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APPENDIX: ZURICH PAPER 3 – PHYSICAL IMPAIRMENTS
The aim of our working group was to inform the consensus process on standardised methods of
measuring physical capacity in young and middle-aged (<50yrs), active adults with hip-related pain.
The leadership group identified five areas of importance in order to move forward with clinical
research on hip-related pain. The following five areas were identified for discussion and consensus
at the consensus meeting held in Zurich in November 2018:
1.
2.
3.
4.
5.

Clinical measures (including functional performance)
Biomechanics
Muscle function using electromyography (EMG) and imaging of muscle size and adiposity
Objective measures of physical activity (using technology)
Return to sport/performance (including criteria)

The consensus process and results are discussed in the main paper. This appendix includes the
literature summary which was distributed to all participants prior to the consensus meeting and was
conducted to inform the participants in the consensus process.

Literature review
Following the identification of the priority areas, literature in each area was reviewed to inform the
consensus process. The method of literature review varied across the areas and is presented here in
the framework of a scoping review.(1-3) The scoping review methodology was deemed the most
appropriate to summarise the current evidence,(2) as the state of evidence and applicable study
designs varied between the five main areas of this broad topic. The five-stage methodological
framework for scoping reviews was generally followed.(1) First, the broad research question was
identified: “What is the current state of evidence for standardised measurement methods of
physical capacity in young and middle-aged active adults with hip-related groin pain?” Second,
relevant studies were identified for each area with search methods differing due to varying levels of
evidence across each area. The specific search strategies used for each area are included in this
document.
An updated systematic search was conducted in nine databases for Area 1 (clinical measures of
range of motion, strength, and functional performance) and five databases for Area 2a
(biomechanics in femoroacetabular impingement syndrome). A new systematic search was
conducted across 5 databases for Area 3 (muscle function as measured by EMG, and imaging of
muscle size and adiposity). A narrative search of recent systematic reviews and relevant
observational studies was conducted for Area 2b (biomechanics in hip dysplasia), Area 4 (objective
measures of physical activity), and Area 5 (return to sport/performance). Additionally, three
electronic databases (PUBMED, COSMIN and PROSPERO) were searched from inception to August
2018 using keywords such as: femoroacetabular impingement, hip dysplasia, hip pain AND strength,
range of motion, function, biomechanics, physical activity, return to sport to identify recent articles
of relevance to each area. The reference lists of included articles were screened by the working
group members who conducted the search (Area 1: MF and AM; Area 2: MK and CL; Area 3: AS and
PL; Area 4: DJ and AM; Area 5: AM), and all working group members were asked to recommend
additional publications for inclusion. The inclusions and exclusion criteria included:
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Study design: Systematic reviews, intervention and observational studies (prospective or
retrospective) published in English language, peer-reviewed journals. Conference abstracts,
case studies, narrative reviews, and studies that were not peer-reviewed were excluded.
Population: Young to middle-aged (18-50 years), active adults diagnosed with hip-related
pain.
Control: Participants without hip-related pain.
Outcome: Measures of range of motion, strength, functional performance, biomechanics,
physical activity, and return to sport/performance of relevance to young and middle-aged
active adults with hip-related groin pain and the reliability / validity of those measurement
methods.

Data were extracted pertaining to population studied, measurement method of physical capacity,
clinimetric properties and reporting of these methods, and impairment findings in people with hiprelated pain (Area 1: MF and AM; Area 2: MK and CL; Area 3: AS and PL; Area 4: DJ and AM; Area 5:
AM, TW and LI). All working group members reviewed and agreed on the data extraction recording.
Extracted data for each area were summarised in tables or text as appropriate and disseminated to
the working group members.
Consistent with scoping review methodology, we did not perform formal quality assessments of the
included papers. Instead, we identified parameters and gaps in a body of literature without a formal
analysis of the methods or quality of the studies.(1-3)
Presentation of the evidence synthesis and summary
The working group members developed and refined an evidence summary document (Appendix 1),
which informed and identified the specific areas requiring consensus. The evidence summary
document was distributed to all delegates via email prior to the consensus meeting. An executive
summary table of the literature was also developed for each main area (Table 2).
These initial recommendations were distributed to the full consensus group. The clinical and
research recommendations in the paper reflected the statements which were voted on following
group discussions at the consensus meeting.

Overarching Statement
It is important to gain consensus on standardised methods of measurement that identify
impairments, inform progression of rehabilitation, and determine the efficacy of evidence-based,
physiotherapist-led, interventions (non-surgical, pre- and post-surgical) in young and middle-aged
active adults with hip-related pain.

Executive Summaries
1. Clinical measures;
a. Range of motion (ROM)- There is conflicting evidence whether active people with hiprelated pain (including FAIS) demonstrate alterations in ROM. The most consistent
findings are that the following restrictions in ROM are found in the subgroup of patients
with FAIS and associated pathologies: hip flexion ROM, and hip internal rotation ROM as
measured in 90°hip flexion. Minimal standards for methods of measurement include
stabilisation of the pelvis for flexion and extension, and that use of either a goniometer
2
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or inclinometer for measuring range is acceptable. Mechanical devices have previously
been used, and validated, which may improve measurement accuracy for research
purposes. An updated systematic review is required on the clinimetric properties of the
methods of measurement of hip range of motion.
b. Strength- Young active people with hip pain demonstrate lower strength in: adduction,
abduction, flexion, internal and external rotation. There is conflicting evidence
regarding extension strength deficits. Hand held dynamometer, and either isometric or
eccentric testing is acceptable. An updated systematic review is required on the
clinimetric properties of the methods of measurement of hip strength.
c. Functional performance- Individuals with hip-related pain demonstrate reduced squat
depth and show impaired performance on single leg balance tasks and the star
excursion balance test (SEBT). There is conflicting evidence that medial and lateral
hopping performance is impaired in these individuals. High quality studies are required
to evaluate the validity, accuracy and reproducibility of outcome measures used for the
assessment of functional impairments with dynamic tasks in active adults with hiprelated pain.

2. Biomechanics;
a. Hip biomechanics are altered in all three planes in individuals with hip-related pain.
Individuals with FAIS walk with a lower peak hip extension angle, peak internal rotation
angle, and external rotation joint torque, and squat to a lesser depth despite no
difference in peak hip flexion angle. The peak hip abduction angle during swing may
also be reduced. Individuals with dysplasia walk with a lower peak hip extension angle
and may have a higher hip adduction and external rotation peak angle. Minimal
literature is available to assess other activities in either hip-related pain group.
b. Methodological considerations for research, divided into three general categories:
1. Activities tested: Both standardized tasks (i.e. walking, bilateral squat, single leg
squat, stepdown) as well as higher impact and more complex tasks (i.e. running,
pivoting and change of direction) should be tested
2. Modelling techniques: Decisions about modelling techniques should be
carefully considered, especially with regard to modelling of the pelvis,
determination of hip joint centre, and expression of joint torques.
3. Analysis methods: Analysis methods should take into consideration sex,
movement speed, and pain during testing. Musculoskeletal modelling to
estimate muscle contributions and hip joint loading, and finite element
modelling for calculating contact stresses may provide important information.
High quality, longitudinal cohort studies are needed that investigate the relationship
between biomechanical impairments, symptoms, function, and quality of life.

3. Muscle Function;
a. Muscle size and adiposity- there is conflicting evidence on muscle size and adiposity
impairments of individual muscles in young and middle-aged active adults with hiprelated pain. The methods of measurement of muscle size and adiposity using MRI/MRA
or CT are currently inconsistent. High quality studies are required to define and validate
methods of assessment of muscle size and adiposity using imaging techniques.
b. EMG- The evidence is limited, and inconsistent, regarding differences in muscle activity
between active adults with hip pain and controls measured by EMG. Further studies are
required to better understand muscle activation patterns in active adults with hiprelated pain.
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4. Objective physical activity (PA) measures (using technology);
a. In general, evidence suggests that objective measures are more valid and reliable than
self-reports for measuring PA, but studies using objective measures of PA for young and
middle-aged active adults with hip pain are lacking.
b. Consumer-wearable activity devices appear acceptable for use as objective measures of
physical activity in clinical research of hip pain.
Objective measures should be combined with Patient-Reported Outcome Measures
(PROM’s) in order to capture different dimensions of physical activity.

