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ARTICLE INFO ABSTRACT

Keywords: The development and early morphological features of feline hip osteoarthritis (OA) are largely unknown. Tears in
Acetabulum the acetabular labrum and at the chondrolabral transition zone are suggested to be important in the pathogenesis
Cat of human hip OA, but in cats such lesions have not been described. We investigated associations between
E?;‘puted tomography computed tomography (CT)-detected joint changes and microscopic articular cartilage lesions, the distribution of
OA detected changes, and histologically evaluated the acetabular margin (AM) in hip joints from 20 cats. Histologic
Osteophytes evaluation was undertaken on at least one joint from each cat. CT-detected joint changes and articular cartilage

lesions were graded and the histological appearance of CT-detected osteophytes evaluated. The majority of CT-
detected lesions and cartilage lesions were mild. Whole-joint CT scores and AM osteophyte CT scores showed
moderate to strong correlation with cartilage scores. The odds were higher for presence of CT-detected osteo-
phytes in craniodorsal, cranial, cranioventral, ventral and dorsal AM regions. Peripheral acetabular regions
showed higher cartilage lesion grades than central regions. Tears, seen as fissures/clefts, in labral and perilabral
tissues were common. CT-detected AM osteophytes morphologically presented as pointed sclerotic bone, spur-
shaped bone or rounded chondro-osteophytes. The results suggest that CT is a valuable tool for diagnosing
early feline hip OA. CT-detected osteophytes showed variable histologic morphologies, which may implicate
different disease mechanisms and/or disease stages. Tears in the AM could represent an early event in feline hip
OA and this warrants further investigation.

1. Introduction

Osteoarthritis (OA) is a multifactorial joint disease characterized by
destruction of articular cartilage, subchondral bone changes, osteophyte
formation and variable synovitis (Chen et al., 2017; Loeser et al., 2012;
Wei and Bai, 2016). Radiologically, the domestic cat suffers a high
prevalence of OA (Lascelles et al., 2010; Slingerland et al., 2011) and the
coxofemoral (hip) joint is commonly affected (Clarke and Bennett, 2006;
Clarke et al., 2005; Freire et al., 2011; Godfrey, 2005; Lascelles et al.,
2010). Studies of feline hip OA where the radiological OA diagnosis has
been confirmed by pathologic examination are few (Freire et al., 2011;
Kamishina et al., 2006), and none include detailed studies focused on
joint margin changes and early (i.e. microscopic) evidence of cartilage
degeneration in comparison to imaging findings. Studies including his-
tologic tissue evaluation are not only important for verification of
detected radiological changes as being truly OA-related, but also
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valuable when attempting to establish the earliest imaging features,
enabling early OA diagnosis. Additionally, identification of early im-
aging features of feline OA is of high importance if disease-modifying OA
drugs are to be developed for cats and could be of translational value for
human OA.

The feline acetabulum comprises the articulating facies lunata and
the non-articulating fossa acetabuli (Liebich et al., 2007). The lunate
surface is peripherally enlarged by the fibrocartilaginous labrum aceta-
bulare (Liebich et al., 2007). Injuries to the acetabular labrum and the
chondrolabral transition zone, located at the acetabular margin (AM),
have gained considerable attention in human orthopaedics in relation to
femoroacetabular impingement and a potential role in the development
of hip OA (Beck et al., 2005b; Frank et al., 2015; Groh and Herrera,
2009; Hunt et al., 2007; Ito et al., 2004; Martin and Katz, 2012;
McCarthy et al., 2003; McCarthy et al., 2001; Seldes et al., 2001; Su
et al., 2019; Tannast et al., 2008; Tanzer and Noiseux, 2004), however
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we are unaware of studies in cats describing histologic labral lesions.

Computed tomography (CT) is increasingly available in veterinary
practice and may be a valuable tool for early OA diagnosis. CT provides
cross-sectional three-dimensional (3D) images and detailed information
about joint shape and morphology. CT is a powerful technique for
assessing osseous features, and considering that bone is an integral
component in the development of OA, the use of CT is likely to improve
our understanding of the OA process (Turmezei and Poole, 2011).

We observed small spur-shaped osteophytes on the ventral AM of
joints with no obvious macroscopic articular cartilage changes (Fig. S1)
during initial evaluation of whole-body CT images and joint surface
macroscopic evaluation of cats in an ongoing OA study. This initiated
our investigations into the relevance of AM changes in feline OA. In this
study, our aims were to: 1) investigate associations between CT-detected
joint changes, with a focus on the AM, and microscopic articular carti-
lage lesions; 2) describe the distribution of detected changes; and 3)
histologically evaluate features of the AM. The hypotheses were that CT-
detected joint changes are associated with articular cartilage degener-
ation, and that the peripheral acetabular region, including the AM,
represents a region for early lesion development in feline hip OA.

