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Single leg squat performanceisimpaired oneto two years after hip arthroscopy

ABSTRACT

Objective: 1. Evaluate single leg squat performance 1-2 years after arthroscopy for intra-
articular hip pathology, compared to controls arelribn-operative limb. 2. Investigate
whether single leg squat performance on the opefiaddvas associated with hip muscle
strength.

Design: Cross-sectional study

Setting: Private physiotherapy clinic and university laboratory.

Participants: Thirty-four participants (17 females, 36.7+12.6 years) 1-2 years following hip
arthroscopy, and 34 sex-matched controls (17 femaB§+11.9 years)

Methods:. Participants performed single leg squats using a standardized testing procedure.
Squat performance was captured using video. Videtafe was uploaded and reformatted
for analyses. Hip muscle strength was measuredhaitia-held dynamometry using reliable
methods.

Outcome measures. Frontal plane pelvic obliquity, hip adduction and knee valgus were
measured. Repeated measures analysis of variancatedabetween-group differences, with
limb as a within-subjects factor (operated versusoperated) and sex as a between-subjects
factor (p<.05).

Results: The hip arthroscopy group demonstrated significantly greater apparent hip
adduction (mean difference 2.7°, 95% CI 0.7° to Ja8fd apparent knee valgus (4.0°, 95%

Cl 1.0° to 7.1°) at peak squat depth, compared mirols. The operated limb also

demonstrated significantly greater pelvic obliqudtying single leg stance compared to the
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non-operated limb (1.2°, 95% CI 0.1° to 2.3°). Females had significantly greater apparent hip
adduction (standing 1.6°, 95% CI 0.5° to 2.6°; psaqiat depth 95% CI 2.4°, 0.3° to 4.4°)

and apparent knee valgus (standing 3.3°, 95% ClIt%.877°; peak squat depth 3.1°, 95% ClI

0° to 6.1°). Significant positive correlations wéoend between frontal plane angles and hip
flexor and extensor peak torque (p>.05).

Conclusion: 1-2 years after hip arthroscopy, deficits in single leg squat performance exist
that have the potential to increase hip joint impmegnt and perpetuate post-operative
symptoms. Rehabilitation post-hip arthroscopy sheatdet retraining in functional single

leg positions.

Key terms. hip arthroscopy, chondrolabral pathology, single leg squat, functional

impairment
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INTRODUCTION

Intra-articular hip joint pathology is a frequentsce of symptoms around the hip, groin and
pelvis, particularly in young active individuals.@), Associated pain, locking and catching
(3, 4) can negatively affect participation in dalyd occupational tasks, as well as physical
activity.(5) Hip arthroscopy is often the treatmehthoice to diagnose and treat intra-
articular hip joint pathology.(6, 7) A systemativiev by Kemp et al(8) identified positive
within-subject outcomes with respect to pain andepéatreported physical function in people

who have undergone hip arthroscopy.

However, compared to controls, people who have guter hip arthroscopy demonstrate
physical significant impairments at one to two ygawst-surgery.(9) Post-operative
rehabilitation programs for people with hip pathglaguld be designed to target
impairments observed following hip arthroscopy. WHhilis assumed that functional recovery
is achieved at 12 months post-arthroscopy, defititsp flexion, extension, abduction,
adduction and rotation strength, compared to casith@ve been observed.(9) Furthermore,
those with hip chondropathy at the time of surgedyil@ted greater mediolateral and
anteroposterior centre of pressure excursion daridgnamic balance task compared to
controls, but no deficits in static single leg baku10) Although strength and balance
impairments were observed following arthroscopy, emegnt control and its relationship
with hip muscle strength is yet to be evaluatedeeisfly using a measure of functional
performance that reflects the demands of daily aiets/appropriate for young people at an

active stage of life.
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Altered movement control during daily functional tasks following hip arthroscopy may be
problematic. If common tasks such as climbing stassilt in altered lower limb movement
patterns (e.g. increased hip adduction and inteatation), this could affect loading patterns
on vulnerable intra-articular structures, such asatetabular labrum and anterosuperior
chondral surfaces, resulting in increased symptdinstefore, knowledge of movement
control following hip arthroscopy is important. Teiagle leg squat is a reliable (11) and
valid (12) clinical test frequently used by sportsdicine practitioners to evaluate dynamic
lower limb control and hip muscle function.(11) Sreingle leg squat kinematics
approximate three-dimensional motion observed durigger-level functional activities such
as jogging,(13) the single leg squat is an apprtpt@ol to evaluate relevant movement
control in a clinical setting. Considering knowp Imuscle impairments in people who have
undergone hip arthroscopy, the single leg squdketylto be a useful measure of single-leg

function for this patient group.

