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ABSTRACT

The primary objective was to examine the hip addaanoment during walking in people
with hip osteoarthritis (OA) according to pain setye Sixty-eight participants with

unilateral symptomatic hip OA were included. Paimidg walking was assessed on a 5-point
Likert item within the Western Ontario and McMastériversities Index (no pain = 12; mild
pain n = 37; moderate pain n = 19). Measures oéxternal hip adduction moment (peaks,
Nm/BWxBH (%) and impulse, Nm.s/BWxBH (%)) were detened. Other measures
included frontal plane hip, pelvis and trunk kinditg walking speed and peak isometric hip
abductor strength. Variables were compared acogtdipain severity using linear models
and biomechanical variables were examined. Paattgwith moderate pain had a
significantly higher second peak hip adduction monhaad impulse compared to those with
less pain. There was no difference in any meadungp@dduction moment between those
with mild pain and no pain. There were no diffeeha kinematics across pain severity
categories. Participants with moderate pain hadrafeantly slower walking speed
compared to participants with mild and no paintiBigants with moderate pain had weaker
peak isometric hip abductor strength compareddseetwith mild pain and no pain. The hip
adduction moment during walking, hip abductionrsgitt and walking speed differs

according to pain severity during walking in peopiéh hip OA.

Keywords: hip osteoarthritis; pain; walking
1. Introduction

Hip osteoarthritis (OA) is a major public healtloplent. Although modifiable treatment
targets for hip OA remain somewhat elusive, reesidence suggests that higher cumulative
frontal plane hip jont loading could be importafRatients with hip OA are heterogenous and

factors such as severity of hip pain is likelynfiuence hip joint loading. Understanding



whether modifiable factors, such as hip joint lo@glidiffer according to hip pain severity

could help to better target conservative intenargifor people with hip OA.

Hip joint contact forces cannot be easily quantifaad indirect measures from gait analysis
are often used to infer hip joint lo&tl In particular, the external hip adduction momisnt
highly correlated with hip joint contact forcéRecent data suggest that higher cumulative
loading in the frontal plane predicts joint spaeerowing in women with hip OA
Interestingly however, people with radiographic agchptomatic mild-to-moderate hip OA
exhibit a lower external hip adduction moment dgiiste stance compared to healthy
control$. Pain can influence movement strateyfeand can thereby influence hip joint
loading irrespective of structure. Higher pain imgi¢y has been associated with reduced
walking speed and consequently reduced frontalepkaree joint loading in people with knee
OA’. However, research into pain severity and hiptjliading is scant in people with hip
OA. Correlational studies in people with end-sthgeOA scheduled for total hip
arthroplasty have failed to observe an assocagbwden pain and frontal plane hip joint
moment&°*° Understanding whether the external hip adduatioment differs according to
hip pain severity during walking in people withdesevere hip OA could help better target

interventions aiming to preseve integrity of thmfjstruture.

The primary purpose of this study was to deternfitiee external external hip adduction
moment differs according to hip pain severity imple with mild-to-moderate symptomatic
hip OA. We hypothesised that the external hip aidnanoment would be lower as pain
severity increased. The secondary aim was to ilgagstpossible explanatory variables
including hip abductor strength and frontal plaie pelvis and trunk kinematics, according

to hip pain severity.

2. Methods



2.1 Participants

Forty-eight participants from a cross-sectionatlgttiand baseline data from 25 participants
enrolled into a randomised controlled trial (REWith unilateral symptomatic hip OA were
available. Both studies were conducted at the Usityeof Melbourne: between November
2006 and May 2008 for the cross-sectional studytetebeen May 2010 to April 2012 for
the RCT. Participants were recruited from the comitywia advertisements in newspapers
and on radio. Ethics approval was obtained from_thizersity of Melbourne Human

Research Ethics Committee and all participantsideal/their written informed consent.

Eligible participants had i) unilateral hip OA acdimg to the American College of
Rheumatology classification criteria of pain andiographic changéand femoral or
acetabular osteophytes along with joint space nangand Kellgren-Lawrené¢égrade
greater than or equal to 2 on a standing x-ray;iqmib or groin pain on most days of the
past month. Exclusion criteria common to both stadiere: i) presence of neurologic,
cardiac or other medical conditions that would cornse lower limb function; ii) back pain
or other joint pain greater than hip pain; iii) lemextremity joint replacement; iv) systemic
arthritic conditions such as rheumatoid arthriijsadditional previous pathology such as

fracture; iv) inability to walk unaided; vii) inadaate ability to understand English.

