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ABSTRACT. Objective. Calcium pyrophosphate dihydrate (CPPD) and basic calcium phosphate (BCP) crystals
are important in the pathogenesis of osteoarthritis (OA) but are under recognized even in end stage
disease. We determined the prevalence of these calcium crystals in synovial fluid (SF) of persons
undergoing total knee arthroplasty for degenerative arthritis.

Methods. SF samples were obtained from 53 knee joints undergoing total arthroplasty for a pre-
operative diagnosis of OA. SF were analyzed via compensated light microscopy for CPPD crystals
and a semiquantitative radiometric assay for BCP crystals. Fifty pre-operative radiographs were
analyzed and graded according to the scale of Kellgren and Lawrence.

Results. Patients had an average age of 70 years at the time of surgery. CPPD and/or BCP crystals
were identified in 60% of SF. Overall radiographic scores correlated with mean concentrations of
BCP crystals. Higher mean radiographic scores correlated with the presence of calcium-containing
crystals of either type in SF. Radiographic chondrocalcinosis was identified in only 31% of those
with SF CPPD.

Conclusions: Pathologic calcium crystals were present in a majority of SF at the time of total knee
arthroplasty. Intraoperative SF analysis could conveniently identify pathologic calcium crystals
providing information that may be relevant to the future care of the patient’s replaced joint and that
of other joints. This information could also potentially aid in predicting the likelihood of the need

for contralateral total knee arthroplasty. (J Rheumatol 2002;29:570-4)
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Osteoarthritis (OA) is the most common indication for total
joint replacement. Calcium pyrophosphate dihydrate
(CPPD) and basic calcium phosphate (BCP) crystals
including apatite are active participants in the pathogenesis
of OA!. Intraarticular calcium crystals may provoke acute
attacks of painful synovitis 3. More often they are associ-
ated with degenerative arthritis that is more advanced than
in patients with OA but no intraarticular crystals.
Specifically, more severe radiographic degenerative
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PSEUDOGOUT
CHONDROCALCINOSIS

OSTEOARTHRITIS
BASIC CALCIUM PHOSPHATE

changes* and larger joint effusions’ are observed in patients
whose degenerated joints contain calcium crystals. In
animal models, OA worsened after introduction of CPPD
crystals®. In vitro studies suggest that calcium crystals likely
play a role in causing or amplifying degeneration of carti-
lage. CPPD and BCP crystals increase in vitro chondrocyte
mitogenesis,  metalloproteinase  elaboration,  and
prostaglandin E, production’®. Calcium crystals may also be
markers for accelerated cartilage degeneration. Synovial
fluid (SF) studies indicate more proteases and cartilage
breakdown products in calcium crystal-related OA than in
idiopathic form®.

Articular calcium crystals are under recognized, unfortu-
nately even in end stage OA. Radiographic chondrocalci-
nosis is seen in a minority of persons with articular CPPD or
BCP crystals'®. Radiographic studies are particularly insen-
sitive in advanced disease where the cartilage is attenuated.
Identification of calcium crystals in SF requires expertise in
the use of compensated polarized light microscopy to detect
CPPD and a unique semiquantitative radiometric assay to
detect BCP*. Diagnostic SF crystal analyses are, therefore,
not routinely performed even when such fluid is abundantly
available at the time of total joint arthroplasty.

Health care costs for OA approach an estimated 1-2.5%
of the gross national product''. Over 500,000 persons with
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OA undergo surgical procedures each year. The estimated
cost per hospitalized OA patient approaches 50% of the
median family income in the United States''. Total joint
replacements raise the annual cost of care per patient with
OA. Since calcium crystals are under recognized clinically
despite ample evidence of their importance in the pathogen-
esis of OA, we sought to confirm the presence of these crys-
tals at a physically and fiscally critical stage in the disease -
the time of total joint arthroplasty. The identification of
calcium crystals may have important implications for post-
operative care as well as for our understanding of the patho-
genesis of end stage OA.

MATERIALS AND METHODS

Synovial fluid. Between April 1998 and August 1998 SF samples were
obtained at the time of 53 randomly selected primary total knee arthroplas-
ties performed for degenerative arthritis as indicated by the operating
surgeon. Surgeries were performed at 4 metropolitan hospitals by 14 ortho-
pedic surgeons. The average age of persons undergoing total knee arthro-
plasty was 70 years (range 52-90). The average age of the 21 men in the
study was 71 years (range 61-80). The average age of the 32 women in the
study was 70 years (range 52-91).

