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Highlights 

 Individuals with FAI syndrome exhibit altered biomechanics during step ascent. 

 Alterations relate primarily to pelvis control in the frontal plane.  

 FAI patients implement a range of proximal strategies which may relate to symptoms. 

 Interventions targeted at adjacent segments may be relevant for management of FAI. 
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ABSTRACT 

 

Background: Femoroacetabular impingment (FAI) syndrome is common among young 

active adults and a proposed risk factor for the future development of hip osteoarthritis. Pain 

is dominant and drives clinical decision-making. Evidence for altered hip joint function in 

this patient population is inconsistent, making the identification of treatment targets 

challenging. A broader assessment, considering adjacent body segments (i.e. pelvis, trunk) 

and individual movement strategies, may better inform treatment programs. This exploratory 

study aimed to compare trunk, pelvis, and hip biomechanics during step ascent between 

individuals with and without FAI syndrome.  

Methods: Fifteen participants diagnosed with symptomatic cam-type or combined (cam plus 

pincer) FAI who were scheduled for arthroscopic surgery, and 11 age-, and sex-comparable 

pain- and disease-free individuals, underwent three-dimensional motion analysis during a 

step ascent task. Trunk, pelvis and hip biomechanics were compared between groups.  

Results: Participants with FAI syndrome exhibited altered ipsilateral trunk lean and pelvic 

rise towards the symptomatic side during single-leg support compared to controls. Alterations 

were not uniformly adopted across all individuals with FAI syndrome; those who exhibited 

more pronounced alterations to frontal plane pelvis control tended to report pain during the 

task. There were minimal between-group differences for hip biomechanics.  

Conclusion: Exploratory data suggests biomechanics at the trunk and pelvis during step 

ascent differ between individuals with and without FAI syndrome. Those with FAI syndrome 

implement a range of proximal strategies for task completion, some of which may have 

relevance for rehabilitation. Longitudinal investigations of larger cohorts are required to 

evaluate hypothesized clinical and structural consequences.  
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1. Introduction 

Femoroacetabular impingement (FAI) morphology, a structural abnormality of the 

hip, affects ~37% of young adults [1] and is proposed as a risk factor for hip osteoarthritis 

(OA) [2]. Individuals with FAI morphology are more likely to develop hip pain than those 

without [3]. Repetitive abutment during tasks towards the impingement position (deep end 

range hip flexion, combined with hip adduction and internal rotation) may be responsible. 

Pain is the hallmark of FAI syndrome [4]. Although evidence for altered hip joint function is 

mounting, alterations are generally small on average and of uncertain clinical significance. 

Individual variation in movement strategy and interaction between adjacent body segments 

(i.e. pelvis, trunk) may account for the small group differences. Failure to consider such 

factors may explain the modest effects of treatment [5].  

Hip joint biomechanics during walking in FAI syndrome differ subtly from individuals 

without pain or FAI morphology [6]. Comparisons during more demanding tasks targeting 

positions of impingement, such as squatting, have extended knowledge regarding altered hip 

mechanics in this cohort [7-9]. Nevertheless, the exact nature of these alterations (i.e. plane of 

movement, magnitude of difference), and any relationship with pain and/or function remain 

unclear. Importantly, surgical intervention does not completely restore hip joint function to 

that of controls [10] or uniformly improve pain [11], despite correction of the bony 

abnormalities. This may be because surgery corrects the local mechanical issue, but without 

resolution of the altered movement strategies adopted pre-operatively. Understanding FAI 

syndrome and its associated biomechanical strategies requires investigation beyond the hip 

joint.  
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Although some biomechanical alterations in FAI syndrome have been identified in the 

sagittal plane at the pelvis during squatting [8] and at the trunk during stair ascent [12], few 

studies have considered pelvic and trunk control in the frontal plane despite the likely 

importance given the potential implications for hip joint loading [13]. Control of frontal plane 

pelvic alignment (pelvic obliquity) during single leg support is critical to prevent movement 

into a position that impinges the hip. Pelvis control may be compromised in the presence of 

pain [4] or hip abductor muscle weakness [14], both of which are common in FAI syndrome. 