The primary aim of this study was to determine whetkeople who have undergone hip
arthroscopy for intra-articular hip pathology 1-Zay&previously demonstrate deficits in
single leg squat performance: i) compared to cop@diicipants; and ii) compared to their
non-operated limb. It was hypothesized that padicts would exhibit greater pelvic
obliquity, frontal plane hip angle (FPHA) and froinpégane knee angle (FPKA), at peak squat
depth on their operated limb, compared to contmats@mpared to the non-operated limb.
The secondary aim was to investigate whether sieglsquat performance on the operated
limb was associated with hip muscle strength. & twgpothesized that those who
demonstrated greater changes in pelvic obliquitiy&ARnd FPKA to peak squat depth

would demonstrate less hip strength on the opetiatdxd
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METHODS

A cross-sectional study design was utilised, wittpadicipants for the hip arthroscopy group,
and 34 controls. Ethical approval was provided kxypxxxx Human Research Ethics Sub-
Committee (ID xxxxxxx). All participants providedritten informed consent prior to

participation, and all participants rights were pobéd.

The hip arthroscopy cohort was recruited by a simglestigator (xxx) from the database of a
single orthopaedic surgeon in XxXxXxxX, XXXXxxXx, amhsisted of patients who had undergone
hip arthroscopy for painful intra-articular hip palbgy between January 2009 and July 2011.
Consecutive patients aged 18 to 60 at the timergiesy were invited to participate one to

two years post-operatively. Volunteers were deemeliible to participate if they had
subsequently undergone total hip arthroplasty, loagurrent lower limb injuries, were

unable to walk without assistance, or were unablentterstand written or spoken English.

All hip arthroscopies were performed using a stasidad surgical procedure previously
described.(14) Individual post-operative patientringtions and precautions varied depending
on specific surgical procedure (e.g. labral debrieleinor repair, chondral debridement,
microfracture, femoral osteoplasty). Patients vggneerally encouraged to mobilise early
post-operatively (within precautions), includinghtgycling one week post-operatively to
promote recovery of movement. Post-operative pliysiapy rehabilitation, following a
standardised pathway, was offered to all patient® @ould select their preferred provider.
Hip arthroscopy participants were included in thegk leg squat study if they were able to
complete the single leg squat task, and video data available whereby all markers were

visible (n=34).
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Thirty-four control participants were recruited RXXXXXX, XXXXXXXXX, by a second
investigator (xxx). Volunteers responded to adsertients through the university’s staff and
student electronic mail system. Volunteers fordbetrol group were ineligible if they: i)
were aged less than 18 or older than 60 yearsadi)ahpast history of hip pain, pathology or
surgery; iii) had low back pain or other lower linmjuries; iv) were unable to walk without
assistance; or v) were unable to read or speak $nghlip arthroscopy participants were
matched with controls firstly by sex, and subsedyeart age, height, hours of weekly

physical activity, and nature of occupation.

All data for the hip arthroscopy group were collédbetween December 2010 and July 2012
by a Sports Physiotherapist with 20 years of clingsgerience (xxx), at a private
physiotherapy clinic in xxxxxx. Control group datare collected in August 2012 by a
Sports Physiotherapist with ten years of clinicgenence (xxx), at xxxxxx Department of
Physiotherapy. For both groups, data pertainirap® sex, weight, height, leg dominance
(leg with which the participant would choose to kackall as hard as possible (15)), physical
activity and nature of occupation was obtained. Hhedisability and Osteoarthritis
Outcome Score (HOOS) (16) and the International®lipcome Tool (IHOT-33) (17) were
used to characterize the cohort, and have beenogusyireported to have the best

psychometric properties for use in this patient pajoon.(18)

Measures of hip strength were collected from theahiproscopy group by a single
investigator (xxx), using the testing procedure efp et al.(19) Briefly, hip flexion,

extension, abduction, adduction, and external atetnal rotation strength were measured



135 using a Commander Power track Il hand held dynamometer (J-Tech Medical). The

136 dynamometer was positioned at standardized landnoarkise test leg, and moment arms
137  were calculated from the joint axis of rotation lte point of application of the dynamometer.
138  Participants performed three isometric “make” testsgereby the tester matched the force
139  produced by the participant,(20) and the highestefealue of the three tests was recorded.
140 Torque was calculated for each test by multiplyimg force (N) by the moment arm length
141  (m), and normalized for body weight (kg).