2. Material and methods
2.1. Study population

This observational cross-sectional exploratory study was performed
post-mortem and involved the use of client-owned animals that pre-
sented for educational and research purposes at the Department of
Biomedical Sciences and Veterinary Public Health, Swedish University
of Agricultural Sciences (SLU). In total, 40 hip joints from 20 cats were
included in the study and histologic evaluation was performed on 28
joints. Thirteen joints from seven of these cats were prospectively
sampled for histology, whereas the other 15 joints from 13 cats origi-
nated from cats participating in other research studies where whole-
body CT had been performed and were retrospectively evaluated.
Owners’ consent for their animals to participate in research was ob-
tained for all cases as part of the submission for post-mortem exami-
nation or given in the owner consent for animal euthanasia. CT and
macroscopic examinations with subsequent sampling for histology were
done within one day of euthanasia, apart from two cats where the
procedures were performed within two days of euthanasia.

2.2. CT examination

Whole-body CT examinations were done using a 64-slice multi-
detector CT scanner (Definition, Siemens Medical Systems, Erlangen,
Germany) using the settings; 250 kV, 160 mAs, slice thickness 0.6 mm,
slice increment 0.3 mm and a high-resolution kernel (B70s). Cats were
placed on a conforming foam cushion in ventral recumbency with the
extremities extended and the head towards the gantry.

2.3. Evaluation of joint changes in CT images

Anonymized CT images were individually graded by two readers
(CJL and GR) in random order using Digital Imaging and Communica-
tions in Medicine viewing software (OsiriX v 4.1.2, Pixmeo) with mul-
tiplanar reconstruction (MPR) in a bone window (window level 700 HU
and window width 4000 HU). The MPR images were aligned and
orientated in the same way for each cat using a standardized image
orientation method (Fig. S2 and S3). The acetabulum was anatomically
divided into eight, and the femoral head into five CT regions (Fig. 1). In
each of these 13 regions the following lesion types were assessed:
osteophytes (including enthesophytes), sclerosis, and lysis (including
cyst-like lesions and subchondral bone and joint margin defects). Joint-
associated (intra—/extra-articular) mineralizations were localized to the
nearest acetabular region (eight regions). Lesions were graded 0 =
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Fig. 1. Three-dimensional volumetric computed tomography (CT) images
showing a lateral view of the left acetabulum (A), and cranial (B) and caudal (C)
views of the left femur. Colors show regions used to localize lesions detected in
CT images and histologically. For the acetabulum: CdV = caudoventral (pink);
V = ventral (brown); CrV = cranioventral (yellow); Cr = cranial (black); CrD =
craniodorsal (green); Do = dorsal (red); CdD = caudodorsal (grey); Cd = caudal
(blue). For the femur: Ce = central (pink); Cr = cranial (yellow); Di = distal
(red); Pr = proximal (green); Cd = caudal (blue). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web
version of this article.)

normal, 1 = suspected, 2 = mild, and 3 = moderate to severe (Table S1).
The highest grade of each lesion type from each region were summed to
give a whole-joint CT score (CTS, maximum possible score 141 including
grading of osteophytes, sclerosis and lysis in 13 regions and joint-
associated mineralizations in eight regions). In a second step, one
image evaluator (CJL) identified the highest grade of joint margin
osteophyte in each of the eight acetabular regions and these were
summed to give a AM osteophyte CT score (AMO-CTS, maximum score
24). In addition, this evaluator identified presence of spur-shaped
osteophytes in the ventral region (Fig. S1).

