Viscosupplementation Effect on Proprioception in the

Osteoarthritic Knee

Michael W. Payne, MSc, Robert J. Petrella, MD, PhD
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Objective: To test the hypothesis that treatment of the
osteoarthritic knee with intraarticular hyaluronan may improve
proprioception.

Methods: Forty-six patients with unilateral osteoarthritis
of the knee were recruited for this study from primary care
clinics in the Department of Family Medicine at the University
of Western Ontario. Inclusion required (1) the presence of
pain with activities of daily function and (2) radiographic
confirmation of medial compartment osteoarthritis. Proprio-
ception was measured with an electrogoniometer attached to
the study knee. Subjects performed an angle reproduction test in
the closed kinetic position. The difference between the target
test angle and the reproduced angle was labeled the abso-
lute angular error (AAE). Eleven angles were tested in random
order before beginning therapy, after 3 weeks, and after 12
weeks.

Results: Twenty-one men and 19 women completed the
study (22 subjects received hyaluronan injections and 18
subjects received a placebo injection). No significant differ-
ences existed between the study groups in age, the timing of
injections, or proprioceptive testing. A 2 X 3 repeated measures
analysis of variance (ANOVA) comparing injection groups at
all times revealed no significant differences in AAE. The AAE
proprioception data was examined for differences due to fatigue
caused by the number of test angles (p < .001) and differences
explained by angulations in various divisions of the normal
range of motion (p < .001). After accounting for these poten-
tial confounds, a two-way ANOVA still did not detect any
significant differences in AAE between hyaluronan and placebo
groups.

Conclusion: Other studies have found that proprioception
may be impaired in osteoarthritic knees and that viscosupple-
mentation therapy with hyaluronan may decrease pain and
increase function in these knee joints. The results of the present
study suggest that this therapy does not adversely affect
proprioception and that a longer, longitudinal study is required
to determine if viscosupplementation treatments could attentu-
ate proprioceptive decline.
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STEOARTHRITIS (OA) is a degenerative condition asso-

ciated with a decrease in the hyaluronan concentration of
the synovial fluid in the joint and a decrease in the molecular
weight of the hyaluronan molecules.! Hyaluronan is a major
component of both synovial fluid and articular cartilage, and is
responsible for the elastoviscosity of synovial fluid.? Molecular
catabolism of hyaluronan by oxygen derived free radicals’
reduces the molecular weight of the molecule. Consequently,
both the elasticity and viscosity of synovial fluid are reduced,
resulting in poor shock absorption and poor lubrication within
the joint® and leading to pain or loss of joint function. In cases
where the elastoviscosity is reduced, hyaluronan can be infused
into the articular space in an attempt to reestablish the
preexisting environment of fluid and tissue around the joint.}
Viscosupplementation, the intraarticular infusion of hyaluro-
nan, may restore the normal rheological state and reduce
symptoms of the arthritic joint.?

A correlation has been described between a worsening of OA
and impaired proprioception,*7 although a causal relationship
between OA and proprioception has yet to be fully developed.
The loss in proprioception in elderly people with knee OA
increases their susceptibility to falls.® Viscosupplementation
with hyaluronan may improve function and decrease pain in the
knee39-1!: however, it is unknown if these benefits correlate
with a change in proprioception. In the present study, we tested
the hypothesis that by improving symptoms of OA including
joint function, we may also improve proprioception. Accepting
the alternate hypothesis could prove important in reducing the
risk of OA-related falls. Conversely, if hyaluronan injections
did not change or in fact worsened proprioception (null hypothesis),
this treatment may be useful only in limited situations involving
restricted movement, since the treatment may put patients at
risk of falling. However, if hyaluronan injections improve
proprioception, or attenuate the decline in proprioception associated
with OA, this treatment may offer an advantage to patients at risk of
falling.!> We have previously shown!? that regular physical
activity in older patients can improve proprioception and range
of motion, while others'* have shown that treatment with
intraarticular steroids and exercise therapy's improve osteoar-
thritic symptoms including joint function. Proprioception was
not measured in these studies. One might anticipate that
intraarticular hyaluronan therapy may also improve joint func-
tion including proprioception.

