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Ein neuer Ansatz für die Therapie-
auswahl bei Hunden mit Kreuzband-
erkrankung: Patientenspezifische 
 Behandlungsempfehlungen

Die Ruptur des kranialen Kreuzbandes ist eine der wich-
tigsten orthopädischen Erkrankungen des Hundes. 
Trotz der Häufigkeit der Erkrankung und der umfang-
reichen vorhandenen Literatur, herrscht immer noch 
Uneinigkeit über die beste Therapiemethode. Ziel dieses 
Übersichtsartikels ist es daher, einen aktuellen, spezifi-
scheren Ansatz für die Therapieauswahl bei Hunden mit 
kranialem Kreuzbandriss vorzustellen. Hierbei werden 
die Patienten in verschiedene Gruppen eingeteilt, für 
die dann jeweils eine bestimmte Therapiemethode emp-
fohlen wird. 
Für das Erarbeiten der Behandlungsempfehlungen wur-
den zunächst anhand verschiedener, für die Therapie-
auswahl wichtiger Kriterien verschiedene Patientengrup-
pen definiert (Typ des Kreuzbandrisses, Chronizität, 
Grad der Instabilität, Grösse und Gewicht des Patienten, 
Arthrose-Stadium, Vorhandensein von Knochendefor-
mationen, gleichzeitige mediale Patellaluxation oder 
Rotationsinstabilität). Anschliessend wurde eine aus-
führliche Literatursuche über MEDLINE/PUBMED; 
CAB Abstracts, Google Scholar und in Konferenzbän-
den von 1990–2019 durchgeführt. Anhand der verfüg-
baren Literatur wurden dann Behandlungsempfehlun-
gen für jede der Gruppen formuliert. 
Diese Patientengruppen-spezifischen Empfehlungen 
sollen dem Kleintierpraktiker den Prozess der Entschei-
dungsfindung für die Therapieauswahl bei Hunden mit 
Kreuzbandriss erleichtern. 

Schlüsselwörter: Hund, Kreuzbanderkrankung, Behand-
lungsempfehlung, Tibiaosteotomien, extrakapsulärer  
Bandersatz

Abstract

Cranial cruciate ligament rupture is one of the most 
important diseases in canine orthopedics. Despite the 
frequent occurrence of the disease and the extensive 
literature available, there is still controversy about the 
best treatment method. The aim of this review article is 
to present a new, more specific approach to treatment 
selection in dogs with cranial cruciate ligament rupture. 
Patients are divided into different groups and  particular 
treatment methods are then recommended according to 
group membership.
In order to develop the treatment recommendations, the 
patient groups were initially defined based on criteria 
that are important for treatment selection, such as type 
of cranial cruciate ligament rupture, chronicity, degree 
of instability, size and weight of the patient, stage of 
osteoarthritis, the presence of bone deformities, concur-
rent medial patellar luxation or rotational instability.  
A detailed literature search was conducted through 
MEDLINE/PUBMED; CAB Abstracts, Google  Scholar 
and in conference proceedings abstracts from 1990–
2019. Based on the available literature, treatment recom-
mendations were developed for each patient group. 
These patient group-specific recommendations based 
on best available evidence are intended to simplify the 
decision-making process for treatment selection in dogs 
with cranial cruciate ligament disease. 

Keywords: cranial cruciate ligament, dog, treatment, tibial 
osteotomies, extracapsular stabilization
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Introduction

Cranial cruciate ligament rupture (CCLR) is one of the 
most common causes of hind limb lameness in dogs.98, 204 
The cranial cruciate ligament (CCL), which is covered 
by synovial membrane, originates axially from the lat-
eral femoral condyle and inserts at the cranial intercon-
dylar area of the tibia.6, 89, 208 It consists of two macro-
scopically distinct fiber bundles, which are loaded 
independently during flexion and extension due to their 
slightly different origins and insertions.6, 89 The smaller, 
craniomedial part is taut in extension and flexion, while 
the larger caudo-lateral part is taut in extension but loose 
in flexion. The counterpart of the CCL is the caudal 
cruciate ligament, which originates axially from the me-
dial femoral condyle and attaches at the caudal inter-
condylar area and the popliteal incisura.6, 89 The CCL is 
essential for stifle joint stability.6, 89, 110, 181, 188 It limits 
cranial tibial translation and prevents hyperextension. 
In addition, together with the caudal cruciate ligament, 
it contributes to rotational stability and, in extension, 
to the varus-valgus stability of the stifle by restricting 
internal rotation.6, 129 If the CCL is ruptured, the femo-
ral condyles slide caudodistally on the tibial plateau 
slope during weightbearing. The shear force that causes 
this cranial translation of the tibia is referred to as “cra-
nial tibial thrust”.110, 173, 181 During swing phase of gait, 
the tibia slides back into its starting position.110 This 
forward and backward movement of the tibia leads to 
shear stress on the articular cartilage and may cause 
meniscal injuries74, 181, leading to synovitis and osteoar-
thritis.4, 19, 55 Therefore, CCLR is not simply a ligament 
tear, but rather a whole-joint disease.43, 136, 138

There are conservative and surgical treatment options 
to treat  CCLR. The goal of treatment is the restoration 
and long-term maintenance of joint function, pain re-
duction, stabilization of the joint, and the treatment of 
existing meniscal damage. Treatment should also slow 
down the progression of osteoarthritis and reduce the 
occurrence of late meniscal damage.

In most cases, several treatment methods can be suc-
cessful.8, 112 However, there is often one method that is 
superior to others for a specific group of patients when 
evaluated in studies with objective outcome meas-
ures.20, 81, 114, 197 The aim of this review is to define differ-
ent patient groups based on criteria that influence the 
treatment decision making. These criteria include 
chronicity, degree of instability, size and weight of the 
patient, stage of osteoarthritis, and presence of bone 
deformities. Based on current scientific evidence, we 
developed treatment recommendations for each patient 
group. In this article, different clinical presentations of 
canine CCLR are presented, followed by specific treat-
ment recommendations for the corresponding patient 

group. This approach is new and may allow a more in-
dividual and practical approach to the treatment selec-
tion for CCLR.

Degenerative cranial cruciate  
ligament rupture

The majority of CCLR (99% in large- and medium-sized 
dogs) are a result of CCL degeneration without substan-
tial trauma. For this reason, CCLR is often referred  
to as CCL disease rather than just as a ligament 
tear.79, 86, 145, 191 All dogs can suffer from a degenerative 
CCLR. However, middle aged, large dogs (body weight 
>15kg) are typically affected, with Newfoundland, Bull-
dog, Boxer, Labrador Retriever, Saint Bernard and 
American Staffordshire Terrier being over-represent-
ed.61, 182, 199, 204 In 22%–54% of cases the disease is bilat-
eral.22, 32, 39, 51, 56, 139

The causes for CCL degeneration are controversial, but 
mechanical overload seems to play an important 
role.42, 87, 112 Other risk factors are a genetic predisposi-
tion (proven in Newfoundland and boxers),10, 143, 201 

body weight and low activity level,25, 199 castration,199, 204 
inflammatory processes in the joint19, 55 and certain hind 
limb conformations.83, 84, 95, 97

Two stages of degenerative CCLR can be differentiated, 
making these cases clearly different from acute traumat-
ic CCLR (Figure 1). The early degenerative stage is char-
acterized by synovitis, first signs of osteoarthritis and 
progressive CCL degeneration.19, 39 However, there are 
no substantial fiber ruptures, which is why the joint is 
stable during palpation.19, 165 Clinical symptoms during 
this stage are subtle, such as intermittent or mild lame-
ness, varying degrees of joint effusion, and pain on sti-
fle palpation, especially in extension. Radiographs show 
joint effusion and mild degenerative changes in the 
early stages.39

Late degenerative stage cranial cruciate ligament disease 
(CCLD) is characterized by marked degenerative chang-
es in the stifle joint, joint effusion, synovitis, and peri-ar-
ticular fibrosis.87 This is also evident on radiographs 
(Figure 1). Clinical symptoms of the late stage include 
more severe lameness, especially after exercise, medial 
peri-articular fibrosis (“medial buttress”), joint effusion, 
muscle atrophy, and pain on stifle manipulation.135 A 
meniscal click may be palpated in some cases. If the 
CCL is completely ruptured, a positive cranial drawer 
and tibial compression test complement the find-
ings.89, 135 These tests should be performed in sedated 
animals to increase their accuracy, especially in case of 
large or nervous dogs.35 For the majority of cases, CCLR 
can be diagnosed by clinical evaluation. However, or-
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cal damage and debridement of the cruciate ligament 
remains difficult due to the small approach, which in-
creases the risk of cartilage damage.11 In conclusion, 
arthroscopy is currently the most accurate method for 
stifle joint evaluation.147, 152, 158, 200

thogonal radiographs are always recommended to rule 
out other pathologies and to evaluate tibial plateau angle 
(TPA) and bone alignment.52 

Treatment
In most cases, CCLR should be treated surgically.190, 206 
This results in rapid pain reduction and early return to 
normal limb function.190, 206 Physical therapy has been 
shown to improve the treatment outcomes, no matter if 
the dog was treated surgically or conservatively.128, 130, 163 
Physical therapy after CCLR repair aims at decreasing 
inflammation and pain, maintaining or improving joint 
range of motion, restoring muscle flexibility, strength, 
endurance and mass, and normalizing proprioception 
and neuromuscular patterning.126

Surgical treatment of degenerative CCLD usually in-
volves arthroscopy or arthrotomy for evaluation and 
treatment of the intra-articular structures, followed by 
stabilization of the stifle joint. There are various meth-
ods of stabilization, which can be classified into extra-
capsular techniques, intracapsular techniques and tibial 
osteotomies. While intra- and extracapsular techniques 
intend to replace the CCL, tibial osteotomies alter  
the biomechanics of the joint to eliminate “cranial  
tibial thrust”, thus restoring craniocaudal stabili-
ty.21, 106, 107, 131, 183 Extracapsular techniques and tibial 
osteotomies are the most commonly used tech-
niques.59, 196

Joint evaluation
The scientific evidence shows that a joint evaluation is 
highly recommended in any case of CCLR, because it 
is the gold standard to assess the intra-articular struc-
tures, first and foremost being the menisci.38, 160, 161, 186 
The damage caused by the intervention is negligible in 
a joint that has already been affected by secondary de-
generative changes.11, 147, 152

Arthroscopy has many benefits in comparison to con-
ventional or minimally invasive craniomedial arthrot-
omy. The magnification and the small diameter of the 
arthroscope allows a complete visualization of the joint. 
Arthroscopy therefore permits a more precise evaluation 
and treatment of menisci, cartilage and cruciate liga-
ments. In a study with 9 weeks follow up after arthros-
copy or arthrotomy and subsequent joint stabilization, 
patients from the arthroscopy group recovered faster 
after the procedure.92 Disadvantages of arthroscopy are 
the high costs for equipment and the expertise required. 
Craniomedial sub-patellar arthrotomy is another ap-
proach to decrease post-operative morbidity associated 
with arthrotomy. However, with this method a complete 
evaluation of the joint is not possible and meniscal tears 
can be overlooked, especially in the lateral joint com-
partment.11, 113, 152 Furthermore, the treatment of menis-

Figure 1: Mediolateral and craniocaudal stifle joint radiographs with corresponding ar-
throscopic images of three dogs with different CCLR-types. A, B, C Acute traumatic CCL 
rupture: The radiographs show marked cranial tibial subluxation and a massive joint ef-
fusion without signs of osteoarthritis. (A, B). The arthroscopic image (C) shows a normal 
meniscus (b) and normal cartilage of the femur (a), while the tibial cartilage (c) appears 
slightly irregular. D, E, F Early degenerative CCL rupture: The radiographs show joint ef-
fusion and moderate degenerative changes of the joint. (D, E). In the arthroscopic image 
(F) both the cartilage of the tibia and of the femur have an irregular surface. The rim of 
the meniscus (d) is examined with a meniscal probe and looks abnormal, which indicates 
a degenerated meniscus. G, H, I Late-degenerative CCL rupture: The radiographs show 
severe osteoarthritic changes, joint effusion, peri-articular new bone formation and in-
tra-articular mineralization (G, H). The arthroscopic image (I) shows fibrillation and full 
thickness erosion (e) of the articular cartilage with exposed subchondral bone on both 
tibial plateau and femoral condyles. The meniscus is is no longer visible, most likely  
because of the chronicity of the disease.
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Cranial cruciate ligament debridement 
CCL debridement is a controversial procedure with little 
evidence to support it. Hulse et al. were able to show that 
the tibial plateau leveling osteotomy (TPLO) has a pro-
tective effect on the intact fibers in partial functional 
CCLR. This effect may be due to a reduction in cranial 
tibial thrust force and a concomitant reduction of the 
load on the CCL.94 A similar effect was also demonstrat-
ed for the tibial tuberosity advancement (TTA).171 The 
remaining intact fibers in a partial functional CCLR are 
important, because they contribute to joint stability and 
may prevent meniscal and cartilage damage.94, 158 There-
fore, in partial functional CCLR treated by TTA or 
TPLO only torn CCL fibers should be debrided.94, 171

