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ABSTRACT: Intra-articular injection of exogenous 
hyaluronan (viscosupplementation) is an effective treat-
ment for knee pain due to osteoarthritis, but the amount 
of dilution of the viscosupplement by the synovial fl uid, 
which could affect effi cacy, has not been previously 
considered. In this study, the synovial fl uid volume was 
measured in patients with advanced osteoarthritis and 
the variation in viscosupplement concentration that 
would have occurred had the patients received that 
treatment was calculated. A closed aspiration was per-
formed under anesthesia in this consecutive, prospective 
series of patients undergoing total joint arthroplasty for 
advanced osteoarthritis. Any remaining synovial fl uid 

was collected by means of open aspiration following an 
arthrotomy. Overall, 27.0±15.5 mL (range: 10-70 mL) 
of synovial fl uid was present in the joints. Irrespective 
of the particular proprietary hyaluronan product, the 
viscosupplement concentration would have varied by 
an approximate factor of 6. Interpatient variation in 
volume of synovial fl uid may explain some of the ob-
served variations in effi cacy in patients treated with 
viscosupplementation. Stricter attention to the pos-
sibility of a joint effusion and aspiration of the joint 
where indicated might lead to improved results.

[J Knee Surg. 2007;20:181-184.]

INTRODUCTION

The prevalence of osteoarthritis increases with age 
throughout the elderly years5 and commonly involves 
the knee. First-line treatments include acetaminophen 
for chronic pain, weight reduction, topicals, and exercise. 
Nonsteroidal anti-infl ammatory agents frequently are used 
to relieve pain, but they have drawbacks, particularly gas-
trointestinal irritation. Cyclooxygenase-2 inhibitors are 
alternatives, but they also are associated with side effects. 
Corticosteroid therapy and total knee replacement usually 

are reserved for patients with severe disease when other 
therapies have failed. Injection of the knee with hyaluro-
nan (viscosupplementation) is an alternative for patients 
who have not had success with basic analgesics, are not 
surgical candidates, or want to delay surgery.4

Although viscosupplementation can provide relief of 
knee pain due to osteoarthritis, wide inter- and intratrial 
variations in therapeutic effi cacy have been reported.6,17 
The variability in outcome success may have been due 
to the extent of the disease, the viscosity or elasticity of 
the hyaluronan products, injection technique, or any com-
bination of these or other factors. Another possible and 
previously unconsidered explanation is dilution of the vis-
cosupplement by the synovial fl uid. 

Prior to addressing this question directly in a clinical 
study, we thought it worthwhile to fi rst assess whether any 
evidence to support the hypothesis exists. The objective of 
this study was to measure the volume of synovial fl uid in pa-
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tients with advanced osteoarthritis and to calculate the corre-
sponding variability in viscosupplement concentration under 
the assumption the patients had received that treatment.

PATIENTS AND METHODS

Patients in this study were recruited from one author’s 
practice (D.D.W.), which specializes in treating problems 
involving the knee. The volume of synovial fl uid in the 
knee was measured in a prospective series of 19 patients 
with advanced osteoarthritis (grade IV, Kellgren–Law-
rence scale); only patients who were candidates for total 
joint arthroplasty were studied. Average patient age was 
69.6±8.3 years (range: 54-80 years). Knee effusion was 
subjectively graded; no effusion was noted clinically in 14 
cases and 5 cases had mild effusion. 

After induction of anesthesia, a closed aspiration was 
performed at the standard superolateral arthroscopy portal 
using a 21-gauge, 3-inch spinal needle with the knee in ex-
tension and the patient supine. An additional aspiration at-
tempt was made with the knee fl exed and the needle inserted 
in the anterolateral compartment from an anterior approach; 
any additional fl uid obtained was pooled with that aspirated 
initially. To ensure that all synovial fl uid in the joint was 
recovered, a standard arthrotomy was performed and any 
fl uid in the suprapatellar pouch, medial compartment, lat-
eral compartment, or intercondylar notch was collected by 
means of open aspiration and added to that previously ob-
tained. The measured fl uid volumes were uncorrelated with 
age, weight, gender, pain, or the clinical judgment regard-

ing the presence of an effusion, and therefore the data were 
grouped without regard to these variables.

All experimental procedures were approved by the 
Institutional Review Board for Human Research at our 
institution.

RESULTS

The average volume of synovial fl uid obtained by 
closed aspiration in 19 patients was 19.4±14.4 mL (range: 
3-62 mL). Following an arthrotomy, an additional 7.1±2.9 
mL of synovial fl uid was obtained (range: 3-13 mL). 
Overall, 27.5±15.5 mL (range: 10-70 mL) of synovial 
fl uid was present in the joints. The volumes of synovial 
fl uid obtained during closed and open aspirations did not 
correlate (Figure). 

