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A B S T R A C T

Background: Lateral hip pain during single leg loading, and hip abductor muscle weakness, are associated
with gluteal tendinopathy, but it has not been shown how or whether kinematics in single leg stance
differ in those with gluteal tendinopathy.
Purpose: To compare kinematics in preparation for, and during, single leg stance between individuals
with and without gluteal tendinopathy, and the effect of hip abductor muscle strength on kinematics.
Methods: Twenty individuals with gluteal tendinopathy and 20 age-matched pain-free controls
underwent three-dimensional kinematic analysis of single leg stance and maximum isometric hip
abductor strength testing. Maximum values of hip adduction, pelvic obliquity (contralateral pelvis rise/
drop), lateral pelvic translation (ipsilateral/contralateral shift) and ipsilateral trunk lean during
preparation for leg lift and average values in steady single leg stance, were compared between groups
using an analysis of covariance, with and without anthropometric characteristics and strength as
covariates.
Results: Individuals with gluteal tendinopathy demonstrated greater hip adduction (standardized mean
difference (SMD) = 0.70, P = 0.04) and ipsilateral pelvic shift (SMD = 1.1, P = 0.002) in preparation for leg
lift, and greater hip adduction (SMD = 1.2, P = 0.002) and less contralateral pelvic rise (SMD = 0.86,
P = 0.02) in steady single leg stance than controls. When including strength as a covariate, only between-
group differences in lateral pelvic shift persisted (SMD = 1.7, P = 0.01).
Conclusion: Individuals with gluteal tendinopathy use different frontal plane kinematics of the hip and
pelvis during single leg stance than pain-free controls. This finding is not influenced by pelvic dimension
or the potentially modifiable factor of body mass index, but is by hip abductor muscle weakness.

ã 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Lateral hip pain associated with gluteal tendinopathy (GT) is
most frequent in women aged over 40 years [1,2], with symptoms
aggravated in single leg loading during gait [2,3]. GT involves
tendinopathic change of the gluteus minimus and medius muscles
[4,5], two primary hip abductor muscles responsible for main-
taining alignment of the pelvis relative to the femur in the frontal
plane (controlling hip adduction) during single leg loading [6]. Hip
abductor pathology and weakness associated with GT [1,7] would
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be expected to contribute to compromised pelvic control
(contralateral pelvic drop/hip adduction). Such changes could
lead to tensile and compressive overload of the gluteal tendons
against the greater trochanter [8] with a potential role in the
development and/or perpetuation of the condition.

Clinicians commonly visually assess pelvic alignment in the
frontal plane during transition to [9], and during [9,10], single leg
stance (SLS) in evaluation of lower limb kinematics. Pelvic
obliquity is usually referenced to the horizontal as an indication
of hip adduction angle (pelvis relative to femur) [11,12]. However
hip adduction will also increase if the pelvis translates in the
frontal plane over the grounded foot (Fig. 1). An association
between altered kinematics and GT is largely based on clinical
supposition [13–15] as only one study reports pelvis position
during SLS in GT [4]. On the basis of visual observation, Bird et al.
categorized trunk and pelvic position during SLS as ‘normal’ or
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Fig. 1. Contribution of position of pelvis on femur to hip adduction angle. Pelvic drop is measured relative to the horizontal. Lateral pelvic shift over the fixed foot is measured
as the distance from the calcaneal marker and the inter-ASIS marker defined midline and normalized to pelvic width to account for varying base of supports likely associated
with greater pelvic width. Hip adduction is increased by either drop of the contralateral side of the pelvis (pelvic obliquity) or by translation of the pelvis towards the
ipsilateral side.
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‘abnormal’, reporting abnormal pelvic position associated with GT
[4]. The authors did not provide a definition of ‘abnormal’, limiting
inferences that can be drawn from the data. Quantification of
kinematics is necessary.