Radiographs. Radiographs were obtained by the method standard for the
practice of the attending surgeons. Preoperative radiographs were read
blindly by a skeletal radiologist (GFC) and graded using the scale of
Kellgren and Lawrence in which 0 = normal; 1 = doubtful joint space
narrowing and possible osteophyte; 2 = mild; definite osteophyte or
possible narrowing; 3 = moderate; moderate/multiple osteophyte(s) or defi-
nite narrowing, and 4 = severe; large osteophyte or marked narrowing'?.
Synovial fluid cell counts. SF specimens were aspirated immediately prior
to the onset of total joint arthroplasty. Fluids were stored in sterile sodium
heparin-containing vacutainers (Becton Dickinson) for 2-4 hours at 4°C,
and analyzed for cell count and crystals on the day of surgery. White blood
cell counts were performed by diluting synovial fluids in 2% crystal violet
in 0.9% sodium chloride, then counting in an Improved Neubauer hemocy-
tometer (Reichert, Buffalo, NY, USA).

Compensated polarized light microscopy. SF were analyzed for CPPD
using a Leitz compensated polarized light microscope (Midland, Ontario,
Canada). CPPD appeared as weakly, positively birefringent or non-bire-
fringent rod- or rhomboid- shaped crystals. Visualization of at least 5 such
crystals was necessary to confirm the presence of CPPD crystals.

4C EHDP binding. The '*C EHDP (ethane-1-hydroxy 1,-1-diphosphonate)
binding assay is a semiquantitative assay to detect BCP crystals. EHDP is
a bisphosphonate that binds to the surface of BCP crystals. Because the
surface area/mass ratio may vary for different sized crystals, it can only be
used to roughly estimate the quantity of BCP crystals present.

Three milliliters of SF was incubated at 27° C for 30 min with 250 units of
sodium heparin (Elkins-Sinn, Inc., Cherry Hill, NJ, USA) and 2000 USP
units of hyaluronidase (Worthington Biochemical, Lakewood, N.J.) (4).
BCP crystals were then pelletted via ultracentrifugation at 27,000g for 20
minutes in a Sorvall RC2-B. Pelletted crystals were suspended in 0.1M
Tris, pH 8.0 to a total volume of 1 ml. This solution was incubated with
100 pl of 1% trypsin (weight/volume) (Worthington) for 30 minutes at
37°C. Calcium crystals were again pelletted via ultracentrifugation at
36,000 x g for 20 minutes. This pellet was suspended in 1 ml of 0.2 M
phosphate buffered saline, pH 7.2. One milliliter of a mixture containing
340 nanocuries '“*C EHDP (Norwich-Eaton Pharmaceutical, Norwich, NY,

USA) in phosphate buffered saline was added to the suspended pellet and
rotated end-over-end at 4°C for 3 hours.

One hundred microliter samples of this mixture were added to 5 ml
Scintisafe solution (Fisher, Pittsburgh, PA, USA). The remaining specimen
was ultracentrifuged at 36,000 x g for 20 min and 100 ml samples of the
supernatant were similarly added to Scintasafe solution. All were counted
in a Minaxi Tri-Carb 4000 series scintillation counter (Packard, Downers
Grove, IL, USA). Standard samples containing 10, 25, 50, and 100 pg of
sonicated hydroxyapatite were similarly analyzed as quality controls.

The total counts in the ultracentrifuged specimens were subtracted from
the total counts in the uncentrifuged specimens to obtain the total number
of counts in the pellet. Percentage of '*C-binding (EHDP binding) was
determined by dividing the difference between the total number of counts
in the pellet by the total number of counts in the uncentrifuged specimens
and multiplying by 100. Duplicate determinations were made on each
sample. Normal SF shows less than 8% '*C EHDP binding, which corre-
sponds to about 10 pg/ml apatite standard.

Statistics. Differences between proportions were analyzed via chi square
analysis. The Wilcoxon rank sum test was used to compare groups of data.