The purpose of the present study was to investigate the effect
of intraarticular hyaluronan injections on proprioception in
osteoarthritic knee joints in patients with mild to moderate knee
OA. The null hypothesis that a course of hyaluronan injections
will not improve proprioception using active, closed-kinetic
angle reproduction tests when compared with placebo injec-
tions was tested using a randomized, double-blind, placebo
controlled design.
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METHODS

Subjects and Setting

Forty-six subjects (23 men, 23 women; age, 67 * 8.2yrs,
range 57 to 76yrs) from the community volunteered to partici-
pate in this study of proprioceptive function. Subjects were
eligible for inclusion if they had pain or a decrease in usual
activity because of knee OA, and mild to moderate (Grades I to
III) knee OA confirmed clinically and radiographically.'® Sub-
jects were excluded if they had non-OA arthritides; were
cognitively impaired, pregnant, or were surgical candidates;
had known avian allergies; or had current or previous (<6
months) intraarticular therapy. All subjects were asked to
refrain from starting any other forms of treatment for OA for the
duration of the study. All testing was conducted in the Heart and
Health Exercise Laboratory at the Centre for Activity and
Ageing, London, Ontario. The study protocol was approved by
the university’s Review Board for Health Sciences Research
Involving Human Subjects.

Instrumentation

Proprioception is commonly measured in a clinical setting by
evaluating a subject’s ability to reproduce static joint angles
using a clinical electrogoniometer. We used an electrogoniom-
eter? designed for the ‘“measurement of angular movement” in a
clinical or laboratory setting'; this device consisted of a fixed
endblock and a telescopic endblock connected by a series of
strain gauges in a composite wire enclosed by a flexible,
protective spring. The electrogoniometer was taped directly to
the skin across the joint of interest, and joint angles were
determined from the change in strain along the length of the
wire.

Study Protocol

Study participants were randomly assigned to one of two
treatment groups by means of a random number table; the first
group received three weekly 2-mL injections of 2% hyaluronan
in the form of 730kD hyalgan (Suplasyn®) and the second
received three weekly 2-mL injections of saline as a placebo
injection. Both groups were given a program of stretching and
flexibility exercises and could use acetaminophen as needed for
pain. The number of exercises/repetitions and number of
acetaminophen tablets were recorded. Injections were adminis-
tered on the medial side with the knee in full extension to 5°'8
by the same physician, who was blinded to the group assign-
ment. Subjects received injections in only one knee during the
treatment schedule.

Proprioception measurements were taken before the subject’s
first injection, after 3 weeks of treatment, and after 3 months.
The same investigator performed all proprioception measure-
ments.

Proprioception Measurement

Measurement of proprioception was done with subjects in the
standing (closed kinetic chain) position to more accurately
mimic true functional movement of the lower extremity. The
feet were placed “‘comfortably” apart (ie, 10 to 12 inches, or
shoulder width apart, with a slight external rotation). The
subject stood on both legs for the duration of the test, with the
electrogoniometer attached to the test knee. Since fatigue
impairs proprioception,'®!? all subjects were instructed to
refrain from heavy activity during the day of testing. Subjects
were instructed to wear shorts, loose pants, skirts, or gowns; no
tight or restrictive clothing was permitted below the mid to
upper thigh.420

Test angles at the knee included 5° increments from 10° to
60° of knee flexion. All 11 test angles were attempted at each of
the three testing sessions. The order in which the angles were
tested was randomly assigned by a computer program for each
test session.

The electrogoniometer was attached to the lateral side of the
leg across the study knee using adhesive tape placed so that the
endblocks of the goniometer corresponded with the axis of the
leg when viewed in the sagittal plane. The subject was first
asked to stand in a neutral position (knees fully extended). The
electrogoniometer was zeroed in this position.

