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The Influence of the Contralateral Knee Prior to Knee
Arthroplasty on Post-Arthroplasty Function: The

Multicenter Osteoarthritis Study
Jessica Maxwell, PT, DPT, OCS, Jingbo Niu, DSc, Jasvinder A. Singh, MBBS, MPH, Michael C. Nevitt, PhD, MPH,

Laura Frey Law, PT, PhD, and David Felson, MD, MPH

Investigation performed at Boston University, Boston, Massachusetts

Background: Some of the poor functional outcomes of knee arthroplasty may be due to pain in the contralateral,
unreplaced knee. We investigated the relationship between the preoperative pain status of the contralateral knee and the
risk of a poor postoperative functional outcome in patients who underwent knee arthroplasty.

Methods: We analyzed data on 271 patients in the Multicenter Osteoarthritis Study who had undergone knee arthro-
plasty since the time of enrollment. Eighty-six percent of these patients were white, 72% were female, and the mean age
was sixty-seven years. The severity of pain in the knee contralateral to the one that was replaced was measured before the
knee arthroplasty with use of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain scale,
with the scores being grouped into four categories (0, 1 to 4, 5 to 9, and 10 to 20). Poor post-arthroplasty function six
months or more after surgery was determined with use of the Patient Acceptable Symptom State (PASS) outcome tool and
a clinical performance measure of walking speed. We evaluated the relationship between contralateral pain severity and
the functional outcomes with use of Poisson regression.

Results: Seventy-two (27%) of 264 patients demonstrated poor post-arthroplasty function by failing to attain the
threshold PASS score, and seventy-six (30%) of 250 subjects had a slow walking speed. As the pre-arthroplasty pain in the
contralateral knee increased, there was a steady increase in the proportion with poor post-arthroplasty function (p <
0.0001 for PASS and p = 0.04 for slow walking speed). Compared with patients who had no pre-arthroplasty pain in the
contralateral knee, those in the highest category of contralateral pain severity had 4.1 times the risk (95% confidence interval,
1.5 to 11.5) of having poor self-reported post-arthroplasty function. Patients in whom both knees had been replaced at the time
of outcome collection were less likely to have poor self-reported function than those in whom only one knee had been replaced.

Conclusions: Preoperative pain in the contralateral knee is strongly associated with self-reported post-arthroplasty
functional outcome and may therefore be a useful indicator of prognosis or a potential target of perioperative intervention.

Level of Evidence: Prognostic Level II. See Instructions for Authors for a complete description of levels of evidence.

K
nee arthroplasty is a widely accepted surgical interven-
tion for the treatment of end-stage knee osteoarthritis,
with an increasing incidence1. Although most patients

have improvements in terms of pain and function following
knee arthroplasty2,3, a substantial number do not. Studies
generally have indicated that between 10% and 30% of pa-
tients continue to have functional limitations following knee

arthroplasty4,5. However, the risk factors for a lack of im-
provement are not fully understood.

As a large proportion of patients who undergo knee ar-
throplasty for the treatment of end-stage osteoarthritis have
concurrent osteoarthritis in the other knee6, the pre-arthroplasty
status of the contralateral knee may be related to a patient’s
function after knee arthroplasty. Studies of pre-arthroplasty
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predictors of post-arthroplasty function have not examined the
impact of contralateral knee symptoms, although a few recent
studies have demonstrated that post-arthroplasty factors in the
contralateral knee, such as strength7 and pain8, are associated
with post-arthroplasty function. As some of the effects of post-
arthroplasty contralateral knee symptoms on function may be
due to contralateral impairments that developed as a conse-
quence of surgery, increasing the demand on the contralateral
knee, it is important to study both the pre-arthroplasty status
and the post-arthroplasty status of the contralateral knee. This
may inform both pre-arthroplasty decision-making and prog-
nosis and also allow for an understanding of the effects of the
contralateral knee on post-arthroplasty function, aside from
those induced by the surgery itself.

