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Pain, not structural impairments may explain activity limitations in
people with gluteal tendinopathy or hip osteoarthritis: A cross
sectional study$
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A B S T R A C T

Question: What are the functional differences between people with greater trochanteric pain syndrome
(GT), hip osteoarthritis (OA) or an asymptomatic population as measured by walking, Time Up and Go,
single leg standing and strength?
Design: Cross sectional study with blinded measurers.
Participants: 38 participants with GT, 20 with end stage hip OA and 21 asymptomatic healthy control (AS)
participants. All participants were women.
Outcome measures: Pain (numeric rating scale), Walking speed (m/s), cadence (steps/min) and step length
(m) measured via the 10 m walk test and the Timed Up and Go; balance via single leg stance (s) duration;
and hip abduction, adduction, medial and lateral rotation strength, standardized to body mass (BM) via
the body mass average index (BMavg), measured via a wall mounted dynamometer.
Results: The two symptomatic groups reported similar pain levels (p = 0.226), more pain then the AS
group (p < 0.000). Compared to the AS participants, participants with GT or hip OA demonstrated lower
walking speed (10mwt and TUG, p < 0.001), lower cadence and shorter duration single leg stance on the
affected leg (p < 0.05). Participants with GT or hip OA also demonstrated bilaterally weaker hip abduction
than the AS group (p � 0.005). Compared to AS and GT participants, participants with hip OA
demonstrated adduction weakness on the affected side (p = 0.008 and p = 0.002 respectively).
Conclusion: There is a significant level of dysfunction and impairments associated with GT and hip OA. As
activity limitations do not appear to be differentiated by structural impairments, we suggest that pain,
rather than the underlying pathology may be the driving impairment that leads to walking and single leg
standing dysfunction.

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

Greater trochanteric pain syndrome (GT) is a common
condition affecting up to 23.5% of women over the age of 50 [1].
Gluteal tendinopathy is now thought to be the primary cause of GT
[2,3]. Hip osteoarthritis (OA) prevalence increases with age, with
an estimated 10% to 15% of women aged 65 to 70 years affected by
it [4]. People with GT and hip osteoarthritis (OA) have similar pain
distribution patterns [5–7], pain severity levels [8,9], and low
quality of life measures [10].

Walking, standing and difficulties with activities of daily living
are reported by people with GT [10,11], and people with OA [12]
This is relevant because gait dysfunction is associated with
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increased fatigue, energy expenditure [13–16], and reduction in
activity [17] � known to be associated with increased risk of
adverse chronic health conditions. Biomechanical analysis of
people with hip OA has found a shorter step length and reduced
joint excursion [18]. Functionally, people with hip OA have been
found to have lower walking speeds and other functional measures
than a pain free population [19]. There is a dearth of articles
reporting activity limitations associated with GT. The single gait
biomechanical study found people with symptomatic GT had
increased pelvic and trunk lateral movement compared to a pain
free group [20]. It is not clear if this finding has any clinical or
functional significance. To our knowledge, there are no studies
reporting activity limitations in people with GT.

The ability to negotiate ones’ environment safely is imperative
to remaining independent. Falls among older people are a common
cause of injury [21] and cost the community significant amounts of
money per annum [22]. The ability to balance on one leg is required
in order to safely undertake activities of daily living such as
dressing and ascending stairs. The single leg stance test has been
used to evaluate this impairment in healthy controls, and people
with various conditions ranging from burns to ankle sprains
requires the ability to balance on one leg[23–26]. To our knowledge
functional balance has not been evaluated in people with GT or hip
OA.

People with gluteal tendinopathy have weaker hip abduction
than aged matched healthy adults [27]. However, people with hip
OA have also been found to have reduced abduction strength and
muscle size [29] when compared to an asymptomatic group.
Reduced leg strength is associated with reduced activity [17] and
thus increased of risk chronic disease. Strength in people with GT
Fig. 1. Participant recru
or OA has not been tested against symptomatic comparison groups,
limiting the clinical value to the reported outcomes. These findings
combined suggest that pathology and or pain about the hip is
associated with gluteal muscle weakness.

The research questions were:

1. What are the differences in measures of walking and balance
between people with GT, hip OA and an asymptomatic
comparison group?

2. What are the differences in hip strength between people with
GT, hip OA and an asymptomatic comparison group?

2. Method

2.1. Design

This study was part of a larger cross sectional study of people
with GT, hip OA, and an asymptomatic group [10,30].