Altered frontal plane control of the trunk may moderate provocative hip joint contact forces 

(i.e. reduced demand on hip abductor muscles), and has been observed in individuals with 

painful hip osteoarthritis [15, 16]. Frontal plane trunk control has plausible relevance for FAI 

involving symptomatic intra-articular hip pathology.  

Step ascent requires hip movement in directions of impingement, generates larger loads on 

the hip joint than level walking [17], and may expose alterations in pelvis and/or trunk 

control in individuals with FAI syndrome. This exploratory study aimed to compare trunk, 

pelvis, and hip biomechanics during step ascent between individuals with FAI syndrome and 

asymptomatic controls without FAI morphology. A second aim was to investigate individual 

differences in strategies for task execution. 

 

2. Methods 

2.1 Participants 

This study used a convenience sample of participants enrolled in other studies [9, 18]. Fifteen 

individuals aged 18-35 years diagnosed with FAI syndrome (cam- or combined-type FAI 

morphology concurrent with symptoms), who were scheduled for arthroscopic surgery, were 

recruited from the surgical records of an orthopaedic surgeon (JO). Participants who were 

positive for clinical impingement [19], and had definitive signs of FAI on imaging ((X-ray 
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and/or magnetic resonance imaging (MRI)); alpha angle >55° (cam FAI) [20] , or alpha 

angle > 55° and lateral centre edge angle (CEA)  > 39° and/or positive crossover sign 

(combined FAI) [21]) were included. Participants were excluded if they had: (i) pincer-type 

FAI morphology only [1]; (ii) history of hip surgery; (iii) other lower limb injury/pain 

sufficient to limit function in the preceding month; (iv) moderate or severe radiographic hip 

OA defined as Tonnis > grade 1 [22]; or (v) other forms of arthritis, diabetes, cardiac or 

circulatory conditions.  

Fifteen asymptomatic healthy participants with no history of hip/groin pain, comparable to 

the FAI group for age, sex, and leg dominance, were recruited from the community. Control 

participants underwent hip MRI to ensure an absence of FAI morphology (alpha angles <50° 

and CEA <40° [20, 21]), via a 3-Tesla scanner (Siemens Magnetom Trio syngo MR B17) 

and 16-channel body coil (coupled with a Siemens Spine array). Alpha angle was measured 

in the oblique sagittal plane [23] and CEA was measured in the coronal plane [24] via OsiriX 

imaging software (©Pixmeo SARL, Switzerland) and the Orthopaedic Studio v1.2 Plugin 

(Spectronic AB, Helsingborg, Sweden). The localizer sequence was used to correct for pelvic 

obliquity where required [24]. One control participant was excluded as they were unable to 

undergo MRI. All remaining participants were eligible to participate in the study. 

Ethical approval was obtained from the institutional Human Research Ethics Committee. All 

participants provided written informed consent.  

 

2.2 Procedures 

Participants underwent three-dimensional motion analysis during a step ascent task wearing 

standard footwear (Dunlop Volley, Pacific Brands, Australia). Reflective markers were 

applied by a single biomechanist to the trunk [25], pelvis, and both lower limbs [26]. 
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Kinematic data were collected at 120 Hz using a 12-camera (MX F20/F40) motion analysis 

system (Vicon, MX, Oxford, UK) and Nexus, version 1.8.5. Ground reaction forces were 

collected at 3000 Hz from two floor-embedded force platforms (AMTI Inc., Watertown, MA, 

USA) and a third force platform (400mm x 600mm) mounted on a step (height=240mm; 

Kistler 9286AA). Hip and knee joint centres were defined using a functional approach [26].  

Participants were provided with a demonstration and standardized instructions. Participants 

were asked to find their natural standing position with one foot on each floor-embedded 

platform, then to step up onto the force platform step one leg at a time, ending with feet 

parallel on the step. After demonstrating proficiency with the task (1-2 trials), participants 

completed 5 trials leading with the symptomatic/test leg.  

Participants rated their hip pain during the task on an 11-point numerical rating scale (NRS) 

(0=no pain, 10=worst pain possible). A modified Tegner Activity Scale (0=disability, 

10=competitive sport at the professional level) graded physical activity level [27]. Physical 

function was assessed for FAI participants using the international Hip Outcome Tool (iHOT-

33) [28] and the Copenhagen Hip and Groin Outcome Score (HAGOS) [29] (0=extreme 

hip/groin problems, 100=no hip/groin problems).  

