common injury (Pozzi et al., 2006). The lateral meniscus does not provide such
function because of its mobility, which results in its protection from impingement and tearing.
Also the collateral ligaments and the joint capsule act as passive stabilizers in this case. Dogs
with CrCL resort to adapting mechanisms as a result of the neuromuscular response to pain
induced by joint instability. These mechanisms result in a decreased loading of the affected
limb, carrying it more flexed during gait cycle (Korvick et al., 1994; DeCamp et al., 1996;
Tashman et al., 2004; Ragetly, Griffon, Mostafa, Thomas & Hsiao-Wecksler, 2010). Also,
during the swing phase, flexion angles of the stifle joint do not allow the quadriceps to induce
cranial tibial luxation, which suggests a CrCL-independennt phase (Korvick et al., 1994;
Tashman et al., 2004). The instability generated at the CrCL-deficient stifle, due to the increased
tangential shear forces and abnormal contact mechanics (Pozzi et al., 2006; Anderst &
Tashman, 2009), is strongly related to the progression of OA (Pozzi & Kim, 2010). Cranial
cruciate ligament transection results in tibial internal rotation (Warzee et al., 2001; Kim, Pozzi,
Banks, Conrad & Lewis, 2009). However, tibial internal rotation was not a significant change

after CrCL loss in in vivo investigations, which suggests that internal rotation restraint is
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dictated by bony geometry, muscle forces and soft tissue constraints, instead of CrCL (Tashman
et al., 2004).

Figure 4: Mechanics of the CrCL-deficient stifle: during weight-bearing, the compressing forces acting
on the stifle joint result in a cranial tibial translation, due to the caudally sloped tibial plateau. (From:
Fitzpatrick Referrals (2011) Cruciate Ligamente Disease or injury — Fitzpatrick Referrals. Accessed

June 2016, in http://www.fitzpatrickreferrals.co.uk/orthopaedic/cranial-cruciate-ligament-injury/)

“

2.3. Meniscal tears

Meniscal injuries are often seen concomitantly with CrCL rupture or as a consequence of such
condition (Ritzo, Ritzo, Siddens, Summerlott & Cook, 2014). Conservative treatment is not
recommended because most meniscal tears affect the avascular portion of the cartilage so,
healing is unlikely to occur (Williams, Tomlinson & Constantinescu, 1994). Therefore, surgical
management is required when these structures are damaged and failure to appropriately manage
meniscal injuries is a common reason for poor outcome of a surgical procedure (Case, Hulse,
Kerwin & Peycke, 2008). The medial meniscus is most commonly affected due to its anatomic
involvement. The caudal horn of the medial meniscus is attached to the tibial plateau, moving
with this bone underneath the femur during cranial drawer movement when there is failure of
the CrCL. The impingement of the femur on the caudal horn can cause different types of damage
which can be broadly classified based on their appearance into radial, vertical longitudinal
(capsular detachment), bucket handle, flap and complex meniscal tears (Thieman, Pozzi, Ling,
Lewis & Horodyski, 2009), with the most common lesion being a bucket handle tear (Ritzo et
al., 2014). The lateral meniscus is rarely injured due to its attachment to the femur that allows

it to move with this bone avoiding impingement (Vasseur, 2003). However, arthroscopic
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assessment of 100 canine stifles revealed a strong association between CrCL injury and lateral
meniscal injuries, therefore, although clinical importance of such injuries is still not known,
examination of both menisci should always be performed (Ralphs & Whitney, 2002).

Diagnosis and treatment can be, preferably, achieved by arthroscopy (Pozzi, Hildreth and
Rajala-Schultz, 2008). However, athrotomy also allows meniscal examination and surgery. For
that purpose, the stifle joint should be flexed and the patella reflected or retracted (Pozzi et al.,
2008). Most meniscal tears found in dogs with CrCL disease involve the avascular portion of
the meniscus (Thieman et al., 2009) and therefore, these lesions are treated by resection of the
affected area via partial, hemi- or complete meniscectomy. Although these procedures have
been reported to cause progress of osteoarthritis in normal dogs (Johnson, Manley, Chu, Francis
& Caterson, 2004) probably due to a loss of stabilization by the meniscus (Kim, Lewis & Pozzi
2012) and to alterations in pressure distribution (Pozzi et al., 2008; Thieman, Pozzi, Ling &
Lewis, 2010), partial meniscectomy has been shown to cause less degenerative joint changes
when compared with complete meniscectomies (Johnson et al. 2004). However, total
meniscectomies result in a reduced risk of iatrogenic tear of the cartilage in the joint or of the
CaCL (Austin, Montgomery, Wright, Bellah & Tonks, 2007). Failure to detect and correct
meniscal injuries during initial assessment of the CrCL disease can lead to complications

following surgery and be the cause of persistent lameness (Case et al., 2008).

2.4. Epidemiology

CrCL injury is the most commonly diagnosed orthopaedic condition of the stifle in dogs
(Dupuis & Harari, 1993; Harari, 1995; Moore & Read, 1996; Vasseur, 2003). The most recent
literature show that dogs over 3 years of age have increased chances of diagnosis of CrCL
rupture than dogs under 3 years (Taylor-Brown et al., 2015). Previously, other studies revealed
that the peak of incidence most commonly reported was in dogs between 2 and 10 years of age
(Whitehair, Vasseur & Willits, 1993; Duval, Budsberg, Flo & Sammarco, 1999; Powers,
Martinez, Lincoln, Temple & Arnaiz, 2005; Harasen, 2008, Witsberger, Hahn, Cook, Villamil
& Schultz, 2008). Nevertheless, after first diagnosing CrCL rupture in a dog, the probability of
the contralateral stifle become affected is 22%-61% (Doverspike, Vasseur, Harb & Walls, 1993;
Moore & Read, 1995; de Bruin, Rooster, Bree & Coz, 2007; Cabrera, Owen, Mueller & Kass,
2008; Buote, Fusco & Radasch, 2009).

Neutered males and neutered females have been reported to have significantly increased odds
of developing CrCL rupture compared with intact dogs of both genders (Whitehair et al., 1993,
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Duval et al., 1999; Witsberger et al., 2008, Taylor-Brown et al., 2015). Also, early neutering
(before 6 months of age) has been considered a significant risk factor for development of
excessive tibial plateau angles in large-breed dogs with CrCL rupture and it was suggested that
excessive TPA might contribute to earlier degeneration of the CrCL (Duerr et al., 2007).
Breeds that are more prone to develop CrCL rupture include medium, large and giant breeds,
particularly Newfoundlands, Rottweilers, Labrador Retrievers, Bulldogs and Boxers
(Witsberger et al., 2008). On the other hand, chondrodystrophoid, small and hound breeds like
Miniature Dachshund, Dachshund, Miniature Schnauzer, Greyhound, Shih Tzu and Pekingnese
are very unlikely to being diagnosed with CrCL rupture (Witsberger et al., 2008). The
prevalence noted on these breeds suggests a genetic component to etiopathogenesis of CrCL
rupture. Also, hip dysplasia in dogs is a genetic disorder which prevalence is reported in many
of the same breeds, often concurrent with CrCL disease, which contributes even more to the
thought of a genetic involvement in the disease (Powers et al., 2005; Wilke et al., 2006;
Witsberger et al., 2008). Based on this, a gene study revealing significant genetic associations
with canine CrCL rupture for the first time, was recently published, indicating that the strength
and stability of the CrCL may be compromised by mutations leading to increased risk of CrCL
disease (Baird et al., 2014).

2.5. Clinical history

Owners may provide a history suggestive of trauma. However, the large majority of dogs do
not have a history of obvious trauma and further investigation will often reveal an insidious
onset of lameness or an incident of minor trauma, which led to lameness (Muir, 2010). In other,
uncommon, cases, owners can give a clear history of major trauma which suggests a traumatic
rupture of the CrCL that sometimes are accompanied of avulsion fracture of cruciate ligament
attachment site. However, CrCL avulsions are rare and occur mostly in young dogs. In these
cases, the ligamentous attachment to the bone is stronger than the immature bone itself,
resulting in avulsion due to a force which is not sufficient to cause ligament rupture (Reinke,
1982).

The duration of lameness reported by the owners is extremely variable. Also, owners often
describe a weight-bearing lameness that tends to get worse after exercise and sometimes they
may refer an audible clicking while walking, which can be indicative of meniscal damage
(Muir, 2010).

16



Frequently, patients with partial tear of the CrCL will be presented with a more subtle pelvic
lameness, sometimes bilateral, usually continuous and not responsive to NSAID therapy (Muir,
2010). Owners may report a stiff pelvic limb gait. In such cases, arthritis is likely to have
developed but the stifle is stable (Muir, 2010).

2.6. Clinical signs

The clinical signs in dogs with CrCL disease are rather variable. The lameness level and the
onset may differ from case to case, depending on the degree of damage to the ligament and the
menisci (Muir, 2010). Some dogs may be completely non-weight-bearing, more commonly
following an acute CrCL rupture as there is acute inflammation and haemarthrosis, in which
case, if rest and appropriate pain relief are provided, the dog may improve significantly and
begin to bear weight on the affected limb within 2 to 3 weeks but intermittent periods of
lameness may recur due to ongoing inflammation and joint instability. However, most dogs
with CrCL disease are typically weight-bearing and will have intermittent but slowly worsening
lameness, which improves with rest but recurs once exercise is reintroduced, becoming more
and more persistent (Johnson & Johnson, 1993; Piermattei, Flo & DeCamp, 2006). Dogs with
early cruciate disease may have little to no palpable instability of the stifle joint with only mild
disruption of the CrCL, often presented with lameness and joint effusion. If the disease is
bilateral, dogs will usually lean forward with the purpose of unloading the pelvic limbs (Muir,
2010). In regards to onset, most dogs show a gradual progression of lameness, over weeks or
months. Conversely, some dogs are relatively normal and suddenly become acutely non-
weight-bearing. A clinical sign that can be quite frequently seen in dogs with CrCL rupture is
the inability to sit straight and square. They often position the affected limb externally rotated
and reducing stifle flexion and so, the calcaneus is not directly underneath the tuber ischia
(Muir, 2010). This external rotation may also be evident during walking. Also, an audible
clicking can sometimes be heard during walking, suggesting meniscal damage, typically
concurrent with CrCL rupture. Muscle atrophy is also generally apparent on the affected pelvic
limb (Muir, 2010).

In dogs with bilateral CrCL rupture, neurological disease can primarily be suspected due to the
patient’s difficulty in rising from a sitting to a standing position. Therefore, a thorough physical
exam should be carefully performed (Muir, 2010).

A thorough orthopaedic exam is warranted and generally begins with the dog in a standing
position, allowing comparison with the contralateral limb. Palpation and examination of the
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stifle joint can provide imperative findings that certainly help in the diagnosis of CrCL failure,
such as joint effusion, detectable immediately caudal to the patellar ligament, making it difficult
to distinct the patella tendon on palpation because the joint capsule bulges out on either side of
the ligament. This becomes more obvious if the animal is bearing weight on the affected limb
during palpation. Though, sometimes the effusion is not very abundant and so may not be
detected on palpation. In such cases radiography may be a better diagnostic test to evaluate the
presence of joint effusion (Muir, 2010), which is identified as a disruption of the outline of the
infrapatellar fat pad and distension of the joint capsule (Denny & Butterworth, 2000).
Presence of medial buttress is highly indicative of CrCL rupture (Vasseur, 2003). It consists of
a firm thickening on the medial aspect of the stifle detected on palpation, subsequent to
periarticular fibrosis. Palpation of both pelvic limbs can reveal muscle atrophy of the gluteal
and quadriceps musculature of the affected limb, particularly in chronic cases (Vasseur, 2003).
With the dog in lateral recumbency, manipulation of the stifle joint may demonstrate
crepitation, meniscal “clicking” and pain while eliciting flexion and extension. Range of
motions can also be evaluated and may be increased or decreased, depending on the chronicity
of the injury (Moore & Read, 1996; Johnson & Hulse, 2002; Vasseur, 2003)

There are two specific tests that can be performed in order to assess craniocaudal instability
between the tibia and the femur. These are the cranial drawer test and the cranial tibial thrust
test and they are best performed with the patient in lateral recumbency with the affected limb
on an upward position (Henderson & Milton, 1978; Muir, 1997). The former requires placing
the thumb of one hand on the lateral fabella, with the index finger on the patella and placing the
thumb of the other hand on the caudal tibial plateau, with the index finger on the tibial
tuberosity. Then, the tibia should be moved cranially relatively to the femur. A positive result
is given by a movement in this direction with a poorly defined end point. In dogs with chronic
CrCL disease, where there is periarticular fibrosis and sometimes medial meniscal damage
blocking cranial tibial translation, and also in dogs with partial CrCL rupture, this test can result
in a false negative (Flo & DeYoung, 1978). Moreover, if there is only rupture of the
craniomedial band of the CrCL, the cranial drawer sign will only be identified when the stifle
is partially flexed (Scavelli, Schrader, Matthiensen & Skorup, 1990; Strom, 1990). Immature
dogs may demonstrate a small degree of cranial drawer sign but the end point remains well
defined. This is considered normal and is suggestive of slight laxity of the ligament. However,
dogs very rarely injure the CrCL prior to completion of skeletal growth so, in that case,
radiographic examination should follow to rule out bony injury such as avulsion of the tibial

crest or fracture of the distal femoral physis (Reinke, 1982).
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The cranial tibial thrust is performed with the stifle at a normal standing angle (120°), placing
the thumb of one hand on the lateral fabella and the index finger on the tibial tuberosity. The
other hand should grab the metatarsus and elicit flexion of the hock with the stifle fixed in
position. The compression on the tibia, triggered by the hock flexion, results in a cranial push
of the proximal tibia. In presence of CrCL failure a cranial tibial translation will be noted by
the increased gap between the thumb and index finger (Moore & Read, 1996).

Dogs tend to tolerate the cranial tibial thrust well, allowing its execution without sedation or
anaesthesia. Conversely, the cranial drawer test is not so bearable, especially in patients with
recent rupture due to pain and muscle spasm. It is also a more difficult test to perform in large
breed dogs. Therefore, although cranial drawer test can be achieved in conscious animals, in
these cases, sedation or anaesthesia is frequently required (Corr, 2009). Assessing stifle
instability under sedation or general anaesthesia is extremely helpful to ensure that subtle
instability has not been missed during physical examination for example due to muscle
contraction, but principally in dogs with chronic stifle disease, where periarticular fibrosis can

reduce cranial drawer sign (Pozzi & Kim, 2010).

2.7. Diagnostic imaging
2.7.1. Radiography

CrCL rupture is generally appraised by physical examination. As has been previously described,
a series of clinical signs can be identified. Stifle instability should be assessed through cranial
drawer test or cranial tibial thrust, preferably under sedation or anaesthesia for a more accurate
evaluation, given the fact that such tests have been associated with low sensitivity and
specificity when performed on conscious animals (Carobbi & Ness, 2009). Although these tests
are helpful while identifying stifle joint instability, they are not definitive.

