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Abstract

Purpose—To identify radiographic and MR features of hip osteoarthritis (OA) related to reduced 

hip extension during walking.

Methods—Sixty six subjects, were stratified into those with (n = 36, KL = 2, 3) and without (n = 

30, KL = 0, 1) radiographic hip OA. Cartilage and labrum lesions were graded semi-quantitatively 

on hip MRI. Alpha angle and lateral center edge (LCE) angle were measured. Sagittal kinematics 

and kinetics were calculated during walking at speed of 1.3 m/sec using 3-D motion capture. All 

subjects completed Hip disability and Osteoarthritis Outcome Score (HOOS), timed up and go, 

and 6 minute walk tests. Variables were compared between the two groups using one-way 

ANOVA (adjusting for age). Correlations of radiographic and MR parameters with peak hip 

extension were calculated.

Results—The OA group was older, had greater pain, and limitation of function. They also had 

lower peak hip extension and higher peak hip flexion; and worse acetabular and femoral cartilage 
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lesions. Peak hip extension and flexion correlated with KL grade, cartilage lesions in the inferior 

and posterior femur.

Conclusions—Reduced hip extension and greater hip flexion during walking are present in high 

functioning (HOOS > 85%) individuals with mild-moderate hip OA, and is associated with 

cartilage lesions.
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Introduction

One in four individuals may be at a risk of developing symptomatic hip osteoarthritis (OA) 

in their lifetime.1; 2 Hip OA leads to significant disability and often leads to surgery.3; 4 Due 

to the weight-bearing nature of the hip joint, it has been proposed that the pattern and 

magnitude of loads across the joint during daily activities are related to the pathogenesis of 

hip degeneration.5-8 Walking is the most common weight-bearing daily activity and earlier 

studies have demonstrated differences in gait patterns between those with and without hip 

OA.9-15 Results from these studies show that individuals with hip OA walk with reduced 

speed, cadence, and joint excursions including reduced hip extension during late stance.12-16 

Specifically, a limitation of hip extension during the late stance phase of walking has been 

proposed as an important marker of the disease process in hip OA.13

Eitzen et al. reported that people with hip OA who have mild-moderate symptoms walk with 

reduced sagittal plane excursion, less hip extension and lower flexion moment at 

midstance.12 Similarly, Watelian et al. reported reduced hip extension at push-off in subjects 

with early hip OA defined as a Kellgren-Lawrence (KL) grade < 3 and a functional 

Lequesne Index score < 11.17 Other studies have also reported sagittal plane kinematic 

abnormalities including hip extension motion discontinuity as a key feature of walking gait 

in individuals with hip OA and its potential use as a biomechanical biomarker of hip 

OA.13; 14; 16 However, earlier gait studies have only reported radiographic measures of hip 

OA. Advances in MR imaging now allow a better visualization of hip joint structure and a 

precise characterization of the OA disease process.18-22 It is not known if specific anatomic 

findings from MRI are associated with hip OA are related to the limitation of hip extension 

during walking.

As such the objectives of this study were to investigate if (a) individuals with mild-moderate 

radiographic hip OA have lower hip extension during walking, in addition to greater pain, 

greater disability, and worse physical performance when compared to those without 

radiographic hip OA, and (b) worse radiographic and MR findings are associated with 

greater limitation of hip extension during walking.
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Methods

Subjects

Data from sixty six subjects recruited as a part of a longitudinal cohort study on hip OA 

were available to be used for this study. The subjects were recruited from the community 

using flyers and advertisements. The inclusion criteria for subjects with radiographic hip OA 

in this analyses were age > 35 years, a Kellgren-Lawrence (KL) grade of 2 or 3 at the hip on 

weight-bearing anterior-posterior radiographs.23 The control subjects were >35 years of age, 

had a radiographic KL grade of 0 or 1 at both hips, and were without history of diagnosed 

OA or previous hip injuries. The side with greater KL grade was selected as the “index hip”. 

Exclusion criteria for all subjects were any contra-indications to MR imaging, KL grade of 

4, a joint replacement of any lower extremity joint, previous hip trauma, pain at any other 

lower extremity joint, radiographic evidence of any knee or ankle joint OA, systemic 

inflammatory arthritis or any other spine or lower extremity condition that would affect their 

ability to complete the functional tests. All subjects signed a written informed consent 

approved by the Institutional Committee on Human Research.