2.3 Data Analysis 

Marker trajectories and ground reaction forces were low-pass filtered at 6 Hz using a dual-

pass, 2nd order Butterworth filter. Foot contact with the step (i.e. stance phase) was defined 

using a 20 N threshold. Trunk, pelvis, and hip kinematics were calculated for each trial using 

the UWA model programmed in Vicon Body Builder [26]. Pelvic angles were determined 

using a rotation-obliquity-tilt Cardan angle sequence [30] and expressed in the laboratory 

coordinate system. The trunk segment was defined by the clavicle and sternum markers [25] 

and expressed in the laboratory coordinate system. Inverse dynamics (Vicon Body Builder 
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[26]) were used to calculate net external hip joint moments in the femur coordinate system. 

Joint moment data were normalized to body weight (N) multiplied by body height (m) and 

expressed as a percentage (Nm/BW.HT (%)). Data for three control participants were 

excluded due to malfunction of the elevated force platform. Data analysis was undertaken 

using custom programs written in Matlab, version 2016a (The Mathworks, Inc., USA) and 

Microsoft Excel, version 15.22 (Microsoft Corporation, 2016).  

Peak pelvis angles, peak hip angles (measured as femur relative to pelvis), and hip excursion 

were calculated in the sagittal, frontal and transverse planes. Peak trunk angles were 

calculated in the sagittal and frontal planes. All discrete kinematic and hip moment data were 

averaged over the trials.  

2.4 Statistical Analysis 

Data were assessed for normality by inspecting Q-Q plots and using Shapiro-Wilk tests. 

Demographic variables were compared between groups using independent t-tests or 

Pearson’s chi-square. Between-group kinematic and kinetic comparisons were made using 

independent t-tests (unadjusted model). Data were adjusted for leg length (distance between 

medial malleolus and greater trochanter) in a secondary analysis using an analysis of 

covariance (adjusted model), as the demands of a fixed height step may differ for individuals 

with different leg lengths. Pearson’s correlation coefficient (r) was used to explore 

associations between lateral trunk lean and ipsilateral pelvic rise during the single leg support 

phase of step ascent. This secondary analysis was guided by visual inspection of individual 

waveforms, and by an a priori prediction based on previous data from a squatting task [9] 

that different strategies may be used by separate subgroups of participants to perform the 

task. Control group data informed cutoffs for patient subgrouping. Statistical Package for the 

Social Sciences (SPSS), version 24 (IBM, New York, USA) was used for statistical analyses. 

Significance level was set at P≤0.05. 
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3. Results  

Table 1 presents demographic and clinical data. Physical activity level was significantly 

higher for controls at the time of testing (P=0.04). Eight FAI participants (53%) reported 

bilateral symptoms concurrent with imaging findings and data are reported for the more 

symptomatic limb (i.e. scheduled for surgery). Nine FAI participants (60%) reported some 

pain on the NRS (1) in the study hip during step ascent (range 1-4).  

Stance duration was not significantly different between groups. On average, participants with 

FAI demonstrated more lateral trunk lean during single-leg support (towards the affected 

side) than controls (P=0.05), though this narrowly missed statistical significance when 

adjusted for leg length (Table 2, Figure 1). Participants with FAI demonstrated 33% greater 

ipsilateral pelvic rise than controls at foot contact with the step (mean difference 2.8° [95%CI 

0.1-5.5], P=0.04) and 34% greater than controls after lifting the trailing leg during single-leg 

support (mean difference 2.2° [95%CI 0.1-4.3], P=0.04) (Table 2, Figure 1). These 

differences remained when adjusted for leg length. 

With respect to the hip, participants with FAI were 25% more adducted/less abducted at foot 

contact with the step than controls (mean difference 5.2° [95%CI -0.1-10.6], P=0.05), 

regardless of whether data were adjusted for leg length. The hip external rotation moment 

was less in participants with FAI than controls (P=0.05), but this was not statistically 

significant when adjusted for leg length (Table 2, Figure 2). There were no other significant 

between-group differences for hip kinematics or kinetics.  

