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The collection and evaluation of synovial fluid in veterinary medicine was

first used for the diagnosis of large animal lameness and joint disease. With

the growth of knowledge and sophistication in the medical, radiographic,
and orthopedic specialties, our focus in small animal arthrology and ortho-

pedics expanded from fracture and cruciate repair to include the evaluation

of degenerative, immune-mediated, infectious, and noninflammatory joint

diseases. In the laboratory, methods for small animal specimens were modi-

fied to accommodate the smaller sample volumes. Concurrently, there has

been a rapid increase in the number of serologic tests for the detection of

infectious agents and immune disorders. From these beginnings, veterinar-

ians can now recognize and treat an expanding list of joint diseases.

Indications

Arthrocentesis and joint fluid analysis are integral to the clinical evalua-

tion of not only primary joint disorders but systemic diseases in which joint

effusion is part of the clinical picture. The technique of arthrocentesis to
acquire synovial fluid for analysis is no more difficult or imbued with risk

than pleurocentesis or abdominocentesis. Synovial fluid analysis is also rec-

ommended in disorders characterized by persistent or fluctuating fever of

unknown origin, shifting leg lameness, or generalized malaise in which

arthralgia is suspected. In general, joints that contain excessive fluid should

be sampled; however, if none exist, at least two to three joints should be
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sampled, especially the carpal and tarsal joints [1]. All cases of lingering

lameness and those unresponsive to nonsteroidal anti-inflammatory drugs

should have synovial fluid analyzed to rule out a chronic infectious process
[2]. Arthrocentesis and examination of the synovial fluid can confirm the

presence of arthritis, characterize the response as inflammatory or non-

inflammatory, and, in some circumstances, reveal the etiologic agent.

Anatomy and physiology

To understand the formation of joint effusions, knowledge of the ana-
tomy and physiology of healthy joints is important [3]. Joints are made

up of two opposing cartilage surfaces surrounded and supported by a multi-

layer capsule and bathed in synovial fluid. The proteoglycan matrix and col-

lagen of articular cartilage are synthesized and maintained by chondrocytes

located in lacunar spaces embedded within the cartilage. Proteoglycan con-

sists of a polypeptide core with one or more negatively charged glycosami-

noglycan (GAG) side chains. The GAGs of articular cartilage include

keratin sulfate (KS), chondroitin sulfate (CS), and heparan sulfate. The
major proteoglycan of articular cartilage is aggrecan, a large polymer con-

sisting of numerous proteoglycan moieties noncovalently bound to a non-

sulfated GAG, hyaluronan. Type II collagen predominates in articular

cartilage, with smaller amounts of types VI, IX, X, and V/XI. The rigid col-

lagen framework restricts the expansion of hydrophilic proteoglycans, pro-

viding articular cartilage with its unique ability to withstand compressive

forces. As a result of normal cartilage maintenance, degradative enzymes,

such as stromelysin (MMP-3), and proteoglycan fragments can be detected
in synovial fluid. Assays for these enzymes are not readily available for diag-

nostic purposes.

The joint capsule is made up of three layers. The outermost fibrous layer

provides stability and flexibility to the joint. Next, the subsynovium contains

a vascular and neural network enmeshed in a loose fibrous connective tissue.

These vessels are the source of the plasma ultrafiltrate that becomes synovial

fluid (Fig. 1). The inner synovial lining consists of two cell types: type A syn-

oviocytes, macrophage-like cells with phagocytic function, and type B syn-
oviocytes, fibroblast-like cells that produce hyaluronic acid. Together, these

cells prevent large molecules, such as plasma proteins, from entering the

joint fluid and participate in the maintenance of articular cartilage.

Synovial fluid is an ultrafiltrate of plasma with the addition of hyaluronic

acid, which provides the fluid with its viscous nature. Synovial fluid supplies

nutrients to articular cartilage and functions as a boundary lubricant for

periarticular tissues. During non-load-bearing motion, a synovial glycopro-

tein, lubricin, reduces friction between the surfaces by adhering to articular
cartilage. During high load-bearing motion, the major joint lubricant is pro-

vided by fluid squeezed out of the cartilage matrix.
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Pathogenesis of joint effusions

The formation of abnormal synovial effusions is similar whether it is medi-

ated by cartilage injury that occurs in degenerative joint disease or by the syn-
ovitis of immune-mediated arthritis and differs mostly in the character and

severity of the cellular infiltrate and articular damage. In response to an insult,

chondrocytes and synoviocytes release cytokines, which causes vasodilation

of the subsynovial capillaries, leading to increased vascular permeability and

extravasation of fluid, protein, and inflammatory cells into the joint space.