With complete CCLR, however, a complete debride-
ment of the CCL remnants is recommended, since the 
CCL remnants are a possible source of inflammation 
mediators and pain and because their removal facilitates 
exploration of the joint.44, 112, 176 

Treatment of meniscal damage
Thirty-three to eighty-three percent of dogs with CCLR 
already have meniscal damage at the time of initial sur-
gery.36, 68, 70, 71, 78, 115, 144, 158, 161 Although repeatedly ques-
tioned, the available literature shows that the diagnosis 
and treatment of meniscal injury at the time of initial 
surgery leads to a better outcome, faster recovery, and a 
lower risk of late meniscal damage.31, 160 In addition, an 
accurate meniscal evaluation decreases the risk of late 
meniscal injuries and the need for a second surgery to 
treat them. For those reasons, a thorough evaluation of 
the menisci with subsequent treatment of meniscal in-
juries is highly recommended.65, 73, 96, 160, 161 The first and 
most important step for the successful treatment of me-
niscal injuries is a careful and detailed examination of 
both menisci. The menisci should be assessed with ar-
throscopy and probing to evaluate meniscal appearance, 
integrity, and consistency.82

The caudal pole of the medial meniscus is most fre-
quently affected by injuries.13, 158 The lateral meniscus 
can be injured alone or in combination with damage  
to the medial meniscus in association with 
CCLR.113, 119, 158, 203 A study by Ralphs et al., 2002, re-
ported lateral meniscal tears in 77% of dogs with CCLR 
undergoing stifle arthroscopy.158 However, the clinical 
significance of these lateral tears remains unknown.113, 158 
Meniscal injuries are classified based on the type of 
injury, the time of occurrence, and their location.70, 73 
The most important factor for treatment selection is the 
location of injury. Meniscal tears that affect only the 
axial part of the meniscus should be treated differently 
to injuries that involve the axial and the periphery of 
the meniscus. The goal of meniscectomy is to remove 
abnormal tissue that contributes to the inflammatory 

and degenerative processes in the joint, thereby reducing 
pain and lameness, while still maintaining meniscal 
function. It is therefore recommended to remove as lit-
tle meniscal tissue as possible, but as much as neces-
sary.74, 156, 185 In selected cases, meniscal repair might also 
be an alternative to meniscectomy.45, 184

Meniscal injuries that occur after initial surgical stabi-
lization of the stifle are referred to as late meniscal tears. 
The frequency of occurrence of late meniscal tears de-
pends on the stabilization method used (TPLO: 3%–
12%,68, 101 TTA: 6%–21%49, 115, 178). However, “meniscal 
release”, introduced as a prophylaxis for late meniscal 
tears, is not generally recommended. Meniscal release 
involves axial or abaxial transection of the intact me-
niscus at time of the initial surgery.123, 151, 154, 172 Even if 
meniscal release reduces the occurrence of late meniscal 
tears, this advantage has to be weighed against its nega-
tive effects.155 Meniscal release leads to complete loss of 
meniscal function, which results in cartilage damage 
and a faster progression of osteoarthritis.123, 153, 154

Which treatment methods are recommended  
for large dogs (> 15 kg)?
Based on the available evidence, tibial osteotomies, es-
pecially the TPLO, appear to be the most appropriate 
treatment method for large dogs with CCLR.17, 21, 23, 43,  

46, 49, 64, 81, 93, 104, 114, 115, 121, 124, 131, 132, 141, 144, 157, 162, 170, 174, 177, 178,

197, 206 A recently published systematic review concluded 
that the available literature shows, that the TPLO has a 
lower complication rate, less osteoarthritis progression 
and a better clinical-functional outcome than the 
TTA.12, 132 However, there are significantly fewer studies 
evaluating the TTA than the TPLO. The only direct 
comparative study reported TPLO to be superior to the 
TTA, but that study involved only relatively few cases.114 
Nevertheless, TTA is widely used and leads to good or 
very good clinical results.64, 115 Further prospective com-
parative studies with larger sample sizes are required to 
confirm the superiority of one technique over the other. 
Conservative management has also been described in 
large dogs, but with a less favorable treatment outcome 
than surgical treatment.206

In several prospective studies, large dogs treated with 
TPLO had better outcomes and less progression of os-
teoarthritis compared to dogs managed conservatively 
or treated with extracapsular techniques.17, 20, 81, 114, 121,  

141, 206 However, extracapsular techniques have been 
 reported to be successful in selected cases.38, 43, 121 

Even so, it has to be kept in mind that none of the 
currently available techniques are capable of restoring 
normal stifle joint kinematics after CCLR. This explains 
late meniscal tears, cartilage damage and progression of 
osteoarthritis occurring after joint stabilization.
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Which treatment methods are recommended  
for small dogs (<15 kg)?
In small, older and inactive dogs, conservative manage-
ment is widely used with good success in some cas-
es.41, 148, 190 However, there is a longer recovery period 
(four to five months) than after surgical stabilization. 
During that time the osteoarthritis progresses unhin-
dered.43, 190

Therefore, surgical treatment is often recommended for 
small dogs as well, to achieve a faster return to normal 
limb function.14, 48, 66, 205 A surgical technique often used 
in small, older or less active dogs is extracapsular stabi-
lization.59 The lower body weight may be one of the 
reasons for the decreased complication rates in compar-
ison to large dogs.14, 36

However, the tibial plateau is often steeper in small dogs 
than in large dogs, particularly in West Highland White 
Terriers, Yorkshire Terriers and Bichon Frisés.72 This 
steeper tibial plateau results in higher cranial tibial 
thrust, which might lead to premature loosening of the 
extracapsular stabilization.1, 37, 72, 174, 192 The load on the 
suture can also be increased due to a high activity level 
of the dog in the postoperative period.36, 52, 187, 205 Dy-
namic techniques such as TPLO or TTA are therefore 
better suited in small dogs with steep tibial plateau and 
for small dogs expected to be very active in the postop-
erative period. The available studies evaluating these 
techniques in small dogs show acceptable to excellent 
treatment results.14, 48, 63, 66, 146, 193, 205 A study comparing 
TPLO and extracapsular stabilization techniques 
demonstrated a lower degree of lameness after 6 months, 
shorter convalescence and a higher level of owner satis-
faction in the TPLO treatment group.14 Studies in small 
dogs directly comparing TTA and TPLO are not yet 
available.

Which treatment methods are recommended for 
large dogs with an excessive tibial plateau angle?
TPA of > 34 ° are termed “excessively steep”.174, 175, 180 
Since excessive TPA results in high cranial tibial thrust, 
treatment techniques that eliminate this shear force, 
such as TPLO, are recommended.58, 180 However, correc-
tion of excessive TPA with TPLO requires a large rota-
tion of the osteotomy fragment, which potentially in-
creases the risk of tibial tuberosity fractures.16, 198 This 
risk is particularly high when the osteotomy fragment 
is rotated below the insertion of the patellar tendon.85 
This problem is less significant in small dogs with ex-
cessive TPA, since good treatment results were achieved 
in a study with this patient group with only TPLO.48, 205

For large dogs with excessive TPA, correction can be 
achieved with standard cranial tibial closing wedge os-
teotomy (CTWO), a modified CTWO or TPLO in 

combination with CTWO.76, 106, 180 The TTA is not com-
monly used in dogs with excessive TPA, since sufficient 
cranialization of the tibial tuberosity is often not pos-
sible with the available implants.21, 194

Which treatment methods are recommended  
for dogs with cranial cruciate ligament rupture  
and end-stage osteoarthritis without palpable  
instability?
Some dogs with CCLR present with advanced osteoar-
thritis induced by chronic instability and continuous 
inflammation and degeneration of the joint.4, 187 In these 
cases, joint adaptation, including peri-articular fibrosis 
and osteophyte formation can be so advanced that in-
stability may not be detectable at palpation.53, 127, 135, 181 
In such cases, surgical stabilization may be less likely to 
improve function, since the main cause of pain is the 
osteoarthritis rather than the joint instability.91, 181, 189 

These dogs may be candidates for conservative manage-
ment, which can be combined with arthroscopy or ar-
throtomy for the treatment of meniscal tears, if meniscal 
injury is suspected.91, 181, 189

Conservative management of dogs with stifle osteoar-
thritis is not different from the treatment of osteoarthri-
tis in other joints. It is a multimodal treatment with 
weight reduction being one of the key compo-
nents.27, 100, 102 Depending on the stage of osteoarthritis, 
medications such as non-steroidal anti-inflammatories 
can be used to relieve pain and reduce inflamma-
tion.100, 120, 125 The use of tramadol, however, has been 
questioned in a recent study.29 The intra-articular injec-
tion of corticosteroids is also a controversial topic.99 On 
one hand, corticosteroids are very potent anti-inflam-
matories that effectively act on the inflammatory pro-
cesses in osteoarthritic joints.62, 75 On the other hand, 
they are also known to be chondrotoxic.57, 99, 140, 168 The 
advantages and disadvantages of steroid injections 
should be carefully weighted before their use. Other 
therapeutic options are disease-modifying drugs or nu-
traceuticals (e.g. chondroitin sulfate, polysulfated gyl-
cosaminogylcane or omega 3 fatty acids), intra-articular 
injection such as injection of hyaluronic acid or ortho-
biologics, which include biological substances such as 
mesenchymal stem cells or platelet-rich plasma. Unfor-
tunately, most of these substances lack validation by 
controlled, randomized clinical trials, but results to date 
are promising in terms of pain relief and reduced pro-
gression of osteoarthritis.28, 34, 40, 47, 62, 75, 90, 134, 137 When 
conservative management fails, surgical options such as 
total knee replacement or stifle arthrodesis should be 
considered. Both procedures are invasive and complica-
tions can be severe, thus a risk-benefit assessment should 
always be done by the surgeon. Unlike in human med-
icine, total knee replacement is not yet routinely used 
in veterinary practice.2
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Acute traumatic cranial cruciate  
ligament rupture

Acute traumatic ruptures of the CCL are rare.135, 145 In 
medium and large breed adult dogs, acute traumatic 
CCLR accounts for only about 1% of cases.135 An intact 
CCL without previous degeneration only ruptures as a 
result of severe trauma. Possible traumatic mechanisms 
are hyperextension (e.g. the dog steps into a hole while 
running), excessive internal rotation of a flexed stifle, 
or severe blunt trauma (e.g. car accidents, high-rise syn-
drome), with the latter often accompanied by multilig-
ament injuries or joint luxation.5, 26, 133 In skeletally im-
mature dogs, severe trauma often results in CCL 
avulsion, as the juvenile bone is weaker than the 
bone-ligament interface.112, 159 In adult dogs, despite the 
acute occurrence, there is often pre-existing degenera-
tion of the CCL usually in the core of the ligament.52 
The classification of CCLR as acute traumatic or degen-
erative is difficult in these dogs.

