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Abstract

:

Asymmetry during gait is associated with the evolution of secondary osteoarthritis. Kinematic asymmetry has been reported in advanced stages of hip osteoarthritis but has not been evaluated in earlier stages of the disease or has it been directly compared with unilateral and bilateral hip osteoarthritis. Our objective was to evaluate within-group symmetry and compare between-group asymmetry for three-dimensional pelvis, hip, knee, and ankle kinematics during walking and sit-to-stand in individuals with unilateral mild-to-moderate hip OA, bilateral mild-to-moderate hip osteoarthritis, and healthy controls. Twelve individuals with unilateral mild-to-moderate hip OA, nine individuals with bilateral mild-to-moderate symptomatic and radiographic hip OA, and 21 age-comparable healthy controls underwent three-dimensional motion analysis during walking and sit-to-stand. Pelvis and lower limb joint angles were calculated using inverse kinematics and between-limb symmetry was assessed for each group. Any resulting asymmetries (most affected minus contralateral limb) were compared between groups. Participants with unilateral hip osteoarthritis exhibited significantly less hip extension (7.90°), knee flexion (4.72°), and anterior pelvic tilt (3.38°) on their affected limb compared with the contralateral limb during the stance phase of walking. Those with unilateral hip osteoarthritis were significantly more asymmetrical than controls for sagittal plane hip and pelvis angles. No significant asymmetries were detected within- or between-groups for sit-to-stand. Individuals with unilateral hip osteoarthritis exhibited lower limb asymmetries consistent with those reported in advanced stages of disease during walking, but not sit-to-stand. Consideration of the possible negative effects of gait asymmetry on the health of the affected and other compensating joints appears warranted in the management of hip OA.
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1. Introduction


Hip osteoarthritis (OA) is a prevalent degenerative joint disease causing pain, disability, and reduced quality of life [1]. The aetiology of hip OA is complex and varied, and can affect one or both limbs, depending on the determinants of the local joint mechanobiology [2,3]. Lower limb biomechanics are altered during activities of daily living in people with advanced hip OA compared with healthy controls [4] and remain altered following total hip replacement (THR) [5,6]. Asymmetry occurs during the performance of functional tasks such as walking and sit-to-stand when left and right lower limbs exhibit different biomechanical patterns. Asymmetrical lower limb biomechanics have been routinely reported in a wide range of gait conditions including stroke, cerebral palsy, ACL deficiency, and lower limb OA [7,8,9,10]. In the case of lower limb OA, altered biomechanical patterns in the lower extremity appear to reflect a motor control strategy intended to reduce symptoms and compensate for neuromuscular deficits including muscle weakness on the affected limb, and have the potential to contribute to ongoing disease progression by altering biomechanical patterns in the affected joint. Furthermore, compensatory changes in motion and loading patterns in adjacent joints or joints on the contralateral limb can also arise [11], which may be similarly incompatible with the joint tissue state and lead to degeneration of joint tissues [12]. While there is evidence for kinematic asymmetry during walking and sit-to-stand in individuals with advanced unilateral hip OA [11,13,14] and following THR [6,14,15,16,17,18], the presence of kinematic asymmetry in mild-to-moderate hip OA, where there is potential to prevent or slow disease progression, has not been established.