2.2. Participants

Participants were recruited from the community, both private
and public hospital waiting lists, and via word of mouth.
Participants with GT (n = 38) had clinical signs and symptoms
that ranged from mild (n = 10) (not seeking treatment) through to
severe (n = 11) (scheduled for tendon reconstruction surgery).
None were currently attending a pain clinic although one had
previously done so. The end stage hip osteoarthritis group, (n = 20)
were all scheduled for hip arthroplasty surgery (60% public
itment flow chart.
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hospital, 40% private hospital). The asymptomatic comparison
group (n = 21) were recruited from the community and were aged
matched to the GT participants.

2.3. Eligibility

Participants were included if they were over 18 years of age and
able to communicate in English; they were excluded if they were
men, had systemic inflammatory disease; lumbar spine nerve root
signs; a history of lumbar spine or ipsilateral hip joint surgery;
osteogenic disease (e.g. Paget’s disease or neoplasm); or had a
corticosteroid injection to the ipsilateral lateral hip region in the
preceding 3 months. Exclusion criteria were applied bilaterally.

The GT group participants had a history of lateral hip pain
[1,31,32], pain on palpation of the greater trochanter [9,11,31,33],
and one of lateral hip pain with lying on the ipsilateral side, or
during weight bearing activities [9,11,31,33]. Participants were
excluded if they had groin pain, anterior, medial thigh pain, or
anterior knee pain, or evidence of hip joint pathology on pelvic
anterior-posterior x-ray [34]. Gluteal tendinopathy was confirmed
either by MRI or US imaging using accepted definitions [2,35]. The
absence of hip joint pathology was confirmed via MRI or an
anterior-posterior and lateral pelvic x-ray.

The hip OA group participants had a diagnosis of severe hip
osteoarthritis according to Altman et al., [34], and were scheduled
for hip arthroplasty. They were excluded if they had a current or
past history of GT as defined above. Asymptomatic group
participants were healthy with no illness or history of lower limb
disease, injury or surgery (Fig. 1, Participant recruitment flow
chart).

Participants were contacted and screened by phone, followed
by a single 1.5 h clinical assessment that included video recording
of key measures. The video recordings were de-identified,
randomized and assessed by trained assessors blinded to the
clinical group.

2.4. Measurement

Eleven assessors undertook gait assessment training, viewing a
subset of participant videos that demonstrated annotated aspects
of gait assessment. Assessors then independently viewed a
Table 1
Baseline characteristics of participants.

Characteristic Total parti

GT
(n = 38)

Participants
Age (yr), mean (SD) 53 (12.3) 

Gender, n females (%) 38 (100) 

Weight (kg), mean (SD) 72.6 (14.7)
Height (cm), mean (SD) 163.7 (6.3)
BMI (kg/m2), mean (SD) 27.1 (5.2) 

Bilateral symptoms, N (%) 21 (55%) 

Painy (numeric rating scale, 0–10, mean (SD)) 4.5 (2.2) 

Precipitating event, n (%) 

Insidious 25 (66) 

Increased activity 6 (16) 

Trauma 7 (18) 

Duration, n (%) 

3 to 6 months 4 (11) 

7 to 12 month 4 (11) 

13 to 24 months 6 (16) 

> 24 months 24 (63) 

GT = Greater Trochanteric Pain Syndrome group, OA = osteoarthritis group, AS = Asympt
y Numeric rating scale of average pain over the preceding week was recorded during t

the two symptomatic groups (ANOVA, post-hoc analysis: OA vs GT (p = 0.910).
* ANOVA, post hoc analysis: OA vs AS (p = 0.24), OA vs GT (p = 0.022), AS vs GT (p = 0
different subset of 20 videos twice, a minimum of one week apart
and recorded their findings on standardized assessment forms. The
results of the reliability studies are provided in Appendix A of
Supplementary material.

The video recordings of the 10m walk test were divided into
four groups with assessors 1–9 evaluating one of the four
subgroups of the total sample. The Single Leg Stance Test video
recordings were divided into five groups with assessors 1–11
evaluating one of the five subgroups. The assessors were blinded to
the clinical group and the symptomatic side. The Timed Up and Go
(TUG) was evaluated by one assessor (AF).