The subject was then asked to flex both knees (as if
performing a deep knee bend) until the predetermined test angle
was reached, as indicated by the output display unit of the
electrogoniometer. When the test angle was reached, the
subjects were instructed to remain at this angle for 2 to 3
seconds. The subjects were then instructed to return to the
neutral standing position and remain there for 2 to 3 seconds.
After returning to the neutral position, the subjects were given
five seconds to reproduce the test angle and acknowledge
verbally when they believed they had reproduced it. The
primary outcome variable was the absolute angular error
(AAE), which was the absolute difference between the true and
perceived test angle (AAE = test angle perceived minus test
angle true).

To minimize muscular fatigue during the test, subjects were
encouraged to return to the neutral standing position immedi-
ately after verbally indicating their perception of the desired test
angle in order to reduce the amount of time spent in active
weight-bearing flexion at the knees. The subjects were in-
structed to keep their eyes closed during testing to eliminate
visual cues, and were not verbally encouraged during test angle
reproduction. A 5-second rest was given between each test
sequence. Testing of each subject was done at the same time of
day and under similar laboratory conditions.

Statistical Analysis

AAE values for each subject at each session were averaged.
The mean AAE values for each treatment group at each session
were compared using a 2 X 3 repeated-measures analysis of
variance (ANOVA) to determine any statistically significant
differences between the groups at any time. The .05 level was
adopted as the maximum probability value denoting a statisti-
cally significant difference.

Lattanzio and colleagues!® and Marks and Quinney!? indi-
cated that an increase in mean AAE of 1° was a clinically
detectable proprioceptive deficit. Using 1° as clinically detect-
able significance, .05 as the alpha error, 0.8 as the statistical
power, and the mean and standard deviation from Lattanzio,'®
who measured knee proprioception by the angular reproduction
test in the standing position using the same electrogoniometer
as the present study, we calculated the sample size for the
present study to be 20 people (10 per group).

RESULTS

Of the 46 people meeting the inclusion criteria, six dropped
out before initiating the injection therapy for reasons unrelated
1o the study protocol. Twenty-one men (64.7 *+ 7.2yrs) and 19
women (67.5 % 9.5yrs) received the complete injection series.
Twenty-two subjects were randomized into the hyaluronan
group (15 men, age 67.8 = 6.4yrs), leaving 18 subjects (12
women, age 63.9 = 10.0yrs) to receive placebo injections.
Although the hyaluronan injection group was older than the
placebo group, this difference was not significant as determined
by a ¢ test for independent samples.

Arch Phys Med Rehabil Vol 81, May 2000
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Injection series. Proprioception was measured at three
times during the study for 38 subjects; two participants were
lost before their final follow-up visit. No significant differences
were found for chronology of proprioception measurements
between groups at any level of time.

ANOVA. A 2 X 3 repeated-measures ANOVA on the
dependent variable (AAE) with injection group and time as
factors found no significant interactions or main effects (fig 1).
Thus, proprioception was not affected by the hyaluronan
injections when compared with the placebo group.

