Title: Identifying muscle function-based phenotypes associated with radiographic progression

of secondary hip osteoarthritis: A prospective cohort study

Abstract

Objective: The purposes of our study were to (1) identify muscle function-based clinical
phenotypes in patients with hip osteoarthritis (OA) and (2) determine the association between those
phenotypes and radiographic progression of hip OA.

Design: Prospective cohort study.

Setting: Clinical biomechanics laboratory of a university.

Participants: Fifty female patients with mild-to-moderate secondary hip OA were recruited from
the orthopaedic department of a single institution.

Interventions: Not applicable.

Main Outcome Measures: Two-step cluster analyses were performed to classify the patients,
using hip flexion, extension, abduction, and external/internal rotation muscle strength (cluster
analysis 1); relative hip muscle strength to total hip strength (i.e., hip muscle strength balance;
cluster analysis 2); and both hip muscle strength and muscle strength balance (cluster analysis 3) as
variables. The association between the phenotype and hip OA progression over 12 months
(indicated by joint space width [JSW] >0.5mm) was investigated by logistic regression analyses.
Hip joint morphology, hip pain, gait speed, physical activity, Harris hip score, and SF-36 scores
were compared between the phenotypes.

Results: Radiographic progression of hip OA was observed in 42% of the patients. The patients
were classified into two phenotypes in each of the three cluster analyses. The solution in cluster
analyses 1 and 3 was similar, and high-function and low-function phenotypes were identified;
however, no association was found between the phenotypes and hip OA progression. The
phenotype 2-1 (high-risk phenotype) extracted in cluster analysis 2, which had relative muscle
weakness in hip flexion and internal rotation, was associated with subsequent hip OA progression,
even after adjusting for age and minimum JSW at baseline (adjusted odds ratio [95% confidence

interval], 3.60 [1.07-12.05]; p = 0.039).



Conclusion: As preliminary findings, the phenotype based on hip muscle strength balance, rather
than hip muscle strength, may be associated with hip OA progression.

(297 words)
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AHI; acetabular head index

ARO; acetabular roof obliquity
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MDCos; minimal detectable change at 95% confidence level
OA; osteoarthritis
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Introduction

Joint stability is achieved by a combination of static and dynamic stabilizers!, and muscle force
plays a leading role as a dynamic stabilizer>>. Muscle weakness causes a decrease in the muscle
force available for joint stability during weight-bearing activities, subsequently, leading to a limp,
such as Trendelenburg gait*. Furthermore, because muscle forces provide compression of the
femoral head into the acetabular concavity, a decrease in hip muscle forces can cause
microinstability of the hip joint’. Muscle strength is more important in patients with acetabular
dysplasia or borderline dysplasia, a precursor to hip osteoarthritis (OA), who are susceptible to

microinstability due to insufficient static stabilizers and bone deformation®*.

Muscle weakness is major impairment in patients with hip OA, along with joint pain and
limited range of joint motion. Hip muscle strength is reduced by about 20% in patients with hip OA
on the affected side compared to healthy individuals or the contralateral side’. Even patients with
mild-to-moderate hip OA and acetabular dysplasia have been reported to have reduced hip muscle
strength, especially in flexion, extension, and abduction®®. Hip muscle weakness in such patients,
who depend more on dynamic than static stabilizers, may cause worsening joint instability and,

therefore, progression of hip OA.

While muscle weakness is common in patients with hip OA, heterogeneity of muscle
weakness is also known’. This heterogeneity includes individual differences among patients and
differences in hip muscle strength in different directions in the same patient. This evidence suggests
that clinical phenotypes in hip OA based on muscle function exist; for instance, patients who have
overall decreased hip muscle strength and patients who have decreased specific muscle strength,
such as in hip flexion and abduction. Given that the force of each hip muscle can affect the

1011 and contributes to the stability of the femoral

magnitude and direction of the hip contact force
head against the acetabulum?®’, imbalance of the hip muscle forces may exacerbate hip
microinstability and hip OA. Standing posture, gait-related kinematic/kinetic features, and spinal

flexibility have been reported as modifiable risk factors for the progression of hip OA'?"'4,
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However, no study has demonstrated the phenotypes based on muscle function, and their
association with radiographic progression of hip OA, despite hip muscle strength being
recommended as a core domain for clinical assessment and clinical trials in patients with hip
OA'>16 Since muscle strength is generally measured and readily assessed by clinicians, it is
clinically important to clarify the muscle function-related risk factors that lead to hip OA
progression. Understanding the potentially-modifiable variables associated with hip OA

progression could inform future options for targeted rehabilitation.

