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Survey of Articular Cartilage Injury of Stifle Joints in 323 Dogs
Presented for Surgery in Chiang Mai, Thailand, during
2006-2012

Korakot Nganvongpanit!?* Terdsak Yano3

Abstract

The purpose of this study was to report the incidence of articular cartilage injury of the stifle joint in 323
dogs found during surgery at orthopedic clinics in Chiang Mai, Thailand, from October 2006 to July 2012. A total of
44 dogs (13.6%) had cartilage lesions. Surgical operations in this study included the corrections of anterior cruciate
ligament (ACL) rupture (14.2%), distal femur fracture (15.2%), and patellar luxation (66.6%), and the removal of the
IM pin from the tibia (4%). Cartilage injury was found in 1 of the 49 dogs with ACL rupture (2.17%, OR= 0.124); 3 of
the dogs with distal femur fracture (6.12%, OR= 0.371); 28 of the 215 dogs with patellar luxation (13.02%, OR= 0.861);
and 12 dogs of the 13 dogs with tibial IM pin to be removed (92.31%, OR= 104.250). In conclusion, high respective
incidence of articular injury was found in the removal of IM pin from the tibia, patellar luxation, femoral fracture, and
anterior cruciate ligament rupture surgical operations, respectively.
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Introduction to the articular cartilage causes no pain; hence the
animal may likely not show clinical signs until the
lesion has progressed deep into the subchondral bone,
which has both vascular and nerve supply.

Human studies have shown that joint

Articular cartilage injury is one of the most
important joint diseases in dogs. This injury has been
implicated as a risk factor for the development of L . > e .
knee osteoarthritis (OA) (Taskiran et al, 1999; injuries may include direct and indirect articular
Buckwalter and Brown, 2004; Natoli and Athanasiou, cartilage impact loading, ligament injury, meniscal

2009). One of the main problems regarding this injury tear, joint luxation, or intraarticular fracture (Taskiran
is that clinical signs are often not apparent until the et al,, 1999; Buckwalter and Brown, 2004; Natoli and

disease has progressed to an advanced stage. In Athanasiou, 20,09)’ Articular C.artilage in.jury can be
healthy joint, articular cartilage plays an importance acute or chrf)mc. Injury  of artlc‘}lar cartlla.ge can be
role in pain-free and smooth movement. Previous categorlze.d into 2 types d.ependmg.on lesion depth,
study (Brown and Shaw, 1984) showed daily sustain partl'al tblckness or full thlckne'ss'(Flg 1). So far, no
forces of 1-2 megapascals (Mpa). Articular cartilage publication hés .reported Cl.lmcal da.ta on. the
comprises a large volume of water; 65-85% of total prevalence or incidence of articular cartilage injury.
weight. The major components of cartilage matrix are Th1§ Stu‘?Y‘ det?rmmed the Pref’alenc? of ?rtlcular
collagen type II, 75% dry tissue weight; and aggrecan- cartilage injury in dogs with various stifle disorders.
proteoglycan molecule, 20-25% dry tissue weight The results from this study should be useful for future
Other minor components are chondrocytes, studies on articular cartilage injury in dogs.
oligomeric protein, and thrombospondin. Those

components are responsible for cartilage homeostasis Materials and Methods

(Mow et al., 1984). Articular cartilage is an avascular
structure which shows poor wound healing process;
moreover, this structure lacks a nerve supply. Injury

Amnimals: In this clinical study we investigated 323
dogs (166 males and 157 females) that was presented
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for stifle surgeries at five different small animal
hospitals in Chiang Mai from October 2006 to July
2012. The data collected included breed, age, weight
and sex of dogs, operation method, articular cartilage
injury score, and position of lesion.

Diagnostic procedures in femoral condyles
articular injury included evaluation directly after
arthrotomy was performed. The classification
followed that of the International Cartilage Repair
Society (ICRS) (Brittberg and Winalski, 2003), which
categorizes the degree of articular injury into four
grades. Grade I: superficial lesions, soft indentation
and/or superficial fissures and cracks; grade II:
lesions extending down to <50% of cartilage depth;
grade III: cartilage defects extending down >50% of
cartilage depth, as well as down to a calcified layer
and down to but not through the subchondral bone
(blisters are included in this grade); and grade IV:
lesions extending down to subchondral bone
exposure. All cartilage evaluation in 323 dogs was
performed by one veterinarian.

Statistical analysis: Data regarding sex and breed of
dogs, surgical procedure, position of the lesion on the
bone, and type of joint injury were analyzed by
descriptive analysis. Frequency and percentage were
used to assess sample characteristics. Chi-square test
was used to analyze the relationship of those factors
to the cartilage injury. The weight and age of animals
in the cartilage injury and non-cartilage injury groups
were analyzed by independent t-test. P-value= 0.05
was considered significant.