The newly arrived leukocytes promote further inflammatory changes and

cause the release of degradative enzymes from multiple cell types. The type

and number of leukocytes that infiltrate the synovium and migrate into syno-
vial fluid define the cellular components of the joint effusion and the clinical

features of the arthritis [3,4]. The following list summarizes the causes of

inflammatory and noninflammatory joint diseases in dogs and cats [5]:

Noninflammatory arthritis [4,6,7]
Degenerative joint disease (osteoarthritis, osteochondrosis)

Joint trauma

Hemarthrosis

Some neoplasms

Some virally induced arthritides

Inflammatory arthritis

Infectious (hematogenous, direct extension, direct inoculation)

Bacteria (cocci, rods, L-forms) [2,8]
Fungi (Aspergillus,Blastomyces,Cryptococcus,Histoplasma) [9–11,44]

Fig. 1. Histologic section of normal synovial tissue. Villous projections of connective tissue are

covered by synovial membrane consisting of low cuboidal epithelial cells. Numerous blood

vessels are noted within the connective tissue layer (hematoxylin–eosin stain, original mag-

nification · 10).
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Rickettsia (Ehrlichia) [12,13]

Spirochetes (Borrelia burgdorferi) [14]

Mycoplasma [15]

Protozoa (Leishmania) [16]

Viruses (feline calicivirus, feline coronavirus) in which the inflam

matory cell response may be predominantly mononuclear [17,18]

Noninfectious
Immunologic

Erosive

Canine rheumatoid arthritis in which the inflammatory cell

response may be predominantly mononuclear [5]

Feline progressive polyarthritis (erosive and proliferative) [19]

Greyhound polyarthritis [20]

Juvenile rheumatoid-like syndrome in Akitas [21]

Shar Pei fever [22]
Nonerosive [23]

Systemic lupus erythematosus [5]

Idiopathic polyarthritis

Drug-induced polyarthritis [24]

Lymphoplasmacytic synovitis in which the inflammatory cell

response may be predominantly mononuclear [25]

Postvaccinal arthritis

Intra-articular injections (transient)
Nonimmunologic

Joint neoplasms [26–28]

Crystal-induced arthritis [29]

Laboratory evaluation of synovial fluid

The laboratory assessment of synovial fluid includes an evaluation of

physical characteristics, chemical tests, cell counts, and differential count

[30]. In some cases, microbial cultures for infectious agents or serologic tests

for infectious or immunologic diseases are indicated. The history, presenta-

tion, radiographic findings, and amount of fluid collected determine which

of these tests are to be done.
The collection process can affect the synovial fluid results and interpreta-

tion. Hemodilution of the specimen by inadvertent penetration of a blood

vessel can alter the total nucleated cell counts (TNCCs) and differential cell

count. An important first step in arthrocentesis is the identification of anat-

omic landmarks surrounding the involved joint [30]. If an adequate sample

volume is obtained, an aliquot should be put in a pediatric EDTA tube,

because fluid from abnormal joints is more likely to clot. Fluid samples for

cell counts and cytologic assessment can be stored for 24 hours in the refrig-
erator, but it is best to make slides immediately [9]. If only a few drops of

fluid are collected, most would agree that preparation of stained slides for
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microscopic evaluation provides the most useful information to the diagnos-

tic process [19,30,35].

Physical features

Evaluation of physical features includes a visual examination of color, tur-

bidity, viscosity, and volume. Normal synovial fluid in the dog and cat is

clear, colorless, viscous, free of flocculent debris ,and does not clot. Volume

is usually noted subjectively rather than quantitatively, because joint aspira-

tion in most dogs or cats yields less than 0.1 to 0.25 mL [30,32]. Joint disease

can be accompanied by an increase or decrease in synovial fluid volume.
Increased volume is usually noted during the physical examination as joint

distention. A dry or nearly dry joint tap usually indicates reduced volume.

The gross appearance of joint fluid and the interpretation of changes

in appearance are similar to those that are used for other cavity fluids

(Fig. 2) [6]. Normal joint fluid is clear and colorless. Red or red-tinged fluid

indicates hemorrhage in the joint associated with trauma or inflammation or

hemorrhage that has occurred during the collection process. Xanthochromia

is a yellow-orange discoloration that indicates prior hemorrhage and hemo-
globin breakdown. White or light yellow coloration or sediment indicates an

increase in the nucleated cell count because of inflammation, sepsis, or neo-

plasia, or it may indicate crystal formation. An increase in turbidity is

caused by suspended particulates, such as red blood cells, white blood cells,

organisms, fibrin, neoplastic cells, or crystals. Alterations in color or turbid-

ity caused by crystals or neoplastic cells are extremely rare.

Synovial fluid from normal joints does not clot in a tube or syringe but

does tend to form a gel. It is important that gel formation not be confused

Fig. 2. Samples of normal and abnormal synovial fluid. Normal synovial fluid is clear and

colorless (right). Center and left tubes contain abnormal synovial fluid that is turbid and

contains flocculent debris. Turbidity is caused by the presence of cells, fibrin, bacteria, or, on

rare occasions, crystals.
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with a clot. Agitation of the gel causes the sample to return to its fluid state.

This reversible fluid-gel formation is called thixotropism [33].

