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Comparison between synovial fluid cytology
and joint capsule histopathology in horses
with chronic osteochondritis dissecans

231

z

IRENE NOCERA1, VALENTINA VITALE2, SIMONETTA CITI1,
GIULIA MARIANELLI3, ALESSANDRO POLI1, FRANCESCA BONELLI1,
PIERRE MELANIE1, MICAELA SGORBINI1
1

Ospedale Didattico Veterinario “Mario Modenato”, Dipartimento Scienze Veterinarie, Università di Pisa,
Via Livornese snc, 56122 San Piero a Grado (PI), Italy
2
Veterinary Teaching Hospital, Sydney School of Veterinary Science, The University of Sydney,
410 Werombi Road, Camden, NSW, Australia
3
Private veterinarian, Pisa, Italy

SUMMARY
Introduction and objective - The osteochondrosis dissecans (OCD) is a disease that affects humans and animals and its aetiology and pathogenesis have been investigated for long time in human and veterinary medicine. OCD can cause slight changes
in viscosity, mild increase in total protein and mild to severe increase in cell count, depending on the stage of the disease, in
the synovial fluid of affected joint. Histological examination of the articular cartilage of horses with OCD showed areas of disorganization with reduction of glycosaminoglycans, including chondroitin sulphate, compared to normal horses. The purpose
of the present work was to study the relationship between synovial fluid cytology and histopathologic examination of the articular capsule of horses with OCD.
Materials and methods - Fifteen horses of different breed, age and sex with OCD were included in the study and all of them underwent arthroscopy. Synovial fluid samples and osteochondral, or synovial capsule, samples were collected from 22 joints affected by OCD during arthroscopic surgery. For each synovial fluid sample was assessed the following parameters: synovial fluid turbidity, viscosity, mucin clot, total protein (TP), total nucleated cell count (TNCC) and differential cell count. Furthermore, osteochondral or synovial capsule samples were evaluated on histologic examination. The samples were retrospectively divided into two groups according to the results of the differential cell count of synovial fluid: a) group 1: hypocellular synovial fluid (few
lymphocytes); b) group 2: cellular synovial fluid. Data were expressed as average and standard deviation. T-test was applied to verify differences between group 1vs 2 for TNNC and TP, while chi-square test was used for turbidity, viscosity and mucin clot test.
Results - Ten/22 joint samples were classified into the group 1 and 12/22 into the group 2. No significant differences were
found between the 2 groups for turbidity, viscosity and mucin clot, while differences were obtained for TNCC and TP. Histological examination was normal in 16/22 joints and abnormal in 6/22.
Conclusions - The lower viscosity, abnormal mucin clot test and increasing in turbidity might be related to a dysregulation of
pathways involving inflammation, and matrix damage, similar to those found in osteoarthritis. Comparing the two groups, TP
were higher in the group 2 vs group 1, supporting the hypothesis of different grade of inflammation in the two group (low vs
mild). Synovial TNCC results and the cytological assessment are suggestive of degenerative inflammatory changes in both groups.
The prevalences of histological alterations support the hypothesis that the histological evaluation of the cartilages is not useful in
the diagnosis of degenerative joint diseases, in line with previous studies. In conclusion, the assessment of synovial fluid cytology
seems to be more sensitive than the histological exam in the diagnosis of degenerative joint diseases, as reported by others4.
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INTRODUCTION
Osteochondrosis (OC) is a multifocal pathology, which
takes place in both articular-epiphyseal cartilage complex