Results

Cartilage injury lesions were diagnosed in 44
out of 323 dogs treated in local orthopedic clinics from
October 2006 to July 2012 (Table 1). This number
represented 13.6% of the total stifle surgery patients.
Surgical operations in this study included repair of
anterior cruciate ligament (ACL) rupture (14.2%),
distal femur fracture (15.2%), and patellar luxation
(66.6%); and removal of intramedullary (IM) pin from
the tibia (4%) (Fig 1 and Table 2).

Table 1 Dog breeds in the study group (n=323)

Breed Frequency Percent
Pomeranian 94 29.1
Poodle 53 16.4
Shih Tzu 36 11.1
Native Thai 24 7.4
Yorkshire Terrier 23 7.1
Chihuahua 21 6.5
Miniature Pinscher 14 43
Golden Retriever 10 3.1
Labrador Retriever 9 2.8
American Pit Bull Terrier 8 25
Pekinase 8 25
German Shepherd 6 1.9
Rottweiler 6 1.9
Bangkeaw 3 0.9
Siberian Husky 4 1.2
Bulldog 4 1.2
Total 323 100

Table 2 Number of dogs with various stifle disorders
(n=323)

Disorders Frequency Percent
Patellar luxation 215 66.6
Distal femur fracture 49 15.2
ACL rupture 46 14.2
IM pinned tibia 13 4
Total 323 100

ACL: anterior cruciate ligament, IM: intramedullary

Breed, sex, weight and age of animals and injury:
Table 3 shows the frequency of articular injury among
individual dog breeds in our patients. Of the 44 dogs
in this study, the breeds affected by articular injury
were Pomeranian (36.4%), Poodle (25.0%), Native
Thai (13.6%), Golden Retriever (6.8%), Shih Tzu
(6.8%), Chihuahua (4.5%), Miniature Pinscher (4.5%)
and Yorkshire Terrier (2.4%). The ratio of males to
females in this study was not significantly different,
51.4% (166 males) to 48.6% (157 females). The weight
range of affected dogs (6.19+5.35 kg) and unaffected
dogs (8.11+10.71 kg) was significantly different (p=
0.002). The age range of affected dogs (30.59+17.80
months) and unaffected dogs (823.05£17.05 months)
did not show a significant difference (p= 0.802).

Articular cartilage injury score and location: This
study found grade I cartilage lesion in 26 dogs
(59.1%), grade II in 3 dogs (6.8%) and grade IV in 15
dogs (34.1%), while grade III lesions were not found.
Lesions on the femoral condyle were found in four
different locations: 1 on the lateral condyle (2.27%), 28
on the medial condyle (63.64%), 13 on the trochlear
groove (29.55%), and 2 on the transverse plane
(4.55%) (Fig 2).

[ . :nmﬂlayn-

./~ Collagen
i| | © cateum

Vet Med CMU.

Partial thickness defect

Full thickness defect

Figure 1 A schematic description of the articular injury is
lesions which is not deep into the subchondral
bone partial thickness defect. Full thickness defect
has lesion deep into subchondral bone (I:
superficial layer, II: intermediate layer, III: deep
layer, IV: calcified layer, SB: subchondral bone)
(drawing by Nganvongpanit, K).

Figure 2 Articular injury (arrow) in dogs with anterior
cruciate ligament (ACL) rupture (A), patellar
luxation (B), distal femur fracture (C), and IM pin
in the tibia (D)
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Table 3 Incidence of articular cartilage injury in individual breeds (n= 44)

Breed ACL rupture Distal femur Patellar luxation Remove tibial Total
Pomeranian 1 1 10 4 16 (36.4%)
Poodle 0 0 9 2 11 (25.0%)
Native Thai 0 1 1 4 6 (13.6%)
Golden Retriever 0 1 0 2 3 (6.8%)
Shi Tzu 0 0 3 0 3 (6.8%)
Chihuahua 0 0 2 0 2 (4.5%)
Miniature Pinscher 0 0 2 0 2 (4.5%)
Yorkshire Terrier 0 0 1 0 1(2.4%)
Total 1(2.4%) 3 (6.8%) 28 (63.6%) 12 (27.2%) 44

ACL: anterior cruciate ligament, IM: intramedullary

Table 4 Number of animals with cartilage injury in different surgical procedures

Cartilage Surgical procedure

injury ACL rupture Distal femur Patellar luxation Remove tibial IM Total
Yes 1(2.2%) 3 (6.1%) 28 (13.0%) 12 (92.3%) 44 (13.6%)
No 45 (97.8%) 46 (93.9%) 187 (87.0%) 1(7.7%) 279 (86.4%)
Total 46 49 215 13 323