2.5. Outcome measures

The primary outcome was walking and single leg standing
characteristics. Walking characteristics were measuring using the
10m walk test (10mwt) without a turn [36]. Walking speed (m/s)
was measured using a stopwatch, with the cadence calculated
from these data. Step length (m) was calculated by dividing the
number of steps counted during the 10mwt. The TUG (s) was
measured with a stop watch [37]. The 10mwt was taken from a
standing start and the TUG was taken from a seated position using
standardize chair. The participant undertook the10mwt and TUG at
a self-selected pace. The researcher (AF) followed a standardized
protocol of order of assessment and instructions to the participant.
Prior to undertaking the clinical assessment participants were
asked to provide a score out of 10 (numeric rating scale) for pain
[38] with 10 being extreme pain and 0 being no pain.

Standing was measured via a single leg stance test (s),
(maximum of three attempts). As single leg stance as a measure
of strength may be confounded by pain or poor balance [39], we
used a single leg stance as a balance test, to the point of loss of
balance, rather than body weight shifts or pelvic drops [24].
Participants were asked to stand on the ipsilateral leg with the
contralateral leg held to 90� hip/knee flexion for up to 30s or to the
point of loss of balance. We defined loss of balance as that point
where corrective measures were used to prevent the person from
falling, e.g. stepping or using of arms. This point was determined by
consensus between two blinded assessors.

Strength, the secondary outcome, was measured via maximum
isometric abduction, adduction, medial and lateral rotation
cipates (n = 79)

OA
(n = 20)

AS
(n = 21)

62 (13.3) 52.5 (10.9)*

20 (100) 21(100)
 66.0 (9.6) 67.1 (9.9)
 162.3 (6.1) 163.7 (6.0)

25.1 (3.7) 25.0 (3.4)
2 (20%) 0 (0)
5.4 (2.4) 0.0 (0.0)y

N/A
13 (65)
1 (5)
6 (30)

N/A
1 (5)
1 (5)
3 (15)
15 (75)

omatic group.
he pre-assessment interview. No difference was found between the level of pain for

.95).
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strength by one researcher (AF). The participant was secured to a
plinth in supine (hip abduction and adduction) or prone (medial
and lateral rotation), via a seat belt around the plinth and the
participant’s pelvis. Moments were recorded via a wall mounted
calibrated hand held dynamometer (Chatillon 1 MSC Largo, FL)
(Appendix A: Fig. 1a and b of Supplementary material). All
moments were tested across gravity [40] with verbal encourage-
ment and feedback provided to the participant [41–43]. The best of
three maximal contraction attempts was used in the analysis.
Participants were asked if pain was experienced during strength
testing? and if so, did the pain cause them to limit their effort?

2.6. Data analysis

Descriptive data are presented as mean (SD). Group differences
for pain were compared using a oneway ANOVA with a post hoc
Scheffe analysis. Gait parameters were evaluated using a linear
regression model, controlling for age. Strength data was standard-
ized to participant body mass (BM) via the body mass average
index (BMavg), an index that accounts for body size [44]. Results
are presented as age adjusted mean difference (95%CI) with a post
hoc pairwise comparison. Rater reliability is presented as intra
class correlation coefficient. Statistical analysis was performed
with Stata IC 10.1 (StataCorp, USA).

3. Results

3.1. Participants

179 symptomatic and 41 asymptomatic people were screened
via phone and a clinical assessment. 15 participants were excluded
from the GT group, 106 participants were excluded from the hip OA
group and 20 participants were excluded from the AS group (Fig.1).
A total sample of 79, 38 with GT, 20 with hip osteoarthritis and 21
AS participants were recruited. The symptomatic groups had
similar baseline pain, precipitating factors, duration of symptoms,
weight, height and BMI. The GT and AS participants were younger
than the hip OA group (Table 1).

3.2. Assessors and reliability

Ten physiotherapists and one third year medical student
assessed the video data. The physiotherapists had a mean 26.5
(SD: 11) years of experience. The assessors undertook training in
the evaluation of the participants and were tested for intra and
inter rater reliability. Continuous data inter-rater reliability ranged
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Fig. 2. The walking measures demonstrate that there is no discernible difference in the
between the people with hip osteoarthritis and the people with gluteal tendinopat
asymptomatic. All values are age adjusted means (95%CI). group. OA: Hip osteoarthritis g
Speed in m/s. People with either OA or GT were slower than the AS group (p < 0.001) wit
(s). People with either OA or GT were slower than the AS group (p < 0.001) with no diffe
difference was seen between the three groups with regard to cadence (p = 0.139). There w
from (mean ICC (se)) 0.57 (0.094) for the 10mwt to 0.99 (0.001) for
the SLS test (Appendix A, Table 1 of Supplementary material).