Clinically, the degree of lameness observed after acute 
traumatic CCLR tends to be more severe than after de-
generative CCLR. On palpation, severe pain, soft-tissue 
swelling, marked joint effusion and pronounced instabil-
ity can be found.26, 52, 111, 112, 135, 159 Concurrent collateral 
ligament injuries can be detected with varus or valgus 
stress.116 The integrity of the caudal cruciate ligament 
should always be evaluated.21, 116 Radiographs usually 
show acute soft tissue swelling, joint effusion with no signs 
of osteoarthritis. In immature dogs an avulsion fragment 
may be detectable in both orthogonal radiographs. The 
most important radiographic difference between degen-
erative and acute traumatic CCLR is the lack of degener-
ative joint disease secondary changes (Figure 1).52, 112

Treatment
In acute traumatic CCLR with an avulsed fragment, a 
repair can be attempted using suture material, Kirschner 
wires or a lag screw if the fragment is of sufficient size.159 
Unfortunately, in most cases the avulsed fragment is too 
small to allow a strong repair, requiring other techniques 
as described for the treatment of degenerative 
CCLR.52, 159, 195 These techniques should also be em-
ployed in adult dogs suffering from acute traumatic 
CCLR. Skeletally immature dogs with sufficient growth 
potential in the proximal tibial physis can be treated 
with cranial tibial epiphysiodesis, a technique that can 
achieve tibial plateau leveling without an osteotomy.195 
A screw is inserted into the cranial part of the tibial 
plateau in order to stop the growth from the most cra-
nial aspect of the physis, while allowing continuous 
growth at the caudal aspect. This eccentric growth leads 
to a decreased TPA. Proximal tibial epiphysiodesis is a 
good alternative to TTA or TPLO, especially in large 
young dogs, where these techniques should not be used 

because of an actively growing proximal tibial physis.195 
For dogs in which the proximal tibial physis still has 
growth potential, but not enough for proximal tibial 
epiphysiodesis, techniques such as the closing tibial 
wedge osteotomy (CTWO) or the CORA based leveling 
osteotomy (CBLO) can be used. With these techniques, 
the osteotomy is performed below the proximal tibial 
physis.106, 108

Acute traumatic CCLR are usually associated with in-
creased rotational instability, which should be consid-
ered in the treatment selection (see the section “Rota-
tional instability - a new criterion for the choice of 
treatment in CCLR”).109, 166 

Cranial cruciate ligament rupture and  
medial patellar luxation

Concurrent medial patellar luxation (MPL) and CCLR 
have been reported in 6% to 20% of dogs, most com-
monly in smaller breeds.7, 33, 52, 80, 202 Although the exact 
mechanism is unknown, the abnormal limb conforma-
tion and increased joint rotation in MPL may lead to 
higher stress on the CCL, which might accelerate its 
degeneration and ultimately result in CCLR. This is 
particularly important with MPL grade 3 and 4 since 
the stabilizing effect of the patellar tendon on the stifle 
joint may be absent most or all the time.7, 33, 52 Another 
mechanism is the increased internal tibial rotation after 
a CCLR that may favor the development of MPL be-
cause of medial translation of the tibial tuberosity.117

Dogs that suffer from both CCLR and MPL usually 
show the typical clinical signs of CCLR. In addition, 
there is often a history of chronic, intermittent lameness 
due to MPL, which becomes acute due to the CCLR.33, 52 
The grade of MPL in dogs affected by both conditions 
is often higher than before the CCLR.33 

Treatment
The goal of surgical treatment of concurrent CCLR and 
MPL is to eliminate cranial tibial thrust caused by 
CCLR and to realign the extensor apparatus to reduce 
patellar luxation.69, 118 The standard techniques for MPL 
treatment (e.g. sulcoplasty, tibial tuberosity transposi-
tion (TTT) or soft tissue techniques like fascia imbrica-
tion or muscle release) are combined with suitable tech-
niques for joint stabilization for CCLR (Figure 2).118 

The deformities existing in some dogs with MPL should 
be corrected in combination with the treatment of 
CCLR.54, 112, 164 Mild deformities of the proximal tibia 
may be treated with TTT in combination with an ext-
racapsular suture. For dogs with severe deformities or 
for dogs with high activity levels, modified TTA or 
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TPLO techniques can be used. The modified TTA in-
cludes lateralization of the tibial tuberosity in addition 
to the cranial transposition to realign the quadriceps 
mechanism. This technique is called “tibial tuberosity 
transposition – advancement” (TTTA).142, 207 For the 
modified TPLO, the semicircular osteotomy fragment 
is shifted medially, resulting in lateral transposition of 
the distal rest of the tibia, which also includes the tibial 
tuberosity, therefore achieving realignment of the ex-
tensor apparatus.67, 69, 117

For severe femoral deformities, a corrective osteotomy 
is recommended in addition to treatment of CCLR.24, 179 
The outcome after combined treatment of CCLR and 
MPL is generally good to excellent.117, 118, 207 However, 
cases with MPL grade 4 or cases with severe deformities 
have a higher risk of complications.60

Rotational instability – a new criterion  
for treatment selection in canine  
cranial cruciate ligament rupture

In 33% of dogs treated with TPLO and 70% of dogs 
treated with TTA, there is persistent cranial tibial trans-
lation during postoperative weightbearing.103, 170 While 
the reasons behind this persistent instability are multi-
factorial, a combination of rotational instability and 

incomplete elimination of cranial tibial thrust may be 
a significant factor in some dogs.103, 170 Stifle rotational 
instability, defined as an excessive rotation of the tibia 
relative to the femur, is poorly described in dogs. The 
shear forces resulting from rotational instability have 
devastating effects on the articular cartilage.3 Further-
more, it has been suggested that a minimal, clinically 
undetectable rotational instability could be responsible 
for the occurrence of late meniscal tears.166

Predisposing factors for rotational instability may be 
hyperlaxity of the stifle joint, conformation anomalies 
of the limb, and muscular deficits. Hyperlaxity is found 
in dogs with acute traumatic CCLR with or without 
damage to other stifle ligaments, or in dogs with com-
plete, degenerative CCLR without significant peri-artic-
ular fibrosis.166 Conformational anomalies that are 
thought to promote rotational instability include both 
femoral and tibial deformities.16, 21, 78 Muscular deficits, 
particularly when affecting the caudal thigh region, are 
believed to be another reason for rotational instability 
or increased internal rotation of the stifle. It has been 
described in humans that the thigh musculature is able 
to compensate for rotational instability up to a certain 
extent.122, 169 This may also apply to the dog, which is 
why muscular deficits in this region are likely to favor 
rotational instability.109 Other causes for rotational in-
stability in dogs that underwent TPLO are insufficient 

Figure 2: Recommended decision-making steps in dogs with cranial cruciate ligament rupture and concurrent medial patel-
lar luxation. (TTT = tibial tuberosity transposition, TTTA = tibial tuberosity transposition-advancement)
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rotation or a postoperative rock back of the osteotomy 
fragment.15 A phenomenon associated with rotational 
instability is “pivot shift” (PS). In humans, PS is de-
scribed as anterior subluxation of the tibia from below 
the lateral femoral condyle combined with a sudden 
external rotation.30, 77 Patients also describe it as a “giv-
ing way” of the knee when weightbearing.77 In veterinary 
medicine, 0.3%–3.1% of dogs treated with TPLO 
demonstrate the same phenomenon postoperatively.68, 78 
Pivot shift in dogs occurs as a combination of cranial 
tibial translation and internal tibial rotation, resulting 
in a sudden lateral change in direction of the stifle joint 
during weight bearing.166 Apart from an incorrectly per-
formed TPLO or postoperative rock back, insufficient 
correction of both femoral and tibial deformities is sus-
pected to be one of the main causes of PS in dogs, as 
the TPLO mainly stabilizes the joint in the craniocaudal 
plane.15, 68, 78, 105 So far, PS has not been described after 
TTA, although there is evidence of persistent instability 
after TTA.167, 170

During preoperative clinical examination, it is often 
difficult to assess how much rotational instability con-
tributes to the overall instability of the stifle joint, since 
craniocaudal instability is usually very prominent. 
Therefore, it is recommended to reevaluate rotational 
stability after stabilization.166 For detecting rotational 
instability, the authors have used a modified tibial com-
pression test by combining a rotational stress to the 
compression force applied to the stifle. For this test, the 
observer’s hands are placed as for a standard tibial com-

pression test and the stifle is held at a 135° angle (stand-
ing angle) with the stifle joint and paw aligned sagittal-
ly. Then, before applying tibial compression by flexion 
of the tarsal joint, the paw is externally rotated 10 de-
grees and a valgus stress is applied. After compression 
is established, external rotation is gradually released, 
allowing the tibia to internally rotate and eventually 
subluxate. The test is positive if there is a visible and 
palpable jerky subluxation, and internal rotation of the 
tibia in the transverse plane, which is more pronounced 
laterally than medially.149 After TTA, it is more chal-
lenging to assess craniocaudal and rotational instability 
intraoperatively, since the TTA requires contraction of 
the quadriceps muscle to stabilize the stifle joint.21 In 
theory, it would be possible to pull the patella proximal-
ly during the tibial compression test in order to simulate 
quadriceps contraction. In practice, however, this is 
almost impossible as not enough force can be generated 
manually (Boudrieau, Kowaleski, Kim, personal com-
munication, 2018).

Treatment
Because the significance of rotational instability in dogs 
has only been recognized recently and extensive litera-
ture and clinical experience in this area are still lacking, 
it is difficult to make evidence-based treatment recom-
mendations. Conservative management with physical 
therapy has been described, but with varying degrees of 
success.68, 78 Schaible et al. treated dogs with rotational 
instability successfully using TPLO and an extracapsu-
lar suture.166 With this combination, the tibial osteoto-
my ensures craniocaudal stability, while the extracapsu-
lar suture eliminates excessive internal rotation.88 To 
simplify the placement of an extracapsular suture next 
to the TPLO plate, a new plate type has been developed, 
which allows to directly attach the suture to the plate 
(TPLO Internal Brace, Arthrex, Munich) (Figure 3).150

For smaller, less active dogs without conformational 
anomalies suffering from CCLR with rotational insta-
bility, treatment with an extracapsular suture only may 
be sufficient. The advantage of extracapsular suture 
techniques for the treatment of CCLR with rotational 
instability is their ability to eliminate both cranial trans-
lation and excessive internal rotation of the tibia.9, 18, 50 

Conclusions

This article introduces a new, clinically applicable ap-
proach to treatment selection in dogs with CCLR. The 
treatment recommendations given in the article were 
developed in three steps. In the first step, patient groups 
were defined based on the criteria chronicity, degree of 
instability, size and weight of the patient, stage of oste-
oarthritis and the presence of bone deformities. The 
following patient groups were defined: large dogs  

Figure 3: Combination of tibial plateau leveling osteotomy (TPLO) and extracapsular  
suture for the treatment of rotational instability with a new type of TPLO plate (TPLO  
Internal Brace, Arthrex, Munich). A medial view, B cranial view
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(> 15 kg), small dogs (<15 kg), dogs with excessive TPA, 
dogs with CCLR and advanced osteoarthritis without 
palpable instability, dogs with acute traumatic CCLR, 
dogs with CCLR and MPL and dogs with CCLR and 
rotational instability of the stifle joint.

