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Intraarticular injection of hyaluronan (HA) into
osteoarthritic (OA) joints has been reported to relieve joint
pain and improve function. These effects may last for
months1-4, even though injected HA has a half–life of less
than 24 h in the joint5,6. The half-life of HA within the joint
can be extended up to about a week using chemically
crosslinked HA molecules (hylans), but the injected material
is cleared within a few weeks3,7-9. The primary effect of HA
injection is presumably mediated by enhancement of
synovial fluid (SF) viscosity, or viscosupplementation,
through augmentation of the endogenous HA10. Because the

injected HA is generally lower in molecular weight (MW)
than that present in the joint and is cleared from the joint so
rapidly, a number of mechanisms have been proposed to
explain the apparent augmentation of endogenous joint SF.
It has been suggested that injected HA normalizes the
synthesis of endogenous HA in the OA joint, leading to an
increase in the viscosity of the SF, presumably by increasing
the concentration and size of the HA synthesized by the
synoviocytes11-13. Alternatively, injection of HA could
reduce the degradation of endogenous HA by scavenging
free radicals14,15 or removing catabolic enzymes or
cytokines15. Regardless of the mechanism, a paucity of data
exists concerning the concentration and MW of SF HA
following injection of HA.

We examined the effect of intraarticular HA injection on
the progression of OA in the cruciate deficient dog. We
found no effect on the morphologic changes of OA, but
noted a significant reduction in the uronic acid concentra-
tion of articular cartilage from the injected joints16. We
examined the volume of synovial effusion and the concen-
tration and average MW of the HA in SF from the OA knee
of dogs that underwent anterior cruciate ligament transec-
tion (ACLT) and subsequently received injections of HA or
saline into the unstable knee.
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ABSTRACT. Objective. To determine how the quantity and molecular weight of synovial fluid hyaluronan (HA)
within the synovial fluid (SF) of osteoarthritis (OA) joints is affected by intraarticular injection of
HA.
Methods. Dogs in which OA was induced by transection of the anterior cruciate ligament received
5 weekly injections of HA (1.5 × 106 Da) in saline (10 mg/0.67 ml) or an equal volume of saline into
the operated knee, beginning the day after surgery. Immediately before each injection, SF was aspi-
rated and the volume of SF and the concentration of HA was measured (uronic acid), and the mole-
cular weight of the HA in each sample was estimated by electrophoresis in agarose.
Results. The volume of SF in the unstable knee increased after surgery, and the molecular weight
decreased from ~2.5 × 106 Da to ~2 × 106 Da. Injection of HA did not affect the volume of SF or
average molecular weight of HA in samples obtained immediately before each injection or at the end
of the experiment, 12 weeks after surgery. The SF HA concentration fell from a baseline value of 2.3
± 0.1 mg/ml to 1.1 ± 0.2 mg/ml the day after surgery and remained low throughout the course of
injections. The HA concentration 12 weeks after surgery in the HA injected knees was ~40% lower
than the preoperative value, although it increased slightly relative to saline injected knees (1.4 ± 0.3
vs 1.1 ± 0.01 mg/ml, respectively; p = 0.04).
Conclusion. Intraarticular injection of HA did not alter the volume of SF or molecular weight of HA
in SF of OA canine knees, nor did it restore the HA concentration to that of normal canine SF. 
(J Rheumatol 2001;28:1341–6)
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MATERIALS AND METHODS
Animals. Fourteen adult male mongrel dogs (25–30 kg) underwent ACLT
of the left knee. The operated knee was injected the day after surgery and
at weekly intervals thereafter for a total of 5 injections with either 0.67 ml
sterile saline or 10 mg of an HA preparation (sodium hyaluronate, MW =
1.5 × 106 Da; lot 941110, Anika Therapeutics, Woburn, MA, USA), 10 mg
in 0.67 ml sterile saline (n = 7 in each group)16.

After the series of injections, the dogs were moved to indoor/outdoor
runs (1.2 × 3 m indoor/1.2 × 5 m outdoor). Each dog was removed from the
run for 20 min daily 5 days/week and was encouraged to run and jump in a
50 × 30 m fenced enclosure. The dogs were maintained under these condi-
tions for 7 weeks after the final injection, i.e., 12 weeks after ACLT, and
then were killed by injection of Beuthanasia-D® (Schering Plough,
Kenilworth, NJ, USA). Data from one dog in the saline group were not
analyzed because of the presence of extensive OA in the contralateral knee
at necropsy. All animal procedures were approved by the Indiana
University Animal Care and Use Committee.