5. Return to sport/performance (including criteria);
a. High percentage of athletes return to sport (RTS) following surgery for hip-related pain
(87-97%), but there is limited to moderate evidence that one in four athletes do not
return to their previous level of performance (RTP) following surgery.
b. Definitions used in studies examining RTS/RTP following surgery for hip-related pain
often fail to distinguish between the differing levels of RTS or consider pre-injury
performance and RTP levels.
The RTS continuum recommended by the 2016 RTS consensus paper should be used in
future research reporting RTS/RTP following hip-related pain.
c. There is almost no evidence on RTS following non-surgical management for hip-related
pain (including FAIS).
High quality studies are required to determine RTS/RTP following non-surgical
management for hip-related pain.
d. RTS criteria have been reported but not validated.
A Delphi-type procedure should be considered to determine what outcome measures
(physical, self-reported, psychological readiness measures etc) clinicians are currently
using as criteria for rehabilitation progression, and RTS/RTP following hip-related pain.

General summary point
 Limited evidence due to small sample sizes in individual studies is consistently reported across
the literature. One of the aims of ensuring standardized methods of measurement in clinical
hip research is to allow for the pooling of data from multiple sites in future research.

Table of Contents
AREA 1: Clinical measures (including functional performance) .................................................................................... 4
AREA 2: Biomechanics.................................................................................................... Error! Bookmark not defined.
AREA 3: Assessment of Muscle Function using EMG/muscle size ................................. Error! Bookmark not defined.
AREA 4: Objective measures of physical activity (using technology) ............................ Error! Bookmark not defined.
AREA 5: Return to sport/performance (including criteria) ............................................ Error! Bookmark not defined.

4

Mosler AB, et al. Br J Sports Med 2020; 54:702–710. doi: 10.1136/bjsports-2019-101457

Supplementary material

Br J Sports Med

Mosler AB, et al. Br J Sports Med 2020; 54:702–710. doi: 10.1136/bjsports-2019-101457

Supplementary material

Br J Sports Med

Internal rotation

Yes (5, 12, 17, 19)
No (6, 27, 30)

Supine + hip F 90° or
sitting or prone

Active and passive

Goniometer and
inclinometer

Yes (16, 27)
No

Yes (22)
No (16, 45)

External rotation

Yes
No (6, 27, 30)
Maybe (10)

Supine + hip F 90° or
sitting/prone + knee F
90°

Active and passive

Goniometer and
inclinometer

Yes (16, 27)
No

Yes (22)
No (16)

Bent knee fall out or
FABER

Yes (12, 13)
No (6)

Supine + hip F 45°+
knee F 90°

Active + passive
overpressure

Rigid tape measure

Yes (16, 27)
No

Yes (16, 22)
No

Adduction

Yes (6, 11, 17, 19)
No
Maybe (4)

Supine and side-lying

Isometric and
eccentric break
tests

HHD

Yes (11, 22)
No

Abduction

Yes (6, 11, 15, 17, 18)
No

Supine and side-lying

Isometric and
eccentric break
tests

HHD and machine
dynamometer

Yes (11, 16, 22)
No

Flexion

Yes (6, 11, 15, 17, 19)
No

Supine + hip flexion
Standing

Isometric

HHD and machine
dynamometer

Yes (11, 16)
No

Extension

Yes (11, 15, 17, 19, 30)
No (5, 6)

Standing and sitting
Prone + knee F 90°

Isometric

HHD and machine
dynamometer

Yes (11, 16)
No

Internal rotation

Yes (6, 11, 12, 17, 19)
No

Isometric

HHD

Yes (16)
No

External rotation

Yes (6, 11, 12, 17-19)
No

Isometric

HHD

Yes (16)
No

Bilateral adduction

Yes (12, 17)
No
Maybe (10)

Supine 0° and 45° hip
flexion

Squeeze test

HHD and
sphygmomanometer

Yes (46)
Nos

Yes (22)
No
Unknown (16)

Yes (23, 24)
No (25, 26)

Single leg standing

Eyes closed

Wii balance board or
timed

Yes (16, 23)
No (26)
NS (24, 25)

Yes (16, 23)
No
NS (24, 25)

Muscle strength

Prone + knee F 90°
Sitting + hip and knee F
90°
Prone + knee F 90°
Sitting + hip and knee F
90°

Yes HHD, but systematic
error female vs males
(11)
No
Unknown (16)
Yes HHD, but systematic
error female vs males
(11) No
Unknown (16)
Yes HHD, but systematic
error female vs males
(11)
No
Unknown (16)
Yes standing & sitting
with machine (11)
No prone machine (11)
Unknown (16)
Yes
No
Unknown (16)
Yes
No
Unknown (16)

Physical function
tasks
Balance
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Hopping
performance

Squatting
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Yes (21, 35)
No

Single leg squat

Wii balance board
Video or visual

Yes (5, 15)
No

Step down

Vicon (15)
Reps in 30 sec (20)
Reps in 15 secs (5)

Yes (16, 23, 42)
No
NS (21)

Yes (35, 43, 44)
No (44)
NS (24, 25)
Yes (23, 42)
No
NS (21)

Yes (17, 35)
No

Star excursion balance
test

Reach Distance

Yes (7, 16, 31-33)
NS (34, 43)

Yes (7, 31-33)
NS (34, 43)

Yes (20)
No
Maybe (12)

Side bridge test

Timed

Yes (28, 29)
NS (17)

Yes (28, 29)

Yes (20)
No

Single leg hop

Distance

Yes (28)

Yes (20, 28)
NS

Yes
No

Triple hop test

Distance

Yes (37-39)
NS (40)

Yes (37-39)
NS (40)

Yes
No (30)

Cross-over hop test

Distance

Yes (37-39)
NS (40)

Yes (37-39)
NS (40)

Yes (30)
No

Medial or lateral hop
tests

Distance

Yes (30, 37, 39)
NS

Yes (30, 37, 39)
NS (40)

Yes (5, 8, 13, 16)
No (6)

Squat depth

Height
Angle

NS

NS

3 directions

Yes (35, 43, 44)
NS (24, 25)

F= flexion, FABER= flexion, adduction, external rotation test, Reps= repetitions, RR= rater reliability, ICC= intraclass correlation coefficient, NS= not specified, HHD= hand-held dynamometer.
Note



All systematic reviews report heterogeneity between studies in population, physical impairments measured, and measurement tools used, often precluding meta-analysis
There is insufficient evidence to provide a meaningful summary of the minimal detectable change or standard error of measurement for the clinical measures used to evaluate
impairments in active adults with hip-related pain.
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Results Summary

Figure 1: Study selection flow chart. FAIS= femoroacetabular impingement syndrome
Participant Numbers
- A total of 354 symptomatic participants (234 males = 66%) Mean age range: 20.7-40.1 years
- A total of 342 asymptomatic control participants (215 males = 63%) mean age range: 22.5-43.2 years
Cut-off’s for morphological inclusion (determined across studies via X-Ray, magnetic resonance imaging (MRI),
computerised tomography (CT))
- Alpha angle inclusion ranged from >50° to >60°
- Lateral centre edge (LCE) angle inclusion ranged from >35° to >39°

AIM 1: FAIS vs. Control group/limb
Activities investigated in the research:
Walking (49, 50, 52-59), squat (and variations of),(48, 57, 60-62) step ascent,(47, 58, 63) double leg
drop jump,(57) single leg drop jump,(49) step descent,(21) and sit to stand.(64)

Summary Aim 1:
Walking:
 Lower peak hip extension angle in stance:
o Individuals with FAIS consistently demonstrate a lower peak hip extension angle in
stance during walking, compared with control populations.(8) Recent literature has
also gone on to demonstrate this impairment may also be present in the
symptomatic limb compared with the asymptomatic limb/least symptomatic limb in
people with hip-related groin pain and FAI syndrome.(49)
 Frontal plane impairments:
o Frontal plane impairments during stance are not consistently demonstrated in
people with FAIS(8) with one additional study demonstrating people with hip9
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related groin pain having a lower peak hip adduction joint torque (external
torque).(49)
o Studies which evaluate the entire gait cycle demonstrate the potential for people
with FAIS and hip-related groin pain to demonstrate a lower frontal plane
excursion,(56, 58) and lower peak hip abduction angle during swing.(50, 54, 56, 58)
Again, results are not consistent between these studies.
Transverse plane impairments:
o Biomechanical model outputs in the transverse plane of the hip are one of the most
unreliable outputs in 3-dimensional motion capture analysis of the lower limb,(65)
and therefore caution should be observed when interpreting results.
o The systematic review demonstrated that people with FAIS walk with a lower peak
hip internal rotation angle and a lower peak hip external rotation joint torque
(external torque) when compared with control populations.(8)
Pelvis:
o Reporting and results of pelvic kinematic comparisons vary and as a result it is
difficult to identify a consistent pattern of impairments. At this stage people with
FAIS may demonstrate sagittal and frontal plane impairments during walking.(8)
A recent publication(50) demonstrates that gait impairments in FAIS may differ between
men and women and as a result, sex should be considered in future research either as a
covariant or as a separate analysis.