For FAI participants, a positive significant correlation (r=0.60, P=0.02) (Figure 3) was 

observed between maximum lateral trunk lean and maximum ipsilateral pelvic rise (pelvic 

obliquity) during single leg support; that is more lateral trunk lean towards the affected side 
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corresponded to higher ipsilateral pelvic rise, and a more neutral trunk alignment 

corresponded to a more neutral pelvis alignment. The same association was not found for the 

control group (r=0.10, P=0.77) (Figure 3). Participants who exhibited substantial lateral trunk 

lean towards the affected side (>4°) without pronounced ipsilateral pelvic rise (<7°) reported 

no pain during step ascent (Figure 4). In contrast, all but one participant with FAI syndrome 

who exhibited substantial lateral trunk lean towards the affected side (>4°) in conjunction 

with pronounced ipsilateral pelvic rise (>7°) reported pain (mean=2.2; range 1-4) during the 

task. Participants who did not demonstrate substantial trunk lean towards the affected side 

(<4°) and/or ipsilateral pelvic rise (<7°) maintained a more externally rotated hip during 

single leg support (mean difference 9.8°) than participants who reported pain alongside 

pronounced ipsilateral pelvic rise. 

 

4. Discussion  

This exploratory cross-sectional study aimed to determine whether trunk, pelvis, and hip 

biomechanics differed between individuals with FAI syndrome and asymptomatic controls 

free from FAI morphology during step ascent. Findings demonstrate that, on average, 

individuals with FAI syndrome exhibit altered ipsilateral trunk lean and pelvic rise towards 

the symptomatic side during single-leg support, a phase involving substantial and potentially 

provocative hip joint loads [13]. A novel observation was that biomechanics differed between 

individuals, and participants who exhibited pronounced and concurrent ipsilateral trunk lean 

and ipsilateral pelvic rise tended to report pain during the task. Pelvic rise on the symptomatic 

side (pelvic obliquity) shifts the affected hip into a more adducted position, which may be 

counterproductive for pathology when combined with the hip flexion demands for step 

ascent. Conversely, participants with FAI syndrome who exhibited substantial ipsilateral 

trunk lean but maintained more neutral pelvis alignment did not report pain. These 
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preliminary observations suggest individuals with FAI syndrome implement a range of 

proximal strategies for step ascent, some of which appear provocative of symptoms.  

Two previous studies reported inconsistent differences in hip joint kinematics during stair 

climbing between individuals with symptomatic FAI and pain-free controls [10, 12]. One 

reported less sagittal plane range of motion (less max hip extension) and less hip internal 

rotation in FAI [10], but the other study observed no differences between groups [12]. We did 

not find alterations in the sagittal or transverse planes, though individuals with FAI syndrome 

placed the hip in a 5º more adducted/less abducted position at step contact. Greater hip 

adduction is consistent with previous FAI investigations during squatting [7, 9] and may be 

secondary to hip abductor muscle weakness (reported in this [18] and other FAI cohorts 

[14]). The FAI group also demonstrated greater ipsilateral pelvic rise at step contact, which 

could either encourage hip adduction or be a consequence of hip abductor muscle 

dysfunction.  

The only previous study to compare hip kinetics between individuals with FAI and healthy 

controls during stair climbing [12] reported a larger external hip flexion moment with FAI. 

This was attributed to a concurrent increase in forward trunk lean, a strategy to promote 

forward propulsion up stairs [31]. Our study did not reveal systematic alterations in hip 

kinetics. The aforementioned study involved ascent of three stairs [12], unlike our single step 

ascent, which would have attenuated the need for forward propulsion and may explain the 

absence of increased trunk lean in our FAI cohort. Further, our step was 17% [10] and 25% 

[12] higher than that used in previous studies and was designed to encourage movement 

towards a potentially provocative impingement position of hip flexion. Despite this 

challenge, adaptation to control of adjacent segments (i.e. pelvis, trunk) can prevent the hip 

from impinging. This may vary between participants (as we observed) and can explain why 



11 

 

limited biomechanical differences at the hip joint were observed systematically for the 

participants with FAI syndrome.  