The aims of our study were to (1) identify muscle function-based clinical phenotypes in
patients with hip OA and (2) determine the association between those phenotypes and radiographic
progression of hip OA. We hypothesized that phenotypes based on muscle strength balance are

more strongly associated with hip OA progression than phenotypes based on muscle strength.

Methods

Participants

Patients were recruited continuously from April 2013 to March 2015 from the orthopaedic
department of a single institution. The inclusion criteria were as follows: (1) diagnosis of
pre-osteoarthritis (acetabular dysplasia defined by hip pain, a lateral center edge (CE) angle <25°,
and a Sharp angle >45° with no other abnormal radiographic findings), early hip OA (slight joint
space narrowing and abnormal subchondral sclerosis), or advanced hip OA (marked joint space
narrowing with or without cysts or sclerosis); and (2) ability to walk without any assistive device.
The exclusion criteria were as follows: (1) baseline joint space width (JSW) <0.5 mm (a reduction
in JSW >0.5 mm was defined as disease progression); (2) previous hip surgery; and (3) other
conditions such as orthopedic diseases of joints other than the hip joint or neurological diseases that
affect activities of daily living. In patients with bilateral hip OA, the side on which the radiographic

OA change was more severe was used as the affected side for analysis. The candidate pool was
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sex-biased (males, 7.1%), similar to previous studies!”"!°. Only female patients were included in the
study due to the difficulty of considering the effect of sex in subsequent analyses. The analysis in
this study was performed using the same cohort as in a previous study'?. All participants provided

informed consent, and the study protocol was approved by the institutional ethics committee.

Radiographic assessment of hip OA progression and hip morphology

Hip OA progression was assessed by changes in JSW on digital supine anteroposterior pelvic
radiographs taken at baseline and 12 months later. A single experienced examiner measured JSW,
using Centricity Enterprise Web, version 3.0 In addition to blinding the patient’s name on the
radiograph, the radiographs at baseline and 12 months later were randomly arranged for each
patient to blind the sequence, according to blinding radiographs recommendations, to determine the
structural progression®’. Minimum JSW was defined as the lowest JSW value of the three or four
measurements (see Appendix 1)?!, and radiographic progression of hip OA was defined as JSW

reduction >0.5 mm at any of the locations®**2,

Hip morphology, Sharp angle, CE angle, acetabular head index (AHI), and acetabular roof
obliquity (ARO) were measured on the same image on which JSW was measured at baseline (see

Appendix 1).

Hip muscle strength assessment

Isometric muscle strength for hip flexion, extension, abduction, external rotation, and internal

rotation was measured at baseline using a handheld dynamometer® based on previous studies?>.
These five muscle strengths were selected because they are required to exert muscle force during

2527 and these muscle weaknesses have been shown in patients with hip OA’. Hip

daily activities
muscle strength assessment details are reported in Appendix 2. Hip muscle strength balance was
expressed as a percentage of the sum of all hip muscle strength values after each muscle strength

value was converted to T-value.
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Hip pain and physical function

Hip pain at baseline during daily life was assessed using a 100-mm visual analog scale. Gait speed
(meters/second) was measured three times during natural walking at the patient’s preferred speed
on a 7-m walkway, and the mean value was used. The daily physical activity was recorded using a
pedometer® with validated accuracy?®* for seven consecutive days at baseline, the participants
returned their records by mail. The mean value of 7 days was used for subsequent analysis. Harris
Hip Score (HHS) was recorded to assess the functional status of the patients with hip OA*°. HHS
includes pain, function, absence of deformity, and range of motion items and has a maximum of
100 points (best possible outcome). In addition, the physical component summary scale and mental
component summary scale scores of SF-36 were used as generic measurement tools to assess health
status®!. These scores were calculated as deviation scores (national standard score: 50), with higher
scores representing better health. At baseline measurements, participants were instructed to
continue with their current lifestyle and physical activity, and when interviewed after 12 months, no

significant changes in lifestyle and physical activity were observed in any of the participants.