Squatting:
 During a squat on flat ground people with FAIS had impaired squat depth compared to
controls. However, there were no differences in hip angles investigated during a squat task
and conflicting results for total sagittal plane pelvic ROM during the task.(8)
 During a squat while standing on a 30-degree wedge(48)
o Unconstrained squat: People with FAIS squatted with a greater amount of ipsilateral
pelvic rise at maximum squat depth and a lower maximum hip flexion torque during
cycle.
o Constrained squat: People with FAIS squatted with a greater amount of ipsilateral
pelvic rise at maximum squat depth and peak ipsilateral pelvic rise throughout cycle,
a greater peak hip adduction angle and a lower peak hip external rotation joint
torque, compared to controls.

Additional tasks investigated
It is difficult to draw conclusions about the results of studies that investigated various additional
tasks due to the small number of studies. As a result, data are summarised below.




Step/Stair Ascent: Specific biomechanical differences during step ascent in people with FAIS
compared to controls cannot be determined due to limited studies with conflicting results.
The conflicting results could primarily be due to differing protocols used (step height,
distance from step etc) and time points at which data was extracted (overall peaks, initial
contact, toe off etc).(8, 47)
Single leg step down: People with FAIS completed the step-down task with greater peak hip
flexion and anterior pelvic tilt when compared with a control population. People with FAIS
were also in more hip flexion and anterior pelvic tilt than the control population when in 60
degrees of knee flexion during the same task.(21)
10
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Double leg drop-jump: Our recent systematic review demonstrated no difference in hip
kinematics and joint torques between people with FAIS and controls.(8)
Single leg drop jump (Investigated between the symptomatic limb and the asymptomatic
limb of people with unilateral hip-related groin pain): The symptomatic limb demonstrated
less total sagittal plane ROM than the asymptomatic limb during a single leg drop jump.(49)
Sit-to-stand: Our recent systematic review demonstrated insufficient evidence to determine
a difference in peak hip flexion joint torque.(8)
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Table 2: Presence of hip biomechanical differences in people with FAIS during walking and squatting compared to controls or their contralateral hip
Sagittal

Sagittal

Frontal

Frontal

Transverse

Transverse

Walking
Walking

Flexion
Flexion

Extension
Extension

Excursion
Excursion

Adduction
Adduction

Abduction
Abduction

Excursion
Excursion

Internal
Internal
Rotation
Rotation

External
External
Rotation
Rotation

Excursion
Excursion

Peak Angle

↑Yes(50)

↓Yes(8, 49, 55),
*males & females
(50)

↓Yes(8, 58)

↑Yes(50)

↓Yes(56),
*males & females
(50)

↓Yes(58)

↓Yes(8, 55, 58)

Yes

Yes

No(8, 49, 53-58),
*females
(50)

No(53, 56-58)

No(49, 54, 57)

No(8, 49, 53, 55*males
58), (50)

No(8, 49, 53-55,
58)

No(8, 49, 53, 54,
57)

No(53)

No(8, 53-55, 57,
58)

No(8, 53-55, 57,
58)

Yes

Yes

-

Yes(49)

Yes

-

Yes

↓Yes(8, 55)

-

No(8, 49, 52, 53,
55, 57, 59)

No(8, 49, 53, 55,
59)

-

No(8, 52, 53, 55)

No(8, 52, 53, 57)

-

No(8, 52, 53, 55)

No (52, 53, 57)

-

Adduction

Abduction

Peak External
Moment

Squat (All
Techniques and
variations)
Peak Angle

Peak External
Moment

*males

Flexion

Excursion

*females

Internal
Rotation

Excursion

External
Rotation

Excursion

Yes

Yes

↑Yes(48)

Yes

Yes

Yes

Yes

Yes

No(8, 48, 57, 60)

No(8, 48, 57)

No(48)

No(8, 48, 57, 60)

No(8, 48, 57)

No(8, 48, 57)

No(48)

No(8, 48, 57, 60)

↓Yes(48, 60)

-

Yes

Yes

-

Yes

↓Yes(48, 57)

-

No(48, 57)

-

No(48)

No(8, 48, 57, 60)

-

No(48, 57, 60)

No(48)

-

Squat

Depth

Depth

Yes - Higher(8, 60, 61)
No(48, 62)

-Reference number(8): Results of pooled effect or qualitative analysis (during stance) published in the systematic review
-Reference Numbers(52-62) Individual studies standardised mean difference (during stance) published in the systematic review,
-Reference numbers(48-50): Results of studies published after the systematic review
-All data reported in comparison to control populations with the exception of Reference number(49) and Reference number (females
females
only(50) *
) which are a comparison to unilateral hip
-Superscript “males” or “females” indicates sex specific analyses
-Reference Number(48) incorporates use of 2 different squat techniques
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AIM 2: Effect of interventions on biomechanics
Activities investigated in the research:
Walking,(52, 58) squat (and variations of),(51, 66, 67) step ascent.(58)
There is limited research into the effects of interventions on biomechanics of people with FAIS.
Below is a summary of the current literature

Summary Aim 2:
Pre/post-surgical intervention:
 Walking: There is conflicting evidence of changes in hip joint kinematics following surgical
interventions during walking.(8)
 Stair ascent: Insufficient evidence of no difference following surgery.(8)
 Squat: Insufficient evidence post-operative patients squatted to a greater depth with no
difference in peak hip flexion range following surgery.(8)
Bracing in FAIS:
 SERF brace investigated: Bracing reduced peak hip flexion, peak hip adduction and peak hip
internal rotation in a variety of squatting type tasks in people with FAIS. Wearing the brace
for an average of 5.8 hours a day for 4 weeks did not demonstrate a difference in HAGOS
scores, iHot33 scores or overall pain. GROC scores demonstrated 59% participants reported
improved pain, 76% improved function and 59% overall improvement.(51)
Movement pattern training in chronic hip joint pain:
 Six weeks of movement pattern training in task specific activities (identified by participants)
and strength training, resulted in a reduction in peak hip adduction angle during tasks. The
greater the reduction in hip adduction angle the great improvement in the Modified Harris
Hip Score.(66)

Area 2b: Individuals with dysplasia
There are few studies investigating hip biomechanics in individuals with hip pain and dysplasia.(6874) Three of the five published studies come from the same dataset,(69, 72, 73) with the main
findings listed below. A systemic review by Xu et al(74) was published in 2017, but does not contain
a meta-analysis and therefore is only a summary of the findings. Overall, it should be noted that
each study contains a low number of individuals with dysplasia (<32 participants) and covers a wide
age range among the studies (15-71 years).
Walking:
 Sagittal plane impairments:
o Kinematic
 Peak hip flexion angle is reduced in individuals with severe dysplasia(71)
compared to controls, but may be increased in individuals with less severe
dysplasia.(68)
 Peak hip extension angle is reduced in individuals with dysplasia(68, 69, 71)
compared to controls, although one paper found no difference.(70)
 A reduction in sagittal plane angular excursion in individuals with dysplasia is
reported in one study(68) compared to controls.
o Kinetic
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For the external peak hip flexion moment, the evidence is conflicting with
two studies finding a decreased moment in individuals with dysplasia
compared to controls,(68, 71) and two studies reporting no difference.(69,
70)
 Three studies report a reduction in the external peak hip extension moment
in individuals with dysplasia compared to controls.(68-70)
Frontal plane impairments:
o Kinematic
 One study reported an increase in the peak hip adduction angle in
individuals with dysplasia compared to controls.(71)
o Kinetic
 One study reported an increase in the external hip adduction moment at
60% of the gait cycle(72) in individuals with dysplasia compared to controls.
Another study reported that this moment was altered, but that the direction
of the alteration was different depending on the Harris Hip Score of the
individual with dysplasia.(71)
Transverse plane impairments:
o Kinematic
 One study reported an increase in the hip external rotation angle in
individuals with dysplasia compared to controls.(71)
o Kinetic
 One study reported an increased external hip internal rotation moment in
individuals with dysplasia compared to controls.(72)
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Sagittal