Normal viscosity of synovial fluid is a result of the amount and poly-
merization of hyaluronic acid, which is a glycoprotein [9]. Viscosity is an

indicator of the lubricating properties of the fluid in the joint, and decreased

viscosity can be caused by several factors. Hyaluronic acid content can be

reduced by decreased production as a result of synovial membrane damage,

dilution by the influx of plasma or fluid, or degradation by white blood cells

or bacteria. Intra-articular injection of drugs or joint lavage can also reduce

fluid viscosity. Viscosity is usually assessed by visual observation (Fig. 3) [6].

A drop of fluid between the thumb and finger should form a strand that is at
least 1 inch long when the digits are pulled apart. A drop from a needle and

syringe should produce a strand at least 1 inch long before it breaks. Hyal-

uronic acid content can be assessed semiquantitatively by the mucin clot

test.

Nucleated cell counts

If there is adequate sample volume, enumeration of cells per microliter of

the fluid is useful and can be a significant discriminator in the diagnostic
process. Total nucleated cell counts (TNCCs) are extremely valuable in sep-

arating inflammatory and noninflammatory arthropathies and in differenti-

ating among the various causes of inflammatory arthritis. Most laboratories

use a reference value of less than 3000 cells per milliliter for the TNCC [6,9].

Sequential TNCC counts in joint fluid are also useful in following the

response to treatment in a particular joint. Red blood cell (RBC) counts

provide little useful information.

TNCC counts can be determined by manual methods using a hema-
cytometer or by electronic cell counters. The viscosity and hyaluronic acid

Fig. 3. Synovial fluid viscosity can be assessed during collection. A drop of fluid between the

thumb and forefinger or dripped from a needle or pipette should form a strand at least 1 inch

long. A sample of normal synovial fluid forms a strand 2 inches long between the pipette tip and

the forefinger.
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content of synovial fluid can adversely affect both methods [34]. The usual

diluting fluid used for white blood cell (WBC) counts in blood cannot be

used for synovial fluid because it causes acid precipitation of hyaluronic
acid. The viscous nature of many synovial fluid samples causes inaccuracies

in the pipetting and diluting of samples in either method. WBC counts

generated by electronic counters are usually higher than those counted by

manual methods, but the difference is not enough to alter interpretation

[34,46]. Several studies have indicated that the addition of hyaluronidase

to the fluid before counting improves the consistency of TNCC counts and

improves the quality of smears [9,34]. This enzyme markedly reduces the vis-

cosity, decreases the entrapment of cells, and produces a more random dis-
tribution of cells in the fluid. One or two drops of a 150-U/mL solution of

hyaluronidase are added to a small aliquot of the synovial fluid. Within a

few minutes, the fluid viscosity diminishes and the cells can be counted. It

is important to realize that reducing the viscosity allows for rapid sedimen-

tation of the nucleated cells. Samples treated with the enzyme must be mixed

to resuspend cells before TNCC enumeration or preparation of smears. The

addition of hyaluronidase also interferes with the mucin clot test.

Cell identification and differential cell counts

Smears of synovial fluid can be made using the same techniques em-

ployed for blood or cavity fluids. Fluid viscosity can present some problems

that affect slide quality. The hyaluronic acid content of normal or nonin-

flammatory effusions causes the background staining to appear pink and

fine to coarsely granular and to contain numerous crescents or folds (Fig. 4)

[6]. The background material causes many of the nucleated cells to be small,
darkly stained, and difficult to recognize [33]. Neutrophils can become so

rounded and dark that they cannot be distinguished from lymphocytes.

Edges of the smear are the best places to search for identifiable cells. In sam-

ples with increased cell counts and normal viscosity, the nucleated cells form

rows (Fig. 5). If the fluid is viscous, the spreader slide should be held at a low

angle to spread the fluid over a larger area [9].

In synovial fluids with reduced glycoprotein or hyaluronic acid content,

the dense pink granular background staining is reduced or may be nonexis-
tent [6]. Therefore, the microscopic assessment always includes an evalua-

tion of the granularity and staining intensity of the background, because

it is an indicator of the glycoprotein or hyaluronic acid content.

RBCs are rare in normal joint fluid. If present in increased numbers, joint

trauma, hemorrhage associated with inflammation, or hemorrhage as a

result of arthrocentesis should be considered. In the latter instance, platelets

are usually noted among the RBCs. With long-standing or resolving joint

hemorrhage, macrophages phagocytose RBCs and accumulate hemoglobin
breakdown pigment, which appears as blue-black coarse intracytoplasmic

granules.
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Nucleated cells recognized frequently in synovial fluid include neutro-

phils, lymphocytes, monocytes, and macrophages [9]. These cells are seen

in fluids from normal as well as diseased joints. With some experience, the

density of the nucleated cells on stained slides can be used to categorize the
TNCC as normal, increased, or markedly increased. In a recent study,

smears of normal synovial fluid revealed one to three nucleated cells per

high-power field (HPF) (100· oil-immersion objective). Each nucleated cell

per HPF was equivalent to 1000 cells per milliliter [35]. Less than 10% of the

nucleated cells in normal synovial fluid are neutrophils [6,19]. These neutro-

phils are identical to those seen in blood and other body fluids. Neutrophils

have a segmented nucleus in a pale pink or light blue cytoplasm (Fig. 6).

