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Abstract

Objective: To investigate the occurrence, degree, and risk factors associated
with arthroscopic stifle joint synovitis in dogs with cranial cruciate ligament
(CCL) disease.

Study design: Retrospective, observational study.

Sample population: Canine CCL disease (n = 163) from 149 dogs and their
arthroscopic video recordings.

Methods: Arthroscopic video recordings were reviewed. A synovitis severity
(0-5) and a modified Outerbridge cartilage classification system score were
assigned, along with recording the presence or absence of a medial meniscal
bucket handle tear. Medical records were reviewed for age, sex, limb, and dura-
tion of clinical signs. Univariate analyses were performed via a Fisher's exact
test for categorical independent variables, and ordered logistic regression was
used for continuous variables. Multivariable ordered logistic regression consid-
ered independent variables with a p-value <.2 on univariate analyses. p-value
<.05 was considered statistically significant.

Results: Synovitis was identified in 100% of the stifles examined. The most
frequent synovitis severity score was 3/5. Univariate analysis showed a sig-
nificant association between synovitis severity score and bodyweight

Abbreviation: CCL, Cranial crucaite Ligament; OA, Osteoarthritis.
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signs (p < .001).

1 | INTRODUCTION

Cranial cruciate ligament (CCL) disease is a common
cause of pelvic limb lameness in the dog and the leading
cause of osteoarthritis (OA) in the canine stifle joint.'”
While altered joint mechanics in the CCL deficient stifle
have received considerable attention as a trigger for the
development and progression of stifle OA, the high fre-
quency of synovitis in dogs with CCL tears suggests it is
an important component of the disease.”® In fact, the
presence of synovitis prior to joint instability implies that
it plays a significant role in the early stages of CCL dis-
ease.’ Synovitis is regularly identified in clinically affected,
stable and unstable canine stifle joints at the time of surgi-
cal intervention® (Figure 1) and, therefore, may be a con-
tributing factor to the clinical manifestation of CCL
disease. Additionally, although there are limited studies
evaluating the presence and degree of synovitis following
surgical stifle stabilization in the dog, OA progression is

Healthy Synovium

-

FIGURE 1

(p = .005), median cartilage score (p = .002), and being female (p = .032).
On multivariable analysis, the synovitis severity score was significantly
associated with median cartilage score (p = .042) and duration of clinical

Conclusion: Synovitis was arthroscopically always identified in stifles with
CCL disease. The severity of synovitis was associated with more progressive
damage to the articular cartilage and a longer duration of clinical signs.

Clinical significance: Earlier intervention in dogs with CCL disease may be

warranted to decrease synovitis and progression of osteoarthritis.

frequently recognized and residual lameness can be
observed. These observations not only warrant further
investigation into the role of synovitis during the initiation
and progression phases of the disease, but also evaluation
into its contribution to clinical symptoms.

At the time of CCL diagnosis, stifle synovitis is fre-
quently observed, and its presence in the contralateral
stifle correlates with an increased likelihood of a subse-
quent clinically relevant CCL tear.’ Research also sug-
gests that synovitis is present (at a histological level),
prior to the onset of stifle instability, which potentially
serves as an early marker of CCL damage (Figure 1).
However, the precise sequence of events regarding CCL
damage and the initiation of synovitis remains unde-
fined. It is unclear whether synovitis precedes and
incites CCL fiber damage or if it occurs as a conse-
quence of injury induced by factors such as age, sex, or
genetic predisposition, among others.*'*'" Regardless
of the exact sequence of events inciting synovitis, both

Inflamed Synovium

Schematic of healthy and diseased knee joint with corresponding representative 10X hematoxylin and eosin (H&E) synovial

images from stifles of a healthy dog (healthy synovium) or a dog with a naturally occurring cranial cruciate ligament (CCL) tear (inflamed

synovium). Black triangles represent the intima of the synovium, noticeably thickened in the inflamed synovium. Circles represent

subintima region and X delineates subintimal vascularization in inflamed synovium. Scale bar = 25 mm.
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experimental and naturally occurring models of CCL
tears indicate that synovial inflammation predicts
heightened levels of inflammatory, catabolic, and degra-
dative biomarkers within the joint."**° These increased
catabolic inflammatory biomarkers (TNFa, IL-6, and
IL-8) have been identified in the synovial fluid of
human patients with anterior cruciate ligament tears as
compared to healthy counterparts.?’ Additionally, in a
recent study, mRNA analysis of synovial tissue from
dogs showed a positive correlation between arthroscopic
synovitis score and expression of inflammatory media-
tors, including TNFa, IL-6, IL-1f, CXCL8, PTGER4, and
PTGS2, the gene encoding for cyclooxygenase-2.* If
unresolved, this disruption to synovial homeostasis can
lead to synovial fibrosis (Figure 1) and altered signaling
in synovial cell populations, resulting in a loss of chon-
droprotective activity and subsequent acceleration of
OA (Figure 1).°

The contribution of synovitis to the clinical mani-
festation of the CCL disease and OA in the dog is
unknown. In people, evidence suggests that the degree
of synovitis in human patients with OA is associated
with worse clinical symptoms, such as pain and joint
dysfunction, along with acceleration of -cartilage
degeneration.”**® Additionally, among individuals
without radiographic OA who underwent meniscect-
omy surgery, 43% exhibited synovial inflammation
upon synovial biopsy. Notably, these patients presented
with worse pain and function parameters compared to
their healthy counterparts.”’” Unfortunately, routine
evaluation and synovial scoring are not frequently
implemented clinical outcome measures in dogs with
CCL disease and OA, so there is limited information on
its role in clinical presentation. However, when uti-
lized, arthroscopic grading of canine synovium is use-
ful in characterizing the location and severity of
synovial inflammation and may further our under-
standing of synovitis in relation to CCL tear pathology,
clinical symptoms, and subsequent OA progression in
CCL disease.”