Frontal

Transverse

Walking
Flexion
Peak Angle

Peak External
Moment

Extension

Excursion

Adduction

Abduction

Internal
Rotation

Excursion

External
Rotation

Excursion

↓Yes (71)
↑Yes(68)

↓Yes(68, 69, 71,
72)

↓Yes(68)

↑Yes(71)

Yes

Yes

Yes

↑Yes(71)

Yes

No

No(70)

No

No

No

No

No

No

No

↓Yes(68, 71)

↓Yes(68-71)

↑Yes(72)
↓&↑Yes(71)

Yes

↑Yes(72)

Yes

No(69, 70)

No

No

No

No

No

Table 3: Differences in hip biomechanics in people with dysplasia compared to controls
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with high levels of hip flexion (i.e. deep squats, sit to stand), additional markers around the pelvis may
be necessary as markers on bony landmarks such as the anterior superior iliac spine (ASIS) may be
occluded.
Hip angles are a primary variable of interest in studies of FAIS. Modelling of the pelvis can substantially
affect hip joint angle, and therefore, the modelling technique should always be described clearly.
While the static standing trial has historically been used to determine the neutral position (0° tilt) of
the pelvis, the use of anatomical landmarks to determine pelvis position may be more appropriate as
individuals with FAIS may stand in anterior pelvic tilt. We would recommend using the ASIS and
posterior superior iliac spines (PSIS) to determine pelvic tilt, assuming that the individual is not obese.
Pelvic angles are generally expressed relative to the laboratory coordinate system. Care must be taken
in determining these angles as the order of rotations can affect the obtained angles. The typical
Cardan sequence for the lower extremity joints is mediolateral (X), anteroposterior (Y), and vertical
(Z). However, for the pelvis, it may be more appropriate to use the sequence of vertical (axial rotation
(Z)), anteroposterior (obliquity (Y)), and mediolateral (tilt (X)).(80)
With regard to kinetics, consideration should also be given to how joint torques are expressed, both in
terms of coordinate systems and normalization. There is debate as to whether orthogonal or nonorthogonal joint coordinate systems should be used.(81) The transverse plane joint torques are most
affected by the difference in approaches. At a minimum, the joint coordinate system used, and order
of rotations should be specified. In terms of normalization of joint torques, there appears to be no
clear consensus on the best approach. Common approaches include expressing the torque values in
terms of body weight, body mass or height adjusted body weight. At a minimum, information needed
to translate between normalization approaches should be included.
Determination of the hip joint centre is a continued topic of discussion. While there has been
substantial interest in the use of functional movements to calculate the hip joint centre, the location
of these functionally-based joints is often affected by the movement used to determine the hip joint
centre. As individuals with FAIS often have altered movement patterns, the functional joint centre
approach may be less appropriate. Based on the work of Kainz et al (2017),(82) we would recommend
using the Harrington regression equations.(83) It should still be noted that this relies on accurate
identification of bony landmarks (e.g. ASIS). Although more costly, anatomical measurements taken
from MRI (which are often already acquired clinically) can be used to appropriately scale the
pelvis/femur prior to calculating hip joint centre.
To date, very few published studies include the ankle or foot. This is likely due to space constraints in
publishing. As changes anywhere in the kinematic chain can affect motion at the hip, it may be
advisable to include these measures in additional files if not in the main analysis.

3. Analysis methods:
With regard to data analysis, it is important to appropriately include additional parameters that may
affect the biomechanical measures. First and foremost, sex should be included (either as co-variate or
by performing separate analyses for males and females) as multiple studies have demonstrated sexspecific movement patterns related to other musculoskeletal disorders. Sex-specific movement
patterns in FAIS have been noted as well.(21, 50) The speed of movement may also affect the analysis.
This is particularly true in tasks where movement speed affects the variables of interest, such as in
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gait. Movement speed is also important when analysing kinetic variables. In some tasks, such as sit to
stand or stair ascent / descent, movement speed itself may be an important dependent variable.
Pain is another parameter that should be considered during testing. Recording pain during the
movement trials may help uncover which combination of tasks and movement patterns contribute the
most to the complaint of pain and which movement trials are most affected by pain during the testing.
Extending beyond the typical kinematic and kinetic analyses, musculoskeletal modelling using
dedicated software, such as AnyBody or OpenSim, for estimating muscle contributions and hip joint
loading and finite element modelling for calculating contact stresses may provide important
information. These techniques could be particularly relevant in evaluating changes in muscle, loading,
and stresses following non-surgical and surgical interventions. Current research in this area includes
work by Ng and colleagues,(84, 85) and work by Bagwell and Powers (2017).(86) It is none-the-less
recognized that care should be taken in interpreting results from these models as they are sensitive to
the many assumptions inherent in their creation. It is unclear the extent to which subject-specific
models for bone structure, muscle architecture and strength, and muscle recruitment patterns are
necessary to produce actionable conclusions.
Finally, there is a great need for longitudinal cohort studies investigating the relationship between
biomechanical impairments, symptoms, function and quality of life. These studies would help identify
clinically relevant impairments of kinematics and kinetics in patients with hip pain/FAI syndrome,
moving the field beyond “statistically significant” to “functionally important”. Ongoing prospective
cohort studies may begin to address this issue.
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Table 4: Study overview and muscles investigated
Author
(year)

Purpose

Primary
Pathological
Group

Control

Muscle

GMed

Casartelli
et al (2011)
(88)

Casartelli
et al (2012)
(87)

Dwyer et al
(2016)(89)

Compare hip muscle
strength and hip flexor
EMG activity during
active hip flexion
between symptomatic
FAI and controls

FAI (Scheduled
for Surgery)

Compare hip flexor
fatigue between
patients with
symptomatic FAI and
controls

FAI

To determine if contact
forces and EMG muscle
amplitudes were altered
during the lunge for
patients with
symptomatic labral tears
vs controls

Hip Labral Tear

Gmax

RF

Obt
Intern

Semimemb
/ Medial
Hamstring

Lateral
Hamstring

Piriformis

Quadratus
femoris

TFL

1

1

1

1

Add
Longus

n=16(9 Female)
n=16(9 Female)
Age=32 (9)yrs
Age=32 (9)yrs

n=15(9F)

n=15 (9F)

Age=31(10)yrs

Age=31(9)yrs
1

n=21(14F)

N=17 (11F)

Age=33.0(9.1)yrs

Age=33.9(12.6)yrs

1

1

1
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Compare coordination
of deep hip muscles
between individuals
with, and without FAI

FAI

Determine whether hip
motion, hip moments,
and hip joint muscle
activation characteristics
during gait, in
individuals with cam FAI,
differ between the
symptomatic and
contralateral hip, and
whether differences
exist between patients
with FAI and a healthy,
aged-matched
asymptomatic group

FAIs (unilateral)

n=15 (4F)

N=11 (3F)

Aqe= 25 (5)yrs

Age=27 (5)yrs

1
(posterior
Segment)

1

n=20(10F)

n=20(10F)

Age=28(6)yrs

Age=25(3)yrs

1

1

1

1

1

1

1

1

21

Mosler AB, et al. Br J Sports Med 2020; 54:702–710. doi: 10.1136/bjsports-2019-101457

Supplementary material

Br J Sports Med

Table 5: Electromyography (EMG) protocol and results
Author (year)
Subjects

Task
Hip Flexion

Casartelli et al
2011)(88)

Maximum voluntary
isometric
contraction- flexion

FAIS vs control

Gait

EMG protocol
Lunge

Results

Electrode type
and placement

EMG processing

Type: SurfaceTwo pairs of
Silver-Chloride
surface
electrodes. Interelectrode
distance: 25MM

Band-pass filtered at 10Hz500Hz

Placement:
Standardised
locations. (92)

Amplitude

Frequency

Coordination:
Synergy/ PCA/
Variability

FAI vs controls

Gain 1000
Raw EMG
difference

Sampled rate: 2000Hz

 RF: No difference
in raw EMG
activity (p=0.056)
Amplitude data
 TFL: significantly
less EMG activity
Root mean squared (RMS):
in people with
During 500 ms around hip
FAI (p=0.048)
flexion MVC torque.
Window length of 125ms.
Highest value retained for
analysis.
Normalisation method: unnormalised

Casartelli et al
2012)(87)

FAIS

Fatigue during submaximal hip flexion

Type: SurfaceTwo pairs of
Silver-Chloride
surface
electrodes.

