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cytokines, chemokines, DAMPs and matricyptins. [1, 4–
8] Therefore, accurate identification of meniscal pathol-
ogy is essential as undiagnosed meniscal pathology may 
result in persistent lameness, pain, and dysfunction and 
is associated with an increased risk of developing OA. 
[4,9] Various methods of diagnosing meniscal pathology 
have been evaluated, including advanced imaging modal-
ities and surgery. [5,10,11]

While Kaufman et al. [15] evaluated the prevalence of 
meniscal tears using arthroscopy and found no signifi-
cant relationship between periarticular osteophytosis and 
meniscal injury, no study has specifically evaluated the 
association of varying degrees of OA and meniscal tears 
in dogs. The purpose of this retrospective study is to eval-
uate the associations of meniscal pathology in dogs with 
varying degrees of degenerative joint disease undergoing 

Introduction
Osteoarthritis (OA) is a progressive disease characterized 
by joint effusion, osteophytes and enthesophytes, intra-
articular mineralization, and less reliably subchondral 
sclerosis. [1–3] In the stifle, a proposed mechanism of 
the development of OA from meniscal injury is through 
the release of pro-catabolic and pro-algesic enzymes, 
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Abstract
Objective The aim of this study was to evaluate the association between meniscal lesions and severity of 
osteoarthritis (OA) among dogs that underwent Tibial Plateau Leveling Osteotomy (TPLO) for stabilization of cranial 
cruciate ligament rupture (CrCLR) at the University of Tennessee in 2011–2017.

Results There were a total of 252 meniscal tears. Factors associated with diagnosis of medial meniscal tears (MMT) in 
dogs were severe OA in comparison to no OA (3.8 OR, 2.0–8.0 95% CI, 0.001 p-value), sporting and mixed breed group 
compared to other breed (3.6 OR, 1.7–7.6 95% CI, 0.004 p-value; 3.2 OR, 1.6–6.6 95% CI, 0.019 p-value, respectively), 
increasing age (1.1 OR, 1.0-1.2 95% CI, 0.018 p-value), complete CrCLR compared to partial (3.3 OR, 2.1-5.0 95% CI, 
< 0.001 p-value), and arthrotomy compared to arthroscopy (2.2 OR, 1.4–3.1 95% CI, 0.002 p-value). The factors that did 
not have significance in predicting MMT were weight, sex, lameness period, and side affected.
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arthrotomy or arthroscopy prior to TPLO stabilization. 
We hypothesize that the prevalence of meniscal tears is 
high with severe OA.

METHODS
Study design and setting
A retrospective, cross-sectional study was performed 
using information retrieved from the medical records of 
dogs undergoing surgical repair for CrCLR with TPLO. 
Medical records of these dogs from the University of 
Tennessee, between 2011 and 2017, were reviewed. Data 
retrieved from the medical records include signalment 
consisting of age in years, sex (female intact or spayed or 
male intact or castrated), breed group (herding, mixed, 
sporting, working or other (terrier, toy, non-sport-
ing and hound)), weight in kilogram, lameness period 
(onset of lameness to surgery, acute < 30 days, subacute 
31–150 days, chronic > 150 days), the hind limb affected 
(left or right), evaluation of the joint via arthroscopy or 
arthrotomy (medial parapatellar), level of OA (none, 
mild, moderate or severe) based on a subjective grading 
score validated by the method described by Brunnberg 
et al. (1992) [33], meniscal pathology (intact or torn and 
type of tear; bucket handle, unspecified, complex, radial, 
degenerative, vertical longitudinal, flap) at the time of 
surgery and treatment (removed or released and type 
of meniscectomy including partial, total or hemi), con-
current surgical procedures, and complications intra-
operatively or during follow-up. A medical record had to 
report entry in all the aforementioned variables of inter-
est to be included in the study. Data were maintained in 
standard spreadsheet format (Microsoft Excel; Microsoft 
USA).

Statistical analysis
Statistical analyses comparing medial meniscal injuries, 
presence, and severity of OAs duration of clinical signs, 

signalment, arthroscopy, or arthrotomy were performed 
using SAS 9.4 software. Descriptive statistics (frequen-
cies, proportions, median, mean ± SD, range) were used 
to summarize the measured explanatory variables. Uni-
variable logistic regression was used to test associations 
between each explanatory variable and the outcome of 
interest. Odds ratios and their 95% CIs were used to mea-
sure the strength of associations between the explanatory 
variables and the outcome. A Pvalue of ≤ 0.05 was con-
sidered significant. In preparation for building a mul-
tivariable model, the assumption of linearity of age and 
body weight was tested by examining the statistical sig-
nificance of using a squared term. If there was a quadratic 
relationship, the independent variable’s squared term was 
considered for addition to the model.