Angle limitations. Some subjects had difficulty performing
some of the angles, and others were unable to bend to the larger
angles. This difficulty may have either increased the AAE
values or, at greater angles, decreased the AAE results because
of a “ceiling effect.” This limitation could have prevented
subjects from achieving the same range of variability surround-
ing a certain angle (ie, a subject with a maximum angulation of
52° may not overshoot 50° by more than 2°, whereas a subject
with a greater maximum angulation might introduce more
variability into their AAE results). A one-way ANOVA on AAE
as a function of the test angle found significant differences in
AAE with different degrees of bending (F(10, 1165) = 6.93,
p < .001). Linear regression showed a steady decrease in AAE
as the test angle increased, potentially indicating a ceiling effect
of reduced variability toward higher angles (R = .384, F(1, 121
1) = 209.89, p <.001) (fig 2). Using a 2 X 3 repeated-
measures ANOVA with AAE data from only 25° to 60°, we
found no significant differences within the main effects of time
or treatment group. Similar null responses were accepted for
identical analyses with AAE data from 35° to 60°, and 10° to
20°. Since many subjects expressed a feeling that they were
approaching their maximum angulation in the closed-kinetic
position for angles greater than 50°, we further reduced the data
sample by removing AAE values from 55° to 60° in an attempt
to determine significant proprioceptive differences with a
narrower range of angles. A 2 X 3 repeated-measures ANOVA
on AAE data from 35° to 50° (ie, with 55° and 60° findings
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Fig 1. Mean absolute angular error {AAE) proprioception measure-
ments at each time in the placebo group (H) and the hyaluronan
group ((J). Values are mean + SEM. There were no significant
differences between treatment groups at any time during the study.
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Fig 2. Limitations in absolute angular error (AAE) measurements
due to test angle. Values are mean + SEM. Regression line equation:
5.517 — (.102 - test angle). *Significantly different from test angles
35, 40, 45, 50, 55, 60 (p < .05); +significantly different from test
angles 25, 35, 40, 45, 50, 55, 60 (p < .05); < significantly different
from test angles 35, 40, 45, 50, 55, 60 (p < .05); ¢ significantly
different from test angles 40, 50, 60 (p < .05); ¥significantly different
from test angles 40, 45, 50, 60 (p < .05).

removed from the previous data set) found no significant
differences within main effects of time and injection group.

Knee proprioception and fatigue. The effects of fatigue
due to the number of repetitions during testing may inflate the
AAE results in a population unaccustomed to performing this
type of activity. To eliminate fatigue as a potential confound
from the main analysis, a one-way ANOVA was performed on
the AAE of the combined sample using the number of
repetitions as the independent factor. AAE values were signifi-
cantly greater in the latter angles compared with angles
performed earlier in that testing period (F(10, 1 165) = 1.89,
p = .042), although fatigue may only account for 1.4% of the
variability in AAE (n? = .01407). This trend for poorer match-
ing performance in later repetitions was confirmed by linear
regression (R = .124, F(1, 121 1) = 18.80, p < .001) (fig 3).
Tukey’s HSD post hoc analysis revealed significant differences
in the amount of AAE between the second angle reproduction
and angles numbered 4, 6, 7, 9, 10, and 11, and also between
angle number 5 and number 11.

The 2 X 3 repeated-measures ANOVA was reanalyzed
eliminating AAE values calculated from angles performed
either 10th or 11th. The 11th angle was removed because it
differed significantly from two other repetitions; however, in
subjects unable to perform all angle repetitions, this angle
(numbered 11) may not actually have been the 11th angle
performed during that testing period. Thus, the 10th angle was
also eliminated. The reduced data set did not show any
significant differences in proprioception between active treat-
ment and placebo groups at any time. Since the second angle
had a significantly lower AAE than six other reproduction
attempts, this trial was examined alone for proprioceptive
differences between treatment groups. A 2 X 3 repeated-
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Fig 3. Mean absolute angular error {AAE) proprioception measure-
ments at each repetition. Values are mean = SEM. Regression line
equation: 1.099 + (.161- order number). *Significantly different
from second angle reproduction (p < .05); +significantly different
from fifth angle reproduction {p < .05).

measures ANOVA found no significant differences at any time
during the study.