142

143  For the single leg squat, a standardized testinggpiire was adopted across both testing sites,
144  based on previously described methodology.(21) idhaeihts were barefoot, and wore shorts
145 and a short-sleeved t-shirt to allow visualizatibamatomical landmarks. Bilateral surface
146 landmarks were marked with black ink over the antesuperior iliac spine, the midpoint

147  between the lateral and medial femoral condylesrianiyy and the midpoint between the

148 lateral and medial ankle malleoli anteriorly. Rapants stood in front of a height-adjustable
149  plinth, with their foot position standardized oreaplate whereby the medial edge of the first
150 metatarsophalangeal joint and the center of theepgostaspect of the heel were lined up on
151 parallel lines 12 centimeters apart. Squat depthstendardized to 60° knee flexion,

152 indicated when the participant’s buttocks touchextdp surface of the plinth. This was

153  verified using a universal goniometer applied tol#tteral aspect of the test knee.

154

155  Single leg squat performance was recorded with itatligdeo camera (HDR-XR150, Sony,
156  Tokyo, Japan) fixed to a tripod. The camera wastjoos&d at a height of 37 centimeters,

157  perpendicular to the frontal plane, three metefsant of the participant. The selected height

158 allowed capture of video footage from the shoulderthe feet of the participant in standing.



159  Each participant’s unique code was filmed prior to single leg squat performance, to allow
160 later identification.

161

162  Because hip arthroscopy participants were equallfkely to have had surgery on their

163  dominant limb as their non-dominant limi>(05), the order of limb testing was right

164  followed by left to reduce order effects. Particifsawere instructed to stand on their right
165 leg with the trunk upright and contralateral leg@pproximately 20° of hip flexion, with the
166 knee extended and toes off the floor (Figure 1A)s Position was held for three seconds.
167  Participants then lowered down until the buttockstacted the plinth (Figure 1B), and

168 returned to the starting position, taking four setsim total. Participants were encouraged to
169 lightly touch the plinth at the bottom of the squatd refrain from sitting on the plinth at

170 peak squat depth. Five consecutive squats wererpetl, and the procedure repeated on the
171 leftleg. Trials were deemed unsuccessful and déinecgpant excluded from further analysis
172  if they: i) were unable to maintain single leg bakm order to commence squatting; ii) were
173 unable to squat to the desired depth; or iii) exgrered pain during testing that affected their
174  ability to complete testing. For the hip arthroscgpoup, the investigator was blinded to the
175  side of surgery.

176

177  Video footage was uploaded and reformatted usingh&bFactory

178  (http://www.pcfreetime.com/index.html). Each videas analyzed using original digital

179  software drawing and analysis tools created in L&W/Isoftware and the Vision
180 Development Module (National Instruments, U.S.Ajorfal plane alignment of the pelvis,
181 hip and knee was measured as pelvic obliquity afpglvis relative to horizontal), FPHA

182  (femur relative to pelvis) and FPKA (femur relatieetibia) (Figure 1B). Angles were
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measured from single video frames at two different time points of the single leg squat. The
first time point was in single leg stance, and ide&d as the frame prior to commencing the
squat motion (determined by hip and/or knee flexiofis was measured once, prior to
commencement of the first squat repetition. Theseédime point was at 60° knee flexion
(bottom of the squat), taken as the frame wher@éahnicipant’s buttocks initially contacted

the plinth. This was measured for each of the $opeat repetitions, and the average

calculated for use in subsequent analyses.

Intra-rater reliability of the alignment measureswarformed on a subset of 20 hip
arthroscopy participants. The investigator respdeddr data processing (xxx) repeated the
measures on a second occasion seven days lateledlio the original measures. There was
adequate agreement for all measures, with intrackagslation coefficients (ICC) ranging
from moderate (left FPKA in single leg stance, ICZ40 95% CI 0.34 to 0.90) to excellent
(right FPKA in single leg squat, ICC 0.98, 95% Q®to 0.99) (Appendix 1, supplementary

file).(22)