The aim of this study was to compare frontal plane trunk, pelvic
and hip kinematics in preparation for, and during, SLS in
individuals with GT and pain-free controls. A secondary aim was
to investigate the influence of hip abductor strength on SLS
kinematics by inclusion as a covariate in our analysis. We
hypothesized that individuals with GT would exhibit greater
contralateral pelvic drop, ipsilateral pelvic translation and hip
adduction of the stance leg in transition from bipedal to SLS and
during a 2-second period of SLS with the pelvis maintained in
steady alignment.

2. Methods

2.1. Sample size

A sample size calculation was performed based on between-
group differences of pelvic obliquity of 2.9� (95%CI 1.2,5.2) during a
SLS task in individuals with and without patellofemoral pain
syndrome (a condition similarly associated with hip abductor
weakness and altered pelvic kinematics) [16], in the absence of
previous studies in GT. In order to detect a between-group
difference of 2.9�, with 80% power and an alpha level of 0.05, a
sample of 20 subjects were required for each group.

2.2. Participants

Twenty participants aged 35 to 70 with unilateral GT and 20
age-matched (within 3years) controls were recruited from the
community using local and national newspaper advertisements.
Control participants were free of musculoskeletal injury, neuro-
logical or systemic diseases affecting gait or balance. Individuals
with GT had a primary clinical and radiological diagnosis of
symptomatic GT. Clinical diagnosis was made by a registered
physiotherapist with 9 years’ experience based on the following
criteria: unilateral lateral hip pain [1,17] (in the absence of groin
pain) present for �three months at a severity of �4 on an 11-point
numeric pain-rating-scale (NRS) (0 = “no pain”; 10 = “worst pain
imaginable”), reproduction of lateral hip pain �4 on the NRS with
palpation of the greater trochanter [1,17] and during �1 of six
clinical tests used for GT diagnosis [13,17] (Supplementary
material). Magnetic Resonance Inclusion (MRI) criterion was a
primary diagnosis of GT per the classification criteria of
Blankenbaker et al. [5]. Exclusion criteria were: radiological
evidence of hip osteoarthritis (Kellgren and Lawrence Grade � 2
[18]); other musculoskeletal injury, neurological or systemic
disease that could affect balance/gait. The institutional Human
Research Ethics Committee approved the study. Participants
provided written informed consent.

2.3. Experimental protocol

2.3.1. Hip abductor muscle strength
Isometric hip abductor strength testing was performed in

supine, using a Lafayette Manual Muscle Tester 01160/01163/01165
(Lafayette Instrument Co., USA) fixed above the lateral malleoli as
per previously reported protocol [7]. Three trials of maximum
isometric hip abduction were performed against the dynamometer
and overall maximum force output (N) converted to torque, by
multiplying by the lever arm (m; greater trochanter to dynamom-
eter), and normalized to body mass (Nm/kg).

2.3.2. Single leg stance analysis
To enable three-dimensional movement analysis, retro-reflec-

tive markers were placed on the participant in accordance with
Besier et al. [19]. Marker trajectory was recorded by a twelve-
camera (MXF20/F40) Vicon motion capture system (Oxford, UK).
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Knee joint centers were determined from mean helical axes
calculated from five consecutive squats [19] and hip joint centers
from the regression equations of Harrington et al. [20]. To define
contralateral toe-off (commencement SLS), ground reaction force
data (GRF) were collected at 1200 Hz from two AMTI-OR6-6-2000
force platforms (Advanced Medical Technology, MA, USA).

Participants were asked to find their natural standing position
with one foot on each force plate (5 cm apart in the laboratory
floor). Instruction was given to lift the ‘left’ or ‘right’ leg to �45� hip
flexion, and maintain the position for �8-s (Fig. 2). Two practice
trials were given, after which three left and three right trials were
performed (random order). Participants rated any pain experi-
enced using the NRS.

2.4. Data management

Marker trajectory and force plate data were low-pass filtered at
6 Hz with a dual-pass 2nd order Butterworth filter. Frontal plane
trunk, pelvic and hip angles were calculated from SLS trials using
the UWA direct kinematics model programmed in Vicon Body-
Builder software [19]. Pelvic angles were extracted using a
rotation-obliquity-tilt Cardan angle sequence [21]. Lateral transla-
tion of the pelvis was represented by the horizontal distance of the
calcaneal marker from a vertical line descending from the
midpoint between the ASIS markers (Fig. 1), normalized to half
the distance between the ASISs and expressed as a percentage; to
account for the likely wider base of support with greater pelvic
width, and to provide a relative measure of the medio-lateral
position of the pelvis over the fixed foot that could be interpreted
clinically (Fig. 2).