2.4. Macroscopic examination and tissue sampling for histology

Following CT examination, the hip joints were opened and intra-
articular macroscopic abnormalities recorded. Joints were graded as
OA positive if cartilage lesions, including dull, yellow discolored carti-
lage and/or cartilage erosion/ulceration, were clearly detected; other-
wise they were graded as OA negative. One or both hip joints were then
removed by cutting through the body of the ilium, the ischium, the
pubis, and the proximal metaphysis of the femur. The joints were fixed
in 10% neutral buffered formalin and decalcified in formic acid (Kris-
tensens 1osning for urkalkning, Solveco, Rosersberg, Sweden). Following
decalcification, osteochondral tissues from the articular surfaces of the
acetabulum and the femur were sampled for histology. In 20/28 joints
the CT images were used to guide histologic sampling with the aim of
maximizing the chance of including CT-detected joint margin changes,
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particularly osteophytes, in the trimmed tissue samples. In cases that did
not show changes in the CT images or in non-CT-guided samples, tissue
was sampled according to presence of abnormalities detected macro-
scopically. If no changes were detected, sampling aimed to provide the
maximum articular surface for evaluation. From each joint a minimum
of one sample from the acetabulum and one from the femur was ob-
tained. In an attempt to include CT-detected joint margin changes
multiple sites were sampled in 4 joints (3 joints with 2 samples from the
acetabulum and 1 joint with 3 samples from the acetabulum). Samples
were routinely processed and embedded in paraffin wax for light
microscopic examination, cut in approximately 4 pm sections and
stained with hematoxylin and eosin, and toluidine blue. Sections used
for figures were photographed using a Nikon E600 light microscope and
a Nikon DXM 1200 camera (Nikon Instruments, Melville, NY, USA).
Light and colour adjustments were done in Adobe Photoshop version
21.1.3.

2.5. Histologic evaluation of articular cartilage and the AM

Lesions in the articular cartilage were graded according to a protocol
based on the grading system by Pritzker et al. (2006) (Table S2). Grades
0-1 were considered to represent normal cartilage and the maximum
lesion grade was 6.5 (Pritzker et al., 2006). Sections were coded and
individually graded by two evaluators (CL and GR or CL and AL) to
determine the highest lesion grade for each acetabulum and femur.
When grades differed between evaluators, the final grade was decided
by consensus. In a second step, four approximately equal length articular
cartilage regions, two designated as peripheral (perilabral) and two as
central (perifossal) were defined for the articular surfaces in each
acetabular section. The femoral articular cartilage in each section was
likewise divided into four approximately equally sized regions, two
peripheral and two central. The location for the highest lesion grade was
identified by one evaluator (CL), who subsequently also graded lesions
in the other cartilage regions. In each joint, the highest lesion grade in
each region of the acetabulum and femur, respectively, were summed to
give an acetabular cartilage score (ACartS) (maximum score 26) and a
femoral cartilage score (FCartS) (maximum score 26). A cartilage score
for the whole joint (CartS) was calculated by adding the ACartS and
FCartS (maximum score 52). Morphologic findings of the AM were
evaluated by one of the authors (CL). Tears (fissures/clefts) were cate-
gorized in regard to location (chondrolabral transition zone vs. within
labrum acetabulare) with reference to Seldes et al. (2001).

2.6. Determination of location of histological findings according to CT
regions and evaluation of CT-detected AM osteophytes

The anonymized material was decoded. Using MPR the CT images
were aligned to the histological sections. For every margin in each his-
tological section, the corresponding CT region was determined by
marking the joint margin of the section in the aligned CT and 3D volu-
metric reconstruction images. The histological appearance of CT-
detected AM osteophytes were evaluated and described.

2.7. Statistical analyses

Descriptive analyses were performed including age, gender, breed,
CTS, AMO-CTS and CartS. For analyses of effects of age on CTS, AMO-
CTS and CartS cats were divided into young (0-9 years) and old (> 9
years) age groups and a Mann-Whitney U test was used. Spearman rank
correlation was used to investigate associations between 1) CTS and
CartS, 2) AMO-CTS and CartS, and 3) AMO-CTS and ACartS. Due to the
uncertainty of the suspected CT-detected lesions (grade 1), the
Spearman rank correlations were repeated by recalculating the CTS and
AMO-CTS after exclusion of grade 1 lesions. In cats where both joints
were histologically evaluated, only one joint was included in the anal-
ysis, based on choosing the joint with the highest CTS, or if the CTS were
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equal, by random selection.

A logistic mixed model was used to analyse the presence/absence of
CT-detected osteophytes in acetabular regions. A general linear mixed
model was used to investigate differences of cartilage grades between
the peripheral and central cartilage regions of the acetabulum and the
femur, and residual plots checked to confirm normal distribution. His-
tological cartilage grades were grouped into normal (0-1), mild
(1.5-2.5), moderate (3-4.5), and severe (5-6.5) for evaluation of carti-
lage lesion distribution and in regard to osteophyte morphology.