Neutrophil morphology is examined for evidence of degenerative changes

Fig. 4. Normal canine synovial fluid. (A) The hyaluronic acid content in normal synovia

produces a coarse granular pink background that highlights the cells. (B) The crescents are

artifactual folds in the background material that indicate a normal content of hyaluronic acid in

the sample (Wright stain, original magnification · 1000).
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such as vacuolation and basophilia, which are frequently associated with the

presence of infectious agents (Fig. 7). Neutrophil cytoplasms should be
examined for the presence of microorganisms. The remaining cells (90%)

in normal joint fluid consist of small lymphocytes, monocytes, and macro-

phages (see Fig. 6). A few synovial membrane cells can be seen. Lympho-

cytes are smaller than neutrophils and have a thin rim of light blue

cytoplasm and a smooth, dark purple, round nucleus (see Fig. 6). Mono-

cytes have an abundant blue-gray cytoplasm surrounding a nucleus that

can vary in shape and appear as indented, multilobulated, or band shaped

(Fig. 8). Macrophages are larger than neutrophils and have a blue-gray
vacuolated cytoplasm and an oval or indented nucleus. Phagocytosed cell

debris is noted occasionally in the cytoplasm (Fig. 9) and is especially prom-

inent in degenerative joint disease and resolving or chronic inflammation.

Infectious agents, especially fungi and protozoa, are sometimes found within

macrophage cytoplasms.

Cells that are seen infrequently but provide additional information

include multinucleated giant cells, osteoclasts, and a variety of infectious

agents [16,36]. Multinucleated giant cells are derived from the fusion of mac-
rophages and have multiple round to oval nuclei in a gray granular cyto-

plasm (Fig. 10). These cells may also phagocytose foreign material, fungi,

or protozoa. Osteoclasts are 5 to 10 times the size of a neutrophil and have

an irregular cell margin; abundant fine, granular, light blue-gray cytoplasm

as well as several round nuclei that contain singular nucleoli (Fig. 11). These

cells are seen rarely in joint fluid, but when present, they indicate cartilage

damage with exposure of bone.

Synovial fluids from animals with immune-mediated arthritis have an
increased TNCC with a neutrophilic or mixed inflammatory cell response.

Fig. 5. Canine synovial fluid with inflammatory arthritis. Leukocytes are increased and are

arranged in rows. This leukocyte distribution indicates that the effusion contains adequate

amounts of hyaluronic acid.
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On rare occasions, cells are noted that confirm the presence of an immune-

mediated disease [37]. Neutrophils containing small, round, purple, variably

sized cytoplasmic granules are noted. The granules are easily confused with

phagocytosed coccoid bacteria, but the granule size is too variable for bac-

terial organisms (Fig. 12). These cells have been referred to as ragocytes, and

the granules represent phagocytosed droplets of nucleoprotein. Lupus eryth-
ematosus (LE) cells are another cell type that is indicative of immune-

mediated arthritis [38]. These cells are detected rarely, even in those animals

with positive antinuclear antibody titers and clinical signs of disease. LE

cells are neutrophils that have phagocytosed bare nuclei. The neutrophil

nucleus is marginated around a round, homogeneous, purple mass of nuclear

material (Fig. 13). In some preparations of joint fluid, neutrophils are

Fig. 6. Normal synovial fluid. Nucleated cells in normal synovia are predominantly

mononuclear cells consisting of small lymphocytes, monocytes, and macrophages. (A) Two

neutrophils, a lymphocyte (center), and a monocyte (lower right). (B) A lymphocyte and

neutrophil (left) are compared with a monocyte and macrophage (right). The latter are larger

and have a vacuolated granular cytoplasm (Wright stain, original magnification · 1000).
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gathered around a central mass of nuclear material, which is a signal to

search carefully for the typical LE cell phenomenon.

Chemical assays

Most of the chemistry tests on synovial fluid produce results that sup-

port the cytologic and clinical assessment rather than providing new or

Fig. 7. Canine septic arthritis. Neutrophils are increased in the fluid. Degenerate changes are

evident in neutrophils and consist of vacuolated cytoplasms and indistinct cell margins.

Amorphous round structures are disintegrated cell nuclei. Rod-shaped bacteria (arrow) are

located within neutrophils (Wright stain, original magnification · 1000).

Fig. 8. Joint effusion caused by trauma. A group of leukocytes at the edge of the smear is

surrounded by red blood cells. Nucleated cells are small lymphocytes (arrow), monocytes, and

macrophages (Wright stain, original magnification · 1000).
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discriminating information. Tests frequently included in synovial fluid

analysis include measurement of total protein and mucin clot formation.