and growth plate in a variety of mammalian species1;2;3. The
disorder is characterized by failure of endochondral ossification and is considered as one of the most common primary causes of degenerative joint disease in domestic animals2-6. OC has been believed to be caused by a combination
of factors6-7 such as traumatic lesions, ischemia and failure
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of cartilaginous canals and blood vessels, dyschondroplasia
and alteration of the cartilaginous matrix, rapid growth,
heredity and dietary imbalances8.
One of the most recurrent manifestations of OC is the osteochondrosis dissecans (OCD)2. It is a non-septic degenerative disease caused by a failure of cellular differentiation
in growing cartilage, leading to its dramatic thickening or
retention, emergence of fissures and eventual focal loss of
cartilage flaps into the joint cavity9-10. The detached fragments may be responsible of severe joint inflammation,
which can lead to subsequent development of secondary
osteoarthritis (OA)2;11-12.
OCD clinical signs may develop when the joint surface is involved by the dissecting lesions2. Sometimes the OCD frag-
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ments and debris released into the joint lead to synovitis, joint
inflammation and clinical signs of pain and lameness2;13. In
some cases, no defect in the subchondral bone are present, no
evident clinical signs of the disease can be pointed out2;13.
OCD medical treatment depends on the severity of the disease.
Some younger foals with larger cartilage flaps and little subchondral bone attachment may be amenable to reattachment
to underlying subchondral bone via arthroscopically placed
polydioxanone (PDS) pins13. In some cases, treatment with
mesenchymal stem cells, platelet-rich plasma, or other biologics may be appropriate, depending on the type of OC lesion13.
Arthroscopic removal of osteochondral chips or fragments is
generally recommended after foals have reached a year of age,
reducing predominant intra-articular fractures and accurately
diagnosing ligamentous and meniscal lesions2;14.
When alterations occur in the articular cartilage, meniscus,
ligament or synovial membrane, some molecules may be released into the synovial fluid, whereas the biomarkers of
bone tissue will generally be released into the blood, if the
underlying bone of a joint is involved13;15-16.
Analysis of cartilaginous explants bearing OCD lesions as
well as serum and synovial biomarker measurements of animals suffering from OCD, revealed a significant increase in
collagen turnover14;16-17. Synovial fluid biomarkers associated
with OC are mainly products of collagen (CPII:C2C) and
proteoglycan degradation products, mainly represented by
Chondroitin Sulphate epitope 846 (CS846) and glycosaminoglycan (GAG)2;13;16.
These biomarkers linearly correlate with severity grade of
osteochondral lesions, indicate that this epitope is closely associated with OCD and suggest involvement of increased synthesis of cartilaginous aggrecan and procollagen type II during the pathophysiological development of this condition6;18.
Histopathological results from articular cartilage samples reveal pathological cellular changes represented by increased
cell volume, cell death, proteolysis of collagen and thus the
reduction of its content in early OC18. Lecocq and colleagues
(2008)7 demonstrated that type II collagen synthesis is altered in OC cartilage and may be an initiating factor in weakening of cartilage matrix near cartilage canals and the osteochondral junction. Increased expression of matrix metalloproteinase (MMP-13 and MMP-3) may also results in biomechanical weakening of matrix in these locations16;19-20.
The aim of the present study was to assess synovial fluid cytology and histopathological articular cartilage samples for
the detection of OCD in horses.