The RCT? had the following additional inclusion criterid:50 years or older; ii) average
pain intensity in the past week of 40 or highemonsual analogue scale (0-100mm); iii) at
least moderate difficulty with daily activities. Adional exclusion criteria for the RCT were:
i) hip surgery within the past 6 months; ii) pladriewer limb surgery; iii) physiotherapy,
chiropractic treatment or prescribed exercises filoerhip, lumbar spine or both in the past 6
months; iv) walking continuously for more than 3thates daily and regular structured

exercise more than once weekly; v) uncontrollecemgmsion, or morbid obesity (body mass



index >36kg/mM); vi) unable to comply with study protocol; viijent or within the past 3

months oral or intra-articular corticosteroid use.
2.2 Pain

Pain was assessed using the 5-item Western OMaMasters Universities Osteoarthritis
Index (WOMAC) subscale ranging from 0*2@vithin the past seven days. Higher score
indicates greater pain. Pain specific to walking wasessed using an item (‘walking on a flat
surface’) within the pain subscale. Participantsendassified according to pain severity
during walking: ‘no pain’ (score = 0), ‘mild pai{écore = 1), ‘moderate pain’ (score = 2),

‘severe pain’ (score = 3) and ‘extreme pain’ (scor.
2.3 Gait analysis

Reflective markers according to the standard P@ait configuration (Vicon, Oxford, UK)
were used. Medial knee and ankle markers wereepfir the static calibration to assist in
determining knee and ankle joint centres. Kinemaddita were acquired using a 12 MX-
camera motion capture system (Vicon, Oxford, UKow@hd reaction force data were
recorded using AMTI force plates. Kinematic anccéoplatform data were sampled at 120Hz
and 1200Hz, respectively. Marker trajectory dataewitered using a Woltring quintic

spline filter (mean square error 15 MnThe peak hip adduction angle was calculatechduri
stance. Pelvic angles were determined using d@antabliquity-tilt Cardan angle sequeri&e
and the maximum value of contralateral pelvic di@giquity) was extracted. Using

reflective markers attached to the manubriuffia2d 18' thoracic spinous processes, a trunk
segment was defined with the sagittal and frortig angle of the trunk expressed in
relation to the laboratory coordinate systérRositive frontal plane trunk lean with respect to
the lab coordinate system indicated lean towardstance limb. Kinematic values, step

length, walking speed and stance time were cakedltr at least five trials and averaged.



The external frontal plane hip joint moment wasgkdted using inverse dynamics (Vicon
Plug-In-Gait v1.9) and expressed in the thigh comi@ system. The first and second peaks
of the hip adduction moment and the positive higuation moment impulse were extracted,
the hip adduction moment impulse reflects the mdameagnitude and duration during
stance. Both a non-normalised moment (Nm), and mom&malised to body size (body
weight (BW) multiplied by body height (HT), expresisas a percentage
((Nm/(BWxHT)%))'®), are presented. The joint moment was normaliséutly size to
determine if differences in the joint moment weue d¢o factors other than differences in
body sizé®. The joint moment was also reported non-normaligeen that body mass can
contribute to joint contact forcEs However, for interpretation we refer to the beitze

normalised hip adduction moment.
2.4 Peak isometric hip abduction strength assegsmen

Peak isometric hip abduction strength was meadaoréee study hip. A hand-held
dynamometer (Lafayette Instrument Company, Indial&4) was stabilised by a belt above
the lateral femoral condyle in a gravity-eliminaggine position, with both hips in neutral
abduction-adduction. The lever arm was recorddtdesistance from the most prominent
aspect of the greater trochanter to the point abdyometer attachment within 5cm proximal
to the femoral condyle. Participants performedglsi submaximal and maximal contraction
for familiarisation. Participants then performedtmaximal trials for approximately three
seconds. Each participant received standardisédiati®n to exert maximum effort. The
average peak force (N) of the two maximal trials waultiplied by lever length to calculate
torque (Nm) and normalised to body mass (Nm/kg).n&A&e previously reported test-retest
reliability of hip abductor strength assessmerngatients with hip OA (intraclass correlation

coefficient 0.84; standard error of measuremertNe)°.



