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Abstract

Purpose—to determine if asymmetry between hips in pain or radiographic osteoarthritis
(RHOA) is associated with worse pain and joint space narrowing (JSN) at baseline and
longitudinally in knees contralateral to more affected hips.

Methods—We studied 279 participants in the Osteoarthritis Initiative with baseline asymmetry
between hips in pain and 483 with asymmetry in RHOA none of whom had a hip replacement for
>4 years after baseline. RHOA assessed from pelvis radiographs was categorized as none, possible
or definite and hip pain on most days of a month in the past year as present/absent. Knee pain
(WOMAC scale) and JSN (fixed flexion radiographs) were categorized as none, mild and
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moderate-severe. We compared knees contralateral and ipsilateral to more affected hips on
baseline knee pain and JSN using clustered multinomial regression and on change in knee pain
and JSN over 4-5 years using generalized linear and logistic estimating equations.

Results—Knees contralateral to painful hips had less baseline pain (“moderate-severe” vs.
“none”, relative risk ratio [RRR]: 0.39, 95% CI = 0.27-0.57), but greater baseline JSN
(“moderate-severe” vs. “none”, RRR: 1.62, 95% CI = 1.09-2.38) and greater worsening of pain
during follow-up (p = 0.001). Knees contralateral to hips with worse RHOA had nonsignificant
trends for greater baseline JSN (p = 0.10) and JSN progression (p = 0.17).

Conclusion—These findings provide limited support for the hypothesis that early asymmetry in
hip pain and RHOA is associated with worse pain and structural outcomes in knees contralateral to
the more affected hip.

Introduction

Osteoarthritis (OA) is a common and debilitating disease, and the most frequent reason for
hip and knee replacement.[1] While OA in the hip and knee often occur together,[2, 3] few
studies have investigated how disease in one lower extremity joint affects OA in other lower
extremity joints.[3, 4] Lower extremity biomechanical abnormalities are risk factors for OA
in both the hip and knee.[5-8] It is possible that OA or pain in either joint can alter the hip-
knee-ankle kinetic chain in a way that influences the risk of both symptoms and structural
changes in the other lower extremity joints.[9-17]

Individuals undergoing total hip replacement (THR) for advanced hip OA have an increased
risk of subsequent total knee replacement (TKR) in the knee contralateral to the replaced
hip,[18] which may result from asymmetric movement adaptations that increase mechanical
loading in the contralateral knee both before and after a unilateral THR.[13, 19] We recently
reported that a prevalent unilateral THR is associated with greater severity and increased
progression of knee symptoms and structural damage assessed by MRI in the knee
contralateral to the replaced hip[20]. Thus unilateral advanced hip OA requiring joint
replacement is associated with an increased risk of poor knee OA structural and clinical
outcomes in the opposite limb, and this may have potentially modifiable biomechanical
causes. To our knowledge, no studies have examined whether asymmetries in symptoms and
structural damage between native hips with less advanced OA well prior to THR are
associated with a greater risk of pain and structural damage in knees contralateral to the
more affected hip joint compared with the ipsilateral knee. Such studies could help
determine the need for preventive interventions in persons who are in the earlier stages of
developing hip OA that manifests asymmetrically.

This study evaluates data from the Osteoarthritis Initiative (OAI) to determine if individuals
at a relatively early stage of disease with asymmetry in hip pain or RHOA between hips had
worse pain and structural outcomes at baseline and longitudinally in the knee contralateral to
the more affected hip compared to the ipsilateral knee.
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Subjects were participants in the OAI, a multi-center longitudinal study of the natural
history, risk factors and biomarkers for hip and knee OA with yearly clinic visits and
interviews (http://www.oai.ucsf.edu/). The study was approved by the institutional review
boards at the four participating clinical centers and all participants gave written informed
consent. Using a paired-limb design, we studied subjects with two native hips that had
different degrees of radiographic OA at baseline and subjects who had unilateral frequent
hip pain from baseline through 24 months. In order to focus on less advanced hip disease
well prior to joint replacement, we excluded those who had a THR for any reason from
baseline through 48 months. We also excluded those who already had advanced
radiographic knee OA at baseline (K-L grade 4 OA or JSN grade 3) or a TKR at baseline or
12 months in either knee. A flowchart of the subject selection is shown in Figure 1.