Biomechanical studies of asymmetry in people with hip OA to date have tended to focus on either walking or sit-to-stand. A systematic review of spatiotemporal characteristics during gait in people with hip OA [19] identified that individuals with unilateral and bilateral advanced hip OA take shorter steps [20,21,22] and spend more time in stance [20,23,24] with their most affected limb compared with the contralateral limb. People with unilateral advanced hip OA have also been reported to walk with less peak sagittal hip flexion and extension [11,13,14] and lower peak sagittal hip moments [25] on their affected limb compared with the contralateral limb. Asymmetries at the knee have also been reported in advanced unilateral hip OA, with greater knee extension and adduction moments on the contralateral limb compared with the affected limb during walking [11]. No studies to date have assessed kinematic symmetry during walking in bilateral mild-to-moderate hip OA or compared kinematic asymmetry between unilateral hip OA and bilateral hip OA groups. To the best of our knowledge, only one study investigated lower limb symmetry during sit-to-stand in mild-to-moderate hip OA and reported no lower limb kinematic asymmetry in a mixed cohort consisting of individuals with unilateral and bilateral hip OA [26]. However, following unilateral THR, patients performed sit-to-stand using less frontal plane range of motion on their affected hip compared with the contralateral hip [27]. Likewise, reduced extension moments on the affected hip compared with the contralateral hip were reported both before and after unilateral THR [17,27,28].



Taken together, the abovementioned studies suggest that lower limb kinematic and kinetic asymmetry is a feature of advanced hip OA during both walking and sit-to-stand and is not corrected by surgery. It is unclear whether lower limb asymmetry is also a feature of those with less severe disease, and whether any asymmetry is specific to those with unilateral hip OA or is also apparent in people with bilateral hip OA. Our group has previously reported that people with mild-to-moderate hip OA exhibit muscle weakness [29,30], less hip joint loading over a reduced range of motion in walking [31], and reduced hip motion over sit-to-stand [32] in the affected limb in people with mild-to-moderate hip OA compared with healthy controls. However, the extent of any gait asymmetry in unilateral and bilateral hip OA remains unknown. The aims of this study were therefore to: (1) evaluate kinematic symmetry at the pelvis, hip, knee, and ankle during walking and sit-to-stand in individuals within unilateral mild-to-moderate hip OA, bilateral mild-to-moderate hip OA, and healthy controls; and (2) compare measures of kinematic asymmetry between groups. We hypothesised that individuals with unilateral mild-to-moderate hip OA would exhibit kinematic asymmetry at the hip, as reported in advanced unilateral hip OA [11,13,14], and the unilateral hip OA group would exhibit greater asymmetry than both the bilateral hip OA and control groups for both tasks.




2. Materials and Methods


2.1. Participants


This study was a sub-group analysis, comprising a convenience sample of 42 participants (13 men, 29 women) enrolled in a broader study [31]. Individuals between 45 and 80 years of age were recruited from hospital orthopaedic waiting lists and word-of-mouth. Pelvis and hip joints were screened bilaterally with weight-bearing radiographs, supine magnetic resonance imaging (MRI), and the modified Harris Hip Score (HHS) [27]. Superomedial, apical, and superolateral joint space width (JSW) [33], and Kellgren–Lawrence (KL) grades [34] were assessed by one experienced radiologist. Included in this study were individuals graded mild-to-moderate for hip OA; HHS ≤ 95 [35] and a KL grade of 2 or 3 (2 = possible narrowing of JSW with osteophyte formation, 3 = narrowing of JSW, moderate osteophyte formation, sclerosis, and possible deformity of bony ends [36]) for their affected hip(s); and JSW ≤ 3 mm [33]. The bilateral hip OA group met the inclusion criteria for hip OA classification for both hip joints, whereas the unilateral hip OA group met the inclusion criteria for one hip joint and KL scores of ≤1 on their contralateral hip joint. The control group had minimal hip pain and dysfunction (HHS > 95) and KL grades ≤1 and JSW > 3 mm for both hip joints. Exclusion criteria included any neurological or lower limb musculoskeletal conditions, other than hip OA, that negatively impact their ability to walk. Ethics approval for the study was obtained from both the Queensland Health Human Research Ethics Committee (HREC/13/QHC/1614 (GU Ref No: PES/46/13/HREC), 2 April 2013) and the Griffith University Human Research Ethics Committee (HREC 2013/713, 25 September 2013). All participants provided written informed consent prior to participation. The index and non-index limbs for each group were defined as follows: OA-affected limb for unilateral hip OA group, most OA-affected hip for bilateral hip OA group, and a randomly assigned limb for healthy controls.