ACL: anterior cruciate ligament, IM: intramedullary

Table 5 Incidence of cartilage injury in various stifle disorders of 323 dogs

Cartilage Disorders
injury ACL rupture Distal femur fracture Patellar luxation IM pin tibia
Yes No Yes Yes No Yes No
Yes 1 43 3 28 16 12 32
(2.17%) (15.52%) (6.12%) (14.96%) (13.02%) (14.81%) (92.31%) (10.32%)
No 45 234 46 187 92 1 278
(97.83%) (84.48%) (93.88%) (85.04%) (86.98%) (85.19%) (7.69%) (89.68%)
Total 46 277 49 215 108 13 310
P-value 0.015 0.097 0.658 <0.001
Odds ratio 0.124 0.371 0.861 104.250

(0.016-0.901)

(0.110-1.248)

(0.444-1.671) (13.121-828.300)

ACL: anterior cruciate ligament, IM: intramedullary

Relationship between articular cartilage injury and
diseases: This study found cartilage injury in: 1 dog
with ACL rupture (2.17%), 3 dogs with distal femur
fracture (6.12%), 28 dogs with patellar luxation
(13.02%) and 12 dogs with tibial IM pin to be removed
(92.31%). This study significantly found cartilage
injury in animals with cartilage injury (p< 0.001)
presented for IM pin removal from the tibia, with a
high odd ratio (104.250) (Table 5).

Discussion

As mentioned in numerous publications,
articular cartilage is a major cause of osteoarthritis.
Early diagnosis and treatment is very important in
order to avoid development of osteoarthritis. Many
factors causing articular cartilage damage include age,
shear loading, torsional loading, impact, irrigation,
intraarticular fracture, and joint surgery (Taskiran et
al., 1999; Buckwalter, 2002, Buckwalter and Brown,
2004; Natoli and Athanasiou, 2009).

Few studies are of the prevalence of articular
cartilage injury in dogs. This study found articular
injury in a lower number of dogs (13.6%) compared
with two previous studies. One study (Daems et al.,

2009) reported that about two-thirds of 145 dogs
undergoing surgery for treatment of patellar luxation
had articular injury in the femoral trochlea. In the
other study (Hulse et al., 2010), after knee arthroscopy
on 63 dogs following correction of ACL rupture using
tibial plateau leveling osteotomy, articular injury was
found in 39 knees. Five, 7, 9 and 18 knees were grade
I, 11, 1II, and IV, respectively. In cases of grades III and
IV patellar luxation of our study, lesions were found
on 15 medial condyles and 9 lateral condyles, while
the other 3 were found at the tibial plateau. In
comparison with the study of Daems et al. (2009),
which reported articular injury in the femoral trochlea
in 33% of 145 dogs undergoing surgery for treatment
of patellar luxation, our study found only 13% injury
rate (28/187 dogs). There are several possible causes
for this difference, including grade of patellar
luxation, individual perspectives among veterinarians
scoring cartilage lesions, and inclusion criteria of
animals. However, such numbers of 33% and 13.02%
clearly indicate a high incidence of cartilage injury in
patellar luxation patients. Of 28 dogs with cartilage
injury from patellar luxation, 22 dogs were grade IV
and 6 dogs were grade III. Although the present study
did not find a relationship between patellar grade and
cartilage grade, articular injury lesions were found to
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be related to the side of luxation, 27 dogs with medial
patellar luxation had an injury on the medial femoral
condyle, while 1 dog with lateral patellar luxation had
an injury on the lateral femoral condyle. The in and
out movement of the patella on the femoral condyle is
a possible cause of cartilage injury. However, to make
a conclusive determination, more investigations must
be performed on a larger number of dogs with
patellar luxation.

A previous study showed that joint
instability could lead to articular cartilage injury
(Buckwalter and Brown, 2004). Surprisingly, we
found that only 1 dog with anterior cruciate ligament
rupture (out of a total of 46 dogs) had grade I cartilage
injury on the medial condyle. Many studies reported
that anterior cruciate ligament rupture is associated
with meniscal injury rather than articular cartilage
injury (Jackson et al., 2001; Case et al., 2008; Hayes et
al., 2010). It is possible that stifle joint instability from
rupture of the anterior cruciate ligament has no effect
on articular cartilage but a direct effect on the
meniscus.

Among patients with distal femur fracture in
this study, 6.12% had articular fracture; the other
93.88% had fracture at the distal end, but the fracture
line did not run through the articular cartilage. Also,
100% of cartilage injuries in cases of articular fracture
were grade IV.