Radiographic Hip OA Assessment

Hip and knee radiographs were acquired as part of the OAI using standardized acquisition
and quality assurance protocols, which are available at www.oai.ucsf.edu. Participants had
weight-bearing pelvis radiographs at baseline and 48 months at a 40-inch film-to-focus
distance with feet placed in 20 degrees internal rotation using a positioning frame.
Radiographs were assessed for individual radiographic features (IRF) of OA using the
OARSI atlas and grades[21] by two musculoskeletal radiologists (TML, PMJ) and a
rheumatologist (NEL). Prior to reading, baseline, and when available, 48 month radiographs
of 4,761 participants were screened by one reader for the presence of hip osteophytes or
JSN. Those without either finding were categorized as “negative screen” and viewed by a
second reader. If confirmed negative by the second reader radiographs were not evaluated
further. The radiographs of 1,441 (30%) participants who screened positive for hip OA
findings were independently scored for IRFs by two readers. Disagreements between readers
for the presence of superolateral or supermedial JSN, femoral or acetabular osteophytes,
cysts, sclerosis or femoral head deformity were adjudicated by agreement of at least 2 of the
3 readers.

Femoral and acetabular osteophytes and superolateral and superomedial JSN with grade =2
were considered definite. Hips were classified as “definite RHOA” when: a) the modified
Croft grade was =2 (presence of two or more of definite osteophytes, definite JSN, sclerosis,
cysts or deformity); b) there were grade =1 femoral or grade =2 acetabular osteophytes plus
definite JSN; c) there were grade =2 femoral osteophytes regardless of other features; or d)
when there was superolateral JSN =2 or superomedial JSN=3 regardless of other features.
Hips were classified as “possible RHOA” when other individual, or combinations of,
indefinite IRFs were present (e.g. grade 1 osteophytes or grade 1 JSN), and otherwise
considered “normal”. [22, 23]

RHOA asymmetry was defined as having a different grade of RHOA (“definite,” “possible”

or “normal”) in each hip at baseline.
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Radiographs of 140 randomly selected hips that were screened negative for RHOA were
blindly read for IRFs using the study protocol. The specificity of screening for the absence
of definite RHOA was 99.2%, and the estimated sensitivity for definite RHOA was 93%.
Radiographs of a random sample of 197 participants were blindly fed back to the readers for
a repeat IRF reading. Test-retest reliability was generally good for medial and lateral JSN
(weighted kappas: 0.74 to 0.77), superior and inferior femoral osteophytes (0.74 to 0.79),
acetabular osteophytes (0.51 to 0.64), cysts, sclerosis or deformity (0.53 to 0.55), the 3 level
summary classification (0.72) and definite OA vs not definite (kappa: 0.73).

Hip Pain and THR Assessment

Hip pain was assessed at annual clinic visits and mailed questionnaires from baseline
through 60 months. Participants viewed a diagram showing the usual locations of OA-
related hip pain[24, 25] and asked whether they had “pain, aching or stiffness in the hip on
most days of a month” during the past year.[26] Those who said ‘Yes’ were considered to
have frequent hip pain and asked to indicate on the diagram where the pain occurred: groin,
front of the leg (anterior), outside of leg (lateral), low back or buttocks. We excluded
subjects with pain in either hip that was only in the low back/buttocks, since this may be
misclassified as emanating from structures in the hip region.[27, 28]

Hip pain asymmetry was defined as having unilateral frequent hip pain at baseline. Because
OA pain fluctuates over time, persistent pain asymmetry required that one hip had frequent
pain for at least two of three time-points from baseline through 24 months and the other hip
did not have frequent pain. Participants whose painful side alternated between visits were
excluded.