MATERIALS AND METHODS
A cohort of 15 horses affected by OCD were included in this
two-years study (2009-2010). Seven out of fifteen were female, five out of fifteen were male and three out of fifteen
were geldings. The median age was 3 years (range 1-7 years).
Eight/15 horses were Trotters, 4/15 Thoroughbreds and 3/15
were Warmbloods.
All the horses underwent orthopaedic visit and local anaesthesia in order to recognise the specific lesion location; after that
the x-ray exam and the arthroscopy surgery were performed
for each pathological joint, in order to remove OCD fragments.
During surgical procedures, the synovial fluid and
histopathological articular cartilage samples were collected

from 22 pathological joint. The synovial fluid was collected
in plain tubes without anticoagulant and in EDTA tubes and
analysed within 1h after collection. Mucin clot test and total
protein (TP) concentration were evaluated using samples
collected in plain tubes15;21-22.
TP were assessed using a rephractometer21-22. Turbidity, viscosity and Total Nucleated Cell Count (TNCC) were evaluated using synovial fluid samples collected in EDTA
tubes15. Turbidity and viscosity were qualitative assessed by
others21-22. TNCC was quantified after hyaluronidase treatment23 to reduce viscosity using an automated cell counter
(Hecovet C 01030360/ITA, and CAL-SEAC 71010810 multiparametric haematology calibrator, SEAC-RADIM Co,
Italy). Cytological smears were prepared starting from EDTA
synovial fluid samples. Smears were cytocentrifuged at 1500
gpm for 5 minutes (Cytofuge 2, StatSpin, USA) to improve
smear quality23, air-dried, coloured using a modified Romanowsky staining technique (Diff Quik®, DADA, Milan)
and observed at 40X and 100X for differential cell count
evaluation (expressed as percentage)15;21-23.
Two groups were retrospectively and arbitrarily detected,
based on differential cell count. Group 1: hypocellular synovial fluid (few lymphocytes); group 2: cellular synovial
fluid (presence of inflammatory cells).
Histopathological articular cartilage samples were stored in
10% formalin solution and routinely processed. Histologic
smears were stained with haematoxylin and eosin and observed at 10X and 20X.
Data relating TP, TNCC, and differential cells count were expressed as mean and standard deviation. Differences between group 1 vs 2 were assessed using a T-test for unpaired
data for TP and TNCC. The Chi-Square test with Yates correction, was applied to compare group 1 vs 2 for turbidity,
viscosity and mucin clot test. Significance level was set at P
<0.05. Statistical analysis was performed with a commercial
software.

RESULTS
No lameness and/or no joint effusion were detected in 5/15
horses (33.3%), while 10/15 horses (66.7%) were lame.
Twenty-two pathological joint were detected: 15/22 were tarso-crural joint (68.2%); 4/22 were hind limb fetlock joints
(18.2%); 2/22 were front limb fetlock joints (9.1%); 1/22 was
distal interphalangeal joint in front limb (4.5%). Only one
pathological joint was detected in 9/15 horses (60%), 5/15
(33.3%) subjects showed two pathological joints and 1/15
(6.7%) had three pathological joints (Table 1).
No statistically differences were found between group 1 vs 2
for turbidity, viscosity and mucin clot test. Synovial fluid
turbidity was found increased in 16/22 joint (72.7%) and
normal in 6/22 (27.3%). Synovial fluid viscosity was found
lower in 8/22 joints (36.4%) and normal in 14/22 (63.6%).
Mucin clot test was resulted lower in 2/22 joints (9.1%) and
normal in 20/22 (90.9%).
Ten out of 22 (45.5%) articular samples were included in
group 1 and 12/22 (54.5%) in group 2. Data on synovial TP,
TNCC (groups 1 and 2) and leukocyte cells (neutrophils,
macrophages, lymphocytes) (group 2) were reported in
Table 2. TNCC for both groups 1 and 2 and the percentage
of inflammatory cells for group 2 were within reference in-
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Table 1 - Lesions’ distribution within the cohort of 15 horses included in the study.

Horses

Tarso-crural Fore Fetlock Hind Fetlock
Joint
Joint
Joint

Fore Distal
Interphalangeal
Joint

Table 2 - Data on synovial total protein concentration (TP), total
nucleated cell count (TNCC) and leukocyte cells (neutrophils, macrophages, lymphocytes) were reported.
Group 1

Group 2

TP (gr/dL)

2.2±1.2*

2.2±0.9*

–

TNCC (cells/µL)

216±185*

433±115*

–

–

Neutrophils

0±0

9±11.9

Present

–

Macrophages

0±0

25.4±11.1

–

–

–

Lymphocytes

1±0.1

65.7±14.2

–

Present

–

Legend: * within the same row means ≠.

–

Present

–

–

1

Present

–

2

Present

–

3

Present

4

Present

5

Present

6

Present

7

Present

8

Present

–

–

–

9

Present

Present

Present

–

10

Present

–

–

–

11

Present

–

–

–

12

Present

–

–

–

13

Present

–

Present

–

14

Present

–

–

–

15

Present

Present

–

–

–
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tervals23 for all the joint analysed. Statistical differences were
found between group 1 vs 2 for TP and TNCC. Figure 1C
and D showed synovial fluid cytology of one horse owned to
group 1 and 2, respectively.
Histopathological articular cartilage samples were found
normal in 16/22 joints (72.7%) and abnormal in 6/22
(27.3%). Bone inflammation was present in 3/6 joints
(50%); in 2/6 joints (33.3%) fibrous cartilage was detected;
1/6 joints (16.7%) showed fibrous cartilage degeneration
and synovial membrane inflammation. All the horses with
abnormal histopathological findings belonged to group 2
(Figure 1A, B).