All statistical analyses were conducted using tlaiSical Package for Social Sciences
(SPSS Version, 18, SPSS Science Inc., Chicagoilinand significance set at .05.
Normality was assessed using the Shapiro-Wilk tegtependent samples t-tests and chi
square tests were used to compare baseline chaacsenf the two groups. Because paired
samples t-tests identified differences betweenitiie and left limbs of the control group on
the measured anglgs<05), hip arthroscopy limbs were matched with controls according to
limb dominance. If the dominant limb of the hipreidscopy participant was their operated

limb, this was matched with the dominant limb of doeresponding control participant. If
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the non-dominant limb of the hip arthroscopy pap@éeit was their operated limb, this was
matched with the non-dominant limb of their matchedtrol. Repeated measures analysis of
variance (ANOVA) was used to evaluate differencesfich outcome measure between the
hip arthroscopy and control groups (between-subfacter), between operated and non-
operated limbs (within-subjects factor) and betwsexes (between-subjects factor). In the
event of a significant main effect or two-way intetran, post hoc comparisons of between-
group effects were conducted. For the hip arthnegparticipants, Spearman’s correlations
were used to investigate the relationship betweek firques and the change in frontal plane
angle from standing to peak squat depth. Samplensasedetermined based on that
previously reported by Willson et al. (23) for ditbece in frontal plane projection angle

between a control group and patellofemoral pain g@ib%, wherex=.05 and £.10.

RESULTS

There were no significant differences between tpeanihroscopy and control groups with
respect to age, sex, height, hours of weekly phlaidavity, and occupatiorpé.05, Table 1).
The hip arthroscopy group had a higher body magsttiecontrol group (mean difference
7.53kg, 95% CI 1.01 to 14.06). A significantly heglproportion of participants in the
control group were right leg dominant (p=.046). rifigant differences in primary physical
activity were also foundoE.002). A greater proportion of hip arthroscopy participants
reported no physical activity, and only 13 particifsain the hip arthroscopy group had
returned to their pre-operative level of sport. Whvalking was the primary physical activity
of the hip arthroscopy group, control participamgsarted more vigorous primary physical

activities (Table 1). Within the hip arthroscopygp, 19 participants (56%) had surgery on

10



231 their dominant limb, whilst the remaining 15 hadggry on their non-dominant limb. As
232  there was no significant effect of limb dominanceoperated limb=.49), limb dominance
233 was excluded as a within-subjects factor for allssgjuent analyses. During arthroscopy,
234  chondrolabral pathology was identified in 31 (91%ijtipants.

235

236  There were significant main effects for group foHAand FPKA at peak squat depth (Table
237  2). Post hoc tests revealed that, compared toathieat group, the hip arthroscopy group
238 demonstrated significantly greater hip adductiongmeifference 2.7°, 95% CI1 0.7° to 4.8°)
239 and apparent knee valgus (4.0°, 95% CI 1.0° to daYoth the operated and non-operated
240 limbs. There was a significant main effect for lifiob standing pelvic obliquity, with post
241  hoc tests revealing that the operated limb of tpeahihroscopy group demonstrated

242  significantly greater pelvic obliquity than the noperated and matched control limbs (1.2°,
243  95% CI10.1° to 2.3°). There were no significantugra limb interactions (p>.05).

244

245 A significant main effect for sex was demonstradAPHA and FPKA in standing and at
246  peak squat depth (Table 3). Post hoc tests revédaé¢demales had significantly greater hip
247  adduction in standing (mean difference 1.6°, 95%.6% to 2.6°) and at peak squat depth
248  (2.4°, 95% CI1 0.3° to 4.4°), and significantly geraapparent knee valgus in standing (3.3°,
249  95% CI 1.8° to 4.7°) and at peak squat depth (3% CI 0° to 6.1°). There were no

250 significant interaction effects between sex and groulimb (p>.05).

251

252  Significant positive correlations were found betwgesilateral peak hip flexor torque, and
253  change on pelvic obliquity angle, FPHA and FPKA fretanding to peak squat depth (p<.05;

254  Table 4). Those with greater hip flexor peak tordamonstrated significantly greater

11
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increases in pelvic obliquity, FPHA and FPKA whenving from standing to single leg
squatting (p<.05). Ipsilateral peak hip extensogue was significantly and positively
correlated with change in FPHA and FPKA, where thesle greater peak torque
demonstrated greater increases in FPHA and FPKA $tamding to single leg squatting

(p<.05). No other significant correlations were @afed.

DISCUSSION

This is the first study to evaluate single leg sqpeatormance in people who have undergone
hip arthroscopy. Compared to matched controls, tiadsehad undergone hip arthroscopy
one to two years prior demonstrated greater appaner@dduction and apparent knee valgus
at peak single leg squat depth on both the opeeatddhon-operated limbs, irrespective of sex.
Notably, mean differences were greater than thedatarerror of the measure (Appendix 1,
supplementary file). This is of particular importarfollowing hip arthroscopy, given that

hip flexion and adduction is a position of impinger®r the anterosuperior hip structures.