THRs were self-reported annually and confirmed from medical records and study
radiographs.

Knee JSN and Knee Symptoms

Fixed flexion knee radiographs were obtained at baseline and yearly follow-up visits and
read for progression of JSN from baseline to year 4 with good reliability, as previously
described. [29, 30] Test-retest reliability for JSN progression was good to excellent (medial
JSN progression, k=0.0.72 (0.63-0.82); lateral JSN progression, k=0.83(0.70-0.96). Knee
pain was assessed at baseline and yearly using the WOMAC knee pain subscale [31]

Statistical Analysis

Contralateral knees were defined as opposite the hip with unilateral frequent pain and
separately as opposite the hip with a higher grade of RHOA.. For cross-sectional analyses,
baseline WOMAC knee pain and JSN were grouped into 3 levels of severity. Due to the
large proportion of knees with baseline WOMAC pain scores of 0, knee pain scores were
categorized based on the overall distribution, with 0 as “none” and the remaining knees
subdivided into "mild" and "moderate - severe" categories at the 50t percentile score of the
remaining knees. Knee pain scores of 1-3 were classified as mild and scores >4 classified as
moderate-severe. Baseline JSN groups were defined as grades 0, 1 and 2. We compared
knee pain and JSN (outcomes) in contralateral vs. ipsilateral knees (predictor) using
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clustered multinomial regression models, since proportional odds assumptions were not met
for pain and JSN outcomes.

For longitudinal analyses, we compared knees for change in WOMAC pain score as a
continuous variable and change in JSN as a dichotomous variable (yes/no). We categorized
JSN as progressing if either the medial or lateral compartment increased in score (including
within grade changes) [29] at any timepoint up to 48 months compared to baseline. If a knee
was replaced after 24 months JSN was categorized as progressing, while pain scores were
treated as missing from that point on. We used generalized linear models to compare annual
pain data from baseline to 60 months between knees. To analyze JSN progression we used
logistic regression with generalized estimating equations. To evaluate whether the degree of
contrast in RHOA grades between limbs (normal/possible; possible/definite, normal/
definite) was associated with knee outcomes, we used clustered multinomial logistic
regression.

Comparisons between knees are within-subject, so all statistical models account for paired
and correlated limbs within an individual and do not include subject-level covariates. When
unilateral hip pain defined the sample, we included baseline RHOA status (normal/possible/
definite) and 12-month knee K-L grade as limb-specific covariates. When RHOA
asymmetry defined the sample, we included baseline hip pain (yes/ no) and baseline knee K-
L grade as limb-specific covariates. For baseline knee JSN outcomes we did not adjust for
baseline knee K-L grade due to the collinearity between these variables.

In cross-sectional and longitudinal sensitivity analyses we excluded a small number of
subjects with advanced RHOA at baseline, as indicated by a baseline hip JSN grade of 3
(n=8 for pain asymmetry and n=6 for RHOA asymmetry). Separately, we excluded subjects
with extreme baseline asymmetry between knees in OA severity (i.e. a K-L grade of 0-1 in
one knee and grade 3 in the other knee; n=23 for pain and n=35 for RHOA asymmetry).
Finally, we performed two additional sensitivity analyses. First, we repeated our main
analyses limited to those with definite OA in one hip and normal or possible in the other,
excluding those with one normal hip and the other with possible RHOA. Second, to test
whether a more extreme contrast in pain between hips would show larger differences in
outcomes between ipsilateral and contralateral knees, we repeated our analyses for unilateral
hip pain excluding subjects (n=55) in the unilateral hip pain sample who reported “any” pain
in their contralateral hip at =2 of the first 3 visits. Our results and conclusions were
materially unchanged in these analyses.