The purposes of the present study were to determine the
prevalence of poor post-arthroplasty function among patients
managed with unilateral and/or bilateral knee arthroplasty and
to investigate the relationship between preoperative pain in the
contralateral knee, whether previously replaced or not, and the
postoperative functional status. We conducted our analyses on
participants in a large multicenter prospective study of patients
who had, or were at risk for, knee osteoarthritis; this prospective
study involves the collection of clinical and performance-based
data and has followed subjects for over five years.

Materials and Methods
Study Population

The Multicenter Osteoarthritis Study (MOST) is a prospective cohort study
of 3026 individuals with an age of fifty to seventy-nine years at the time of

enrollment who had, or were at risk for, knee osteoarthritis. Participants in the
MOST study were recruited with direct methods from Birmingham, Alabama,
and Iowa City, Iowa. Details on the study population have been published
elsewhere

9
. Individuals who had symptomatic osteoarthritis of the knee or who

were considered to be at high risk for the development of osteoarthritis (those
who were overweight or obese and those with knee pain, aching, or stiffness on
most of the previous thirty days; a history of knee injury that made it difficult to
walk for at least one week; or previous knee surgery) were included. The MOST
study excluded individuals with bilateral knee arthroplasty at the time of en-
rollment, a history of cancer other than non-melanoma skin cancer, several
rheumatological conditions (rheumatoid arthritis, psoriatic arthritis, anklyo-
sing spondylitis, and reactive arthritis), an inability to walk without the assis-
tance of a walker or another person, or plans to move out of the study area in
the next three years. We analyzed the subset of subjects who had at least one
knee arthroplasty between the time of enrollment and the sixty-month clinic
visit. Knee arthroplasties included primary unicompartmental or total joint
arthroplasties. We only included subjects who had had a clinic visit at least six
months after the knee arthroplasty in order to allow for recovery from surgery
prior to outcome collection. There were 271 subjects in the MOST study who
met our inclusion criteria (Fig. 1).

Assessment of Poor Function
Post-arthroplasty function was assessed at the thirty-month and sixty-month
follow-up visits with use of both a measure of clinical performance and a
modified self-reported measure.

Performance Measure
The clinical performance measure of walking speed was calculated from the time it
took the participants to walk 20 m at their usual pace. Speeds of <1 meter per second
(m/s) were considered to be definitive of poor function on the basis of previous
literature on the association of walking speed with morbidity and mortality

10,11
.

Self-Reported Measure
We used a recently described outcome measure, the Patient Acceptable Symptom
State (PASS), for the evaluation of function after knee arthroplasty

12
. The orig-

inal PASS score was calculated with use of the reverse option of the Western
Ontario and McMaster Universities Index-Physical Function subscale (WOMAC-
PF)

13
and was based on a 100-point scale; thus, we back-calculated to arrive at

our threshold PASS score for knee arthroplasty of <22 (of 68). The WOMAC-
PF is a seventeen-item patient-specific questionnaire with which each func-
tional activity is scored on an ordinal scale from 0 (no difficulty) to 4 (severe
difficulty), with a maximum score of 68 indicating the most functional
impairment.

Assessment of Knee Arthroplasty Status
Unicompartmental or total joint arthroplasties that were self-reported at clinic
visits at baseline, thirty months, or sixty months or by telephone fifteen months
after baseline were included in the present study. More than 95% of the ar-
throplasties were confirmed on the basis of medical records and/or knee ra-
diographs that were made after surgery. Only knee arthroplasties that occurred
after enrollment in the study cohort were included.

Contralateral Knee Pain at Baseline
Knee pain in the contralateral knee was measured with the WOMAC pain
scale

13
at baseline. The WOMAC pain scale consists of five functional tasks

for which the subject reports pain on a 0 to 4-point Likert scale: (1)
walking, (2) going up and down stairs, (3) being in bed, (4) sitting or lying,
and (5) standing. The scores for all tasks are added, for a total score ranging
from 0 to 20 (with a score of 20 indicating maximum pain). We grouped the
contralateral WOMAC pain level into four categories: 0, 1 to 4, 5 to 9,
and ‡10.

Statistical Methods
For all analyses, we classified each participant as having unilateral or bilateral
knee arthroplasty. Any participant who had only one knee replaced since
baseline was classified as having unilateral knee arthroplasty. Participants with a
knee arthroplasty in both knees during the follow-up period (concurrent or
not) were classified as having bilateral knee arthroplasty.