Statistical analysis

Two-step cluster analysis was used to determine the optimum number of clusters. This clustering
method has some advantages over more traditional clustering methods, especially in terms of
statistically determining the number of clusters based on a predefined criterion, and is a highly
reliable solution®**. Euclidean distance measure was used for distance measurement and Akaike’s
information criterion was used to identify the optimal number of clusters. The clustering procedure
was conducted separately for three datasets: muscle strength variables (cluster analysis 1), muscle
strength balance variables (cluster analysis 2), and muscle strength and muscle strength balance
variables (cluster analysis 3). The overall goodness of fit of the clustering solution was evaluated
using a Silhouette measure. Silhouette measure <0.20 indicated poor solution quality; a measure

0.20-0.50, a fair solution; and a measure >0.50, a good solution®.
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To test the stability of the given solution, additional cluster analyses were performed using
the following two methods®?. First, a two-step cluster analysis was repeated using 10 different
datasets with random case order. Second, other clustering procedures —hierarchical agglomerative
clustering with Ward’s method and Euclidean distance measure and k-means clustering with

Euclidean distance measure— were performed on the same dataset.

To assess the association between identified phenotypes and the likelihood hip OA
progression, univariable logistic regression analysis was performed with radiographic progression
(yes/no) as the dependent variable and phenotypes as independent variables. Multivariable logistic

3435 was also

regression adjusted for age and minimum JSW at baseline, which can be confounders
performed. We performed a series of Student’s #-fests on all measurement variables to understand
the differences in the profiles of each phenotype. The bootstrap method with 1,000 replicates was
employed for logistic regression analysis and comparison of variables between phenotypes. P value

<0.05 was considered statistically significant. SPSS version 26.0¢ and XLSTAT (Microsoft Excel

add-in) © were used for statistical analysis.

Results

General profile of the study cohort

The flowchart of this cohort study is shown in Figure 1. Follow-up data were not available for three
participants due to scheduling conflicts. The 50 participants’ profiles are listed in Table 1. The ages
of the patients ranged from 22 to 65 years. Twenty-one patients (42.0%) demonstrated hip OA

progression on radiographic evaluation 12 months later.

Phenotype identification and profiles of each phenotype
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Cluster analysis 1

The solution of the cluster analysis 1, which included only the muscle strength variables, showed
two phenotypes (phenotypes 1-1 and 1-2). The silhouette coefficient was 0.5, which represented
fair solution quality, and was considered acceptable clustering®’. As shown in Figure 2, the
importance of the variables related to model estimation tended to decrease from external rotation to
internal rotation. Repeated cluster analysis of 10 datasets with different case orders and other

clustering procedures retained the same solution, thus ensuring the stability of the solution.

In the univariable and multivariable logistic regression analyses, there was no association
between the phenotypes and risk of hip OA progression (Table 2). Compared with phenotype 1-2,
phenotype 1-1 showed weaker hip muscle strength (Figure 3), higher body mass index (BMI),
worse hip pain, slower gait speed, less physical activity, and lower HHS (Table 3); thus, phenotype

1-1 and 1-2 were characterized as “low-function” and “high-function” phenotypes, respectively.

Cluster analysis 2

The patients were classified into two phenotypes (phenotypes 2-1 and 2-2). The silhouette
coefficient was 0.5. The solution remained unchanged after 10 additional clustering on 10 datasets
with different case orders, and the other clustering procedures also produced a similar solution for
the characteristics of the clustering variables in each cluster (hierarchical clustering, size ratio =
1.38 [29/21]; k-means clustering, size ratio = 1.17 [27/23]). Because each phenotype profile and

size ratio were similar in other clustering methods, clustering stability was ensured.

The phenotype 2-1 was associated with radiographic progression of hip OA, and the
association remained even after adjustment for age and minimum JSW at baseline (Table 2); thus,
phenotype 2-1 was characterized as a “high-risk” phenotype for hip OA progression. Phenotype 2-1
showed muscle strength balance with relatively lower hip flexion and internal rotation (Figure 3),

as well as stronger hip abduction muscle strength than phenotype 2-2 (Table 3).
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Cluster analysis 3

Cluster analysis 3 also presented a solution with two phenotypes (phenotypes 3-1 and 3-2). The
silhouette coefficient was 0.3. The relative importance of the variables for model estimation was
generally higher for muscle strength variables than that for muscle strength balance variables
(Figure 2). In the stability test, 10 additional two-step cluster analyses remained in the same
solution. Since the size ratios were slightly different in the other clustering procedures (hierarchical
clustering, size ratio = 1.00 [25/25]; k-means clustering, size ratio = 1.63 [31/19]), cluster analysis

3 might be interpreted as slightly less stable than cluster analyses 1 and 2.