The aim of this study was to describe the frequency and
extent of arthroscopic joint capsular synovitis in dogs diag-
nosed with naturally occurring CCL disease. In addition,
we investigated the association between synovitis severity
scores and canine patient factors including the limb
affected, presence of a bucket handle meniscus tear, sex,
bodyweight, median cartilage score, body condition score
(BCS), stifle stability, and owner-reported duration of clini-
cal signs. We hypothesized that all dogs diagnosed with
CCL disease would have some degree of joint capsular
synovitis and that synovitis score would significantly associ-
ate with multiple patient factors, including duration of clini-
cal signs and BCS.

2 | MATERIALS AND METHODS

2.1 | Study population

Canine patients with CCL disease managed via arthro-
scopic stifle exploration and surgical stabilization at the
University of Pennsylvania between 2012 and 2022 were
included in this study. All owners consented to the proce-
dures and the use of data for study purposes. The dogs
had no prior history of lameness or orthopedic proce-
dures on the affected limb, weighed >15 kg, and had clin-
ical signs associated with CCL disease, including
lameness, stifle pain, and stifle effusion. Gross stifle insta-
bility was defined as the presence or absence of cranial
drawer and tibial trust from physical examination. These
tests were performed while the patient was awake and
under general anesthesia at the time of arthroscopic eval-
uation. If stifle instability was appreciated the stifle was
documented as unstable. Conversely, in the absence of
cranial drawer and tibial thrust the stifle was recorded as
stable. CCL pathology was confirmed on arthroscopic
video recordings and documented as either complete or
partial CCL disruption. Orthogonal radiographic views of
the affected stifle were reviewed and excluded if addi-
tional abnormalities, besides degenerative changes, con-
sistent with CCL disease, were identified. Medical
records were reviewed to capture age, sex, limb, body-
weight, BCS, and owner-reported duration of clinical
signs, such as changes in gait or lameness in the affected
limb prior to surgery. Regarding BCS, each dog was
scored using a nine-point scale further subgrouped into
three classifications: lean to ideal (4, 5), overweight (6, 7),
and obese (8, 9)."%* Records were excluded in terms of
duration of clinical signs if a specific number of days,
weeks, months, or years were not noted in the clinical
history. To record clinical signs, 1 month was defined as
4 weeks.

2.2 | Stifle arthroscopy and scoring

A total of 163 complete video-recorded stifle arthros-
copies (Stryker, San Jose, California), performed by a sin-
gle experienced board-certified surgeon (KAA) were
included. A stifle exploration was considered complete if
it included videos of the patellofemoral joint, supratro-
chlear joint pouch, the medial and lateral trochlear joint
spaces, the cranial and caudal cruciate ligaments, the
medial and lateral femorotibial joints, and the medial
and lateral menisci.® Videos were edited to include each
of the above anatomic regions in separate videos, except
for some cases in which the patellofemoral joint and the
supratrochlear joint pouches or the medial and lateral
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femorotibial joint and menisci were combined. Dogs were
excluded if video recordings were incomplete or other
pathology was identified (e.g., osteochondrosis lesion on
the lateral femoral condyle). All patient identifying infor-
mation was removed from the videos and the videos were
randomized based on date of surgery. A single observer
(KAA) utilized the video recordings to perform cartilage
and synovial pathology scoring, along with the assess-
ment for the presence or absence of a bucket handle
medial meniscus tear. Other less significant medial
meniscal pathology was not recorded in this study. All
scoring occurred at least 1 year following arthroscopic
surgery. The cartilage of the patella, trochlear groove, tib-
ial plateau, and femoral condyles were graded using a
modified Outerbridge classification system (Table 1).°%*
Scoring was conducted at 10 sites within the stifle joint,
which included the proximal, middle, and distal regions
of the patella and trochlear groove® and the axial
weight-bearing regions of the medial and lateral tibial
plateau and femoral condyles.® A median cartilage score

TABLE 1
for articular cartilage.

Modified Outerbridge arthroscopic scoring system
28,30

Score Arthroscopic characteristics

0 Smooth surface

1 Slightly fibrillated/roughened surface

2 Fibrillated surface with focal partial thickness lesions
3 Deep lesions with surrounding damage

4 Large areas of severe damage

TABLE 2  Arthroscopic synovial pathology scoring system.*®

Score Arthroscopic characteristics

0 Opal white, semitranslucent, smooth, with sparse
well defined blood vessels (normal)

1 Focal involvement, slight discoloration, visible
proliferation/fimbriation/thickening, notable
increase in vascularity (slight)

2 Diffuse involvement, slight discoloration, visible
proliferation/fimbriation/thickening, notable
increase in vascularity (mild)

3 Diffuse involvement, severe discoloration,
consistent notable proliferation/fimbriation/
thickening, moderate vascularity (moderate)

4 Diffuse involvement, severe discoloration,
consistent and marked proliferation/fimbriation/
thickening, diffuse hypervascularity (marked)

5 Diffuse involvement, severe discoloration,
consistent and severe proliferation/fimbriation/
thickening, thickening to the point of fibrosis, and
severe hypervascularity (severe)

was then calculated for each stifle from these 10 locations.
Synovial pathology was scored at the supratrochlear joint
pouch in all stifles using a previously described classifica-
tion system (Table 2) (Figure 2).*® Synovitis scores were
then subgrouped into three categories, specifically low
(1, 2), middle (3), and high (4, 5).