2.2. Experimental Protocol


Participants performed five trials of barefoot walking at a self-selected speed over a 10 m walkway [31]. Participants subsequently performed a standardised sit-to-stand task from a fixed height chair (45 cm), with 30 cm distance between the feet and arms crossed over their chest. The sit-to-stand was performed at a self-selected pace [32]. All individuals were able to perform walking and sit-to-stand tasks without assistance.




2.3. Data Collection and Analysis Procedures


Three-dimensional positional data from 60 retro-reflective markers (15 mm diameter) [37] were captured with a 12-camera VICON system (Oxford Metrics, Oxford, U.K.) at 200 Hz. A full-body marker model was achieved by attaching marker clusters to the thighs and shanks, while individual markers were placed on bony landmarks of the lower limbs (epicondyles, malleoli, and feet). Upper body markers were placed on the vertebrae, sternum, and clavicular notch as described previously [31,32].



MOtoNMS [38] was used to format motion capture data for musculoskeletal modelling. Three-dimensional marker positions were filtered using a low-pass, second-order, zero-lag, Butterworth filter with a 10 Hz cut-off frequency. Generic model bodies were linearly scaled [39] in open-source modelling software, OpenSim (version 3.3), using marker positions from an upright static trial. Hip joint centres were located from MRI as previously described [32]. Inverse kinematic analysis was used to determine sagittal and frontal plane angles for the pelvis and hip joints, and sagittal plane angles for the knee and ankle joints. The stance phase of the walking task was analysed from foot strike to foot off for the index and non-index limb. The stance phase was time normalized to 101 points. Calculated marker position errors during scaling and inverse kinematics were within recommended tolerances, 0.02 m and 0.04 m, respectively [39]. Data analyses were performed using MATLAB (release 2019B, The Mathworks Inc., Natick, MA, USA).




2.4. Statistical Analysis


Statistical analysis was completed using MATLAB (release 2019B, The Mathworks Inc., Natick, MA, USA). The significance level was set at p < 0.05. Data were assessed for normality using the Shapiro–Wilk test and homogeneity of variance was assessed using Levene’s test. Demographic, clinical, and spatiotemporal values were compared between groups using a one-way analysis of variance (ANOVA) or Kruskal–Wallis, with Bonferroni or Mann–Whitney U post hoc comparisons. Asymmetry was defined as within-group differences in continuous sagittal and frontal plane angles for the pelvis, hip, knee, and ankle and was evaluated using paired sample t-tests with statistical parametric or non-parametric mapping methods [40]. Between-group differences in asymmetry (calculated as the index minus non-index limb) were assessed using an ANOVA with statistical parametric or non-parametric mapping methods [40]. T-values that exceeded the t* threshold were interpreted to indicate within-group statistically significant differences.





3. Results


3.1. Participant Characteristics


The unilateral hip OA and bilateral hip OA groups had significantly higher body mass and body mass index (BMI) than the control group (Table 1). The unilateral hip OA and bilateral hip OA groups had significantly smaller JSW on the index limb compared with controls; the bilateral hip OA group also had significantly smaller JSW on the non-index limb compared with controls. The JSW difference (non-index minus index) of the unilateral hip OA group was significantly greater than both the bilateral hip OA and control groups. The overall mean HHS and subscale scores for pain and function were 71.96 (SD 13.02), 26.67 (SD 7.70), and 38.75 (SD 2.24), respectively, for the unilateral hip OA group, and 65.51 (SD 12.00), 21.11 (SD 6.01), and 38.44 (SD 5.60), respectively, for the bilateral hip OA group. The bilateral hip OA group had significantly lower pain scores than the unilateral hip OA and control groups (p < 0.05), though there were no other between-group differences. All individuals in the control group had an overall HHS greater than or equal to 99.