SF samples. Immediately before each injection of HA or saline, the dogs
were anesthetized and SF was aspirated as completely as possible from the
operated knee, using a butterfly catheter (27 gauge) inserted into the joint
just distal to the lateral femoral condyle. After the volume of the SF sample
was determined, an aliquot was taken for cell count, and the remainder was
centrifuged at top speed for 10 min in a microfuge. The pellet was
discarded and the supernatant was stored at –70ºC for later analysis of HA
concentration, sulfated glycosaminoglycan (GAG) content, and HA size.
HA concentration was determined from triplicate measurements of the
uronic acid concentration17,18. 

The average MW of HA in the SF was estimated by agarose gel elec-
trophoresis19. The SF samples were digested at 37°C for 15 h with pronase
(1.2 mg/ml), then they were separated on 0.5% agarose gels in TAE buffer
(0.05 M Tris acetate containing 0.09 M EDTA, pH 7.9), using a
submersible horizontal gel apparatus. Samples of the injected HA, of 3
additional commercial HA preparations (Hyalgan®, Fidia, Abano Terme,
Italy; Healon®, 5 × 106 Da, Kabi Pharmacia Ophthalmics Inc., Monrovia,
CA, USA; Provisc, 2 × 106 Da, Alcon Laboratories, Ft. Worth, TX, USA);
and of chondroitin sulfate (5 × 104 Da, Sigma, St. Louis, MO, USA) were
used as MW standards. HA and chondroitin sulfate were detected by
staining with Stains-all (Sigma).

Statistical analysis. The mean SF volume and the concentrations of HA in
SF from the 7 dogs injected with HA were compared to those from the 6
dogs injected with saline (see above) using Student’s t test for unpaired
data. For comparisons between the operated knee and contralateral knee,
Student’s t test for paired data was used.

RESULTS
SF volume. A small amount of SF (50–250 µl) could be
withdrawn by arthrocentesis from the left knee of each dog
prior to ACLT. After surgery, the volume of SF withdrawn

from the operated knee prior to each injection varied from 0
to 15 ml (Table 1). Regardless of whether the dog had been
injected with HA or with saline, the mean volume of fluid
that could be removed from the unstable knee increased
progressively over the first 5 weeks after surgery. At
necropsy, 12 weeks after ACLT, the volume that could be
aspirated from the open joint was comparable to that which
could be withdrawn 5 weeks after surgery. The volume of
fluid obtained at necropsy from knees that had been injected
with saline was comparable to that obtained from knees
injected with HA (5.6 ± 4.8 ml, 5.9 ± 4.6 ml, respectively).

HA concentration. Prior to ACLT, a measurable quantity of
SF was obtained from 6 of the 7 dogs in the HA group and
5 of the 6 that received intraarticular saline injections. The
mean concentration of SF HA was 2.3 ± 0.2 mg/ml; that in
samples from the dogs that received HA was 2.3 ± 0.3
mg/ml (Table 2). The concentration of HA in SF withdrawn
from the operated knee the day after surgery was lower than
the baseline value and did not increase over the 5 week
course of HA injections.

Immediately before the fifth intraarticular injection, the
mean HA concentration in samples from the knees that had
been injected with saline was 1.0 ± 0.1 mg/ml; that in
samples from dogs receiving the series of HA injections was
1.1 ± 0.2 mg/ml. The mean SF HA concentration in samples
obtained immediately post mortem (7 weeks after the fifth
injection and 12 weeks after ACLT) was higher in the HA
group (1.4 ± 0.39 mg/ml) than in the saline group (1.0 ± 0.04
mg/ml; p = 0.04), but remained about 40% lower than either
the mean SF HA concentration in the untreated contralateral
knee at necropsy (2.2 ± 0.3 mg/ml; p = 0.001) or the base-
line value (2.3 ± 0.3 mg/ml; p = 0.0002) for samples
obtained prior to ACLT.

Examination of data from the individual dogs revealed
that the SF HA concentration from 3 of the 7 dogs in the HA
treated group 12 weeks after ACLT was 20–30% higher than
it was 5 weeks after surgery, while that from the other 4 dogs
in this group was essentially unchanged over this interval
(Table 2). Similarly, in the saline group, the concentration of
HA in SF from 5 of the 6 dogs was essentially unchanged
during this interval, while that in the fluid from the sixth dog
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Table 1. Mean volume of SF (ml ± SD) aspirated from the knee before each intraarticular injection.