2.3 | Statistical analysis

All statistical analyses were performed using STATA BE
(College Station, Texas) and GraphPad Prism (San Diego,
California). Categorical variables (Figure 3A-F) are
reported as frequencies. Continuous variables are reported
as median values with ranges as Shapiro-Wilk test sug-
gested non-normal distribution (Figure 3G-J). Univariate
analyses were performed to evaluate the statistical associa-
tion of each independent variables with the dependent
variable of interest (synovitis score). Specifically, Fisher's
exact or X> contingency test was used for the categorical
independent variables, and ordered logistic regression was
used for the continuous variables. The analysis initially
included sex as four groups (male castrated, male intact,
female spayed, and female intact), but no differences were
found between the male intact and male castrated, nor the
female intact and female spayed. Therefore, the intact
male and female cohorts were combined with either the
male castrated or female spayed subgroups for subsequent
analyses. Independent variables with a p-value <.2 in uni-
variate analyses were considered in the subsequent multi-
variable ordered logistic regression, which was used to
estimate the association of these variables, while control-
ling for confounding variables. For all tests, a two-sided
p-value <.05 was considered for statistical significance.

3 | RESULTS

This study included 163 stifles (83 right, 80 left) from
149 dogs with naturally occurring CCL disease
(Figure 3A). The breeds represented in this study
included mixed breed (n = 55), Labrador Retriever
(n = 26), Golden Retriever (n = 12), Newfoundland
(n =9), Rottweiler (n = 7), American Pitbull Terrier
(n = 5), German Shepherd Dog (n = 6), Boxer (n = 4),
Mastiff (n =4), English Bulldog (n =3), Bernese
Mountain Dog (n = 3), Doberman (n = 2), Belgian
Malinois (n = 2), Alapaha Blue Blood Bulldog (n = 1),
Bouvier Des Flanders (n =1), Cane Corso (n=1),
Great Dane (n =1), Great Pyrenees (n = 1), Husky
(n = 1), Norwegian Elkhound (n = 1), English Pointer
(n = 1), Portuguese Water Dog (n = 1), Spanish Water
Dog (n = 1), Weimaraner (n = 1). A total of 14 dogs
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(B) Score 3

FIGURE 2

Score 5

Representative arthroscopic images of the stifle joint capsule synovium. (A) Score 2 shows diffuse involvement of the

synovium with a mild increase in vascularity and some proliferation/fimbriation. (B) Score 3 represents diffuse involvement and with a
moderate increase in vascularity and more proliferation/fimbriation. (C) Score 4 shows diffuse involvement with marked vascularity and

more consistent, diffuse proliferation/fimbriation. (D) Score 5 shows diffuse involvement, severe hypervascularity, with consistent and severe
proliferation/fimbriation along with thickening and fibrosis of the joint capsule. No scores of 0 or 1 were present in the current study.

had bilateral disease: Labrador Retriever (n = 3),
mixed Breed (n = 3), Newfoundland (n = 2), Alapaha
Blue Blood Bulldog (n = 1), English Bulldog (n = 1),
Bernese Mountain Dog (n = 1), Boxer (n = 1), Ameri-
can Pit Bull Terrier (n = 1), and Rottweiler (n = 1).

Of these dogs, 79 were spayed females, 64 castrated
males, five males, and one female (Figure 3B). The
median age of the population was 5 years (range 1-
12 years) and the median bodyweight was 35.2 kg (range
15.1-81.8 kg) (Figure 3H). In this study, this cohort of
dogs had 20 stable and 143 unstable stifles (Figure 3C).
All 20 stable stifles had partial disruption of the CCL. A
total of 67 (41%) of the stifles had a bucket handle medial
meniscus tear and 96 of the stifles did not have a bucket
handle meniscus tear (Figure 3D).

Of the 163 stifles dogs included in this study, 131 had
a specific duration of signs and 136 a BCS recorded in the
medical records appropriate for inclusion in analyses (see
Section 2). The median duration of signs for these dogs
prior to surgical intervention was 3 months (range 0.2-
14 months) (Figure 3I). In terms of BCS, 46/136 dogs
(33.8%) had a BCS of lean to ideal (4-5/9), 67/136 (49.3%)
were classified as overweight (6, 7), and 23/136 (16.9%)
were evaluated as obese (8, 9) at the time of surgery
(Figure 3E). Of the 163 stifles evaluated, the median car-
tilage score was 1 (range 0-4) (Figure 3J).

Joint capsular synovitis was identified in all 163 of
the stifles examined (100%). The most frequent synovitis
severity score in 90 of the 163 stifles (55.2%) was a score
of 3/5. The next most common synovitis severity
score was 4/5, seen in 40/163 stifles (24.5%), followed by
a synovitis severity score of 2/5 in 32/163 (19.6%), and
1/163 stifles (.61%) had a score of 5/5. No stifles had a
score of 0/5 or 1/5. When subgrouped into three

categories, low (1, 2), middle (3), and high (4, 5) synovitis
(see Section 2), 32/163 (19.6%) had low, 90/163 (55.2%)
had middle, and 41/163 (25.2%) had high scores
(Figure 3F).

In univariate analyses, the severity of synovitis scores
was not associated with stifle laterality (p-value = .88),
age (p-value = .42), BCS (p-value = .34), presence or
absence of a meniscus tear (p-value .87), or stifle stability
(p-value = .45). The extent of synovitis scores showed a
statistically significant association with bodyweight (p-
value = .005). For every kilogram increase in body-
weight, the likelihood of a stifle having a high synovitis
score versus a middle or low score combined was 1.04
greater. The severity of synovitis score was also associated
with median cartilage score (p =.002), where for one
unit increase in median cartilage score the odds of a high
synovitis score versus a middle or low score combined
was 2.36 greater. Additionally, sex was statistically associ-
ated with severity of synovitis score (p-value = .032) with
females having a .51 greater odds of a high synovitis score
versus the combined middle and low categories. Lastly,
duration of clinical signs reported for each stifle was also
statistically associated with increasing synovitis scores
(p-value <.001), where for each month increase in
reported duration of clinical signs, the odds of a high
synovitis score versus the combined middle and low cate-
gories was 1.27 times greater.