Figure 4: Algorithm for treatment selection in canine cranial cruciate ligament rupture based on best available evidence and personal experience. 
(Purple boxes = CCLR-types, green boxes = treatment recommendations)

In the second step, several databases (MEDLINE / PU-
BMED; CAB Abstracts, Google Scholar) were searched 
for evidence (keywords: canine, cranial cruciate liga-
ment rupture, treatment). The findings from the re-
trieved literature were then combined to formulate 



Übersichtsarbeiten | Reviews

10 SAT | ASMV 6 | 2020 Band 162, Heft 6, Juni 2020, 000–000, © GST | SVS

A new approach to treat-
ment selection in dogs 

with cranial cruciate 
ligament rupture: pa-

tient-specific treatment 
recommendations

M. Lampart, S. Knell,  
A. Pozzi

Une nouvelle approche du choix  
thérapeutique chez les chiens atteints 
de pathologie des ligaments croisés: 
recommandations de traitement  
spécifiques au patient

La rupture du ligament croisé antérieur est l’une des 
affections orthopédiques les plus importantes chez le 
chien. Malgré sa fréquence et la vaste littérature dispo-
nible, il existe toujours un désaccord sur la meilleure 
méthode de traitement. Le but de cet article de revue 
est donc de présenter une approche actuelle et plus spé-
cifique pour la sélection de traitements chez les chiens 
présentant une déchirure du ligament croisé antérieur. 
Les patients sont divisés en différents groupes, pour 
lesquels une méthode spécifique est alors recommandée.
Afin d’élaborer ces recommandations de traitement, 
différents groupes de patients ont été initialement défi-
nis sur la base de plusieurs critères importants pour la 
sélection de la méthode (type de déchirure du ligament 
croisé, chronicité, degré d’instabilité, taille et poids du 
patient, stade de l’arthrose, présence de déformations 
osseuses, luxation patellaire médiale simultanée ou ins-
tabilité rotationnelle). Par la suite, une recherche  
 documentaire détaillée a été effectuée via MEDLINE/
PUBMED; CAB Abstracts, Google Scholar et dans les 
actes de conférences de 1990 à 2019. Des recommanda-
tions de traitement ont ensuite été formulées pour cha-
cun des groupes sur la base de la littérature disponible.
Ces recommandations spécifiques aux groupes de pa-
tients sont destinées à permettre au praticien des petits 
animaux de prendre plus facilement sa décision lors de 

Un nuovo approccio per la scelta  
della terapia per i cani affetti da  
malattie del legamento crociato:  
raccomandazioni di trattamento  
specifiche per il paziente

La rottura del legamento crociato craniale è una delle 
piu’comuni malattie ortopediche del cane. Nonostante 
la frequenza della malattia e la vasta letteratura dispo-
nibile, c’è ancora disaccordo sul miglior metodo di trat-
tamento. Lo scopo di questo articolo è quello di presen-
tare un approccio aggiornato e più specifico alla 
selezione della terapia per i cani con rottura del lega-
mento crociato craniale. I pazienti saranno divisi in 
diversi gruppi, per ognuno dei quali sarà raccomandato 
un metodo di trattamento specifico. Per elaborare le 
raccomandazioni terapeutiche, sono stati dapprima de-
finiti diversi gruppi di pazienti sulla base di vari criteri 
importanti per la selezione della terapia (tipo di rottura 
del legamento crociato, cronicità, grado di instabilità, 
dimensioni e peso del paziente, stadio di artrosi, presen-
za di deformazioni ossee, lussazione della rotula media-
le o instabilità rotazionale contemporanea). Successiva-
mente, è stata condotta un’ampia ricerca bibliografica 
tramite MEDLINE/PUBMED; CAB Abstracts, Google 
Scholar e negli atti di conferenze dal 1990 al 2019. Sul-
la base della letteratura disponibile, sono state poi for-
mulate raccomandazioni di trattamento per ciascuno 
dei gruppi. 
Queste raccomandazioni specifiche per i gruppi di pa-
zienti hanno lo scopo di facilitare il processo decisiona-
le del veterinario di piccoli animali per la selezione 

treatment recommendations for each patient group. 
Figure 4 summarizes the treatment recommendations 
supplemented by our experience, where there was no 
available evidence. The approach with patient-specific 
recommendations is a new, more refined method for 
treatment selection in dogs suffering from CCLR. The 
treatment recommendations are intended to facilitate 
the decision making for treatment selection in canine 
CCLR for small animal practitioners. However, they are 
not intended to be strict guidelines. Additional factors 
such as costs, owner expectations and surgeon's experi-
ence have to be taken into account before selecting a 
treatment method.

Scientific studies that examine the safety and efficacy 
of a treatment method should form the basis of all treat-
ment recommendation. However, a recent review article 
stated that for most treatment methods, except for the 
TPLO, there is not sufficient evidence to adequately 

evaluate them.17 It is therefore possible that other tech-
niques, when applied to a suitable patient, lead to treat-
ment results comparable to the TPLO. Therefore, future 
studies should consider reporting results using patient 
groups. This will make it possible to establish pa-
tient-specific treatment guidelines that are completely 
based on high-quality evidence.

Acknowledgments

We thank Pascal Glatzfelder, Vetcom, Vetsuisse Faculty, 
University of Zurich for the creation of the figures. 

Conflict of interest

A. Pozzi and S. Knell are consultants of Arthrex®.



Übersichtsarbeiten | Reviews

11SAT | ASMV 6 | 2020Band 162, Heft 6, Juni 2020, 000–000, © GST | SVS

A new approach to treat-
ment selection in dogs 
with cranial cruciate 
ligament rupture: pa-
tient-specific treatment 
recommendations

M. Lampart, S. Knell,  
A. Pozzi

la sélection des méthodes thérapeutiques chez les chiens 
présentant des déchirures des ligaments croisés.

Mots clés: Chien, affection des ligaments croisés,  
recommandations de traitement, ostéotomies du tibia,  
remplacement extracapsulaire du ligament

della miglior terapia per i cani con rottura del legamen-
to crociato. 

Parole chiave: Cane, malattia del legamento crociato,  
raccomandazione di trattamento, osteotomie tibiali,  
sostituzione del legamento extracapsulare

References

 1  Aertsens A, Alvarez JR, Poncet CM, Beaufrère H, Ragetly 
GR: Comparison of the tibia plateau angle between small 
and large dogs with cranial cruciate ligament disease.  
Vet Comp Orthop Traumatol 2015: 28(06): 385-390.

 2  Allen MJ, Liska WD, Brioschi V: Total Knee Replacement in 
the Dog. In: Muir P (ed.)), Advances in the Canine Cranial 
Cruciate Ligament. 2nd Edition ed. Wiley Blackwell,  
Hoboken, US, 2018: 363-370.

 3  Anderst WJ, Tashman S: The association between veloci-
ty of the center of closest proximity on subchondral 
bones and osteoarthritis progression. J Orthop Res 2009: 
27(1): 71-77.

 4  Andriacchi TP, Mündermann A, Smith RL, Alexander EJ, 
Dyrby CO, Koo S: A Framework for the in Vivo Pathome-
chanics of Osteoarthritis at the Knee. Ann Biomed Eng 
2004: 32(3): 447-457.

 5  Arnoczky SP: The cruciate ligaments: the enigma of the 
canine stifle. J Small Anim Pract 1988: 29(2): 71-90.

 6  Arnoczky SP, Marshall JL: The cruciate ligaments of the 
canine stifle: an anatomical and functional analysis.  
Am J Vet Res 1977: 38(11): 1807-1814.

 7  Arthurs GI, Langley-Hobbs SJ: Patellar luxation as a com-
plication of surgical intervention for the management of 
cranial cruciate ligament rupture in dogs: A retrospective 
study of 32 cases. Vet Comp Orthop Traumatol 2007: 20(3): 
204-210.

 8  Au KK, Gordon-Evans WJ, Dunning D, O’Dell-Anderson 
KJ, Knap KE, Griffon D, et al.: Comparison of Short- and 
Long-term Function and Radiographic Osteoarthrosis in 
Dogs After Postoperative Physical Rehabilitation and  
Tibial Plateau Leveling Osteotomy or Lateral Fabellar 
 Suture Stabilization. Vet Surg 2010: 39(2): 173-180.

 9  Aulakh KS, Harper TA, Lanz OI, D'Amico LL, Butler JR, 
McLaughlin RM, et al.: Effect of tibial insertion site for 
 lateral suture stabilization on the kinematics of the cranial 
cruciate ligament deficient-stifle during early, middle and 
late stance. Vet Comp Orthop Traumatol 2013: 26(3): 208-
217.

10  Baird AEG, Carter SD, Innes JF, Ollier WE, Short AD: 
 Genetic basis of cranial cruciate ligament rupture (CCLR) 
in dogs. Connect Tissue Res 2014: 55(4): 275-281.

11  Beale BS, Hulse DA, Pozzi A, Muir P: Arthroscopy and 
 Arthrotomy of the Stifle. In: Muir P (ed.)), Advances in the 
Canine Cranial Cruciate Ligament. 2nd Edition ed. Wiley 
Blackwell, Hoboken, US, 2018: 171-184.

12  Beer P, Bockstahler B, Schnabl-Feichter E: Tibial plateau 
leveling osteotomy and tibial tuberosity advancement –  
a systematic review. Tierarztl Prax Ausg K 2018: 46(04): 
223-235.

13  Bennett D, May C: Meniscal damage associated with 
 cruciate disease in the dog. J Small Anim Pract 1991: 
32(3): 111-117.

14  Berger B, Knebel J, Steigmeier-Raith S, Reese S, Meyer- 
Lindenberg A: Long-term outcome after surgical treat-
ment of cranial cruciate ligament rupture in small breed 
dogs. Tierärztl Prax Ausg K Kleintiere 2015: 43(6): 373-380.

15  Bergh MS, Peirone B: Complications of tibial plateau 
 levelling osteotomy in dogs. Vet Comp Orthop Traumatol 
2012: 25(5): 349-358.

16  Bergh MS, Rajala-Schultz P, Johnson KA: Risk Factors for 
Tibial Tuberosity Fracture After Tibial Plateau Leveling 
Osteotomy in Dogs. Vet Surg 2008: 37(4): 374-382.

17  Bergh MS, Sullivan C, Ferrell CL, Troy J, Budsberg SC: 
Systematic Review of Surgical Treatments for Cranial 
 Cruciate Ligament Disease in Dogs. J Am Anim Hosp 
 Assoc 2014: 50(5): 315-321.

18  Biskup JJ, Griffon DJ, Socie M, Schaeffer DJ, Kurath P: 
Ability of the Tightrope® and Percutaneous Lateral 
 Fabellar Suture Techniques to Control Cranial Tibial 
Translation. Vet Surg 2014: 43(8): 959-965.

19  Bleedorn JA, Greuel EN, Manley PA, Schaefer SL, Markel 
MD, Holzman G, et al.: Synovitis in Dogs with Stable Stifle 
Joints and Incipient Cranial Cruciate Ligament Rupture:  
A Cross-Sectional Study. Vet Surg 2011: 40(5): 531-543.

20  Böddeker J, Drüen S, Meyer-Lindenberg A, Fehr M, Nolte 
I, Wefstaedt P: Computer-assisted gait analysis of the 
dog: Comparison of two surgical techniques for the 
 ruptured cranial cruciate ligament. Vet Comp Orthop 
 Traumatol 2012: 25(1): 11-21.

21  Boudrieau RJ: Tibial plateau leveling osteotomy or tibial 
tuberosity advancement? Vet Surg 2009: 38(1): 1-22.

22  Boute N, Fusco J, Radasch R: Age, Tibial Plateau Angle, 
Sex, and Weight as Risk Factors for Contralateral Rupture 
of the Cranial Cruciate Ligament in Labradors. Vet Surg 
2009: 38(4): 481-489.

23  Boyd DJ, Miller CW, Etue SM, Monteith G: Radiographic 
and functional evaluation of dogs at least 1 year after 
 tibial plateau leveling osteotomy. The Canadian Veterinary 
Journal 2007: 48(4): 392-396.

24  Brower B, Kowaleski M, Peruski A, Pozzi A, Dyce J,  
Johnson K, et al.: Distal femoral lateral closing wedge 
 osteotomy as a component of comprehensive treatment 
of medial patellar luxation and distal femoral varus in 
dogs. Vet Comp Orthop Traumatol 2017: 30(1): 20-27.

25  Brown D, Conzemius MG, Shofer FS: Body Weight as a 
Predisposing Factor for Humeral Condylar Fractures, 
 Cranial Cruciate Rupture and Intervertebral Disc Disease 
in Cocker Spaniels. Vet Comp Orthop Traumatol 1996: 
09(2): 75-78.

26  Bruce WJ: Multiple ligamentous injuries of the canine 
 stifle joint: a study of 12 cases. J Small Anim Pract 1998: 
39(7): 333-340.



Übersichtsarbeiten | Reviews

12 SAT | ASMV 6 | 2020 Band 162, Heft 6, Juni 2020, 000–000, © GST | SVS

A new approach to treat-
ment selection in dogs 

with cranial cruciate 
ligament rupture: pa-

tient-specific treatment 
recommendations

M. Lampart, S. Knell,  
A. Pozzi

27  Budsberg SC: Medical Management of Cruciate Ligament 
Rupture. In: Muir P (ed.)), Advances in the Canine Cranial 
Cruciate Ligament. 2nd Edition ed. Wiley Blackwell, 
 Hoboken, US, 2018: 333-351.