OA Knee, Weeks after ACLT

Contralateral
Knee, 12

Weeks after
Treatment Group 1 2 3 4 5 12 ACLT

Saline injected 1.1 ± 1.1 (4) 1.4 ± 1.3 (3) 2.6 ± 2.8 (6) 5.0 ± 4.3 (6) 4.9 ± 3.9 (6) 5.6 ± 4.8 (6) 0.3 ± 0.2 (6)
HA injected 1.4 ± 1.7 (4) 3.0 ± 1.7 (5) 3.4 ± 1.8 (7) 4.7 ± 5.4 (6) 3.8 ± 2.7 (7) 5.9 ± 4.6 (7) 0.3 ± 0.2 (7)

Numbers within parentheses indicate the number of dogs. Some arthrocenteses yielded no SF.
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was > 50% lower 12 weeks after ACLT than 5 weeks after
surgery.

Molecular weight of SF HA. HA in samples of normal
canine SF taken before surgery migrated more slowly on
agarose gel electrophoresis than the exogenous HA that was
injected, and was estimated to have a MW of ~2.5 × 106 Da
(Table 3). The day after ACLT, immediately before the first
injection, HA in SF from the operated knee was lower in
molecular size than that in the baseline sample, and
migrated about the same distance on electrophoresis as the 2
× 106 Da standard (Figure 1). Its MW was estimated to be
2.0 to 2.1 × 106 Da. Regardless of whether the operated knee
had been injected with HA or with saline, HA in SF from the
operated knees 12 weeks after surgery was not larger than
that obtained 24 h after surgery, and was smaller than that in
the baseline samples. In contrast, HA in SF from the
contralateral knee at necropsy was identical in size to that in
samples obtained before surgery (~2.5 × 106 Da), and larger
than HA from the operated knee.

DISCUSSION
Originally, the rationale for injection of exogenous HA into
OA joints was to increase the viscosity of the SF (viscosup-
plementation)10. However, the half-life of exogenous HA in
the joint after intraarticular injection is < 24 h5,6; and
because, in general, the HA preparations that have been
studied in animal models20 of OA or used in clinical trials in
humans20 have been of lower MW than the HA present in
normal SF (6–7 × 106 Da)21,22 or SF of patients with rheuma-
toid arthritis (3–5 × 106 Da) or OA (5 × 106  Da)22, it is
uncertain whether viscosupplementation can be achieved by
intraarticular injection of HA. Some of these problems have
been reduced by the introduction of crosslinked hyaluro-
nans, or hylans, which results in a significant increase in
MW of the injected material (up to 23 × 106 Da) and extends
the residence time in the joint (up to 8.8 days)7,8.
Nevertheless, these molecules are completely cleared within
14 days9, while positive effects on joint pain and joint func-
tion are reported to last for months3.
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Table 2. Concentration of HA in SF before ACLT, before the 5th intraarticular injection, and 7 weeks after the last injection.

OA Knee
Contralateral

Prior to Knee 12 Weeks
ACLT 5 Weeks post ACLT 12 Weeks post ACLT after ACLT

Treatment HA, HA, % of Pre- HA, % of Pre- HA,
Dog Group mg/ml mg/ml ACLT Value mg/ml ACLT Value mg/ml

1 Saline NA 1.1 NA 0.5 NA 2.1
2 1.8 1.0 58 1.0 54 1.9
3 2.2 1.1 49 1.1 51 1.9
4 2.5 0.9 34 1.2 46 0.8
5 2.7 1.0 35 1.1 42 1.7
6 2.4 1.0 44 1.1 46 NA

Mean ± SD (n) 2.3 ± 0.4 (5) 1.0 ± 0.1 (6) 44 ± 11 (5) 1.0 ± 0.3 (6) 48 ± 6 (5) 1.7 ± 0.8 (5)
7 HA 2.2 1.0 48 1.0 47 2.1
8 2.4 1.0 44 1.2 50 2.7
9 2.0 1.0 51 1.4 72 1.9
10 2.2 0.8 37 1.9 84 2.3
11 NA 1.1 NA 1.0 NA 2.1
12 2.7 1.5 55 1.5 57 2.1
13 2.1 1.0 47 1.7 78 2.0

Mean ± SD (n) 2.3 ± 0.3 (6) 1.1 ± 0.2 (7) 47 ± 6 (6) 1.4 ± 0.3 (7)* 61 ± 15 (6) 2.2 ± 0.3 (7)

*Difference between the HA group and the saline group is significant, p = 0.04. All other between-group comparisons are not significant.
Numbers within parentheses indicate the number of dogs. Some arthrocenteses yielded no SF. NA: not available.

Table 3. Estimated molecular weight of HA in SF from normal canine knees before ACLT and from the OA knee
and contralateral knee 12 weeks after ACLT.