It is plausible that this increased apparent hipuatidn during single leg squatting activities
may contribute to ongoing symptoms (14) and physiophirments (9) noted previously.
Furthermore, considering that hip and knee kinemsatiging single leg squat approximate
kinematics during jogging tasks,(13) this may batesl to ongoing symptoms during
physical activity. This may in part explain whydatan 40% of our cohort reported having
returned to their pre-surgery level of sporting\atti despite participants being at a post-

operative time point when they are expected to havevered and returned to sport.(24)

Findings also revealed greater pelvic obliquity loa dperated limb when participants were in

standing. This indicates that participants weraditag with the contralateral (non-weight

12



279  bearing) side of the pelvis elevated or hitchedtingdao the weight bearing side. However,
280 there was no difference in pelvic obliquity whentfpants were at peak single leg squat
281 depth. ltis plausible that, prior to performing thingle leg squat, participants activated their
282  hip abductors on the affected (weight-bearing) bipttempt to improve control of eccentric
283  hip adduction during the descent phase of the sieglsquat. Hip abduction peak torque is
284 lower in female patients one to two years afterdrthroscopy, compared to controls.(9) The
285 mean difference in pelvic obliquity (1.2°) was gerahan the standard error of the

286 measurement (0.8° to 1.17°) and minimal detectdi@ge (0.5° to 0.72°)(Appendix 1,

287  supplementary file). The magnitude of this diffesxemay be small but clinically meaningful
288 if the resultant increased hip abductor activitg@tadjacent muscle activation patterns in a
289  suboptimal manner. This requires further invesiogat

290

291 Interestingly, we observed bilateral impairmentsimgle leg squat control in those who had
292  undergone hip arthroscopy one to two years prioenmdompared to matched controls.

293  There are a number of considerations in interpretirggfinding. Firstly, neuromuscular

294 changes may have occurred in both the operatechantbn-operated limbs in response to
295 chronic pain in the affected hip, intra-operativé §gsue disruption or post-operative pain
296 and swelling. Joint-specific, bilateral accommoaiasi have been noted in other lower limb
297  conditions, such as chronic anterior cruciate ligatndeficiency(25, 26) and surgical

298 reconstruction,(25) knee osteoarthritis,(27) anawitrlateral ankle sprain.(28) Second, it is
299 plausible that the presence of this altered movemaitérn during daily activities that

300 involve single leg stance, such as walking and sraipulation, may have existed pre-

301 operatively, potentially contributing to cumulatigeerload on the anterosuperior hip

302 structures, and subsequently the development @-articular hip pathology.(29) Because

13
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the cross-sectional nature of this study precludek sonclusions being made from our
findings, prospective studies should evaluate thgteal relationship between impaired

single leg control and the development of hip jpiathology.

In contrast to our hypothesis, we did not find digant associations between decreased hip
and trunk strength, and increased pelvic obliginiy,adduction and apparent knee valgus
excursion from standing to peak squat depth. Caelgrthose who demonstrated greater
increases in pelvic obliquity, hip adduction andaept knee valgus when performing the
single leg squat had greater hip flexor and extepsak torques on isometric testing. Similar
to muscle responses in low back pain (30) and cbhnoeck pain,(31) the deep short external
rotator muscles of the hip may become inhibitedesponse to chronic hip pain and/or
surgical disruption of hip structures.(32) Indedads inhibition may also be a precursor to the
development of hip pathology. During functional aities, patients with intra-articular hip
pathology may attempt to compensate for a lack epdeuscle control by recruiting the
superficial hip flexor and extensor muscles. Incedasse of these muscles may have a
strengthening effect, enhancing their torque-praatyicapacity over time. However, the
relationship between strength and movement cordriohprecise and at present unclear.
Further studies are needed to measure the effeotsgoing pain on deep hip muscle

activation and compensatory strategies.

Consistent with previous literature in asymptomatid patellofemoral pain cohorts,(21, 33,
34) we found that women across both groups demaedtraore hip adduction and apparent
knee valgus than men, in standing and at peak sigp#h. These findings suggest that the

aetiology of intra-articular hip pathology may diffeetween men and women. With

14
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350

increasing female participation in sports that irrealunning and repetitive kicking, such as
soccer and Australian Rules football, rates of Hatecular hip pathology in women may
increase. This suggests the importance of screevongen who may be at risk, and
implementing programs to address deficits in sihggecontrol.(35) It also highlights that,
following hip arthroscopy, women may need a paréiceimphasis on single leg

neuromuscular retraining within rehabilitation proats.