28  Budsberg SC, Bartges JW: Nutrition and Osteoarthritis in 
Dogs: Does It Help? Vet Clin North Am Small Anim Pract 
2006: 36(6): 1307-1323.

29  Budsberg SC, Torres BT, Kleine SA, Sandberg GS, Berjeski 
AK: Lack of effectiveness of tramadol hydrochloride for 
the treatment of pain and joint dysfunction in dogs with 
chronic osteoarthritis. J Am Vet Med Assoc 2018: 252(4): 
427-432.

30  Bull AMJ, Andersen HN, Basso O, Targett J, Amis AA: 
 Incidence and mechanism of the pivot shift. An in vitro 
study. Clin Orthop Relat Res 1999: 363: 219-231.

31  Bureau S: Owner assessment of the outcome of tibial pla-
teau levelling osteotomy without meniscal evaluation for 
treatment of naturally occurring cranial cruciate ligament 
rupture: 130 cases (2009 to 2013). J Small Anim Pract 2017: 
58(8): 468-475.

32  Cabrera SY, Owen TJ, Mueller MG, Kass PH: Comparison 
of tibial plateau angles in dogs with unilateral versus 
 bilateral cranial cruciate ligament rupture: 150 cases 
(2000–2006). J Am Vet Med Assoc 2008: 232(6): 889-892.

33  Campbell CA, Horstman CL, Mason DR, Evans RB: 
 Severity of patellar luxation and frequency of concomi-
tant cranial cruciate ligament rupture in dogs: 162 cases 
(2004–2007). J Am Vet Med Assoc 2010: 236(8): 887-891.

34  Canapp SO, Leasure CS, Cox C, Ibrahim V, Carr BJ: Partial 
Cranial Cruciate Ligament Tears Treated with Stem Cell 
and Platelet-Rich Plasma Combination Therapy in 36 
Dogs: A Retrospective Study. Front Vet Sci 2016: 3(112): 
1-9.

35  Carobbi B, Ness MG: Preliminary study evaluating tests 
used to diagnose canine cranial cruciate ligament failure. 
J Small Anim Pract 2009: 50(5): 224-226.

36  Casale SA, McCarthy RJ: Complications associated with 
lateral fabellotibial suture surgery for cranial cruciate 
 ligament injury in dogs: 363 cases (1997–2005). J Am Vet 
Med Assoc 2009: 234(2): 229-235.

37  Choate CJ, Lewis DD, Conrad BP, Horodyski MB, Pozzi A: 
Assessment of the craniocaudal stability of four extracap-
sular stabilization techniques during two cyclic loading 
protocols: A cadaver study. Vet Surg 2013: 42(7): 853-859.

38  Christopher SA, Beetem J, Cook JL: Comparison of Long-
Term Outcomes Associated With Three Surgical Tech-
niques for Treatment of Cranial Cruciate Ligament Disease 
in Dogs. Vet Surg 2013: 42(3): 329-334.

39  Chuang C, Ramaker MA, Kaur S, Csomos RA, Kroner KT, 
Bleedorn JA, et al.: Radiographic risk factors for contralat-
eral rupture in dogs with unilateral cranial cruciate liga-
ment rupture. PLoS One 2014: 9(9): e106389.

40  Comblain F, Serisier S, Barthelemy N, Balligand M,  
Henrotin Y: Review of dietary supplements for the  
management of osteoarthritis in dogs in studies from 
2004 to 2014. J Vet Pharmacol Ther 2016: 39(1): 1-15.

41  Comerford E, Forster K, Gorton K, Maddox T: Manage-
ment of cranial cruciate ligament rupture in small dogs:  
A questionnaire study. Vet Comp Orthop Traumatol 2013: 
26(06): 493-497.

42  Comerford EJ, Smith K, Hayashi K: Update on the aetio-
pathogenesis of canine cranial cruciate ligament disease. 
Vet Comp Orthop Traumatol 2011: 24(2): 91-98.

43  Conzemius MG, Evans RB, Besancon MF, Gordon WJ, 
Horstman CL, Hoefle WD, et al.: Effect of surgical tech-
nique on limb function after surgery for rupture of the  
cranial cruciate ligament in dogs. J Am Vet Med Assoc 
2005: 226(2): 232-236.

44  Cook JL: Cranial Cruciate Ligament Disease in Dogs: Biol-
ogy versus Biomechanics. Vet Surg 2010: 39(3): 270-277.

45  Cook JL, Fox DB: A Novel Bioabsorbable Conduit  
Augments Healing of Avascular Meniscal Tears in a Dog 
Model. Am J Sports Med 2007: 35(11): 1877-1887.

46  Cook JL, Luther JK, Beetem J, Karnes J, Cook CR: Clinical 
Comparison of a Novel Extracapsular Stabilization Proce-
dure and Tibial Plateau Leveling Osteotomy for Treatment 
of Cranial Cruciate Ligament Deficiency in Dogs. Vet Surg 
2010: 39(3): 315-323.

47  Cook JL, Smith PA, Bozynski CC, Kuroki K, Cook CR,  
Stoker AM, et al.: Multiple injections of leukoreduced 
platelet rich plasma reduce pain and functional impair-
ment in a canine model of ACL and meniscal deficiency.  
J Orthop Res 2016: 34(4): 607-615.

48  Cosenza G, Reif U, Martini FM: Tibial plateau levelling  
osteotomy in 69 small breed dogs using conically coupled 
1.9/2.5 mm locking plates. Vet Comp Orthop Traumatol 
2015: 28(05): 347-354.

49  Costa M, Craig D, Cambridge T, Sebestyen P, Su Y, Fahie 
MA: Major complications of tibial tuberosity advancement 
in 1613 dogs. Vet Surg 2017: 46(4): 494-500.

50  D'Amico LL, Lanz OI, Aulakh KS, Butler JR, McLaughlin 
RM, Harper TA, et al.: The effects of a novel lateral extra-
capsular suture system on the kinematics of the cranial 
cruciate deficient canine stifle. Vet Comp Orthop Trauma-
tol 2013: 26(4): 271-279.

51  de Bruin T, de Rooster H, Bosmans T, Duchateau L, van 
Bree H, Gielen I: Radiographic assessment of the progres-
sion of osteoarthrosis in the contralateral stifle joint of 
dogs with a ruptured cranial cruciate ligament. Vet Rec 
2007: 161(22): 745-750.

52  DeCamp CE, Johnston SA, Déjardin LM, Schaefer SL: The 
Stifle Joint. In: DeCamp CE, Johnston SA, Déjardin LM, 
Schaefer SL (eds.), Brinker, Piermattei and Flo’s Handbook 
of Small Animal Orthopedics and Fracture Repair.  
5th Edition ed. Elsevier, St. Louis, US, 2016: 597-643.

53  DeCamp CE, Riggs CM, Olivier NB, Hauptman JG,  
Hottinger HA, Soutas-Little RW: Kinematic evaluation  
of gait in dogs with cranial cruciate ligament rupture.  
Am J Vet Res 1996: 57(1): 120-126.

54  Di Dona F, Della Valle G, Fatone G: Patellar luxation in 
dogs. Veterinary medicine (Auckland, NZ) 2018: 9: 23-32.

55  Doom M, de Bruin T, de Rooster H, van Bree H, Cox E:  
Immunopathological mechanisms in dogs with rupture of 
the cranial cruciate ligament. Vet Immunol Immunopathol 
2008: 125(1-2): 143-161.

56  Doverspike M, Vasseur PB, Harb MF, Walls CM: Contralat-
eral Cranial Cruciate Ligament Rupture - Incidence in 114 
dogs. J Am Anim Hosp Assoc 1993: 29(2): 167-170.

57  Dragoo JL, Danial CM, Braun HJ, Pouliot MA, Kim HJ: The 
chondrotoxicity of single-dose corticosteroids. Knee Surg 
Sports Traumatol Arthrosc 2012: 20(9): 1809-1814.

58  Duerr FM, Duncan CG, Savicky RS, Park RD, Egger EL, 
Palmer RH: Comparison of Surgical Treatment Options for 
Cranial Cruciate Ligament Disease in Large-Breed Dogs 
with Excessive Tibial Plateau Angle. Vet Surg 2008: 37(1): 
49-62.



Übersichtsarbeiten | Reviews

13SAT | ASMV 6 | 2020Band 162, Heft 6, Juni 2020, 000–000, © GST | SVS

A new approach to treat-
ment selection in dogs 
with cranial cruciate 
ligament rupture: pa-
tient-specific treatment 
recommendations

M. Lampart, S. Knell,  
A. Pozzi

59  Duerr FM, Martin KW, Rishniw M, Palmer RH, Selmic LE: 
Treatment of canine cranial cruciate ligament disease:  
A survey of ACVS Diplomates and primary care veterinari-
ans. Vet Comp Orthop Traumatol 2014: 27(6): 478-483.

60  Dunlap AE, Kim SE, Lewis DD, Christopher SA, Pozzi A: 
Outcomes and complications following surgical correc-
tion of grade IV medial patellar luxation in dogs: 24 cases 
(2008–2014). J Am Vet Med Assoc 2016: 249(2): 208-213.

61  Duval JM, Budsberg SC, Flo GL, Sammarco JL: Breed, 
sex, and body weight as risk factors for rupture of the  
cranial cruciate ligament in young dogs. J Am Vet Med 
Assoc 1999: 215(6): 811-814.

62  Dvorak LD, Cook JL, Kreeger JM, Kuroki K, Tomlinson JL: 
Effects of carprofen and dexamethasone on canine  
chondrocytes in a three-dimensional culture model of 
 osteoarthritis. Am J Vet Res 2002: 63(10): 1363-1369.

63  Dyall B, Schmökel H: Tibial tuberosity advancement in 
small-breed dogs using TTA Rapid implants: complica-
tions and outcome. J Small Anim Pract 2017: 58(6):  
314-322.

64  Dymond N, Goldsmid S, Simpson D: Tibial tuberosity 
 advancement in 92 canine stifles: initial results, clinical 
outcome and owner evaluation. Aust Vet J 2010: 88(10): 
381-385.

65  Ertelt J, Fehr M: Cranial cruciate ligament repair in dogs 
with and without meniscal lesions treated by different 
minimally invasive methods. Vet Comp Orthop Traumatol 
2009: 22(1): 21-26.

66  Ferreira AJA, Bom RM, Tavares SO: Tibial tuberosity 
 advancement technique in small breed dogs: study of  
30 consecutive dogs (35 stifles). J Small Anim Pract 2019: 
60(5): 305-312.

67  Fitzpatrick N, Johnson J, Hayashi K, Girling S, Yeadon R: 
Tibial Plateau Leveling and Medial Opening Crescentic 
Osteotomy for Treatment of Cranial Cruciate Ligament 
Rupture in Dogs with Tibia Vara. Vet Surg 2010: 39(4): 444-
453.

68  Fitzpatrick N, Solano MA: Predictive Variables for Compli-
cations after TPLO with Stifle Inspection by Arthrotomy in 
1000 Consecutive Dogs. Vet Surg 2010: 39(4): 460-474.

69  Flesher K, Beale BS, Hudson CC: Technique and Outcome 
of a Modified Tibial Plateau Levelling Osteotomy for 
Treatment of Concurrent Medial Patellar Luxation and 
Cranial Cruciate Ligament Rupture in 76 Stifles. Vet Comp 
Orthop Traumatol 2019: 32(01): 26-32.

70  Flo GL: Classifications of meniscal lesions in 26 consecu-
tive canine meniscectomies. J Am Anim Hosp Assoc 1983: 
19(3): 335-340.

71  Flo GL, Deyoung D: Meniscal injuries and medial menis-
cectomy in the canine stifle. J Am Anim Hosp Assoc 1978: 
14(6): 683-689.

72  Fox EA, Dycus DL, Leasure CS, Fox HA, Canapp SO: 
 Average Tibial Plateau Angle of 3,922 Stifles Undergoing 
Surgical Stabilization for Cranial Cruciate Ligament Rup-
ture. Vet Comp Orthop Traumatol 2018: 31(S02): A1-A25.