SigmaPlot 13.0 (Systat Software, Inc., San Jose, CA, USA) was used
for descriptive, normality, Mann-Whitney U test and Spearman rank
correlation analyses, and SAS 9.4 (SAS Institute Inc., Cary, NC, USA) was
used for the mixed model analyses. P-values <0.05 were considered
significant.

3. Results
3.1. Demographic data

The mean age was 9.9 years (median 8.5 years, range 1-19 years).
Eleven cats were young (< 9 years) and 9 cats old (> 9 years). There
were 10 neutered males, 8 neutered females and 2 intact females.
Thirteen cats (65%) were Domestic Shorthaired cats and 7 cats (35%)
were pure-bred (one individual each of Bengal Cat, British Shorthair,
Burmese, Cornish Rex, European Shorthair, Norwegian Forest Cat, and
Ragdoll).

3.2. CT-detected changes

Including both the acetabulum and the femur, osteophytes were
detected in 34/40 joints (summed grades for all joints 358), sclerosis in
35/40 joints (summed grades for all joints 319), lysis in 24/40 joints
(summed grades for all joints 172) and joint-associated mineralizations
in 5/40 joints (summed grades for all joints 42). Lesions were more
common in the acetabulum than in the femur (Fig. 2). Five joints from 3
cats were normal on CT. The CTS (n = 20 joints from 20 cats) ranged
from O to 124 (mean 23.4, median 10.5), and old cats had higher CTS
compared to young cats (median 25 vs. 8; P = 0.013).

Osteophytes were detected at the AM in 34/40 joints (17/20 cats)
and at femoral margins in 15/40 joints (8/20 cats) (Fig. 2). All joints
with osteophytes also showed sclerosis. The AMO-CTS ranged from 0 to
24 (mean 7.4, median 6). Older cats had higher AMO-CTS compared to
younger cats (median 9 vs. 4; P = 0.032). The odds for the presence of
AM osteophytes were significantly different between the regions (P <
0.0001), with craniodorsal, cranial, cranioventral, ventral and dorsal
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Fig. 2. Frequency and grades of lesions detected in computed tomography
images (n = 40 joints, 20 cats). Lesions were more frequently detected in the
acetabulum compared to the femur, and osteophytes and sclerosis were the
most common lesion types. JM = joint-associated mineralization.
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regions having higher odds compared to caudodorsal, caudal and cau-
doventral regions (Fig. 3).

There were 26/40 joints with osteophytes detected in the ventral AM
region. Of these, 22 were spur-shaped (6 suspected, 10 small, 6 mod-
erate to large). In 10 cats spur-shaped osteophytes were bilateral and in
2 cats they were unilateral. In all but 1 joint with ventrally located spur-
shaped osteophytes, there were also osteophytes detected in other AM
regions. In the 14 joints with no ventral osteophytes, 6 joints (3 cats) had
no osteophytes in any other AM region and 8 joints (5 cats) had osteo-
phytes in other AM regions.

3.3. Macroscopic appearance of articular cartilage

Macroscopic cartilage evaluation was recorded for 38/40 joints and
8 of these were macroscopically OA positive. Six of the 28 joints sampled
for histology were macroscopically OA positive.

3.4. Histologic findings of articular cartilage and AM

The articular cartilage was normal or had mild changes (mean of
grades given in the joint <2.5) in 23/28 joints. The CartS ranged from
0 to 49 (mean 16.4, median 14.2), ACartS from 0 to 24.5 (mean 8.5,
median 6.5), and FCartS from 0 to 25.5 (mean 7.9, median 7). Old cats
had higher CartS compared to young cats (median 15.5 vs. 12.5; P =
0.01). One cat (aged 1 year) had no microscopic cartilage lesions. Pe-
ripheral regions showed more moderate and severe lesions than central
regions for both the acetabulum and the femur (Fig. 4-6) with a signif-
icant difference in lesion grades between peripheral and central regions
for the acetabulum (P = 0.0002) but not for the femur (P = 0.058). The
majority of lesions were mild (grades 1.5-2.5) in ventral, cranioventral,
cranial, craniodorsal and dorsal acetabular regions, and in distal and
cranial femoral regions. The majority of lesions were moderate or severe
(grades >2.5) in caudodorsal and caudal acetabular regions and in
caudal femoral regions. Caudoventral acetabular and proximal femur
regions had a more even distribution of lesion grades (Fig. S4).