DISCUSSION

This study examined the effect of viscosupplementation
therapy on knee joint proprioception in patients with mild to
moderate OA of the knee. Subjects were given either a series of
three hyaluronan injections or three placebo injections; proprio-
ception was measured at three times during the study period.
Since a 2 X 3 repeated-measures ANOVA revealed no effect of
hyaluronan viscosupplementation on clinical measures of pro-
prioception compared with placebo injections at any time, the
null hypothesis was not rejected. These results may be attrib-
uted to failure of hyaluronan injections to restore the joint’s
rheological state; hyaluronan being inefficacious in reparation
of damaged proprioceptors of ligaments, menisci, cartilage, or
synovium; an insignificant contribution of articular propriocep-
tors to proprioception irrespective of hyaluronan effects; or a
lack of sensitivity in the clinical, closed-kinetic, angle reproduc-
tion test for measuring unilateral knee proprioception, thus
introducing a type II error into the analysis.

Treatment/Protocol Determinants of Function

Viscosupplementation studies report effects of hyaluronan
injections on pain and function lasting up to 6 months or 1
year.>!! The present study’s 3-week measurement may be too
short to show changes in proprioception if the process is slow;
further measurements after 6 months would not be expected to
find any proprioceptive changes in the hyaluronan subjects
because the injected hyaluronan molecules would have been
catabolized back to their preexisting osteoarthritic state.! It may
therefore be reasonable to expect any changes in proprioception
to be detectable after 3 months into the treatment, approxi-
mately in the middle of the treatment schedule. Thus, the timing
of measurements in this study (pretherapy, at 3 weeks, and at 3

months) ensures that no acute changes in proprioception occur
from one treatment series. The present study’s total time frame
may have been too short to accurately show proprioceptive
benefits of hyaluronan in knee OA. A longer study using the
same measurement protocol on subjects receiving multiple
series of injections may confirm the hypothesis that, although
hyaluronan has no acute effect on proprioception, repeated
treatments of it may attenuate osteoarthritic decline. A long-
term treatment plan using hyaluronan to maintain the knee’s
rheological state may also maintain proprioception.

Viscosupplementation was developed to treat patients with
symptoms of OA; no direct effect on proprioception is necessar-
ily expected. Attenuated proprioceptive decline in patients
treated with viscosupplementation, while a placebo group’s
proprioception declines normally, would indicate that OA may
have a greater effect on impairing proprioception than poor
proprioception has on advancing OA. Conversely, if a vis-
cosupplementation group’s osteoarthritic symptoms, such as
pain, improved while their proprioceptive ability steadily
declined, that finding would help to eliminate the bottom
pathway in the causative factors from OA to proprioception. If
OA has no influence on proprioception, proprioceptive decline
would be due only to aging effects, and persons with acceler-
ated proprioceptive impairment would be more likely to
develop OA in one knee or the other.

Results from a longer term study (determining if viscosupple-
mentation does or does not have an effect on proprioception)
would contribute to previous work examining the causal
relationship between OA and proprioception. In an earlier
study, proprioception was worse in both knees in patients who
had unilateral knee OA, leading to the conclusion that impaired
proprioception was not a result of localized OA. It follows that
impaired proprioception may cause OA. If this is the case,
viscosupplementation should not have an acute effect on
proprioception, as supported by this study, but may aid in the
longer term by reducing the effect of osteoarthritically induced
pathology to proprioceptors in the knee. Since hyaluronan in the
knee joint space is unlikely to directly affect muscle spindle
receptors (because of no contact and no potential mechanism),
any changes to proprioception would occur because of changes
to articular receptors.

Other Determinants of Treatment Effect

Because viscosupplementation therapy fails to improve pro-
prioception, physical therapy remains the most effective method
to restore or maintain proprioception in a population with OA of
the knee. Traditional exercise programs have included range-of-
motion isometric quadriceps exercise (‘‘quad-setting”) and,
occasionally, aerobic workouts.!32122 Although aerobic pro-
grams have no effect on reducing joint pain or increasing
strength, flexibility, or function, they affect aerobic power,
walking time, depression, anxiety, and exercise time.?2 Quad-
setting and range-of-motion exercises can be performed in the
home, and they increase function, decrease pain, and improve
proprioception while incurring OA-related symptoms in only a
few cases.?? In the present study, the exercises were not
designed to improve proprioception but merely to aid percep-
tion of joint position through home-based stretching and
flexibility maneuvers.