Total protein content is best measured by a quantitative biochemical
method. Most laboratories estimate total protein by refractometry, how-

ever, and use a published reference range of 1.8 to 4.8 g/dL [6,9]. In our lab-

oratory, we have found that most normal joints fall in the range of 1.5 to 3.0

g/dL. Results by this method are not true indicators of protein content and

are affected by other solutes. False increases in total protein can be caused

by excessive EDTA relative to the amount of sample (short-filled EDTA

tube) or by intra-articular injection of drugs. Total protein values are

expected to increase with inflammation and the exudation of plasma pro-

Fig. 9. Canine inflammatory arthritis. Nucleated cell count is increased. Neutrophils, dis-

integrated nuclei, and large foamy macrophages are present. (A) The latter contain phago-

cytosed cells and cell nuclei. (B) The macrophage in the center has phagocytosed red blood cells

in addition to some leukocytes (Wright stain, original magnification · 1000).

164 P.S. MacWilliams, K.R. Friedrichs / Vet Clin Small Anim 33 (2003) 153–178



teins into the joint. Decreased protein values occur with transudation and

after joint lavage with saline or lactated Ringer’s solution.

The mucin clot test is a semiquantitative indicator of the amount of hyal-

uronic acid content based on acid precipitation. Synovial fluid collected in a

plain tube or heparin tube is preferred, because the test is inhibited by the
presence of EDTA. One part of synovial fluid is added to four parts of

2.5% glacial acetic acid in a test tube (Fig. 14). The precipitate formed is

Fig. 10. Canine inflammatory arthritis. This fluid contained numerous neutrophils and

macrophages. At the periphery of the slide, an inflammatory giant cell was observed that had

multiple nuclei and cytoplasmic features similar to a macrophage (left). These cells in joint fluid

are usually observed with chronic inflammatory arthropathies (Wright stain, original magni-

fication · 1000).

Fig. 11. Canine joint fluid. The large multinucleate cell with fine granular cytoplasm and

irregular cell margins is an osteoclast that is surrounded by red blood cells. This cell is seen

rarely in joint fluid but usually indicates erosion of cartilage with exposure of bone (Wright

stain, original magnification · 1000).
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graded according to the following scale: good is indicated by a tight ropy

clot in a clear solution, fair is indicated by a soft clot with a turbid solution,

poor is indicated by a friable clot in a cloudy solution, and very poor is in-

dicated by flocculent material in a cloudy solution [9]. If a small volume of

fluid is collected, hyaluronic acid content can also be assessed by the visco-

sity of the fluid noted during collection and the density of the background
staining observed microscopically.

Fig. 12. Canine immune-mediated arthritis. The neutrophil in the lower left contains small

round cytoplasmic granules that vary in size. These inclusions are phagocytosed droplets of

nucleoprotein and are seen occasionally in immune-mediated joint disease. Neutrophils with

these inclusions have been referred to as ragocytes (Wright stain, original magnification · 1000).

Fig. 13. Canine immune-mediated arthritis. Neutrophils are numerous in a background that

contains red blood cells and platelets. The latter indicate hemorrhage during arthrocentesis. The

neutrophil in the center is a lupus erythematosus cell and contain a round homogeneous

intracytoplasmic inclusion that represents phagocytosed nucleoprotein (Wright stain, original

magnification · 1000).
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Synovial fluid pH can be measured with narrow-range pH paper. Mea-
surement of pH must be done immediately after collection and cannot be

done on EDTA samples. The reference range for synovial pH is 7.2 to

7.4. The pH decreases to values less than 6.9 within 12 to 24 hours after the

initiation of joint sepsis in horses [43]. The usefulness of pH values in the

differential diagnosis of canine and feline joint disease is uncertain without

further clinical assessment.

Measurements of enzymes, glucose, urea, and electrolytes in synovial fluid

have been reported in the experimental literature, but their value in clinical
problem solving has not been established.

Microbial culture

Joint sepsis and immune-mediated arthritis can produce similar changes

in the TNCC and cellular response. Therefore, we often rely on the results of

bacterial cultures to make this differentiation. Samples for culture should

not be collected in EDTA because it inhibits bacteria growth. Synovial fluid

in plain tubes is best suited for microbiologic assays. If anaerobic bacteria

are suspected, the sample must be protected from room air by collection

into anaerobic transport media. The laboratory should be alerted if Myco-

plasma is suspected, because these organisms grow better on specialized

media.