Subject Characteristics

There were 279 individuals with unilateral hip pain and 483 with asymmetric RHOA. Those
with asymmetric RHOA had the following combinations: Normal/Possible (n=262);
Possible/Definite (n=147); and Normal/Definite (n=74). In the unilateral hip pain sample,
baseline RHOA status did not differ between contralateral and ipsilateral limbs, and among
those with RHOA asymmetry the prevalence of hip pain at baseline was similar between
limbs (Table 1). Only 42 persons had asymmetry in both RHOA and hip pain; of these 25
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had pain in the hip with worse RHOA compared to 17 with pain in the hip with less severe
RHOA (odds ratio: 1.47; (95% CI: 0.76, 2.90)).

Baseline Cross-sectional Comparison between Contralateral and Ipsilateral Knees

Unilateral baseline hip pain—Unilateral hip pain was associated with significantly less
moderate-severe baseline pain in the contralateral compared to the ipsilateral knee (Table 3).
The adjusted relative risk ratio (RRR) [32] for moderate-severe pain in the contralateral knee
was 0.39 (95% ClI: 0.27, 0.57). In contrast, the contralateral knee had a greater risk of
moderate (grade 2) vs. no baseline JSN than the ipsilateral knee, with an adjusted RRR of
1.62 (1.09, 2.38) (Table 3).

Asymmetric baseline RHOA—There were no significant association between
asymmetric baseline RHOA and baseline WOMAC knee pain categories (Table 2). There
was a nonsignificant trend (p=0.07) for mild vs. no pain in the contralateral knee, but no
similar trend was observed for moderate-severe pain vs. no pain. There were also no
significant differences in baseline JSN severity between contralateral and ipsilateral knees
(Table 2), although there was a nonsignificant trend (p=0.10) for an increased risk of
moderate (grade 2) vs. no JSN in the contralateral knee. Overall, the degree of RHOA
asymmetry between hips (normal vs. possible, possible vs. definite, normal vs. definite) was
not associated with differences in pain severity (p = 0.27) or JSN severity (p = 0.23)
between knees (data not shown).

Longitudinal Comparison between Contralateral and Ipsilateral Knees

Unilateral baseline hip pain—Among those with unilateral hip pain, worsening of
WOMAC knee pain during follow-up was significantly greater (p = 0.001) in the
contralateral knee (Figure 2). WOMAC pain scores were significantly higher in the
ipsilateral knee at baseline. The adjusted rates of change for WOMAC pain were an increase
of 0.148/year in the contralateral knee and a decrease of 0.032/year in the ipsilateral knee.
Nevertheless, after 60 months of follow-up pain scores remained higher in the ipsilateral
knee (adjusted regression coefficient 0.650, p=0.008). There were no significant differences
in JSN progression between the contralateral and ipsilateral knees, with an adjusted OR of
1.24 (95% CI: 0.77-1.99, p = 0.36) (Table 4).

Asymmetric baseline RHOA—RHOA asymmetry was not associated with differences
between knees in the rate of change in WOMAC knee pain over up to 6 years (Figure 2).
Nor did the knee contralateral to the more severely affected hip have a significantly
increased risk of JSN progression adjusted odds ratio of 1.23 (95% CI: 0.92-1.64; p = 0.17).
Overall, the degree of RHOA discordance (normal vs. possible, possible vs. definite, normal
vs. definite) was not associated with change in knee pain (p = 0.83) nor with progression of
JSN (p = 0.23) between the knees (data not shown).

Discussion

Our results provide limited support for the hypothesis that asymmetry between limbs in hip
pain or RHOA relatively early in the course of disease and well prior to THR is associated
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with worse pain and structural outcomes in knees contralateral to the more affected hip
compared with the ipsilateral knee. Unilateral hip pain “on most days of a month” was
associated with significantly less baseline contralateral knee pain, or stated inversely, with
greater ipsilateral knee pain. In contrast, knees contralateral to a painful hip had more severe
baseline JSN and greater worsening of pain during follow-up but not significantly greater
progression of JSN. Knees contralateral to the hip with worse RHOA showed nonsignificant
trends for greater baseline JSN and JSN progression, but there was no association of
asymmetric RHOA with baseline knee pain or pain change.