Radiographic imaging

Weight-bearing anterior-posterior radiographs were acquired from all subjects. Initially all 

radiographs were analyzed using the Kellgren-Lawrence score,23 as part of the inclusion and 

exclusion criteria. Subsequently all radiographs were graded using the OARSI hip 

osteoarthritis score,24 which provides a more detailed approach to classify degenerative 

disease. The OARSI scoring was performed by a second experienced musuloskeletal 

radiologist (SL). Presence of definite joint space narrowing and osteophytes on the OARSI 

atlas was used to stratify the subjects into those with and without radiographic hip OA. 

Additionally, the lateral center-edge (LCE) angle was recorded from the radiographs.25

Motion Analysis

All subjects walked at a fixed speed of 1.35 meters/second while 3-D kinematics (at 250 Hz) 

using a passive 10-camera system (VICON, Oxford Metrics, UK) and kinetics (at 1000 Hz) 

using 2 floor embedded force platforms (AMTI, Watertown, MA, USA) were collected. The 

speed of 1.35 m/sec was selected as the mean of the reported average walking speeds on 

smooth level surfaces for adult men (1.43 m/sec) and women (1.28 m/sec) by Perry et al.26 

A trial was acceptable when there was clean foot-strike on a force platform and the speed 

was within ± 5% of the first good trial. Five trials were acquired for each subject.

Fourteen millimeter spherical retro-reflective markers were placed on bony landmarks of 

bilateral lower extremities for identification of joint centers. These were placed on the 

sacrum, and bilaterally on the iliac crest, anterior superior iliac spine, greater trochanter, 

medial and lateral femoral condyles, medial and lateral malleoli, and 1st and 5th metatarsal 

head. Rigid marker clusters placed bilaterally on the lateral surface of the subject's thighs, 

legs and heel shoe counters were used to track segment motions.

Kinematic and kinetic data were calculated using Visual 3D (C-motion, Georgetown, MD, 

USA) bilaterally. In the right-hand coordinate system convention used, flexion, abduction 
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and internal rotation were assigned as positive. Variables studied include the peak hip 

flexion and extension, sagittal excursion, hip extension at toe off, and peak flexion and 

extension moments. All variables were calculated during the stance phase of walking when 

the foot was in contact with the floor. The joint moments are reported as external moments 

and are normalized to the subject's body (BW) and height (Ht) (% BW*Ht). The average of 

5 trials was calculated for each subject.

Patient-reported function

The dimensions of Pain and activities of daily living (ADL) from the self-reported Hip 

disability and Osteoarthritis Outcome Score (HOOS) were used.27 The dimensions are 

scored from 0 to 4, and then scores are transformed to a percentage score of 0 to 100, with 0 

representing extreme hip problems and 100 representing no hip problems. The HOOS has 

been shown to be a valid, reliable, and responsive measure of overall hip joint function in 

people with OA.27

Physical Performance

Two tests were used.

Timed-up and Go Test—The TUG requires a subject to rise from a chair, walk 3 m, turn 

and come back to sit down. Participants were instructed to walk as quickly as they felt safe 

and comfortable. A stopwatch was be used to measure the time to complete the TUG within 

the nearest one hundredth of a second. In a recent review TUG has been shown to be one of 

the 2 tests with best measurement properties among the sit to stand tests for people with hip 

or knee OA. 28

Six Minute Walk Test (6MWT)—Subjects were instructed to cover as much distance as 

possible during the 6- minute time frame. The outcome was the distance walked in 6 

minutes. The 6MWT has been shown to be related to pain and function in people with hip 

OA and has high inter-rater reliability in this population. 29; 30

MR imaging

All imaging was performed with a 3-Tesla MR scanner (GE MR750, GE Healthcare, 

Waukesha, WI, USA) and an 8 -channel cardiac coil (GE Healthcare, Waukesha, WI, USA). 

Patient positioning aids were used to immobilize and support patients, and ensure a 

consistent, reproducible, and comfortable hip positioning during scanning. Patients were 

positioned supine with their feet taped together, their knees supported by cushions to prevent 

movement. The imaging protocol and parameters are shown in Table 1.

