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Abstract

Introduction: Little is known about the loading patterns in unilateral hip osteoarthritis (OA) and 

their relationship to radiographic severity and pain. We aimed to examine the loading patterns at 

the hips of those with unilateral symptomatic hip OA and identify associations between 

radiographic severity and pain with loading alterations.

Methods: 61 subjects with symptomatic unilateral hip OA underwent gait analyses and 

evaluation for radiographic severity (Kellgren-Lawrence [KL]-grade) and pain (visual analogue 

scale) at bilateral hips.

Results: Hip OA subjects had greater range of motion and higher hip flexion, adduction, internal 

and external rotation moments at the contralateral, asymptomatic hip compared to the ipsilateral 

hip (p < 0.05). Correlations were noted between increasing KL-grade and increasing asymmetry of 

contralateral to ipsilateral hip loading (p < 0.05). There were no relationships with pain and 

loading asymmetry.

Discussion: Unilateral symptomatic hip OA subjects demonstrate asymmetry in loading 

between the hips, with relatively greater loads at the contralateral hip. These loading asymmetries 

were directly related to the radiographic severity of symptomatic hip OA and not with pain.
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Conclusion: Additional research is needed to determine the role of gait asymmetries in disease 

progression.
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Introduction

Osteoarthritis (OA) is the most common arthropathy worldwide and a major contributor to 

impaired quality of life and disability in older individuals.1–3 Biomechanics, including 

aberrant joint loading, have been known to contribute to cartilage degradation and play a 

significant role in lower extremity OA pathogenesis.4,5 The knees and hips are the most 

common joints affected by OA.6,7 Much of our information on aberrant joint loading in OA 

comes from studies of knees,8,9 and much less is known regarding alterations of loading 

patterns in OA of the hips.

Through biomechanical studies of lower extremity OA it has become apparent physical and 

mechanical alterations at one joint can have an effect at other joints. We have previously 

demonstrated that the contralateral knee of those with unilateral hip OA is more likely to 

develop end-stage OA than the ipsilateral knee, as well as exhibit higher peak moments, 

suggesting that joint mechanics affect the evolution of lower extremity OA.5,10 The most 

common pattern for OA to progress is to the cognate joint, which in the case for hip OA is 

the contralateral hip.10,11 Studies have documented altered biomechanics in hip OA and 

these alterations may play a role in the bilateral progression of the disease.12–15 However, 

what contributes to mechanical alterations, whether it is structural disease, pain, or a 

combination of these factors remains poorly understood. Increasing our understanding of 

these contributions may help to identify appropriate interventions to prevent disease 

progression.

This study had 2 aims focused on better understanding the mechanical alterations that occur 

in unilaterally symptomatic hip OA. The first aim was to evaluate alterations or asymmetries 

in loading between the hips in those that have unilateral symptomatic disease. The second 

aim was to explore how this asymmetry in loading was associated with radiographic severity 

and pain at the symptomatic hip. We hypothesised: (1) the contralateral hip of those with 

unilateral symptomatic hip OA would have higher dynamic joint loads relative to the 

symptomatic hip; and (2) radiographic severity and pain of the symptomatic hip would be 

independently related to degree of asymmetry in loading between the hip joints.

Methods

Subjects were part of a study approved by the Institutional Review Board of the host 

institution; the rights of the study participants were protected. Prior to participation all 

subjects completed informed consent. Data from this study cohort has previously been 

published.16 The current analyses used a slightly different sample from this cohort due to 

availability of complete data and subject criteria for analyses. Inclusion criteria included the 

presence of symptomatic OA of the hip as defined by the American College of 
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Rheumatology’s Clinical Criteria for Classification and Reporting of OA of the hip,17 and 

by the presence of at least 30 mm of pain (on a 100 mm scale) while walking (corresponding 

to question one of the visual analogue format of the hip-directed Western Ontario and 

McMaster Universities Arthritis Index [WOMAC]).18 Participants were excluded if they had 

evidence of radiographic OA of the contralateral hip or of either knee in excess of grade 3 

according to the Kellgren-Lawrence (KL) grading scale.19 In addition, participants were 

excluded if they had greater than 20 mm of pain during walking at the contralateral hip or 

either knee.5,20 Other exclusion criteria included the inability to walk without assistance, 

presence of an inflammatory arthropathy, history of any lower extremity joint replacement, 

and history of trauma and/or surgery to either hip or knee within the preceding 6 months.