Individuals with OA in one lower extremity joint have an increased risk of OA in the same
("cognate™) joint in the opposite (contralateral) lower extremity (e.g. knee-knee and hip-hip).
[3, 33] There is also an increased risk for endstage OA leading to joint replacement in the
hip (or knee) contralateral to that of a replaced hip (or knee).[34, 35] Shakoor et al. [18]
extended these observations to include a greater risk of subsequent replacement of a "non-
cognate™ joint in the lower extremity contralateral to a replaced joint (e.g. a knee
contralateral to a replaced hip). Consistent with these cross-limb patterns of joint
replacement, we recently reported that during four years of follow-up a prevalent unilateral
THR was associated with greater worsening of pain and progression of structural damage
assessed by MRI in the knee contralateral to the replaced hip.[20]

These patterns could reflect the existence of a generalized OA phenotype that predisposes to
multijoint involvement. [5, 36] However, they also raise the possibility that a potentially
modifiable cause of the "spread" of OA among lower extremity joints is related to symptom
and neuromuscular control adaptations by persons with OA in one joint who alter movement
strategies in a way that results in asymmetric loading and an increased risk of damage in
other lower extremity joints.[13, 17, 19] [37] In persons with unilateral severe hip OA
leading to joint replacement, increased loading occurs in the unaffected or less affected limb
both before and after surgery, [37-42] including significantly higher peak external knee
adduction moments and peak medial compartment loads in the contralateral knee.[13] [19]
Changes in lower extremity joint loading have also been observed in symptomatic hip OA
prior to the development of endstage disease.139 Clinic patients with unilateral mild to
moderate symptomatic hip OA and not specifically waiting to undergo joint replacement in
the near-term have increased loading in the contralateral limb during ambulation[14] and
during sit-to-stand postural change,[16] but whether these biomechanical changes are
associated with asymmetry in knee pain and structural outcomes is not known.

To our knowledge, this is the first study to directly address the questions of whether
asymmetry in symptoms or structural damage between native hips in individuals relatively
early in the course of hip disease (hips included in this study did not undergo THR for more
than four years after the baseline assessment and 98% had not been replaced by eight years)
is associated with asymmetry in the prevalence and progression of symptoms and structural
damage in the knee. Our findings of inconsistent and modest differences in contralateral and
ipsilateral knee outcomes only partially confirm the cross-limb patterns of knee outcomes
seen in previous studies of asymmetric endstage hip OA. One possible explanation is that
the degree of asymmetry between hips is not sufficient early in the disease process to lead to
biomechanical consequences. It is also possible that that while asymmetric knee loading
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may occur relatively early in the development of asymmetric hip disease, the immediate
effects on clinical and structural knee outcomes are modest. Factors leading to a poor
outcome in contralateral knees therefore likely unfold over an extended period, possibly
accelerating during the more advanced stages of hip OA along with the development of
asymmetric lower extremity strength deficits.[43] It also suggests that a window of
opportunity may exist for addressing modifiable causes of lower limb loading asymmetries
that could reduce the risk of a poor outcome in the contralateral knee.