Figure 1 - A) The articular biopsy of one horse, included in group 2. Synovial surface necrosis and thickening of the articular capsule, due
to stromal cells proliferation, with bony metaplasia areas (Hematoxylin-Eosin., Ob. 10X). B) The articular biopsy of one horse, included in
group 2. It represents Figure 1A higher magnification. Histological exam shows stromal cells proliferation of the articular capsule, evident
neoangiogenesis and chronic inflammation, represented by macrophages small lymphocytes and mature neutrophil (Hematoxylin-Eosin., Ob.
20X). C) The synovial fluid cytological exam of one horse, included in group 1. Slight background colouring due to high protein component.
The smear shows red blood cells and few small lymphocytes (Diff Quik, Ob 40X). D) The synovial fluid cytological exam of one horse, included in group 2. Numerous red blood cells and macrophages, with many vacuoles within the cytoplasm, mature neutrophil and small size
lymphocytes (Diff-Quik, Ob 40X).
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DISCUSSION AND CONCLUSION
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During pathological processes of joint diseases, the articular
environment dramatically changes due to synovial membrane impairment12-13;21. In particular, synovial fluid GAG
(i.e. hyaluronic acid and chondroitin sulphate) concentration increased, and molecular weight of hyaluronic acid and
fluid viscosity decreased14. Diagnosis usually is performed
based on clinical signs and diagnostic imaging.
The assessment of synovial fluid turbidity, viscosity and
mucin clot test, the fluid cellularity (TNCC, differential cell
count) and the TP concentration are important to differentiate septic or degenerative joint diseases.
One of the most frequent degenerative joint diseases in the
horse is OCD. This pathology affects 20,000 to 25,000 foals
every year in the northwestern Europe; therefore, it is one of
the most important of the so-called ‘developmental orthopaedic diseases’ in horses2.
The aim of the present study was to assess synovial fluid cytology and histopathological articular cartilage samples for
the detection of OCD in horses.
All the horses affected by OCD and included in this study
showed TNCC and differential cell count values, and TP
concentration compatible with the diagnosis of a degenerative joint disease22, such the OCD.
No differences in viscosity and turbidity and mucin clot test
have been found between horses with hypocellular or cellular synovial fluid. In particular, viscosity and mucin clot test
were decreased, and turbidity was increased in both groups
with similar prevalences’ distribution. These results are in
agreement with literature21-22. The alteration of the quality of
synovial fluid usually is due to the presence of fibrin and/or
cartilage fragments within articular space, but the inflammation is low-mild in degenerative joint diseases than to septic
ones21. The lower viscosity, abnormal mucin clot test and increasing in turbidity might be related to a dysregulation of
pathways involving inflammation, and matrix damage, similar to those found in osteoarthritis13.
Total protein concentrations did not exceed 3 gr/dL concentration15;21-22. This finding is consistent with other studies22
and it agrees with normal value found during degenerative
joint disease. Comparing the two groups, TP were higher in
the group 2 vs group 1, supporting the hypothesis of different grade of inflammation in the two group (low vs mild).
Synovial TNCC was found to be less than 600 cells/µL in
both groups and the cytological exam detects no significant neutrophilic percentage. According to the literature,
these results are suggestive of degenerative inflammatory
changes15;22.
Finally, the histological exam did not show pathological alterations in 72.7% examined joint, while it revealed pathological lesions in 27.3%. These prevalences are in line with
previous studies2;6 assessing the histological alterations of
cartilage in degenerative joint diseases. Our results seem to
support the hypothesis that the histological evaluation of
the cartilages is not useful in the diagnosis of degenerative
joint diseases. Probably this is due to difficulties in sampling a truly representative slice of the whole articular cartilage surface8.
In conclusion, the assessment of synovial fluid cytology seems
to be more sensitive than the histological exam in the diagnosis of degenerative joint diseases, as reported by others21.

The authors thank private veterinarians for the collaboration
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