Molecular Weight of HA in SF
Treatment Group (n) Normal Knee OA Knee Contralateral Knee

Saline injected (6) 2.4 × 106 ± 0.3  × 106 Da 2.1 × 106 ± 0.3  × 106 Da 2.5 × 106 ± 1.3  × 106 Da
HA injection (7) 2.5 × 106 ± 0.3  × 106 Da 2.0 × 106 ± 1.0  × 106 Da 2.5 × 106 ± 2.5  × 106 Da
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In our study, a series of 5 weekly intraarticular injections
of HA resulted in no change in the apparent MW of SF HA
or the effusion volume in the OA knee. Further, 7 weeks
after the last HA injection, although the mean SF HA
concentration in the OA joint was increased relative to that
in OA joints injected with saline, it remained significantly
lower than that in SF from the contralateral, unoperated
knee or the normal canine knee. The mean HA concentration
in the saline injected group was 48 ± 6% of the baseline
value, while that in the HA group was only slightly greater
— 65 ± 15% of the baseline value (p = 0.04, Table 2).

In this study, injection of intraarticular HA or saline was
begun the day after surgery, and the dogs were followed for
3 months. Although we have reported previously16 that
significant changes of OA are expected in the unstable knee

of the cruciate deficient dog at this time, this is not typical
of the disease stage in which HA is used in human OA,
where it is given to relieve pain in advanced knee OA. Early
changes of OA, including ulceration of the articular surface
of the femoral condyles, large osteophytes at the joint
margin and in the intercondylar notch, increased cartilage
water content, and significant synovitis, were apparent in
the current study, and comparable in severity in saline and
HA injected knees16. In the saline injected knees, the proteo-
glycan concentration of the articular cartilage was increased
relative to that in the contralateral knee, a consistent feature
of this model of OA. In contrast, the proteoglycan concen-
tration in cartilage from the unstable knees of dogs that had
been injected with HA was decreased relative to that in the
contralateral knee16. The mechanism of proteoglycan deple-
tion in the articular cartilage has not been identified. It is not
a direct effect of HA on normal cartilage biology, because
injection of HA into stable (sham operated) knees of similar
dogs does not cause proteoglycan depletion (unpublished
data). We are investigating the possibility that an analgesic
effect of the treatment causes the animal to load the unstable
knee more aggressively after HA injection than after intraar-
ticular saline injection.

The SF leukocyte count and extent of synovitis at the
conclusion of the experiment with HA have been reported16.
The mean cell count in SF samples collected immediately
post mortem was 421 ± 590/mm3 in HA injected knees and
700 ± 971/mm3 in the saline group. No correlation was
apparent between cell count and treatment group. Similarly,
the extent of synovitis, as judged by histologic assessment
of mononuclear cell infiltration and thickening of the lining
cell layer, was not correlated with treatment.

Our studies were performed with an HA preparation that
has not been approved for use in the United States in
patients with knee OA. However, similar studies are under
way with an HA preparation approved by the Food and Drug
Administration for use in humans (Hyalgan®, Fidia SpA,
Abano Terme, Italy), and the results relative to SF volume,
HA concentration, and HA molecular weight indicate no
significant differences from those reported here (Smith, et
al, unpublished data).

Clinical studies of the effect of HA injection on proper-
ties in SF in humans and horses have generally failed to
support the concept of viscosupplementation20. In humans,
the mean specific viscosity of SF obtained from OA knees
(n = 4) 7–22 days after a single injection of HA (1–2 × 106

Da) was increased by 15% over the preinjection value11.
However, in 2 other patients in the same study, no increase
in the specific viscosity of the SF was noted after 2 or 3
injections of HA, and no statistical analysis of the data was
reported.

More recently, the rheological properties of SF were
examined in a study of the effect of HA treatment of knee
OA23. SF was aspirated at weekly intervals for 5 consecutive
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Figure 1. Electrophoresis of HA samples in agarose. Lanes 1–4 contained
commercial sodium hyaluronan preparations as molecular weight markers.
Lane 1: injected HA, 1.5 × 106 Da; lane 2: Hyalgan®, 0.5–0.73 × 106 Da;
lane 3: Healon®, 5 × 106 Da; and lane 4: Provisc™, 2 × 106 Da. Lane 5:
chondroitin sulfate, 0.05 × 106 Da. Lane 6 contained the post mortem SF
HA from an OA knee that had been injected with HA; Lane 7: SF HA from
the contralateral knee of the same dog. Lane 8: SF from a saline injected
OA knee; Lane 9: contralateral knee SF from the same dog. HA in SF from
the OA knees (lanes 6 and 8) was estimated to have MW of ~2 × 106 Da,
larger than the exogenous HA preparation that had been injected. HA in SF
from the contralateral knees (lanes 7 and 9) and that in the samples taken
before ACLT (not shown) had estimated MW = 2.5 × 106 Da.
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weeks from 3 groups of 20 patients each and, immediately
after arthrocentesis, the patients were injected with HA or
saline or had nothing injected into the joint. The viscosity
and elasticity of the SF were determined one week after the
last injection.