The multivariable ordered logistic regression analy-
sis included the bodyweight, median cartilage score,
sex, and duration of clinical signs as their p-value was
less than .2 in the univariate analyses. In the multivari-
able analysis, median cartilage score was statistically
associated with severity of synovitis score when con-
trolling for sex, duration of clinical signs, and
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FIGURE 3

Sex
Bl 79 Female Spayed
[ 64 Male Castrated
[ 5Male
[ 1 Female

Body Condition Score
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I 67 Overweight
[ 23 Obese
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Demographic and distribution data of dogs with naturally occurring cranial cruciate ligament (CCL) tears included in this

study. Parts-of-whole graphs for variables (A) leg laterality, (B) sex, (C), stifle stability, (D) bucket handle medial meniscus tear presence or
absence, (E) body condition score (BCS), and (F) synovitis classification. Violin plots for continuous data variables (G) age, (H) bodyweight,

(D) duration of signs, and (J) median cartilage score.

bodyweight (p-value = .042). In this model, for each
unit increase in median cartilage score, the odds of
high synovitis score versus the combined middle and
low categories were 2.1 times greater. Furthermore, the
duration of clinical signs was also statistically associ-
ated with synovitis score severity, where with each
month increase in reported duration of clinical signs
the odds of a high synovitis score versus the combined
middle and low categories were 1.27 times greater
(p < .001). However, when controlling for other covari-
ates in the model, bodyweight was only marginally
(p-value = .083), and sex was not (p-value =.17)
statistically associated with severity of synovitis score.

4 | DISCUSSION

In this cohort of dogs examined, all stifles exhibited joint
capsular synovitis, with varying degrees of severity. Nota-
bly, the most prevalent synovitis score was 3/5, followed
by 4/5, while scores of 0/5 or 1/5 were absent. These find-
ings are consistent with other reported outcomes in dogs
with naturally occurring CCL tears with respect to syno-
vitis on arthroscopic scoring.” Univariate analyses iden-
tified associations between synovitis severity and
bodyweight, median cartilage score, sex, and duration of
clinical signs. Interestingly, synovitis severity was not sig-
nificantly correlated with the stifle side affected, age,
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BCS, presence of a meniscus tear, or stifle stability. Both
bodyweight, median cartilage score, and duration of clini-
cal signs exhibited positive correlations with synovitis
severity. Multivariable analysis confirmed the indepen-
dent associations of median cartilage score and duration
of clinical signs with synovitis severity, even after adjust-
ing for other covariates. Specifically, each unit increase in
median cartilage score was associated with a 2.1 times
greater odds of high synovitis score, while each month
increase in reported duration of clinical signs was associ-
ated with a 1.27 times greater odds of high synovitis
score. Notably, bodyweight and sex showed weaker asso-
ciations with synovitis severity in the multivariable
model.

Although the etiology of CCL disease and the subse-
quent occurrence of tears in dogs is multifaceted, the pre-
cise role of synovitis in disease progression remains
ambiguous. It is uncertain whether synovitis serves as an
initiator of the disease process or if it ensues subsequent
to disease onset. However, it is widely recognized that
synovitis constitutes a pivotal characteristic of stifle joints
with CCL disease and tears.””® In this study, the median
arthroscopic cartilage score of the affected stifle had the
highest significance in relation to severity of synovitis
scores, when controlling for other covariates. This finding
is consistent with the understanding that joint-wide syno-
vitis worsens with progressive OA and is perpetuated by
a cycle of cartilage degradation contributing to increasing
levels of inflammatory cytokines, synovial angiogenesis,
and ultimately synovial fibrosis.**>°

The second statistically significant variable contribut-
ing to increased synovitis score was owner reported dura-
tion of clinical signs. Recent research has advocated for
earlier surgical intervention in dogs with CCL disease to
slow the progression of OA, as it was found that the
severity of CCL tearing was correlated with the degree of
radiographic OA.>”*® To the best of our knowledge, the
association between the duration of clinical signs and
the degree of CCL tearing has not been previously inves-
tigated, but our findings also align with these guidelines
to intervene early in an attempt to lessen the degree of
synovitis and cartilage damage. Unfortunately, the reduc-
tion of synovitis following surgical intervention has also
not been investigated, but potentially any treatment to
mitigate joint-wide synovitis could be beneficial to
decrease the progression of OA. Additionally, it is not
clear if severe synovial pathology, such as synovial fibro-
sis, can be reversed once it is established, and therefore,
potentially, if the intervention is performed too late, the
synovial changes may be permanent.

While not significant in the multivariate analysis, it is
important to discuss bodyweight and sex, two variables
that had statistical significance with increasing severity

of synovitis scores in the univariate analyses. In other
studies reporting the frequency of synovitis in dogs with
naturally occurring CCL tears, increased bodyweight was
significantly correlated with severity of synovitis.”**°
Furthermore, in one study, dogs with a higher body-
weight had increased levels of SI00A8/S100A9 (calprotec-
tin) positive macrophages in their synovium.** This
marker is linked to the activation of proinflammatory
macrophage types recently drawn to a location of injury,
suggesting ongoing inflammation rather stabilization
within the synovium of these dogs.>”*® Particularly, this
increase in macrophages was appreciated in dogs
>15 kg,*® which was the weight inclusion criteria for this
current study. Our finding that higher bodyweight inde-
pendently correlates with elevated synovitis scores aligns
with these prior conclusions. However, within our study
population, consisting of dogs weighing 15kg and
greater, increasing bodyweight was not the primary fac-
tor contributing to heightened synovitis severity in the
multivariate analysis. In addition to bodyweight, sex was
statistically significant in univariate analysis. Specifically,
being female (n =79 spayed, n =1 intact) showed an
increased association with synovitis score severity com-
pared to being a male (n = 64 neutered, n = 5 intact).
Current research shows that neutering, particularly at a
younger age, may lead to an increased risk of CCL dis-
ease.’”®* In this study, due to the small sample size of
intact animals, a difference between these two popula-
tions could not be appropriately evaluated. Nonetheless,
both of the above findings suggest that, among this
cohort of larger dogs, there are additional factors (median
cartilage score and duration of clinical signs) that are
more important contributors to the increase in synovitis
scores beyond bodyweight and sex.