Descriptive Analyses
When determining post-arthroplasty function, we used data from the first post-
arthroplasty visit that had occurred at least six months following knee ar-
throplasty to allow for adequate surgical recovery. We analyzed the available
data for the overall group, the unilateral arthroplasty group, and the bilateral

Fig. 1

Flow chart showing the study sample origination.
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arthroplasty group to determine (1) the percentage of subjects in each group
who did not attain the threshold PASS score and (2) the percentage of subjects
in each group who had slow walking speed. For those with bilateral knee
arthroplasty, the functional status following the second knee arthroplasty was
used. Differences between the unilateral and bilateral arthroplasty groups
with respect to the proportion of subjects with poor function were evaluated
with use of the Cochran-Mantel-Haenszel test. In the unilateral knee ar-
throplasty group, we tested for linear trend for the association of the pre-
arthroplasty contralateral knee pain category with both definitions of poor
function.

Multivariable Analysis
We performed multivariable analyses of the association between pre-
arthroplasty contralateral knee pain and post-arthroplasty function for the 185
unilateral knee arthroplasties that were done after the baseline assessment. We
estimated risk ratios and 95% confidence intervals for the effect of pre-
arthroplasty contralateral knee pain on post-arthroplasty function with use of
Poisson regression. We adjusted for the age at the time of knee arthroplasty, sex,
race, educational attainment, depressive symptoms, pre-arthroplasty body
mass index (BMI), a modified Charlson comorbidity index

14
, the presence of

pain in the back and other joints (indicated on a body pain map), and the time
from knee arthroplasty to outcome assessment in all longitudinal analyses. The
reference group in both analyses was that with a WOMAC pain score of 0 (of
20) in the contralateral knee.

The MOST study protocol was approved by the institutional review
boards at the University of Iowa; University of Alabama, Birmingham; Uni-
versity of California, San Francisco; and Boston University Medical Center.
Statistical analyses were completed with use of SAS software (version 9.1; SAS,
Cary, North Carolina).

Source of Funding
The MOST study is supported by National Institutes of Health (NIH) and
National Institute on Aging (NIA) grants U01 AG18820, U01 AG18832, U01
AG18947, U01AG19069 and provided the recruitment and data collection for
the subjects used in this analysis.

Results

Basic demographic and clinical data on the study sample are
provided in Table I. The mean time (and standard devia-

tion) between knee arthroplasty and all outcome assessments
was 22 ± 11.5 months. One hundred and eighty-five subjects
(68%) had unilateral knee arthroplasty, and eighty-six (32%)
had bilateral knee arthroplasty. Of the patients who had bi-
lateral knee arthroplasty, 27% had concurrent knee arthro-
plasty whereas the remainder had both knees replaced at
different times during follow-up (staged knee arthroplasties).
The contralateral knee for the subjects who had unilateral ar-
throplasty had a pre-arthroplasty mean WOMAC pain score of
4.2 ± 4.1 (of 20) and a median Kellgren-Lawrence score of 2
(with 25% having a score of ‡3 and 25% having a score of £1
[no radiographic evidence of osteoarthritis]).

Proportion of Subjects with Poor Postoperative Function
The proportions of subjects with poor WOMAC function and
slow walking speed according to the number of knees replaced
are displayed in Table II. Subjects with bilateral knee arthro-
plasty were less likely to have poor function, defined as not
attaining the threshold PASS score, than those with only one
knee replaced (p = 0.0003); however, there was no difference in
the likelihood of having slow walking speed (p = 0.36).

Effect of Preoperative Pain in the Contralateral Knee on Poor
Function
Data on pre-arthroplasty pain in the native contralateral knee were
available for the 185 knees that underwent unilateral knee re-
placement; of these, 179 had PASS data and 181 had walking speed
data. Sixty-one (34%) of 179 knees had poor post-arthroplasty
function as determined with the modified PASS score, and fifty-
eight (32%) of the 181 knees had poor post-arthroplasty function
as demonstrated by a slow walking speed. As the pre-arthroplasty
pain in the contralateral knee increased, there was a steady increase
in the proportion with poor post-arthroplasty function (p value for
trend, <0.0001 for PASS and 0.04 for walking speed) among those
with unilateral knee arthroplasty (Fig. 2).