All the variables in the univariable analyses were 
explored in the model building and interactions between 
selected variables were tested. The tested interactions 
include age and OA; age and breed group; age and sex. A 
non-intervening variable that changed the coefficient of a 
previously significant variable in the logarithm scale by at 
least 20% was treated as a confounder and was retained 
in the model. The final model included explanatory vari-
ables that remained significant.

RESULTS
The records search identified 479 stifles that underwent 
TPLO between 2011 and 2017 (Table 1). Of these 479 sti-
fles, 80 were bilateral procedures. Dog ages ranged from 
0.8 years to 15 years (median 5) and weight ranged from 
3.10 to 80.50 kg (median 33); the distribution of dog ages 
and weights by their meniscus tear status is presented in 
Table  2. In total, there were 66 breeds categorized into 
their respective breed groups. The most common breeds 
were mixed 161 (34%), sporting 134 (28%), working 87 
(18%), and herding 43 (9%). The breed groups terrier, 
non-sporting, toy, and hound were combined and labeled 

Table 1 Summary data of the distribution of all continuous variables of dogs presented to the University of Tennessee from 2011–
2017 for cranial cruciate ligament disease stabilization.
Variable N Min Lower quartile Mean 95% CL for 

mean
Std Dev Median Upper Quartile Max

Lateral meniscal tear = Torn

Age (yr) 8 3.0 4.5 6.0 4.2–7.8 2.1 6.0 7.5 9.0

Weight (Kg) 5 19.0 22.5 39.8 11.9–67.7 22.5 31.3 55.0 71.2

Lateral meniscal tear = Intact

Age (yr) 471 0.8 3.0 5.6 5.3–5.8 2.7 5.0 7.0 15.0

Weight (Kg) 410 3.1 26.8 34.3 33.1–35.5 12.2 33.0 40.0 80.5

Medial meniscal tear = Torn

Age (yr) 244 1.0 4.0 6.1 5.7–6.4 2.7 6.0 8.0 15.0

Weight (Kg) 209 3.1 27.4 35.1 33.5–36.7 11.4 33.8 44.0 74.0

Medial meniscal tear = Intact

Age (yr) 235 0.8 3.0 5.1 4.7–5.4 2.6 5.0 7.0 12.0

Weight (Kg) 206 5.9 25.9 33.6 31.8–35.4 13.2 31.9 40.4 80.5
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as other 53 (11%). The sex and onset of lameness fre-
quency data are presented in Table 1.

Arthrotomy was performed in 320 (67%) stifles, 
arthroscopy in 150 (31%) stifles, and 9 (2%) had both 
procedures performed. Both procedures were per-
formed in cases that required conversion from arthros-
copy to arthrotomy due to technical difficulties. 65% 
(310) of stifle joints had complete CrCLR whereas 35% 
(169 joints) had partial tears. 50% (244) of joints had a 
medial meniscal tear, and 49% (235) were intact. The 
most common type of medial meniscal tear was verti-
cal longitudinal (39%, 94), followed by bucket handle 50 
(20%), unspecified 44 (18%), complex 20 (8%), radial 14 
(6%), degenerative 21 (9%), and flap 1 (0%). The menis-
cus was removed in 226 (47%) and released in 37 (8%). 

Of the removed menisci, partial meniscectomy was per-
formed in 116 (51%), hemimeniscectomy was performed 
in 64 (28%) and a total meniscectomy was performed in 
48 (21%). The lateral meniscus was intact in 471 (98%,) 
and torn in 8 (2%). There was no major difference in the 
hindlimb affected, right 255 (53%) and left 223 (47%). 
36% (173) had mild OA, 17% (82) had moderate, 13% (61) 
had severe, and 34% (163) had none. Repeat surgery was 
performed in 34 (7%). Of these surgeries, 8 (24%) were 
due to a meniscal tear and 26 (76%) were not. Surgical 
complications were noted in 149 (31%).

Based on the univariable logistic regression model 
(Table  3), age, breed, surgical procedure, CrCLR, and 
OA severity were potential predictors of medial menis-
cal tears in dogs presenting for cranial cruciate ligament 

Table 2 Summary data of the frequency of all categorical variables of dogs presenting to the University of Tennessee from 2011–2017 
for cranial cruciate ligament disease stabilization.