In total, 56 AMs were available for assessment for labral tears. In 33
AMs labral tissue was clearly detected. In 24 AMs labral tissue was
continuous with the articular cartilage and in 9 AMs (7 from the ventral
region) fibrous, fibrovascular or fibrocartilagenous tissue, sometimes
appearing as synovium and including adipose tissue, was present be-
tween labral tissue and the articular cartilage (Fig. 7, S5 and S6). In 23
AMs the labrum was either poorly identified/absent or not possible to
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Fig. 4. Frequency of lesion grades for peripheral and central locations in the
articular cartilage of the acetabulum and femur (n = 28 joints, 20 cats). Overall,
peripheral acetabular regions showed significantly higher lesion grades
compared to central acetabular regions (P = 0.0002).

clearly define due to artefacts or pronounced cartilage lesions or
osteophytes. In assessable AMs, the labrum was detected in the cranio-
dorsal region, whereas it was poorly detected/absent cranioventrally,
and variably detected in the other six regions (Figs. 5, 7, 8, S5 and S6).
Twelve AMs (36.4%) showed fissures/clefts of varying depth and
angulation considered to be lesions. Lesions were found in both the
chondrolabral transition zone and the labrum (5 AMs), in only the
chondrolabral transition zone (6 AMs) or in only the labrum (1 AM)
(Fig. 8). Twelve more AMs (36.4%) showed fissures/cleft-like changes
that could represent normal anatomical features or processing artefacts,
and thus these were not considered lesions (Fig. 7, S5 and S6).

3.5. Correlations between CT and cartilage scores

There were moderate correlations between CTS and CartS (P =
0.0154, rho 0.533, Fig. S7) and between AMO-CTS and CartS and (P =
0.0234, rho 0.503, Fig. S8), and a strong correlation between AMO-CTS
and ACartS (P = 4.33 x 10’6, rho 0.749, Fig. S9). Excluding grade 1 CT-
detected lesions still showed significant correlations between CTS and
CartS (P = 0.0269, rho 0.493), between AMO-CTS and CartS (P =
0.0452, rho 0.451), and between AMO-CTS and ACartS (P = 0.0021, rho
0.646). The one-year old cat with no detected histological cartilage le-
sions was normal on CT.

3.6. Histologic appearance of CT-detected AM osteophytes, associated
cartilage lesions and CTS

CT-detected AM osteophytes were included in 19 microscopically
examined AMs (34%). Spur-shaped bone on the AM, extending into
labral tissue, corresponding to the CT-detected osteophyte was detected
in 7 AMs from 7 joints (Fig. 7 and S6). These were located in ventral (5
AMs), craniodorsal (1 AM) and caudoventral (1 AM) regions. All labrae
showed regions of chondroid cells, and tidemark reduplication, matrix
disruption and osteoblastic-like cells lining bone cavities were variably
seen (Fig. 7 and S6). Pointed sclerotic bone extending the AM corre-
sponding to the CT-detected osteophyte was detected in 7 AMs from 7
joints (Figs. 5, 7 and 8). These were located in the cranial (3 AMs), dorsal
(2 AMs), craniodorsal (1 AM) and caudodorsal (1 AM) regions. All 7
joints with with pointed sclerotic bone histologically also presented with
spur-shaped osteophytes in ventral regions in CT images. Rounded
osteophytes (chondro-osteophytes) corresponding to the CT-detected
osteophytes were detected in 5 AMs from 3 joints (Fig. 9). These were
located in dorsal, cranioventral, ventral, caudoventral and caudal re-
gions. In joints with spur-shaped or pointed sclerotic bone no or mild
articular cartilage lesions were common (present in 49/54 and 49/56
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Fig. 5. Appearances of the right hip joint, 7-year-old cat. Three-dimensional reconstruction (A), and aligned computed tomography image (B) and photomicrographs
(C-E) with areas within boxes magnified in (D) and (E). Green dots (A) showing the location of the cranial (Cr) and caudal (Cd) acetabular margins. A moderate
cartilage lesion (grade 4) is present at the peripheral Cd margin (black arrowhead). Labral tissue is clearly defined cranially (arrow), whereas presence of labral tissue
caudally cannot be assessed due to the cartilage lesion. The osteophyte located cranially (white open arrowhead) comprises pointed sclerotic bone (asterisk).
Histological section stained with hematoxylin and eosin. Scale bars: (C) 1 mm, (D and E) 500 pm. (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of this article.)
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Fig. 6. Appearances of the right hip joint, 17-year-old cat. Aligned computed tomography image (A) and photomicrographs (B and C) with area within box magnified
in (C). A focally severe cartilage lesion (grade 5) is present in the peripheral caudal (Cd) region of the femur (arrow) whereas other regions of the articular cartilage
only show mild lesions. Histological section stained with hematoxylin and eosin. Scale bars: (B) 1 mm, (C) 200 pm.