The findings of this study have important implicasan the management of those who have
undergone hip arthroscopy for intra-articular highptéogy. Post-operative rehabilitation
should include strategies to improve balance an@nuantrol during single leg tasks. Such
rehabilitation strategies may have implicationsdngoing pain and symptoms post-
arthroscopy,(14) and the development or progressichondropathy.(10) Previous studies
have shown reductions in hip adduction during rugrind single leg squat following a
program of functional movement retraining,(36) bot with hip strengthening exercises
alone.(37) Patients with chondrolabral pathologyusth also receive education regarding
optimal alignment of the lower limb during daily sdies, to avoid positions of painful hip

impingement.

There are limitations associated with this study #h@uld be considered. The cross-
sectional study design means that it is unclear héreteficits in single leg squat performance
were present before, or contributed to, the deveéoyiraf symptomatic intra-articular hip
pathology, or occurred in response to symptoms argical sequelae. Prospective
longitudinal studies of asymptomatic individualswasl as patients with hip pathology pre-

and post-operatively, will enhance understandintpisftemporal relationship. In addition,
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we used a specific cohort with intra-articular hgihmlogy, who had undergone hip
arthroscopy one to two years prior by a single samgerhus, it is unclear whether findings
are generalizable to other populations, especiatigd who are pre-arthroscopy or early in the
post-operative period. Nevertheless, consideriedahgth of time since surgery in our
cohort, it is anticipated that any natural recoviargingle leg function would have plateaued
by this time. Finally, we utilized a two-dimensibnaeasure of single leg squat performance.
While this has been validated against three-dimemasimeasures,(38) additional information
regarding femoral rotation during single leg squatld not be measured. However, the
methods used in the current study were chosen dieitoclinical applicability, ensuring that
sports medicine practitioners working in clinicalsporting settings can utilize this test in

screening or assessment.

CONCLUSION

The findings of this cross-sectional study indidhe people who have undergone hip
arthroscopy for symptomatic intra-articular hip petiyy one to two years previously,
demonstrate deficits in single leg squat performamoecepared to matched controls.
Importantly, the greater apparent hip adductionaphrent knee valgus observed at peak
squat depth has the potential to place the hip joiatposition of painful impingement, which
may perpetuate ongoing symptoms post-operativelydeace of greater hip flexor and
extensor peak torques in those with greater apparprdduction and apparent knee valgus
excursion during single leg squat suggests the iaeompensatory strategy to improve hip
control during single leg tasks. While further grestive studies are required to understand
the temporal relationship between intra-articular jbint pathology and single leg squat

control, rehabilitation following hip arthroscopyahd include retraining in functional single
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leg positions.

KEY POINTS

Findings

= Deficits in single leg squat performance exist one to two years after hip arthroscopy for
intra-articular hip joint pathology.

= Poor single leg squat performance is significantly correlated with greater strength of prime
hip movers, suggesting a compensatory strategyharee hip control during single leg
tasks.

Implications

» Findings suggest that rehabilitation after hip arthroscopy should look beyond
strengthening of prime movers of the hip, and inocate retraining in functional single
leg positions.

Caution

= Cross-sectional study findings mean causative relationships cannot be determined.
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Table 1. Participant characteristics. Values are mean (SD) unless otherwise noted.

Hip arthroscopy Control Mean difference P
(n=34) (n=34) (95% CI)

Age (years) 36.7 (£12.6) 33.1#11.9) 3.60(-2.38t09.50) .24
Height (m) 1.8 £0.1) 1.7 £0.1) 0.02 (-0.03t0 0.70) .35
Weight (kg) 79.6 ¢11.1) 72.04£155)  7.53(1.01to 14.06) .02*
Number (%) of males 17 (50) 17 (50)
Number (%) of right leg dominant 28 (82) 33 (97) .046*
Number (%) of right hip surgery 19 (56)
Number (%) with chondrolabral 31 (91.2)
pathology
Surgical procedure, number (%):

arthroscopy only 2 (6)

arthroscopy + FAI procedure 1(3)

arthroscopy + labral procedure 1(3)

arthroscopy + chondral procedure 8 (24)

arthroscopy + 2 procedures” 9 (26)

arthroscopy + 3 procedures” 13 (38)
Physical activity (hours/week) 6.2 #4.6) 5.3 £3.3) -0.81 (-11.11t0 2.74) .40
Primary physical activity, number
(%): 6 (17.6) 1(2.9) .002*

none

running 1(2.9) 8 (23.5)

swimming 0 (0.0) 3(8.8)

cycling 3(8.8) 5(14.7)

walking 13 (38.2) 6 (17.6)