Placement:

Band-pass filtered at 10Hz500Hz

FAI vs controls

FAI vs controls

Fatigue

Fatigue

Gain 1000
Sampled rate: 2000Hz



Sustained
contraction
resulted in
increased EMG

 Sustained
contraction
resulted in
decreased
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Standardised
locations. (92)

Amplitude/freq data
20s time interval analysed
from point of stabilised
target torque production

3 consecutive 6.7s epochs
were further analysed->
RMS and median
frequency

activity over
time
(P<0.05)for
both RF and
TFL, with no
interaction
between group
and time (i.e.,
no between
group
difference,
P>0.05)

median
frequency
over time for
both RF and
TFL, with no
interaction
between
group and
time (i.e., no
between
group
difference,
P>0.05)

Normalisation method:
%MVIC
Diamond et al
2017(90)

FAIS vs control

Walking
(overground)

Type:

Fine-wire/
intramuscular:
posterior GMed,
Piriformis, OI; QF

Surface:
Semimemb.

Pre-amplified 500 times

FAI vs controls

Sampled at 3000Hz

Three muscle
synergies
identified for
deep hip muscle
activity.

Raw signals visually
inspected.

th

Highpass filtered: 4 order
Butterworth, Zero lag;
50Hz fine-wire, 20Hz
surface)

Placement
Not reported.

Rectified, smoothed with
low pass Butterworth zero

 VAF FAI >
Control
 Control group >
inter-subject
variability,
particularly
‘synergy 3’
compared to
FAI. This
synergy is
related to OI
and QF muscle
activity.
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lag filter (6Hz)
Normalisation method:
Amplitude normalized to
mean of peak activity
through the gait cycle.
Synergy analysis: Variance
accounted for (VAF)
compared between groups

Dwyer et al
(2016)(89)

Labral tear vs
control

Lunge

Type: Surface-

Placement:
Standardised
locations for RF,
GMed, GMax and
Add long. (93)

Band-pass filtered at 20Hz500Hz

Labral Tear vs
Control

Gain 2000

Lunge descent

Sampled rate: 1000Hz

No significant
difference
between LT and
control for GMax,
Gmed, Add Long,
or RF.

Amplitude data
Smoothed: RMS (50 ms
window)
Average RMS during
descent and ascent
Normalisation method:
%MVIC: from the highest
500ms window of the
MVIC data.

Lunge Ascent
GMax activity
Significantly less
(%MVIC) in LT vs
Control (P<0.05).
No difference in
activity for GMed,
Add Long or RF.

24

Mosler AB, et al. Br J Sports Med 2020; 54:702–710. doi: 10.1136/bjsports-2019-101457

Supplementary material

Rutherford et al
(2018)(91)

FAIS vs
Asymptomatic
controls
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Walking
(treadmill)

)

Type:

Sampled at 2000Hz.

Surface: GMax,
Gmed, RF, Lateral
Hams, Medial
Hams.

Bandpass filtered (10500Hz). Removed offset.
Rectified.

Principle
component
analysis.

Placement

Highpass filtered- none
reported

 Similar EMG
patterns
bilaterally
 Medial
hamstring>later
al hamstring
activity

Per SENIAMS
guidelines (92)
Smoothed: lowpass
th
Butterworth filter 4 order
(6Hz)

FAI : Between
limb difference
(Sympt fvs
Asympt)

FAIs vs control
group
Normalisation method:
Greater GMax
activation
compared to
Asymptomatic
group

%MVIC:

Abbreviations: RF= rectus femoris, TFL= tensor fascia lata, OI= obturator internus, QF= quadratus femoris, VAF= variance accounted for, NR= not
reported
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General overview
Only 5 studies(87-91) have investigated hip muscle activity (EMG) of young to middle-aged active
adults with hip-related pain. Rectus femoris (RF),(87, 88, 91) tensor fascia lata (TFL),(87, 88) lateral(91)
and medial hamstrings,(90, 91) piriformis,(90) Gluteus Medius (GMed),(90, 91) gluteus maximus
(GMax),(91) Obturator internus,(90) and Quadratus Femoris (QF)(90) have been investigated in people
with FAIS across four studies; Two studies examined muscle activity in FAIS during gait with conflicting
results.(90, 91) MVIC in FAI across two studies reported a significant decrease in TFL amplitude but no
difference in fatigue (TFL, RF).(87, 88) GMax, GMed, Adductor Longus and RF activity was investigated
in one study in people with acetabular labral tears.(89) There are no studies investigating muscle
activity in hip dysplasia.

Tasks investigated
FAIS
Muscle activity has been investigated during maximum voluntary isometric contractions (Flexion);(88)
submaximal isometric hip flexion;(87) and walking (overground(90) and treadmill(91)).
Labral tears
Investigated during a lunge(89)
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Future considerations for EMG data collection in young adults with hip-related pain
The limited number of EMG studies completed to date have investigated a select group of hip muscles.
There has been no investigation of gluteus minimus (either posterior or anterior segments), gluteus
medius (anterior), deep muscles of the anterior hip (iliacus, iliopsoas or iliacus) or any adductors
muscles, which may have potential roles in contributing to hip joint forces and control.
Conflicting evidence from limited studies(89-91) investigating dynamic tasks in hip joint pain highlight
a need for further investigation of local hip muscle activity in tasks such as walking and running to
clarify the potential role of local hip muscles in these populations. Examination of hip muscle activity
during clinically reported provocative tasks, such as hip flexion, squatting and sports specific tasks
(kicking etc.), may also provide more information on the role of local hip muscles in pathology.
EMG is particularly sensitive to changes within session within individuals. Thus, EMG would provide an
opportunity for increased understanding of the immediate effects of interventions in the treatment of
populations with hip joint pain.

Recommendations for standardised methods of measurement for EMG in hip joint pain
Technical Considerations: To ensure that future studies of hip-related pain can be synthesised and
compared, standardised methods of skin preparation and reporting of electrode locations (Surface
electromyography for non-invasive assessment of muscles/Journal of Electromyography and
Kinesiology (SENIAM/JEK standards)) should be used.(92) In the measurement of small/thin muscles
(e.g Rectus femoris / TFL), the use of electrodes with small inter-electrode distance (e.g 1cm) is
recommended to minimise cross-talk from surrounding muscles.
Data Processing: Visual inspection of all EMG trials should be performed, particularly for dynamic tasks
to minimise the impact of movement artefact on analysis. High-pass filtering can be utilised to account
for some movement artefact during dynamic tasks. It is recommended that surface recordings be
filtered at 20Hz while data from fine-wire electrodes be filtered at 50Hz. To ensure consistency in data
recording the use of JEK / SENIAM standards is suggested.(92)
Normalisation: The small sample size of the included studies,(87-91) highlight the importance of
standard methods of normalisation so that results can be pooled across multiple studies to improve
the power and level of evidence of the findings. It is vital in future studies of muscle activity in hip joint
pain that the method of normalisation is reported, including the position of limb/joints, duration of
the trial, rest between trials, and nature of encouragement when using maximum voluntary isometric
contraction (MVIC) normalisation. For peak activity normalisation during dynamic tasks such as gait, it
is recommended that reporting includes clarification as to whether mean peak activity across trials or
absolute peak activity across trials is used.
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Muscle size (imaging measures of muscle size in adults with hip-related pain)
The following document is an extension and update of our recent systematic review:(94)
Lawrenson, P. R., Crossley, K. M., Vicenzino, B. T., Hodges, P. W., James, G., Croft, K. J., King, M. G. and Semciw, A. I. (2019). “Muscle size and composition in
people with articular hip pathology: a systematic review with meta-analysis.” Osteoarthritis and Cartilage, 27(2), 181-195
The search strategy was developed around three main concepts and adapted to individual databases searched (Medline, CINAHL, AMED, EMBASE and
SPORTDiscus).
Population: (i) Articular hip pathology; key word examples: ‘cam impingement’, ‘pincer impingement’, ‘labral tears’, ‘dysplasia’.
Outcome: (ii) Hip muscles, and (iii) measures of muscle size and composition; keyword examples: ‘muscle volume’, ‘muscle cross-sectional area’,
‘intramuscular adiposity’.
Systematic Search: The search was re-run in May 2018 with one additional article(95) included in this evidence summary.