Importantly, we found that unilateral hip pain was associated with significantly greater
baseline ipsilateral knee pain. While contrary to our hypothesis, this is consistent with a
population study in which persons with both unilateral hip pain and unilateral knee pain
were over 3 times as likely to have hip and knee pain in the same limb as in the opposite
limb.[2] In the study by Shakoor, et al. [14] unilateral clinical symptomatic hip OA was also
associated with greater ipsilateral knee pain. The co-occurrence of pain in a hip and knee of
the same limb may be due to referred pain from the hip to the knee, [44-46] poorly localized
leg pain from non-articular structures such as iliotibial band syndrome, [47] or heightened
regional pain sensitivity.[48] It is also possible that neuromuscular adaptations to pain in one
lower extremity joint may have adverse effects on joint biomechanics that results in pain in
other lower extremity joints of the same limb.[15, 37, 39] On the other hand, we found that
pain worsened significantly more over 4-5 years in knees contralateral to a painful hip. Of
interest, the contralateral knees also showed elevated baseline JSN in the contralateral knee.
While worse baseline JSN may not necessarily be a cause for increasing symptoms over
time, there is good evidence that baseline severity of radiographic knee OA predicts clinical
progression.[49]. We therefore speculate that while several factors can result in hip and knee
pain occurring initially in the same limb, this could magnify asymmetric contralateral
loading and be a factor in worse long-term outcomes in the contralateral limb.[18, 34, 50]

Unilateral hip pain showed somewhat stronger associations with knee outcomes than did
asymmetric RHOA. This is not surprising given that pain is more likely than structural
damage, per se, to trigger movement adaptations that alter lower limb biomechanics, and the
fact pain and structural changes of OA in the hip are poorly correlated,[51] in part due to
multiple extra321 articular causes hip pain.[44-47] Therefore, the possibility that effective
treatment of all causes of hip pain could have beneficial effects on knee outcome is worthy
of further consideration.

Our study has several strengths, including within-in person between-limb comparisons that
eliminate possible confounding by person-level characteristics including age, gender,
obesity and physical activity.[53] Covariates in multivariate models were limited to limb-
specific factors that could confound the between knee comparisons, and these adjustments
had minimal effects on the associations of interest. We focused on hip pain and RHOA prior
to endstage clinical disease by studying only persons who did not undergo a hip replacement
at 4 years or longer after the baseline assessments, thus specifically targeting individuals
relatively early in the course of hip OA. Further, sensitivity analyses excluding subjects with
severe baseline JSN in the hip did not alter our results. Because joint pain typically
fluctuates over time, in order to identify subjects with persistent discordance in hip pain we
required unilateral frequent pain in at least 2 of 3 consecutive years.
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Several limitations of our study deserve consideration. Consistent with our focus on the
earlier stages of hip disease and the modest correlation of hip symptoms with structural
changes, only 38 individuals in our study had unilateral symptomatic hip OA, defined as
pain and definite RHOA in the same hip on one side but not the other side, a number too
small to include in our analyses. Thus our study differs from previous ones, which have
focused on asymmetry at moderate (i.e. unilateral symptomatic clinical hip OA) [14] or
advanced (i.e. unilateral endstage OA before and after hip replacement) stages of disease.
[20, 34, 35] Many of our subjects had only subtle degrees of RHOA asymmetry (i.e., a
normal hip and a hip with possible RHOA), and the number of participants with the greater
degree of discordance between hips in RHOA (i.e. definite vs normal) was limited.
However, we also performed analyses that looked at the effect of different degrees of RHOA
asymmetry on contralateral vs ipsilateral knee outcomes and found that the associations did
not differ significantly by degree of RHOA discordance. In addition, a sensitivity analysis
excluding subjects with the most subtle RHOA asymmetry did not change our results. We
did not have data on hip pain severity at baseline, so we were unable to use severity
differences in defining hip pain asymmetry; results could differ for greater extremes of
asymmetry defined in terms of pain severity.

We cannot exclude the possibility that pre-existing asymmetric knee OA preceded, and
influenced, the development of asymmetries in the hip. However, to reduce this possibility
we excluded subjects with endstage knee OA at baseline (K-L =4, JSN = 3 and TKR by 12
months). In a sensitivity analyses we also excluded those who already had extreme
disparities between knees in the severity of knee OA (baseline KL grade of 0-1 in one knee
and 3 in the other), which did not alter our findings. Further studies are needed of persons
who develop unilateral hip OA and have bilateral normal knees at baseline.

