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Abstract
While knee pain severity is thought to greatly impact function, the additional contribution of pain in
one versus two knees is not known. We examined the relation between unilateral versus bilateral
pain with low physical functioning at baseline and at 30 months while accounting for knee pain
severity.

The Multicenter Osteoarthritis Study (MOST) is a cohort study of people who have or are at high
risk for knee OA. We defined low physical function as WOMAC PF scores ≥28/68, consistent with
poor functional outcome. Incidence and improvement from low physical function were defined as
scores that declined below and improved above this threshold at 30 months. We examined the
association between pain in one or two knees with low physical function with risk ratios adjusting
for known confounders.

Of the 2069 subjects (Age 63 ± 8 yrs, BMI 31 ± 6 kg/m2, female 63%), the prevalence of low physical
functioning was 50% lower among persons with unilateral pain compared with those with bilateral
pain [adj PR 0.5 (95% CI 0.4-0.7)]. Of those without low physical functioning at baseline, the risk
of incidence at 30 months was 30% less for unilateral pain compared with bilateral pain [adj RR 0.7
(95% CI 0.5-1.0)]. Of those with low physical functioning at baseline, the risk of improvement was
1.7 times more likely for unilateral pain compared with bilateral pain [adj RR 1.7 (95%CI 1.3-2.2)].

The presence of pain in one versus two knees provides important information regarding present and
future physical functioning.

Introduction
Knee osteoarthritis (OA) is the most common type of arthritis and is the leading cause of
difficulty with physical functioning compared with any other chronic disease1, 2. An estimated
7 million people or 2.8% of the US population have difficulty with physical functioning
attributable to arthritis, and this is expected to increase to 11.6 million or 3.6% by the year
20203, resulting in a tremendous public health burden. Knee OA causes knee pain4, which is
thought to be a leading cause of difficulty with physical functioning, such as limitations with
walking and getting up from a chair5-7.
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Clinically, the severity of knee pain is thought to be one of the strongest factors influencing
limitations in physical function, with little attention paid to whether one knee versus two knees
have pain. For instance, high pain severity can limit the ability to walk or climb stairs regardless
if pain is in one or both knees. As a consequence, physical therapists and other clinicians
commonly focus on and treat the more painful of the two knees with the expectation that
improvement in physical function will follow. However, future functional ability is also likely
influenced by whether or not pain is in one or two knees. For instance, those with one painful
knee can compensate to successfully complete functional tasks, such as walking with an
assistive device, or climbing stairs one step at a time. Hence, these persons may be more likely
to have better physical function outcomes in the future compared with those with pain in both
knees.

Researchers have assumed pain severity plays a more dominant role in physical function than
whether pain is in one or both knees, as demonstrated in the methods investigators typically
employ to examine the relation of knee-specific pain with person-specific physical function
measures. These methods include using the worse knee as a reference for pain, termed the
‘index knee’ and ignoring the other less or non-painful knee8-10, or utilizing questionnaires
which do not differentiate between pain in one or both knees11-15. The assumption with these
methods is that information on the more painful knee or pain severity alone is sufficient to
understand the pain-function relationship.

Previous literature supports the notion that persons with two painful knees are more likely to
have difficulty with physical function compared with those with one painful knee16, 17.
However, it is noteworthy that these studies were conducted cross-sectionally in the general
population and not one that was specific to persons with knee OA. Furthermore, these studies
did not account for knee pain severity nor examined how such pain at baseline may influence
function longitudinally.

Thus, we believe a study of the association of pain in one or both knees with physical function
at baseline and longitudinally while accounting for knee pain severity among persons with
knee OA is needed and pertinent to both clinicians and researchers. We are particularly
interested in a state of significant limitation within a broad range of daily activities, which we
term low physical function and measure with a self-report questionnaire, the Western Ontario
McMaster Universities Osteoarthritis Index (WOMAC) physical function scale, examining 17
different activities18. The specific purpose of our study is to examine whether persons with
unilateral knee pain at baseline have a similar risk of low physical function at baseline and at
30 months compared with those with bilateral knee pain, independent of knee pain severity.