2.5. Data analysis

For GT participants, the weight-bearing ‘test’ limb was the
painful side, and for controls the ‘test’ side randomly assigned via
coin toss. SLS trials were explored to ensure the participant
reached a SLS position in which the pelvis maintained in a steady
position without excessive trunk sway for �4-s. GRF data from the
force plate under the test leg during the 4-s period were evaluated
to confirm a 120-ms window at which the variation of the medio-
lateral component of the GRF was at a minimum. Participants’ self-
selected stance position was defined at the first frame of the
Fig. 2. Participant performing the SLS task. Lateral translation of the pelvis is highlighted
the ASIS to the floor, and values normalized to half the distance between the right and
recording. Toe-off was defined as the instant the vertical GRF from
the force plate underneath the lifting leg fell below 20 N.

For each trial, values of hip adduction, pelvic obliquity, trunk
lean and lateral pelvic translation were extracted for each
participant’s self-selected stance position (start of each trial),
and maximum values during the period prior to toe off. Values were
averaged over the three repetitions. Mean values of ipsilateral
trunk lean, hip adduction, pelvic obliquity and lateral translation
during the 120-ms period of maintained SLS were calculated for
each trial and averaged.

2.6. Statistical analysis

Data analysis was conducted using IBM SPSS Statistics software
version 22 (IBM, NewYork, USA) and alpha level a = 0.05 used for
all statistical tests. Independent t-tests were used to compare hip
abductor muscle strength and descriptive data between groups
when normally distributed, and Mann Whitney-U tests when non-
normally distributed. An analysis of variance, followed by an
analysis of covariance (ANCOVA), was used to compare kinematic
values between groups, with BMI, greater trochanteric width and
inter-ASIS width as covariates (based on between-group differ-
ences [see Table 1]), followed by hip abductor strength. As some
participants experienced pain during the task (see Results),
between-group comparisons were repeated including pain during
testing as a covariate and a linear correlation performed between
pain and kinematic variables.

3. Results

The groups were comparable for age, sex, height and domi-
nance of the test limb (9 dominant) (Table 1). The GT group had
significantly greater BMI, inter-ASIS and greater trochanteric
widths (all P < 0.05) and significantly less maximum isometric
hip abductor strength (mean-difference �0.51 Nm/kg; 95%CI
�0.66, �0.36, P = 0.001) (Table 2).

The median (IQR) value of pain experienced during SLS in the
GT group was 2(3) on the NRS. Two control and two GT participants
did not meet the criteria for maintained SLS and their data was not
included for analysis.

Kinematics differed between groups in the bipedal self-selected
neutral stance position, preparation for leg lift and during SLS
 as the distance of the calcaneal marker from the projection of the midpoint between
 left ASIS.



Table 1
Descriptive characteristics of the study sample (mean (standard deviation) unless otherwise stated).

Gluteal Tendinopathy Control Mean Difference (95% CI) p value

Age, years 54.3 (9.6) 51.8 (9.3) 3.1 (�3.4, 8.6) 0.165
Height, m 1.67 (0.09) 1.69 (0.11) �0.11 (-0.08, 0.06) 0.744
Mass, kg 77.7 (13.4) 69.4 (14.8) 8.2 (�1.0, 17.4) 0.079
Body mass index, kg/m2 27.6 (3.9) 24.2 (3.0) 3.4 (1.1, 5.6) 0.004c

Inter ASIS width, mm 266 (22) 232 (23) 34 (20, 48) <0.001c

Greater Trochanteric width, mm 375 (27) 347 (33) 27 (8, 47) 0.006

Sex, n (%)
Female 14 (70%) 14 (70%) – –

Male 4 (30%) 4 (30%) – –

Test Hipa Right = 8 Right = 9, – –

Left = 10 Left = 9
Dominance of Test Limbb Dominant = 9 Dominant = 9, – –

Non Dominant = 9 Non Dominant = 9

a‘Symptomatic Hip’ designated in control participants by a coin toss.
bDefined as the leg used to kick a ball.

c P < 0.05 for between group comparison with t-test for independent samples.