Multivariable Analysis
Table III presents the results of the multivariable analysis for the
associations between pre-arthroplasty pain in the contralateral

TABLE I Demographic and Clinical Characteristics
of Study Sample

Female (%) 72.1

White (%) 86.3

Age at time of knee arthroplasty* (yr) 67 ± 7.5

Baseline hip pain (%)

Pain in one hip 16
Pain in two hips 18

Baseline lower limb/back pain† (%) 64

Pre-arthroplasty findings*
Kellgren-Lawrence grade (osteoarthritis
severity) in contralateral knee‡

2.0 ± 1.4

Walk time (s) 19.7 ± 4.5
WOMAC physical function score (points) 27.1 ± 11.1
Contralateral WOMAC pain score (points) 4.2 ± 4.1
Contralateral flexion contracture (deg) 9.6

Post-arthroplasty ipsilateral WOMAC pain
score (points)

3.6 ± 3.7

*The values are given as the mean, with or without the standard
deviation. †Pain present in at least one hip, ankle, or foot or in the
upper, middle, or lower part of back. ‡Possible range, 0 to 4.

TABLE II Proportions with Poor Post-Arthroplasty Function
According to Number of Knees Replaced

Did Not Attain Threshold
PASS Score

Slow Walking
Speed

Total 27% (72 of 264*) 30% (76 of 250*)

Unilateral 34% (61 of 179) 32% (58 of 181)

Bilateral 13% (11 of 85) 26% (18 of 69)

*The n values are different because of differences in the number
of knees with available data for each outcome.

991

TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 95-A d NU M B E R 11 d J U N E 5, 2013
TH E IN F LU E N C E O F T H E CO N T R A L AT E R A L KN E E PR I O R T O K N E E

AR T H R O P L A S T Y O N PO S T-AR T H R O P L A S T Y F U N C T I O N



knee and post-arthroplasty function and walking speed. For
the highest pain severity category (present in 13% [twenty-
four] of 185 subjects), the relative risk of not attaining the
threshold PASS score was four times that for those with no
contralateral knee pain (RR [risk ratio], 4.1; 95% confidence
interval [CI], 1.5 to 11.5). There was no significant multi-
variate association between the category of pre-arthroplasty
pain in the contralateral knee and slow walking speed (RR,
1.9; 95% CI, 0.6 to 5.9). After further adjusting for the
presence of back or other lower extremity joint pain (ex-
cluding knees), the risk ratio of not attaining the threshold
PASS score was 3.2 (95% CI, 1.2 to 8.4).

Discussion

We found that moderate to severe pre-arthroplasty con-
tralateral knee pain was associated with an increased

likelihood of poor post-arthroplasty self-reported function,
specifically, not attaining the threshold PASS score for function.
In addition, subjects in our sample with unilateral knee ar-
throplasty had a higher likelihood of poor post-arthroplasty
functional outcomes compared with those with bilateral knee
arthroplasty. The overall proportion of subjects in our sample
with poor function is consistent with other recent estimates4,5.
However, our multivariate analyses demonstrated that these
deficiencies in function may be due to the presence of moderate
to severe pre-arthroplasty pain in the contralateral, native knee.
In our subjects, we found associations between increasing levels
of pre-arthroplasty contralateral knee pain and an increased
prevalence of poor post-arthroplasty self-reported function
and slow walking speed.

We know of no other study to date that has investigated
the effects of pre-arthroplasty contralateral knee pain on self-
reported and clinical performance measures of function fol-
lowing knee arthroplasty. One recent study7 assessed the effect
of contralateral knee pain on post-arthroplasty function; how-
ever, the contralateral pain was assessed after surgery, and the
sample was limited to subjects with a pre-arthroplasty con-
tralateral pain score of <4 of 10. Instead, our study shows that
moderate to severe contralateral pain also may be a factor
leading to poor post-arthroplasty function. In addition, fo-
cusing on pre-arthroplasty contralateral pain as opposed to
post-arthroplasty pain allowed us to exclude the potential in-
fluence of the knee arthroplasty itself on pain in the contra-
lateral knee.