Patients and Methods
Study Sample

A detailed description of recruitment and sampling for MOST has been published
elsewhere19. In brief, we used data from the Multicenter Osteoarthritis (MOST) study, a large
multicenter prospective cohort study of 3026 community-dwelling persons who had or who
were at high risk of developing symptomatic knee osteoarthritis (OA) at baseline. Participants
were defined as being at risk of developing knee OA based on known risk factors, including
older age, female gender, previous knee injury or operation, and high body weight. Subjects
aged 50 to 79 years were recruited from Birmingham, Alabama and Iowa City, Iowa. Baseline
assessments took place between May 2003 and March 2005, and follow-up assessments 30
months later. The MOST study protocol was approved by the institutional review boards at the
University of Iowa, University of California, San Francisco, University of Alabama at
Birmingham, and Boston University Medical Center.
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For the present study, our sample consisted of persons who had at least one knee with a minimal
degree of knee pain, defined as a baseline pain score on the visual analogue scale (VAS) of at
least a 10 (with 0 -100 as endpoints where 0 is no pain). We did not use the WOMAC pain
score to define painful knees due to its high correlation with the outcome, WOMAC physical
function20. We anticipated that subjects undergoing a new knee or hip replacement would likely
improve in function; hence we excluded these persons from analyses. Persons with existing
joint replacements at baseline were included in analyses.

Study Variables
Exposure variable—We categorized all eligible subjects as having unilateral or bilateral
knee pain. Persons with one knee with a VAS of at least 10 or greater were classified as having
unilateral pain, while those with two knees with a VAS of at least 10 or greater were classified
as having bilateral pain.

Outcome variable—We defined low physical functioning as scores of at least 28/68 and
greater on the WOMAC physical function scale18, which is consistent with a previous
definition of poor functional outcome for persons with knee OA8, and within a range of scores
reported for persons awaiting total knee replacement21. Persons reaching a score of 28/68 report
having at least slight to moderate difficulty in all 17 tasks from the WOMAC physical function
scale, or severe to extreme difficulty in 7 to 9 tasks.

Statistical Analysis
At baseline, subjects with scores of at least 28/68 were classified as having prevalent low
physical functioning. Persons without low physical functioning at baseline who declined below
this threshold at 30 months were classified as having incident low physical functioning, while
persons with low physical functioning at baseline who improved above these thresholds at 30
months were classified as having improvement from low physical functioning.

We examined the relationship of pain in one versus two knees with the presence of low physical
function at baseline (prevalence), and the occurrence of new low physical function (incidence)
and improvement from initially having had low physical function at 30 months (improvement).
Given the strong association between knee pain severity and physical function22, 23, we first
performed analyses stratified by knee pain severity, followed by combining all subjects’ data.
Subjects with a VAS range of 10-39/100 were divided into a mild knee pain group, and those
with a VAS range of ≥40/100 into a moderate/severe pain group. Those with two painful knees
were categorized according to the more painful knee. In addition, we adjusted for knee pain
severity as a continuous variable (VAS) to account for differences in pain within pain severity
strata. For persons with bilateral pain, we used data from the knee with more pain. We assessed
the relation of one versus two painful knees with each outcome by computing prevalence and
risk ratios using regression methods with a log-link function and robust standard errors24. All
analyses were adjusted for the following potential confounders based on existing evidence
linking them to function6, 8, 19, 25-27: age, sex (male/female), race (Caucasian, other), BMI
risk of significant depressive symptomatology (CES-D ≥16, yes/no)28, low back, hip, or foot
pain presence (yes/no), comorbidities measured with the Charlson comorbidity index29 (none,
≥1), and knee pain severity (VAS).

Results
Of the 3026 subjects from the MOST study, 941 had VAS pain less than 10/100 in both knees
and 16 were missing WOMAC physical function, leaving 2069 for baseline analyses. Subject
characteristics are listed in Table 1. The mean age and BMI of subjects was 62.6 years, and
31.1 kg/m2, respectively. A majority of subjects were female (63%), Caucasian (83%), and did
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not have any comorbidities (63%). At 30 months, 262 had missing data or did not complete
the follow up visit, leaving 1807 for the 30-month analyses. Those missing (n=262) were older
(63.1 vs 62.5 years [missing vs returning]), had a higher BMI (32.5 vs 31.1), and were less
likely to be Caucasian (69% vs 83%), have depressive symptoms (28% vs 16%), and have
more than one comorbidity (45% vs 37%) compared with persons returning at 30 months.
There was no difference in the distribution of sex, nor in the presence of pain at the low back,
hip, or foot.