Australian rules football 2 (5.9 0 (0)

gym 5(14.7) 4 (11.8)

other 4(11.8) 7 (20.6)

Returned to pre-operative physical 13 (38.2)
activity level, number (%):

Occupation, number (%): 3 (8.8%) 2 (5.9%) .89
not working
sedentary 10 (29.4%) 10 (29.4%)
active 21 (61.7%) 22 (64.7%)
HOOS (100-0), median (IQR)
Symptoms 80 (70-90)
Pain 88.8 (75-95)
ADL 94.9 (83.1-100)
Sport/recreation 81.3 (62.5-89.1)
Quality of life 68.8 (48.5-82.9)
iHOT-33 (100-0), median (IQR) 77.8 (64.6-88.9)
Peak torque (Nm/kg):
Hip flexion 0.99 (0.35)
Hip extension 1.07 (0.51)
Hip abduction 1.46 (0.47)
Hip adduction 1.14 (0.39)
Hip ER (at 0 hip flexion) 0.69 (0.26)
Hip ER (at 90 hip flexion) 0.58 (0.24)
Hip IR (at @ hip flexion) 0.53(0.22)
Hip IR (at 90 hip flexion) 0.60 (0.26)

HOOS: Hip disability and Osteoarthritis Outcome Score; iHOT-33: International Hip Outcome Tool; ADL:
activities of daily living; Cl: confidence interval; IQR: interquartile range
AN FAl, labral or chondral proceduréSignificant at 0.05.
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Table2. Mean ¢ standard deviation) values for standing and peak squat depth angles for the hip arthroscopy and control groups, with results
of repeated measures ANOVA (main effects for limb and group, and group x limb interaction effects).

Variable Hip Arthroscopy Control Limb Group Limb x Group
Matched
Operated Non- Matched non- F p F p F p
operated operated
oper ated
Standing:
z%‘l"ec(?f“q”'ty 50@3.3) 35¢2.7)  4.4¢30) 3.6¢24) 4156  .045* 0.229 634 0.345 562
FPHA (°) 83.6 £3.4) 83.2437) 842434) 83.3£32) 3.081 084 2.754 102 0.081 777
FPKA (%) 4.0 @48) -46£46) 35¢3.7)  -3.3¢33) 0.141 708 1.700 120 0.464 498
Peak squat depth:
gﬁé‘l’f(?)b“q“'ty 34@41)  22428) 3232 37427 0373 544 1.031 314 3.467 067
FPHA (°) 795@4.7)  77.2452) 81.0456) 81.2454) 2.010 161 7.523 .008* 2.913 093
FPKA (°) 7.4¢9.0) -10.3495) -47£6.3) -4.9£7.6) 159 211 6.979 010* 1.007 299

FPHA, frontal plane hip angle; FPKA, frontal plane knee ari@mnificant at .05.
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Table3. Mean ¢ standard deviation) values for standing and peak squat depth angles for males and females, for hip arthroscopy
and control groups, with results of repeated measures ANOVA (main effects for sex, and group x sex and limb x sex interaction

effects).
Variable Hip Arthroscopy Hip Arthroscopy Control Matched Control Matched non-  Sex Group x Sex  Limb x Sex
Operated Non-oper ated operated operated
Male Female Male Female Male Female Male Female F p F p F p
Standing:
Pelvic obliquity 3.7 (3.0) 6.2 (3.2) 3.8(2.9) 3.1(2.6) 4.8 (3.8) 4.1(1.8) 3.0 (2.4) 4.2 (2.3) 230 .13 0.75 389 0.27 .602
angle(°®)
FPHA(®) 83.6 (3.8) 83.7 (4.0) 83.7 (4.0) 80.9 (2.9) 85.5(3.9) 83.0 (2.5) 83.7 (3.5) 82.9 (2.9111 .004* 0.03 .853 0.17 .686
FPKA(°) -1.8(4.4) -2.1(3.8) -2.6 (4.7) -6.6 (3.6) -2.1(3.8) -4.8 (3.3) -2.3(3.0) -4.2 (3.5p0.16  .000* 1.84 .180 0.33 .568
Peak squat depth:
Pelvic obliquity 2.5(3.9) 2.6 (4.1) 2.6 (3.0) 1.9 (2.6) 3.3(3.6) 3.0 (2.9) 3.9(2.8) 3.6 (2.7) 0.06 .81 047 496 183  .181
angle(°®)
FPHA(®) 80.5(4.2) 786 (5.1) 79.0 (5.2) 75.3 (4.6) 82.1 (5.6) 80.0 (5.8) 82.0 (6.0) 80.4 (4.948 .022* 0.37 .634 0.14 .710
FPKA (°) -43(6.6) -10.6 (10.1) -7.7(8.5) -12.9 (10.0) -4.1(5.6) -5.3(7.1) 5.2 (7.7) -47 (7811 047+ 318 080 0.34 563