No association was found between the phenotypes and the risk of hip OA progression (Table
2). Similar to the results of cluster analysis 1, compared with phenotype 3-2 (high-function
phenotype), phenotype 3-1 (low-function phenotype) showed weaker hip muscle strength (Figure

3), higher BMI, worse hip pain, slower gait speed, and lower HHS (Table 3).

Discussion

This study aimed to identify muscle function-based clinical phenotypes in patients with hip OA and
to determine their association with the radiographic progression of the disease. Consistent with our
hypothesis, we found that a phenotype based on muscle strength balance, rather than muscle
strength, was associated with radiographic progression of hip OA over 12 months. This study
showed that relative muscle weakness of hip flexion and internal rotation can be a risk factor for

hip OA progression.

The data-driven cluster analysis extracted two distinct clinical phenotypes. Although

previous studies have investigated the clustering of patients with hip OA based on various

variables—such as genes and biochemical markers*®3°  systemic predisposition to

9
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chondrocalcinosis*’, proximal femoral canal shape*!, JSW narrowing trajectory*’, radiographic
grade and measures of mental health*’, motive profiles*, movement behavior*’, gait kinematics*®,
and comorbid symptoms*’—the relationship between phenotypes and the risk of hip OA progression
has not been investigated. Regarding the relative importance in the cluster analysis (Figure 2),
cluster analysis 1 —using muscle strength— and cluster analysis 3 —using both muscle strength and
muscle strength balance— presented nearly identical solutions because the classification was mainly
based on muscle strength in cluster analysis 3. The patients with hip OA could be divided into the
low-function phenotype (phenotypes 1-1 and 3-1) and the high-function phenotype (phenotypes 1-2
and 3-2). The “low-function” phenotype had lower general hip muscle strength with higher BMI
and worse hip pain, resulting in less physical function. These findings support the reported
heterogeneity of muscle function in patients with hip OA’. More importantly, clustering based on
muscle strength balance (cluster analysis 2) identified a high-risk phenotype (phenotype 2-1)
associated with hip OA progression although the confidence interval was wide and its lower bound
was close to 1, suggesting a weak association. This finding indicates that impaired muscle strength
balance is more important than overall and homogeneous muscle weakness in the context of the
risk of hip OA progression. The high-risk phenotype in cluster analysis 2, which had relatively
weaker hip flexion and internal rotation and relatively stronger hip extension and abduction, was
more likely to develop hip OA than phenotype 2-2 with an odds ratio of 3.60. Since the relative
changes in individual hip muscle strength can have a significant impact on changes in the

10,11

magnitude and direction of hip contact force™'", consideration of hip muscle strength balance is

important in assessing the risk of and preventing hip OA progression.

The association between high-risk phenotype (phenotype 2-1) with muscle strength
imbalance and radiographic progression of hip OA may be due to the structural features of the hip
joint and the microinstability’s direction. The anterior hip joint has a smaller coverage with the
acetabulum than the posterior, and displacement of the femoral head tends to increase anteriorly
and inferiorly, as in acetabular dysplasia and tears of labrum and capsular ligament* >,
Musculoskeletal modeling simulation has revealed that a reduced force of the iliopsoas muscle,

which is a main hip flexor, increases the anterior and resultant hip contact force during hip flexion’'.

10
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Furthermore, the combined role of static and dynamic stabilizers, that is, joint stabilization through
adhesion between the muscle and capsular ligament, has been presumed®. The anterior part of the
gluteus minimus, iliocapsularis, and reflected head of the rectus femoris partially adhere to the
capsular ligament, and this unique structure may contribute to anterior hip stabilization by
increasing the tension of the anterior capsular ligament due to contraction of these muscles>?. Their
muscle weakness and the associated muscle imbalance around the hip joint may result in
inadequate functioning of the stabilization mechanisms, and subsequently, progression of hip OA.
Isometric muscle strength, which was measured in this study, is the most clinically available
measure of muscle function. Based on our results, larger, longer-term longitudinal and intervention
studies, are needed to clarify the relationship between muscle function and disease progression in
patients with hip OA. Subsequently, this evidence may contribute to prevention of disease

progression.