Many studies have considered demographic and clinical
pre-arthroplasty predictors of post-arthroplasty function but
have not included factors pertaining to the contralateral knee15-17.
Factors pertaining to the ipsilateral knee presumably will be
eradicated or improved following surgery. Conversely, the
status of the contralateral knee may not be immediately im-
proved by surgery or may in fact be worsened initially with
increased load during surgical recovery. Studying the status of
the contralateral knee prior to knee arthroplasty, rather than
after knee arthroplasty, permitted us to focus on the symptoms
in the contralateral knee independent of its vulnerability to
loading after knee arthroplasty. The clinical data suggest that
the contralateral knee pain may be due to the early osteoar-
thritic changes occurring in these knees. This also may be
potentially informative for pre-arthroplasty intervention and
prognostication.

The present study had limitations. There may be inherent
affective or physical differences in patients who choose to have
a second knee replaced18 (for example, such patients may be
more likely to choose a second knee arthroplasty because their
first one was successful), and this factor may have influenced
our finding that subjects with bilateral knee arthroplasty had
better self-reported functional results. Because of these po-
tential biases, our findings cannot provide support for the ef-
fectiveness of bilateral as compared with unilateral arthroplasty

Fig. 2

Bar graph showing the proportion of subjects with poor post-arthroplasty

function according to pre-arthroplasty contralateral knee pain. The y axis

shows the proportion (percentage) with poor function, and the x axis shows

the pre-arthroplasty contralateral knee pain category. The black bars in-

dicate the proportion that did not achieve the threshold PASS score (p value

for trend,<0.0001), and the stripedbars indicate the proportionwith a slow

walking speed (p value for trend, 0.04).

TABLE III Association of Pre-Arthroplasty Contralateral Knee Pain
with Poor Post-Arthroplasty Function*

Pre-Arthroplasty
Contralateral
Pain Score†

Not Attaining
Threshold

PASS Score‡

Slow
Walking
Speed‡

0 Reference Reference

1 to 4 1.8 (0.7 to 4.2) 1.3 (0.5 to 2.9)

5 to 9 2.1 (0.8 to 5.1) 1.3 (0.6 to 3.0)

101 4.1 (1.5 to 11.5) 1.9 (0.6 to 5.9)

*Adjusted for sex, body mass index, age at the time of knee ar-
throplasty, educational attainment, race, depressive symptoms,
number of comorbidities, and time before or after knee replace-
ment. †Maximum score = 20. ‡The values are given as the risk
ratio, with the 95% CI in parentheses.
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with regard to functional outcomes. In addition, we acknowl-
edge that pre-arthroplasty function is a strong predictor of
post-arthroplasty function19; however, we believe that function
is on the causal pathway between pre-arthroplasty pain in the
contralateral knee and post-arthroplasty function and there-
fore should not be included in the model. A high proportion
(64%) of our subjects reported baseline pain in the spine or
lower extremity joints other than the knee, suggesting that
other problems may have limited function in our study sample.
However, even after adjusting for the presence of these other
musculoskeletal problems, the effect of pain in the contralateral
knee remains a critical contributor to function. Finally, Escobar
et al. found that PASS scores based on tertiles of baseline
function did not vary significantly, leading them to conclude
that the score ‘‘can be considered independent of baseline
scores.’’12

In summary, our study showed that preoperative pain in
the contralateral knee is strongly associated with self-reported
post-arthroplasty functional outcome. While the subjects who
had bilateral knee arthroplasty in our analyses were less likely to
have poor post-arthroplasty function, regardless of pain in the
native or previously replaced contralateral knee, as compared
with those who had unilateral knee arthroplasty, our results do
not necessarily support a preference for bilateral over unilateral
knee arthroplasty. Future studies on intervention aimed at the
contralateral knee to optimize outcomes are needed. n

NOTE:The authors would like to thank Drs. Tuhina Neogi, Peter Grayson, and Devyani Misra for their
valuable feedback in the development of this manuscript.
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