After a calibration session during which 3 radiologists went over 15 hip MRI studies (not 

included in this cohort) and discussed every classification feature, the studies were read by 2 

board-certified musculoskeletal radiologists using a novel hip OA scoring system developed 

in-house.31 The features scored included cartilage defects, labral tears, bone marrow edema 

like lesions (BMEL) and subchondral cysts (Figures 1 and 2).22 For cartilage lesions, BMEL 

and subchondral cysts, the femoral and acetabular segments were divided into six subregions 

(4 femoral, 2 acetabular) on the coronal studies and 4 subregions (2 femoral, 2 acetabular) 
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on the sagittal studies, for a total of 10 subregions. Cartilage defects were graded as 0 (no 

defect), 1 (partial thickness) and 2 (full thickness). BMEL were graded as 0 (absent), 1 (< 

or= 0.5 cm), 2 (0.5-1.5 cm) and 3 (> or = 1.5 cm). Subchondral cysts were graded as 0 

(absent), 1 (< or = 0.5 cm) and 2 (> 0.5 cm). The labrum was graded on the sagittal images 

in the antero superior region, coronal images in the superolateral regions and on the axial 

images in the anterior and posterior regions. Labral tears were graded as 0 (normal or 

normal variant), 1 (fraying or signal abnormality), 2 (simple tear), 3 (labor-cartilage 

sepeartion), 4 (complex tear) and 5 (maceration). Total scores were calculated for cartilage 

lesions (femoral and acetabular), labral tears, BMELs and subchondral cysts. The third 

radiologist was consulted in case of a disagreement. Intra and inter-reliability for these 

measures has been reported previously.22 Additionally, alpha angle32 was measured on the 

oblique axial MR images. The radiologists were blinded to the gait data but not the 

radiographic data.

Statistical Analyses

Although the subjects were recruited based on radiographic KL grading, for the statistical 

analyses the subjects were stratified into those with (n = 36) and without (n = 30) 

radiographic OA using the OARSI guidelines of definite joint space narrowing and definite 

presence of osteophytes. Primary analyses were to compare the group differences in HOOS, 

physical performance, and gait variables using ANOVA (adjusting for age). The radiologic 

variables were compared using independent samples t-tests (for alpha angle, CE angle), and 

Mann-Whitney U tests (for cartilage, labrum, BML, and subchondral cyst scores). Gender 

distribution was compared between the groups using a chi-square test. Correlations of gait 

variabels with KL, LCE, alpha angle, total labral scores, and regional cartilage lesion scores 

were calculated. Secondary analyses were to compare joint moments during walking 

between the two groups using ANOVA (adjusting for age). Significance was set at an alpha 

of 0.05.

Results

Subject characteristics, pain and function

There were thirty subjects without radiographic OA and thirty six subjects had radiographic 

hip OA as defined using OARSI guidelines (Table 2). The OA group had 15 subjects with 

KL =1, 11 with KL =2, and 10 with KL =3. The subjects with hip OA were older (P = 

0.015) but with similar BMI (P = 0.132). The distribution of males and females was not 

different between the groups (χ2 = 2.68, P = 0.102). Subjects with hip OA had greater pain 

(P = 0.022), and greater limitation in the ADL (P = 0.048) (Table 2). The differences in the 

time taken to complete the TUG and the distance covered in the 6MWT were not significant 

between the groups (P > 0.05).

Gait Mechanics

Results are shown in Table 3. The hip OA subjects walked with approximately 4.5° higher 

peak hip flexion (P = 0.006) and 3° lower peak hip extension (P = 0.048). They also had 

approximately 3.5° lower hip extension at toe off (P = 0.032) compared to the control group. 

The difference in sagittal excursion (P = 0.287) was not significant. The differences in peak 
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sagittal plane moments were not significant but there was a trend for greater external peak 

hip flexion moment in people with knee OA (P = 0.057).

Radiologic findings

Results are shown in Table 4 and 5. People with hip OA had greater severity of acetabular 

(P = 0.013) and femoral (P = 0.006) cartilage lesions but the differences were not significant 

for labral tears (P = 0.109), BMLs (P = 0.747), and subchondral cysts (P = 0.160). The 

differences between the groups were not significant for the MR alpha angle (P = 0.689), and 

the radiographic LCE angle (P = 0.934).

Correlations

Results are shown in Table 6. Higher KL grade was associated with greater peak hip flexion, 

lower peak hip extension, and lower hip extension at toe-off (P < 0.05). Greater cartilage 

lesions score in the inferior and posterior femur was associated with greater peak hip 

flexion, lower peak hip extension, and lower hip extension at toe-off (P < 0.05). 

Additionally, greater cartilage lesions score in the posterior acetabulum was associated with 

lower sagittal excursion. There were no other significant correlations for any of the 

comparisons.