All subjects had AP radiographs performed of the pelvis. The KL scale was used to evaluate 

radiographic severity of both hips by a trained investigator.19 The WOMAC pain index was 

completed for each large lower extremity joint.18 The total pain score at the symptomatic hip 

was used in the analyses for this study (range 0–500 mm). Participants also underwent a 

clinical evaluation of the lower extremity joints. They denied pain at the contralateral hip 

(reported less than 20 mm out of 100 mm pain during normal walking on question one of the 

WOMAC) although they may have marked some pain on the complete WOMAC pain 

questionnaire. Nevertheless, they had asymmetric disease with acknowledgement of more 

pain at 1 hip over the contralateral side. For the purposes of this study and ease of 

discussion, we have labeled 1 hip “symptomatic” and the other hip the “contralateral hip” or 

“asymptomatic hip” with the acknowledgement that one is “relatively” more symptomatic 

than the other. Thus, based on the above criteria, the subjects enrolled in this study had 

symptomatic unilateral hip OA. These criteria have been used previously.5,20

Gait analysis was performed at a single subject session according to previously published 

methods.21–23 A passive retroreflective marker set was placed bilaterally on lower extremity 

bony landmarks. Bony landmarks included the most anterior superior iliac spine, the centre 

of the greater trochanter, over the midpoint of the lateral joint line of the knee, the lateral 

most aspect of the lateral malleolus, the most lateral aspect of the base of the calcaneus, and 

the head of the 5th metatarsal.23 4 optoelectronic cameras (Qualisys, Gothenburg, Sweden) 

recorded the 3-dimensional (3D) positions of the reflective markers for each individual 

lower extremity by measuring the spatial position of the markers. Spatiotemporal 

parameters, including speed, stride, and cadence, as well as maximum hip extension, flexion, 

and range of motion (ROM), were calculated about the lower extremity as previously 

described.23,24 These calculations were based on the 3D positions of the markers. The 3D 

positions of the joint centers were estimated based on the marker location and 

anthropometric measurements. The joint center for the knee joint was determined to be the 

midpoint between the medial and lateral tibial and femoral condyles; the midpoint between 

the medial and lateral malleoli was determined to be the joint centre of the ankle joint. The 

joint centre of the hip was determined to be 2.5 cm distal from the midpoint between the 

anterior superior iliac spine and the pubic tubercle.25

A multicomponent floor-embedded force plate (Bertec, Columbus, Ohio), with a sampling 

frequency of 120 Hz, measured the location and magnitude of the ground reaction force 

(GRF). An inverse dynamics approach was used to calculate external joint moments which 
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were normalised to percent body weight times height (%BWH).23,24,26 Briefly, these 

calculations were based on the 3D position of the passive reflective markers, anthropometry 

measurements used to localise the joint centres relative to the marker positions, and the 

magnitude and location of the GRF. Newton’s second law explains that peak external 

moments that act on a joint are equal and opposite to the net internal moments produced by 

joint contact forces, muscles, and soft tissues at the joint. All peak external moments were 

normalised to percent body weight times height (%BW*H).26 Gait data was processed using 

the MotionMonitor (Innovative Sports Training Inc., Chicago, Illinois). Subjects were 

instructed to walk at a normal self-selected walking speed across a 6-metre walkway 

completing a total of 5 runs per limb while wearing their own shoes. 2 to 3 practice trials 

were completed prior to performing the walking runs to limit speed variability and 

familiarise the subjects with the walking runs. Mean gait data for the 5 walking runs of the 

asymptomatic and symptomatic limbs were compared. The individual analysing the runs 

was blinded to the affected side.