Table 6: Study populations, outcome measures and results
Author
(Year)

Population
Pathology group

Control group

Whole muscles
investigated
(location)

Method of
Measurement

Outcome investigated
Muscle size
Method
SMD(95%CI)

Babst et al
(2011)(96)

Dysplasia

Pincer morphology

Iliocapsularis

N=45 (45 Hips) (gender not
estimable)

N=37 (40 Hips) (gender
not estimable)

Magnetic
Resonance
Arthrogram
(MRA)

Partial Volume
(between the two
locations)

Age (MeanSD) 34.09.7
years

Age (MeanSD) 33.011.0
years

Diagnosis: Radiographically
(LCE 14-25°)

Diagnosis:
Radiographically (lateral
centre edge angle (LCE)
>39°)

Crowe Classification - Grade 1:
n=43, Grade 2: (n=2)

Location:
Measured at
two locations
1. 4cm below
AIIS
2. Inferior to
femoral head

1.05 (0.59, 1.50)

Muscle composition
Method
SMD/OR(95%CI)
Fatty
Infiltration:
(Grade 1-4)

CSA
Thickness
Width
Circumference

1.
2.
1.
2.
1.
2.
1.
2.

1. OR, 0.39 (0.15,
0.99)
2. OR, 0.41 (0.17,
0.99)

0.83 (0.39, 1.28)
0.90 (0.45, 1.34)
0.99 (0.54, 1.44)
0.50 (0.06, 0.93)
0.79 (0.35, 1.24)
1.25 (0.78, 1.72)
1.19 (0.72, 1.65)
1.39 (0.92, 1.87)
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Dysplastic Hips

Healthy (without hip pain)

N=45 (45 Hips) (45% (≈ 20)
male)

N=26 (30 hips) (gender
not estimable)

Age (MeanSD) 3410 years
Diagnosis: Radiographically
(LCE 14-25°)
Crowe Classification - Grade 1:
(n=43), Grade 2: (n=2)

Age (MeanSD) 5412
years
Diagnosis: Confirmed with
MRI (non-orthopaedic
reasons)

Iliocapsularis
Rectus Femoris

Location:
Height of the
femoral head
(centre)

Magnetic
Resonance
Arthrogram
(MRA)

Dysplasia vs
Controls
RF - CSA

-0.24 (-0.70, 0.22)

RF - Thickness

-0.14 (-0.61, 0.32)

RF - Width

-0.06 (-0.52, 0.40)

RF - Circum

-0.01 (-0.47, 0.45)

IC - CSA

0.16 (-0.30, 0.63)

IC - Thickness

0.51 (0.04, 0.98)

IC - Width

0.54 (0.07, 1.01)

IC - Circum

0.57 (0.10, 1.04)

Pincer morphology
N=37 (40 hips) (gender
not estimable)
Age (MeanSD) 3311
years
Diagnosis:
Radiographically (LCE)
>39°)

Dysplasia vs Pincer
RF - CSA
RF - Thickness
RF - Width
RF - Circum
IC - CSA
IC - Thickness
IC - Width
IC - Circum

-0.73 (-1.19, -0.28)
-0.44 (-0.88, 0.01)
-0.73 (-1.18, -0.28)
-0.69 (-1.14, -0.24)
0.75 (0.32, 1.18)
0.91 (0.48, 1.35)
1.04 (0.60, 1.48)
1.08 (0.63, 1.52)

Pincer vs Controls
RF - CSA

0.44 (-0.04, 0.92)

RF - Thickness

0.29 (-0.19, 0.76)

29

Mosler AB, et al. Br J Sports Med 2020; 54:702–710. doi: 10.1136/bjsports-2019-101457

Supplementary material

Mastenbroo
k et al
(2017)(95)

Br J Sports Med

Chronic Hip Joint Pain (CHJP)

Healthy (without hip pain)

n =15 (15 females)

N = 15 (15 females)

Age: (MeanSD) 28.34.1
years

Age: (MeanSD) 28.34.4
years

BMI: (MeanSD) 24.03.3

BMI: (MeanSD) 24.53.2

Diagnosis (CHJP)

Diagnosis

1.
2.

Pain > 3months
+ve FADIR

1.
2.
3.

Mendis et al
(2014)(98)

No current hip
pain
No lower
extremity pain
Nil previous
surgery /
fracture

Gluteals (GMed,
GMin and
portion of
GMax)
TFL

0.71 (0.22, 1.19)

RF - Circum

0.71 (0.22, 1.20)

IC - CSA

-0.01 (-0.48, 0.46)

IC - Thickness

-0.43 (-0.91, 0.05)

IC - Width

-0.49 (-0.97, -0.01)

IC - Circum

-0.61 (-1.09, -0.13)

Volume
Gluteal(s)

0.81 (0.06, 1.56)

TFL

0.19 (-0.52, 0.91)

Location:
Gluteals:
Coronal plane,
from femoral
head (ant to
post)
TFL: Transverse
plane, ischial
tuberosity to
centre of
femoral head.

Acetabular labral pathology

Healthy controls

N=12 (4 males)

N=12 (4 males)

Age (MeanSD) 3512 years

Age (MeanSD) 3513
years

Iliacus
Psoas
Iliopsoas
Sartorius
Rectus femoris
TFL

Diagnosis: Patient
reported asymptomatic

Location:
CSA measured

Diagnosis: Clinical
examination and MRI

Magnetic
resonance
imaging (MRI)

RF - Width

Magnetic
resonance
imaging (MRI)

Pathology vs.
control
CSA:
Iliacus

-0.03 (-0.83, 0.77)

Psoas

0.15 (-0.65, 0.96)

Iliopsoas

-0.05 (-0.85, 0.75)
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investigation

and MRI investigation

on consecutive
slices
Iliacus & Psoas:
iliac crest to
where the
muscles fuse.

Control: Contralateral leg

Gluteus Medius

N=19 (7 males)

Age (Mean (range)): 47 (3561) years

Age (Mean (range)): 47
(35-61) years

Diagnosis: Radiographically

Diagnosis: Patient
reported, examined
radiographically but not
reported

Location:
3 planes (A, B &
C) evenly
distributed
along line from
the greater
trochanter to
height of L5.

Crowe Classification - Grade 2
(n=8), Grade 3 (n=11)

Rectus Femoris

-0.33 (-1.13, 0.48)

TFL

0.16 (-0.64, 0.97)

Iliacus

0.13 (-0.43, 0.70)

Psoas

-0.12 (-0.69, 0.45)

Iliopsoas

0.00 (-0.57, 0.57)

Sartorius

0.11 (-0.46, 0.69)

Rectus Femoris

-0.11 (-0.67, 0.46)

TFL

0.12 (-0.45, 0.69)

Computed
tomography
(CT)

A. CSA

-0.59 (-1.09, -0.11)

Slice thickness

B. CSA

-0.74 (-1.25, -0.23)

-2.38 (-3.27, -1.50)

C. CSA

-0.76 (-1.27, -0.25)

-1.86 (-2.61, -1.12)

Rectus femoris:
origin on lesser
trochanter

Developmental Dysplasia of
the Hip (DDH) (unilateral)
N=19 (7 males)

0.11 (-0.69, 0.91)

Comparison btw
limbs
CSA

Iliopsoas,
Sartorius and
TFL: spanning
the femoral
head.