Frequency Medial Meniscal 
Tear

Lateral Menis-
cal Tear

Variable Number Percent % Torn Intact Torn Intact

Sex

 Female

    Spayed 232 48 121 111 4 228

   Intact 9 2 5 4 0 9

 Male

   Castrated 216 45 105 111 4 212

   Intact 22 5 13 9 0 22

Breed Group

 Mixed 161 34 94 67 1 160

 Sporting 134 28 80 54 1 133

 Working 88 18 35 53 2 86

 Herding 43 9 19 24 2 41

 Other (Terrier, Non-Sporting, 53 11 16 37 2 51

 Toy, Hound)

Lameness Period (days)

 Acute (< 30 days) 262 55 133 129 4 258

 Subacute (31–150 days) 115 24 56 59 2 113

 Chronic (> 151 days) 102 21 55 47 2 100

Side

 Left 223 47 112 111 3 220

 Right 255 53 132 123 5 250

 Both 1 1 0 1 0 1

Procedure

 Arthroscopy 150 31 59 91 6 144

 Arthrotomy 320 67 181 139 2 318

 Both 9 2 4 5 0 9

CrCLR  

 Complete 310 65 189 121 5 305

 Partial 169 35 55 114 3 166

Osteoarthritis Severity

 None 163 34 73 90 3 160

 Mild 173 36 88 85 3 170

 Moderate 82 17 40 42 1 81

 Severe 61 13 43 18 1 60
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Table 3 Results of Univariable and Multivariable logistic regression models used to assess potential predictors of medial meniscal 
tears of dogs presented to the University of Tennessee from 2011–2017 for cranial cruciate ligament disease stabilization
Univariable Med Meniscal Tear
Variable OR 95% CI p-value

Age (1 year increase) 1.15 1.1–1.2 < 0.001

Sex

 Female vs Male 1.1 0.8–1.6 0.554

Weight (1 kg increase) 1 0.9–1.1 0.208

Breed Group 0.001

 Mixed 3.2 1.7–6.3 0.003

 Sporting 3.4 1.7–6.8 0.002

 Working 1.5 0.7–3.2 0.187

 Herding 1.8 0.8–4.2 0.752

 Other (Terrier, Non-Sporting, Ref - -

 Toy, Hound)

Lameness Period (days) 0.741

 Acute (< 30 days) 1.1 0.7–1.7 0.906

 Subacute (31–150 days) Ref - -

 Chronic (> 151 days) 1.2 0.7–2.1 0.462

Side

 Left vs Right 1.1 0.7–1.5 0.737

Procedure

 Arthrotomy 2 1.4-3.0 0.001

 Arthroscopy Ref - -

CrCLR

 Complete 3.1 2.1–4.8 < 0.001

 Partial Ref - -

Osteoarthritis Severity 0.01

 None Ref - -

 Mild 1.3 0.8-2.0 0.397

 Moderate 1.2 0.7–1.2 0.263

 Severe 3 1.6–5.5 0.002

Multivariable Medial Meniscal Tear

Variable OR 95% CI p-value

Age (1 year increase) 1.1 1.0-1.2 0.018

Breed Group 0.003

 Mixed 3.2 1.6–6.6 0.019

 Sporting 3.6 1.7–7.6 0.004

 Working 1.8 0.8-4.0 0.495

 Herding 2 0.8–4.9 0.809

 Other (Terrier, Ref - -

   Non-Sporting,

   Toy, Hound)

Procedure

 Arthrotomy 2.2 1.4–3.1 0.002

 Arthroscopy Ref - -

CrCLR

 Complete 3.3 2.1-5.0 < 0.001

 Partial Ref - -

Osteoarthritis Severity 0.003

 None Ref - -

 Mild 1.4 0.8–2.2 0.475

 Moderate 1.1 0.6–1.9 0.081

 Severe 3.8 2.0–8.0 0.001
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disease stabilization. Increasing age, at one-year intervals, 
(1.15 OR, 1.1–1.2 95% CI, < 0.001 p-value) was associ-
ated with MMT. Compared to other dogs, sporting dogs 
(3.4 OR, 1.7–6.8 95% CI, 0.002 p-value) and mixed breed 
dogs (3.2 OR, 1.7–6.3 95% CI, 0.003 p-value) were asso-
ciated with MMT. Compared to arthroscopy, arthrotomy 
(2.0 OR, 1.4-3.0 95% CI, 0.001 p-value) revealed more 
meniscal tears. Compared to partial CrCLR, complete 
CrCLR (3.1 OR, 2.1–4.8 95% CI, < 0.001 p-value) was 
associated with MMT. Compared to no OA, severe OA 
(3.0 OR, 1.6–5.5 95% CI, 0.002 p-value) was associated 
with the presence of meniscal tears. Weight (P = 0.274), 
sex (P = 0.554), lameness period (P = 0.741), and side 
(P = 0.737) were not found to be statistically significant 
and were excluded from the multivariable logistic regres-
sion model.

After the multivariable logistic regression model, 
(Table  3), age, breed (sporting dogs and mixed breed 
dogs), surgical procedure (arthrotomy), CrCLR (com-
plete), and OA severity remained significantly associated 
with the occurrence of medial meniscal tears in dogs pre-
senting for CrCLR stabilization. None of the tested inter-
actions was significant and no confounder was detected.