3.3. Results

People with OA and GT had clinically and statistically lower
speed and cadence over 10m and TUG, than the asymptomatic
group (Fig. 2 a,b,c). People with hip OA had the shortest step length
(m) mean (sd) 0.73 (0.03), with the GT group having the next
shortest step length mean (sd) 0.81 (0.02); then the AS group,
mean (sd) 0.85 (0.02). Mean (95%CI) difference (m) between: OA vs
GT groups = 0.07 m (�0.02 to 0.16); OA vs AS groups = 0.12 (0.03 to
0.21); AS vs GT group = 0.05 (�0.01 to 0.11).

People with GT had the shortest single leg stance duration on
their affected leg (mean (se) 18.8 (1.5)), followed by those with OA
(mean (se) 20.2 s (2.2)), with AS group having the longest duration
(mean (se) 24.7 (2.0)) (Fig. 3). On the alternate leg, people with hip
OA had a shorter SLS (mean, (se)18.0 (2.0)) followed by those with
GT (mean, (se) 21.1 (1.4)), with the AS participants having the
longest duration (mean, (se) 24.8 (se)), (Fig. 3).

People with OA and GT demonstrated a lower ability to generate
abductor force on both the affected and the alternate leg, compared
to the AS participants (p < 0.000 and p = 0.008 respectively, Fig. 4a).
The OA group had the lowest adduction force on the affected leg
(OA vs GT, p = 0.009; OA vs AS, p = 0,002. Fig. 4b). There was no
rotational force generation group difference (Fig. 4c,d).

On the affected leg there was a group difference between the
AS, OA and GT groups for reported pain reproduction and pain
limitation of force generation. No AS participant reported pain
reproduction (or limitation with strength testing). Post-hoc
analysis revealed a higher proportion of GT than OA participants
reported pain reproduction with abduction strength testing (57.9%
vs 30.0%, Chi2: 4.08, p = 0.043). There was no difference between
the frequency of pain reproduction or limitation between the
symptomatic groups for the remaining movements. (Supplemen-
tary material, Table 3 Table 3). On the alternative leg there was no
group difference between the AS, OA or GT groups for pain
reproduction or pain limitation for any movement.

4. Discussion

We have previously demonstrated that people with GT have a
similar low level of function and activity as people with hip OA,
despite the GT population being a younger than those with hip OA
[10,30]. This paper demonstrates that activity limitations in
walking, single leg standing and strength impairments are also
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Fig. 4. Hip strength. The hip strength measures demonstrated deficits in the coronal plan for both the GT and OA participants on both legs. All measures are age adjusted mean
(95%ci) in N/BMBMavg. Blue markers (closest to the Y axis) indicate the most affected leg, with red markers (furthest from the Y axis) indicating the alternative leg. (a)
Abduction. On the affected leg people with either OA or GT had less ability to generate abduction force than the AS participants (GT vs AS: p = 0.023, OA vs AS: P = 0.009).There
was no difference between people with either OA or GT in their ability to generate abduction force on the affected leg (p = 0.191). On the alternate leg people with either OA or
GT had less ability to generate abduction force than the AS participants (GT vs AS: p = 0.043, OA vs AS: P = 0.010). There was no difference between people with either OA or GT
in their ability to generate abduction force on the alternate leg (p = 0.294). (b) Adduction. On the affected leg, people with hip OA were less able to generate adduction force
then either people with GT (p = 0.009) or the AS participants (p = 0.002). There was no difference in ability to generate adduction force between people with GT and AS,
(p = 0.320). No adduction force group differences were seen on the alternate leg. (c) Lateral rotation. On the affected leg and on the alternate leg, there was no group difference
in the ability to produce lateral rotation force. (d) Medial rotation. On the affected leg and on the alternate leg, there was no group difference in the ability to produce medial
rotation force. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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similar. These data suggest that pathology and pain around the hip
result in widespread changes about the lower quadrant rather than
the isolated impairments that a discrete diagnosis might suggest,
and that identifying and testing effective treatments for GT should
be prioritized.
This study confirms that GT participants have a lower walking
speed than asymptomatic group [20], and similar kinematic
findings for people with hip OA [18]. Both GT and OA participant
demonstrated difficulty maintaining a single leg stance for 30 s on
either leg. The Trendelenburg test (performed differently than in