FPHA, frontal plane hip angle; FPKA, frontal plane knee ari@mnificant at .05.
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Table4. Spearman’s correlations between single leg squat variables, hip muscle peak torques (test limb) for hip arthroscopy
participants.

Pelvic obliquity angle FPHA FPKA
Peak torque: hip flexion 0.341* 0.496* 0.391*
Peak torque: hip extension 0.307 0.482* 0.417*
Peak torque: hip abduction -0.009 0.020 0.081
Peak torque: hip adduction 0.203 0.203 0.154
Peak torque: hip ER (af Bip flexion)  0.183 0.190 0.169
Peak torque: hip ER (at 9@ip flexion) 0.135 0.068 0.007
Peak torque: hip IR (af Mip flexion) 0.171 0.243 0.230
Peak torque: hip IR (at 9Gip flexion) 0.173 0.161 0.066

FPHA, frontal plane hip angle; FPKA, frontal plane knee angle; ER, external rotation; IR, internal rdtSigmificant at .05.



FIGURE LEGENDS

Figure 1. Starting position (I) and bottom (60° knee flexion on test leg) (1) of the single leg
squat test. Pelvic obliquity angle represented as the angle of the pelvis (A-B), relative to
horizontal. Frontal plane hip angle represented as the angle between the pelvis (A-B) and
femur (A-C). Frontal plane knee angle represented as the angle between the femur (A-C) and

tibia (C-D).
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Appendix 1. Test-retest (intra-rater) reliability of lower limb alignment angles, in 20 hip arthroscopy participants. Angles were measured from
the same video trial on two separate occasions, by one investigator (PCC).

M easur ement Measure 1 Measure 2 ICC (95% CI) SEM MDC
Mean (SD) Mean (SD)

Pelvic obliquity angle (standing) Left 4.35(3.26) 3.88(2.97) 0.86 (0.65t0 0.95) 117 0.72
Right 4.65 (3.50) 4.42 (3.70) 0.95 (0.88t0 0.98) 0.80 0.50

Pelvic obliquity angle (peak squat depth) Left 2.74 (3.80) 2.78 (3.53) 0.97 (0.92t0 0.99) 0.63 0.39
Right 2.94 (4.09) 2.90 (3.96) 0.87 (0.68t0 0.95) 1.45 0.90

FPHA (standing) (n=18) Left 84.02 (3.82) 84.48 (3.43) 0.92 (0.78t0 0.97) 1.03 0.67
Right 82.49 (3.71) 82.53 (3.55) 0.95 (0.87 t0 0.98) 0.81 0.50

FPHA (peak squat depth) Left 80.73 (6.30) 80.09 (5.41) 0.89 (0.73t0 0.96) 1.94 1.20
Right 76.84 (4.88) 76.62 (4.62) 0.78 (0.43t0 0.91) 2.23 1.38

FPKA (standing) Left -1.88 (4.79) -2.07 (5.91) 0.74 (0.34t0 0.90) 2.73 1.69
Right -5.77 (3.97) -5.38 (4.03) 0.89 (0.73t0 0.96) 1.33 0.82

FPKA (peak squat depth) Left -4.31 (9.25) -5.57 (8.87) 0.90 (0.75t0 0.96) 2.87 1.78
Right -12.27 (9.68) -12.32 (10.03) 0.98 (0.96 t0 0.99) 1.39 0.86

FPHA, frontal plane hip angle; FPKA, frontal plane knee angle; ICC, intraclass correlation coefficient; Cl, confidence interval; SEM, standard error of the measure, SEM =
pooled SD x V1-ICC; MDC, minimal detectable change, MDC = 1.96 x V2 x (SEM/Vn).