cartilage regions, respectively). In joints with rounded osteophytes
moderate to severe cartilage lesions were common (present in 20/24
regions). The CTS ranged from 7 to 24 (mean 12, median 11) in joints
with spur-shaped bone, from 9 to 34 (mean 18, median 16) in joints with
pointed sclerotic bone, and from 44 to 124 (mean 92.7, median 110) in
joints with rounded osteophytes. Macroscopically, all 3 joints with
rounded osteophytes were OA positive, but only 1 joint with a spur-
shaped hook and 1 joint with pointed sclerotic bone were macroscopi-
cally OA positive.
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4. Discussion

In this study we evaluated CT-detected joint changes associated with
the presence of cartilage lesions in feline hip joints, with a specific focus
on AM osteophytes. We described the distribution of detected lesions,
the morphology of CT-detected osteophytes and evaluated presence of
microscopic tears at the chondrolabral transition zone and the acetab-
ular labrum. To our knowledge, no studies in cats have previously
evaluated CT-detected changes compared to cartilage lesions or evalu-
ated microscopic AM changes, although the use of CT for quantitative
morphometric measurements in a single case of hip dysplasia has been
reported (Lai et al., 2016).
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Fig. 7. Appearances of the left hip joint, 6-year-old cat. Three-dimensional reconstruction (A), and aligned computed tomography image (B) and photomicrographs
(C-E), with areas within boxes magnified in (D) and (E). Green dots (A) showing the location of the dorsal (Do) and ventral (V) acetabular margins. The dorsally
located osteophyte (white arrowhead) comprises pointed sclerotic bone (asterisk), whereas the ventrally located osteophyte comprises spur-shaped bone in labral
tissue (black arrows). A fissure-like change is present in fibrovascular tissue located between the articular cartilage and the labrum (open arrow). Labral tissue is
absent dorsally. Histological section stained with hematoxylin and eosin. Scale bars: (C) 1 mm, (D and E) 500 pm. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)

CTS and CartS were moderately correlated and were both higher in
old cats compared to young cats. This is in accordance with the age-
associated increase of OA previously shown for cats (Freire et al.,
2014; Ryan et al., 2013; Slingerland et al., 2011), and the increase in
severity of cartilage lesions with age reported for the feline stifle joint
(Leijon et al., 2017). This finding supports the hypothesis that the
evaluated parameters are representative of OA and that CT is a valuable
tool for diagnosing feline hip OA. Lack of macroscopic cartilage lesions
together with presence of mild histologic cartilage lesions in most joints
further suggests that bone changes develop early in the OA disease
process and that CT is useful when evaluating the early stages of the
disease (i.e. before macroscopic cartilage lesions are detected).

A strong correlation between AMO-CTS and ACartS, and a moderate
correlation between AMO-CTS and CartS suggest that osteophytes on the
AM are an important radiological sign of feline hip OA. This finding
agrees with previous imaging studies in cats (Freire et al., 2011; Guillot
etal., 2012). In the present study the numbers of joints with osteophytes
and sclerosis were approximately equal. This is in contrast to a previous
feline study where digital radiography was used and osteophytes were
detected in 86% and sclerosis in 10% of hip joints.(Freire et al., 2011)
The high number of joints with sclerosis in the present study may relate
to the assumption that CT is more sensitive for detection of sclerosis than
radiography (Turmezei and Poole, 2011). However, the total sum of
grades for osteophytes was higher than the sum for sclerosis, which
suggests that osteophytes are more common than sclerosis in feline hip
OA. In human knee OA, marginal osteophytes were reported to be the
most sensitive radiographic finding, whereas sclerosis was an insensitive
radiographic sign of OA and rarely detected in absence of associated
osteophytes (Kijowski et al., 2006).

Although few joints showed evidence of cartilage degeneration
macroscopically, microscopic cartilage lesions were common. Discrep-
ancy between numbers of joints with macroscopic and microscopic OA
has previously been described for feline elbow joints (Freire et al.,

248

2014), and the low number of macroscopically detected lesions in the
present study is likely related to most histological lesions being mild.
Microscopic cartilage lesion grades were significantly higher in pe-
ripheral compared to central (perifossal) locations of the acetabulum
and there was a trend towards higher lesion grades in peripheral loca-
tions for the femur. This suggests that the peripheral part of the joint
represents the earliest site for cartilage lesions to develop in feline hip
OA.