The largest separation in AAE between the two groups
occurred after 3 weeks, although this increased difference in
AAE did not reach statistical significance. The increased
reproduction error in the hyaluronan group after 3 weeks may
be attributable to mechanical effects of increased fluid in the
joint, since a 3-week period would be too short to restore
degenerated proprioceptors. However, it was unlikely that

Arch Phys Med Rehabil Vol 81, May 2000
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injected hyaluronan was still be resident in the joint.! Little
evidence exists to either expect or refute that the mechanical
influence of increased fluid volume in the joint space would
have any effect on proprioception. In the present study it
appeared that neither the amount of fluid injected (2mL per
injection) nor the amount of swelling associated with OA had
any effect on proprioception.

Protocol Limitations

We saw four limitations to the present study: the selection of
sample size, subjects’ fatigue, closed versus open kinetic
testing, and the angle reproduction test versus a threshold
detection test. We used the convention of Marks and Quinney!®
that a minumum clinically detectable AAE was 1°. Whether this
1° of AAE is clinically important is beyond the scope or
intention of the present study. Indeed. if differences in AAE
were observed between treatments, it would be important to
investigate whether this is related to some other clinical
determinant of fall risk, pain, or function. Therapy aimed at
producing “‘favorable” changes in AAE could then be studied
in the context of improved proprioception measures in patients
with OA.

Fatigue increased AAE in knee reproduction tests.'#22 Some
effects due to fatigue were shown in the present study, but even
when data from fatigued conditions (ie, later joint angulations)
were removed from the analysis, we found no differences in
proprioception between hyaluronan and placebo injection groups
at any time point. Consideration was also given to potential
difficulties associated with certain angles being more difficult to
reproduce (especially those at extremes of range of motion).
Permutations of groups of angles with similar errors throughout
the articular range of motion (10° to 20°, 25° to 60°, 35° to 60°,
35° to 50°) also failed to introduce any information regarding
differences in proprioception between groups at any time. By
removing confounds due to fatigue and amount of knee bend, it
can safely be concluded that viscosupplementation had no
effect on our closed-kinetic clinical measure of proprioception.

We chose the closed-kinetic chain position to reproduce
normal, active, weight-bearing movements of the lower extrem-
ity encountered in daily activities, whereas numerous other
studies have utilized open-kinetic positions to isolate one
specific knee.*7-20.23 The closed-kinetic chain protocol is sensi-
tive to change,'® but the open-kinetic positioning may be more
sensitive to variations in proprioception. A study similar to the
present one using open-kinetic proprioception measurements
may detect more subtle changes in proprioception.

Of the two most common clinical proprioception measure-
ment techniques currently used, the angle reproduction test and
the threshold to detection test, we determined subjects’ proprio-
ception exclusively by means of the angle reproduction test.
Although thought to measure the same phenomenon, these two
tests may either involve different neural mechanisms or may
measure different aspects of proprioception.” Thus, it may be
erroneous to report that viscosupplementation has no effect on
proprioception before all aspects of proprioception potentially
affected by this therapy have been investigated.

CONCLUSIONS

The present study determined that viscosupplementation
therapy in mild to moderate OA of the knee using three weekly
injections of hyaluronan (2mL of 2% hyalgan) had no effect on
clinical measures of knee proprioception compared with pla-
cebo. Further studies involving the angle reproduction test in
the open-kinetic position or threshold to detection of motion
testing following hyaluronan therapy may more sensitively
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address the effects of viscosupplementation on proprioception.
Longitudinal study of repeated hyaluronan injection series
coupled with age-matched normal controls could determine if
multiple viscosupplementation treatments would attenuate pro-
prioceptive decline over time and may provide insight into the
causal relations between OA and proprioception.

Acknowledgment: The authors thank Ms. Charlene Bartha for
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