DISCUSSION

The normal knee contains 1-4 mL of synovial fl uid.8,9 
The fl uid volume in patients with osteoarthritis generally 
is known to be greater, but it had not previously been doc-
umented among patients with grade IV disease. The fl uid 
volume was measured to assess the hypothesis of variable 
interpatient viscosupplement dilution. 

The interpatient range of fl uid volumes in a prospec-
tive series of 19 cases was 10-70 mL. Suppose that these 
joints had been injected with u mg of proprietary hyaluro-
nan product dissolved in a volume v. Assuming complete 
mixing of the synovial fl uid and the viscosupplement, 
regardless of the actual value of u (Table), the variabil-
ity within the cases (ratio of the maximum to minimum 
concentration) would be (70+v)/(10+v), which equals 6.0 
for v=2 mL (Figure). In other words, the concentration of 
the viscosupplement would have varied among the cases 
by a factor of 6.0. In practice, it is unlikely that complete 
mixing occurs prior to the onset of metabolic action of the 
viscosupplement, thus adding to the interpatient variabil-
ity in viscosupplement concentration. 

Compared with the interpatient variation in dilution 
resulting from differences in synovial fl uid volume, the 
variations in endogenous hyaluronan concentration in the 
synovial fl uid among patients with osteoarthritis is negli-
gible.7,10 Consequently, interpatient differences in endog-
enous hyaluronan probably have no bearing on the differ-
ences in effi cacy of viscosupplementation.

The severity of the osteoarthritis in patients who re-
ceive viscosupplementation varies widely among practi-
tioners.17 In one author’s practice (D.D.W.), 71% of 1047 
patients had grade IV radiographic disease.16 Thus, the 
group of patients studied herein was representative of the 
typical patient seen in this practice.

The original rationale for viscosupplementation was 

Figure. The volume of synovial fl uid (SF) obtained during 
closed and open aspirations of 19 cases. The joint was 
thoroughly aspirated under anesthesia (closed aspiration). 
The joint was opened and any remaining synovial fl uid was 
recovered (open aspiration). Clinical effusions were not ob-
served except in 5 cases (indicated by “�”), which were 
judged mild.
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that it partially restored the viscoelasticity of synovial 
fl uid that had decreased due to disease-related changes in 
the endogenous hyaluronan in the synovial fl uid.2 The vis-
cosity of synovial fl uid is a complex function of the hyal-
uronan molecular weight and concentration1,2 but, in gen-
eral, changes of 0.5-1.0 mg/mL can affect viscoelasticity. 
Subsequent work suggested that the therapeutic effi cacy 
of viscosupplementation was partly related to signaling 
of hyaluronan through receptors on synovial cells such as 
CD44.11 Signaling by an agent is directly dependent on its 
concentration. Consequently, irrespective of whether the 
clinical effects of exogenous hyaluronan have a physio-
chemical or physiological basis, the variation in effi cacy 
following intra-articular injection of hyaluronan might be 
at least partially explained by the dilution hypothesis be-
cause both modes of action are concentration-dependent.

Intra-articular injection of steroids produced a rapid 
improvement in symptoms (1-2 weeks), but effi cacy de-
creased with time; viscosupplementation, in contrast, 
had a slower onset of effi cacy but a greater improve-
ment (P�.05) at 12-26 weeks.3 However, the infl uence 
of effusion on effi cacy (for both treatments) is not well 
understood. The product labels for viscosupplements rec-
ommend that any joint effusion be removed before injec-
tion of the product.12-15 Effusions are sometimes aspirated 
prior to viscosupplementation, but clinical practices re-
garding identifi cation and aspiration of an effusion vary 
widely. For example, in 17 prospective controlled clini-
cal studies,17 the authors of 5 studies did not comment on 
whether they had aspirated the joints. In the remaining 12 
studies, all patients were aspirated in 3 studies and vari-
able numbers of patients were aspirated in the remaining 
9 studies. It appears that joint aspiration was a signifi cant 
uncontrolled factor that could explain at least part of the 
observed variability in treatment effi cacy.

The extent of the variation in the volume of synovial 
fl uid in the knee of patients with grade IV osteoarthritis 
supported the hypothesis that variability in response to 
viscosupplementation results at least partially from its di-
lution by the synovial fl uid in the joint thereby justifying a 

direct, prospective clinical study. In the meantime, stricter 
attention to the possibility of an effusion and aspiration of 
the joint where indicated might lead to improved results in 
joints injected with a viscosupplement. 
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Biosurgery, Ridgefi eld, NJ
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