2.5 Other measures

Physical function was assessed using the 17-itenMMWO Index physical function subscale.
The physical function scale ranges from 0 indi@atio difficulty to 68 indicating extreme
difficulty*°. Anterior-posterior x-ray images were acquiregtamding position. Kellgren-

Lawrence grading scale was used to determine reajibig disease severity
2.6 Statistical analysis

Stata version 14.2 (Statacorp, College Station,U3A) was used to perform statistical
analyses and statistical significance was setO&t @ne-way analysis of variance and chi-
square tests were used to compare participantatbastics according to pain severity.
Separate linear regression models were used tondatedifferences for each gait parameter
(dependent variable) according to level of paireséy (independent variable). Gait
parameters were entered as continuous variablegandeverity was entered as a
categorical variable. The coefficient correspondmthe magnitude of each gait-related
parameter was extracted for each level of painrggyalong with the corresponding p-value.
Residuals of each linear model conformed to appatgassumptions such that scatter plots

of residuals satisfied the assumptions of normalityf constant variance.

Sensitivity analyses were conducted to determiaeeffect of walking speed and duration of
symptoms on measures of the hip adduction momewotding to pain severity. Walking
speed and duration of symptoms were entered ietonibdels as continuous variables. The
coefficient corresponding to the magnitude of eaiphadduction moment related parameter
was extracted for each level of pain severity, @lotith the corresponding p-value. For the
comparison of non-normalised hip adduction momeatisplute speed (i.e. non-normalised)
was entered into each model. Walking speed norewhtis leg length using Froude number

to account for the influence of leg length on sp&é&tivas entered into the models



investigating normalised non-normalised hip addurcthoments. For sex and radiographic
disease severity, the interactions terms (e.gxg@ain severity; radiographic disease severity
X pain severity) were evaluated in separate modadgtiermine if the association between
measures of the hip adduction moment and pain isgd#fer according to sex and
radiographic disease severity. Sex and radiograpib@ase severity were entered into the

models as categorical variables.

3. Results

Of the 73 participants available, 12 reported no,@2v reported mild pain and 19 reported
moderate pain during walking. Only five participaintécorded severe or extreme pain during
walking and were therefore excluded from subseqgaealysis. Participant characteristics

and spatiotemporal measures according to painigedering walking are presented in

Table 1. Age, sex, height, body mass, body masxirgymptom duration, radiographic
disease severity and presence of bilateral radabgralisease were comparable across levels
of pain severity. Participants with moderate pad h significantly slower walking speed
compared to participants with mild pain and no gaiable 1). Stride length was significantly
shorter in participants with moderate pain compaoettiose with mild pain (Table 1). No
other differences were observed for any other sfgatiporal measures assessed according to

pain severity (Table 1).

3.1 Hip adduction moment

The hip adduction moment according to pain seveitepicted in Figure 1 and peak and
impulse data presented in Table 2. There wereff@reinces in the normalised first peak hip
adduction moment according to pain severity. Thenadised second peak hip adduction
moment was 31% higher in those with moderate pampared to those with no pain

(p=0.04) and 32% higher in those with moderate pampared to those with mild pain



(p=0.01). The normalised hip adduction moment irepulas 33% higher in those with
moderate pain compared to those with no pain (33@0d 34% higher in those with
moderate pain compared to those with mild pain @¥0 No other significant differences
were observed in the hip adductor moment accordimgin severity. Irrespective of whether
the hip adduction joint moment was non-normalisedaymalised to body size, the results
remained largely unchanged (Table 2). Resultsrals@ined unchanged when including the

five participants with severe or extreme pain if® moderate pain group (data not shown).

3.2 Sensitivity analyses

Sensitivity analyses indicated that results rendhneatively unchanged when considering
the effect of walking speed on measures of hip efiisln moment according to pain severity
(Table 2). However, statistical differences werdarger apparent when accounting for
walking speed between those with moderate paimarghin for the second peak hip
adduction moment (normalised; p=0.01) and hip atidlmenoment impulse (non-
normalised; p=0.09; normalised p=0.01). With resp@symptom duration, the difference in
normalised impulse between those with moderate gaihno pain was no longer statistically
significant (p=0.07; Supplementary Table 1). Dunatof symptoms did not alter statistical
differences for any other hip adduction moment cangon across pain severities. There was
no statistical evidence to suggest that the assmecibetween measures of the hip adduction
moment and pain severity differed according to@epadiographic disease severity

(interaction terms $0.18; Figure 2 and Figure 3).