Clinical experience and experimental studies indicate that direct culture

of joint fluid on blood agar produces false-negative results in 50% to 70%

of cases of septic arthritis. Studies have revealed that inoculating a pediatric

Fig. 14. Mucin clot test. Hyaluronic acid (HA) content of synovial fluid can be measured

semiquantitatively. Drops of synovial fluid are placed in 2.5% acetic acid solution. Tubes (left to

right) contain acetic acid solution, tight ropy clot indicating normal HA content, small clot with

turbid supernatant indicating reduced HA content, and turbid supernatant with no evidence of

clot indicating extremely low HA content.
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blood culture bottle with synovial fluid, incubating for 24 hours, and then

streaking the blood culture medium on appropriate plate media can signifi-

cantly reduce false-negative culture results [39]. The liquid blood culture
media prevents coagulation of the fluid, dilutes inhibitors, inactivates ami-

noglycoside antibiotics, and limits the in vitro phagocytosis of bacteria by

leukocytes. Incubation of synovial cultures in blood culture medium has sig-

nificantly enhanced the recovery of organisms from septic joints, which pro-

vides for an accurate diagnosis and correct therapy.

Laboratory abnormalities in joint disease

Noninflammatory arthritides

Degenerative joint disease is the classic example of a noninflammatory

arthritis. Other conditions that may present with noninflammatory synovial

fluid include traumatic joint disorders, hemarthrosis, neoplastic conditions

involving the joint space, and arthropathies associated with viral infections

in cats. Although classified as noninflammatory, these disorders are often

characterized by a low-grade mononuclear inflammatory response within
the synovium.

The results of synovial fluid analysis in these conditions may be normal

or may reveal minor alterations. As a result of vasodilation, synovial fluid

volume and total protein content may be mildly increased. The dilution of

hyaluronic acid is mild, and viscosity is normal or slightly reduced. The

mucin clot test remains normal or fair, because hyaluronic acid dilution

or degradation is minimal. Synovial fluid color may vary from clear, straw

colored, bloody, or xanthochromic depending on the extent and duration of
intra-articular hemorrhage.

TNCCs may be normal to mildly elevated but are rarely greater than

5000 cells per milliliter [6]. Cytologic evaluation of the smear reveals a pre-

dominance of mononuclear cells with normal to slightly increased neutro-

phils (Table 1). The proportion of neutrophils should always be evaluated

in light of the amount of blood present in the specimen. Mononuclear

cells may be enlarged with an abundant foamy vacuolated cytoplasm that

indicates increased phagocytic activity (Fig. 15) [33,36]. With traumatic or
coagulopathic hemarthrosis, phagocytic cells may contain erythrocytes

or hemosiderin [33,36]. All patients with multiple hemarthroses should be

evaluated for a coagulopathy [6]. The presence of cartilage fragments,

chondrocytes, and osteoclasts has been recognized as an indicator of severe

cartilage damage in horses, with similar findings suggested in small animals

[40]. Definitive identification of these components may require special

stains.

A diagnosis of osteoarthritis is confirmed by finding typical radiographic
changes in conjunction with characteristic physical findings and synovial fluid

analysis. By the time these changes are seen, however, the condition is well
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established and cartilage damage is irreversible. Earlier recognition of a

degenerative process can enhance our ability to treat, monitor, and assess

the effect of therapy in these patients [41]. Potential markers of early osteo-
arthritis in synovial fluid may be related to the mechanism of cartilage dam-

age or to the increased metabolism of cartilage components. Markers may

be unique to the disorder or may be detected in greater quantities in the

presence of disease [42]. MMP-3, a matrix metalloproteinase, is released

from chondrocytes in association with osteoarthritis. It can digest several

components of articular cartilage and is likely responsible for much of the

damage seen in degenerative joint disease. An increase in the concentration

of MMP-3 in synovial fluid has been well documented by several investiga-
tors and holds promise as an early marker of osteoarthritis [42]. Some inves-

tigators have found an increase in KS concentrations in the synovial fluid of

dogs in models of osteoarthritis and believe it is caused by increased proteo-

glycan catabolism associated with this condition [42]. In contrast, others

detected a decrease in KS in naturally occurring osteoarthritis and cranial

cruciate ligament rupture [42]. They concluded that the release of immature

proteoglycan from cartilage undergoing catabolism was deficient in KS. An

altered form of CS was identified in the synovial fluid of dogs that under-
went experimental cranial cruciate transection [42]. The authors concluded

that this altered CS might be an indicator of early cartilage degradation.

Studies using models of osteoarthritis that did not involve arthrotomies did

not find significant elevations in synovial CS [42]. These and other markers

have been characterized, but their clinical applicability is limited at this time.

Some of these marker assays may become available commercially if their

clinical value can be established.

Inflammatory arthritides

The inflammatory arthritides include a wide variety of disorders that

share the characteristic of a suppurative infiltrate in the synovium. Included

in this category are infectious arthritis and the more common immune-

mediated disorders. Infrequent sources of a suppurative response are joint

crystals, neoplastic disease, and intra-articular injections [6,28]. In all forms,

activation of the complement cascade mediates much of the damage seen [6].
Because the pathophysiology of these disorders is similar, the changes in

synovial fluid may be indistinguishable from one another. Vascular leakage

secondary to the effect of inflammatory mediators causes an increase in the

volume of synovial fluid with capsular distention. Elevations in total protein

and the presence of fibrin and coagulation proteins may cause the fluid to

clot if it is not placed into an anticoagulant tube [6]. The color of the syno-

vial fluid may be yellow to orange and often appears cloudy because of an

increased number of nucleated cells (see Fig. 2). In cases of severe sepsis, the
fluid may be opaque and appear yellowish green because of large numbers of

degenerate neutrophils. Viscosity is often decreased as a result of enzymatic
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breakdown of hyaluronic acid by degradative enzymes derived from inflam-

matory cells or bacteria. Results of the mucin clot test are poor to very poor

for similar reasons (see Fig. 14). Decreased polymerization of hyaluronic
acid also contributes to decreased mucin quality, especially in immune-

mediated disorders. Mucin clots graded as fair can be seen with less severe

disease.