At baseline, 545 (25%) of participants had low physical functioning. Among those with mild
pain, persons with pain in one knee were 70% less likely to have low physical function
compared with those with pain in both knees [adjusted prevalence ratio (adj PR) 0.3 (95% CI
0.1-0.5)]. Among those with moderate/severe pain, a similar number of persons with pain in
one and two knees had low physical function present [adj PR 0.9 (95% CI 0.8-1.1)]. Among
all persons (mild and moderate/severe pain), those with unilateral pain were 50% less likely
to have low physical functioning than those with bilateral pain [adj PR 0.5 (95% CI 0.3-0.7)].
See Table 2.

At 30 months, 176 (13%) of 1380 participants developed low physical functioning. Persons
with mild pain in one knee were 30% less likely to have incident low physical function at 30
months compared with those with pain in both knees [adjusted risk ratio (adj RR) 0.7 (95% CI
0.5-1.0)]. We found a similar effect for persons with moderate/severe pain, though this effect
was not statistically significant [adj RR 0.7 (95% CI 0.4-1.2)]. Among all persons, those with
unilateral pain were 30% less likely to develop low physical functioning [adj RR 0.7 (95% CI
0.5-1.0)]. See Table 3.

By 30 months 175 (41%) of 427 persons improved and no longer had low physical functioning.
For persons with mild and moderate/severe pain at baseline, those with pain in one knee were
1.8 and 1.6 times, respectively, more likely to no longer have low physical function at 30
months, compared with those with pain in both knees [adj RR 2.0 (95% CI 1.2-3.0) and 1.6
(95% CI 1.3-2.0)]. Among all persons, those with unilateral pain were 1.7 times more likely
to no longer have low physical functioning compared with those with bilateral pain [adj RR
1.7 (95% CI 1.3-2.2)] See Table 4.

Discussion
We found the presence of low physical function at baseline and at follow-up to be different
among persons with pain in one versus two knees, after adjusting for knee pain severity.
Specifically, at baseline persons with pain in one knee were less likely to have low physical
functioning compared with persons with two painful knees. At follow-up, persons with pain
in one knee were less likely to have low physical function and were more likely to improve
from low physical functioning compared with those who had pain in both knees, after
accounting for pain severity and other potential confounders. These results suggest that the
likelihood for change in functioning is not solely based on pain severity of the worst knee, but
also whether pain involvement is in one or both knees.

Is it clinically plausible that persons with unilateral pain have a better functional outlook
compared with those with bilateral pain? One possible reason why this may occur is that persons
with unilateral pain can compensate with the non-painful lower limb during functional
activities. Furthermore, persons with unilateral pain could use an assistive device, such as a
cane, to minimize pain during functional activities, which would not be as effective in reducing
pain for those with bilateral pain. These points may aid the ability to avoid poor functional
outcomes over time in persons with one versus two painful knees.
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The relation of knee pain with physical function is complex. Our findings confirm that pain
location (one versus two knees) is an important factor to consider. However pain location is
not sufficient to fully understand why persons with knee pain may functionally decline or
improve. In particular, previous literature has highlighted pain severity playing a substantial
role in changes in physical functioning22, 23. We found this to be consistent in our study with
more decline and less improvement in physical function for persons with moderate/severe knee
pain compared with those with mild knee pain. These findings support the notion that severity
of knee pain is an important determinant of function8, 14, and underscores the need to account
for pain severity when examining the relationship between unilateral versus bilateral pain with
physical functioning.

There are some limitations to our study. First, we examined pain only measured at baseline.
Thus, it remains unclear how changes in unilateral versus bilateral pain over time co-vary with
changes in function. Nonetheless, we found baseline pain to be associated with physical
function two and a half years later, which suggests that a single time-point assessment does
have value. Second, we estimated a reasonable definition for low physical function given that
no cutoff has been established in the literature. We performed a sensitivity analysis using
cutoffs of low physical functioning ranging from 25 to 34/68 for WOMAC physical function
and found similar results. As mentioned previously, our cut-off was consistent with previously
published literature, and represents moderate to severe difficulties across multiple activities.
Third, we assessed physical function using only one instrument, WOMAC physical function.
Performance measures can also be employed to measure function. However, our purpose was
to evaluate a broad range of functional tasks, which is better accomplished using self-report of
a variety of tasks rather than a performance measure of one particular task. Lastly, our cohort
included both persons with and without knee OA. We repeated our analyses including only
those with radiographic knee OA and found similar results.