DISCUSSION
This study reveals that dogs undergoing TPLO with 
severe OA had a greater prevalence of MMT. The odds 
of this association increased with complete CrCLR vs. 
partial CrCLR. In addition, we demonstrated a higher 
frequency of MMT in sporting and mixed-breed groups 
which is also supported by other studies reporting breed 
differences in the prevalence of MMT. [17, 21] We also 
found increasing age was positively associated with 
MMT. Additionally, we found a higher incidence of MMT 
diagnosed with arthrotomy compared to arthroscopy but 
this may be due to a higher caseload where arthrotomy 
(350;67%) was performed compared to arthroscopy 
(150;31%). The prevalence of these differences persists 
through the multivariate analysis and also showed that 
there were no significant differences found in the weight, 
sex, side of injury, and surgery period which was consis-
tent with previous studies. [16, 30]

The prevalence of MMT was found to be 50% in this 
study, which is similar to that of previously reported 
studies. [5,12,16] The most consistent reported statistical 
finding influencing MMT, and reinforced in this study, 
was the association with complete CrCLR. [16–21] With 
altered stifle biomechanics due to MMT and instabil-
ity associated with CrCLR, it is well recognized that the 
progression of OA accelerates but the sequence of events 
is still unclear. [1,3,20,22] Osteoarthritis can be both a 
consequence and a cause of MMT. [15,22] The associa-
tion between MMT and higher degrees of OA is evident 
and may be due to the loss of meniscal function causing 

increased progression of osteophytes. Proinflammatory 
mediators in the joint drive degradative processes in 
the menisci, and the menisci contribute to OA through 
their own production of proinflammatory and degrada-
tive mediators. [6–8] The increases in IL-6, IL-8, MCP-
1, and KC (GROα) by the meniscus in response to IL1-β 
stimulation is similar to that reported for chondrocytes 
and synoviocytes, indicating that the meniscus is another 
source for these cytokines and chemokines during OA 
development and progression. [6]–8] It is also well 
known that OA occurs secondary to the loss of function 
of CrCLR and can therefore affect all tissues in the joint 
to varying degrees, including the meniscus. [14] Stifle OA 
can also contribute to MMT by abnormal loading and 
breakdown of meniscal structure. [14,22,24,25]

We evaluated OA in CrCLR with and without MMT via 
arthroscopy and arthrotomy and found MMT occurred 
more frequently with severe OA, but not with mild or 
moderate OA. Our findings are consistent with previous 
reports that the severity of OA did not correlate with the 
severity of the meniscal injury but that meniscal injury 
itself did correlate with severe OA. [17,26] Contrary to 
Flo 1993, Gambaredella 1981, Timmermann 1998 and 
Kaufman 2017, our study did not show an association 
of MMT with a duration of lameness. [15, 27−29] Dif-
ferences can include the definition of duration of lame-
ness; we evaluated the duration of lameness as the length 
of time between the onset of lameness and surgery and 
categorized them into groups of subacute, acute, and 
chronic.

The normal aging process leads to progressive loss 
of collagen fiber organization, decreased cell function, 
reduced cell density, and loss of water content. With the 
inability to effectively maintain the extracellular matrix, 
the meniscus experiences oxidative stress and damage 
through modulation of cell signaling pathways that regu-
late anabolic and catabolic activity resulting in abnormal 
matrix organization and cellularity. [34,35]. This struc-
tural disorganization can then lead to meniscal injury 
which is consistent with our findings and others that 
increasing age is a risk factor for MMT [23, 34−37]

Studies have shown that meniscal injuries are a com-
mon postoperative complication of surgical stabilization 
in dogs treated for CrCLR. [13,31,32] The presence of 
post-surgical meniscal pathology may be due to failure of 
diagnosis at the time of surgery (latent tears) or a result 
of residual joint instability (post-liminary tears). [13,32] 
In this study, we found a 24% chance of repeat surgery 
due to latent or post-liminary MMT. Therefore, intra-
operatively, it would be beneficial to further focus on 
meniscus pathology when given a stifle with severe OA, 
increasing age, a sporting, and mixed breed group, and 
when the CrCLR is complete.
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LIMITATIONS
The limitations of the study are that it is retrospective 
in nature with interobserver variability in the grading of 
OA. Other factors that could affect this data include the 
surgeon’s skill level for detecting meniscal pathology, the 
surgeon’s skill level and preference for arthroscopy vs. 
arthrotomy, latent meniscal tears which were missed at 
initial arthrotomy (and which may have been diagnosed 
with arthroscopy), and insufficient record keeping.

List of abbreviations
TPLO  Tibial plateau leveling osteotomy
OA  Osteoarthritis
OR  Odds ratio
CrCLR  Cranial cruciate ligament rupture
MMT  Medial meniscal tear
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