3.2. Spatiotemporal Asymmetry during Walking


There were no significant spatiotemporal asymmetries in walking velocity, step length, or step duration within the unilateral hip OA, bilateral hip OA, or control groups (Table 2). A significant between-group difference was detected in stance phase duration asymmetry between the bilateral hip OA versus both unilateral hip OA groups, and control groups, respectively (p < 0.05). No other significant between-group differences in spatiotemporal symmetry were detected.




3.3. Within-Group Kinematic Symmetry during Walking


Compared with their non-index limb, the unilateral hip OA group exhibited less hip extension with their index limb from 45–100% of stance (Figure 1A, average mean difference = 7.90° (SD 3.29)), less knee extension from 50–60% of stance (Figure 1C, average mean difference = 4.72° (SD 0.97)), and less anterior pelvic tilt from 5–20% of stance (Figure 1E, average mean difference = 3.38° (SD 0.67)). No significant asymmetries were detected within the bilateral hip OA or control group.




3.4. Between-Group Kinematic Asymmetry during Walking


A significant main effect of the unilateral hip OA group was the detection of sagittal plane hip extension and anterior pelvic tilt kinematic asymmetries. Post hoc analyses revealed that, compared with the control group, the unilateral hip OA group exhibited greater hip flexion asymmetry for 50–100% of stance (Figure 2A, average mean difference = 4.8° (SD 2.67)) and greater anterior pelvic tilt asymmetry for 0–25% of stance (Figure 2B, average mean difference = 1.8° (SD 1.46)).




3.5. Kinematic Asymmetry during Sit-to-Stand


No significant within- or between-group differences were found for measures of kinematic asymmetry during sit-to-stand (Figure 3).





4. Discussion


This study investigated pelvis, hip, knee, and ankle kinematic asymmetry during walking and sit-to-stand in individuals with symptomatic and radiographic unilateral mild-to-moderate hip OA, bilateral mild-to-moderate hip OA, and healthy controls. The main finding was the within-group lower limb kinematic asymmetries were plane-, joint-, group-, and task-dependent. The observed asymmetries were restricted to the sagittal plane of the pelvis, hip, and knee in individuals with unilateral hip OA during walking. Between-group analysis further demonstrated that sagittal plane pelvis and hip asymmetries during walking were greater in unilateral hip OA than both bilateral hip OA and healthy control groups. Lower limb gait asymmetry during walking was previously reported in advanced unilateral hip OA [6,14,25]. Therefore, our study of people with mild-to-moderate hip OA confirms that lower limb kinematic asymmetry during walking is present at an earlier stage of the disease process than previously reported. While there is some limited evidence for an association between gait asymmetry and increased risk of developing secondary OA [5,11], a comprehensive understanding of the effect of gait asymmetry on hip OA disease progression in the affected and compensating joints is lacking. Consideration by clinicians of the potential effects of asymmetry on the long-term health of the affected joints and other compensating joints in hip OA appears warranted.



The unilateral hip OA group flexed their index hip ~8° less for >50% of the stance phase of walking and extended their index knee ~5° less around their peak knee extension (50–60% of stance phase) compared with their non-index limb. Consequently, the index limb moved through a more limited range during the walking cycle, which was previously shown to be an important determinant of disability in those with hip OA [41]. The unilateral hip OA group anteriorly tilted their pelvis ~3° less at heel strike on the index limb compared with the non-index limb, which limits hip flexion and may serve to reduce the range through which the hip joint is loaded. Although relatively small, and appearing in the absence of spatiotemporal asymmetries, these kinematic asymmetries are consistent with findings from advanced unilateral hip OA studies that showed reductions in maximum hip flexion, maximum hip extension, and maximum knee flexion on the index compared with the non-index limb, as well as differences in pelvic obliquity, pelvic tilt, and pelvic rotation [14,42]. Between-group analyses confirmed the unilateral hip OA group was significantly more asymmetrical than controls for pelvis and hip sagittal plane kinematics. Overall, the kinematic asymmetries present in our unilateral hip OA group are consistent with reported asymmetries in muscle strength and size in hip OA [43]. Due to the heterogeneous nature of hip OA, it is unknown what drives these asymmetries, which are potentially caused by some combination of pain-avoidance [44], muscle atrophy [30], and dysfunction [45]; however, this requires further investigation.