Study limitations

Several limitations should be considered. The small number of participants, consisting only
of female patients with mild to moderate hip OA who are relatively well functioning, could limit
the generalizability of our findings. The muscle strength measured was the sum of the exerted
forces of some muscles; therefore, the muscle force of each muscle was not measured. Some
specific hip muscles, such as the gluteus minimum, have been reported to be atrophied in unilateral
hip OA; however, there is also heterogeneity in the changes in individual muscle sizes>. Further
research is required to investigate the relationship between individual muscle forces and hip OA
progression. Muscle strength was measured using isometric contraction. Different clustering
solutions can be obtained using muscle strength values obtained by concentric or eccentric
contraction. However, such differences in measurement protocols may not have a discernible effect
on the findings’. Isometric muscle strength is easily assessable in clinical settings; thus, the findings
of this study will be useful for clinicians to develop strategies for the prevention of hip OA
progression. We calculated the odds ratio in the logistic regression analysis; however, odds ratio

can under- or overestimate the relative risk if the modeled event is not rare>*. Finally, a relatively

11
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short follow-up duration was employed, although the 12-month follow-up met the minimum
requirements for generating valid and informative prognostic variables for hip OA>. A longer
follow-up may establish a stronger relationship between hip muscle function and hip OA

progression.

Conclusions

The cluster analysis 1 and 3, which included only hip muscle strength and hip muscle strength and
muscle strength balance, respectively, classified low-function and high-function phenotypes.
Moreover, as preliminary findings, we identified a high-risk phenotype associated with
radiographic progression of hip OA in cluster analysis 2, which based on muscle strength balance
alone. The high-risk phenotype had relatively weaker hip flexion and internal rotation and
relatively greater hip extension and abduction than the other phenotype. Hip muscle strength
balance should therefore be considered in clinical evaluation and treatment strategy development
for the prevention of hip OA progression.
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Figure legends

Fig 1 Flowchart of participants in cohort study

Data from 50 participants were analyzed in this study.

Fig 2 Relative importance of predictors in clustering

This graph shows the relative importance of each variable in each cluster analysis, which is a
measure of the importance of the contribution of each attribute in estimating the cluster. Hip muscle
strength balance was calculated as the percentage of each muscle strength to the total T-valued

muscle strength.

Fig 3 Muscle function profiles of each phenotype

Radar charts represent the differences in muscle strength and muscle strength balance between
phenotypes. Muscle strength was plotted using T-score. Cluster analyses 1, 2, and 3 included
muscle strength variables, muscle strength balance variables, and both muscle strength and muscle

strength balance variables, respectively.
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Table 1 Demographic, radiographic, physical, and hip function characteristics of the participants

All patients (n = 50)

Age, years 47.4+10.7
Body mass index 224+4.1
Radiographic

Progressors, 21 (42.0%)

Progression of hip OA, n (%)
Non-progressors, 29 (58.0%)

Minimum JSW, mm 333+1.44
Sharp angle, degrees 45.0+6.5
CE angle, degrees 234+ 115
AHI, degrees 73.8+11.0
ARO, degrees 224+79
Pain (VAS), mm 42.0+27.5
Gait speed, m/sec. 1.1£0.2
Physical activity, steps 6,596 £ 2,551
Harris Hip Score 86.9+9.9
SF-36
PCS 494 +8.6
MCS 484 +11.8

Muscle strength, Nm/kg

Flexion 0.87+0.25
Extension 1.46 £ 0.57
Abduction 0.75+0.21
External rotation 0.36£0.12
Internal rotation 0.32£0.12

(Footnotes for Table 1)

Values are mean =+ standard deviation.

Abbreviations: JSW, joint space width; CE center edge; AHI, acetabular head index; ARO, acetabular roof obliquity;
VAS, visual analogue scale; PCS, physical component summary scale score; MCS, mental component summary scale

Score.