In summary, we find it noteworthy that the location of pain in one versus two knees at baseline
was relevant for changes in function 30 months later. Our findings support the notion that
clinicians focus on therapy directed at both knees, not just the more painful knee. From a
research perspective, it may not be sufficient enough to employ an index or reference knee
approach when examining the relationship between knee-specific and person-specific
outcomes. Rather, the presence of unilateral versus bilateral pain should be noted in addition
to pain severity to improve the ability to evaluate pain-function relationships. This especially
may be pertinent when studying physical functioning longitudinally.

Acknowledgments
Supported by NIH U01 AG18820, U01 AG 18832, U01 AG 18947, U01 AG 19069, AR007598, ARHP New
Investigator Award, NIH AR47885, NIAMS K23AR055127, Arthritis Foundation New Investigator Award, ACR/
REF Junior Career Development Award in Geriatrics (T Franklin Williams Scholar Award)

References
1. Guccione AA, Felson DT, Anderson JJ, et al. The effects of specific medical conditions on the

functional limitations of elders in the Framingham Study. Am J Public Health 1994;84:351–8.
[PubMed: 8129049]

2. Felson DT, Lawrence RC, Dieppe PA, et al. Osteoarthritis: new insights. Part 1: the disease and its
risk factors. Ann Intern Med 2000;133:635–46. [PubMed: 11033593]

3. Lawrence RC, Helmick CG, Arnett FC, et al. Estimates of the prevalence of arthritis and selected
musculoskeletal disorders in the United States. Arthritis Rheum 1998;41:778–99. [PubMed: 9588729]

4. Neogi T, Felson DT, Niu J, et al. Association between radiographic features of knee osteoarthritis and
pain: results from two cohort studies. BMJ. 2009

White et al. Page 5

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



5. McAlindon TE, Cooper C, Kirwan JR, Dieppe PA. Determinants of disability in osteoarthritis of the
knee. Ann Rheum Dis 1993;52:258–62. [PubMed: 8484690]

6. Jordan J, Luta G, Renner J, Dragomir A, Hochberg M, Fryer J. Knee pain and knee osteoarthritis
severity in self-reported task specific disability: the Johnston County Osteoarthritis Project. J
Rheumatol 1997;24:1344–9. [PubMed: 9228135]

7. Jinks C, Jordan K, Croft P. Osteoarthritis as a public health problem: the impact of developing knee
pain on physical function in adults living in the community: (KNEST 3). Rheumatology (Oxford)
2007;46:877–81. [PubMed: 17308312]

8. Sharma L, Cahue S, Song J, Hayes K, Pai YC, Dunlop D. Physical functioning over three years in knee
osteoarthritis: role of psychosocial, local mechanical, and neuromuscular factors. Arthritis Rheum
2003;48:3359–70. [PubMed: 14673987]

9. Dieppe P, Cushnaghan J, Tucker M, Browning S, Shepstone L. The Bristol ‘OA500 study’: progression
and impact of the disease after 8 years. Osteoarthritis Cartilage 2000;8:63–8. [PubMed: 10772234]

10. Dieppe PA, Cushnaghan J, Shepstone L. The Bristol ‘OA500’ study: progression of osteoarthritis
(OA) over 3 years and the relationship between clinical and radiographic changes at the knee joint.
Osteoarthritis Cartilage 1997;5:87–97. [PubMed: 9135820]

11. Williams DA, Farrell MJ, Cunningham J, et al. Knee pain and radiographic osteoarthritis interact in
the prediction of levels of self-reported disability. Arthritis Rheum 2004;51:558–61. [PubMed:
15334427]

12. O’Reilly SC, Muir KR, Doherty M. Effectiveness of home exercise on pain and disability from
osteoarthritis of the knee: a randomised controlled trial. Ann Rheum Dis 1999;58:15–9. [PubMed:
10343535]

13. Lamb SE, Guralnik JM, Buchner DM, et al. Factors that modify the association between knee pain
and mobility limitation in older women: the Women’s Health and Aging Study. Ann Rheum Dis
2000;59:331–7. [PubMed: 10784513]

14. Miller ME, Rejeski WJ, Messier SP, Loeser RF. Modifiers of change in physical functioning in older
adults with knee pain: the Observational Arthritis Study in Seniors (OASIS). Arthritis Rheum
2001;45:331–9. [PubMed: 11501720]