No lower limb kinematic asymmetries were detected during walking within the bilateral hip OA group. However, the bilateral hip OA group had specific similarities to the unilateral hip OA group in their walking kinematics, such as a tendency toward lesser hip flexion and pelvic tilt with their index compared with non-index limb. Our results are similar to those of Gallager et al. [46] who reported no kinematic asymmetries during walking 10 years post-bilateral-THR, while still presenting with reduced hip extension and flexion compared with a control group. The absence of kinematic asymmetry in the bilateral hip OA group may be related to the similarity in KL scores between their hips, which was, on average, 0.1 compared with 1.8 for the unilateral hip OA group. Additionally, between-limb differences in perceived pain and function may drive kinematic asymmetry as those that are affected with hip OA were shown to avoid or alter their movements due to pain [44]; however, this information was not recorded in our study. It follows that it may be important to distinguish between individuals with unilateral versus bilateral mild-to-moderate hip OA, in terms of both symptomatic and radiographic diagnoses, when assessing kinematic asymmetry in a clinical setting. Measures of kinematic asymmetry alone are unlikely to adequately identify the causes of the observed movement patterns in individuals with bilateral hip OA [47].



No within- or between-group kinematic asymmetries were detected in sit-to-stand, consistent with the findings from Eitzen et al. [26] who examined sit-to-stand in a mixed cohort consisting of individuals with unilateral hip OA and bilateral hip OA. While kinetic asymmetry was reported in several studies on advanced hip OA [17,28], kinematic symmetry was not assessed in advanced hip OA during STS; however, given that kinematic asymmetry has been reported after THR, it appears kinematic asymmetry during sit-to-stand is primarily a feature of advanced hip OA. Despite sit-to-stand requiring more lower-extremity muscle strength and hip range of motion compared with walking [48], the lack of kinematic asymmetry is perhaps related to task complexity. Contrary to the findings of Talis et al. [17], who indicated greater asymmetry in STS than walking post-unilateral-THR, we think that at the mild-to-moderate stages of hip OA, the in-phase limb movement and double support phase may impose tighter task constraints in sit-to-stand compared with the out-phase limb movement and single support phase during walking.



The clinical implications of our finding of lower limb gait asymmetry in people with unilateral mild-to-moderate hip OA are open to interpretation. In the short term, gait asymmetry could be interpreted as a highly functional adaptation that facilitates gait function in the presence of symptoms (e.g., pain [7,25]) and neuromuscular deficits (e.g., muscle weakness [30] and activation [45]). The long-term implications of these adaptations are less clear but have the potential to be detrimental for both the affected and compensating joints. For example, an elevated risk of secondary OA in the contralateral knee of people with advanced hip OA was reported [5,11]. However, it may not be asymmetry per se that is the problem, but rather that asymmetry has the potential to alter the mechanical environment of the joint in a manner that is detrimental to the tissue state [12]. As all biological tissues are sensitive to their mechanical environment, subtle changes in the magnitude, direction, timing, and region of loading can lead to tissue degeneration via mechanobiological pathways [49]. Our main practical recommendation based on the findings presented is therefore that altered loading (i.e., over- or under-loading, focused or distributed loading), which may be driven by asymmetry, has the potential to adversely affect joint health, and should be carefully monitored in gait pathologies such as hip OA.