Table 2 Univariable and multivariable logistic regression exploring the association between phenotypes and

likelihood of progression of hip osteoarthritis

Crude OR Adjusted OR*
No progression, n Progression, n Total, n u P Ju p
(95% CI) (95% CI)
Cluster analysis 1
(Muscle strength)
Phenotype 1 16 15 31
203 0.241 218 0.227
Phenotype 2 13 6 19 (0.61-6.72) (0.64-7.40)
Total 29 21 50
Cluster analysis 2
(Muscle strength balance)
Phenotype 1 12 15 27
3.:54 0.025 360 0.039
Phenotype 2 17 6 23 (1.07-11.77) (1.07-12.05)
Total 29 21 50
Cluster analysis 3
(Muscle strength +
Muscle strength balance)
Phenotype 1 14 12 26
1.43 0.534 144 0.563
Phenotype 2 15 9 24 (0.46-4.42) (0.46-4.49)
Total 29 21 50
(Footnotes for Table 2)

Reference group is phenotype 2 in all cluster analyses.
Bold of P value indicates statistically significant.
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval

* Adjusted for age and minimum joint space width at baseline.



Table 3 Profile of phenotypes for each of the three-cluster analyses

Cluster analysis 1 Cluster analysis 2 Cluster analysis 3

(Muscle strength) (Muscle strength balance) (Muscle strength + muscle strength balance)

Phenotype 1 Phenotype 2 ¥ i Phenotype 1 Phenotype 2 p* it Phenotype 1 Phenotype 2 p* i
(n=31) m=19) (95% CI) (n=27) (n=23) (95% CI) (n=26) (n=24) (95% CI)
0.661 0.926 0.835
Age, years 46.6 £9.4 48.1+12.9 0.14 473+12.3 47.0+8.6 0.03 47.5+8.9 46.8 £ 12.6 0.06
(-8.03, 5.77) (-5.66, 6.59) (-6.01, 6.64)
<0.001 0.802 <0.001
Body mass index 23.8+43 20.1+2.6 0.99 22.6+4.2 223+42 0.07 24.6+43 20.1+24 1.28
(1.89, 5.62) (-2.13, 2.66) (2.56, 6.37)
Radiographic
0.355 0.253 0.198
Minimum JSW, mm 3.15+1.52 3.51+1.21 0.26 3.08 +1.43 3.55+1.38 0.33 3.04+1.61 3.55+1.14 0.36
(-1.13,4.22) (-1.26, 0.40) (-1.27,0.27)
0.419 0.539 0.923
Sharp angle, degrees 455+7.2 439455 0.24 444+6.1 456+7.2 0.18 45.0+7.3 448+59 0.03
(-1.95, 5.36) (-5.08,2.72) (-3.48, 4.08)
0.259 0.469 0.272
CE angle, degrees 22.0+11.9 259+10.7 0.34 24.5+12.7 22.1+99 0.21 21.7+11.8 253+11.2 0.31
(-10.78, 2.59) (-4.27, 8.60) (-10.10, 3.15)
0.388 0.875 0.387
AHI, degrees 72.7+10.8 75.6+11.8 0.26 74.0+11.8 73.5+10.4 0.04 72.5+10.9 752+ 11.5 0.24
(-9.41, 4.01) (-5.90, 7.22) (-8.96, 3.32)
0.371 0.29 0.827 0.294
ARO, degrees 23.1+69 20.8+9.6 22.5+8.6 22.0+7.3 0.06 23.5+6.1 20.9+9.6 0.33
(-2.52,7.32) (-4.03,5.19) (-1.84,7.25)
0.014 0.781 0.018
Pain (VAS), mm 50.2 +26.3 30.0 +25.6 0.78 4354269 4124293 0.08 51.4+27.6 32.8+25.0 0.70
(4.95, 35.56) (-14.69, 18.71) (4.36, 32.02)
0.006 0.202 0.002
Gait speed, m/sec. 1.09+0.16 1.21+0.14 0.79 1.16 £0.15 1.10+0.18 0.36 1.07 £0.16 1.21+0.15 0.90
(-0.22, -0.04) (-0.03, 0.16) (-0.22, -0.06)
0.044 0.960 0.053
Physical activity, steps 5,937 +2,374 7,557 +2,688 0.65 6,528 + 2,498 6,566 +2,771 0.01 5,853 +2,499 7,296 + 2,531 0.57
(-3167.29, -90.93) (-1496.85, 1409.42) (-2891.14, -39.01)
0.003 0.980 0.001
Harris Hip Score 83.6 +10.5 91.4+6.5 0.85 86.7+11.0 86.7 + 8.8 0.00 82.4+10.1 91.4+7.7 1.00
(-13.06, -3.61) (-5.57,5.19) (-13.92, -4.01)
SF-36
0.140 0.941 0.137
PCS 355+ 11.9 40.0+38.3 0.42 37.1+11.7 37.3+99 0.02 35.0+12.9 39.6+7.7 0.43
(-9.97, 1.33) (-6.12, 6.33) (-10.27, 1.31)
0.266 0.990 0.475
MCS 50.5+8.3 47.4+9.2 0.36 493 +6.7 49.3+10.9 0.00 50.2 +8.7 48.4+£8.7 0.21
(-2.05, 8.68) (-5.18,5.38) (-3.27, 6.79)
Muscle strength, Nm/kg
<0.001 0.228 <0.001
Flexion 0.73 +0.15 1.10+0.23 2.01 0.83+£0.27 0.92+0.24 0.35 0.69 +0.13 1.07 £0.21 2.20
(-0.49, -0.26) (-0.24, 0.05) (-0.48, -0.28)
<0.001 0.058 <0.001
Extension 1.13+£0.32 2.04 +0.48 2.35 1.61 +0.61 1.29 +0.50 0.57 1.05+0.28 1.93 +£0.47 2.30
(-1.18, -0.66) (0.00, 0.62) (-1.11, -0.68)