In radiographic examination, it is important to take into consideration that radiographic changes
are non-specific and mainly correspond to changes secondary to CrCL disease (Denny &
Butterworth, 2000). Nevertheless, radiographic examination is very useful in these cases in
order to confirm stifle pathology, evaluate the degree of osteoarthritic changes and ensure there
are no other obvious causes of lameness that may be designated on the list of differential
diagnostics, such as neoplasia or bone fracture (Kowaleski et al., 2012). Both stifles should be
radiographed for comparison (Vasseur, 2003). Mediolateral and craniocaudal projections of the

stifles are useful to detect synovial effusion which is identified by partial or complete
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replacement of the infrapatellar fat opacity by a soft tissue opacity and by distension of the joint

capsule, mostly observed caudally (Denny & Butterworth, 2000).

Figure 5: (Left) Mediolateral radiographic view of a normal stifle (From: Benjamino, K. (2012) ACL
injuries in dogs. Accessed June 2016, in https://drbenjamino.com/category/tplo/ (Right) Mediolateral
radiographic view of a stifle with complete rupture of the CrCL, presence of joint effusion and
osteoarthritis can be identified (Dispensed by Dr. Robinson, KVG).

Osteoarthritis develops with CrCL disease and so, periarticular osteophytes are likely to appear
primarily around the proximal margins of the trochlea and poles of the patella. Later, they can
be detected also around the fabellae and the edges of the tibial plateau. Enthesopathy at insertion
of CrCL can also often be identified and sometimes bone fragments may be present inside the
joint in avulsion injuries of the CrCL. In more advanced cases, sclerosis of subchondral bone
and soft tissue mineralization can be seen (Denny & Butterworth, 2000).

Tibial compression radiography was developed to confirm CrCL rupture by measuring relative
displacement of bony landmarks on paired lateral radiographs (neutral and tibial compression)
(de Rooster, Van Ryssen & Van Bree, 1998). For this purpose, the dog should be positioned in
lateral recumbency and a standard lateral radiography is first taken in a neutral position (90° of
flexion). Then, maintaining the stifle joint in the same angle of flexion, the tarsal joint is flexed
to its maximum by manual pressure and the second radiography is taken in tibial compression
position. Afterwards, both radiographies are compared and when the tibia is moved cranially in
relation to the femur in the stressed view, a CrCL rupture is present. Tibial compression
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radiography has a high sensitivity and perfect specificity identifying both partial and complete
CrCL rupture (de Rooster et al., 1998). Therefore, it is a useful technique to confirm a tentative
diagnosis of CrCL damage, particularly when the cranial drawer sign is not obvious on physical

examination (de Rooster et al., 1998).

2.7.2. Ultrasonography

Ultrasound examination of the stifle is a non-invasive method that allows evaluation of soft
tissue structures in the joint, which can help diagnosing stifle pathology (Muzzi, Muzzi,
Rezende & Rocha, 2001). A high frequency linear transducer is most appropriate because
allows a highly detailed image of superficial structures, minimizing artefacts from anisotropy
that occur when the fibres of the ligaments are not perpendicular to the ultrasound beam (Reed,
Payne & Constantinescu, 1995; Kramer, Stengel, Gerwing, Schimke & Sheppard, 1999). To
scan the cranial, caudal and lateral aspects of the stifle, the dog should be in lateral recumbency
with the affected limb in an upward position and then, the patient is turned over for easier access
to the medial aspect of the joint. A dynamic examination can be performed by flexing,
extending and rotating the stifle (Arnault et al., 2009).

Ligament disorders can sometimes be detected ultrasonographically. In order to get the best
view of the cruciate ligaments, a flexed infrapatellar probe position should be used. Healthy
CrCL is hypoechoic on ultrasound scan, whereas when there is chronic rupture it is seen as a
hyperechoic area close to the insertion of the tibia. Around it, hypoechoic haematoma and
inflammation can be identified. In contrast, acute ruptures are not so easily detected due to the
small size of the ligaments and sometimes only a small anechoic haematoma in the traumatized
area can be identified. The menisci can also be visualized in the medial and lateral regions and
high specificity and sensitivity has even been associated with diagnosis of bucket handle tears
of the medial meniscus via ultrasonography (Mahn, Cook, Cook & Balke, 2005). A healthy
meniscus appears as a triangular structure of homogeneous, medium echogenicity, between the
femoral condyle and the tibial plateau, whereas when damaged, it becomes heterogeneous, with
hyperechoic and hypoechoic areas, often seen as a hyperechoic double line in the parenchyma
(Arnault et al., 2009).

Radiography allows a better characterization of the osteoarthritis than sonography (Gnudi &
Bertoni, 2001). Nevertheless, subchondral irregular defects in the hyperechoic bone surface can
be recognized as osteoarthritic changes, on ultrasound scan. In chronic osteoarthritis the joint

capsule appears as a hyperechoic thickened structure and joint effusion as a hypoechoic to
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anechoic area between the capsule and the bone surface. In the stifle joint, osteoarthritis is best
seen in the suprapatellar and the infrapatellar regions (Arnault et al., 2009).
The use of ultrasound in determining stifle pathology may reveal quite helpful but it requires

great training and experience of the imagist in musculoskeletal ultrasound (Arnault et al., 2009).

2.7.3. Computed tomography

Computed tomography (CT) is extremely sensitive in demonstrating calcified and bony
structures and also allows visualization of the soft tissue. It is based on cross-sectional imaging
and is particularly useful in identifying structures inside the joint that are superimposed, which
is something impossible to achieve with radiography. Computed tomography arthrography
(CTA) has shown accuracy in diagnosing CrCL rupture (Han et al., 2008) and medial meniscal
injuries (Tivers, Commerford & Owen, 2009; Tivers, Mahoney & Corr, 2008). Tivers et al.
(2008) demonstrated a sensitivity of 90% and specificity of 100% of dorsal CTA images for the
diagnosis of simulated injuries of the caudal horn of the medial meniscus in cadavers. However,
Samii et al. (2009) proved CTA was sensitive and specific in detecting CrCL abnormalities but
had questionable accuracy in identifying meniscal injuries from transverse CTA images. Later,
Tivers et al. (2009) showed that stifle dorsal plane CTA has potential for diagnosis of injuries
of the medial meniscus in dogs. These results support the use of dorsal plane scans over
transverse scans for investigation of meniscal injuries (Tivers et al., 2009). Also, it has been
suggested that CTA allows identification of partial CrCL ruptures in dogs (Han et al., 2008).
Moreover, CT appears to be of great value in the diagnosis of CrCL avulsion in young dogs

(Gielen, Saunders, van Ryssen & van Bree, 2011).

2.7.4. Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is a well-established diagnostic method for detecting
internal abnormalities of the human knee with high accuracy (Oei, Ginai & Hunink, 2007). It
can detect early arthropathy, help directing treatment decisions and predicting a more detailed
prognosis. It has been demonstrated that MRI is accurate in diagnosing canine meniscal injuries
and providing useful information in the evaluation of CrCL injury (Barrett, Barr, Owen &
Bradley, 2009; Blond, Thrall, Roe, Chailleux & Robertson, 2008; D’Anjou et al., 2008).
However, due to costs and additional anaesthesia time required for such procedure, it is not an

option in most cases, given the lack of evidence that it improves patient care when compared
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to other more cost-effective diagnostic methods. Besides, in humans, arthroscopy has been
suggested to be more accurate and, therefore, should be considered the gold standard for
definitive diagnosis of cruciate and meniscal damage (Nikolaou et al., 2008). Yet, MRI provides
valuable information of lesions in the subchondral bone, articular cartilage, and excellent
discrimination between intact and torn menisci or to detect other cause of lameness which may

not have been diagnosed by other methods (Blond et al., 2008).

2.7.5. Arthroscopy

Currently, in veterinary medicine, arthroscopy is a readily available method which provides a
means of assessing and treating joint pathology, allowing complete visualization with
magnification and precise manipulation of intra-articular structures, while being minimally
invasive, with low morbidity intra- and postoperative associated (Ralphs & Whitney, 2002;
Siemering, 1978; Kivumbi & Bennett, 1981). Therefore, It is becoming the method of choice
for evaluation of the joint (Whitney, 2003). Magnification is one of the advantages arthroscopy
offers over arthrotomy, particularly useful to detect some partial CrCL tears that often cannot
be identified with the naked eye (Whitney, 2003). Diagnosis of a partial CrCL tear is important
since surgical intervention in an early stage, before complete rupture of the ligament, may not
only diminish the severity of future osteoarthritis but also allow preservation of the integrity of
the remaining ligament fibres, which contributes to reducing the chances of developing
meniscal disease (Whitney, 2003).

Also, visualization of the menisci is facilitated with arthroscopy as the arthroscope can be
positioned directly adjacent to the meniscus in cranial and caudal joint compartment, providing
a better perception of the integrity of these structures, allowing diagnosis and treatment of
meniscal tears (Pozzi et al., 2008; Beale & Hulse, 2010; Kowaleski et al. 2012). Two clinical
studies of dogs with CrCL disease showed that detection of concurrent meniscal diseases is 1.5
to 2 times more likely via arthroscopy than arthrotomy (Plesman, Gilbert & Campbell, 2013;
Ritzo et al., 2014). However, probing with a meniscal probe has been found to improve the
diagnostic ability of evaluations conducted via caudomedial or craniomedial arthrotomies as
well as arthroscopy (Pozzi et al., 2008). Meniscectomy can be performed with the aid of a
Hohmann retractor or a stifle distractor (Bottcher, Winkels & Oechtering, 2009; Pozzi et al.,
2008). Early osteoarthritic changes to articular cartilage can also be identified arthroscopically
but often will be missed with the naked eye (Beale & Hulse, 2010).
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Arthroscopy can also be combined with arthrotomy, which provides a less invasive approach
when compared with traditional arthrotomy and is easier to perform than the traditional
arthroscopy. In this case, the arthroscope is introduced in the arthrotomy incision and delivers
amplified and more detailed view of the intra-articular joint as previously described. Also, the
arthroscopy instruments can all be placed on a single incision and the probability of fluid
extravasation to the surrounding soft tissues is lower (Beale & Hulse, 2010). Arthroscopic-
assisted arthrotomy is a valuable technique which allows more precise evaluation of the stifle
joint and accurate treatment, with decreased pain and earlier return to function (Beale & Hulse,
2010).

3. TREATMENT OF CRANIAL CRUCIATE LIGAMENT RUPTURE
3.1. Conservative management

Although surgical treatment appears to be the most favourable choice for CrCL rupture as a
mean to minimize joint instability and progression of degenerative joint disease (Vasseur, 2003;
Piermattei, Flo & DeCamp, 2006), not all dogs are surgical candidates either due to age, health
condition, body score or owners’ financial constraints. In these cases, conservative management
is required in order to relieve clinical signs. Dogs weighing less than 15 Kg seem to be more
suitable for conservative management (Vasseur, 2003; Edge-Hughes & Nicholson 2007). A
multimodal therapy is used to alleviate pain originated by osteoarthritis, reduce its progression
and improve limb usage (Jaeger & Budsberg, 2010) and relies on the synergism provided by
the combination of analgesics, chondroprotective agents, weight reduction and exercise
restriction, which allow a decrease of clinical signs of pain (Lipowitz, 1993). Improvement is
seen when nonsteroidal anti-inflammatory drugs (NSAIDSs) are administered. Though, there is
evidence that NSAIDs do not always provide complete pain relief in dogs with osteoarthritis
(Lascelles & Main, 2002; Vasseur et al., 1995). Therefore, a combination of NSAIDs and
adjunctive analgesics can be used in such patients. NSAIDs’ side effects are well known and
include gastritis, nephrotoxicity, decreased platelet aggregation and gastrointestinal ulceration.
Also, there is evidence that some NSAIDs accelerate cartilage degeneration by suppression of
chondrocyte proteoglycan synthesis where osteoarthritis has been established (Brandt, 1987).
Yet, other NSAIDs show no adverse effects on cartilage synthesis, such as piroxicam, or
increase the matrix component synthesis and protect the chondrocytes against apoptosis, such

as meloxicam, and are often used in the medical management of osteoarthritis. However,
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NSAIDs incompletely supress the inflammatory proceed through a limited mechanism of
action, therefore, they are not completely effective controlling clinical signs of OA and a
multimodal regimen, including additional analgesics with different mechanisms of action, is
often recommended in order to enhance pain management (Lascelles et al., 2008). Drugs such
as tramadol, amantadine or gabapentin are often added to the treatment, in conjunction to
NSAIDs (Lambert et al., 2004; Lascelles et al., 2008; Jaeger & Budsberg, 2010).
Corticosteroids are effective in treating acute inflammation but their secondary effects, which
may include spontaneous tendon or ligament rupture and also the fact that they enhance the rate
of joint deterioration by inhibition of proteoglycan and cartilage biosynthesis, make them a last
resort for dogs with CrCL disease (Hossain, Park, Choi & Kim, 2008; Kotnis, Halstead &
Hormbrey, 1999; Chrysis, Zaman, Chagin, Takigawa & Savendahl, 2005).

Chondroprotective agents are thought to stimulate proteoglycan and hyaluronic acid synthesis
as well as inhibit proteases in the synovial fluid and so, constitute a resource which may help
controlling the progression of osteoarthritis in dogs (Dearmin, Trumble, Garcia, Chambers &
Budsberg, 2014). Also, nutraceuticals and dietary supplements may be added to the analgesic
therapy (Jaeger & Budsberg, 2010).

Overweight dogs put a lot of stress on their joints, therefore, restricted diet should be
recommended in order to decrease weight-bearing (Marshall et al., 2010; Mlacnik et al., 2006).
Exercise may also be restricted to reduce trauma-induced inflammation in the joints. Short
walks (10 minutes) on a leash for 6 to 8 weeks may contribute to regain satisfactory limb
function in some cases (Vasseur, 1984). However, physiotherapy may be beneficial. It can
include controlled exercise, such as swimming, proprioceptive training and exercises of range-
of-motion which help maintaining cartilage nutrition, muscle strength and cardiovascular
function (Mlacnik et al., 2006; VVasseur, 2003). Nevertheless, therapy must be adjusted for each
individual case, taking in account the degree of osteoarthritis, the patient’s clinical signs and
the dog’s response to a certain type of treatment because these factors are fairly variable
between different animals thus one treatment may not be suitable for all cases (Jaeger &
Budsberg, 2010).

3.2. Surgical management

CrCL rupture leads to instability of the joint which, in turn, leads to progression of
osteoarthritis. Hence, some authors consider conservative management an inappropriate choice

(Paatsama, 1952; Arnoczky, 1988). If lameness persists after conservative treatment, surgical
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stabilization of the stifle joint should be strongly recommended. In larger breeds, early surgical
management is recommended in order to minimize the development of osteoarthritis (Pond,
1972; Arnoczky, 1980). Surgery also allows assessment of the menisci and treatment of such
condition in case of meniscal injury (Franklin, Gilley & Palmer, 2010).