An important strength of this study is the inclusion of both unilateral hip OA and bilateral hip OA groups. Our results show that differences are present between these groups and tailoring personalised management techniques may be appropriate. Furthermore, eligibility was based on radiographic and symptomatic criteria, which minimised the risk of participant misclassification [50]. The primary limitation of this study is neglecting to include kinetic measures in our analysis, including joint moments and articular loading, which can occur in the presence or absence of kinematic asymmetry. We accounted for possible differences in kinematics due to sex by balancing the distribution in our groups; however, we were unable to fully explore this variable due to our limited sample size, and larger sample sizes should be considered in the design of future studies. Finally, we assessed asymmetry as the absolute difference in kinematic measures between limbs. Relative measures of asymmetry, which consider the size of the difference relative to motion amplitude, were also explored but did not alter findings or interpretation. Therefore, we chose to report only absolute measures of asymmetry for simplicity. The implications of biomechanical asymmetry during activities of daily living for disease progression requires further investigation.




5. Conclusions


Individuals with unilateral hip OA exhibit lower limb asymmetries consistent with those reported in advanced stages of disease during walking, but not sit-to-stand. Consideration of the possible negative effects of gait asymmetry on the health of the affected and compensating joints appears warranted in the management of hip OA.
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Figure 1. Top row: Ensemble average joint kinematics during the stance phase of the gait cycle for the unilateral hip osteoarthritis (blue), bilateral hip osteoarthritis (green), and control (red) groups. The index limb is displayed as a solid line and the non-index limb as a dashed line. Bottom row: Corresponding t-values (black) and t-threshold (red) from paired t-test with statistical parametric mapping for unilateral hip OA group only. T-values that exceeded the threshold were interpreted to indicate significant between-limb differences (p < 0.05). 
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Figure 2. Top row: Between-limb difference (±95% confidence interval) in sagittal plane pelvis and hip kinematics over the stance phase of the gait cycle for unilateral hip osteoarthritis (blue), bilateral hip osteoarthritis (green), and control (red) groups. Middle row: Corresponding F-values (black) and F-threshold (red) from analysis of variance with statistical parametric and non-parametric mapping. F-values that exceeded the threshold were interpreted to indicate between-group differences (p < 0.05). Bottom row: Corresponding t-values (black) and t-threshold (red) from post hoc t-test with statistical parametric and non-parametric mapping for unilateral vs. control groups. T-values that exceeded the threshold were interpreted to indicate significant between-limb differences (p < 0.05). 






Figure 2. Top row: Between-limb difference (±95% confidence interval) in sagittal plane pelvis and hip kinematics over the stance phase of the gait cycle for unilateral hip osteoarthritis (blue), bilateral hip osteoarthritis (green), and control (red) groups. Middle row: Corresponding F-values (black) and F-threshold (red) from analysis of variance with statistical parametric and non-parametric mapping. F-values that exceeded the threshold were interpreted to indicate between-group differences (p < 0.05). Bottom row: Corresponding t-values (black) and t-threshold (red) from post hoc t-test with statistical parametric and non-parametric mapping for unilateral vs. control groups. T-values that exceeded the threshold were interpreted to indicate significant between-limb differences (p < 0.05).



[image: Symmetry 13 00768 g002]







[image: Symmetry 13 00768 g003 550] 





Figure 3. Top row: Ensemble average joint kinematics over the stance phase of sit-to-stand for the unilateral hip osteoarthritis (blue), bilateral hip OA (green), and control (red) groups. The index limb is displayed as a solid line and the non-index limb as a dashed line. Bottom row: Between-limb difference (±95% confidence interval) in joint kinematics during the stance phase of sit-to-stand for the unilateral hip osteoarthritis (blue), bilateral hip OA (green), and control (red) groups. 






Figure 3. Top row: Ensemble average joint kinematics over the stance phase of sit-to-stand for the unilateral hip osteoarthritis (blue), bilateral hip OA (green), and control (red) groups. The index limb is displayed as a solid line and the non-index limb as a dashed line. Bottom row: Between-limb difference (±95% confidence interval) in joint kinematics during the stance phase of sit-to-stand for the unilateral hip osteoarthritis (blue), bilateral hip OA (green), and control (red) groups.