The defining characteristic of inflammatory arthritis is an increase in

TNCCs with a predominance of neutrophils. Traditionally, the highest cell

counts are associated with septic causes; however, the frequency of ex-

tremely high counts in immune-mediated arthritides precludes the ability

to diagnose one or the other based on cell counts alone. Additionally, chro-
nic infectious processes may have less dramatic elevations in cell counts [2].

Cytologically, absolute neutrophil numbers are increased and often repre-

sent the greatest proportion of cells. Neutrophil morphology is generally

well preserved in immune-mediated arthritic diseases (Fig. 16). Unfortu-

nately, this is often true for infectious arthritis as well; thus, the absence

of degenerative changes does not rule out an infectious etiology [4]. Synovial

fluids with increased neutrophils should always be examined microscopically

for microorganisms (see Fig. 7).
The identification of microorganisms in cytologic preparations of syno-

vial fluid can lead to a definitive diagnosis. Although the presence of phago-

cytosed bacteria confirms septic arthritis, bacteria are seen in roughly half of

culture-positive synovial specimens [39,47]. Begin a search for intracellular

bacteria within clusters of neutrophils located in the body of the smear or

at the feathered edge. Neutrophils that are well spread out or contain clear

vacuoles are the best candidates. Ehrlichia morulae may be found in small

numbers of neutrophils (1%) in the synovial fluid during acute stages of

Fig. 15. Canine degenerative joint disease. Most of the cells are large macrophages with

granular vacuolated cytoplasms, suggesting that these cells are activated (Wright stain, original

magnification · 1000).
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infection (Fig. 17) [12,13]. Other organisms that may be found in synovial

fluid include protozoa and fungal hyphae or yeast forms. Leishmania organ-

isms have been seen within macrophages in otherwise normal synovial fluid

[16]. Aspergillus sp and Blastomyces sp organisms have also been detected in
synovial fluid (Fig. 18) [11,44]. The cellular response is usually pyogranu-

lomatous with fungal organisms and with bacterial L-forms (bacteria with-

out cell walls) [8]. Microorganisms are rarely found in the synovial fluid

Fig. 16. Immune-mediated arthritis in a dog. Nondegenerate neutrophils predominate, with

fewer numbers of mononuclear cells. The background contains a few red blood cells and

reduced granularity, indicating a reduction in hyaluronic acid content (Wright stain, original

magnification · 1000).

Fig. 17. Canine joint fluid. Neutrophils at the feathered edge of the smear are surrounded by

red blood cells. The round granular cytoplasmic inclusion in the central neutrophil is an

Ehrlichia morula (Wright stain, original magnification · 1000).
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of dogs with Lyme arthritis (Borrelia burgdorferi) or mycoplasmal arthritis

[14,15].

In small animals, immune-mediated disorders occur more frequently

than infectious causes of arthritis. The presence or absence of radiographic

evidence of cartilage erosion further subclassifies immune-mediated arth-

ropathies. Although not pathognomonic, the presence of LE cells or

ragocytes can support a diagnosis of an immune-mediated disorder [38].
LE cells, originally identified as an in vitro phenomenon, can occur in vivo.

Tart cells can be confused with LE cells and are also neutrophils that have

phagocytosed nuclear material. The nuclear material has not been acted on

by antibodies, however, and retains the color and texture of normal chroma-

tin [6,9]. Ragocytes are found commonly in people with rheumatoid arthritis

but occur infrequently in dogs that are similarly affected [9].

Joint diseases with variable synovial fluid results

Early or resolving inflammatory arthritides may present a diagnostic

dilemma. Waxing and waning immune-mediated disorders may present with

cell counts that are only mildly to moderately elevated with less than 50%

neutrophils and may be mistaken for degenerative disorders. Repeat arthro-

centesis may be needed to diagnose these cases during fulminant inflamma-

tion. Canine rheumatoid arthritis, an erosive immune-mediated disorder,

may present with either a predominantly neutrophilic or predominantly

mononuclear synovial fluid, making the diagnosis more difficult [5]. Lym-
phoplasmacytic synovitis, an immune-mediated condition characterized by

synovial hyperplasia and nodular aggregates of lymphoid cells, exhibits a

Fig. 18. Canine inflammatory arthritis. The fluid from this joint was purulent. The smear

reveals numerous neutrophils with a few monocytes and macrophages. A broad-based budding

yeast is evident in the center and is consistent with Blastomyces infection (Wright stain, original

magnification · 1000).