Table 2
Maximum isometric hip abductor muscle strength and frontal plane kinematics of the trunk, hip and pelvis in individuals with gluteal tendinopathy and pain-free controls in
neutral stance, in preparation for contralateral leg lift and in a position of maintained SLS.

Gluteal Tendinopathy Control Mean Difference (95% CI) P value Adjusted P value+

Hip abductor strength, Nm/kg 0.65 (0.21) 1.16 (0.23) �0.51 (�0.66, �0.36) <0.001 –

Hip adduction, degrees
Neutral stance 2.0 (3.0) 0.4 (3.2) 1.7 (�0.3, 3.7) 0.09 0.16
Maximum to contralateral toe off 5.1 (2.8) 3.1 (3.0) 2.0 (0.1,3.8) 0.04* 0.44
Maintained SLS 1.5 (3.9) �3.2 (4.3) 4.7 (1.9, 7.5) 0.002* 0.63
Pelvic obliquity in the frontal plane, degrees
(Negative value indicates non-weight bearing side of pelvis elevated relative to stance side)
Neutral stance �0.3 (1.6) �0.5 (2.1) 0.2 (�1.0, 1.4) 0.75 0.71
Maximum to contralateral toe off 0.8 (1.6) 0.6 (1.7) 0.3 (�0.8, 1.4) 0.55 0.56
Maintained SLS �6.9 (3.4) �9.8 (3.5) 2.9 (0.5, 5.2) 0.02* 0.94

Lateral translation of the pelvis, minimum foot placement from midline: half-ASIS (%)a

Neutral stance 66 (20) 81 (18) �14 (�26,�2) 0.02* 0.08
Maximum to contralateral toe off 12 (12) 24 (11) �12 (�20, �5) 0.002* 0.01*
Maintained SLS �22 (11) �26 (11) 5 (�3, 13) 0.23 0.81

Ipsilateral trunk lean (frontal plane), degrees
Neutral stance �0.9 (2.3) 0.6 (2.1) �1.5 (�2.9, 0.05) 0.04* 0.06
Maximum to contralateral toe off 0.9 (2.7) 1.3 (2.3) 0.4 (�1.9, 1.3) 0.68 0.58
Maintained SLS 1.1 (3.4) 0.6 (2.6) 0.5 (�1.6, 2.6) 0.63 0.54

Data expressed as the unadjusted mean (standard deviation), + maximum hip abductor strength as a covariate, *—P < 0.05.
a 0% represents a foot placement under the midpoint of the ASIS, 100% represents placement under the ASIS, and negative values indicate foot has crossed the midline.
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(Table 2). Individuals with GT stood with the foot of the test leg 14%
closer to the midline than controls (mean-difference �14.0% of
half-Inter-ASIS width; 95%CI �26, �2, P = 0.02, Standardized Mean
Difference (SMD) = 0.77). In preparation for contralateral toe-off,
individuals with GT moved into greater hip adduction (mean-
difference 2.0�; 95%CI 0.1,3.8, P = 0.04, SMD = 0.70) and lateral
pelvic translation, represented by foot placement 12% closer to
pelvic midline (mean-difference �12% half-Inter-ASIS-width; 95%
CI �20, �5 P = 0.002, SMD = 1.1). In the maintained SLS position,
individuals with GT exhibited greater adduction (mean-difference
4.7�; 95%CI 1.9,7.5, P = 0.002, SMD = 1.2) and contralateral pelvic
rise was less (mean-difference 2.9�; 95%CI 0.5,5.2, P = 0.02,
SMD = 0.86) than controls. When adjusting for BMI, inter-ASIS
and trochanteric widths the between-group differences in SLS
kinematics persisted, with the exception of hip adduction in
preparation for toe-off (adjusted-mean-difference 0.9�; 95%CI-
1.4,3.2; P = 0.45) and foot position in bipedal stance (mean-
difference �11% inter-ASIS-width; 95%CI �27,4 P = 0.15). When
additionally or alternatively (reducing the risk of Type II error)
(Table 2) adjusting for hip abductor strength, there were no
significant between-group differences in kinematics in maintained
SLS, however between-group differences in lateral pelvic shift in
preparation for toe-off remained significant (mean-difference
�10% half-ASIS-width; 95%CI�19,3 P = 0.01). Conversely, adjusting
for pain during the task did not alter the significance of between-
group comparisons. No relationship was identified between pain
and any kinematic variable (all P > 0.05).