3.3 Trunk and pelvis kinematics, hip abductionrgjth

Frontal plane trunk and pelvis kinematics wererthtidiffer across the three levels of pain
severity (Table 2). Peak hip adductor strength adised to body mass was lower in

participants with moderate pain compared to pgicis with no pain during walking (Table



1). No other differences in peak hip adductionrsjtle were observed according to pain

severity (Table 1).
4. Discussion

People with unilateral symptomatic hip OA who répdrmoderate hip pain during walking
had greater frontal plane hip joint loading, aglenced by an elevated magnitude of the
second peak hip adduction moment and hip adduotimment impulse during stance,
compared to those with either mild pain or no paithough there was no evidence of
different frontal hip joint, pelvis or trunk kineries during walking according to pain
severity, participants with moderate hip pain hadker peak isometric hip abductor strength
compared to participants with no pain. Importarthgse observations suggest that the
external hip adduction moment, a potential targgirevent structural hip OA progressipn
differs according to severity of hip pain duringlkiag in people with unilateral symptomatic

hip OA.

Contrary to our hypothesis, frontal plane loadiragwonsiderably higher (31-34%) in people
with moderate hip pain compared to those with loleeels of pain. This was despite the fact
that those with greater pain walked slower. Althodgect comparison of our findings is
precluded, the magnitude of the second peak hipaibish moment in our hip OA cohort is
comparable to previous research in people with-todchoderate hip OA, irrespective of

pain severity. However, people with mild-to-moderate hip OA haeportedly lower frontal
plane loading during walking compared to healthytoms® and thus participants in the
current study may also have lower frontal planelilog compared to healthy controls.
Nevertheless, given that higher daily cumulatiyemioment impulse in the frontal plane is
associated with the progression of structural g, @ur findings in people with moderate

hip pain warrant further clinical consideration.



The external hip adduction moment is counteracyeanbinternal hip abductor moment
contributed by active tension within the hip abduchuscles and also by tension within the
passive structures of the hip j6thtOur data suggest that in participants with magepain
there is a greater demand on the hip abductor emiszlbalance the larger external hip
adduction moment compared to those with less hip pawever with potentially less
strength to meet this augmented requirement. Wereéd that individuals with moderate
pain were weaker compared to those with no paip.adductor muscle weakness is likely in
part attributable to reduced cross-sectional mum@a of the gluteus medius as previously
reported in people with more severe hip OA comp#patiose with less severe hip &A
Resistance training may be particularly warrantepatients with moderate pain to induce
hip abductor muscle hypertrophy and thereby iner&gs abductor strength. However, the
implication of increasing hip abductor muscle sgtron the external hip adduction moment

magnitude during walking is unclear.

Previous research has observed inconsistent mediijos between peak hip abductor strength
and the external hip adduction moment in peopla witee OA® and in healthy contrdl§ In
the current study, there was no association betweeak hip abduction strength and the
second peak hip adduction moment using normaliatawlhen accounting for pain severity
during walking (p=0.998). The hip adduction momesm be altered by changing the
magnitude of the frontal plane ground reactiondar@agnitude and/or the lever arm
(perpendicular distance between hip joint centiegnound reaction forc®) In turn, these
two parameters are largely determined by the posdf the hip joint centre as well as the
centre of pressure under the foot, body mass,letdddy mass centre of mass position and
acceleratioff. These are potentially controlled by submaximévations of multiple lower
extremity, pelvic and upper body muscles. Humaneatexhibit maximal contraction of the

hip abductors muscle during walking and use an owknindividual-specific proportion of



their maximum strength. Therefore, measuring makisametric hip abductor strength may
not be the most sensitive approach when examihiagaiationship between hip abductor
muscle strength and the external hip adduction nmbiehgring walking. Other factors such as
muscle activation patterns and/or upper body cotiied may influence frontal plane hip

joint loading should be investigated.

The hip adduction moment can be potentially mo@uwldnty factors such as pelvis, hip and
trunk kinematic¥®®, and walking speéd However, we found no evidence to indicate that
pelvis, hip and trunk kinematics in the frontalr@aas measured in this study differed
according to pain severity (Table 2). Further tg,tthere were no correlations between
contralateral pelvic drop and measures of the dgueation momentr€0.13-0.16; p0.19),

but greater peak lateral trunk lean was correlaiigitl lower hip adduction moment<0.35-
0.40; p<0.01). Overall, it is possible that individuals astj their kinematics in different ways
such that consistent kinematic alterations in shisly were not evident according to pain
severity. Despite slower walking speeds in paréinis with moderate pain compared to
participants with less pain, our observations wéibpect to frontal hip plane moment
parameters remained largely unchanged when adjustirwalking speed. This indicates that
walking speed is unlikely to account for the highegasures of frontal hip joint loading
observed in the people with greater pain duringkimgl Moreover, slower walking speed in
participants with greater pain severity would bpexted to reduce, rather than increase joint

loading as we observed.