Relative to pretreatment values, the median values for the
shear storage modulus (a measure of elasticity) and shear
loss modulus (a measure of viscosity) rose in the HA group,
but were unaltered in the saline group. SF from the subjects
that received no intraarticular injection exhibited an increase
in elasticity and reduction in viscosity. The authors attrib-
uted the changes in the HA treatment group to an increase in
the MW and concentration of SF HA, and those in the group
that underwent arthrocentesis to an increase in protein
concentration and reduction in HA concentration of the SF,
although the values for these variables were not reported.
Further, only median values for the rheological properties
were reported, and no statistical analysis of the differences
among the 3 groups was presented.

Evidence for sustained changes in SF joint properties has
been sought in animal studies, which permit serial evalua-
tion of changes over a longer duration than is possible in the
clinical setting. Two milliliters of SF were withdrawn from
both intercarpal joints of 6 normal horses, and one limb was
injected with 2 ml of saline containing 20 mg HA (MW =
2–3 × 106 Da). Nothing was injected into the contralateral
limb. A transient increase in SF HA concentration was seen
in the injected limb 2 days after injection, but values
returned to normal and remained unchanged in samples
taken 4, 8, 16, and 30 days after injection. The intrinsic
viscosity of the SF HA was decreased in the 2 day sample,
but returned to normal by 4 days after injection24.

In the same study, 7 days after carpal cartilage defects
had been created surgically in both forelimbs of 6 horses,
HA was injected into one forelimb as described above. The
contralateral forelimb was injected with saline. SF HA
concentration was decreased, relative to presurgical values,
in the operated joints, and remained low over the next 35
days, regardless of treatment. HA injection did not result in
changes in SF viscosity or HA concentration 2, 4, 8, 16, 30,
or 35 days after the injection24.

Of additional interest is a study in which properties of SF
were evaluated after intravenous (IV) administration of HA
to horses in which an osteochondral fragment had been
created surgically25. A group of 6 animals received an IV
injection of 40 mg of HA 13, 20, and 27 days after injury,
while a control group of 6 horses received IV injections of
saline on the same schedule. No effect of HA on pathologic
changes, proteoglycan concentration, or net rate of proteo-
glycan synthesis in articular cartilage of the damaged joint
was apparent at the termination of the experiment, 72 days
after surgery. However, lameness scores were reported to be
lower and synovial histopathologic changes less severe in
the HA injected horses than in the controls. SF samples

taken 72 days after surgery revealed lower concentrations of
protein and prostaglandin E2 in samples from the damaged
joints of the HA injected group, but SF concentrations of
HA and proteoglycan were not affected. It is extremely diffi-
cult to explain how an extremely small dose (relative to
body weight) of hyaluronan given by IV injection can affect
synovial cell biology.

Our studies and studies discussed above utilized purified
sodium hyaluronate. Direct extrapolation of the results to
the use of hylans, hyaluronan preparations that are chemi-
cally crosslinked to increase their MW and their residence
time in the joint, is not warranted. However, it should be
noted that while hylans are fully cleared from the joint
within 7–14 days after intraarticular injection8,9, some hylan
treated patients reported improvement in pain and function
for many months after the injection3. The longterm effects of
hylans on the properties of SF remain to be evaluated.
However, clinical studies of the treatment of knee OA with
hyaluronan, hylans, or placebo injections of saline indicate
no differences among these treatments in the first 6 months
with regard to improvement in pain and function26. These
and other data reported in clinical trials of HA intraarticular
injection clearly indicate that intraarticular injection results
in an exceptionally strong placebo effect1-4,20.

This study does not support the concept that intraarticular
injection of HA supplements the quality of endogenous HA
in synovial fluid, and indicates a marginal effect on the
quantity of HA in the synovial fluid, under the conditions of
our experiments. Similar results in other animal models and
humans indicate that viscosupplementation is not easily
achieved by injection of exogenous HA. Because this
concept is central to the proposed mechanism of action of
intraarticular HA injection in OA, further studies of the
properties of joint fluid in OA are warranted, including
detailed analysis of synovial fluid samples collected in clin-
ical trials of HA.
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