Discussion

The results show that people with mild-moderate radiographic hip OA had greater hip 

flexion and lower hip extension during walking compared to controls. The subjects with hip 

OA had greater self-reported pain and activity limitation compared to controls but average 

HOOS scores were > 85% for both groups. KL grade and lesions in the posterior and 

inferior femur region had weak associations with greater peak hip flexion and lower peak 

hip extension during walking. These results demonstrate weak but significant associations of 

imaging findings with movement patterns in people with early hip OA, and the importance 

of objective quantification of walking patterns in the early stage of hip OA disease. 

Furthermore, these results also highlight the clinical importance of MRI for describing the 

degeneration of the hip joint.

We observed greater hip flexion and lower extension in the subjects with hip OA compared 

to those without radiographic hip OA. Earlier studies have demonstrated reduced hip 

extension as a key biomechanical finding during walking in populations with hip 

OA.14; 15; 17 Our data are consistent with a recent study on 48 subjects with mild-moderate 

symptomatic hip OA (defined as a Harris Hip Score between 60-95) and 22 controls, which 

also reported 9.6° lower hip extension during the 2nd half stance.12 Recently it has been 

suggested the a reversal in the extension motion in people with hip OA is associated with 

structural and symptomatic severity of hip OA, and could potentially be used an indicators 

of OA disease status.13 Although motion reversal and limitation of peak hip extension are 

not equivalent, both are potentially related to the inability to extend the hip due to OA 

related changes.14 These recent findings suggest that reduced peak hip extension in subjects 

with mild-moderate radiographic hip OA is a common finding and may play a role in the 

pathomechanics of the disease.
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We did not observe significant differences in the external peak hip extension moment during 

the late-stance but the OA group tended to have greater external flexion moment in early 

stance (P = 0.057). Eitzen et al. did not compare the peak external hip flexion moment in 

early stance between the 2 groups in their study.12 However, looking at their data, it appears 

that the OA group did indeed have higher flexion moment in early stance. It is not possible 

to determine if this difference was statistically significant. Eitzen et al. reported lower hip 

moment external extension moment during mid-stance and late-stance in individuals with 

mild-moderate symptomatic hip OA. 12 They did not control the walking speed and reported 

significantly lower walking speed for subjects with hip OA which can lead to lower joint 

moments. We required our subjects to walk at a fixed speed of 1.35 m/sec. Although the 

differences in joint moments in their study were significant even after adjusting for the 

walking speed, it may be possible that the difference in the walking task in the two studies 

may be related to these findings. The self-selected walking speed for our controls was 

1.46±0.23 m/sec, and for the OA group it was 1.56±0.25 m/sec. The difference in the self-

selected speed between the 2 groups was not significant. Also, the self-selected speed for 

both groups was faster than the 1.35 m/sec fixed speed used in this study. If the self-selected 

walking speed of our OA group, and not the control group, were slower than the fixed speed 

used in our study, it could have been possible that higher moments in the OA group due to 

the demands of the faster walking speed may have masked real differences in sagittal plane 

moments between the groups. The OA subjects in the Eitzen et al. study were also older (59 

± 9.5 years) than those included in our study (55±9 years). Lastly, Eitzen et al. used data 

from subjects recruited for a randomized controlled trial. These subjects were recruited from 

hospitals and clinics. On the other hand we recruited our subjects from the community. It 

may be possible that our cohort of mild-moderate hip OA subjects recruited from the 

community was relatively high functioning. This is supported by HOOS scores being > 85% 

on an average in our OA cohort. Further support for the observation that our cohort was high 

functioning comes from the lack of significant differences between the OA and control 

groups for the TUG and 6MWT tests. We also excluded individuals with severe 

radiographic hip OA (KL =4) as well as individuals who were had any lower extremity 

conditions that would prevent them from completing the functional testing. Hence, it is 

possible that the muscle weakness seen with advanced hip OA may not have been present in 

these individuals. Since we did not collect muscle strength measures from our cohort so we 

are unable to confirm these speculations. Furthermore, since our cohort was relatively high 

functioning, the results demonstrate that the kinematic gait deviations appear to be sensitive 

to early hip OA. Future longitudinal studies would be needed to evaluate if these kinematic 

differences are related to longitudinal changes in structural and symptomatic progression of 

the disease.