Participants with FAI syndrome exhibited 2-times more maximum lateral trunk lean towards 

the symptomatic side than healthy controls during single leg support. Although small in 

average magnitude (2º), this observation could indicate a compensatory strategy to moderate 

hip joint contact forces (by reducing the centre of mass lever arm and hip abductor muscle 

demand) and pain provocation. The cross-sectional nature of our data makes it impossible to 

confirm whether these movement strategies are a consequence of pathology. Ipsilateral trunk 

lean has been observed in individuals with established hip OA during stair climbing [16] and 

has been proposed as a compensatory strategy during disease progression [15]. Our data 

imply that individuals with FAI syndrome who implement this strategy and maintain a more 

neutral alignment alleviate load on the abnormal hip structures. This strategy may be 

effective for symptom management (this subgroup reported no pain during step ascent) and 

may enhance protection of hip joint structures. Longitudinal data from larger samples are 

required to confirm any pain relieving effects and any contribution to structural preservation.  

Suboptimal frontal plane control of the pelvis is common in intra-articular hip pathology [9, 

15]. On average, the FAI group exhibited 2º more pelvic rise on the symptomatic side after 

lifting the trailing leg than healthy controls. Abductor muscle weakness or reduced activation, 

or altered habitual posture may contribute to this finding [14, 18]. Step ascent requires 

concentric contraction of abductor muscles to raise the contralateral pelvis and allow for 

contralateral swing [17]. Without adequate pelvis control, the hip will shift into an impinging 

position. Subsequent provocation may be further triggered during step ascent, when the hip is 

extending from a flexed position and under substantial compressive load. Some participants 

with FAI syndrome (40%) exhibited pronounced alterations in pelvis control (>7° rise); 5/6 

participants in this subgroup reported pain during the task. These patients also exhibited 



12 

 

pronounced and concurrent ipsilateral trunk lean (>4°), a strategy that may aim to alleviate 

pain. Taken together, our data suggest that pain-relieving benefits of an ipsilateral trunk lean 

strategy may rely on adequate pelvis control. Future studies should aim to confirm these 

observations in an investigation powered to stratify by movement strategy.   

Reports of pain (n=4) and no pain (n=2) were mixed among participants with FAI syndrome 

whose movement patterns were similar to controls and exhibited only moderate ipsilateral 

trunk lean (<4°) and ipsilateral pelvic rise (<7°). These participants placed the hip in a more 

externally rotated position (9.8º) than participants who exhibited suboptimal pelvis control. 

This would constrain frontal plane pelvis alignment, and force abductor muscle demands to 

be shared across the external rotators. Although a more externally rotated hip position may 

prevent the hip from impinging and be effective for task completion, many participants who 

implemented this movement strategy reported pain during the task. Investigations including 

individuals with asymptomatic FAI morphology may provide insight into pain relieving 

effects.  

Our findings suggest that individuals with FAI syndrome implement a variety of movement 

strategies during step ascent. Control of adjacent segments may influence symptoms and 

function, which highlights the need for biomechanical investigations to extend beyond the 

hip. Trunk and pelvis control may have relevance for rehabilitation of FAI syndrome, though 

longitudinal investigations are first required to identify any clinical and structural 

consequences. Subsequent clinical trials should aim to evaluate the effects of treatments (e.g. 

strength and/or neuromuscular retraining) targeted at these features. Although this is the first 

investigation of step ascent to confirm an absence of FAI morphology in control participants, 

the consequently small sample size may have failed to detect some more subtle kinematic 

differences. The cross-sectional design precludes determination of whether strategies were 

adopted prior to or following pathology development. Half of our FAI sample were 
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diagnosed with bilateral pathology. Though this ratio is consistent with the literature, 

investigations of unilateral patients may provide clarity regarding individual movement 

strategies. Our task design differed from a multi-stair climb, which may impact the external 

validity of our findings. Finally, it is unclear whether between-group differences in frontal 

plane kinematics exceed the standard error of measurement for motion capture analysis. 

Observations from this study aim to inform hypotheses to be tested in larger studies and 

should not be considered conclusive. Further, we did not correct for multiple statistical 

comparisons due to the exploratory nature of this study [32], but thus did increase the risk of 

type 1 error.  