242 A. Fearon et al. / Gait & Posture 52 (2017) 237–243
this current study) failed to differentiate people with mild hip OA
from a healthy control group [46]. We demonstrated that single leg
stance is difficult for people with late stage hip OA or GT;
differentiating between people with symptomatic and non-
asymptomatic hips. The ability to stand on one leg is reported
to be affected by not only lower limb strength but by pain and
balance ability [39]. Recent work has challenged this proposition,
with short term experimentally induced pain having no effect on
balance [28]. Lequesne, (2008) [47] used SLS time to pain onset as a
measure of severity for GT, however relying on pain does not
account for the complexity of pain behavior and may be misleading
(http://www.iasp-pain.org/Taxonomy accessed 2 May 2016). Our
findings suggest that the ability to stand on one leg may be the
result of more complex mechanisms than simply gluteus medius or
minimus weakness, pain inhibition or balance. Clinicians need to
be cognizant of these clinical variations and consider the all three
factors when assessing a client with a gait or SLS test.

Participants with GT or hip OA demonstrated abduction and
adduction strength deficits on the affected leg. This result is not
surprising and previous research has shown abductor weakness in
GT [27] and OA [25,48] populations. The GT participants
demonstrated rotational strength deficits trends bilaterally, a
finding not seen in the OA group. Approximately 50% of our GT
population reported bilateral symptoms, although only a small
proportion of the GT group, (a lower proportion than the OA
group), reported that these symptoms inhibited their strength
generation. These findings may reflect pre-clinical changes. This
hypothesis is supported by Docking et al’s findings of bilateral
degeneration on ultrasound imaging in people with unilateral
Achilles tendinopathy [49]. The rotational deficit in the GT group
on the affected leg is consistent with impairments of the rotational
properties of gluteus minimus and medius [50].

Our findings suggest that the underlying hip joint or soft tissue
pathology cannot be assumed to be the cause of, or the effect of, the
activity limitations seen in the two symptomatic groups. Rather,
activity limitations maybe the result of the associated pain. We
have previously reported that people with GT and hip OA have
similar levels of pain, function and disability [10]. The hypothesis
that pain may be the main driver of the reported activity
limitations is supported by previous findings that chronic lower
body pain impairs mobility. [51] A self-selected slower walking
speed may be an attempt to maintain a symmetrical and even gait
[52], thereby reducing energy expenditure [13–16] limiting pain
[15] and possibly anxiety [53]. Previous studies have compared
symptomatic participants against asymptomatic participants,
rather than a symptomatic comparison group. As pain has not
been taken into consideration the ability to translate those results
into clinical practice is limited.

This study has several strengths and limitations. This study
used common clinical tools with measurers blinded to the
participant group and affected side. A further strength is that
we compared three participant groups, two of which were
symptomatic. The advantage of this is approach is that the results
inform clinical practice, rather than the symptomatic client
compared to an asymptomatic client. Three limitations that
clinicians should consider are that firstly we did not measure all
hip strength parameters. It is possible that hip flexion or extension
strength may contribute to our understanding of SLS response and
the hip strength parameters [54]. Secondly, pain and balance are
both very complex phenomena. While we have demonstrated
activity limitations in both symptomatic groups and suggest that
pain may be implicated, we are not able to provide detailed
analysis as to the cause of these limitations. Finally, the level of
heterogeneity of pain within the GT group means that the
conclusions regarding the entire GT group need to be considered
in light of this. Clinicians need to be aware that some people with
GT may be more affected than others. This is also likely true of
people with less severe hip OA than those on the waiting list for
THA.

5. Conclusions

People with hip GT or hip OA present with similar low level of
walking and single leg standing dysfunction, and hip strength
compared to an asymptomatic group. We suggest that the pain
associated with these conditions, rather than the primary
structural impairment, may be driving the dysfunction we report
in people with GT or hip OA.

5.1. Clinical implications

� Clinicians should consider if pain or a combination of pain,
muscle and/or joint impairment may be impacting on walking
limitations. (http://www.iasp-pain.org/Taxonomy accessed 2
May 2016)

� Single leg standing duration [47] does not differentiate between
the two symptomatic groups; caution should be used if duration
alone is used for diagnostic purposes.

� The walking speed of the two symptomatic groups that we
report is just higher than that required to safely 1.22 m/s cross a
controlled intersection [55]. This means that a proportion of
people with hip OA or GT would being at risk of not completing a
road crossing in the prescribed time.
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