If a dog presents with bilateral CrCL rupture, the limb causing the worst lameness should be
assessed first and the second surgery should take place in 6 to 12 weeks later, if periarticular
fibrosis has not stabilized the joint yet, since single-stage bilateral surgeries are associated with
an increased risk of complications compared to unilateral surgery (Kiefer, Langenbach, Boim,
Gordon & Marcellin-Little, 2015; Boudrieau & Kowaleski, 2009; Kergosien et al., 2004).
There are several techniques used to manage CrCL rupture in dogs, but there is not a single one
that is considered entirely satisfactory (Vasseur, 2003). In general, surgical techniques can be

divided into intra-articular, extracapsular and tibial osteotomies.

3.2.1. Intra-articular or intracapsular techniques

Intra-articular techniques provide stabilization of the stifle by repairing or replacing the
ligament with a graft. Currently, primary repair of the CrCL is rarely attempted due to the
technical limitations intrinsic to pre-existing CrCL degeneration and poor regenerative
capacities of the damaged ligament (O’donoghue, Rockwood, Frank, Jack & Kenyon, 1966).
Intracapsular techniques are technically more demanding than the extracapsular stabilization
techniques. Many techniques have been developed for replacing the CrCL using autografts,
allografts and prosthetics (Manley, 2010). Paatsama (1952) described the first surgical
procedure for treatment of the CrCL rupture, in which the normal CrCL attachments and
orientation were simulated by placement of an intra-articular fascia lata autograft through bone
tunnels drilled on the femur and tibia (Paatsama, 1988). Later, Arnoczky et al. (1979) described
the “over-the-top” procedure, which involves a graft of the medial third of the straight patellar
ligament passing through the stifle along the original CrCL’s path. The free end of the graft is
then passed over the top of the lateral femoral condyle and sutured to the tissues on the lateral
femoral condyle (Arnoczky, Tarvin & Marshall, 1982). Other intra-articular techniques were
described such as modifications of these two techniques (Dickinson & Nunamaker, 1977;
Hulse, Michaelson, Johnson & Abdelbaki, 1980). In such procedures, the anatomic
configuration of the CrCL and its attachments to bone make its replication hardly accurate,
which leads to excessive tension during flexion of the stifle resulting in early breakdown of the
replaced ligament due to failure to recreate the mechanical environment of the CrCL (Manley,
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2010). Consequently, these techniques have shown worse outcomes than extracapsular or

dynamic stabilization techniques (Conzemius et al., 2005).

3.2.2. Extracapsular techniques

Extracapsular stabilization of the stifle joint consists of using a biological or synthetic material
with femoral and tibial fixation points to passively resist cranial drawer, internal rotation and
hyperextension, temporarily, while periarticular fibrosis develops, to then provide function and
stability of the stifle in the long-term. These procedures are relatively simple to perform, not
requiring highly technical equipment with low related costs, and are associated with good
outcomes, in terms of safety and efficiency, which have been reported to be comparable to the
outcomes of tibial osteotomies for management of the CrCL disease (Cook, 2010; Cook, Luther,
Beetem, Karnes & Cook, 2010; Conzemius et al., 2005; Lazar, Berry, deHaan, Peck & Correa,
2005; Millis, Durant, Headrick & Weigel, 2008; Au et al., 2009).

Figure 6: Illustrations of lateral femorotibial suture (Left) and TightRope (Right) methods for
extracapsular stabilization in the dog. (Adapted from: Muir, P. Structure and Function, Advances in
Canine Cranial Cruciate Ligament, 1* ed., 2010, p. 166. Wiley-Blackwell)

DeAngelis and Lau (1970) described the lateral suture stabilization technique, which consists
of placement of sutures from around the fabella to the point of insertion of the patellar ligament.
The majority use synthetical implants placed on the lateral side of the stifle. However, various
materials have been used for these procedures, including multifilament braided materials, such
as polyester or fiberwire, which have better stiffness, creep, load-to-failure and knot security
than monofilament materials, such as nylon or polypropylene, which, in turn, are less
susceptible for infection, tissue reaction or sinus formation and allow crimp fastening. Joint

stability is more effectively maintained by crimped loops when compared to knotted loops
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(Vianna & Roe, 2006). A modification of the technique described by DeAngelis and Lau,
named the lateral fabellotibial suture, is widely used in veterinary medicine, representing one
of the most common extracapsular procedures performed (DeAngelis & Lau, 1970; Cook, 2010;
Kowaleski et al., 2012). This procedure stabilizes the stifle by placing a heavy gauge suture
material around the lateral fabella and through a tunnel in the proximal tibial methaphysis
(Kowaleski et al., 2012) and relies on periarticular fibrosis to provide a long-term restraint to
cranial translation of the tibia. A crimp clamp system has been shown to ease the tightening of
heavy nylon material and enhance the biomechanical properties of the repair (Anderson et al.,
1998). However, the materials used stretch or break at some point. If that occurs before the
healing process is finished, instability correction fails. Recently, a modification of the lateral
fabellotibial suture, the TightRope® (Arthrex Vet Systems, Naples, FL) procedure, has been
described, using a strong type of suture and fixation to bone, and has been associated with better
outcomes in strength and stiffness, as well as, less displacement during cyclic loading (Cook et
al., 2010). Reported complications associated with extracapsular techniques include incorrect
implant placement (in tension or location), postoperative implant loosening, postoperative
meniscal tears and infection. Casale & McCarthy (2009) reported a complication rate of 17.6%
associated with lateral fabellar suture repair in a study including 363 cases and 7.2% of limbs
required additional surgery to treat a complication. In the same study high body weight (more
than 35 kg) and young age of dog (younger than 5 years of age) at the time of surgery were

factors that associated significantly with a higher rate of complications.

3.2.3. Tibial Plateau Levelling Techniques

Despite the reported good limb function in most of the dogs that have had extra or intracapsular
procedures for correction of CrCL rupture, these methods are generally far from having optimal
long-term outcomes because they are not reliable at maintaining stifle stability, reducing
progression of osteoarthritis nor preventing late meniscal injuries (Gambardella, Wallace &
Cassidy, 1981; Chauvet, Johnson, Pijanowski, Homco & Smith, 1996; Vasseur & Berry, 1992).
In 1984 a new concept was born when Slocum described the cranial tibial wedge ostectomy
(CWO). This new concept is based on dynamic stabilization of the CrCL-deficient stifle by
changing bone geometry, with no need for passive restraint against laxity. Therefore, tibial
osteotomies make no attempt at restoring anatomic stability; instead they provide functional
stifle stability only during weight bearing. CWO intends to eliminate cranial subluxation of the
tibia during weight-bearing by reducing the tibial plateau slope. Other several procedures based
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on the same theory were then described, particularly the tibial plateau levelling osteotomy
(TPLO), which has gained in popularity since introduced in 1993 (Corr, 2009; Aragon &
Budsberg, 2005).

3.2.3.1. Closing Wedge Ostectomy

The cranial tibial closing wedge ostectomy (CWO) was first described in 1984, by Slocum, for
treatment of CrCL rupture in dogs, and it consisted of removing a wedge of bone, by performing
an ostectomy, at the proximal third of the tibia; with the wedge angles ranging from 18° to 30°
as the method used to determine the wedge angle for individual cases was not specified, with
the objective of reducing the TPA (Slocum & Devine, 1984). Currently, CWO surgery is
performed as a definitive stabilization procedure that aims to reduce the TPA to about 5°, in
order to provide stifle stability and eliminate cranial tibial translation during the stance phase
of the gait cycle, by neutralizing the cranial tibial thrust force. Thus, the need for a CrCL as a
restraint to the cranial tibial thrust is eliminated. This is achieved by performing two
osteotomies in the proximal third of the tibia, so that a wedge of bone can be removed, followed
by reduction with apposition of both margins of the ostectomised site and fixation with a plate

and screws (Dejardin, 2003).

Figure 7: Illustrations of the Closing Wedge Ostectomy Procedure: the angle of the wedge of bone to
be removed is delineated (Left) and then two osteotomies are performed. The fracture is reduced and
fixation is performed with the placement of a plate and screws (Right). (From: Surgivet (2014). Cruciate

repairs in dogs. Accessed June 2016, in http://www.surgivet.co.uk/cruciate-repairs-in-dogs.html

The ostectomy should be performed as most proximally as possible, immediately distal to the

tibial crest, while ensuring that both fragments of bone are long enough for placement of, at
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least, three screws in each (Bailey, Smith & Black, 2007). The caudal edge of the tibia can be
left intact for stability. Some surgeons will require an assistant to hold the two fragments of the
tibia together while the plate and screws are being placed, whereas others opt to place an
orthopaedic wire through drilled holes, positioned cranially, immediately proximal and distal
to the osteotomy surfaces and tightening it to compress the wedge shaped gap in between. The
plate(s) have to be contoured before fixation for a more accurate reduction of the ostectomy site
and is then placed on the medial surface of the tibia as adjustments are made to ensure the
perfect alignment of the two bone fragments for an accurate reduction before placement of the
screws. It is recommended to place one of the screws with the limb in a load position to provide
compression of the ostectomy surfaces (Dejardin, 2003) Size and number of plates needed
depend on the patient’s body weight.

The angle of the ostectomy is determined based on the preoperative TPA measured on
radiographic examination. For measurement of the TPA a mediolateral radiograph is required
and a correct positioning is very important. Stifle and tarsus have to be included in the
radiograph and the femoral condyles should exactly overlap each other. Sandbags or foam
wedges can be used if necessary. The beam should be centred over the stifle (Dejardin, 2003).
It has been shown that limb position affects radiographic TPA measurement. Cranial and
proximal positioning of the limb relative to the X-ray beam results in TPA overestimation. In
contrast, caudal and distal positioning results in underestimation of the TPA (Reif et al. 2004).
The TPA measurement follows four steps. The first three consist of drawing the following lines

on the radiograph:

e Functional tibial axis line, which passes through the centre of the talus and the centre of
the intercondylar eminences

e Medial tibial plateau line, connecting the cranial aspect of the medial tibial plateau to
the caudal aspect of the medial tibial plateau

e Reference line, which is a line perpendicular to the functional tibial axis line

Finally, the TPA can be measured as the angle formed by the medial tibial plateau line and the
reference line (Dejardin, 2003). TPA readings obtained from different readers can vary up to
+4.8 degrees and intraobserver variability can reach +3.4 degrees (Caylor, Zumpano, Evans &
Moore, 2001).

As the desired postoperative TPA is around 5°, the angle of the ostectomy is determined by the
preoperative TPA minus 5° (for example, if the preoperative TPA is 30°, the angle of the wedge
to be removed will be 25°) (Dejardin, 2003). However, some biomechanical studies suggest

that the angle of the wedge to be removed has to be the same as the preoperative TPA, in order
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to achieve a postoperative TPA of 5° (Apelt, Pozzi, Marcellin-Little & Kowaleski, 2005). One
would think this would originate a postoperative TPA of 0°, which, in practice, does not verify
due to the deviation of the functional tibial axis produced by the CWO. After the procedure, the
intercondylar eminences are cranially deviated, resulting in a deviated functional tibial axis
(Bailey et al., 2007; Kowaleski & McCarthy, 2004). The difficulty of achieving accurately the
desired postoperative TPA of 5% is most likely owed to the variability of size and ostectomy
positioning along with the deviation of the functional tibial axis (Bailey et al., 2007). With the
purpose of overcoming this, the ostectomy should be done as proximal as possible, the cranial
cortices should be aligned and 2°-3° may be added to the size of the wedge to be removed
(Bailey et al., 2007).

Clinical bone union usually takes about 6 weeks to occur (Dejardin, 2003). Restriction of
physical activity is mandatory during the healing process and gradual increase in exercise
should be attained. Physiotherapy is usually recommended in order to enhance recovery,
particularly hydrotherapy, which may be initiated 10 to 14 days after surgery, once the surgical
wound has healed (Caldwell, 2015). The cranial drawer sign will remain positive after surgery
since there is no CrCL. However, the tibial compression test will usually be absent by three
months postoperatively (Slocum & Devine, 1984).

Slocum reported a 79% excellent results in 19 dogs, with the major complications being tibial
fractures and screw loosening, whereas a rate of 94% good to excellent results and 8.4%
complication rate requiring second surgical intervention were reported in a combined TPLO
and CWO series in 1993 (Slocum & Devine 1984). In a series of 122 CWO cases were
presented, revealing 86% of good to excellent return to function (Watt, Sommerlad & Robins,
2000). Holsworth (2004) referred a complication rate of 11.9% of 101 CWO procedures
requiring second surgical intervention. Corr and Brown (2007) reported 92% “good” or
“excellent” outcomes with either CWO or TPLO techniques and determined there was not a
significant difference in outcome between dogs that had TPLO or those that had CWO
procedure. Moreover, all dogs (19 dogs that underwent TPLO and 18 that underwent CWO)
revealed a rapid return to weight bearing after surgery and complication rates did not differ
between the two groups. However, in this study, complications associated with CWO were
more likely to require surgical management (Corr & Brown, 2007).

This technique has been reported to have a faster return to weight-bearing than other surgical
techniques (Watt et al., 2000).

A study in which kinematic gait was analysed, in ten adult beagles that were assigned to TPLO
(five dogs) and CWO (five dogs), showed that dogs which underwent CWO procedure for

repair of a CrCL rupture were more likely to have significantly hyperextended gait patterns
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during the swing phase of the gait cycle, while trotting, than those that underwent TPLO
procedure. CWO surgery changes stifle and tibiotarsal joint angles compared with preoperative
values. However, during stance phase, dogs that underwent CWO had normal joint angles and
did not differ from those that underwent TPLO procedure. Despite the differences observed
during the swing phase of the gait, it is likely to be no clinical difference in these dogs,
notwithstanding which surgical technique is performed (Lee, Kim, Kim & Choi, 2007).

Data on complication rates associated with CWO is much scarce than that of TPLO.
Retrospective studies show relatively high complication rates of 31-36%, whereas reoperation
rates of 12-18% have been reported with CWO technique in medium and large dogs (Kuan,
Smith & Black, 2009).

3.2.3.2. Tibial Plateau Levelling Osteotomy

Tibial plateau levelling osteotomy (TPLO) is another procedure which results only in dynamic
stifle stability. For this reason and because TPLO does not attempt to restore the passive
constraint of the CrCL, cranial tibial translation can still be elicited manually after surgery
(Slocum & Slocum, 1998). Stabilization of the stifle during weight-bearing is attained by
decreasing cranial tibial thrust, which leads to a functional stabilisation by enhancing the
effectiveness of the hamstrings and biceps femoris muscles (Slocum & Slocum, 1998). A
reduced TPA prevents cranial thrust by limiting the shear force generated by compression of

the stifle during weight-bearing (Slocum & Slocum, 1993; Slocum & Devine, 1983).

Figure 8: lllustrations of Tibial Plateau Levelling Osteotomy Procedure: the blue line shows the change
in the tibial plateau slope. (From: Laurie O'Keefe (2015), Veterinary. Accessed June 2016, in
http://laurieokeefe.com/veterinary/#gallery/1008/74

Similarly to the CWO procedure, the target in TPLO technique is to achieve a TPA of 5°.