Pain fluctuates in many people with hip &And mechanisms underpinning hip pain during
walking are unclear. Although experimental hip pa&duced frontal hip plane loading during
walking in healthy individuaf¥, it is plausible that higher frontal plane loadihgring stance
increases hip joint compression, and thereby*pairpeople with hip OA. In this scenario,

pain would be clinically prioritised over modifican of joint loading as a treatment target. It



is also important to consider that a reductionampnay not result in a return to typical
movement patterfignd it is possible that the osteoarthritic hip reagtinue to experience
potentially suboptimal loads during walking, irrespive of alterations in pain intensity.
Future research is needed to better understareffé of treating symptoms on measures of

hip joint loading.

Strengths of the study include the relatively hoeragus group of patients with established
hip OA and inclusion of those with unilateral sympis only. There are several
considerations of this study. First, participarieston is a potential source of bias, such that
participants from the clinical trial were more syimpatic than participants from the cross-
sectional study (Supplementary Table 2). Additidretiveen-study differences included:
duration of stance, hip abductor strength and dguation angle (Supplementary Table 2).
Sensitivity analyses were performed to assessftbet f hip abduction muscle strength, hip
adduction angle and stance duration. Results readainchanged when accounting for hip
adduction angle (Supplementary Table 3). Statistii€Berences persisted such that the
normalised and non-normalised second peak hip dgddutioment and hip adduction
moment impulse remained higher in those with mddguain compared to mild pain when
accounting for hip abduction strength and stancataun (Supplementary Table 3). Second,
interpretation of our findings is limited by theoss-sectional design which prevents us
determining whether higher frontal plane loadingeved in patients with pain precedes or
follows development of pain. Third, although patgewith unilateral symptoms were used in
the current study, bilateral radiographic hip OAsvpaesent in some patients (n=34) and
further research is required to determine the arfee of bilateral radiographic disease on hip
joint loading in people with hip OA. Fourth, walkjipain was assessed from an item on the
WOMAC that covered pain during walking over thetpm®™ to sever? days rather than

being measured during the walking task measureddxbanically. Fifth, hip joint loading



remains unclear for hip OA patients with more sey@in than moderate hip pain during
walking. Last, hip joint contact force cannot bad#y assessed in vivo and we cannot
conclusively determine that our findings would beikr if evaluating hip joint contact

force.

In summary, we found cross-sectional evidence ggeast that people with hip OA who
report moderate levels of hip pain during walkixg@ibit higher frontal plane loading during
walking and have weaker hip abductor muscle stheoginpared to those with less pain
during walking. Future research is needed to deteritne effect of addressing hip abductor
muscle function and/or pain on frontal plane logdmpeople with hip OA who report

moderate levels of walking pain.
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Figure Captions
Figure 1 Ensemble average (x standard deviation) exteipadduction moment pattern
(body-size normalized) over the gait cycle for bgteoarthritis participants with no pain

(black), mild pain (red) and moderate pain (blue).



Figure 2 Average (x standard deviation) external hip adducthoment (body-size
normalized) according pain severity during walkiogfemale (pink) and male (blue) hip
osteoarthritis participants. Interaction term: seggain severity; radiographic disease severity

x pain severity. BW: body weight; BH: body height

Figure 3 Average (+ standard deviation) external hip addananoment (body-size
normalized) according pain severity during walkiaghip osteoarthritis participants with
Kellgren and Lawrence grade 2 (blue), Kellgren badrence grade 3 (pink), Kellgren and
Lawrence grade 4 (grey). Interaction term: radipgra disease severitgy/pain severity. KL:
Kellgren and Lawrence; BW: body weight; BH: bodygté
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Table 1 Participant characteristics, hip strength and spatiotemporal measures. Data are

presented as mean (SD), unless otherwise stated

Participant characteristics

Age (year)
Females, n(%)

Height (m)

Body mass (kg)

Body mass index (kg/f
Test hip (left:right)
WOMAC Pain (0-20)
WOMAC Function (0-68)
Symptom duration (years)

Bilateral radiographic disease

(yes:no)

Radiographic disease severity of
symptomatic hig

Grade 2, n(%)
Grade 3, n(%)
Grade 4, n(%)
Isometric strength
Peak hip abductor (Nm/kg)