73  Franklin S, Cook JL, Pozzi A: Surgical Treatment of Con-
current Meniscal Injury. In: Muir P (ed.)), Advances in the 
Canine Cranial Cruciate Ligament. 2nd Edition ed. Wiley 
Blackwell, Hoboken, US, 2018: 295-300.

74  Franklin S, Gilley RS, Palmer RH: Meniscal injury in dogs 
with cranial cruciate ligament rupture. Compend Contin 
Educ Vet 2010: 32(10): E1-E11.

75  Franklin SP, Cook JL: Prospective trial of autologous 
 conditioned plasma versus hyaluronan plus corticosteroid 
for elbow osteoarthritis in dogs. The Canadian veterinary 
journal = La revue veterinaire canadienne 2013: 54(9):  
881-884.

76  Frederick SW, Cross AR: Modified cranial closing wedge 
osteotomy for treatment of cranial cruciate ligament 
 insufficiency in dogs with excessive tibial plateau angles: 
Technique and complications in 19 cases. Vet Surg 2017: 
46(3): 403-411.

77  Galway HR, MacIntosh DL: The lateral pivot shift: a symp-
tom and sign of anterior cruciate ligament insufficiency. 
Clin Orthop Relat Res 1980: (147): 45-50.

78  Gatineau M, Dupuis J, Planté J, Moreau M: Retrospective 
study of 476 tibial plateau levelling osteotomy proce-
dures. Vet Comp Orthop Traumatol 2011: 24(5): 333-341.

79  Geyer H: Die Behandlung der Kreuzbandrisse beim Hund: 
vergleichende Untersuchungen. Doctoral Thesis: Univer-
sität Zürich, 1966.

80  Gibbons SE, Macias C, Tonzing MA, Pinchbeck GL, McKee 
WM: Patellar luxation in 70 large breed dogs. J Small 
Anim Pract 2006: 47(1): 3-9.

81  Gordon-Evans WJ, Griffon DJ, Bubb C, Knap KM, Sullivan 
M, Evans RB: Comparison of lateral fabellar suture and 
tibial plateau leveling osteotomy techniques for treatment 
of dogs with cranial cruciate ligament disease. J Am Vet 
Med Assoc 2013: 243(5): 675-680.

82  Greis PE, Bardana DD, Holmstrom MC, Burks RT: Meniscal 
Injury: I. Basic Science and Evaluation. JAAOS - Journal of 
the American Academy of Orthopaedic Surgeons 2002: 
10(3): 168-176.

83  Griffon DJ: A Review of the Pathogenesis of Canine Crani-
al Cruciate Ligament Disease as a Basis for Future Preven-
tive Strategies. Vet Surg 2010: 39(4): 399-409.

84  Guerrero TG, Geyer H, Hässig M, Montavon PM: Effect  
of conformation of the distal portion of the femur and 
proximal portion of the tibia on the pathogenesis of crani-
al cruciate ligament disease in dogs. Am J Vet Res 2007: 
68(12): 1332-1337.

85  Hamilton K, Tarlton J, Parsons K, Toscano M, Burton N: 
Effect of Osteotomy Position and Tibial Plateau Rotation 
on the Tensile Force Required for Failure of the Canine 
Quadriceps Mechanism. Vet Surg 2015: 44(6): 763-771.

86  Hayashi K, Frank JD, Dubinsky C, Hao Z, Markel MD, 
 Manley PA, et al.: Histologic changes in ruptured canine 
cranial cruciate ligament. Vet Surg 2003: 32(3): 269-277.

87  Hayashi K, Manley P, Muir P: Cranial cruciate ligament 
pathophysiology in dogs with cruciate disease: a review. 
J Am Anim Hosp Assoc 2004: 40(5): 385-390.

88  Haynes KH, Biskup J, Freeman A, Conzemius MG: Effect 
of Tibial Plateau Angle on Cranial Cruciate Ligament 
Strain: An Ex Vivo Study in the Dog. Vet Surg 2014: 44(1): 
46-49.

89  Heffron LE, Campbell JR: Morphology, histology and 
functional anatomy of the canine cranial cruciate liga-
ment. Vet Rec 1978: 102(13): 280-283.

90  Henrotin Y, Lambert C, Couchourel D, Ripoll C, Chiotelli E: 
Nutraceuticals: do they represent a new era in the man-
agement of osteoarthritis? – a narrative review from the 
lessons taken with five products. Osteoarthritis Cartilage 
2011: 19(1): 1-21.



Übersichtsarbeiten | Reviews

14 SAT | ASMV 6 | 2020 Band 162, Heft 6, Juni 2020, 000–000, © GST | SVS

A new approach to treat-
ment selection in dogs 

with cranial cruciate 
ligament rupture: pa-

tient-specific treatment 
recommendations

M. Lampart, S. Knell,  
A. Pozzi

91  Hill CM, Conzemius MG, Smith GK, McManus PM, 
Maloney D: Bacterial Culture of the Canine Stifle Joint 
 following Surgical Repair of Ruptured Cranial Cruciate 
Ligament. Vet Comp Orthop Traumatol 1999: 12(01): 01-05.

92  Hoelzler MG, Millis DL, Francis DA, Weigel JP: Results  
of Arthroscopic Versus Open Arthrotomy for Surgical 
Management of Cranial Cruciate Ligament Deficiency  
in Dogs. Vet Surg 2004: 33(2): 146-153.

93  Hoffmann DE, Miller JM, Ober CP, Lanz OI, Martin RA, 
Shires PK: Tibial tuberosity advancement in 65 canine 
 stifles. Vet Comp Orthop Traumatol 2006: 19(4): 219-227.

94  Hulse D, Beale B, Kerwin S: Second Look Arthroscopic 
Findings after Tibial Plateau Leveling Osteotomy.  
Vet Surg 2010: 39(3): 350-354.

95  Inauen R, Koch D, Bass M, Hässig M: Tibial tuberosity 
conformation as a risk factor for cranial cruciate ligament 
ruptures in the dog. Vet Comp Orthop Traumatol 2008: 
22(1): 16-20.

96  Jandi AS, Schulman AJ: Incidence of Motion Loss of the 
Stifle Joint in Dogs with Naturally Occurring Cranial 
 Cruciate Ligament Rupture Surgically Treated with Tibial 
Plateau Leveling Osteotomy: Longitudinal Clinical Study 
of 412 Cases. Vet Surg 2007: 36(2): 114-121.

97  Janovec J, Kyllar M, Midgley D, Owen M: Conformation of 
the proximal tibia and cranial cruciate ligament disease in 
small breed dogs. Vet Comp Orthop Traumatol 2017: 30(3): 
178-183.

98  Johnson JA, Austin C, Breur GJ: Incidence of canine 
 appendicular musculoskeletal disorders in 16 veterinary 
teaching hospitals from 1980 through 1989. Vet Comp 
 Orthop Traumatol 1994: 7(2): 56-69.

99  Johnston SA, Budsberg SC: Nonsteroidal Anti-Inflamma-
tory Drugs and Corticosteroids for The Management of 
Canine Osteoarthritis. Vet Clin North Am Small Anim Pract 
1997: 27(4): 841-862.

100  Johnston SA, McLaughlin RM, Budsberg SC: Nonsurgical 
Management of Osteoarthritis in Dogs. Vet Clin North Am 
Small Anim Pract 2008: 38(6): 1449-1470.

101  Kalff S, Meachem S, Preston C: Incidence of Medial 
 Meniscal Tears after Arthroscopic Assisted Tibial Plateau 
Leveling Osteotomy. Vet Surg 2011: 40(8): 952–956.

102  Kealy RD, Lawler DF, Ballam JM, Lust G, Biery DN, Smith 
GK, et al.: Evaluation of the effect of limited food 
 consumption on radiographic evidence of osteoarthritis 
in dogs. J Am Vet Med Assoc 2000: 217(11): 1678-1680.

103  Kim SE, Lewis DD, Pozzi A: Effect of Tibial Plateau Leve-
ling Osteotomy on Femorotibial Subluxation: In Vivo 
Analysis during Standing. Vet Surg 2012: 41(4): 465-470.

104  Kim SE, Lewis DD, Pozzi A, Seibert RL, Winter MD: Radio-
graphic quantitative assessment of cranial tibial subluxa-
tion before and after tibial plateau leveling osteotomy in 
dogs. Am J Vet Res 2011: 72(3): 410-416.

105  Kim SE, Pozzi A, Banks S, Conrad BP, Lewis DD: Effect of 
Tibial Tuberosity Advancement on Femorotibial Contact 
Mechanics and Stifle Kinematics. Vet Surg 2009: 38(1): 
33-39.

106  Kim SE, Pozzi A, Kowaleski MP, Lewis DD: Tibial Osteoto-
mies for Cranial Cruciate Ligament Insufficiency in Dogs. 
Vet Surg 2008: 37(2): 111-125.

107  Kipfer NM, Tepic S, Damur DM, Guerrero T, Hässig M, 
Montavon PM: Effect of tibial tuberosity advancement on 
femorotibial shear in cranial cruciate-deficient stifles.  
Vet Comp Orthop Traumatol 2008: 21(05): 385-390.

108  Kishi EN, Hulse D: Owner Evaluation of a CORA-Based 
Leveling Osteotomy for Treatment of Cranial Cruciate 
Ligament Injury in Dogs. Vet Surg 2016: 45(4): 507-514.

109  Knight RC, Thomson DG, Danielski A: Surgical manage-
ment of pivot-shift phenomenon in a dog. J Am Vet Med 
Assoc 2017: 250(6): 676-680.

110  Korvick DL, Pijanowski GJ, Schaeffer DJ: Three-dimen-
sional kinematics of the intact and cranial cruciate liga-
ment-deficient stifle of dogs. J Biomech 1994: 27(1):  
77-87.

111  Kowaleski MP: Clinical exam tips for the stifle: how to 
 improve your accuracy, Proceedings, NAVC Conference. 
Orlando, US, 18. - 22. 1., 2014.

112  Kowaleski MP, Boudrieau RJ, Pozzi A: Stifle Joint. In: 
 Tobias KM, Johnston SA (eds.), Veterinary Surgery: Small 
Animal. 2nd ed. Elsevier, Philadelphia, US, 2017: 1071-
1168.

113  Krier EM, Johnson TA, Breiteneicher AH, Peycke LE, 
Hulse DA: Articular cartilage lesions associated with 
complete lateral meniscal tears in the dog. Vet Surg 2018: 
47(7): 958-962.

114  Krotscheck U, Nelson SA, Todhunter RJ, Stone M, Zhang 
Z: Long Term Functional Outcome of Tibial Tuberosity 
Advancement vs. Tibial Plateau Leveling Osteotomy and 
Extracapsular Repair in a Heterogeneous Population of 
Dogs. Vet Surg 2016: 45(2): 261-268.

115  Lafaver S, Miller NA, Stubbs WP, Taylor RA, Boudrieau 
RJ: Tibial Tuberosity Advancement for Stabilization of 
the Canine Cranial Cruciate Ligament-Deficient Stifle 
Joint: Surgical Technique, Early Results, and Complica-
tions in 101 Dogs. Vet Surg 2007: 36(6): 573-586.

116  Laing EJ: Collateral Ligament Injury and Stifle Luxation. 
Vet Clin North Am Small Anim Pract 1993: 23(4): 845-853.

117  Langenbach A, Marcellin-Little DJ: Management of 
 concurrent patellar luxation and cranial cruciate ligament 
rupture using modified tibial plateau levelling. J Small 
Anim Pract 2010: 51(2): 97-103.

118  Langenbach A, Marcellin-Little DJ: Surgical Management 
of Cruciate Ligament Rupture Combined with Patella 
 Luxation. In: Muir P (ed.)), Advances in the Canine Cranial 
Cruciate Ligament. 2nd Edition ed. Wiley Blackwell, 
 Hoboken, US, 2018: 261-269.

119  Langley-Hobbs SJ: Lateral meniscal tears and stifle 
 osteochondrosis in three dogs. Vet Rec 2001: 149(19): 
592-594.

120  Lascelles BDX, Gaynor JS, Smith ES, Roe SC, Marcel-
lin-Little DJ, Davidson G, et al.: Amantadine in a Multi-
modal Analgesic Regimen for Alleviation of Refractory 
Osteoarthritis Pain in Dogs. J Vet Intern Med 2008: 22(1): 
53-59.