Not surprisingly, we observed that the subjects with radiographic hip OA had greater 

prevalence and severity of femoral and acetabular cartilage lesions. However, we did not 

observe a difference in the scores for labral tears, BMLs, and subchondral cysts. Earlier 

work has shown that cartilage lesions are related to symptomatic and structural hip OA 

disease but labral tears may not be as clinically significant.21; 22 This is supported by 

observations of 70-86% prevalence of labral tears in asymptomatic populations. 3334 MRI is 

known to offer limited sensitivity towards detecting labral lesions at the hip with 
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arthroscopic evaluation being the gold standard. 35 However, recently optimized non-

contrast hip MRI has shown favorable results. 36 The ability to visualize the labrum in our 

study was enhanced by the use an optimized non-contrast hip MRI protocol, using a small 

field of view on a 3.0-Tesla scanner. Nonetheless, even with the use of these advanced 

techniques, we did not observe differences between groups.

We observed that lower peak hip extension (and greater peak flexion, lower hip extension at 

toe-off) had weak but significant associations with higher KL grade and worse cartilage 

lesion scores in the inferior and posterior femur. Although the association of gait parameters 

was similar with both radiographic and MR parameters, MR imaging allowed further 

identification of regional differences in hip degenerative process.18; 20-22 Due to the 

correlations being weak, we performed further investigations comparing peak hip extension 

in people with and without lesions in the inferior femur, with and without lesions in 

posterior femur, and with different KL grades. Results showed that the subjects with lesions 

in the inferior femur (n = 18) walked with approximately 4° less peak hip extension (P = 

0.015) compared to those without lesions in the inferior femur (n = 48) (results not shown). 

The peak hip extension was not significantly different across KL grades (P = 0.190), and 

close to significant for posterior femur lesions (P = 0.063). Based on instrumented knee and 

finite element studies, the contact stress at the hip during the walking is greater anteriorly 

and superiorly than posteriorly.37; 38 However, it may be possible that the observed sagittal 

plane deviations could be related to a change in contact stress pattern so as to overload 

and/or underload the posterior and inferior femoral cartilage subregions. Due to the cross-

sectional nature of the study, it is unclear if the cartilage lesions precede the kinematic 

findings or vice versa. However, these data further highlight the association between 

movement patterns and joint structure in people with hip OA and support the necessity for 

future investigations to explore this phenomenon longitudinally.

We also utilized a different radiographic definition of OA for this study than that used for 

the inclusion criteria in the parent study. This resulted in 15 subjects with KL=1 being 

classified as having OA under the OARSI classification. Hence we performed additional 

sensitivity analyses for key outcomes in this study comparing subjects without radiographic 

hip OA (n =30) and those with radiographic hip OA based on OARSI atlas and with KL >1 

(n = 21). So the 15 subjects with KL = 1 were excluded. Results showed that subjects with 

OA had greater external peak hip flexion moment in early stance (P = 0.042), greater peak 

hip flexion angle (P=0.002), lower peak hip extension angle (P = 0.007), and lower hip 

extension angle at toe-off (P = 0.008). These sensitivity analyses demonstrate that the key 

findings from this study are not affected by the inclusion of subjects with KL =1 in the OA 

group.

The study has limitations which need to be considered while interpreting the findings. Due 

to the cross-sectional nature causality cannot be determined from these data. Future studies 

would be needed to evaluate the long-term effects of limitations in hip extension on hip 

degeneration. Furthermore, our cohort consisted of subjects with early radiographic hip OA 

and who were high-functioning including those with and without hip OA related symptoms. 

Hence, the results may not be generalized to all subjects with hip OA. Also, the observed 

associations between imaging (radiograph, MRI) parameters and gait parameters were weak. 
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Hence, caution should be observed while interpreting these findings, and studies in larger 

samples are needed to confirm these findings. Finally, although we adjusted for age in our 

statistically analyses, age related loss of hip extension may have affected our findings since 

the OA group was significantly older. Additionally, we did not observe an association 

between age and peak hip extension in our cohort (r = -0.047, P= .707).

In conclusion, we observed lower hip extension in people with mild-moderate radiographic 

hip OA compared to controls. Subjects with hip OA had worse cartilage lesions in femoral 

and acetabular surfaces but the difference in labral tear scores were not significant. Finally, 

KL grade, and lesions in the inferior and posterior femur region had weak but significant 

associations with greater peak hip flexion and lower peak hip extension during walking.
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Figure 1. 
Illustration of hip joint subregion subdivisions with color coding. (A) Acetabulum joint 

surface subregions seen from lateral aspect. (B) Femur joint surface subregions seen from 

medial aspect. Foveal attachment is noted in the medial center of femoral head. Dotted 

crescent line represents outline of acetabular fossa. (C) Femur joint surface subregions seen 

from anterior aspect. (D) Femur joint surface subregions seen from posterior aspect.
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Figure 2. 
Examples of clinical images acquired on the right hip of a 52 year old female subject with 

KL=2 and the presence of acetabular and cartilage lesions. The images represent (a) the 

coronal FSE (b) the axial FSE, and (c) sagittal FSE acquisitions. An arrow on the sagittal 

FSE points to the location of an acetabular cartilage lesion.
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Table 1

MR sequence parameters.