Asymmetry calculations were measured according to previously published methods.27–30 

Briefly, extent of asymmetry in loading was evaluated as a ratio of loading of the 

symptomatic hip to the asymptomatic hip (i.e. symptomatic:asymptomatic hip ratio). The 

same ratio was calculated for ROM. A value of 1 denotes complete symmetry between the 

hips, whereas a value of <1 or >1 denotes relative asymmetry. A ratio <1 would represent 

asymmetry with lower loads or less ROM at the symptomatic hip, whereas a value >1 would 

represent asymmetry with higher loads and more ROM at the symptomatic hip.

All variables were evaluated for normality. A chi-squared test was used to evaluate the 

distribution of KL grades between the symptomatic and asymptomatic hips. 2-tailed paired 

sample t-test were used to examine differences in gait parameters between the hips. 

Spearman rho correlations were used to determine if relationships were present between 

pain and KL-grade of the symptomatic hip and asymmetries in gait variables. For the 

correlations, a Bonferroni correction was used with a p < 0.005 considered statistically 

significant. All data were analysed using SPSS statistical software (SPSS Inc., IBM, 

Armonk, NY).

Results

61 participants with symptomatic unilateral hip OA qualified to undergo analysis. There 

were 25 males and 36 females with a mean (standard deviation [SD]) age and body mass 

index (BMI) of 62 (11) years and 28 (5) kg/m2, respectively. For KL grade at the clinically 

symptomatic hip, the majority of subjects (n = 43) had a KL grade of ≥3, whereas at the 

asymptomatic hip the majority of subjects (n = 46) had a KL grade of ≤2 (Table 1). The 

distribution of KL grades between the symptomatic and asymptomatic hips were 

significantly different (χ2 = 40.37, p < 0.001; Table 1). The symptomatic hip had 

significantly higher WOMAC pain values compared to the asymptomatic hip (p < 0.0001; 

Table 1).

When examining spatiotemporal parameters between the symptomatic and asymptomatic 

hip no differences were observed between speed, stride, and cadence (p > 0.05; Table 2). 
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Significantly greater overall hip ROM in the sagittal plane as well as maximum hip 

extension and maximum hip flexion were found at the asymptomatic hip compared to the 

symptomatic hip (p ≤ 0.005; Table 2). The asymptomatic hip also had significantly higher 

peak external moments including the peak hip flexion, adduction, internal and external 

rotation moments compared to the symptomatic hip (p ≤ 0.018). No significant differences 

were observed between the joints for the peak external hip extension and abduction moments 

(p > 0.05; Table 2).

Correlations between radiographic severity and pain with gait asymmetries are presented in 

Table 3. Results showed that as KL-grade increased at the symptomatic hip, the asymmetry 

loading ratio decreased (i.e. the contralateral, asymptomatic hip had relatively higher 

dynamic loads compared to the symptomatic hip). This was the case for the hip flexion, 

adduction, internal rotation moments. With regards to hip ROM, with increasing KL-grade, 

the contralateral, asymptomatic hip had greater overall ROM in the sagittal plane relative to 

the symptomatic hip (Table 3). There were no significant relationships observed between 

asymmetries and pain in loading or ROM on at the hips (Table 3).

Discussion

This study focused on evaluating gait asymmetries between the hips in unilaterally 

symptomatic hip OA and the relationship of these gait patterns to radiographic and pain 

severity of the affected hip. Subjects were considered to have clinically symptomatic 

unilateral hip OA due to the presence of both radiographic changes and localised hip pain, 

even in the presence of some radiographic degeneration in the contralateral hip however with 

no or minimal report of pain.17 The main findings from this study suggest: (1) that there is 

unloading of the symptomatic hip with a relative overloading of the contralateral, 

asymptomatic hip; and (2) this loading asymmetry is associated with OA radiographic 

severity but not with pain at the symptomatic hip.

Our findings of less ROM at the symptomatic joint and relative unloading of the 

symptomatic joint are consistent with previous studies.12,31 Moreover, this study suggests 

that pain had little or no association to gait asymmetries, while radiographic changes had 

significant associations as in line with previous investigations.32–34 Tateuchi et al.32 reported 

associations between minimal joint space narrowing and sagittal plane loading at the hip. 