Microscopic cartilage lesions were detected in all CT-specified re-
gions of the acetabulum and the femur. Due to the study design it is not
possible to draw firm conclusions from the cartilage lesion severity in
regard to regions, and the seemingly more severe lesions in caudodorsal
and caudal acetabular regions and in caudal femoral regions need to be
cautiously interpreted. Most joints were sampled in specifically selected
regions guided by CT-detected changes, an uneven number of samples
were evaluated from the different regions, and the CT-guided sampling
resulted in an overrepresentation of examined samples from the region
opposite the selected sampling site.

Fissures/clefts were common at the chondrolabral transition zone
and within the labrum. A potential role of these in the development of
feline OA is to be determined. The lack of available information of
normal histology of the feline labrum meant that interpretation of
findings in some sections was not possible. Microscopic labral tears have
been reported in as many as 96% of aging human hips (Seldes et al.,
2001). Studies have shown that chondral lesions are common in joints
with labral fraying or tears, and that in the vast majority the cartilage
damage occurs in the same acetabular region as the labral lesion
(McCarthy et al., 2001). It has also been speculated that labral tears are
involved in the development of peripheral osteophytes (Seldes et al.,
2001). Causes of labral tears in people include traumatic injury, femo-
roacetabular impingement, capsular laxity/joint hypermobility,
dysplasia and degeneration (Groh and Herrera, 2009). In the present
study etiologic factors were not investigated. However, it is possible that
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Fig. 8. Appearances of the right hip joint, 7-year-old cat. Three-dimensional
reconstruction (A), and aligned computed tomography image (B), and photo-
micrographs (C and D), with area within box magnified in (D). Green dots (A)
showing the location of the caudodorsal (CdD) and cranioventral (CrV)
acetabular margins. Fissures (black arrowhead) are present both at the chon-
drolabral transition zone and in the labrum caudodorsally. Labral tissue is ab-
sent cranioventrally (black arrow). The osteophyte caudodorsally (white
arrowhead) comprises pointed sclerotic bone (asterisk). Tissue loss representing
sectioning artefacts are present cranioventrally (af). Histological sections
stained with hematoxylin and eosin. Scale bars: (D) 500 pm, (C) 1 mm. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

joints exhibiting acetabular conformation with prominent pointed
sclerotic bone at the AM could represent pincer-like morphology, since
this is characterized by osseous tissue extending over the normal
acetabular rim (Roling et al., 2020; Su et al., 2019), and studies focusing
on the conformation of feline hips may be valuable for increased un-
derstanding of the pathogenesis of feline hip OA.

In the ventral acetabular region fibrous/fibrovascular tissue were
detected peripheral to the articular cartilage. Since this also was found
in the normal one-year old cat and cartilage lesion scores in affected
joints typically were low we suspect that the finding is not a true lesion.
It may be similar to the fibrocellular surface tissue described at the
chondrolabral transition zone and the capital parafoveal area in human
hip joints, considered a non-progressive change (Byers et al., 1976).

Osteophytes were more frequently detected with CT on the AM than
the femoral head/neck, which is in agreement with other studies (Keller
et al., 1999). The most common locations of CT-detected osteophytes
were cranial, craniodorsal, dorsal, cranioventral and ventral AM re-
gions. This agrees with a study of feline hip dysplasia, where the cra-
niodorsal AM was the most common location for degenerative changes
to be detected radiographically (Keller et al., 1999). A feline in vitro
model showed that the load distribution from the femur at mid stance
mainly involves the acetabular regions corresponding to the cranio-
dorsal, dorsal, caudodorsal and caudal CT regions in our study (Beck
et al., 2005a), which could explain why CT-detected osteophytes
showed sclerotic bone in cranial, craniodorsal and dorsal regions.
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Microscopic examination of CT-detected AM osteophytes revealed a
variety of morphologies; spur-shaped bone, pointed sclerotic bone and
rounded osteophytes. It is possible that the variable morphologies are
associated with different processes or represent different developmental
stages of OA. These findings highlight the importance of histopathology
for increased understanding of the pathogenesis of OA. Joints with
rounded osteophytes showed a high degree of moderate to severe
cartilage lesions and high CTS (indicating involvement of the entire
joint) and can be considered to represent advanced OA (Pritzker et al.,
2006). Due to the common finding of predominately mild cartilage le-
sions in joints with spur-shaped and pointed sclerotic bone these mor-
phologies may be a sign of early OA. CT-detected ventrally located spur-
shaped osteophytes typically concurred with osteophytes in other joint
regions and it can be speculated that they are associated with OA.
Alternatively, the spur-shaped bone could represent adaption to loading
of the labrum or a primary labral disease process that may initiate OA.
To the authors’ knowledge, spur-shaped osteophytes located in the
ventral AM region have not previously been reported in cats. These spurs
are not expected to be visible in standard ventrodorsal and lateral ra-
diographs of feline hip joints due this region being summated on the
pelvis. It is unclear how common ventral spurs are in the general cat
population and to investigate how they progress with advancing OA
requires longitudinal studies.