However, in this case, the target TPA is conceivable by a radial osteotomy of the proximal tibia
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and rotation of the bone segment, with subsequent placement of a TPLO plate and screws for
fixation, according to the principles of internal fixation (Kowaleski et al., 2012). Conventional
screws or locking screws can be used for fixation of the plate. The use of locking screws has
shown an increased stabilization of TPA during bone healing and improved radiographic
evidence of osteotomy healing (Conkling, Fagin & Daye, 2009). The magnitude of rotation
necessary for each individual case is based on the preoperative patient’s TPA, measured on
radiography. The correlation between preoperative planned magnitude of rotation and
postoperative TPA is good (Windolf et al., 2008). Nevertheless, it is a challenging technique to
perform and requires great accuracy when executing the osteotomy and the rotation to precisely
obtain the desired postoperative TPA. The osteotomy should be centred on the proximal tibial
long axis point dividing the intercondylar tubercles. If positioned distally, a greater TPA than
what is expected may result (Kowaleski, Apelt, Mattoon & Litsky, 2005).

It is of major importance to assess intra-articular structures for appropriate treatment of other
abnormalities such as meniscal injuries, which can be associated with CrCL rupture.

Early intensive physiotherapy has proved to be beneficial and should be considered as part of
the postoperative management to induce functional improvement in ROM of the stifle joint,
prevent muscle atrophy and build muscle mass and strength. The intensive program should be
closely monitored by a physiotherapist (Monk, Preston & McGowan, 2006).

TPLO technique is associated with high long-term success rates and it is more likely to be
associated with full function outcomes when compared with TTA surgery (Christopher, Beetem
& Cook, 2013). In a randomized, blinded, controlled clinical trial, owners, whose dogs had
undergone surgical treatment for CrCL repair, ranked their satisfaction 1 year after surgery as
a minimum score of 9 out of 10 in 95% of TPLOs (Gordon-Evans et al., 2013).

Complications associated with TPLO procedure have been well documented in the veterinary
literature but rate and type of complications vary significantly between studies. Complications
include subsequent meniscal injury, implant failure, infection, incisional complications such as
inflammation, drainage, swelling, seroma and infection, tibial tuberosity fracture/avulsion,
patellar tendonitis, medial patellar luxation and intra-articular screw placement (Fitzpatrick &
Solano, 2010; Garnett & Daye, 2014; Gordon-Evans et al., 2013; Nelson et al., 2013; Oxley,
Gemmill & Renwick, 2013; Gatineau, Dupuis, Planté & Moreau, 2011). Incisional
complications and infections represent the majority of complications but most of them don’t
require surgical intervention. The most common major complications, which require second
surgical treatment, include subsequent meniscal tear, osteomyelitis, tibial fractures and non-
union. In a study involving 297 TPLO procedures the complication rate reported was 28%

(Pacchiana, Morris, Gillings, Jessen & Lipowitz, 2003). Another study reported a complication
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rate of 20.6% of all 253 TPLOs analysed with approximately 25% of the 193 dogs being
affected, with a higher incidence of complications when bilateral TPLOs were performed
during a single anaesthetic episode (Priddy, Tomlinson & Dodam, 2003). Holsworth (2004)
referred a complication rate of 4.5% in 156 TPLO procedures requiring second surgical
treatment. In 2006 an overall complication rate of 18.8% was reported in a study of 696 TPLO
procedures (Stauffer, Tuttle & Elkins, 2006). However, the most recently reported retrospective
studies reveal a much lower rate of TPLO complications, varying from 9.7% to 14.8%
(Gatineau et al., 2011; Fitzpatrick & Solano, 2010; Coletti, Anderson, Gorse & Madsen, 2014).
Factors such as increased age and body weight, breed, complete preoperative CrCL tear, steep
TPA, thin craniocaudal crest and surgeon’s experience may predispose to complications
(Pacchiana et al., 2003; Bergh, Rajala-Schultz & Johnson, 2008; Tuttle & Manley, 2009;
Fitzpatrick & Solano, 2010; Gatineau et al., 2011; Taylor, Langenbach & Marcellin-Little,
2011; Bergh & Peirone, 2012). Bilateral TPLOs performed during a single anaesthetic episode
were initially discouraged because of their high complication rate of 40% (Priddy et al., 2003).
Preventative measures, such as the use of locking implants specifically designed for TPLO
procedures, which reduce the technical difficulty of the technique and also, adjustment in the
postoperative management of patients, in order to avoid contamination and provide a rapid
return to function without premature loading of the limb, have been developed in an attempt to
reduce complication occurrence (Griffon, 2016).

3.2.4. Tibial Tuberosity Advancement

Tibial tuberosity advancement (TTA) also attempts to achieve dynamic stabilization of the
stifle. In this procedure, craniocaudal stability is achieved by changing the relative alignment
of the patellar tendon to the tibial plateau. A frontal plane osteotomy of the tibial crest advances
the patellar tendon perpendicular to the tibial plateau, neutralizing cranial tibial thrust. This
technique was first described by Maquet (1976) and it is based on a human mechanic model of
the knee forces acting on the joint during weight-bearing.

There was evidence that a variable tibiofemoral shear force was present in the knee. This force
was directed either anteriorly during extension or posteriorly during flexion, subsequently
depending on the patellar tendon angle (PTA), which corresponds to the angle between the
patellar tendon and the tibial plateau (Nisell, Németh & Ohlsén, 1986). In full extension the
PTA is bigger than 90° and in full flexion is smaller than 90°. On the point where the PTA is

90°, the “crossover” point, there is no cranial nor caudal tibiofemoral shear force present. The
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TTA alters the geometry of the proximal tibia so that the PTA is maintained under 90°
throughout weight-bearing. This way, TTA neutralizes cranial tibiofemoral shear force in a
stifle with CrCL rupture (Maquet, 1976; Nisell et al., 1986; Montavon, Damur & Tepic, 2002;
Tepic, Damur & Montavon, 2002). Stifle stability is achieved by advancing the tibial tuberosity
until the PTA reaches 90° (Tepic et al., 2002).

Figure 9: lllustrations of the Tibial Plateau levelling osteotomy: the PTA is measured and the tibial
tuberosity is advanced and fixed aiming a final PTA of 90. (Adapted from: Allegheny Veterinary
Associates  (2007). TTA: Tibial Tuberosity Advancement, Accessed June 2016, in

http://www.alleghenyvet.com/tta-tibial-tuberosity-advancement/

-

TTA procedure is considered a method of CrCL repair with good to excellent functional
outcome, which can be successfully used to obtain dynamic stability of the stifle joint in dogs.
In a retrospective study, 84% of owners, whose dogs had undergone TTA procedure, stated that
they would be willing to repeat the procedure (Steinberg, Prata, Palazzini & Brown, 2011).
Complications associated with this technique have been reported, most recently, in a
retrospective study of 501 TTA procedures, with an overall complication rate of 19% (Wolf,
Scavelli, Hoelzler, Fulcher & Bastian, 2012). The authors consider such complication rate
comparable to those reported for TPLO procedures and lower than rates previously reported for
TTAs. In 2007 a retrospective study of 101 dogs that underwent TTA reported an overall
complication rate of 31.5%, 12.3% being major and 19.3% minor complications (Lafaver,
Miller, Stubbs, Taylor & Boudrieau, 2007). Complications associated with TTA procedure
include subsequent meniscal tear, with a reported incidence of 27% (Christopher et al., 2013);
tibial fractures involving the tuberosity or, less commonly, the diaphysis, with an overall
incidence of 4 to 5% (Wolf et al., 2012; Calvo et al., 2014); implant failure, reported in about
2% of cases (Wolf et al., 2012); infection; lick granuloma; incisional trauma and medial patellar
luxation, reported in an average of 3.2% of cases (Hirshenson et al., 2012; Steinberg et al.,

2011; Yeadon, Fitzpatrick & Kowaleski, 2011; Lafaver et al., 2007). Similarly to TPLOs,
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incisional complications, such as infection and inflammation, were the most commonly
reported complications, with an incidence of approximately 35%, generally resolving with
medical treatment (Griffon, 2016).

4. OVERVIEW OF COMPLICATIONS ASSOCIATED WITH SURGICAL
MANAGEMENT OF THE CRANIAL CRUCIATE LIGAMENT RUPTURE

4.1. Degenerative joint disease

Degenerative join disease (DJD) is the result of mechanical and biologic events that disrupt the
regular balance of degradation and synthesis of articular cartilage and subchondral bone,
affecting the chondrocytes and surrounding matrix, leading to morphologic, biochemical,
molecular and biomechanical changes. DJD is responsible for causing pain, decreasing range
of motion, creating crepitus and inflammation. DJD is often already present in cases of CrCL
disease at the time of surgical treatment. However, iatrogenic articular damage, which means
injury to the cartilage caused by a diagnostic or therapeutic procedure, may cause DJD in cases
that showed no alterations previously or can aggravate the condition in cases that had already
degenerative joint changes. Despite being a common complication, iatrogenic articular damage
is rarely reported (Klein & Kurze, 1986; Byrd, 2000). Exposure of subchondral bone can be
identified by direct visualisation and absence of remodelling as well as fresh lesion edges
support the diagnosis of acute damage. It may result from direct trauma to the articular surface,
which may occur during arthrotomy or arthroscopy, or secondary to penetration of an implant
(usually, a screw) in the subchondral bone or in the deeper layer of the cartilage, compromising
the tissue biomechanics. Initial studies on TPLO reported 1% or fewer cases of intra-articular
placement of screws or jig pins (Pacchiana et al., 2003; Priddy et al., 2003). Intra-articular
placement of surgical implants, implant migration, inadequate use of instrumentation during
intra-articular surgery, meniscectomy and meniscal release (Luther, Cook & Cook, 2009) are
factors that contribute to DJD. CrCL disease is a predisposing cause for DJD and, even though,
surgery acts on the cause, it cannot correct secondary degenerative changes, therefore, allowing
the breakdown cycle of articular cartilage. Moreover, progression of DJD is an expected
outcome after most intra-articular surgeries, being reported to occur in 40% to 76% of dogs
after TPLO (Lineberger et al., 2005; Boyd, Miller, Etue & Monteith, 2007; Hurley, Hammer &
Shott, 2007), 55% in cases of TTA (Morgan et al., 2010) and in 100% of cases after
intracapsular techniques (Boyd et al., 2007).
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Alongside with meniscal surgery, failure of achieving joint stability by either incorrect
reduction of the osteotomy or implant failure (eg. loosening screws) can alter load distribution
throughout the joint, leading to progression of DJD. In cases of intra-articular implant
placement the implant should be immediately removed to avoid postoperative pain and
progression of DJD. Long-term medical management should be considered in all cases and
include weight and exercise management, use of nutraceuticals, rehabilitation and NSAID
therapy. Postoperative immobilization leads to decreased synovial fluid production, cartilage
stiffness and thickness that result in ulcerative lesions over opposing surfaces of articular
cartilages, therefore, postoperative rehabilitation is becoming standard of care after joint

surgery (Marsolais, Dvorak & Conzemius, 2002).

4.2. Infection

Surgical wound infection is the most common cause of postoperative morbidity, with rates of
5.1% (Vasseur, Levy, Dowd & Eliot, 1988) to 5.8% (Eugster, Schawalder, Gaschen & Boerlin,
2004) in small animals. Risk factors include those that are patient-related, such as age, body
weight (Eugster et al. 2004), nutritional status or altered immune status (Mangram, Horan,
Pearson, Silver & Jarvis, 1999; Ata, Lee, Bestle, Desemone & Stain, 2010; Moucha, Clyburn
& Evans, 2011) and those which are operation-related, such as duration of surgical scrub,
preoperative clipping and skin preparation (Brown, Conzemius, Shofer & Swann, 1997),
duration of surgery (Vasseur et al., 1988; Brown et al. 1997; Eugster et al., 2004) and anesthesia
(Nicholson, Beal & Shofer, 2002; Eugster et al., 2004; Owen et al. 2009), antimicrobial
prophylaxis, operating room ventilation, sterilization of instruments, foreign material in the
surgical site or surgical technique (Laitinen-Vapaavuori, 2016). In a recent meta-analysis, it
was concluded that preoperative cleansing with chlorhexidine is superior to povidone-iodine in
reducing postoperative wound infections after clean-contaminated surgery (Noorani, Rabey,
Walsh & Davies, 2010). Diagnosis is based on clinical signs, such as presence of purulent
discharge, redness, pain, swelling and heat, and possible positive bacterial culture from
infection site. If only redness, swelling or heat is present, one has to differentiate it from the
normal inflammatory response expected during early wound healing, which generally subside
within 24 to 48 hours post-surgery (Laitinen-Vapaavuori, 2016). These signs can also be
accompanied by systemic signs, such as fever, tachypnea and leukocytosis with a left shift.
When the infection involves the bone, radiographic examination may be warranted and signs
of inflammation of the bone (osteomyelitis) can be identified. Surgical drainage or wound
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debridement may be required depending on the extent of tissue involvement, associated to
appropriate antimicrobial therapy, which should, preferably, be based on bacterial culture
results, and pain relief. Superficial infections that only involve the skin and subcutaneous
tissues have good prognosis, though it may prolong recovery time. Infections involving deep
tissues or bone can seriously affect the outcome of surgery, causing greater discomfort to the
patient, increasing costs and prolonging significantly recovery (Laitinen-Vapaavuori, 2016).
Therefore, osteomyelitis represents one of the most challenging complications after orthopedic
surgery. In 2003 a retrospective study of 253 TPLOs reported osteomyelitis as the single most
common complication (Priddy et al., 2003). Later studies revealed lower rates, ranging from
3% to 10% (Frey, Hoelzler, Scavelli, Fulcher & Bastian, 2010; Bergh & Peirone 2012; Etter,
Regetly, Bennett & Schaeffer, 2013). The organisms most commonly isolated include gram-
positive organisms, particularly Staphylococcus spp., which was isolated in 14 cases in a study
of 21 TPLO plate removals due to postoperative infection (Gallagher & Mertens 2012). Another
study reported 13 Staphylococcus pseudointermedius isolates of 15 infected TPLOs, 4 of which
were methicillin resistant (Nazarali, 2013). Use of skin staples has been identified as a factor
predisposing to surgical wound infection, having nearly doubled (factor 1.9) the risk of
infection or inflammation after staple closure in 902 CrCL repairs (Frey et al., 2010). Soft tissue
swelling associated to osteomyelitis may appear radiographically within 24 to 48 hours but
bony changes take normally 10 to 14 days. Yet, definitive diagnosis and antibiotherapy should
be based on culture and sensitivity test from deep aspiration or tissue biopsy. Treatment usually
requires surgical debridement, allowing also assessment of the underlying factors that caused
the infection, such as loose metallic implants or presence of necrotic tissue, and long-term
(minimum 6 weeks) systemic antibiotherapy. Prophylactic antibiotherapy is justified by
duration of surgery, placement of implants and pre-existing compromise of trauma patients. A
study of 808 dogs that underwent TPLO procedure showed that dogs which do not receive
postoperative antibiotherapy are four times more likely to develop surgical site infection than
dogs that received postoperative antibiotics (Frey et al., 2010), which was then supported by
another study of 1000 TPLOs, in which the probability of developing postoperative infections
of a dog that received postoperative antibiotics was half the odds of a dog that did not receive
such treatment (Fitzpatrick & Solano, 2010). Modifications to biomaterial surfaces of implants
at an atomic level (by polishing and coating) may improve fibroblast and osteoblast cells
attachment and proliferation, whereas minimizing bacterial adhesion, therefore preventing

implant-related osteomyelitis (Gristina, 1987).
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4.3. Delayed bone healing