 

5. Conclusions  

Findings from this exploratory study suggest individuals with FAI syndrome adopt different 

biomechanics at the trunk and pelvis during step ascent than FAI morphology-free controls. 

A range of movement strategies are implemented for task completion. Targeting frontal plane 

trunk and pelvis control may be relevant for management of FAI syndrome.  
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Figure 1. Ensemble average (± 1.96*SEM) pelvis patterns (left) for anterior-posterior tilt 

(top) and ipsilateral drop/rise (lower), and trunk patterns (right) for forward trunk lean (top) 

and lateral trunk lean (lower) during the stance phase of step ascent for control (blue) and 

FAI (red) participant groups. The vertical line indicates the beginning of single-leg support 

(Ant - anterior); * - P≤0.05. 

 
Figure 2. Ensemble average (± 1.96*SEM) hip kinematic (left) and kinetic (right) patterns 

for sagittal (top), frontal (middle) and transverse (lower) planes, during the stance phase of 

step ascent for control (blue) and FAI (red) participant groups. The vertical line indicates the 

beginning of single-leg support (Flex - flexion; Add - adduction; IR - internal rotation); * - 

P≤0.05. 
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Figure 3. Evaluation of relationship between maximum lateral trunk lean and maximum 

ipsilateral pelvic rise during the single leg support phase of step ascent for FAI (top) and 

control (middle) groups. A positive (r=0.60) and significant (P=0.02) correlation in the FAI 

group participants demonstrates more lateral trunk lean towards the affected side 

corresponded to higher ipsilateral pelvic rise, and a more neutral trunk position corresponded 

to a more neutral pelvis alignment. This relationship is not evident for control group 

participants. 
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Figure 4. Evaluation of relationship between maximum lateral trunk lean and maximum 

ipsilateral pelvic rise during the single leg support phase of step ascent for participants with 

FAI syndrome. All FAI participants who exhibited substantial lateral trunk lean towards the 

affected side (>4°) without pronounced ipsilateral pelvic rise (<7°) (dark grey zone) reported 

no pain during the step ascent task. All but one participant who exhibited substantial lateral 

trunk lean towards the affected side (>4°) in conjunction with pronounced pelvic rise (>7°) 

(light grey zone) reported pain (mean=2.2; range 1-4) during the task. Pain reports were 

mixed among participants with FAI syndrome who had movement patterns that were similar 

to control participants and exhibited only moderate amounts of ipsilateral trunk lean (<4°) 

and ipsilateral pelvic rise (<7°). 
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Table 1. Participant characteristics of the femoroacetabular impingement (FAI) syndrome 

and control groups.  

 

Characteristic FAI group Control group 

 n=15 n=11 

Age (years) 24.7 (4.9) 26.0 (4.5) 

Males, n (%) 11 (73%) 8 (73%) 

Height (cm) 176 (9) 178 (8) 

Body mass (kg) 76.0 (11.8) 75.2 (11.5) 

Body mass index (kg/m2) 24.4 (2.5) 23.6 (2.0) 

FAI morphology type (cam:combined) 11:4  

Test hip (right:left) 9:6 7:4 

Dominant side tested, n (%) 10 (67%) 6 (54%) 

Bilateral FAI (yes:no) 8:7  

Symptom duration (months)  27.9 (15.0)  

Physical activity level (Modified Tegner Scale)¶ 5.2 (2.1) 6.7 (1.0)a 

The international Hip Outcome Tool (iHOT-33)† 51.9 (23.0)  

Copenhagen Hip and Groin Outcome Score (HAGOS)†      

Symptoms 53.6 (21.0)  

Pain 66.5 (18.2)  

ADL 70.3 (22.8)  

Sport 49.6 (19.5)  

Participation 33.3 (26.2)  

                                                                          QOL 41.7 (20.1)  

Pain during step ascent (Numerical Rating Scale) δ 1.3 (1.4)  

Values are mean (standard deviation) unless otherwise stated; aP < 0.05; ¶Tegner scale - 0 = disability and 10 = 

competitive sport at the professional level; †iHOT-33 and HAGOS scales – 0 = extreme hip and/or groin 

problems and 100 = no hip and/or groin problems; δNumerical Rating Scale – 0 = no pain and 10 = worst pain 

possible; ADL - activities of daily living; QOL - quality of life. 
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Table 2. Biomechanical variables for femoroacetabular impingement (FAI) syndrome and 

control groups during step ascent. 