Interestingly, another variable that was not associated
with synovitis severity score was the presence of a bucket
handle tear of the caudal horn of the medial meniscus.
Bucket handle meniscal tears in conjunction with CCL
disease are frequently associated with increased severity
of clinical signs when compared to CCL tears alone.*'
The precise cause of why the meniscus leads to consider-
able clinical symptoms has not been fully elucidated,
however, similar to another study, bucket handle menis-
cal tears were not associated with synovitis severity.**
Additionally, it has been reported that bucket handle
meniscal tears in dogs with CCL disease were also not
associated with increased cartilage lesions at the time of
surgical intervention.*

Several limitations exist in this study. One limitation
is the potential variability in scoring the gross synovial
appearance and articular cartilage. We attempted to
decrease the variability of the synovial scoring by using a
previously reported scoring system with reported good
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interobserver agreement® and using a single, experi-
enced observer to score all synovial tissue. Similarly, we
chose the modified Outerbridge classification system for
cartilage scoring, which has substantial intraobserver
agreement when scoring canine stifle joints.** Another
limitation is that the observer scoring the videos was the
surgeon who performed the arthroscopies. In an attempt
to decrease bias of knowing the clinical presentation
while scoring the arthroscopic videos, all patient identify-
ing information was removed from the videos and the
scoring was performed at least 1 year following the date
of the surgery. Additionally, there could be bias when the
observer was scoring one anatomic structure as another
structure could be in the same video. For instance, if
there was a high synovitis severity score one might be
biased to say there was also higher cartilage scores. We
attempted to minimize this potential source of bias by
placing each anatomic region of the arthroscopy in sepa-
rate videos; however, in some of the videos it was impos-
sible to remove other portions of the joint that were not
the exact structure being graded, so the observer saw
both anatomic regions in a single video. Similarly, even
though the videos were separated by the anatomic
regions, the observer was aware that all of the individual
videos were from the same stifle joint.

As mentioned above, another limitation of this study
was the inability to appropriately evaluate factors
influencing synovitis score in intact versus neutered dogs
due to the small sample population included in this
study. Additionally, since this study only included dogs
weighing 15 kg and greater these results cannot be
applied to smaller breed dogs. Finally, this was a single-
center study, and future research comparing factors con-
tributing to the severity of synovitis across institutions is
necessary to increase the generalizability of these find-
ings across centers and populations. Ultimately, although
we aimed to include as many pertinent variables as possi-
ble, this study might not have addressed all confounding
factors impacting the correlation between the covariates
and synovitis score. This could potentially affect the pre-
cision of the conclusions drawn.

Additionally, we only evaluated the synovium at the
time of surgical intervention. The progression of OA fol-
lowing surgical stabilization techniques is well documen-
ted, albeit at a slower rate than dogs with untreated
instability.>*>*® Unfortunately, there are limited second-
look studies in canine patients evaluating the presence
and degree of synovitis following stabilization tech-
niques.*’ It is unknown if the progression of OA is due to
a lack of restoration of mechanical forces and stability of
the stifle, the influence of proinflammatory or catabolic
factors in the joint that allow for persistent synovitis, or if
it is multifactorial. Further second-look studies are

warranted to evaluate the presence and severity of syno-
vitis and its role in long-term progression of disease along
with clinical symptoms.

In conclusion, joint-wide synovitis is common in
dogs with naturally occurring CCL tears and all dogs in
this study population had abnormal synovium on
arthroscopic scoring. When accounting for confound-
ing variables, our results show that median cartilage
score and duration of clinical signs are associated with
greater synovitis severity scores. These findings suggest
that early interventions aimed at reducing inflamma-
tion in the stifle joint in dogs with CCL disease should
be considered. However, the persistence and severity of
synovitis in the joint following the current, widely used
surgical stabilization techniques in dogs is still
unknown. Additionally, the contribution of synovitis to
clinical presentation remains unclear, even though it is
thought to contribute to pain and joint dysfunction, as
described in people with OA.?**® Further research is
necessary to understand not only the specific role of
synovitis in CCL disease and clinical presentation, but
also as a potential future target for treatment
intervention.

AUTHOR CONTRIBUTIONS

Lemmon EA, VMD, PhD: Contributed to study design;
data acquisition, analysis, and interpretation, along
with manuscript preparation and revision. Xiao R,
PhD: Contributed statistical data analysis and interpre-
tation; and manuscript preparation and revision.
Mauck RL, PhD: Contributed to data analysis and
interpretation; and manuscript preparation and revi-
sion. Agnello KA, DVM, MS, DACVS (Small Animal),
DACVSMR (Canine): Contributed to study conception
and design; data acquisition, analysis, and interpreta-
tion; and manuscript preparation and revision. All
authors provided critical review and final approval of
the submitted manuscript. All authors are aware of
their respective contributions and have confidence in
the integrity of all contributions.

ACKNOWLEDGMENTS
None.