Adult dogs generally have radiographic evidence of bone bridging fracture line by 12 weeks
and immature dogs by 6 weeks. When bone healing is not as quick as expected, based on
biologic, mechanical and clinical factors, it is considered delayed union. The anticipated
fracture healing rate takes into consideration the location of the fracture, the nature of the
traumatic injury, the animal’s systemic state, the fixation of the fracture and postoperative
management (Hayda, Brighton & Esterhai, 1998). Factors that contribute for the occurrence of
this complication include systemic illness, compromised vascular supply, unstable implants,
extremely rigid fixation, infection, poor postoperative management and pharmacologic factors
such as use of corticosteroids and NSAIDs. Long-term administration of carprofen seemed to
inhibit bone healing in tibial osteotomies in dogs (Ochi et al., 2011). Radiography is the
standard method to evaluate bone healing (Axelrad & Einhorn, 2011), although weight bearing
and pain on palpation are important clinical signs. In general, fractures that are not healed by
12 to 16 weeks or that have evidence of progressive healing but with doubt relatively to
outcome, are diagnosed as delayed unions. Unstable fixation can lead to non-union and, in that
case, implants should be replaced and a bone graft is recommended, followed by radiographic
examination in 6-week intervals. In cases where implants show no evidence of impending
failure and there is evidence of bone healing, conservative care is the option, consisting of
continued confinement and serial evaluations. If there is minimal progression of healing, a
cancellous bone autograft or allograft with demineralized bone matrix can be inserted surgically

to promote healing (Hoffer, Griffon, Schaeffer, Johnson & Thomas, 2008).

4.4. Subsequent meniscal disease

Meniscal lesions that were not diagnosed during the first approach to CrCL treatment and were
then detected postoperatively are considered subsequent meniscal injuries. Its pathogenesis can
generally be attributed to residual joint instability and abnormal distribution of loads across the
joint. It is one of the most common complications found after CrCL repair, with an
approximately incidence of 3% to 6%, with great variations amongst reports. The medial
meniscus is most frequently affected and bucket handle tears are the lesions most commonly
identified, representing approximately 76% of cases reported by Case et al. (2008), whereas
lesions such as frayed caudal horn tears of the medial meniscus and longitudinal tears of the
lateral meniscus were only diagnosed in approximately 21% and 3%, respectively, of cases

reported in the same study, in which 26 dogs (29 stifles) had second arthroscopic examination
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due to lameness following CrCL repair surgery. Subsequent meniscal disease should be
suspected in dogs that had previous surgery for correction of CrCL failure presented for
persistent lameness, acute onset of lameness or failure to improve to predictable levels of
function. Dogs with pain upon flexion of the stifle are 4.3 times more likely to have medial
meniscal disease and detection of an audible meniscal click increased the likelihood of the
disease by a factor of 11.3 (Dillon et al., 2014). A definite diagnosis is achieved, preferably, by
arthroscopy or by direct inspection via arthrotomy. Partial meniscectomy, hemi-meniscectomy
or complete meniscectomy, according to the grade of meniscal damage, can be performed either
via arthroscopy or arthrotomy improving or resolving lameness in about 95% of cases (Case et
al., 2008). Progression of DJD is expected in such cases and so, medical management should
be considered for this condition after surgery. To prevent subsequent meniscal injuries,
recommendations are to improve the detection of pre-existing lesions at first assessment of
CrCL disease, which is best achieved via arthroscopy (Plesman et al., 2013; Ritzo et al., 2014).
Medial meniscal release is a preventative measure which has been developed in an attempt to
overcome this problem. It has been introduced to allow the medial meniscus to move away from
the crush exerted by the medial femoral condyle during cranial translation of the tibia. In a
clinical study of 163 dogs with CrCL disease this procedure showed to be effective at
decreasing the risk of subsequent meniscal disease (Ritzo et al., 2014). Currently, caudal
meniscal release via transection of the caudal meniscotibial ligament is preferred over a radial
release (Griffon, 2016). However, the efficacy of meniscal release is still a controversial topic

as it has also been associated to predispose to progression of OA (Pozzi et al., 2008).

4.5. Osteosarcoma

Primary tumours of bone may arise at a previous fracture site, possibly secondary to the original
trauma or placement of implants, although plate fixation is most commonly associated with this
condition. Despite osteosarcomas being the tumours most commonly reported, undifferentiated
sarcomas, fibrosarcomas and other tumour types have also been described. Some studies report
sarcomas of the proximal tibia in dogs after TPLO (Boudrieau, McCarthy & Sisson, 2005;
Straw, 2005; Harasen & Simko, 2008; Atherton & Arthurs, 2012; Selmic et al., 2014). In a
study of 1135 cases of appendicular osteosarcoma, 17% were at sites of previous TPLO
surgeries. However, dogs that have bilateral procedures are 8.4 times more likely to develop a
tumour (Sartor, Selmic, Withrow & Ryan, 2013). The fact that osteosarcomas spontaneously
develop in the proximal tibia makes it harder to establish a correlation between TPLO and
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sarcomas. Even though, it has been proposed that corrosion of stainless steel implants could
increase osteolytic activity in adjacent bone and chronic synovitis, potentially contributing to
neoplasia. This would justify explantation of TPLO plates after clinical union of the osteotomy.
Treatment options, most commonly, include amputation with or without chemotherapy. Selmic
et al. (2013) reported a median survival time of 313 days after limb amputation and adjuvant
chemotherapy, in ten out of 29 dogs diagnosed with proximal tibial osteosarcoma at least 1 year
after TPLO.

4.6. Implant failure

Implant failure results from implant loosening or breakage, compromising stabilization of the
osteotomy and subsequent bone healing (Griffon, 2016). Use of non-locking screws or failure
to obtain bicortical fixation, excessive postoperative exercise, infection, excessive micromotion
at the osteotomy site, concurrent fibular head fractures and delayed bone healing are factors
that may contribute to implant failure (Griffon, 2016). Clinical signs vary according to the type
of implant failure and can be absent in certain cases, such as those of loosening of single screw
that is sometimes found at follow-up radiographies, or can be obvious and sudden with non-
weight-bearing lameness and crepitus on palpation (Griffon, 2016). The diagnosis is confirmed
through radiographic examination and signs may include radiolucency around the implant,
implant migration, loss of reduction of the osteotomy, delayed healing and bone fracture. In
cases where implant loosening is an incidental finding, conservative management associated
with rest may be considered if progression is the expected and further assessment should be
carried out if stability is questionable or if bone healing is delayed (Griffon, 2016). Other cases
require immediate surgical revision, often with implant replacement, after which procedure the
prognosis is generally good, although bone healing may delay. Mostly, implant failure results
from inadequate technique for plate contouring or failure to obtain bicortical screw fixation
(Griffon, 2016).

4.7. Bone fractures

Bone fractures secondary to TPLO may occur in the fibula, tibia and tibial tuberosity. Tibial
tuberosity avulsion fractures have been reported in 4% of 213 TPLOs in a retrospective study
(Bergh et al., 2008). Incidence of fibular fractures vary amongst studies, having been reported
5.4% in a study of 168 TPLOs (Tuttle & Manley, 2009) and 15% in other study of 355 TPLOs
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(Taylor et al., 2011). Both fibular and tibial tuberosity fractures are generally diagnosed on
follow-up radiographs. Fibular fractures are treated conservatively unless they are associated
with implant failure. Tibial fractures are not common but mean major complications after
TPLO, inducing non-weight bearing lameness, and they are normally concomitant with implant
failure (Griffon, 2016).

5. OBJECTIVES
The objective of this study was to describe the surgical technique and complications of closing
wedge ostectomy for treatment of CrCL disease in dogs, performed by one veterinary surgeon

at Kingston Veterinary Group over the last 9 years.
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Il. MATERIALS AND METHODS

1. Inclusion criteria

Medical records of 108 dogs (145 stifles) that underwent a standard CWO for CrCL rupture at
Kingston Veterinary Group in Hull, performed by Dr. David Robinson, between August 2007
and November 2015 with more or at least 6 months follow-up were reviewed. A dog was
eligible for inclusion when CWO surgery was performed after diagnosis of CrCL rupture by
examination under general anaesthesia and through radiographic examination and when the
medical record included information regarding signalment, details of surgical procedure,

history of complications intra and postoperatively and follow-up examinations.

2. Signalment

Data obtained from medical records included breed, sex, age, body weight, affected limb, stifle
radiograph findings, preoperative TPA, partial versus complete CrCL rupture, unilateral versus
bilateral CrCL rupture, presence of meniscal tear. Treatment for meniscal damage, implant type,
pre- and postoperative antibiotic drug therapy, duration of clinical follow-up and need for
physiotherapy were also reported. Contralateral CrCL rupture was documented and time
between the diagnosis of the two CrCL ruptures was measured. Any complications following

surgery were recorded. The minimum follow-up period was 6 months.

3. Radiographic assessment

All dogs had the affected stifle assessed radiographically and the presence of signs of joint
effusion and osteophytosis were reported. Standard mediolateral and caudocranial radiographic
projections were obtained. Mediolateral radiographs centred on the stifle but including the
tarsus were taken for measurement of the preoperative TPA. For that purpose, major importance
was given to obtain a radiograph in which the femoral condyles overlapped each other.
Sandbags or foam wedges were used when necessary. Projections were repeated if there was
not complete superimposition of the femoral condyles on the mediolateral projection.
Postoperative caudocranial and mediolateral radiographic projections were also assessed for
completeness of osteotomy reduction and surgical implant positioning (plate(s) and screws).
Osteotomy healing and progression of OA were assessed subjectively by evaluation of the
three-month follow-up radiographs with caudocranial and mediolateral projections of the stifle

joint.
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Figure 10: Lateral view radiographs of the right stifle of one dog that underwent CWO at KVG:
immediately after surgery (Left) and 12 weeks postoperatively (Right), with evidence of bone healing.

4. Procedures
4.1. Measurement of the TPA

All dogs that underwent CWO had preoperative TPA measurements. The preoperative TPA
was determined from a lateral radiographic view of the tibia which included both stifle and
tarsus joints, with the X-ray beam centred on the stifle joint. Functional tibial axis line was
drawn, passing through a point at the centre of the talus and a point at the centre of the
intercondylar eminences; medial tibial plateau line was drawn, connecting the cranial aspect of
the medial tibial plateau to the caudal aspect of the medial tibial plateau line; a reference line
was drawn, perpendicular to the functional tibial axis line; and finally the angle between the

medial tibial plateau line and the reference line was measured corresponding to the TPA.
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Figure 11: Tibial Plateau Measurement on a lateral view radiograph, including the stifle and hock joints.
The functional tibial axis line (green), the medial tibial plateau line (black) and the reference line (red)
allow the measurement of the TPA, corresponding to the angle between the medial tibial plateau line
and the reference line.

4.2. Preoperative management

Some dogs had radiographic assessment done on the same day immediately before surgery.
Others were radiographically assessed on a previous date. Dogs to be only radiographically
examined were pre-medicated with acepromazine (ACP, Novartis) (0.025 mg/kg) and
buprenorphine (Vetergesic, Ceva) (0.02 mg/kg) by IM injection. Dogs to be submitted to
surgery were pre-medicated with acepromazine (ACP, Novartis) (0.025 mg/kg) and methadone
hydrochloride (Comfortan, Dechra) (0.5 mg/kg) by IM injection. Meloxicam (Metacam,
Boehringer Ingelheim) (0.2 mg/kg) was administered by SC injection at premedication if
patient was not already receiving NSAIDs orally. Induction was performed with propofol
(PropoFlo, Abbott) (1-4 mg/kg) 1V and maintained with Isoflurane. Ketamine (Ketaset, Fort
Dodge) (0.5 mg/kg) was administered 1V 5 minutes before surgery. Cefuroxime (Zinacef,
GlaxoSmithKline) (20 mg/kg) was administered 20 minutes before surgery and repeated every
90 minutes during surgery. IV fluid therapy was initiated before surgery and consisted of a
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constant rate infusion (CRI) of ketamine at the rate of 10 pg/kg/min and a Hartmann’s solution

at maintenance rate, which was adjusted throughout surgery according to patient’s response.

4.3. Surgical Technique

All dogs that underwent CWO were placed in dorsal recumbency. Disposable gowns, gloves
and drapes were used. The surgeon double gloved for every procedure. The antiseptic agent
used was composed of Chlorhexidine gluconate 0.5% w/v in 70% v/v IMS with a blue stain
(Vetasept® Chlorhexidine Skin Scrub Blue, Animalcare). Also, hands were disinfected, prior

to dressing and gloving, with an alcohol-based gel (Sterillium® Gel, Hartmann).

Figure 12: Positioning, draping and preparation for the surgical procedure.

Exploration of the stifle joint before surgical stabilization was performed by craniomedial
arthrotomy, using a No 15 blade, allowing evaluation of CrCL degree of damage (complete or
partial rupture) and presence of degenerative joint disease. Remnants of the CrCL were
removed and the menisci were checked for any injuries. Small stifle retractors were used to
facilitate access to the menisci. Menisci were assessed for any injury with the aid of a meniscal
probe. Whenever meniscal damage was present, debridement by partial or complete
meniscectomy was performed using a No 11 blade. Initially, all intact menisci were left in situ;
however, in later cases a medial meniscal release was performed by transection of the caudal
meniscotibial ligament when the menisci appeared loose or fraying. Then the incision was
extended to expose the medial proximal tibia. Using the measurements of the preoperative TPA
the angle of the wedge to be removed was calculated aiming a final TPA of 5° (=preoperative
TPA minus 5°).
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Figure 13: First steps of CWO procedure. (A) Arthrotomy and examination of the structures in the stifle
joint, in this case, a medial meniscal release was performed and the medial meniscus (white arrow) is
shown. (B) The angle for the wedge ostectomy is delineated with the aid of a wedge osteotomy template.
(C) A Hohmann retractor is used to help performing the osteotomy. (D) The two osteotomies are

performed while the site is being irrigated with saline solution. (E) After ostectomy.