Other etiology of stifle joint articular injury
involves complications from intramedullary pinning
at the tibia (Dixon et al., 1994; Payne et al., 2005). The
present study found articular injury in 92.31% of dogs
during IM pin removal from the tibia with the highest
odds number (104.250). The lesion was found on the
trochlear groove in all cases. The results from this
study, together with previous studies (Dixon et al.,
1994; Payne et al., 2005), strongly indicate that using
intramedullary pinning technique to correct fractures
at the tibia should be avoided. Even if the surgical
procedure is performed very skillfully, postoperative
leg movements can cause dislocation of the pin, which
may then penetrate into the joint cavity. This was
confirmed by post-surgery radiography.

Other factors, i.e. sex, age, breed and weight
of dogs, cannot conclusively be associated with
articular injury because the recorded data could not
be used for statistical analysis. For example, this study
found that Pomeranians (36.4%) and Poodles (25.0%)
had the highest incidence of articular injury because
those animals had a high prevalence of patellar
luxation in Chiang Mai (Nganvongpanit and Yano,
2011). A disadvantage of this study is that cartilage
lesions were only investigated in dogs referred for
stifle joint surgery; the incidence of cartilage injury
may thus not be precisely representative. In fact, in
attempting to ascertain the incidence of cartilage
injury in dogs, the experimental design should
include performing arthroscopy or arthrotomy for
every animal showing clinical signs of lameness, and
even in some cases that have no obvious clinical signs.
But conducting such an experiment would be
impossible for many reasons, for example, pet owners
may not permit surgery to be performed on healthy

dogs, and animal ethics committees may not approve.
However, the results of this study provide useful
information about the incidence of cartilage injury of
the stifle disorders from a variety of causes.

Acknowledgements

The authors would like to acknowledge
financial support via research grants from the
National ~Research  University =~ Project under
Thailand’s  Office of the Higher Education
Commission in years 2011-2012.

References

Brittberg, M. and Winalski, C.S. 2003. Evaluation of
cartilage injuries and repair. ] Bone Joint Surg
Am. 85A: 58-69.

Brown, T.D. and Shaw, D.T. 1984. In vitro contact
stress distribution on the femoral condyles. ]
Orthop Res. 2: 190-199.

Buckwalter, J.A. 2002. Articular cartilage injuries. Clin
Orthop Relat Res. 402: 21-37.

Buckwalter, J.A. and Brown, T.D. 2004. Joint injury,
repair, and remodeling. Clin Orthop Relat Res.
423:7-16.

Case, J.B., Hulse, D., Kerwin, S.C. and Peycke, L.E.
2008. Meniscal injury following initial cranial
cruciate ligament stabilization surgery in 26
dogs (29 stifles). Vet Comp Orthop Traumatol.
21: 365-367.

Daems, R, Janssens, L.A., Béosier, Y.M. 2009. Grossly
apparent cartilage erosion of the patellar
articular surface in dogs with congenital medial
patellar luxation. Vet Comp Orthop Traumatol.
22:222-224.

Dixon, B.C., Tomlinson, J.L. and Wagner-Mann, C.C.
1994. Effects of three intramedullary pinning
techniques on proximal pin location and
articular damage in the canine tibia. Vet Surg.
23: 448-455.

Hayes, G.M., Langley-Hobbs, S.J. and Jeffery, N.D.
2010. Risk factors for medial meniscal injury in
association with cranial cruciate ligament
rupture. ] Small Anim Pract. 51: 630-634.

Hulse, D., Beale, B. and Kerwin, S. 2010. Second look
arthroscopic findings after tibial plateau leveling
osteotomy. Vet Surg. 39: 350-354.

Jackson, J., Vasseur, P.B., Griffey, S., Walls, C.M. and
Kass, P.H. 2001. Pathologic changes in grossly
normal menisci in dogs with rupture of the
cranial cruciate ligament. ] Am Vet Med Assoc.
218:1281-1284.

Mow, V.C., Holmes, M.H. and Lai, W.M. 1984. Fluid
transport and mechanical properties of articular
cartilage. A review. ] Biomech. 17: 377-394.

Natoli, RM. and Athanasiou, K.A. 2009. Traumatic
loading of articular cartilage: mechanical and
biological responses and post-injury treatment.
Biorheology. 46: 451-485.

Nganvongpanit, N. and Yano, T. 2011. Prevalence of
and risk factors of patellar luxation in dogs in
Chiang Mai, Thailand, during the years 2006-
2011. Thai ] Vet Med. 41: 449-454.

Payne, J., McLaughlin, R. and Silverman, E. 2005.



494 Nganvongpanit K. and Yano T./ Thai | Vet Med. 2012. 42(4): 489-494.

Comparison of normograde and retrograde
intramedullary pinning of feline tibias. ] Am
Anim Hosp Assoc. 41: 56-60.

Taskiran, D., Taskiran, E., Ozsoy, H. and Lok, V. 1999.
Effects of surgical trauma on articular cartilage.
Turk J Med Sci. 29: 177-180.