Given significant between-group findings of greater lateral
pelvic translation in individuals with GT, post-hoc bivariate
correlation was performed to evaluate the relationship between
foot position under the pelvis and hip adduction angles in the self-
selected stance position (R = �0.454, P = 0.003) and during the
preparation to lift (R = �0.364, P = 0.02), both significant (P < 0.05).

4. Discussion

These results show that in contrast to pain-free controls,
individuals with GT exhibit greater lateral translation of the pelvis
and hip adduction in preparation for SLS, and more hip adduction
and less pelvic elevation during SLS. Most between-group
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differences disappeared when hip abductor strength was con-
trolled for, indicating that these movement differences were in
part related to hip abductor muscle weakness.

Transition to, and maintenance of, SLS is a demanding
functional task for the hip abductor muscles [6,11], including
the gluteus minimus and medius involved in GT. To maintain
alignment of the pelvis in the frontal plane in SLS, these muscles,
together with their passive elements and muscles that tension the
iliotibial band (ITB) (tensor fascia lata, upper gluteus maximus and
vastus lateralis [22]), must generate sufficient net torque to match
the magnitude of the external hip adduction moment; influenced
primarily by the position (and magnitude) of the centre of mass
from the hip joint centre [23]. Consistent with evidence of hip
abductor weakness in GT [1,7], individuals with GT in the present
study were 42% weaker than pain-free controls. Given that the
major contributor to the center of mass is the trunk [24]
(positioned on the pelvis), several strategies of trunk and pelvic
motion have potential to influence the demand on the hip abductor
muscles in SLS [25]. Healthy males receiving a superior gluteal
nerve block, inducing an average 52% reduction in maximum hip
abductor muscle strength, have been shown to demonstrate
variable movement strategies in SLS (contralateral pelvic drop/rise
+/� ipsilateral trunk lean) [25]. In contrast, individuals in the
present study with hip abductor muscle weakness and symptom-
atic GT demonstrated reduced contralateral pelvic rise compared
to controls, which was not evident when controlling for hip
abductor weakness. Together, this data suggests that hip abductor
muscle weakness together with gluteal tendon pathology contrib-
utes to contralateral pelvic drop in those with GT.

In order to move from a position of bipedal to SLS, the center of
mass must be displaced laterally, via trunk/pelvic shift, over a new
(smaller) base of support [23]. Individuals with GT demonstrated
greater ipsilateral pelvic shift in preparation for leg lift than
controls. This could feasibly be a manifestation of those in the GT
group having a greater BMI (associated with GT [26]) and pelvic
width, and thus a greater external hip adduction moment
(contributed to by the magnitude and frontal plane position of
the centre of mass) and consequent requirement for internal
abductor moment generation. This proposition was not upheld, as
greater lateral shift was still seen in the GT group after normalizing
lateral pelvic shift to pelvic width and including BMI/pelvic width
as covariates in our analysis. Alternatively, this movement could
feasibly reflect a preparatory strategy to reduce the force-
generating demand on the injured (and weaker) gluteus minimus
and medius muscles and their tendons. This is likely not the case
because lateral pelvic shift appeared to be independent of hip
abductor muscle strength. Thus this pattern may be more
indicative of altered motor control, shown to be a feature of other
tendinopathies [27].