121  Lazar TP, Berry CR, Dehaan JJ, Peck JN, Correa M: Long-
Term Radiographic Comparison of Tibial Plateau Leveling 
Osteotomy Versus Extracapsular Stabilization for Cranial 
Cruciate Ligament Rupture in the Dog. Vet Surg 2005: 
34(2): 133-141.

122  Limbird TJ, Shiavi R, Frazer M, Borra H: EMG profiles of 
knee joint musculature during walking: Changes induced 
by anterior cruciate ligament deficiency. J Orthop Res 
1988: 6(5): 630-638.

123  Luther JK, Cook CR, Cook JL: Meniscal Release in Cruci-
ate Ligament Intact Stifles Causes Lameness and Medial 
Compartment Cartilage Pathology in Dogs 12 Weeks 
Postoperatively. Vet Surg 2009: 38(4): 520-529.



Übersichtsarbeiten | Reviews

15SAT | ASMV 6 | 2020Band 162, Heft 6, Juni 2020, 000–000, © GST | SVS

A new approach to treat-
ment selection in dogs 
with cranial cruciate 
ligament rupture: pa-
tient-specific treatment 
recommendations

M. Lampart, S. Knell,  
A. Pozzi

124  MacDonald TL, Allen DA, Monteith GJ: Clinical assess-
ment following tibial tuberosity advancement in 28 stifles 
at 6 months and 1 year after surgery. Can Vet J 2013: 
54(3): 249-254.

125  Malek S, Sample SJ, Schwartz Z, Nemke B, Jacobson PB, 
Cozzi EM, et al.: Effect of analgesic therapy on clinical 
outcome measures in a randomized controlled trial using 
client-owned dogs with hip osteoarthritis. BMC Vet Res 
2012: 8(1): 185-185.

126  Marcellin-Little DJ, Arnoldy CJ: Rehabilitation for dogs 
with cruciate ligament rupture. In: Muir P (ed.)), Advances 
in the Canine Cranial Cruciate Ligament. 2nd Edition ed. 
Wiley Blackwell, Hoboken, US, 2018: 343-351.

127  Marshall JL, Olsson S-E: Instability of the Knee: A Long-
term Experimental Study in Dogs. J Bone Joint Surg Am 
1971: 53(8): 1561-1570.

128  Marsolais GS, Dvorak G, Conzemius MG: Effects of post-
operative rehabilitation on limb function after cranial cru-
ciate ligament repair in dogs. J Am Vet Med Assoc 2002: 
220(9): 1325-1330.

129  Monahan JJ, Grigg P, Pappas AM, Leclair WJ, Marks T, 
Fowler DP, et al.: In vivo strain patterns in the four major 
canine knee ligaments. J Orthop Res 1984: 2(4): 408-418.

130  Monk ML, Preston CA, McGowan CM: Effects of early 
 intensive postoperative physiotherapy on limb function 
after tibial plateau leveling osteotomy in dogs with  
deficiency of the cranial cruciate ligament. Am J Vet Res 
2006: 67(3): 529-536.

131  Montavon P, Damur D, Tepic S: Advancement of the tibial 
tuberosity for the treatment of cranial cruciate deficient 
canine stifle. , Proceedings, ESVOT/VOS: 1st World  
Veterinary Orthopaedic Congress., Munich, Germany,  
5th-8th September, 2002 .

132  Moore EV, Weeren R, Towson MD, Paek M: Extended 
Long-Term Radiographic Comparison of Tibial Plateau 
Leveling Osteotomy versus Tibial Tuberosity Advance-
ment for Cranial Cruciate Ligament Rupture in the Dog. 
Vet Comp Orthop Traumatol 2019: 32(S 04): A3756.

133  Moore KW, Read RA: Rupture of cranial cruciate ligament 
in dogs: part I. Compend Contin Educ Vet 1996: 18: 223-
234.

134  Moreau M, Troncy E: Review of Fortified Foods and Natu-
ral Medicinal Products in Companion Animals Afflicted 
by Naturally Occurring Osteoarthritis. In: Watson RRW, 
Zibadi S (eds.), Nutritional Modulators of Pain in the 
 Aging Population. 1st ed. Academic Press, 2017: 281-291.

135  Muir P: History and Clinical Signs of Cruciate Ligament 
Rupture. In: Muir P (ed.)), Advances in the Canine Cranial 
Cruciate Ligament. 2nd Edition ed. Wiley Blackwell, 
 Hoboken, US, 2018: 115-118.

136  Muir P, Danova NA, Argyle DJ, Manley PA, Hao Z:  
Collagenolytic Protease Expression in Cranial Cruciate 
Ligament and Stifle Synovial Fluid in Dogs with Cranial 
Cruciate Ligament Rupture. Vet Surg 2005: 34(5): 482-
490.

137  Muir P, Hans EC, Racette M, Volstad N, Sample SJ, 
 Heaton C, et al.: Autologous Bone Marrow-Derived 
 Mesenchymal Stem Cells Modulate Molecular Markers of 
Inflammation in Dogs with Cruciate Ligament Rupture. 
PLoS One 2016: 11(8): e0159095.

138  Muir P, Schaefer SL, Manley PA, Svaren JP, Oldenhoff 
WE, Hao Z: Expression of immune response genes in the 
stifle joint of dogs with oligoarthritis and degenerative 
cranial cruciate ligament rupture. Vet Immunol Immuno-
pathol 2007: 119(3-4): 214-221.

139  Muir P, Schwartz Z, Malek S, Kreines A, Cabrera SY, 
Buote NJ, et al.: Contralateral cruciate survival in dogs 
with unilateral non-contact cranial cruciate ligament 
 rupture. PLoS One 2011: 6(10): e25331.

140  Murphy DJ, Todhunter RJ, Fubini SL, Vernier-Singer M, 
Straubinger RK, Lust G: The Effects of Methylpredniso-
lone on Normal and Monocyte-Conditioned Medi-
um-Treated Articular Cartilage From Dogs and Horses. 
Vet Surg 2000: 29(6): 546-557.

141  Nelson SA, Krotscheck U, Rawlinson J, Todhunter RJ, 
Zhang Z, Mohammed H: Long-Term Functional Outcome 
of Tibial Plateau Leveling Osteotomy Versus Extracapsu-
lar Repair in a Heterogeneous Population of Dogs. Vet 
Surg 2013: 42(1): 38-50.

142  Newman M, Bertollo N, Walsh W, Voss K: Tibial tuberosi-
ty transposition-advancement for lateralization of the 
 tibial tuberosity: An ex vivo caninestudy. Vet Comp 
 Orthop Traumatol 2014: 27(4): 271-276.

143  Nielen ALJ, Janss LLG, Knol BW: Heritability estimations 
for diseases, coat color, body weight, and height in a 
birth cohort of Boxers. Am J Vet Res 2001: 62(8): 1198-
1206.

144  Pacchiana PD, Morris E, Gillings SL, Jessen CR, Lipowitz 
AJ: Surgical and postoperative complications associated 
with tibial plateau leveling osteotomy in dogs with 
 cranial cruciate ligament rupture: 397 cases (1998-2001). 
J Am Vet Med Assoc 2003: 222(2): 184-193.

145  Patsaama S: Ligamentous Injuries in the canine stifle 
joint: A clinical and experimental study. Thesis: Royal 
Veterinary College, Helsinki Finland, 1952.

146  Petazzoni M: TPLO in the small dog: 18 cases, Proceed-
ings, 12th ESVOT Congress. Munich, 10.-12.9.2004, 2004.

147  Plesman R, Gilbert P, Campbell J: Detection of meniscal 
tears by arthroscopy and arthrotomy in dogs with cranial 
cruciate ligament rupture. Vet Comp Orthop Traumatol 
2013: 26(01): 42-46.

148  Pond MJ, Campbell JR: The canine stifle joint I. Rupture 
of the anterior cruciate ligament. J Small Anim Pract 
1972: 13(1): 1-10.

149  Pozzi A: The Combined Benefits of Dynamic and Static 
Stifle Stabilization, Proceedings, ACVS Surgery Summit 
2017 Indianapolis, US, 12th - 14th of October, 2017.

150  Pozzi A: TPLO, InternalBrace™ Ligament Augmentation: 
Clinical Experience. Arthrex Vetsystems:  
https://www.arthrexvetsystems.com/resources/pres-
entation/O-LTgIFuZEOfdAFeUhbB6g/tplo-internal-
brace-ligament-augmentation-clinical-experience  
(accessed 02.11.2018).

151  Pozzi A, Cook JL: Meniscal Release. In: Muir P (ed.)),  
Advances in the Canine Cranial Cruciate Ligament. 2nd 
Edition ed. Wiley Blackwell, Hoboken, US, 2018: 301-306.

152  Pozzi A, Hildreth BE, Pajala-Schultz PJ: Comparison of  
Arthroscopy and Arthrotomy for Diagnosis of Medial  
Meniscal Pathology: An Ex Vivo Study. Vet Surg 2008: 
37(8): 749-755.

153  Pozzi A, Kim SE, Lewis DD: Effect of Transection of the 
Caudal Menisco-Tibial Ligament on Medial Femorotibial 
Contact Mechanics. Vet Surg 2010: 39(4): 489-495.

154  Pozzi A, Kowaleski MP, Apelt D, Meadows C, Andrews 
CM, Johnson KA: Effect of Medial Meniscal Release  
on Tibial Translation After Tibial Plateau Leveling  
Osteotomy. Vet Surg 2006: 35(5): 486-494.



Übersichtsarbeiten | Reviews

16 SAT | ASMV 6 | 2020 Band 162, Heft 6, Juni 2020, 000–000, © GST | SVS

A new approach to treat-
ment selection in dogs 

with cranial cruciate 
ligament rupture: pa-

tient-specific treatment 
recommendations

M. Lampart, S. Knell,  
A. Pozzi

155  Pozzi A, Litsky AS, Field J, Apelt D, Meadows C, Johnson 
KA: Pressure distributions on the medial tibial plateau 
 after medial meniscal surgery and tibial plateau levelling 
osteotomy in dogs. Vet Comp Orthop Traumatol 2008: 
21(1): 8-14.

156  Pozzi A, Tonks CA, Ling HY: Femorotibial Contact Me-
chanics and Meniscal Strain after Serial Meniscectomy. 
Vet Surg 2010: 39(4): 482-488.

157  Priddy NH, Tomlinson JL, Dodam JR, Hornbostel JE: 
Complications with and owner assessment of the out-
come of tibial plateau leveling osteotomy for treatment 
of cranial cruciate ligament rupture in dogs: 193 cases 
(1997–2001). J Am Vet Med Assoc 2003: 222(12): 1726-
1732.

158  Ralphs SC, Whitney WO: Arthroscopic evaluation of 
 menisci in dogs with cranial cruciate ligament injuries: 
100 cases (1999-2000). J Am Vet Med Assoc 2002: 221(11): 
1601-1604.

159  Reinke JD: Cruciate ligament avulsion injury in the dog.  
J Am Anim Hosp Assoc 1982: 18: 257-264.

160  Ridge PA, Cook JL: Stifle stabilisation in dogs without 
meniscal exam: A counterpoint argument. J Small Anim 
Pract 2018: 59(7): 448-449.

161  Ritzo ME, Ritzo BA, Siddens AD, Summerlott S, Cook JL: 
Incidence and Type of Meniscal Injury and Associated 
Long-Term Clinical Outcomes in Dogs Treated Surgically 
for Cranial Cruciate Ligament Disease. Vet Surg 2014: 
43(8): 952-958.

162  Robinson DA, Mason DR, Evans R, Conzemius MG: The 
Effect of Tibial Plateau Angle on Ground Reaction Forces 
4-17 Months After Tibial Plateau Leveling Osteotomy in 
Labrador Retrievers. Vet Surg 2006: 35(3): 294-299.

163  Romano LS, Cook JL: Safety and functional outcomes 
 associated with short-term rehabilitation therapy in the 
post-operative management of tibial plateau leveling 
 osteotomy. Canadian veterinary journal 2015: 56(9): 942-
946.