Then a wedge template, with the appropriate angle was used to accurately mark the correct
wedge shaped osteotomy on the proximal third of the tibia. By making the wedge an isosceles
triangle on reduction the cranial and caudal borders of the tibia remained congruent and an
attempt was made to preserve a small “hinge” of intact caudomedial cortex. Osteotomies were
performed using an oscillating saw and the surgical area was irrigated with sterile saline
solution during this step. A tibial wedge was then removed. Care was taken to ensure both cut
surfaces were clean and smooth with no spurs to facilitate the reduction and compression of the
ostectomised site. The ostectomy was then reduced with the cranial and medial cortices in

alignment and the tibia was held straight by an assistant.
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Figure 14: Some steps of CWO procedure. (A) Contouring the plate. (B) Tapping a hole. (C) Measuring
the size of the screw needed for a hole. (D&F) Placing a screw in compression (first screw). (F) Drilling

a hole. (G) Beginning to suture after placement of the implants. (H) Surgical site after closure.

Adjustments were made in order to achieve the perfect alignment. The plate was contoured as
necessary and then was fixed in compression mode on the medial aspect of the proximal tibia.
A minimum of 3 screws were engaged in each of the tibial fragments, taking care not to place
the screws intra-articularly. One or two 4.0 mm cancellous screws were used in the proximal
fragment and the remaining were cortical screws. Dogs weighing more than 35 kg had two
plates placed. Lavage of the surgical field was performed with saline solution prior to closure.
Routine layered closure was executed. A sterile adhesive dressing (Primapore, smith&nephew)

was applied for 24 hours.
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4.4. Postoperative management

All dogs had another dose of methadone hydrochloride (Comfortan, Dechra) (0.5 mg/kg) 4
hours after the previous one given at pre-medication. In further 4 hours, opioid pain relief was
continued with buprenorphine (Vetergesic, Ceva) (0.02 mg/kg) 1V in intervals of 6 hours and a
CRI ketamin (Ketaset, Fort Dodge) at a rate of 2 pg/kg/min through the 12 to 18 hours following
surgery.

The following day oral medication was introduced and consisted of paracetamol (Pardale V,
Dechra) (10 mg/kg) three times daily for 7 days, NSAIDs at the recommended dose for 4 to 8
weeks, usually decreasing to half-dose at 4 weeks, cefalexin (Rilexine, Virbac) (20 mg/kg)
twice daily for 7 days and tramadol (Tramadol, Actavis) (2-5 mg/kg) twice or three times daily
for 7 days too. Dogs were typically discharged from the hospital 48 hours after surgery. Upon
discharge, the patient’s home-care was thoroughly discussed with the owner to allow
understanding of exercise restriction, analgesia and wound care. Strict rest was recommended
during the first week after surgery, lead exercise for five to ten minutes twice daily the following
two weeks and then increase lead exercise to ten to fifteen minutes twice daily. Physiotherapy,
particularly water treadmill, was suggested in all cases after this period of time and progressive
increase of exercise was recommended.

All dogs were returned at four to six days following surgery for physical examination and
evaluation of recovery. Again, at ten to fourteen days after surgery, for skin suture removal.
Patients with expected improvement were only re-evaluated one month after. However, owners
were encouraged to bring their dogs for clinical examination if there was any concern. Three
months following surgery, radiographic examination was performed to evaluate healing status
of the osteotomy site and progression of OA, which was subjectively characterised by the
veterinary surgeon based on comparison of radiographs with those taken immediately after
surgery, classifying it into severe, moderate, little and no progression of OA. According to
healing status of the osteotomy site adaptations in exercise activity were suggested by the
surgeon and discussed whether or not further radiographic assessment would be required in the
future. Whenever radiographic healing was noted, a gradual increase of exercise was
recommended during the subsequent 4 weeks. The goal was to return to normal activity by that
period of time.
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5. Complications

Type and outcome of complications were recorded. All complications that occurred intra- and
postoperatively were considered. Complications were defined as any unexpected and undesired
development arisen during or after surgery, which were confirmed by direct visualization,
physical or radiographic examination. Complications were also separated in major and minor:
the first were defined as those complications requiring further surgical treatment and the second

as those not requiring additional surgical intervention.
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1. RESULTS

1. Signalment

CWO for CrCL repair was performed in 108 dogs (145 stifles), 51 females (47,2%), from which
32 were spayed (29.6%) and 19 were intact (17.6%), and 57 males (52.8%), from which 38
were castrated (35.2%) and 19 were intact (17.6%). The mean age at time of surgery for first
time CrCL repair was 5.3 years (range 0-12 years) and the mean body weight was 28.1 kg
(range 7.3-69.4 kg). There were 19 Labrador Retrievers and their crosses (17.6%), 12 Boxers
(11.1%), 7 Rottweilers and their crosses (6.5%), 6 Mastiffs and their crosses (5.6%), 5 Jack
Russel Terriers (4.6%), 4 Cocker Spaniels and their crosses (3.7%), 3 West Highland Terriers
(2.8%), 3 Staffordshire Bull Terriers (2.8%), 3 English Bulldogs (2.8%), 3 Collies (2.8%), 3
Beagles (2.8%), 3 German Shepherds and their crosses (2.8%), 2 English Springer Spaniels
(1.9%), 2 Japanese Akitas (1.9%), 2 Golden Retrievers (1.9%), 2 Bichon Frise and their crosses
(1.9%) and 1 each (0.9%) of the following breeds: Yorkshire Terrier, Tibetan Terrier, Spanish
Water Dog, Siberian Husky, Newfoundland, Czesky Terrier, Bull Terrier, Border Terrier,
American Bulldog. The remaining 20 dogs (18.5%) were undetermined cross breeds.

2. Radiographic and Surgical findings

CWO was performed in 145 stifle joints (68 left [46.9%] and 77 right [53.1%]). Thirty-seven
dogs (34.3%) had bilateral CWO, with the second procedure performed at varying intervals
after the first with a mean of 13.3 months (range 0 to 47 months). Only one patient had bilateral
CWO performed under the same anaesthetic procedure. Six patients had bilateral CrCL disease
diagnosed at first radiographic examination. All 145 stifle joints were examined via arthrotomy.
The degree of rupture of the CrCL was reported in 122 cases of the CWO procedures where
complete rupture occurred in 88 cases (72.1%) and partial rupture in 34 (27.9%). Only 132
clinical records mentioned presence or absence of meniscal injuries. Meniscal injuries,
particularly bucket handle tears and transverse tears, were noted in 63 (47.7%) stifles, being
debrided by partial or complete meniscectomy. Seven (5.3%) medial menisci were frayed and
in one a lesion was suspected so medial meniscal release was performed in such cases. No
evidence of meniscal tear was reported in 62 (47%) cases but 16 (12.1%) appeared loose, being
performed a medial meniscal release in these cases. A medial meniscal release was also
performed in 12 of the 62 cases where there was no evidence of meniscal tear. Thirty-four
(25.8%) intact menisci were left in place. Total meniscectomy was performed in 7 (5.3%) cases.

The medial meniscus was debrided in 56 (42.4%) cases, 12 of which had a medial meniscal
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release too. In 35 (26.5%) cases only a medial meniscal release was performed, of which 12
had no evidence of meniscal tear and the remaining 23 were either loose or fraying.

Although the preoperative TPAs were measured in all cases they were only reported in 92 of
the clinical records with a mean of 30.3° (range 21° to 50°). Postoperative TPAs were not

measured.

3. Radiographic re-evaluation and follow-up

In-hospital evaluation and radiographic assessment of healing occurred in 110 cases from 6 to
19 weeks post-operatively. Mean duration of clinical follow up was approximately 2 years
(range 6 to 85 months). All dogs were examined for stifle joint stability on follow up
appointments and owners were questioned about lameness and function improvement. On
radiographic examination, healing progress was evaluated and progression of OA documented
when identified. From the 110 cases that had radiographic re-evaluation, 12 (11%) still
presented a mild line of radiolucency in the osteotomy site and, therefore, had to return for
further radiographic evaluation within a few weeks, all displaying healed osteotomy site at
second radiographic follow-up. Also, one case did not heal within the expected time,
representing a delayed union. Little to no progression of OA was reported in all evaluated cases
apart from one that exhibited moderate progression of OA.

4. Complications

Post-operative complications were reported for 27 (18.6%) of the 145 stifle joints. Of these, 5
(3.4%) were classified as major complications (Table 1) and 22 (15.2%) as minor complications
(Table 2).

4.1. Major complications

Major complications included three implant failures (2.1%) and one each (0.7%) of subsequent
meniscal tear and non-union due to infection.

One dog was presented 7 months postoperatively limping and during orthopaedic examination
an audible click could be heard during flexion of the stifle joint and some effusion could be
palpated. Initially, radiographic examination was elected in order to rule out sinister diagnosis
such as bone tumours. Subsequent meniscal tear was suspected and, therefore, lateral approach
for arthrotomy was performed and a thorough examination of the stifle joint was achieved,
confirming the presence of a medial meniscal tear. Medial meniscectomy was performed and a
biopsy of synovium was collected for histopathology and bacterial culture to rule out other

possible concurrent conditions such as neoplasia or infection. The bacterial culture result was
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negative and the histopathologic exam showed minimal lymphocytic plasmacytic synovitis and
low grade inflammatory changes with no signs of infectious process, which was consistent with
response to meniscal injury. The patient’s limb function was much improved approximately 2
weeks after the intervention.

There were 3 implant failures, 2 consisted of broken screws and 1 of loosen screws. First case
was presented with persistent lameness that did not improve with previous NSAID therapy.
Radiographic examination was recommended and fracture of the proximal cancellous screw
was identified. Implants were surgically removed and replaced, although the shaft of the screw
was not retrievable and was left in place. The patient recovered well and returned to normal
function. Second case, 2 broken implants were diagnosed on radiographic examination (2
proximal 4.0 mm cancellous screws from the 4hole 3.5 mm plate). However, the bone had
already healed and replacement of the implants was not needed.

Third case, implant failure occurred one month after surgery, where clinical and radiographic
examination identified the instability of the stifle due to looseness of proximal screws. These
implants were removed surgically and replaced.

A single case of non-union due to infection was reported. The patient had persistent lameness
that had not responded to previous NSAID therapy and on radiographic examination non-union
was suspected. Implants were surgically removed and replaced. Screws were sent for microbial
culture and antibiotic sensitivity test, which revealed presence of coagulase negative
Staphylococcus. Antibiotherapy had been started with metronidazole and amoxicillin
associated to clavulanic acid and was then changed to enrofloxacin (Baytril, Bayer) and
amoxicillin associated to clavulanic acid (Noroclav, Norbrook) and continued for
approximately 20 weeks. After bone healing, assessed radiographically, all implants were
removed to prevent future infection. The patient returned to normal function.

Three patients were presented with lameness, respectively, 4months, 6months and 8months
after surgery. Subsequent meniscal disease was suspected in all of them. However, only one
was submitted to further diagnostic tests consisting of arthrocentesis for collection of synovial
fluid for bacterial culture and cytology. The bacterial culture was negative and the cytology
results were consistent with degenerative joint disease which could also be related to meniscal
injury. Arthrotomy was recommended by the surgeon but was declined by the owner, and
therefore there is no further record of the patient as the client did not attend more appointments.
Conservative management was opted in the other two cases, with the patients having shown

pronounced improvement over the following two to three weeks.
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Table 1: Major complications (defined as subsequent surgical intervention) following Tibial Plateau
Levelling by Closing Wedge Ostectomy in 145 stifle joints in 108 dogs

o Number . )
Complication Additional details Treatment Outcome
of cases
) Returned to
7 months postoperative, o
) ) ) Stifle joint re- normal
Subsequent audible click during ) )
] 1 ) exploration, function
meniscal tear flexion, some palpable ) o
) meniscectomy within 8
effusion
weeks
Healed
One 4.0 mm cancellous Implant removal and o
Implant within 6
) screw, and two 4.0 mm replacement. Shafts of
failure/Broken weeks,
cancellous screws cancellous screws )
SCrews o resolution of
fractured were left in situ
lameness
) Healed
One month postoperative, o
Implant L . within 6
] ) stifle instability. X-rays Implant removal and
failure/Loosening 1 ] weeks,
showed 3 proximal replacement )
SCrews ] resolution of
screws loosening
lameness
Lameness 4 months
) ) Implant removal and
postoperative, non-union )
replacement, Infection
] suspected on X-rays, o
Infection/Non- antibiotherapy for 5 resolved,
) 1 screws sent for culture )
union o months. Implant resolution of
and sensitivity, coagulase
removal after bone lameness

negative staphylococcus

) ) healed
infection

4.2. Minor complications
Minor complications included wound infection, oedema of the hock, broken drill bits,

iatrogenic fibular fracture, bruising due to surgical trauma, broken screws and loosen screws
(Table 2).
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One (0.7%) iatrogenic diaphyseal fibular fracture was reported. No clinical signs associated
with this condition were described and at radiographic re-evaluation, 14 weeks after surgery,
there was evidence of bone healing.

Thirteen (9%) surgical wound infections were reported in the short-term period following
surgery. From these, only two had diagnostic confirmation with bacterial culture. One revealed
growth of Staphylococcus pseudointermedius, showing sensitivity to amoxicillin associated to
clavulanic acid, having resolved after 2 weeks of treatment with the appropriate antibiotic. The
second showed growth of Pseudomonas aeruginosas and was treated with metronidazole and
enrofloxacin for 2 weeks, after which period of time there were no signs of infection. The
remaining cases of wound infection were diagnosed based on the clinical signs (redness,
swelling, wound discharge) and empiric antibiotherapy was instituted, with the most common
choices of antibiotic being amoxicillin associated to clavulanic acid and cephalexin, with
duration of therapy varying from one to two weeks.

Oedema of the hock was noted in 3 patients (2.1% of the cases) and resolved in 1 to 2 weeks
with massage and cold compression applied to the affected area together with continuation of
NSAID therapy.

There was 1 case of extended bruising around the surgical site and abundant swelling resultant
from surgical trauma, which resolved after 2 weeks while the patient was still on NSAID
therapy and antibiotherapy.

There were 2 cases (1.4%) of broken drill bits, which had to be left inside the bone as were not
retrievable. Both were radiographically evaluated 12 weeks following surgery for possible
migration of the broken drill bit. There were no associated clinical signs in both patients and
post operatory outcome was predictable and normal.