FUNDING INFORMATION

Research support for this project was provided by the
National Institutes of Health (R0O1 AR056624 and T32
GMO007170) and the Companion Animal Research Fund
(CAREF) at the University of Pennsylvania School of Vet-
erinary Medicine.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

85UB017 SUOWILLOD BAIERID B |qedtjdde au) Aq pausenob a1e 3l e O ‘88N JO'Sa|nJ o AKeiq1T 8Ul|UO AB|IM UO (SUO R IPUOO-PUR-SLLBYW0D" A3 1M Afe.q)1)BU1 UO//STNY) SUORIPUOD PUe SWis | 84} 835 *[5202/50/£2] Uo Aiq1T 8UljUO AB|IM ‘80Ul 3URIY00D AQ 222K T NSA/TTTT 0T/I0p/L00 A8 | Im AReiq Ul juo//SANY WO14 papeojumoq ‘€ ‘S0z X0S62EST



» | WILEY

LEMMON ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

Wilke VL, Robinson DA, Evans RB, Rothschild MF,
Conzemius MG. Estimate of the annual economic impact of
treatment of cranial cruciate ligament injury in dogs in the
United States. J Am Vet Med Assoc. 2005;227(10):1604-1607.
doi:10.2460/javma.2005.227.1604

Innes JF, Bacon D, Lynch C, Pollard A. Long-term outcome of
surgery for dogs with cranial cruciate ligament deficiency. Vet
Rec. 2000;147(12):325-328. doi:10.1136/vr.147.12.325

Hayashi K, Manley PA, Muir P. Cranial cruciate ligament path-
ophysiology in dogs with cruciate disease: a review. J Am Anim
Hosp Assoc. 2004;40(5):385-390. doi:10.5326/0400385

Johnson J, Austin C, Breur G. Incidence of canine appendicu-
lar musculoskeletal disorders in 16 veterinary teaching hospi-
tals from 1980 through 1989. Vet Comp Orthop Traumatol.
1994;07(2):56-69. doi:10.1055/s-0038-1633097

Moore EV, Weeren R, Paek M. Extended long-term radio-
graphic and functional comparison of tibial plateau leveling
osteotomy vs tibial tuberosity advancement for cranial cruciate
ligament rupture in the dog. Vet Surg. 2020;49(1):146-154. doi:
10.1111/vsu.13277

Mathiessen A, Conaghan PG. Synovitis in osteoarthritis: cur-
rent understanding with therapeutic implications. Arthritis Res
Ther. 2017;19(1):18. do0i:10.1186/s13075-017-1229-9

Little JP, Bleedorn JA, Sutherland BJ, et al. Arthroscopic
assessment of stifle synovitis in dogs with cranial cruciate liga-
ment rupture. PLoS One. 2014;9(6):€97329. d0i:10.1371/journal.
pone.0097329

Agnello KA, Hayashi K, Brown DC. Arthroscopic articular car-
tilage scores of the canine stifle joint with naturally occurring
cranial cruciate ligament disease. Vet Comp Orthop Traumatol.
2021;34(3):153-160. d0i:10.1055/s-0040-1719064

. Bleedorn JA, Greuel EN, Manley PA, 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.
doi:10.1111/j.1532-950X.2011.00841.x

Binversie EE, Baker LA, Engelman CD, et al. Analysis of copy
number variation in dogs implicates genomic structural varia-
tion in the development of anterior cruciate ligament rupture.
PLoS One. 2020;15(12):e0244075. doi:10.1371/journal.pone.
0244075

Lee BT, Baker LA, Momen M, et al. Identification of genetic
variants associated with anterior cruciate ligament rupture and
AKC standard coat color in the Labrador retriever. BMC
Genom Data. 2023;24(1):60. doi:10.1186/s12863-023-01164-z
Donnenfield JI, Fleming BC, Proffen BL, Podury A,
Murray MM. Microscopic and transcriptomic changes in por-
cine synovium one year following disruption of the anterior
cruciate ligament. Osteoarthr Cartil. 2023;31(12):1554-1566.
doi:10.1016/j.joca.2023.07.014

Yarnall BW, Chamberlain CS, Hao Z, Muir P. Proinflammatory
polarization of stifle synovial macrophages in dogs with cruci-
ate ligament rupture. Vet Surg. 2019;48(6):1005-1012. doi:10.
1111/vsu.13261

Karamchedu NP, Fleming BC, Donnenfield JI, et al. Enrich-
ment of inflammatory mediators in the synovial fluid is
associated with slower progression of mild to moderate oste-
oarthritis in the porcine knee. Am J Transl Res. 2021;13(7):
7667-7676.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Knights AJ, Farrell EC, Ellis OM, et al. Synovial fibroblasts
assume distinct functional identities and secrete R-spondin 2 in
osteoarthritis. Ann Rheum Dis. 2023;82(2):272-282. doi:10.1136/
ard-2022-222773

Kiapour AM, Sieker JT, Proffen BL, Lam TT, Fleming BC,
Murray MM. Synovial fluid proteome changes in ACL injury-
induced posttraumatic osteoarthritis: proteomics analysis of
porcine knee synovial fluid. PLoS One. 2019;14(3):e0212662.
doi:10.1371/journal.pone.0212662

Rai MF, Cai L, Zhang Q, Townsend RR, Brophy RH. Synovial
fluid proteomics from serial aspirations of ACL-injured knees
identifies candidate biomarkers. Am J Sports Med. 2023;51(7):
1733-1742. doi:10.1177/03635465231169526

Schmidli MR, Fuhrer B, Kurt N, et al. Inflammatory pattern of
the infrapatellar fat pad in dogs with canine cruciate ligament
disease. BMC Vet Res. 2018;14(1):161. doi:10.1186/s12917-018-
1488-y

Erne JB, Goring RL, Kennedy FA, Schoenborn WC. Prevalence
of lymphoplasmacytic synovitis in dogs with naturally occur-
ring cranial cruciate ligament rupture. J Am Vet Med Assoc.
2009;235(4):386-390. doi:10.2460/javma.235.4.386

Lemmon EA, Burt KG, Kim SY, et al. Interleukin receptor ther-
apeutics attenuate inflammation in canine synovium following
cruciate ligament injury. Osteoarthr Cartil. 2024;32(10):1295-
1307. doi:10.1016/j.joca.2024.06.010

Alonso B, Bravo B, Mediavilla L, et al. Osteoarthritis-related
biomarkers profile in chronic anterior cruciate ligament
injured knee. Knee. 2020;27(1):51-60. doi:10.1016/j.knee.2019.
12.007