Abduction

External rotation

Internal rotation

Muscle strength balancet, %

Flexion

Extension

Abduction

External rotation

Internal rotation

0.63+0.14

0.28 +0.07

0.26 +0.07

20.1+2.0

200+ 1.5

20.0 £2.0

20.0+2.3

202+ 1.6

0.95+0.18

0.49 +0.09

0.42+0.12

19.9+2.1

202+1.8

20.0 +£2.6

203+1.8

19.5+2.0

<0.001
(-0.41,-0.22)
<0.001
(-0.25, -0.16)
<0.001
(-0.23, -0.10)

0.760
(-1.03, 1.37)
0.577
(-1.23,0.67)
0.946
(-1.39, 1.35)
0.341
(-1.63,0.57)
0.231
(-0.42, 1.80)

0.82+0.23

0.35+0.12

0.30 +0.11

19.3+1.9

21.0+1.3

21.1£2.0

19.5+2.2

19.1+1.5

0.67+0.17

0.38+0.13

0.35+0.13

209+ 1.7

189+ 1.1

18.6 £ 1.6

20.6+1.8

21.0+ 1.6

0.021
(0.02, 0.26)
0431
(-0.10, 0.04)
0.150
(-0.12, 0.01)

0.003
(-2.75, -0.56)
<0.001
(1.39, 2.73)
<0.001
(1.51, 3.50)
0.092
(-2.14, 0.20)
<0.001
(-2.76, -1.07)

0.60 +0.11

0.29 +0.07

0.25 +0.07

19.9+2.1

19.8+ 1.6

19.8 2.0

203 +2.1

203+ 1.7

0.92+0.17

0.44 +0.12

0.40 +£0.12

202+ 1.9

203+ 1.6

203+2.4

19.7+2.1

19.6+ 1.8

<0.001
(-0.40, -0.24)
<0.001
(-0.22, -0.10)
<0.001
(-0.20, -0.09)

0.605
(-1.39, 0.84)
0.260
(-1.40, 0.34)
0.422
(-1.77,0.78)
0.344
(-0.64, 1.81)
0.139
(-0.22, 1.73)

0.15

0.31

0.23

0.29

0.40

(Footnotes for Table 3)

Values are mean + standard deviation. Bold indicates statistically significant.

Abbreviations: JSW, joint space width; CE center edge; AHI, acetabular head index; ARO, acetabular roof obliquity; VAS, visual analogue scale; PCS, physical component

summary scale score; MCS, mental component summary scale score; CI, confidence interval.

* Independent-sample ¢ test.

T Cohen’s d.

11 Percentage of each muscle strength value converted into T-score.
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