Liu et al
(2012)(99)

Sartorius

Radiological
density (HU)

-1.82 (-2.56, -1.09)

2.0mm

2.0mm
intervals

(-ve indicates
increased
adiposity)

Abbreviations: CSA, Cross-sectional area; K&L - Kellgren and Lawrence; OI, obturator internus; ON, Osteonecrosis; PD, proton density; TFL, tensor fascia
latae; SD, standard deviation; SMD, standard mean difference (-ve indicates a decrease in muscle size, +ve indicates an increase in muscle size, bold
indicates significant differences
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Table 7: MRI parameters
Author

Babst et al (2011)(96)

Haefeli et al
(2015)(97)

Mastenbrook et al
(2017)(95)

Mendis et al
(2014)(98)

Method of Measurement

Magnetic Resonance
Arthrogram (MRA)

Magnetic Resonance
Arthrogram (MRA)

Magnetic resonance
imaging (MRI)

Magnetic resonance
imaging (MRI)

1.5 Tesla

1.5 Tesla

1.5 Tesla

1.5 Tesla

PD and T1-weighted

Proton density (PD)
weighted

T1-weighted

T2-weighted

Sequence

(3D fat suppressed)
Orientation

Axial*

Axial

Coronal &
Axial/Transverse

Axial/Transverse

-

-

-

26

4mm

4mm

0.82mm

8mm

4.8mm

4.8mm

No gap

8,8mm

Field of view

-

-

400mm @ pelvis

-

Dot matrix

-

-

512 x 512

192 x 256

(RT) / echo time (ET) / flip
angle

-

-

15.96ms (RT) /

6.9ms (RT) / 60ms
(ET) / 150°

Slices / sections
Thickness
Inter-slice gap

6.2ms (ET)
Band width

-

-

-

-

Image solution

-

-

-

-

Echo train length

-

-

-

-

Acquisition time

-

-

14mins

5mins

* Sagittal and coronal sequences were assessed but only axial (transverse) used for measurements

Table 8: Adiposity grading
Grade

Goutallier

Quartiles System

0

normal muscle

normal muscle

1

the muscle contains some fatty streaks

1-25% fat

2

fatty infiltration is important but more muscle than fat

25-50% fat

3

equal amounts of fat and muscle

50-75% fat

4

more fat than muscle

75-100% fat

Radiological density, measured in Hounsfield units (HU). A 1% increase in adiposity corresponds to a 0.75-1
HU reduction in density.(100)
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Summary of results: Muscle size
Dysplasia
 Three studies measured muscle size across two cohorts using different MRI parameters and examining
separate muscles.(96, 97, 99) Only one study compares dysplasia to a healthy control population,(96)
with the remaining studies using other pathologies (Osteonecrosis and Pincer morphology)(97, 99) as
comparator groups.
 Haefeli et al(97) investigated CSA, thickness, width and circumference of two muscles (rectus femoris
and iliocapsularis) in a younger clinical population (34±10yrs). Significantly greater thickness, width
and circumference of iliocapsularis was observed in dysplasia compared to controls.
 One study examined CSA in dysplasia pre-operatively using computerised tomography (CT).(99) This
study found a reduced size of gluteus medius in unilateral dysplasia, when compared to the
asymptomatic limb.
Pincer Morphology
 One study compared pincer morphology to healthy controls and showed an increase in rectus femoris
width and circumference, with a decrease in iliocapsularis width and circumference.(96)
Acetabular Labral Pathology
 A single study in a young population (35±12yrs) with acetabular labral pathology found no difference
in muscle CSA in anterior hip musculature, which included iliacus, psoas, iliopsoas, sartorius, rectus
femoris, and tensor fascia latae.(98)
Chronic hip joint pain
 A single study investigating CSA of two muscles in a young population (28±4yrs) with a clinical
diagnosis of chronic hip joint pain,(95) showed a significant increase in gluteal (GMed, Gmin and part
of GMax) size with no difference in tensor fascia latae.

Summary of results: Adiposity
Dysplasia
 One study assessed adiposity using qualitative classification of MRI images.(96) When intramuscular
adiposity in dysplasia was compared to pincer morphology using the Goutallier classification, there
was a lower presence of fatty infiltration within iliocapsularis in dysplasia.
 Using CT,(99) one study investigated radiological density to determine levels of adiposity and found
significant increases in gluteus medius adiposity in unilateral dysplasia when compared to the
contralateral limb.

Considerations for future research
1. Measurements of muscle size (Volume vs CSA): Need to establish which method is most sensitive to
differences in populations and changes with interventions over time. For cross-sectional area, we need
to determine the specific location where changes and/or differences are likely to occur. All of the
studies of muscle size included measures of cross-sectional area, with the exception of one which
measured volume.(95) With two studies also measuring width, thickness and circumference,(96, 97)
and one study measuring partial volume.(96) The optimal measurement of muscle size in hip pain has
not been established. It has been suggested in other regions of the body that muscle volume is the
most appropriate for evaluating the relationship between muscle size and strength.(101, 102)
Although there are reported limitations of measuring muscle volume at proximal and distal muscle
borders,(96, 103) its association to strength suggests that it may be of particular value in future
research
2. Investigation of individual muscle size: In more advanced pathology, there is evidence that atrophy may
be targeted to individual muscles.(104, 105) Changes in muscle size may therefore not be uniform
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between muscles. It would be valuable to continue to examine individual muscles rather than muscle
groups.
Other articular pathology in the spectrum of hip pain: Muscle size has been investigated in people with
hip dysplasia,(96, 97, 99) acetabular labral pathology (98), pincer morphology,(97) and chronic hip
pain.(95) There has been no investigation of patients diagnosed with femoroacetabular impingement
syndrome or other potential causes of hip joint pain.
Method of grading adiposity: Two of the included studies have used qualitative measures of adiposity.
The qualitative Goutallier system (Table 8) was developed for the rotator cuff but has also been used
to assess hip muscles. It reportedly has limitations,(106) with inferior reliability to other measures of
muscle morphology.(107) Quantitative measures of adiposity, such as the muscle-fat index, have also
been used in the hip,(108) providing an accurate quantification of muscle fat content within a specified
region of interest.(109) Pilot work suggests that the muscle-fat index can detect regional differences in
fat content within the gluteal muscles of healthy young adults,(110) and should be considered in
future work to augment contemporary evidence in people with hip symptoms.(99) The muscle-fat
index has been validated against biopsy (in the cervical spine), and is sensitive to change with
interventions over time.(111)
MRI v CT: One study uses CT to determine muscle size and adiposity.(99) The remaining studies have
utilised MRI. Future research should continue to utilise MRI, as it gives the most accurate results of
muscle measurement.(103)
Sample size: All the included studies consisted of relatively small sample sizes which may indicate
questionable statistical power, serving to downgrade the level of evidence. The inclusion of larger
sample sizes in future studies would help in the clarifying the findings of these studies. Given the cost
and time associated with MRI studies, data sharing should be encouraged.
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The number of commercial activity trackers available and rapid changes in the market presents a
major challenge for establishing validity and reliability of these devices. Fitbit devices currently
remain the most commonly used commercial monitor in research.(119) One systematic review
collated the results for validity and reliability for two types of activity trackers; Fitbit and Jawbone
(22 included studies, search July 2015).(120) Findings were of high validity for step count; however,
there were few studies on distance and physical activity. There was lower validity for measures of
energy expenditure and sleep. The evidence reviewed indicated high inter-device reliability for
steps, distance, energy expenditure, and sleep for certain Fitbit models. A systematic review of
studies using Fitbit only concluded that step count is the most valid and reliable output from the
Fitbit devices (67 studies included, search Oct 2017).(119)
There is limited evidence that while there is high correlation and agreement in steps between Fitbit
Flex and ActiGraph, there may be discrepancies in steps recorded between devices.(121)
Positioning of devices (e.g. wrist or waist) impacts reliability estimates; waist-mounted devices outperformed wrist-worn trackers for step count accuracy.(120) In free-living conditions, there is a
relative over-estimation of step count for wrist-worn devices compared with waist-mounted
devices with commercial and research grade devices showing the same trend.(121, 122)
Accelerometry data management (such as defining a valid day) also impacts research findings and
comparability of data between studies.(123)
Although variation exists between types of accelerometers, intra-device reliability shows greater
stability, facilitating comparisons between participants using the same device.(124) Relative
measures of PA can be compared using company nominated categories (such as ‘fairly’ and ‘very’
active for the Fitbit Flex) but, given concerns regarding the accuracy of energy expenditure
measurements in commercial trackers, researchers should be cautious using this output to define if
study populations are meeting standard activity guidelines.