Yamazaki A, Edamura K, Tomo Y, Seki M, Asano K. Varia-
tions in gene expression levels with severity of synovitis in dogs
with naturally occurring stifle osteoarthritis. PLoS One. 2021;
16(1):0246188. doi:10.1371/journal.pone.0246188

X A, Eh P, Tg W, N M, M D. Synovitis: a potential predictive
factor of structural progression of medial tibiofemoral knee
osteoarthritis—results of a 1 year longitudinal arthroscopic
study in 422 patients. Osteoarthr Cartil. 2005;13(5):361-367. doi:
10.1016/j.joca.2005.01.005

Baker K, Grainger A, Niu J, et al. Relation of synovitis to knee
pain using contrast-enhanced MRIs. Ann Rheum Dis. 2010;
69(10):1779-1783. doi:10.1136/ard.2009.121426

Ishijima M, Watari T, Naito K, et al. Relationships between bio-
markers of cartilage, bone, synovial metabolism and knee pain
provide insights into the origins of pain in early knee osteoar-
thritis. Arthritis Res Ther. 2011;13(1):R22. doi:10.1186/ar3246
Sowers M, Karvonen-Gutierrez CA, Jacobson JA, Jiang Y,
Yosef M. Associations of anatomical measures from MRI with
radiographically defined knee osteoarthritis score, pain, and
physical functioning. J Bone Joint Surg Am. 2011;93(3):241-251.
doi:10.2106/JBJS.1.00667

Scanzello CR, McKeon B, Swaim BH, et al. Synovial inflamma-
tion in patients undergoing arthroscopic meniscectomy: molec-
ular characterization and relationship to symptoms. Arthritis
Rheum. 2011;63(2):391-400. d0i:10.1002/art.30137

Cook JL, Kuroki K, Visco D, Pelletier JP, Schulz L,
Lafeber FPJG. The OARSI histopathology initiative—
recommendations for histological assessments of osteoarthritis
in the dog. Osteoarthr Cartil. 2010;18(Suppl 3):S66-S79. doi:10.
1016/j.joca.2010.04.017

85U8017 SUOWILIOD BAIIaID) 8|qed!dde ay) Aq pausenob ae sspie YO ‘88N J0 Sejni 1oy AriqiT8UlIUQ AB|IA UO (SUORIPUOD-PUE-SWB)W0D A8 | IMAteIq 1 U1 UO//:SANY) SUOIIPUOD Pue WIS | 8U188S *[5202/50/£2] Uo Ariqiauliuo A8|IM ‘soueld 8ueIyooD Aq ZzzyT NSATTTT OT/I0p/u00 A8 | Arelq1jeujuo//Sdny wouy papeojumod ‘€ ‘SZ0Z ‘X0S62EST


info:doi/10.2460/javma.2005.227.1604
info:doi/10.1136/vr.147.12.325
info:doi/10.5326/0400385
info:doi/10.1055/s-0038-1633097
info:doi/10.1111/vsu.13277
info:doi/10.1186/s13075-017-1229-9
info:doi/10.1371/journal.pone.0097329
info:doi/10.1371/journal.pone.0097329
info:doi/10.1055/s-0040-1719064
info:doi/10.1111/j.1532-950X.2011.00841.x
info:doi/10.1371/journal.pone.0244075
info:doi/10.1371/journal.pone.0244075
info:doi/10.1186/s12863-023-01164-z
info:doi/10.1016/j.joca.2023.07.014
info:doi/10.1111/vsu.13261
info:doi/10.1111/vsu.13261
info:doi/10.1136/ard-2022-222773
info:doi/10.1136/ard-2022-222773
info:doi/10.1371/journal.pone.0212662
info:doi/10.1177/03635465231169526
info:doi/10.1186/s12917-018-1488-y
info:doi/10.1186/s12917-018-1488-y
info:doi/10.2460/javma.235.4.386
info:doi/10.1016/j.joca.2024.06.010
info:doi/10.1016/j.knee.2019.12.007
info:doi/10.1016/j.knee.2019.12.007
info:doi/10.1371/journal.pone.0246188
info:doi/10.1016/j.joca.2005.01.005
info:doi/10.1136/ard.2009.121426
info:doi/10.1186/ar3246
info:doi/10.2106/JBJS.I.00667
info:doi/10.1002/art.30137
info:doi/10.1016/j.joca.2010.04.017
info:doi/10.1016/j.joca.2010.04.017

LEMMON ET AL.

WILEY_L *3

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Laflamme D. Development and validation of a body condition
score system for dogs. Canine Pract. 1997;22(4):10-15.
Mastbergen SC, Marijnissen AC, Vianen ME, et al. Inhibition
of COX-2 by celecoxib in the canine groove model of osteoar-
thritis. Rheumatology (Oxford). 2006;45(4):405-413. doi:10.1093/
rheumatology/keil87

Agnello KA, Holsworth IG, Caceres AV, et al. Articular carti-
lage lesions of the patellofemoral joint in dogs with naturally
occurring cranial cruciate ligament disease. Vet Surg. 2014;
43(3):308-315. doi:10.1111/j.1532-950X.2014.12107.x

Walsh DA, Bonnet CS, Turner EL, Wilson D, Situ M,
McWilliams DF. Angiogenesis in the synovium and at the
osteochondral junction in osteoarthritis. Osteoarthr Cartil.
2007;15(7):743-751. doi:10.1016/j.joca.2007.01.020

Wenham CYJ, Conaghan PG. The role of synovitis in osteoar-
thritis. Ther Adv Musculoskelet Dis. 2010;2(6):349-359. doi:10.
1177/1759720X10378373

Blom AB, van Lent PL, Libregts S, et al. Crucial role of macro-
phages in matrix metalloproteinase-mediated cartilage destruc-
tion during experimental osteoarthritis: involvement of matrix
metalloproteinase 3. Arthritis Rheum. 2007;56(1):147-157. doi:
10.1002/art.22337