RESULTS
All SF cell counts were either in the normal or non-inflam-
matory range. Twenty-one SF samples were normal
containing < 200 white blood cells (WBC)/mm?. Twenty
samples were non-inflammatory containing 200-2000
WBC/mm? (Table 1). The presence of SF calcium crystals
could not be predicted by the gross appearance of the fluids
or by the intraoperative appearance of the knee joint.
CPPD and/or BCP crystals were identified in 60% (32 of
53) of SF at the time of total knee replacement (Table 2).
CPPD crystals were identified in 30% of fluids examined,
while BCP crystals were identified in 49%. Both crystal
types were identified in 19% of SF samples. CPPD was
found more often in women’s SF than in men’s (Table 3)
[41% (13/32) vs 14% (3/21)]. In patients over age 70 years,
85% showed SF calcium crystals compared to 37% for those

Table 1. White blood cell (WBC) counts in synovial fluid with and without
calcium crystals.

WBC mm?
Crystal Type (n) Normal Noninflammatory ~ Not Done
CPPD (6) 3 2 1
BCP (16) 6 6 4
Both (10) 3 5 2
None (21) 9 7 5

Table 2. Types and rates of calcium crystals in pre-operative synovial fluid.

Crystal Type Prevalence % (fraction)

CPPD alone 11 (6/53)
BCP alone 30 (16/53)
CPPD and BCP 19 (10/53)
CPPD or BCP 60 (32/53)
No crystals 40 (21/53)
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Table 3. Gender-specific prevalence of synovial fluid calcium crystals.

Prevalence of Synovial Fluid Calcium Crystals

Crystal Type Women, n = 32 Men, n =21
% (fraction) % (fraction)
CPPD alone 19 (6/32) 0 (0/21)
BCP alone 22 (7/32) 43 (9/21)
CPPD and BCP 22 (7/32) 14 (3/21)
CPPD or BCP 63 (20/32) 57 (12/21)
No crystals 37 (12/32) 43 (9/21)

70 years and younger. Although there was considerable
overlap between the ages of persons with and without SF
crystals, the group with crystals proved significantly older
than that without (p < 0.0003).

In no case was calcium crystal-related arthropathy listed
as a pre-operative diagnosis (Table 4), although a majority
of SF contained these crystals. Chondrocalcinosis was
present on pre-operative radiographs in only 31% (5/16) of
those with SF CPPD crystals. In one patient’s SF sample
previously unsuspected monosodium urate crystals were
identified.

Of fifteen joints with severe, grade 4 radiographic degen-
eration, 93% (14/15) contained intraarticular calcium crys-
tals (Table 5). Joints containing calcium crystals had a
higher mean radiographic score than those without crystals
(3.45 vs 2.95). Variability of available radiographic views
may have limited radiographic scores in some cases. Higher
mean concentrations of BCP crystals were also associated
with more severe radiographic degeneration (Figure 1). The
simultaneous presence of both types of calcium crystals was
associated with the highest mean levels of BCP binding.

DISCUSSION
Table 4. Pre-operative and post-operative diagnoses in patients undergoing
knee arthroplasty.

Disease Pre-operative Post-operative
Diagnosis Diagnosis

OA no crystal 53 21

OA with CPPD 0 16

OA with BCP 0 26

Gout 0 1

Table 5. Radiographic scores in patients with and without synovial fluid
calcium crystals.

Radiographic Score
Crystal Type 1 2 3 4 5
(% prevalence)

No Crystals (n = 21) 0 0 11 84 5
CPPD or BCP (n = 32) 0 0 0 55 45
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Figure 1. Correlation of radiographic score with mean percentage of EHDP
binding. EHDP = '“C ethane-1-hydroxy 1,-1-diphosphonate.

We observed that 60% of patients undergoing total knee
arthroplasty have pathologic calcium crystals in their SF.
These findings suggest that in these clinically end-stage
joints, both CPPD and BCP crystals are far more common
than once believed. There is ample evidence that these crys-
tals are not simply innocent bystanders, but active partici-
pants in cartilage degeneration'®. Both BCP and CPPD
crystals increase mitogenesis and protease release from
articular cells’$. CPPD crystals also accelerate joint degen-
eration in animal models of OA® and may contribute
mechanically to cartilage matrix destruction'’. We believe
that the high prevalence of BCP and CPPD crystals is
important to our understanding of the pathogenesis of OA,
and may ultimately influence the clinical care of these
patients.