In conclusion, our results provide limited support for the hypothesis that asymmetry between
limbs in hip pain or RHOA at a relatively early point in the development of hip disease is
associated with worse pain or structural outcomes in the knee contralateral to the more
affected hip. Poor contralateral knee OA outcomes seen in previous studies of unilateral
endstage hip OA leading to joint replacement may have their origin in joint loading
asymmetries that occur early in the development of hip disease, but likely unfold over an
extended period and accelerate in the later stages of hip OA. This suggests a potential
window of opportunity for ameliorating biomechanical abnormalities before poor knee
outcomes occur.
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Figure 1. Subject selection flowchart
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Figure 2. Longitudinal changes in WOMAC knee pain scores in subjects with A. Unilateral Hip
Pain and B. Asymmetric RHOA

The graphs illustrate the unadjusted results. A. Unilateral Hip Pain: The rates of change for
WOMAC pain (unadjusted) in the contralateral knee were 0.137/year and were —0.049/year
in the ipsilateral knee. The adjusted difference in annual rate of change between knees was
0.18 (0.07, 0.28) (p=0.001). At baseline the WOMAC knee pain score was significantly
greater in the ipsilateral knee compared to the contralateral knee (adjusted regression
coefficient = 1.59; p = <0.0001). B. Discordant RHOA: The rates of change in WOMAC
pain scores (unadjusted) in the contralateral knee were 0.006/year and were 0.028/year in the
ipsilateral knee. The adjusted difference in rate of change between knees was -0.02 (-0.07,
0.03) (p=0.474). At baseline the WOMAC knee pain score was no different in the ipsilateral
knee compared to the contralateal knee (adjusted regression coefficient = —0.036; p =
0.738)..
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Table 1

Subject Characteristics and Hip and Knee Characteristics of Participants with Unilateral Hip Pain and
Participants with Asymmetric Radiographic Hip OA (RHOA)

Baseline& Subject Unilateral Hip Pain Asymmetric RHOA (n=483)
Characteristic (n=279)
Age yrs, median(IQR) # 61 (54-70) 63 (54-70)
BMI, mean (IQR) kg/m? 27.7 (24.3-31.1) 27.7 (24.6-30.8)
Female, n (%) 195 (69.9) 232 (48.0)
Baseline& Hip and Limbs Contralateral | Limbswith | Contralateral
Knee Characteristic with Hip Limbs" worse Limbs™™
Pain RHOA

Radiographic hip OA, n (%)

Normal 198 (77.7) 194 (76.1) 0(0.0) 336 (69.6)

Possible 35 (13.7) 38 (14.9) 262 (54.2) 147 (30.4)

Definite 22 (8.63) 23 (9.0) 221 (45.8) 0 (0)
Hip pain on most days of month, n (%) 279(100.0) 0 (0.0) 88 (18.3) 79 (16.4)
Knee pain (WOMAC 0-20), median (IQR) 1(0-4) 2 (0-5) 1(0-4) 1(0-4)

Knee K-L grade, n (%)

0 129 (46.2) | 126 (45.2) 185 (38.3) 178 (36.9)
1 41.(14.7) 51 (18.3) 92 (19.1) 93 (19.3)
2 63 (22.6) 62 (22.2) 141 (29.2) 133 (27.5)
3 46 (16.5) 40 (14.3) 65 (13.5) 79 (16.4)

Knee JSN (maximum of medial and lateral)

0 167 (59.9) | 178 (63.8%) | 276 (57.1%) | 265 (54.8%)
1 70 (25.1%) | 66 (23.7%) | 142 (29.4%) | 139 (28.8%)
2 42(151% | 35(125%) | 65(135%) | 79 (16.4%)

Baseline characteristics for the unilateral hip pain sample are from 12-month contacts since pain asymmetry was defined over 3 visits from
baseline to 24 months

#IQR — interquartile range; BMI = body mass index; JSN = joint space narrowing
*
An individual’s contralateral knee and hip are opposite the side with hip pain.