 

 

FAI group 

(n=15) 

Control 

group 

(n=11) 

P-value 

Unadjusted 

Model  

P-value 

Adjusted 

Model† 

 

Spatiotemporal (s)      

Stance duration 0.93 (0.19) 0.84 (0.13) 0.19 -  

Trunk Kinematics (°)      

Max forward trunk lean (stance) (posterior+) -23.0 (20.0) -21.8 (13.2) 0.86 0.86  

Max lateral trunk lean (stance) (test side+) 4.6 (2.7) 2.9 (1.7) 0.07 0.08  

Max lateral trunk lean (single-leg support) (test side+) 3.6 (2.5) 1.8 (2.1) 0.05 0.06  

Pelvis Kinematics (°)      

Max pelvic tilt (stance) (anterior+) 12.2 (6.1) 10.6 (5.7) 0.49 0.49  

Max ipsilateral pelvic rise (stance) (rise+)  9.4 (3.1) 6.5 (2.3) 0.03 0.03  

Ipsilateral pelvic rise (at heel strike) (rise+) 8.6 (3.4) 5.9 (3.1) 0.04 0.05  

Max ipsilateral pelvic rise (single-leg support) (rise+) 6.4 (2.5) 4.2 (2.7) 0.04 0.05  

Max ipsilateral pelvic drop (stance) (rise+) 0.7 (2.) -0.8 (2.5) 0.08 0.08  

Max pelvic anterior rotation* (stance) (anterior+) 13.8 (8.8) 10.6 (5.1) 0.30 0.30  

Max pelvic posterior rotation** (stance) (anterior+) -0.2 (4.3) -0.3 (4.4) 0.94 0.96  

Hip Joint Kinematics (°)      

Max flexion (stance) (flexion+) 61.9 (7.7)  64.4 (7.6) 0.43 0.42  

Max extension (stance) (flexion+) 10.4 (7.9)  12.9 (5.0) 0.36 0.42  

Total sagittal plane excursion (stance)  53.8 (5.3)  55.1 (5.1) 0.56 0.57  

Max adduction (stance) (adduction+) 4.9 (4.7) 1.3 (6.3) 0.11 0.11  

Adduction (at heel strike) (adduction+) 1.3 (5.7) -4.0 (7.5) 0.05 0.05  

Max adduction (single-leg support) (adduction+) 4.3 (4.5) 1.0 (6.0) 0.12 0.12  

Max abduction (stance) (adduction+) -2.6 (3.5) -5.8 (6.3) 0.11 0.10  

Total frontal plane excursion (stance)  8.4 (3.8) 8.2 (2.1) 0.83 0.86  

Max internal rotation (stance) (IR+) -5.0 (5.9) -5.2 (4.4) 0.95 0.95  

Max external rotation (stance) (IR+) -14.9 (4.7) -15.5 (3.3) 0.71 0.71  

Total transverse plane excursion (stance)   12.8 (4.1) 14.3 (5.9) 0.46 0.47  

Peak Hip Joint Moments (stance) (Nm/BW.BH (%))   

Flexion (flexion+) 7.0 (1.8) 6.8 (2.2)  0.78 0.79  

Extension (flexion+) -1.3 (1.5) -1.8 (2.2) 0.51 0.52  

Adduction (adduction +) 10.6 (2.3) 10.8 (3.3) 0.85 0.86  

Abduction (adduction +) -4.8 (1.9) -5.0 (2.1) 0.75 0.76  

Internal rotation (IR+) 1.7 (0.4) 2.0 (0.8) 0.34 0.35  

External rotation (IR+) -1.5 (0.6) -2.1 (0.9) 0.05 0.06  

Values are mean (standard deviation); bold indicates significance P ≤ 0.05; †model adjusted for leg length; 
*anterior pelvic rotation = ipsilateral side of pelvis forwards; **posterior pelvic rotation = contralateral side of 

pelvis forwards; IR - internal rotation. 