Loeuille D, Chary-Valckenaere I, Champigneulle J, et al. Mac-
roscopic and microscopic features of synovial membrane
inflammation in the osteoarthritic knee: correlating magnetic
resonance imaging findings with disease severity. Arthritis
Rheum. 2005;52(11):3492-3501. doi:10.1002/art.21373

Déring AK, Junginger J, Hewicker-Trautwein M. Cruciate liga-
ment degeneration and stifle joint synovitis in 56 dogs with
intact cranial cruciate ligaments: correlation of histological
findings and numbers and phenotypes of inflammatory cells
with age, body weight and breed. Vet Immunol Immunopathol.
2018;196:5-13. do0i:10.1016/j.vetimm.2017.12.006

Chan JK, Roth J, Oppenheim JJ, et al. Alarmins: awaiting a
clinical response. J Clin Invest. 2012;122(8):2711-2719. doi:10.
1172/3C162423

van den Bosch MH, Blom AB, Schelbergen RF, et al. Alarmin
S100A9 induces Proinflammatory and catabolic effects predom-
inantly in the M1 macrophages of human osteoarthritic syno-
vium. J Rheumatol. 2016;43(10):1874-1884. doi:10.3899/jrheum.
160270

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

40.

41.

42.

43.

45.

46.

47.

Duerr FM, Duncan CG, Savicky RS, Park RD, Egger EL,
Palmer RH. Risk factors for excessive tibial plateau angle in
large-breed dogs with cranial cruciate ligament disease. J Am
Vet Med Assoc. 2007;231(11):1688-1691. doi:10.2460/javma.231.
11.1688

Woustefeld-Janssens BG, Pettitt RA, Cowderoy EC, et al. Peak
vertical force and vertical impulse in dogs with cranial cruciate
ligament rupture and meniscal injury. Vet Surg. 2016;45(1):60-
65. d0i:10.1111/vsu.12419

Agnello KA, Brown DC, Zyla SG, Hayashi K. Arthroscopic cau-
dal cruciate ligament damage in canine stifles with cranial cru-
ciate ligament disease. Vet Comp Orthop Traumatol. 2022;
35(4):263-269. doi:10.1055/s-0042-1748858

Kaufman K, Beale BS, Thames HD, Saunders WB. Articular
cartilage scores in cranial cruciate ligament-deficient dogs with
or without bucket handle tears of the medial meniscus. Vet
Surg. 2017;46(1):120-129. doi:10.1111/vsu.12584

. Deweese MD, Brown DC, Hayashi K, et al. Observer variability

of arthroscopic cartilage grading using the modified Outer-
bridge classification system in the dog. Vet Comp Orthop Trau-
matol. 2019;32(2):126-132. doi:10.1055/s-0039-1678550

Cook JL, Luther JK, Beetem J, Karnes J, Cook CR. Clinical
comparison of a novel extracapsular stabilization procedure
and tibial plateau leveling osteotomy for treatment of cranial
cruciate ligament deficiency in dogs. Vet Surg. 2010;39(3):315-
323. doi:10.1111/§.1532-950X.2010.00658.x

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. doi:10.1111/j.
1532-950X.2005.00021.x

Hulse D, Beale B, Kerwin S. Second look arthroscopic findings
after tibial plateau leveling osteotomy. Vet Surg. 2010;39(3):
350-354. d0i:10.1111/j.1532-950X.2010.00676.x

How to cite this article: Lemmon EA, Xiao R,
Mauck RL, Agnello KA. Arthroscopic synovitis
severity scoring in canine stifles with cranial
cruciate ligament disease. Veterinary Surgery. 2025;
54(3):486-495. d0i:10.1111/vsu.14222

85U8017 SUOWILIOD BAIIaID) 8|qed!dde ay) Aq pausenob ae sspie YO ‘88N J0 Sejni 1oy AriqiT8UlIUQ AB|IA UO (SUORIPUOD-PUE-SWB)W0D A8 | IMAteIq 1 U1 UO//:SANY) SUOIIPUOD Pue WIS | 8U188S *[5202/50/£2] Uo Ariqiauliuo A8|IM ‘soueld 8ueIyooD Aq ZzzyT NSATTTT OT/I0p/u00 A8 | Arelq1jeujuo//Sdny wouy papeojumod ‘€ ‘SZ0Z ‘X0S62EST


info:doi/10.1093/rheumatology/kei187
info:doi/10.1093/rheumatology/kei187
info:doi/10.1111/j.1532-950X.2014.12107.x
info:doi/10.1016/j.joca.2007.01.020
info:doi/10.1177/1759720X10378373
info:doi/10.1177/1759720X10378373
info:doi/10.1002/art.22337
info:doi/10.1002/art.21373
info:doi/10.1016/j.vetimm.2017.12.006
info:doi/10.1172/JCI62423
info:doi/10.1172/JCI62423
info:doi/10.3899/jrheum.160270
info:doi/10.3899/jrheum.160270
info:doi/10.2460/javma.231.11.1688
info:doi/10.2460/javma.231.11.1688
info:doi/10.1111/vsu.12419
info:doi/10.1055/s-0042-1748858
info:doi/10.1111/vsu.12584
info:doi/10.1055/s-0039-1678550
info:doi/10.1111/j.1532-950X.2010.00658.x
info:doi/10.1111/j.1532-950X.2005.00021.x
info:doi/10.1111/j.1532-950X.2005.00021.x
info:doi/10.1111/j.1532-950X.2010.00676.x
info:doi/10.1111/vsu.14222

	Arthroscopic synovitis severity scoring in canine stifles with cranial cruciate ligament disease
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIALS AND METHODS
	2.1  |  Study population
	2.2  |  Stifle arthroscopy and scoring
	2.3  |  Statistical analysis

	3  |  RESULTS
	4  |  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