Foucher et al.34 demonstrated that with increasing KL-grade subjects exhibited a greater 

degree of gait abnormalities known as motion discontinuity. The current study provides 

further support that changes in joint morphology rather than symptoms may provide a better 

predictor of variant gait in those with hip OA.

There are several clinical implications for this study’s findings. We theorise that subjects 

reduce joint excursion and loads at the symptomatic joint and relatively increase at the 

contralateral side as a compensatory mechanism. It may be that these gait alterations are 

purely related to structural changes. This is consistent with the theories regarding the 

pathophysiology of femoroacetabular impingement where the pathomorphology of the hip 

joint is thought to cause a change in the moment arm about the hip, ultimately contributing 

to the gait alterations and early OA.35 We have also previously demonstrated that limb 
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loading asymmetries in unilateral hip OA are associated with neuromuscular alterations 

including quadriceps strength and proprioception at the knees.16 Radiographic severity could 

serve as a biomarker of alterations of neuromuscular factors at the joint that is potentially 

modifiable with rehabilitation and/or surgical interventions. Thus, rehabilitative 

professionals may be able to intervene during early stages of the disease with strategies to 

normalise gait patterns and potentially delay the progression of OA to subsequent joints.10

Limitations

This study is not without limitations. First, the cross-sectional design of this study did not 

establish causality. Second, hip ROM was only analysed in the sagittal plane as the greatest 

range of motion during gait occurs in this plane. Furthermore, our marker system did not 

allow for reliable evaluation of pelvic and/or trunk biomechanics, which may be an 

interesting aspect for future, studies to evaluate. We did not have data available on duration 

of hip OA symptoms. We used the contralateral, asymptomatic hip and not healthy controls 

for our comparisons since we believe this provides a better model to study overall 

multiarticular OA pathophysiology. Although our subjects may have had some radiographic 

OA at both hips, 1 was considered clinically more symptomatic as evident by greater 

radiographic severity and WOMAC pain scores. Radiographic OA is not uncommon in this 

age group thus these subjects might be more representative of a normal population than if 

radiographic OA of the contralateral hip had been completely excluded. Therefore, this 

study used a more clinically applicable definition of symptomatic unilateral hip OA. Further, 

recent research shows that in knee OA, asymptomatic individuals with KL-grade 2 knees are 

biomechanically homologous with those who have KL-grade 0 or 1 at the knee, while those 

who have KL-grade 2 knees paired with pain symptoms have significantly higher peak 

adduction moments.20,36 This suggests that clinically symptomatic OA is biomechanically 

distinct from isolated radiographic disease.20,36 Lastly, although we did not find consistent 

associations with pain, perhaps the relationships between pain and loading alterations are 

present at certain time points, such as early or at the end-points of the disease which this 

study was not able to elucidate.

Conclusion

In summary, unilateral hip OA subjects presented with loading asymmetries between the 

hips which were directly related to the radiographic severity of hip OA but not to symptoms 

of pain. Subjects demonstrated reduced joint range of motion and loads at the symptomatic 

hip and relative overloading at the contralateral hip joint. To what extent the observed 

asymmetries may be improved through rehabilitative intervention warrants further 

investigation.
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Table 1.

Radiographic severity and pain of subjects.

Hip KL Grade* (n) WOMAC Pain
†
 (mm)

Mean (SD)

KL 1 KL 2 KL 3 KL 4

Symptomatic§   3 15 20 23 179 (120)
(range 22–458)

Asymptomatic 15 34 12   0 27 (36)
(range 0.00–157.0)

*
Kellgren-Lawrence grading scale; significantly different distribution between the KL-grade of symptomatic and asymptomatic hips (⊠2 = 40.37, p 

< 0.001).

†
Western Ontario and McMaster Universities Arthritis pain scale in millimetres (range 0–500 mm).

SD, standard deviation.
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