Several previous studies examined the prevalence of
pathologic calcium crystals in SF from patients with OA. In
another perioperative study, 52% of patients over the age of
75 had cartilage CPPD crystals at the time of total joint
replacement'*. In typical OA SF obtained from non-periop-
erative patients, 60-71% contained calcium crystals'>!6,
However, 83% of a subset of patients with rapidly progres-
sive OA had calcium crystals®. When articular tissues were
included in the analysis, 80% of typical OA and 100% of
rapidly progressive OA contained calcium crystals.
Interestingly, our results suggest that the percentage of
patients with calcium crystals in their fluid may be similar
in a non-perioperative population with OA. Our similar rates
may reflect the severity of the disease balanced by more
accurate methods to detect BCP crystals (less false posi-
tives). We found the most common type of crystal in pre-
operative fluids was BCP alone. These data vary somewhat
from previous data showing that the combination of BCP
and CPPD crystals was more common than either crystal
alone'>1®, Because the presence of BCP crystals correlates
with the severity of radiographic degeneration in the joint,
one may expect a higher prevalence of this crystal type in
the current cohort selected for severe disease.

We show here that calcium crystals are more common in
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patients over the age of 70 and that CPPD crystals are more
common in women than in men. This mirrors epidemiologic
data showing a dramatic increase in chondrocalcinosis with
age, with the prevalence doubling during each decade over
the age of 60'7. Symptomatic CPPD deposition disease may
be more common in women than men?®. Similarly clinical
arthritis associated with BCP crystals, such as Milwaukee
shoulder syndrome, is rare in patients under age 608,

Our radiographic findings correlate with the previously
described association between BCP crystals and radi-
ographic signs of joint degeneration*!>. However, only a
handful of our patients with CPPD crystals in their SF had
radiographic chondrocalcinosis. This may be attributed to
the variable quality of office radiographs, and the paucity of
cartilage in end stage disease. Clearly, pre-operative radi-
ographs are not sufficient to identify those patients with
CPPD crystals in their SF.

Identification of calcium crystals in intraoperative SF
specimens is clinically relevant for a number of reasons.
First, the deposition of BCP and/or CPPD crystals is seldom
monoarticular and may affect other large joints and slow
postoperative recovery>!®. Second, the clinician needs to be
aware of the potential for postoperative pseudogout attacks
in those persons with CPPD crystals in their operative joint
fluids?®®?!, Even the operated joint can be affected by
pseudogout from CPPD crystals shed from residual cartilage
or areas of synovial chondroid metaplasia®’. Lastly, the
primary care provider should investigate patients under age
60 with articular CPPD crystals for metabolic causes of
CPPD deposition, such as hyperparathryoidism and
hemochromatosis. We therefore suggest that crystal analysis
be performed on fluids from all operated knee, hip, or
shoulder joints.

Our study is not without limitations. These patients all
had end stage disease and these findings certainly do not
reflect the early stages of OA, where non-surgical interven-
tions may prevent joint damage. Although calcium crystals
are present in high percentages of patients coming to joint
arthroplasty, we certainly cannot attribute all end stage joint
disease to these crystals. Sixty-three percent of patients aged
70 and under had no crystals in their perioperative SF.
Perhaps younger patients have other factors contributing to
their joint disease, such as trauma or congenital abnormali-
ties. Our study used a relatively small number of patients
and they came from a single regional area. Thus, socioeco-
nomic or regional influences may have swayed our results.
Moreover, we used existing radiographs not specifically
performed for the study. The techniques used for filming
may have limited our ability to detect signs of crystals on
radiographs. This, however, reflects true clinical practice.

In summary, we demonstrated a 60% prevalence of
pathologic calcium crystals in SF of 53 patients undergoing
joint replacement. These findings have important implica-
tions for clinicians and warrant further studies of clinical

outcomes in patients undergoing joint replacement with and
without pathologic crystals. We recommend routine crystal
analysis on intraoperative SF from all patients undergoing
arthroplasty of those joints potentially affected by crystal
deposition, especially the knees.
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