164  Roush JK: Canine Patellar Luxation. Vet Clin North Am 
Small Anim Pract 1993: 23(4): 855-868.

165  Scavelli TD, Schrader SC, Matthiesen DT, Skorup DE: 
 Partial rupture of the cranial cruciate ligament of the 
 stifle in dogs: 25 cases (1982-1988). J Am Vet Med Assoc 
1990: 196(7): 1135-1138.

166  Schaible M, Shani J, Caceres A, Payton M, Segev Y, 
 Ben-Amotz R: Combined tibial plateau levelling osteoto-
my and lateral fabellotibial suture for cranial cruciate 
 ligament rupture with severe rotational instability in 
dogs. J Small Anim Pract 2017: 58(4): 219-226.

167  Schwede M, Rey J, Böttcher P: In vivo fluoroscopic kine-
matography of cranio-caudal stifle stability after tibial tu-
berosity advancement (TTA): a retrospective case series 
of 10 stifles. Open Vet J 2018: 8(3): 295-304.

168  Sherman SL, Khazai RS, James CH, Stoker AM, Flood DL, 
Cook JL: In Vitro Toxicity of Local Anesthetics and Corti-
costeroids on Chondrocyte and Synoviocyte Viability 
and Metabolism. CARTILAGE 2015: 6(4): 233-240.

169  Shiavi R, Limbird T, Borra H, Edmondstone MA: Electro-
myography profiles of knee joint musculature during 
 pivoting: Changes induced by anterior cruciate ligament 
deficiency. J Electromyogr Kinesiol 1991: 1(1): 49-57.

170  Skinner OT, Kim SE, Lewis DD, Pozzi A: In vivo femorotib-
ial subluxation during weight-bearing and clinical out-
come following tibial tuberosity advancement for cranial 
cruciate ligament insufficiency in dogs. Vet J 2013: 196(1): 
86-91.

171  Skytte D, Schmökel H, Miles J: Partial rupture of the 
 cranial cruciate ligament treated with tibial tuberosity 
 advancement without debridement of the remaining 
 ligament: A clinical study of 18 cases. Schweiz Arch Tier-
heilkd 2014: 156(9): 447-449.

172  Slocum B, Devine - Slocum T: Meniscal Release. In: 
 Bojrab MJ (ed.)), Current Techniques in Small Animal 
 Surgery. 4th Edition ed. Lea & Febinger, Philadelphia, 
1998: 1197–1199 

173  Slocum B, Devine T: Cranial tibial thrust: a primary force 
in the canine stifle. J Am Vet Med Assoc 1983: 183(4): 
456-459.

174  Slocum B, Slocum TD: Tibial Plateau Leveling Osteotomy 
for Repair of Cranial Cruciate Ligament Rupture in the 
 Canine. Vet Clin North Am Small Anim Pract 1993: 23(4): 
777-795.

175  Slocum B, Slocum TD: Tibial plateau leveling osteotomy 
for cranial cruciate ligament. In: Bojrab MJ (ed.)), Current 
Techniques in Small Animal Surgery. 4 ed. Williams & 
Wilkins, Baltimore, 1998: 1209–1215.

176  Spreng DE: Cranial Cruciate Ligament Debridement. In: 
Muir P (ed.)), Advances in the Canine Cranial Cruciate Lig-
ament. 2nd Edition ed. Wiley Blackwell, Hoboken, US, 
2018: 291-294.

177  Stauffer KD, Tuttle TA, Elkins AD, Wehrenberg AP, 
 Character BJ: Complications Associated With 696 Tibial 
Plateau Leveling Osteotomies (2001–2003). J Am Anim 
Hosp Assoc 2006: 42(1): 44-50.

178  Stein S, Schmoekel H: Short-term and eight to 12 months 
results of a tibial tuberosity advancement as treatment of 
canine cranial cruciate ligament damage. J Small Anim 
Pract 2008: 49(8): 398-404.

179  Swiderski JK, Palmer RH: Long-term outcome of distal 
femoral osteotomy for treatment of combined distal 
 femoral varus and medial patellar luxation: 12 cases 
(1999–2004). J Am Vet Med Assoc 2007: 231(7): 1070-1075.

180  Talaat MB, Kowaleski MP, Boudrieau RJ: Combination 
Tibial Plateau Leveling Osteotomy and Cranial Closing 
Wedge Osteotomy of the Tibia for the Treatment of 
 Cranial Cruciate Ligament-Deficient Stifles with Exces-
sive Tibial Plateau Angle. Vet Surg 2006: 35(8): 729-739.

181  Tashman S, Anderst W, Kolowich P, Havstad S, Arnoczky 
S: Kinematics of the ACL-deficient canine knee during 
gait: Serial changes over two years. J Orthop Res 2004: 
22(5): 931-941.

182  Taylor‐Brown FE, Meeson RL, Brodbelt DC, Church DB, 
McGreevy PD, Thomson PC, et al.: Epidemiology of 
 cranial cruciate ligament disease diagnosis in dogs 
 attending primary‐care veterinary practices in England. 
Vet Surg 2015: 44(6): 777-783.

183  Tepic S, Damur D, Montavon P: Biomechanics of the 
 stifle, Proceedings, ESVOT-VOS: 1st World Veterinary 
 Orthopaedic Congress. . Munich, Germany, 5th-8th Sep-
temper 2002.

184  Thieman KM, Pozzi A, Ling H-Y, Lewis D: Comparison of 
Contact Mechanics of Three Meniscal Repair Techniques 
and Partial Meniscectomy in Cadaveric Dog Stifles.  
Vet Surg 2010: 39(3): 355-362.

185  Thieman KM, Pozzi A, Ling HY, Lewis DD, Horodyski M: 
Contact Mechanics of Simulated Meniscal Tears in 
 Cadaveric Canine Stifles. Vet Surg 2009: 38(7): 803-810.



Übersichtsarbeiten | Reviews

17SAT | ASMV 6 | 2020Band 162, Heft 6, Juni 2020, 000–000, © GST | SVS

A new approach to treat-
ment selection in dogs 
with cranial cruciate 
ligament rupture: pa-
tient-specific treatment 
recommendations

M. Lampart, S. Knell,  
A. Pozzi

186  Thiemann KM, Tomlinson JL, Fox DB, Cook C, Cook JL: 
Effect of Meniscal Release on Rate of Subsequent Menis-
cal Tears and Owner-Assessed Outcome in Dogs with 
Cruciate Disease Treated with Tibial Plateau Leveling 
 Osteotomy. Vet Surg 2006: 35(8): 705-710.

187  Tinga S, Kim SE: Extracapsular Stabilization. In: Muir P 
(ed.). Second Edi ed. Wiley Blackwell, Hoboken, NJ, 2018: 
189-199.

188  Tinga S, Kim SE, Banks SA, Jones SC, Park BH, Pozzi A, et 
al.: Femorotibial kinematics in dogs with cranial cruciate 
ligament insufficiency: A three-dimensional in-vivo fluor-
oscopic analysis during walking. BMC Vet Res 2018: 14(1): 
12-14.

189  Tivers M, Commerford E, Owen M: Does a fabella-tibial 
suture alter the outcome for dogs with cranial cruciate 
ligament insufficiency undergoing arthrotomy and 
 caudal pole medial meniscectomy? Vet Comp Orthop 
Traumatol 2009: 22(4): 283-288.

190  Vasseur PB: Clinical Results Following Nonoperative 
Management for Rupture of the Cranial Cruciate Liga-
ment in Dogs. Vet Surg 1984: 13(4): 243-246.

191  Vasseur PB, Pool RR, Arnoczky SP, Lau RE: Correlative 
 biomechanical and histologic study of the cranial cruciate 
ligament in dogs. Am J Vet Res 1985: 46(9): 1842-1854.

192  Vedrine B, Guillemot A, Fontaine D, Ragetly GR, Etchepa-
reborde S: Comparative anatomy of the proximal tibia in 
healthy Labrador Retrievers and Yorkshire Terriers. Vet 
Comp Orthop Traumatol 2013: 26(4): 266-270.

193  Vezzoni A: TPLO in small dogs, Proceedings, World Veter-
inary Orthopedic Congress 2010. Bologna, 15. - 18.9.2010, 
2010.

194  Vezzoni A: Tibial plateau leveling osteotomy versus tibial 
tuberosity advancement. The North American Veterinary 
Conference; Gainesville; 2011: 1063.

195  Vezzoni A, Vanelli Bohorquez A, Modenato M, Dziezyc J, 
Devine Slocum T: Proximal tibial epiphysiodesis to 
 reduce tibial plateau slope in young dogs with cranial 
cruciate ligament deficient stifle. Vet Comp Orthop 
 Traumatol 2008: 21(4): 343-348.

196  von Pfeil DJF, Kowaleski MP, Glassman M, Dejardin LM: 
Results of a survey of Veterinary Orthopedic Society 
members on the preferred method for treating cranial 
cruciate ligament rupture in dogs weighing more than  
15 kilograms (33 pounds). J Am Vet Med Assoc 2018: 
253(5): 586-597.

197  Voss K, Damur D, Guerrero T, Haessig M, Montavon P: 
Force plate gait analysis to assess limb function after 
 tibial tuberosity advancement in dogs with cranial cruci-
ate ligament disease. Vet Comp Orthop Traumatol 2008: 
21(03): 243-249.

198  Warzee CC, Dejardin LMLM, Arnoczky SP, Perry RL: Effect 
of tibial plateau leveling on cranial and caudal tibial 
thrusts in canine cranial cruciate -deficient stifles: An in 
vitro experimental study. Vet Surg 2001: 30(3): 278-286.

199  Whitehair JG, Vasseur PB, Willits NH: Epidemiology of 
cranial cruciate ligament rupture in dogs. J Am Vet Med 
Assoc 1993: 203(7): 1016-1019.

200  Whitney WO: Arthroscopically assisted surgery of the 
stifle joint. In: Beale BS, Hulse DA, Schulz KS, Whitney 
WO (eds.), Small Animal Arthroscopy. Saunders, 
 Philadelphia, US, 2003: 116–157.

201  Wilke VL, Conzemius MG, Kinghorn BP, Macrossan PE, 
Cai W, Rothschild MF: Inheritance of rupture of the 
 cranial cruciate ligament in Newfoundlands. J Am Vet 
Med Assoc 2006: 228(1): 61-64.

202  Willauer CC, Vasseur PB: Clinical Results of Surgical 
 Correction of Medial Luxation of the Patella in Dogs.  
Vet Surg 1987: 16(1): 31-36.

203  Williams RA: Isolated lateral meniscus tear in a boxer.  
Vet Rec 2010: 167(11): 419-420.

204  Witsberger TH, Villamil AJ, Schultz LG, Hahn AW, Cook 
JL: Prevalence of and Risk Factors for Hip Dysplasia and 
Cranial Cruciate Ligament Deficiency in Dogs. J Am Vet 
Med Assoc 2008: 232(12): 1818-1824.

205  Witte PG, Scott HW: Tibial Plateau Leveling Osteotomy in 
Small Breed Dogs With High Tibial Plateau Angles Using 
a 4-Hole 1.9/2.5 mm Locking T-Plate. Vet Surg 2014: 43(5): 
549-557.

206  Wucherer KL, Conzemius MG, Evans R, Wilke VL: Short-
term and long-term outcomes for overweight dogs with 
cranial cruciate ligament rupture treated surgically or 
nonsurgically. J Am Vet Med Assoc 2013: 242(10): 1364-
1372.

207  Yeadon R, Fitzpatrick N, Kowaleski MP: Tibial tuberosity 
transposition-advancement for treatment of medial 
 patellar luxation and concomitant cranial cruciate liga-
ment disease in the dog. Vet Comp Orthop Traumatol 
2010: 24(1): 18-26.

208  Zahm H: Die Ligamenta decussata im gesunden und  
arthrotischen Kniegelenk des Hundes. Kleintierpraxis 
1965: 10: 38-47.

Corresponding author

Antonio Pozzi 
Clinic for Small Animal Surgery, Vetsuisse Faculty 
University of Zurich 
Winterthurerstrasse 260 
CH-8057 Zurich 
Switzerland 
Phone: 044 635 84 37 
E-Mail: apozzi@vetclinics.uzh.ch


	_Hlk534727911
	_Hlk534728051