Sequence Parameters

Coronal Fast Spin Echo – T2 
weighted Fat Suppressed

TR/TE = 2496/60, Echo Train Length = 16, Matrix = 288 × 224, # of slices = 16, Field of View = 20, 
Slice Thickness = 4, Bandwidth = 50.0, Acquisition Time = 4 min 40 sec

Sagittal Fast Spin Echo – T2 
weighted Fat Suppressed

TR/TE = 3678/60, Echo Train Length = 16, Matrix = 288 × 224, # of slices = 24, Field of View = 14, 
Slice Thickness = 4, Bandwidth = 50.0, Acquisition Time = 4 min

Axial Fast Spin Echo – T2 
weighted Fat Suppressed

TR/TE = 2800/60, Matrix = 288 × 224, # of slices = 18, Field of View = 18, Slice Thickness =3, 
Bandwidth = 50.0, Acquisition Time = 3 min 50 sec
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Table 2

Mean and 95% confidence intervals for age, BMI, HOOS, TUG, and 6MWT parameters, and the gender 

distribution for subjects with and without radiographic hip osteoarthritis.

Control (n = 30) Osteoarthritis (n = 36) P

Age (years) 48.2 (44.0. 52.5) 54.5 (51.5, 57.5) 0.015†

BMI (kg/m2) 23.3 (22.1, 24.6) 24.5 (23.5, 25.5) 0.132†

Gender (Male:Female) 14:16 24:12 0.102*

HOOS

Pain 95.9 (93.2, 98.7) 87.9 (81.9, 93.8) 0.022†

Activities of Daily Living 97.8 (95.8, 99.9) 91.8 (86.9, 96.9) 0.048†

Timed Up and Go Test (sec) 6.4 (5.9, 6.8) 6.3 (6.0, 6.6) 0.482†

6 Minute Walk Test (m) 610.5 (564.8, 656.3) 628.0 (598.0, 657.9) 0.147#

*
P value from the Chi-Square test

†
- adjusted for age

#
adjusted for age and height
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Table 3

Mean and 95% confidence intervals for sagittal hip joint kinematics (in degrees) and external moments (in 

%BW*Ht) during the stance phase of walking in subjects with and without radiographic hip osteoarthritis.

Control (n = 30) Osteoarthritis (n = 36) P*

Sagittal Excursion 40.7 (39.2, 42.2) 42.0 (40.1, 43.8) 0.287

Peak Flexion 22.0 (19.2, 24.6) 26.5 (24.3, 28.6) 0.006

Peak Extension -18.7 (-21.4, -16.0) -15.5 (-17.9, -13.1) 0.048

Extension at Toe-off -9.2 (-11.8, -6.6) -5.7 (-7.9, -3.4) 0.032

Peak Flexion Moment 4.2 (3.6, 4.8) 5.1 (4.7, 5.6) 0.057

Peak Extension Moment -3.5 (-3.0, -4.0) -3.7 (-3.2, -4.3) 0.475

*
adjusted for age
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Table 5

Hip anatomic grading of cartilage lesions, labrum tears, BMLs, and subchondral cysts in subjects with and 

without radiographic hip osteoarthritis. Alpha Angle, and LCE anglealso shown for the two groups.

Control (n = 30) Osteoarthritis (n = 36) P*

Total Acetabular Cartilage Lesion Score 0.6 (1.1) 1.7 (1.9) 0.013

Total Femoral Cartilage Lesion Score 1.4 (2.0) 3.1 (2.9) 0.006

Total Labral Tear Score 6.2 (3.2) 8.1 (4.8) 0.109

Total Bone Marrow Lesion Score 0.4 (1.2) 0.8 (2.2) 0.747

Total Subchondral Cyst Score 0.2 (0.6) 1.5 (0.3) 0.160

Alpha Angle (°) 56.3 (15.8) 59.6 (12.5) 0.689

Lateral Center-edge Angle (°) 30.9 (6.2) 31.3 (7.1) 0.934
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