Studies of the torque-angle relationship of the hip abductor
muscles in humans demonstrate that maximum abductor torque
increases with hip adduction [28,29]. It is plausible that utilizing
greater hip adduction (contributed to by lateral pelvic shift) prior
to leg lift may provide the hip abductor muscles with an advantage
for torque generation in the presence of hip abductor muscle
weakness. Alternatively, it is possible that individuals with GT may
have an altered length-tension curve of the hip abductor muscles,
whereby the optimal position for force generation is in a greater
degree of hip adduction (and subsequently muscle elongation)
than controls. It has been proposed that as a cumulative result of
adopting sustained postural positions of hip adduction (elongation
stress on the hip abductors) such as sitting cross-legged,
individuals with GT have developed altered length-tension
relationships of these muscles [10,14]. Chronic elongation stress
has been shown to result in a shift in the length-tension curve
where optimal force generation requires a more lengthened
position [30]. This mechanism might be relevant to the greater hip
adduction angles identified in individuals with GT in SLS.

In SLS, reduced elevation of the contralateral pelvis, often
described as a “Trendelenburg”, is thought to reflect dysfunction of
the hip abductor muscles [11]; however the position of the non-
weight bearing limb will influence the position of the pelvis and
demand on the hip abductor muscles [11]. It has been demon-
strated in individuals with and without hip pathology, that greater
contralateral pelvic drop in SLS occurs when the non-weight
bearing limb is in 30� hip flexion than in 90� [11]. In the present
study, participants maintained SLS with the contralateral hip in 45�

flexion. As a result both groups achieved a position of contralateral
pelvic ‘hitching’ or elevation over the stance leg. Although less
contralateral pelvic rise was recorded in those with GT in SLS, it is
plausible that “deficits” in control of pelvic obliquity were under-
represented because of the position of the non-weight bearing
limb and would be greater if the hip were flexed below 30�.

The findings of the present study have several key clinical
implications. Although we measured significant between-group
differences in kinematics used to achieve and maintain SLS in the
laboratory, it remains to be tested whether clinicians can detect
such differences with visual observation. Clinicians often use the
position of the pelvis relative to the horizontal as a measure of
pelvic obliquity and an indicator of hip abductor function [12]; yet
mean between-group differences in pelvic obliquity in SLS (2.9�)
were less than that of hip adduction (4.7�) and less likely to be
visually detectable. The difference in lateral shift of the pelvis
during preparation to lift, utilizing the relative foot position to the
mid pelvis, recorded in the present study might be more likely to
be visually detectable. Post-hoc analysis identified a significant
relationship between foot position under the pelvis in the frontal
plane and hip adduction angles. Clinical use of this method might
be a useful indicator of hip adduction in addition to pelvic
obliquity.

This study has several strengths. First, it is the first to evaluate
three-dimensional kinematics of a SLS task in those with GT.
Second, the use of an age-matched control group is important
given that the task could be affected by age-related changes to
balance. Third, strict exclusion criteria were applied to both groups
to exclude the presence of any pathology that could affect
participants’ balance or the ability to perform the task. Fourth,
the collection and inclusion of hip abductor strength data in our
analysis enabled exploration of the influence of hip abductor
weakness on SLS kinematics in this group. The main limitation is
inherent in the cross-sectional study design in that we cannot
conclude whether the kinematic patterns identified in those with
GT preceded or followed onset of GT pathology. Additionally, we
did not obtain MRIs on the asymptomatic hip in those with GT or
the hips of the controls. As such we cannot exclude the presence of
asymptomatic GT.

5. Conclusion

In conclusion, this study showed that individuals with GT
demonstrate greater hip adduction and greater lateral translation
of the pelvis in preparation for single leg loading, and maintain a
position of SLS in greater hip adduction and less contralateral
pelvic rise than pain-free controls. Hip abductor muscle weakness
appears to be an important feature of these kinematic differences.
As with other tendinopathies [27], both strength and kinematics
may need to be considered in the development of effective
rehabilitation strategies. Further research is essential to establish
the kinematic patterns used by individuals with GT during
functional tasks such as gait and whether hip abductor strength-
ening can alter kinematic patterns during SLS and have a positive
impact on recovery.
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