Two implant failures not requiring second surgical intervention were reported and occurred in
only one patient that had bilateral CWO surgery with an interval of 8 months between the two
procedures. Regarding the first operated limb, the patient had had the expected improvement
and the osteotomy site had been evaluated at 13 weeks post-CWO procedure, having healed
well. The patient was presented 2 years after surgery with lameness and stifle joint effusion.
Radiographic examination was accomplished, allowing detection of 2 broken screws in the
proximal fragment. Therapy with NSAIDs was instituted, resolving clinical signs within 4
weeks. A similar situation was observed in the second operated limb 16 months after CWO
procedure, but on radiographic examination 2 screws appeared loosening in the proximal
fragment. The same protocol was applied and the patient showed no clinical signs after 3 weeks
of NSAID therapy.
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Table 2: Minor complications (defined as no further surgical intervention) following Tibial Plateau

Levelling by Closing Wedge Ostectomy in 145 stifle joints in 108 dogs

Complication

Additional details

Treatment

Outcome

latrogenic

fibula fracture

Surgical wound

infection

Oedema,
hematoma,

bruising

Broken drill
bits

Broken screw

Loosening

Screw

Fibula fracture occurred
intraoperatively.
No clinical signs

Delayed wound healing,

oedema, redness and

Three patients had oedema of
the hock and one extensive

bruising around surgical

During surgery the drill bit

broke and was not retrievable

Lame two years
postoperative, joint effusion.
On X-rays broken screws in

the proximal fragment

Lame sixteen months
postoperative, on X-rays
suspected screw loosening

on proximal fragment

Monitoring bone
healing via
radiographic

examination

Buster Collar,
Antibiotics

Massage and cold
compression,
NSAIDs

Monitoring for
migration via

radiographic exam

NSAID therapy

NSAID therapy

Healed well

All resolved
within one to

two weeks

Resolved
within one to

two weeks

No clinical
signs

associated

Resolved
within 4

weeks

Resolved
within 2

weeks




IV. DISCUSSION

All patients that underwent CWO surgery for CrCL disease performed by one surgeon between
August 2007 and November 2015 with more or at least 6 month follow-up were included in the
study. A minimum of 6 months postoperative for long-term follow-up has been used by other
authors (Oxley et al., 2013). However, some of the complications reported occurred later than
6 months postoperatively. Therefore, the most recent cases analysed may still develop

complications in the future, which are beyond the scope of this work.

Diagnosis of CrCL rupture, in this study, was based on clinical findings evaluated in the
conscious patient followed by examination under anaesthesia together with radiographic
findings. Arthroscopy was not available, therefore, confirmation of CrCL rupture along with
the degree of damage to the ligament was only achieved by direct visualisation during surgery
via arthrotomy. Cranial drawer test was performed in all cases with the stifle joint in flexion
and in extension, to avoid false negative results that might result from partial tears when the
cranial drawer test is only performed in extension. Radiographic examination was essential for
identification of joint effusion and osteophytosis, allowing a more accurate diagnosis as
radiographic assessment has shown excellent sensitivity and specificity in detecting canine
CrCL failure (Carobbi & Ness, 2009).

Since CWO aims reduction of the preoperative TPA, determination of the TPA is one of the
most imperious aspects of preoperative planning (Slocum & Devine, 1983) considering the fact
that obtaining a different postoperative TPA from the desired may affect the outcome of surgery
either by increasing caudal tibial thrust and, consequently, increasing CaCL strain (by removing
a larger wedge) or by failing in achieving stifle joint stability (by removing a smaller wedge)
(Warzee et al., 2001). For that reason, accurate initial preoperative measurement of TPA is
necessary to achieve the desired postoperative TPA (Fettig et al., 2003). It has been shown that
limb positioning is essential to accurately calculate the radiographic TPA and that it is not
significantly different from the anatomic TPA. Incorrect limb positioning may lead to over- or
underestimation of the TPA (Reif et al., 2004). In our study, true lateral positioning of the
affected limb was confirmed by superimposition of the femoral and tibial condyles, thereafter,
allowing an accurate TPA determination (Reif et al., 2004) and, consequently, an accurate
calculation of the wedge to be removed. It has been previously suggested that removing a wedge
equivalent to the preoperative TPA minus 5° would result in under-correction of the TPA
(Bailey et al., 2007). However, this fact was never taken into consideration for the cases in this

study. Moreover, the postoperative TPA was not measured routinely, which did not allow the
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confirmation of the desired TPA. Nevertheless, according to clinical records, 98% of the dogs
either returned to normal function or improved significantly, which rises doubt about the
clinical relevance of the accuracy of obtaining the desired postoperative TPA.

Postoperative radiographic assessment allowed subjective evaluation of bone healing, implant
integrity or migration, and progression of OA. Regarding the presence of OA in the joint,
previous studies show no correlation with clinical function; therefore, radiography should be
used cautiously as a predictor of clinical outcome (Gordon et al., 2003; Dieppe, Cushnaghan &
Shepstone, 1997).

Prophylactic antibiotherapy is one important aspect in orthopaedic surgery, since studies have
shown that even with ultra-clean theatres, prophylactic antibiotics reduce the risk of infection,
where an implant is being used (Yeap et al., 2006). Selection of the antibiotic should take in
account the microorganisms of concern in clean orthopaedic surgery, which are mainly the
bacteria found on the skin. For such procedures, cefuroxime, a second-generation
cephalosporin, was the antibiotic of choice in our practice because it provides adequate
coverage against most staphylococci, gram-positive bacteria and some gram-negative bacilli,
and also due to the fact that it rapidly achieves optimal tissue concentrations in subcutaneous

tissue, muscle and bone.

The Sterillium Gel, used for hand disinfection prior to dressing and gloving, has been proved
to have a unique spectrum of antimicrobial activity and had an excellent acceptance by
healthcare workers, therefore, it is thought to improve compliance for hand hygiene and reduce
incidence of nosocomial infections (Kampf, Rudolf, Labadie & Barrett, 2002). Also, the use of
disposable gowns and draping materials may have contributed to reduce risk of infection, as it
has been associated with less bacterial transmission and lower rates of contamination than
reusable materials (Ward et al., 2014; Showalter et al., 2014). There is no direct evidence that
double-gloving reduces surgical site infections in patients, however, it significantly reduces
perforations to the innermost gloves, contributing positively to assure sterility (Tanner &
Parkinson, 2004). The skin scrub used (Vetasept Chlorhexidine Skin Scrub Blue) is a safe and
effective disinfectant with broad spectrum antibacterial and antiviral activity, highly active

against gram-positive organisms, including MRSA (Miller, Griffin & Campbell, 2012).

Extrapolating from studies in Human Medicine, patients suffer more from severe immediate
postoperative pain following orthopaedic surgery than laparotomy (Ekstein & Weinbroum,
2011). Therefore, opioid therapy is recommended as it has proved its efficacy in pain

management in such cases (Hunt, Attenburrow, Slingsby and Murrell, 2013). Also, it has been
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suggested that perioperative administration of low doses of ketamine to dogs may augment
analgesia and comfort in the postoperative surgical period (Wagner, Walton, Hellyer, Gaynor
& Mama, 2002). Therefore, all cases reviewed had opioid drug management in the perioperative
period which was continued with oral tramadol at home for 7 days, after the patient being
discharged from the hospital. However, tramadol is not licensed for use in small animal practice
and there are currently only a small number of studies documenting analgesic efficacy of this
drug in dogs (Martins et al., 2010; Mastrocinque & Fantoni, 2003). Therefore, although opioid
drugs are widely used for postoperative analgesia in dogs, their administration is normally
restricted to the period of hospitalisation, which limits the possibility of continuing a
multimodal pain relief at home, possibly leading to inadequate analgesia. In the short-
postoperative period pain assessment is very important in the decision making of discharging a
patient. In our study, most dogs went home 48 hours after surgery. However, considering pain
assessment records, some had to extend their hospitalisation period to guarantee adequate pain

relief.

Common to all surgeries that require osteotomies or implant placement, during CWO
procedure, temperature produced by certain instruments was taken into account. Excessive
temperatures can result in osteonecrosis or in impairment of osteogenic potential (Eriksson,
Albrektsson & Magnusson, 1984). Necrotic bone is reabsorbed by the osteoclasts, what
ultimately may result in failure of implant fixation. During osteotomy and while drilling the
mechanical work energy is converted into thermal energy causing a transient rise in temperature
of adjacent tissues above the normal physiological levels. In an attempt to limit the effect of
high temperatures on the tissues, intraoperative temperature abatement strategies can be used.
Therefore, irrigation with sterile saline while performing osteotomies was employed to
guarantee bone viability. Time required for drilling the holes was much shorter, not justifying

the use of this strategy.

Non-self-tapping screws were used due to surgeon’s preference. These are round-tipped screws
that require pre-drilling of a pilot hole and then tapping (creation of a thread in the bone by
using a separate thread-cutting tool — a tap). The disadvantages of self-tapping screws is that if
a screw is being reinserted it could theoretically cut a new thread. Also, self-tapping screws
have shown a significantly higher incidence of transcortical fractures in a canine TPLO model,
possibly due to the shorter cutting flutes of the self-tapping screws as compared with those of
a tap used with a non-self-tapping screw (Boekhout & Cross, 2012). On the other hand,
extrapolating from a study with horses, self-tapping screws require less than half the total

insertion time of non-self-tapping screws, which extends the surgical time and, consequently,
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the anaesthetic time along with its associated risks. However, in our study, the average time for
the surgical procedure was 80 minutes (when one single plate was required), which is
comparable to previously reported median time for CWO (Kuan et al., 2009) although screw

type used was not specified in that study.

In this retrospective study, CWO was performed in 108 dogs (145 stifles) and complications
associated with the procedure were evaluated. Depending on their clinical relevance,
complications are commonly reported as either major or minor (Cook et al., 2010). Although
this is a subjective judgement, in this study, the need to perform a second surgery was the
threshold between major and minor. Other studies have used similar classification systems
(Kuan et al, 2009; Lafaver et al., 2007). However, this may have produced some anomalies and
some complications would more likely be classified in the opposite area considering their
severity or lack thereof, notwithstanding requiring further surgical intervention or not. For
example, one of the cases of broken screws that required surgical removal of the implants could
possibly be considered a minor issue despite use of surgery for resolution, since stifle stability

was not compromised.

In this study, 9% surgical wound infection was registered. Such rate is comparable to previously
published infection rates following TPLO surgery, which vary from 3% to 10.3% (Stauffer et
al., 2006; Priddy et al., 2003). Conversely, it is higher than those rates previously reported for
clean-wounds which vary from 5.1% (Vasseur et al., 1988) to 5.8% (Eugster et al., 2004). These
results may be associated to the prolonged anaesthetic time required for CWO surgery with the
aggravating circumstance of performing pre- and postoperative radiographs, which has been
considered a risk factor for postoperative wound infection in animals with clean surgical
wounds (Beal, Brown & Shofer, 2000; Eugster et al., 2004). Also, prolonged operating time is
associated to increased bacterial contamination and the excessive retraction and dehydration of
the tissues has an evidently harmful effect, compromising the tissue capability to resist
infection. Furthermore, given the retrospective nature of this study, confounding variables, such
as possible disruptions in aseptic technique, were not specifically recorded, which may have
potentially affected the results. Additionally, there could be an overestimation of surgical
wound infection. An inflammatory response during early wound healing may differ from
patient to patient and be more exuberant in some cases, not necessarily implicating presence of
infectious agents but leading to use of prophylactic antibiotics when in doubt. In fact, only 2 of

the 13 cases classified as wound infection were confirmed with positive bacterial culture.

Meniscal injury occurred here in 63 cases. According to the literature, incidence of meniscal

injury secondary to CrCL disease is approximately 40% to 70% (Flo & DeYoung, 1978;
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Bennett & May 1991; Flo, 1993; Ralphs & Whitney 2002; Fitzpatrick & Solano 2010).
Consequently, surgical exposure of the stifle joint during arthrotomy is of major importance in
order to appropriately evaluate the menisci and provide treatment as required. Subsequent
meniscal disease is one of the most common complications seen after CrCL repair, regardless
of the repair technique, with an overall incidence of approximately 3% to 6% (Gordon-Evans
etal., 2013; Nelson etal., 2013; Oxley et al., 2013; Hirsheson et al., 2012). The rate of incidence
of subsequent meniscal tear in the present study was 0.69%, with only one case being confirmed
and reported between all 145 stifle joints. The patient in question did not have medial meniscal
release nor had any treatment applied to the meniscus. The low rate is probably related to the
methodical joint exploration via arthrotomy, with accurate identification of meniscal tears and
its correct management by performing partial, hemi- or total meniscectomy according to the
degree of meniscal damage. Also, medial meniscal release was performed in the majority of
cases that had no evident meniscal tear but looked either loose or appeared to be fraying at the
caudal horn and in some cases where there was no evidence of meniscal tear. Subsequent
meniscal tear was suspected in three other cases that, at the time of CWO, did not have medial
meniscal release nor was any treatment performed as no meniscal injury was detected.
However, confirmation via arthrotomy was not attained. In the clinical records of two of these
patients there was no mention of audible click and clinical signs resolved after 2 weeks of
NSAIDs therapy which would not be predictable in the presence of a meniscal tear as they
normally cause persistent lameness if left untreated (Thieman, Tomlinson, Foz, Cook & Cook,
2006; Case et al. 2008). In contrast, pain on manipulation of the stifle joint and an audible click
during flexion on clinical examination were reported for the other patient. Though, the owner
refused further investigation, and definitive diagnosis was not achieved. Nevertheless, a painful
stifle joint and an audible click during flexion increases the likelihood of medial meniscal
disease 4.3 and 11.3 times, respectively (Dillon et al., 2004). In that case, considering the
likelihood of the case, the rate of subsequent meniscal injury would have been 1.4%, increasing
overall complication rate to 19.3%. However, at least two of these cases recovered after 2 weeks
of NSAID therapy which would not be predictable in the presence of a meniscal tear as they
normally cause persistent lameness if left untreated (Thieman et al. 2006; Case et al., 2008). It
IS noteworthy mentioning that this complication resulted from one of the 50 first cases
performed by the surgeon. The lack of subsequent meniscal tears in the later cases may correlate
to the learning curve as surgical techniques of exposure and detection of meniscal lesions allied
to the precision of their management, while reducing risk of iatrogenic injury to the cartilage,

improved along with the surgeon’s experience over time.
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There were no cases of confirmed or suspected subsequent meniscal disease occurring after
medial meniscal release performed at the time of CWO. It has been suggested that performing
a meniscal release may be advantageous when meniscal pathology cannot be comprehensively
assessed and should be performed when complete and thorough exploration of the joint and
menisci cannot be performed (Thieman et al., 2006). Subsequent meniscal tears are 3.8 times
more likely to occur when meniscal evaluation is performed by arthrotomy and no meniscal
release is performed when compared to either meniscal evaluation via arthrotomy with a release
performed or meniscal evaluation via arthroscopy with no release (Thieman et al., 2006).
However, in other studies, meniscal release has been associated with articular loss, further
meniscal pathology, degenerative joint disease and lameness; therefore, when making clinical
decisions regarding meniscal release, these factors should be considered (Luther et al., 2009;
Johnson et al., 2008).

There were 3 cases of implant loosening (2.1%). One of them was classified as a minor
complication as the patient was only presented with lameness sixteen months after CWO
surgery, osseous union had already occurred and no stifle instability was detected at clinical
examination, with clinical signs resolving with NSAID therapy. However, the other patient
required implant removal and replacement as the osteotomy site had not healed completely and
stability was compromised. Diagnosis was based on radiographic findings, which included
radiolucency around the implant in the first two cases and delayed healing in the later. Screw
loosening rates previously reported following TPLO surgery rounded 1% of the cases (Stauffer
et al., 2006; Pacchiana et al., 2003; Priddy et al., 2003). In contrast, screw loosening occurred
in 6.7% of the 300 cases analysed by Kuan, Smith and Black (2009) following CWO. Screw
loosening is an infrequent complication but the most common form of implant failure and may
be related to failure of obtaining bicortical screw placement, excessive postoperative exercise,
infection or excessive micromotion at the osteotomy site (Griffon & Hamaide, 2016). The cases
revised most likely resulted from excessive postoperative exercise as no other cause was
mentioned on the clinical records of the patients apart from that. Proper technique for plate
contouring and bicortical screw fixation associated with postoperative exercise restriction are
crucial measures that were taken into consideration by the surgeon, hence, the few cases

revealing this complication.