Spatiotemporal

Speed (m/s)

Normalised speed
Stance duration (S)

Stride length (m)

No pain  (n Mild pain  (n  Moderate pain
12) = 37) (n=19)
61.5 (6.9) 60.8 (8.3) 61.8 (9.3)
6 (50%) 17 (52%) 10 (45%)
1.69 (0.12) 1.68 (0.09) 1.68 (0.10)
75.0 (13.1)  80.51(17.5)  78.89 (13.1)
26.6 (4.8) 28.4 (5.0) 28.0 (2.9)
3.9 19:18 10:9
2.8 (2.1) 5.8 (1.9 8.5 (1.6Y*°
11.3 (7.1) 20.3 (9.9% 31.6 (7.3f"°
6.0 (3.8) 4.5 (3.8) 4.3 (2.9)
5:11 16:17 12:10
8 (%) 22 (%) 7 (%)
4 (%) 11 (%) 9 (%)

0 4 (%) 3 (%)
2.37 (0.92) 1.91 (0.60)  1.73(0.64}
1.29 (0.11) 1.25(0.17)  1.12 (0.21}"
0.44 (0.04) 0.44 (0.06)  0.38 (0.07§"
0.61 (0.05) 0.62 (0.06) 0.65 (0.09)
0.65 (0.07) 0.64 (0.07)  0.59 (0.10}

" Kellgren and Lawrence grading system
WOMAC: Western Ontario and McMaster Universitiegé€asirthritis Index

2Different to No pain group (p<0.05)
® Different to Mild pain group (p<0.05)




Table 2 Mean (SD) for biomechanical parameters and meifereices (95% confidence interval) between pawersy categories with and without adjustment faiking sg

Unadjusted differences between pain severity categes

No pain (n = Mild pain (n Moderate pain Mild pain minus No Moderate minus No Moderate pain minus
12) =37) (n=19) pain pain Mild pain

Hip adduction moment
Non-normalised
First peak (Nm) 57.58 (22.54) 56.91 (17.77) 65.01 (24.78) -0.67 (-14.44,13.11) 7.43(-7.86,22.72) 8.10(-3.61, 19.80)
Second peak (Nm) 43.97 (14.73)  47.39 (18.87) 62.00 (27.73) 3.42 (-10.61, 17.44) 18.03 (2.45, 33.59) 14.61 (2.69, 26.52)
Impulse (Nm.s) 20.03 (8.30) 21.09 (8.36) 28.01 (11.97) 1.06 (-5.22,7.36)  7.98(0.99, 14.96)  6.92 (1.57, 12.26)
Normalised
First peak (Nm/BWxBH (%)) 4.67 (1.63) 4.34 (1.13) 4.97 (1.56) -0.33(-1.22,0.57)  0.30(-0.70, 1.30)  0.63 (-0.14, 1.39)
Second peak (NmM/BWxBH (%)) 3.63 (1.27) 3.60 (1.32) 4.75 (1.82) -0.03(-0.94,1.00)  1.12 (0.04, 2.20) 1.15 (0.32, 1.97)
Impulse (Nm.s/BWxBH (%)) 1.62 (0.57) 1.61 (0.58) 2.16 (0.84) -0.01(-0.45,0.43)  0.54(0.06,1.03)  0.55(0.18, 0.92)
Pelvis kinematics (°)
Peak contralateral pelvic drop 3.1(1.9) 2.6 (2.4) 2.7 (2.5) -0.5(-2.0,1.1) -0.4 (-2.1,1.4) 0.1(1.2,1.4)
(stance)
Trunk kinematics (°)
Peak ipsilateral trunk lean (stance) 2.9 (2.4) 3.0 (2.5) 3.1(2.5) 0.1(-1.5,1.8) 0.2 (-1.6,2.1) 0.1(-1.3,1.5)
Hip kinematics (°)
Peak adduction angle (stance) 3.8(3.8) 3.3(4.9) 4.7 (5.3) -0.5 (-3.7, 2.7) 0.9 (-2.7, 4.5) 1.4 (-1.4,4.1)

" One participant removed from analysis as extrentiieowith 30 degree lateral trunk lean; resultsian unchanged when including this outlier
"bold denotes statistical significance at 0.05 level

#Non-normalised hip adduction moment analysis ddiufor absolute walking speed

® Normalised hip adduction moment analysis adjukiedvalking speed normalised to leg length
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