15. Ling SM, Xue QL, Simonsick EM, et al. Transitions to mobility difficulty associated with lower
extremity osteoarthritis in high functioning older women: longitudinal data from the Women’s Health
and Aging Study II. Arthritis Rheum 2006;55:256–63. [PubMed: 16583416]

16. Keenan AM, Tennant A, Fear J, Emery P, Conaghan PG. Impact of multiple joint problems on daily
living tasks in people in the community over age fifty-five. Arthritis Rheum 2006;55:757–64.
[PubMed: 17013823]

17. Jinks C, Jordan K, Croft P. Measuring the population impact of knee pain and disability with the
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). Pain 2002;100:55–64.
[PubMed: 12435459]

18. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of WOMAC: a
health status instrument for measuring clinically important patient relevant outcomes to antirheumatic
drug therapy in patients with osteoarthritis of the hip or knee. J Rheumatol 1988;15:1833–40.
[PubMed: 3068365]

19. Felson DT, Niu J, Guermazi A, et al. Correlation of the development of knee pain with enlarging
bone marrow lesions on magnetic resonance imaging. Arthritis Rheum 2007;56:2986–92. [PubMed:
17763427]

20. Terwee CB, van der Slikke RM, van Lummel RC, Benink RJ, Meijers WG, de Vet HC. Self-reported
physical functioning was more influenced by pain than performance-based physical functioning in
knee-osteoarthritis patients. J Clin Epidemiol 2006;59:724–31. [PubMed: 16765276]

21. McHugh GA, Luker KA, Campbell M, Kay PR, Silman AJ. Pain, physical functioning and quality
of life of individuals awaiting total joint replacement: a longitudinal study. J Eval Clin Pract
2008;14:19–26. [PubMed: 18211639]

22. Mallen CD, Peat G, Thomas E, Lacey R, Croft P. Predicting poor functional outcome in community-
dwelling older adults with knee pain: prognostic value of generic indicators. Ann Rheum Dis
2007;66:1456–61. [PubMed: 17456527]

White et al. Page 6

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



23. Thomas E, Peat G, Mallen C, et al. Predicting the course of functional limitation among older adults
with knee pain: do local signs, symptoms and radiographs add anything to general indicators? Ann
Rheum Dis. 2008

24. Zou G. A modified poisson regression approach to prospective studies with binary data. Am J
Epidemiol 2004;159:702–6. [PubMed: 15033648]

25. Guccione AA, Felson DT, Anderson JJ. Defining arthritis and measuring functional status in elders:
methodological issues in the study of disease and physical disability. Am J Public Health
1990;80:945–9. [PubMed: 2368855]

26. Eyler AA, Brownson RC, Bacak SJ, Housemann RA. The epidemiology of walking for physical
activity in the United States. Med Sci Sports Exerc 2003;35:1529–36. [PubMed: 12972873]

27. Penninx BW, Guralnik JM, Ferrucci L, Simonsick EM, Deeg DJ, Wallace RB. Depressive symptoms
and physical decline in community-dwelling older persons. Jama 1998;279:1720–6. [PubMed:
9624025]

28. Radloff L. The CES-D Scale: A Self-Report Depression Scale for Research in the General Population.
Applied Psychological Measurement 1977;1:385–401.

29. Katz JN, Chang LC, Sangha O, Fossel AH, Bates DW. Can comorbidity be measured by questionnaire
rather than medical record review? Med Care 1996;34:73–84. [PubMed: 8551813]

White et al. Page 7

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

White et al. Page 8

Table 1

Summary baseline characteristics of the study sample

All subjects
N=2069

Unilateral
N=760

Bilateral
N= 1309

Age in years [Mean (sd)] 62.6 (8.2) 62.4 (8.0) 62.8 (8.2)

Female [n (%)] 1306 (63) 425 (56) 881 (67)

Caucasian [n (%)] 1676 (81) 654 (86) 1022 (78)

BMI* [kg/m] [Mean (sd)] 31.2 (6.3) 30.3 (5.9) 31.8 (6.5)

CES-D† ≥16 [n (%)] 348 (17) 810(11) 268 (21)

Low back, hip, or foot pain [n (%)] 1714 (83) 586 (77) 1128 (86)

No Comorbidity [n (%)] 1290 (62) 498 (66) 792 (61)

ROA at the knee [n (%)] 1279 (65) 442 (62) 837 (67)

*
BMI = Body Mass Index

†
CES-D= Center for Epidemiologic Studies Depression Scale
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