* %
An individual’s contralateral knee and hip are opposite the side with worse RHOA.
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Table 2

Cross-sectional Association of Unilateral Hip Pain with Baseline Knee Pain and Joint Space Narrowing (JSN)
in the Contralateral vs. Ipsilateral Knee.

RRR" (95% CI) [p-value] for outcome in the
Outcome Contralateral vs. Ipsilateral Knee™™
WOMAC Knee Pain Unadjusted | Adjusted for RHOA and knee K-L Grade
Mild vs. No Pain 0.70 0.69
(0.49, 1.02) (0.46, 1.02)
[0.068] [0.064]
Severe vs. No Pain 0.40 0.39
(0.28, 0.56) (0.27, 0.57)
[<0.0001) [< 0.0001]
Knee JSN Unadjusted Adjusted for RHOA
Mild (1) vs. No JSN (0) 113 1.15
(0.85, 1.50) (0.85, 1.55)
[0.398] [0.340]
Moderate [52] vs. No JSN 1.27 1.62
0) (0.90, 1.80) (1.09, 2.38)
[0.163] [0.015]

*
Relative risk ratios [32] and 95% confidence intervals (CI) estimated from clustered multinomial regression models.

* %
An individual’s contralateral and ipsilateral limbs are identified in relation to the limb with hip pain.
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Table 3

Cross-sectional Association of Asymmetric Radiographic Hip OA (RHOA) with Baseline Knee Pain and
Knee Joint Space Narrowing (JSN) in the Contralateral vs. Ipsilateral Knee.

RRR" (95% CI) [p-value] for outcome in the

Outcome Contralateral vs. Ipsilateral Knee™™
WOMAC Knee Pain Unadjusted | Adjusted for hip pain and knee K-L Grade
Mild vs. No Pain 1.28 1.28
(0.98, 1.67) (0.98, 1.67)
[0.06] [0.07]
Severe vs. No Pain 1.12 1.15
(0.90, 1.40) (0.89, 1.48)
[0.28] [0.26]
Knee JSN Unadjusted Adjusted for hip pain
Mild (1) vs. No JSN (0) 1.02 1.03
(0.82,1.26) (0.82,1.27)
[0.86] [0.82]
Moderate [52] vs. No JSN (0) 1.27 1.27
(0.95, 1.68) (0.95, 1.68)
[0.11] [0.10]

*
Relative risk ratios [32] and 95% confidence intervals (CI) estimated from clustered multinomial regression models.

* %
An individual’s contralateral and ipsilateral knees are identified in relation to the limb with more severe RHOA.
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Table 4

Association of Unilateral Hip Pain and Discordant Radiographic Hip OA (RHOA) with Knee Joint Space
Narrowing (JSN) Progression in the Contralateral vs. Ipsilateral Knee.

Odds Ratio” (95% CI) [p-value] for
Outcomes in the
Outcome Contralateral vs. Ipsilateral Knee*
Unilateral Hip Pain
Unadjusted Adjusted for RHOA and knee K-L Grade
Knee JSN Progression? 1.23 1.23
(0.93,1.63) (0.92, 1.64)
[0.140] [0.167]
Discordant for RHOA
Unadjusted | Adjusted for hip pain and knee K-L grade
Knee JSN Progression’ 0.97 1.24
(0.63, 0.149) (0.77, 1.99)
[0.889] [0.361]

*
Odds ratios and 95% confidence intervals (CI) estimated from logistic regression models.

* %

An individual’s contralateral and ipsilateral limbs are identified in relation to the limb with more severe RHOA or presence of hip pain.

Any increase in medial or lateral JSN score (including within grade increases) from baseline to 48 months.
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