Table 9: Considerations required for the use of commercial trackers
Opportunity
Range of prices and features (e.g. waistworn or wrist-worn; additional features
to accelerometry such as HR monitors
and GPS) suitable for different
populations / research requirements
Multiple physical activity outputs
available (e.g. steps, energy expenditure,
activity intensity, distance)
Popularity
(Just under 50 million wearable devices
were shipped in 2015 and over 125
million units are expected to be shipped
in 2019 (https://www.forbes.com))
Accuracy compared to research grade
devices

Threat

Recommendations

Large number and variation of
commercial devices increases
difficulty of establishing reliability
and validity.

Choices should be made based on output
required, population preferences, and
available reliability/validity data.

Algorithms for commercial devices
are unknown; vulnerable to
change.
Rapidly changing market

Step count is the most valid and reliable
measure and therefore should be included
alongside any other data reported.
Potential to exploit participants own
preferences / use of their own tracking
devices.
Better participant compliance compared to
research grade devices
Fitbit devices have the strongest evidence
and are currently the most frequently used
in studies.
Study protocols need to consider limits of
tolerance and data management (will differ
to research grade devices)

Greater inaccuracies are evident
for energy expenditure in lab
based and free-living studies
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Figure 2: Hip pain, ADL function, sport function and quality of life weighted mean scores.(130)
ADL=activities of daily living; HAGOS= Copenhagen Hip and Groin Outcome Score; HOOS= Hip Dysfunction
and Osteoarthritis Outcome Score; VAS=visual analogue scale; NRS=numeric rating scale.
Reproduced with permission (license number 4653490549461)
Time needed to RTS following surgery for hip-related pain is on average > 7 months.(129) These
expectations, and that of likely residual symptoms, are important to be communicated to patients and
should factor into clinical decision making.
RTS has mostly been measured as a binary outcome (yes/no), but two recent studies show return to
same/optimal performance may be as low as 17%.(131, 132) Furthermore, there is evidence that
postoperative performance outcomes vary depending on the sport and position played.(133) It is therefore
recommended that future studies investigating RTS following surgery for hip-related pain should adopt
definitions outlined in the 2016 RTS consensus paper(134) to further delineate whether athletes are
returning to the same sport, level, and/or performance level.(132) Pre-surgery level may also not be an
appropriate baseline as athletes may be impaired for some time prior to hip surgery.
Evaluation time for follow-up needs to be considered for future research. It is recommended that follow-up
be a minimum of 12 months and that change in performance be noted at regular time points following
return to sport. Changes in sports participation and performance may also occur due to ongoing hip pain
following initial return to sport after surgery, suggesting athletes should continue to be followed after hip
surgery.(128)
Return to optimal/same performance has mostly been based on self-report in studies on return to sport
following hip-related pain,(126, 128, 130-132)with objective performance-based data rarely being
published.(133) A combination of both self-reported and objective methods of determining return to
performance would be optimal.

Return to Sport following non-surgical management of FAIS


In a Systematic Review of non-surgical management of FAIS,(135) only one included study examined
RTS following non-surgical management.(136) In this study, 8 National Football League (NFL) players
with FAIS treated non-surgically returned to playing in the NFL.
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Return to sport criteria
One systematic review (18 included studies, search Jan 2013) summarised the evidence on rehabilitation
following hip arthroscopy.(137) Data synthesis from studies which reported RTS criteria is described in the
table below:
Table 10: Criteria-based permission to return to running and return to sports described in each study.(137140)
Reference

Permission to Run

Unrestricted sports

Edelstein et al
(138)

“10-rep triple”:10 front step-downs and 10 single-leg squats
without kinetic collapse, 10 side-lying leg raises against
resistance with at least 4/5 manual muscle strength

Consistent and painless repetitions of the movement
responsible for the mechanism of injury

Wahoff et al(141)

Pain-free, progressive, predictable
Initiate pool running several weeks prior to land in runners

Physician clearance after return to unrestricted practice

Voight et al(139)

Not reported

Depends on hip pathology and surgical treatment
performed

Garrison et al(140)

Once good eccentric control, muscular endurance, ability to
generate power

Completion of return-to-play test using sportcord test –
Dynamic functional activities with resistance from
sportcord: single-leg squat × 3 min, lateral bounding × 80s,
forward/backward jogging × 2 min

Further detail regarding more recent publications of RTS criteria reported following hip surgery(141-146) is
provided below:
 Wahoff et al:(141) Rehabilitation after labral repair and femoroacetabular decompression: Criteriabased progression through the return to sport phase
Proper assessment of full speed, power, and agility to meet the sport specific demands is achieved
utilizing:
(1) Hip Outcome Score (ADL subscale of >96% and Sport subscale of >78%)
(2) >92% limb symmetry index on single leg hop tests
(3) <10% side‐to‐side difference with the modified T-test score
(4) careful assessments of sport specific tasks.
 The Vail Sport Test(142, 143) is a series of dynamic multi-planar functional exercises utilized as a
return to sport test (description and scoring provided in Table 11 below)
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Table 11: Vail Hip Sports Test, with scoring criteria.(141)
Exercise Type

Cues for Examiner

Goal

Score

Total

Single leg Squat

Knee flexion 30-70°; reps without knee valgus (patella falls
medial to great toe); avoids locking knee into extension;
avoids patella beyond toe during flexion; maintain upright
trunk

3 min

1 point every 30 seconds of
proper performance

____/6

Lateral Bounding

Knee flexion > 30 at landing; reps without knee valgus; reps
within landing boundaries; landing phase not exceeding 1
sec in duration

100 sec

1 point every 20 seconds of
proper performance

____/5

Diagonal Bounding

Knee flexion > 30° at landing; reps without knee valgus; reps
within landing boundaries; landing phase not exceeding 1
sec in duration

100 sec

1 point every 20 seconds of
proper performance

____/5

Forward Box Lunge

Hip flexion >110° at forward position; hip extension >10° at
back position; reps without pelvic hike or rotation

2 min

1 point every 30 seconds of
proper performance

____/4

TOTAL







____/20

Kuhns et al 2017:(144) Do not require a formal return to sport test to pass. However, a thorough
return to running evaluation is performed at 16 weeks on AlterG, or 20 weeks on a standard
treadmill. To progress to running, the patient must be able to demonstrate completely
asymptomatic gait as well as the ability to complete all exercises without excessive fatigue that
were included in the third phase of their programme.
Domb et al 2014:(145) Questionnaire evidence from 27 surgeons: 85% recommended that patients
need to be able to reproduce all motions involved in their sport without pain. A majority of
surgeons recommended criteria of pain-free running, jumping, lateral agility drills, and single-leg
squats. Finally, surgeons categorized sports requiring the most movement and impact of the hip
joint (football, basketball, wrestling, and martial arts) as high-risk sports. Sports with less impact on
the hip, such as golf, were ranked as low risk.
Wörner et al 2017:(146) Survey results from 28 surgeons and 62 physiotherapists on current
strategies and views of outcome measures used in the rehabilitation process post hip arthroscopy.
Outcomes used are shown in below (Figure 3). Considerable variability between participants in the
different outcomes which influenced their RTS decision were reported.(146) Psychological
readiness has rarely been considered in published data on RTS following hip surgery.(132)
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Figure 3: Influence of different outcomes on RTS decision.(146)
RTS= return to sport, PBMs = performance-based measures, Psych. read. = psychological readiness,
ROM = range of motion, percentages (%) are displayed when exceeding 10% of the study sample.
Reproduced with permission (http://creativecommons.org/licenses/by/4.0/)
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