There were 3 cases of broken screws. One patient was presented with lameness and stifle joint
effusion on the operated limb two years following surgery. This was classified as a minor
complication because no further surgery was required as radiographic examination revealed

complete bone healing and no stifle joint instability was noted at physical examination.
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Therefore, NSAID treatment was instituted and clinical signs resolved within 4 weeks. The
other two patients required a second surgical intervention. One only required implant removal
as the osteotomy site had healed completely, but the other required replacement of the implants
as union was not still established. The rate of 2% obtained is comparable to those of 0.1% to
9.5% (Fitzpatrick & Solano, 2010; Conkling, Fagin & Daye, 2010; Corr & Brown, 2007;
Pacchianna et al., 2003; Priddy et al., 2003) previously reported following TPLO procedure.

Implant-associated infections are major complications because they are especially difficult to
treat due to formation of biofilm, usually requiring implant removal for resolution (Patel, 2005;
Darouiche, 2004; Fine & Tobias, 2007; Donlan, 2001). There was only one reported case of
non-union due to infection in the current study. Surgery was imperial for removal and
replacement of implants and screws were sent for bacterial culture and antibiogram.
Antibiotherapy was initiated immediately with a combination of metronidazole (Metronidazole,
Actavis) and amoxicillin/clavulanic acid (Clavaseptin, Vétoquinol). According to studies based
on culture and susceptibility, amoxicillin/clavulanic acid is considered the best first choice in
empirical treatment of suspected implant-associated infections with a 67% rate of susceptible
cultured organisms (Gallargher & Mertens, 2012). However, for the patient in question, results
from the bacterial culture and antibiogram showed growth of coagulase negative
Staphylococcus sensitive to enrofloxacin, at which point therapy was adapted and a
combination of enrofloxacin (Baytril, Bayer) and amoxicillin/clavulanic acid (Clavaseptin,
Vétoquinol) was implemented. Follow-up radiographs at 4 weeks showed initial callus
formation and at 12 weeks complete bone healing. Although there was no clinical signs of
infection at that stage, implants were surgically removed as a prophylactic measure, which is
understandable considering the fact that the implants had been placed while infection was still
in place, therefore carrying a potential risk for biofilm formation. Biofilms are a mixture of
microorganisms and extracellular matrix which develop through bacterial adherence via tissue
ligands present on the implant, creating a protective environment by depletion of metabolic
substrates and waste products which limits the effectiveness of host immune response and
increases resistance to antimicrobial agents (Patel, 2005; Darouiche, 2004; Fine & Tobias,
2007; Donlan, 2001). The rate of implant-associated infection in our study was 0.7% which is
lower than the reported 7.3% of cases that developed osteomyelitis following TPLO procedure
reported by Priddy et al., (2003), representing the single most common complication in that
study, and the 2.7% reported by Fitzpatrick et al. (2010). Moreover, it is lower than the
approximately 5% rate of orthopaedic implant-associated infection reported in humans
(Trampuz & Zimmerli, 2006). CWO procedure is a technique where risk factors for

63



infection/osteomyelitis are present, including soft tissue trauma, relatively long duration of
surgery and placement of implants. However, the low rate obtained is related to the properly
planned surgical procedure that follows the principles of surgical asepsis, and probably due to
the prophylactic antibiotherapy, justified by placement of implants and duration of surgery,
since, in a study of 808 dogs that underwent TPLO surgery, it was shown that dogs that did not
receive prophylactic antibiotherapy were 4 times more likely to develop surgical site infection
than those receiving appropriate prophylactic antibiotics (Frey et al., 2010). The use of
prophylactic antibiotics and adequate timing for their administration allied to the strict
appropriate aseptic technique involving patient preparation, preparation of the surgerical team,
aseptic surgical technique and postoperative care, most likely contributed positively for such
low rate of infection/osteomyelitis in the studied cases. Also, the length of anaesthesia is a risk
factor for postoperative infection (Nicholson, Beal & Shofer, 2002; Eugster et al., 2004; Owen
et al. 2009). However, in the present study such correlation could not be established due to the
scarce number of infections and to the fact that anaesthesia duration was not recorded for each
case. Still, an average of 2.5 hours was estimated for total anaesthesia time.

Fibular fractures are not common but may occur intraoperatively during manipulation of the
ends of the tibia following ostectomy or while drilling the holes for the screws. In our case
series, only one fibular fracture was reported, resulting in a rate of 0.7%, which is comparable
to those reported following TPLO surgery that vary between 0.1% and 2.7% (Gatineau et al.,
2011; Fitzpatrick & Solanno, 2010; Conkling et al., 2010; Duerr et al., 2008; Stauffer et al.,
2006). This is a minor complication as it is easily managed conservatively, with exercise
restriction being the most essential measure taking. The patient in question showed no clinical
signs related to this condition. Bone healing was assessed on follow-up radiographs and there

were no repercussions in the outcome.

Following surgical trauma, inflammation is considered a normal response. However, some
patients develop bruising, marked erythema or swelling associated with the wound. In our
study, oedema of the hock was reported in 3 cases and extensive bruising in one. It is important
to mention that as the diagnosis is based on physical examination findings, it is subjective.
Bruising can sometimes result from excessive surgical trauma. Some postoperative swelling
around the surgical incision is often seen. When there is an excessive presence of fluid in the
surgical incision after surgery of the stifle, it tends to move distally down the limb and
accumulate in the hock because of gravity, leading to oedema or swelling of the hock. This may
be associated to excessive surgical trauma, undermining of skin or excessive animal movement

postoperatively. Generally, this is a minor complication, which resolves easily, not requiring
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specific treatment unless it progresses to wound discharge, infection or dehiscence. Pain
associated with the inflammation can be managed with analgesic drugs, massage and cold
compression, which may improve significantly the clinical signs. Such measures were
implemented in the discussed cases having resolved the clinical signs within one to two weeks.
The obtained rate of 3.45% is comparable to the previously reported rates of incisional oedema,
hematoma, bruising or drainage following TPLO procedure which vary from 0.7% to 13.3%
(Garnett & Daye, 2014; Nelson et al., 2013; Cook et al., 2010; Duerr et al., 2008).

There were 2 cases of broken drill-bits. Surgical drill-bits are biologically inert materials, which
means broken portions may be left in situ without causing any concern. However, when in
contact with an implant, micromotion can generate wear particles which, if too large to be
digested by the host’s immune system, may elicit an inflammatory response resulting in
osteolysis (Bertollo & Walsh, 2011). Both reported cases in the present study had further
radiographic evaluation to ensure that migration was not occurring and to confirm there was no

contact between the drill-bit and the implants.

The overall complication rate in this case series was 18.6% (27/145), which is comparable to
previously published overall complication rates of 18.8% following TPLO procedure (Stauffer
et al., 2006). However, in several similar retrospective studies, the reported complication rates
following TPLO surgery were significantly higher, varying from 25% to 28% (Priddy et al.,
2003; Pacchiana et al., 2003) as well as that reported following CWO procedure of 31.7% (Kuan
et al., 2009). However, more recent retrospective studies, where a significantly higher number
of cases of TPLOs were analysed, reported complication rates varying from 9.7% to 11.4%
(Gatineau et al., 2011; Fitzpatrick & Solano, 2010; Coletti et al., 2014), which are considerably
lower than that reported in the present study. However, in those studies only TPLOs performed
by surgeons who had completed at least 100 procedures prior to the beginning of the study
period were included, whereas in our study the adoption of such criteria was not feasible due to

the limited number of cases available.

On the other hand, if we compare the rate of complications requiring second surgical
intervention, the scenario is slightly different. Previously reported rates vary from 3.1% to 6.6%
following TPLO (Coletti et al., 2014; Gatineau et al., 2011; Pacchiana et al., 2003; Fitzpatrick
& Solano, 2010) and consist of 12.33% following CWO (Kuan et al., 2009), whereas in our
case series major complications occurred in 3.4% of the cases. Therefore, regarding
complications that required second surgical intervention, the rate obtained in our study is

comparable to the most recent ones reported following TPLO surgery.
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The retrospective nature of this study was its main limitation. Meaning that it was not possible
to identify potential risk factors for complications as it would be in a prospective study. Also,
a standardized report was not kept and some parameters were not mentioned in all patients’
clinical records that were analysed. Such parameters included degree of CrCL damage, presence
of meniscal injury and its management, preoperative TPA and radiographic follow-up. The
absence of such parameters in some of the clinical records and the small number of
complications reported did not allow further analysis of the data such as correlations between
events that could have been studied otherwise as, for example, the risk of subsequent meniscal
injury when no debridement nor meniscal release is performed in an intact meniscus at time of
CWO surgery or if a correlation between pre-operative TPA and the occurrence of
complications could be established. Also, follow-up radiographs were not available for all 145
cases, but all dogs were included in the statistics to assess for complications that weren’t visible
radiographically. Therefore, the rate of implant failure or loosening should be 4.5% (5/110).
However, most of the previous similar studies did not take this aspect into consideration, hence,
these corrected rates were not used to make comparisons between studies. In regards to degree
of CrCL rupture, presence of meniscal injury, its management and preoperative TPA,

frequencies were adjusted to the number of cases with available data for each parameter.

The patients were examined by various veterinary surgeons on follow-up appointments. This
may have affected the results as the diagnosis of some of the complications considered have a
subjective component for being based on clinical signs and physical examination findings.
Surgical wound infections may have been particularly influenced by this factor as all those
cases of suspected infections that were given empiric antibiotic treatment were included in the
statistics despite further confirmation by bacterial culture. Similarly, assessment of excessive
oedema or bruising may vary between observers, consequently, affecting the significance of

the related values.

In contrast, radiographic follow-up was always performed by the same surgeon, who also
performed the CWOs, which reduces the variables that can affect the radiographic evaluation,

particularly regarding progression of OA and bone healing.

Outcome was not objectively evaluated due to the retrospective nature of this study. However,
clinical records included information on overall patient’s improvement following surgery, limb
range of motion and owner’s satisfaction. Amongst the 145 cases, only 3 cases that were later
presented with mild lameness, lacked information with regards to progression of the lameness

or achievement of full function due to absence of further records. However, this only represents
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2% of our sample, and so 98% of the patients showed significant improvement or recovered

full limb function, which is consistent with a good to excellent outcome.

Although there was only one veterinary surgeon performing the surgeries, all cases were
included since he first started using this technique, therefore, his degree of experience varied
throughout time. It is important to mention that all major complications occurred in between
the first 50 CWOs that the surgeon performed, indicating being on an early phase of the learning

curve.

Both CWO and TPLO procedure achieve the acceptable geometric and functional properties of
reducing the TPA (Hildreth, Marcellin-Little, Roe & Harrysson, 2006). Potential advantages of
the CWO procedure include technical simplicity as it does not require specialised equipment
and has no copyright restrictions. Also, whereas TPLO is not recommended for dogs under 8
to 9 months of age due to potential injury to the proximal tibial physis, CWO can be performed
in young dogs prior to closure of the proximal tibial physis. Regarding postoperative
complications, some that have been associated with TPLO procedure such as tibial tuberosity
and patellar fractures and patellar tendon swelling, are not seen following CWO surgery
(Stauffer et al., 2006; Pacchiana et al., 2003; Kergosien et al., 2004). Nevertheless, CWO is a

technically demanding surgery, and so, its potential for complications is high.

As has been previously reported, disadvantages associated with CWO procedure may include
higher complication rate, discrepancy in proximal and distal osteotomy fragment cross-
sectional area, bending and occasional fracture of the fibula, sub-optimal bone-implant
construct stability, insufficient plateau rotation and conformational alteration of the surgical
limb (Holsworth, 2004). If a large wedge is removed, it can shorten the tibia cranially and alter
the femoropatellar joint, lowering the patella in relation to the femur, leading to hyperextension
of the stifle joint (Corr & Brown, 2007), identified through kinematic gait analysis during the
swing phase and at paw contact but not at stance phase (Lee et al., 2007). However, later studies
have shown similar outcomes and complication rates for both CWO and TPLO procedures
(Oxley et al., 2013; Corr & Brown, 2007).
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V. CONCLUSION

CrCL disease is the leading cause of pelvic limb lameness in the dog (Hayashi, Manley & Muir,
2004) resulting in stifle joint instability which in turn results in development of progressive OA
and, in some cases, meniscal disease (Kim et al., 2008; Fitzpatrick & Solano, 2010). So far, no
specific surgical technique has proven to be the most efficient considering patient’s recovery
time, limb function outcome and progression of DJD. However, greater emphasis has been
given to dynamic stabilization techniques bearing in mind their good long-term outcomes.
These techniques are designed to neutralise the cranial tibial thrust force that is seen under
weight-bearing conditions by compressive and muscular forces acting on the sloped tibial
plateau when there is failure of the CrCL. This way, stability of the stifle is achieved
dynamically during the stance phase of the gait (Slocum & Slocum, 1998). Although the
techniques routinely performed for correction of CrCL-deficient stifle have been generally
perceived to be successful, progression of OA and subsequent meniscal injury occur (Kim,
Pozzi & Kowaleski, 2009) along with other potential complications. Efforts have been made to
improve surgical technique and postoperative management in an attempt to reduce complication
occurrence but it is sensible that the most effective strategies to prevent complications include
cautious surgical planning, detailed application of the technique and excellent client education

before and after surgery, regardless of the technique used.

In this study we described the surgical technique of the CWO surgery for correction of the
CrCL-deficient stifle and analysed the intra- and postoperative complications associated with

the procedure.

Out of 145 CWO procedures evaluated, the overall complication rate was 18.6%.
Complications occurred either in the short- and long-term period. Minor complications were
reported in 15.2% of cases, representing 81.5% of all complications. Complications requiring
revision surgery occurred in 3.4% of the cases, which is comparable with the rates reported
following TPLO procedure in the most recent studies, and included subsequent meniscal injury,
implant failure and infection. Surgical wound infection was the most common complication
encountered, followed by oedema and bruising around the surgical area. All five major
complications resulted from cases of the first 50 procedures performed by the surgeon, which

obviously reflects the learning curve associated to the surgical technique.

Based on the data from this study, we concluded that a reasonably low rate of complications

can be expected following CWO procedures when performed by surgeons experienced with the

surgical technique. Although there were some limitations in the design of this study, we hope
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this data can be considered able to assist the Veterinary orthopaedic surgeons in selection of a
technique to repair the CrCL-deficient stifle. However, results will likely depend upon

surgeon’s experience as has been suggested in the present study.
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