[image: Symmetry 13 00768 g003]







[image: Table] 





Table 1. Participant characteristics by group. Data are presented as the mean (one standard deviation).
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Hip OA

	
Control




	

	
Unilateral

	
Bilateral

	






	
n = 42

	
12 (4 M, 8 F)

	
9 (4 M, 5 F)

	
21 (5 M, 16 F)




	
Age (years)

	
62.5 (SD 10.0)

	
63.2 (SD 6.0)

	
58.7 (SD 8.2)




	
Age (range)

	
58–78

	
56–71

	
49–75




	
Height (m)

	
1.67 (SD 0.05)

	
1.69 (SD 0.12)

	
1.67 (SD 0.07)




	
Mass (kg)

	
78.5 (SD 13.4) *

	
81.6 (SD 16.9) *

	
69.5 (SD 9.2)




	
BMI (kg/m2)

	
27.2 (SD 3.2) *

	
27.6 (SD 4.6) *

	
25.3 (SD 3.4)




	
HHS

	
73.04 (SD 12.06)

	
65.12 (11.9)

	
99.88 (SD 1.04)




	

	
Index

	
Non-index

	
Index

	
Non-index

	
Index

	
Non-index




	
JSW (mm)

	
2.5 (SD 0.9) *

	
3.5 (SD 0.7)

	
2.7 (SD 0.7) *

	
3.1 (SD 0.7) *

	
4.1 (SD 0.6)

	
3.9 (SD 0.5)




	
JSW difference

	
1 (SD 0.8) *, +

	
−0.37 (SD 0.3)

	
−0.21 (SD 0.4)




	
KL 0

	

	
5

	

	

	
14

	
12




	
KL 1

	

	
7

	

	

	
7

	
9




	
KL 2

	
5

	

	
5

	
6

	

	




	
KL 3

	
7

	

	
4

	
3

	

	




	
KL difference

	
1.8 (SD 1.1) *, +

	
0.1 (SD 0.3)

	
−0.1 (SD 0.6)








OA, osteoarthritis; n, number of participants; M, Male; F, Female; BMI, Body Mass Index; HHS, Harris Hip Score; JSW, Joint Space Width; KL, Kellgren–Lawrence score. * Indicates significant difference compared with control group (p < 0.05). + Indicates significant difference compared with bilateral hip OA group (p < 0.05).
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Table 2. Spatiotemporal gait parameters by group. Data are presented as the mean (one standard deviation).
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Hip OA

	
Control




	

	
Unilateral

	
Bilateral

	






	
Gait Velocity (m/s)




	
Index

	
1.19 (SD 0.21)

	
1.11 (SD 0.11)

	
1.31 (SD 0.11)




	
Non-index

	
1.20 (SD 0.21)

	
1.11 (SD 0.11)

	
1.30 (SD 0.11)




	
Difference

	
−0.01 (SD 0.03)

	
0.001 (SD 0.03)

	
0.008 (SD 0.03)




	
Step Length (m)




	
Index

	
0.70 (SD 0.11)

	
0.70 (SD 0.09)

	
0.77 (SD 0.10)




	
Non-index

	
0.70 (SD 0.11)

	
0.69 (SD 0.05)

	
0.74 (SD 0.05)




	
Difference

	
0.00 (SD 0.12)

	
0.01 (SD 0.13)

	
0.03 (SD 0.13)




	
Stance Duration (ms)




	
Index

	
662 (SD 60)

	
700 (SD 59)

	
613 (SD 39)




	
Non-index

	
660 (SD 62)

	
714 (SD 58)

	
612 (SD 40)




	
Difference

	
0.6 (SD 9) +

	
−14 (SD 8) *

	
0.9 (SD 9)








OA, osteoarthritis. Mean difference calculated as index minus non-index limb. * indicates significant difference compared with control group (p < 0.05). + indicates significant difference compared with bilateral hip OA group (p < 0.05).
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