174 P.S. MacWilliams, K.R. Friedrichs / Vet Clin Small Anim 33 (2003) 153–178



moderately elevated synovial fluid cell count (5000–20,000 cells per milli-

liter) with a predominance of small mononuclear cells, presumably lympho-

cytes [25]. Neutrophilic inflammation may be seen unexpectedly in cases of
degenerative arthritis with as many as 12,000 cells per milliliter and up to

56% neutrophils [7]. Virally induced arthritis may present either as a mild

or marked mononuclear effusion as in feline calicivirus or as a suppurative

response [17,18,45].

Taking into account these difficulties, it is not always possible to differen-

tiate between infectious and immune-mediated etiologies by synovial fluid

evaluation alone. The history, physical examination, and serologic tests for

infectious agents or immunologic disease may be necessary to separate the
causes of suppurative arthritis [48]. The distribution of joint involvement

may provide valuable information. Septic arthritis is usually monoarticular

and most often affects the proximal joints (hip, shoulder, and stifle).

Immune-mediated disorders are often pauciarticular (two to five joints) to

polyarticular (more than five joints), with more severe disease in the distal

joints (carpi and tarsi) [31]. Multiple joints may need to be sampled to dem-

onstrate the polyarticular nature of the disorder. Monoarthritic immune-

mediated disease occasionally affects only the elbow joint. Systemic infec-
tions with joint involvement usually present as polyarthritis, and the patho-

genesis often has both an infectious and immune-mediated component. In

addition, antigenic bacterial fragments may perpetuate inflammation ini-

tiated by a septic process in the absence of viable organisms [2]. Serologic

tests for immune-mediated disorders (antinuclear antibody and rheumatoid

factor) and infectious agents (Ehrlichia sp and B. burgdorferi) may assist

in identification of the etiology.

Culture of synovial fluid is important in differentiating between infectious
and immune-mediated arthritis. Attention should be paid to proper han-

dling of the specimen and culturing techniques to capitalize on the proba-

bility of recovering the etiologic agent. Remember, however, that several

infectious agents, such as Mycoplasma, bacterial L-forms, protozoa, or

anaerobic bacteria, cannot be grown with routine culture procedures. The

most common bacterial isolates from joint fluid are b-hemolytic streptococ-

cus (Lancefield group C), staphylococci, hemolytic Escherichia coli, Pasteu-

rella sp, and Erysipelothrix sp [2]. Less frequent isolates include Nocardia sp,
Proteus sp, Pseudomonas sp, and anaerobic bacteria [22].

Uncommon causes of arthritis

Crystals injected into the synovial cavity induce a strong inflammatory

response. This method is frequently used as an experimental model of sup-

purative arthritis. Gout, an inflammatory arthritis caused by intra-articular

uric acid crystals in birds and human beings, is not recognized in cats and
dogs. A few cases of pseudogout have been reported in dogs and are char-

acterized by the accumulation of calcium pyrophosphate crystals in synovial
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tissue and the joint space [29]. Unlike uric acid crystals, calcium pyrophos-
phate crystals are radiopaque.

Neoplasms may arise in a joint or invade or metastasize to the synovial

tissue. Primary tumors of the joint, such as synovial sarcomas, can invade

the joint space, allowing for the identification of tumor cells in the synovial

fluid (Fig. 19). Carcinomas can metastasize to single or multiple joints.

Often, the detection of pleomorphic epithelial cells in the synovial fluid is the

first indicator of carcinoma located elsewhere [26–28]. Neoplastic invasion

into the synovial cavity usually induces a suppurative response secondary
to necrosis and joint damage.

Summary

Canine and feline joint disease can be a primary disorder limited to joints

or a manifestation of multisystemic disease. Collection and analysis of joint

fluid provides valuable information for the diagnosis, prognosis, and treat-
ment of diseases that affect the joint space. The cytologic recognition of the

cellular components and infectious agents in synovial fluid categorizes the

cell response and differentiates inflammatory and noninflammatory joint

disorders. This information is supported by the cell counts, protein content,

mucin clot test, bacterial culture, and serologic tests for infectious or

immune-mediated disease. These results are integrated with the clinical his-

tory, physical examination, radiographic findings, and ancillary test results

to arrive at a diagnosis and treatment plan.

Fig. 19. Canine joint fluid. This joint was hot, painful, and swollen, with radiographic evidence

of osteolysis. The fluid is hemorrhagic and contains neutrophils and mononuclear cells. A

second population of cells exhibiting marked variation in cell size and shape, variable nuclear-

to-cytoplasmic ratios, variation in nuclear size, and extremely variable nucleolar size and shape

is visible. These cells are consistent with a malignancy of connective tissue origin. The histologic

diagnosis was synovial cell sarcoma (Wright stain, original magnification · 1000).
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