There are several limitations to take into consideration in this study,
one being the relatively small number of animals included. Another
limitation is that although there appeared to be regional patterns for the
different morphologic osteophyte appearances, the results can only be
related to the specific locations examined histologically, and the true
extent of the morphological distribution was not histologically verified.
Furthermore, it would have been optimal to examine the entire articular
surface for presence of microscopic lesions as lesions of other grades or
in other locations could have been present in non-examined tissue.
However, this was not possible with the techniques used. Plain CT im-
ages do not provide detailed information about the articular cartilage
and the acetabular labrum since it is not possible to define cartilage from
the synovial fluid and soft tissues. Despite this, the findings in the cur-
rent study show that osteophytes on the AM detected in CT images
reflect histological changes in the articular cartilage. Articular cartilage
and labral lesions can be detected with positive arthrography in human
hip joints (Henak et al., 2014). However, this technique has not been
developed in cats and injections into the feline hip joint are challenging
(Clements, 2006). Contrast-enhanced CT methods for estimating the
proteoglycan content of the articular cartilage, which reflect the early/
mild stages of OA, have been described in humans and animal species
other than the cat (Bhattarai et al., 2020; Kokkonen et al., 2014; Lakin
et al., 2017). However, due to the very thin feline articular cartilage
these methods are unlikely to be useful in cats using clinical CT equip-
ment and were not attempted in the study. Magnetic resonance imaging
can provide whole-joint assessment of articular cartilage, however a
high-field (4.7 Tesla) magnetic resonance imaging study with compar-
ison to macroscopy and histology reported that due to the thin articular
cartilage in cats and the resolution limitations of this method, magnetic
resonance imaging only provides limited information about mild carti-
lage lesions in cats (Kamishina et al., 2006).

The lack of information in the literature about the CT appearance of
the feline hip means that the CT grading was exploratory and based on
previously described radiographical changes associated with feline OA
(Freire etal., 2011; Lascelles et al., 2010). The CT scores were correlated
to microscopic cartilage lesions and this supports the validity of the CT
grading. In the CT grading a grade 1 represented a suspected mild lesion,
with definite lesions being grade 2 or 3. When suspected lesions were
removed from the data set significant correlations between CT lesions
and articular cartilage scores remained. The correlation coefficients
were mildly lower when the suspected lesions were excluded, suggesting
that the suspected CT lesions were associated with cartilage lesions.
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Fig. 9. Appearances of the right hip joint, 11-year-old cat. Three-dimensional reconstruction (A), and aligned computed tomography image (B) and two joined
photomicrographs (C). Green dots (A) showing the location of the dorsal (Do) and caudoventral (CdV) acetabular margins. In computed tomography images large
osteophytes (open arrows) are seen around the acetabular margins (A and B), as well as severe remodeling of the acetabulum and femoral head shape and sub-
chondral sclerosis of the femoral head and dorsal aspect of the acetabulum (B). The large osteophyte located caudoventrally (open arrow in B) comprises a rounded
chondro-osteophyte (asterisk). Moderate to severe cartilage lesions with grades ranging from 3.5-6.5 (C). Histological section stained with hematoxylin and eosin.
Scale bar: (C) 1 mm. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

5. Conclusions

The results of this study suggest that CT is a valuable tool for diag-
nosing feline hip OA and has good potential for diagnosing OA at an
early stage. CT-detected AM osteophytes show several different histo-
logic morphologies, which may implicate different disease mechanisms
and/or stages in the development of OA. Ventrally located spur-shaped
osteophytes within the labrum may be part of early OA or represent a
primary labral disease. The results indicate that the perilabral cartilage
is an area sensitive to cartilage degradation. Similar to discussed in
humans, lesions in the acetabular labrum and the chondrolabral tran-
sition zone may be important in the development of feline hip OA.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.rvsc.2021.05.010.
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