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Objectives

The aim of this study was to systematically review the literature on measurement of muscle
strength in patients with femoroacetabular impingement (FAI) and other pathologies and to
suggest guidelines to standardise protocols for future research in the field.

Methods

The Cochrane and PubMed libraries were searched for any publications using the terms
‘hip’, ‘muscle’, ‘strength’, and ‘measurement’ in the ‘Title, Abstract, Keywords’ field. A
further search was performed using the terms ‘femoroacetabular’ or ‘impingement’. The
search was limited to recent literature only.

Results

A total of 29 articles were reviewed to obtain information on a number of variables. These
comprised the type of device used for measurement, rater standardisation, the type of move-
ments tested, body positioning and comparative studies of muscle strength in FAl versus nor-
mal controls. The studies found that hip muscle strength is lower in patients with FAI; this is
also true for the asymptomatic hip in patients with FAI.

Conclusions

Current literature on this subject is limited and examines multiple variables. Our recommen-
dations for achieving reproducible results include stabilising the patient, measuring isomet-
ric movements and maximising standardisation by using a single tester and familiarising the
participants with the protocol. Further work must be done to demonstrate the reliability of
any new testing method.
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A review of the literature on methods of
muscle strength measurement

A closer focus on measuring muscle
strength in patients with femoroacetabular
impingement

To identify key variables in measuring
muscle strength, with the aim of stand-
ardising future research into the subject

Key messages

Hip girdle muscles are weaker in patients
with femoroacetabular impingement; this is
the case in both hips, regardless of whether
the hip is symptomatic or otherwise.

used with make tests.

Attempts should be made to standardise
future research in muscle strength test-
ing to ensure the ability to compare
results across different studies. This
includes employing the same tester for
all measurements, stabilising the patient
and identifying whether isometric or
isokinetic results have been obtained.

Strengths and limitations
Strengths:

A comprehensive review of all litera-

2016-0081 Motor driven and hand held dynamome- ture relating to muscle strength
Bone joint Res 2017;6:66-72. try are both reliable methods of muscle measurement
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An attempt to unify future research into measur-
ing muscle strength

Limitation:
The review is limited by the quantity and quality
of the articles previously published. There were
only two studies on the effect of FAl on hip muscle
strength

Introduction
Femoroacetabular impingement (FAI) is a morphological
osseous abnormality, which results in a physical conflict
between the femoral head-neck junction and the acetab-
ular rim." The abnormality may be of the proximal femur
(cam) or the acetabulum (pincer) or, most commonly, a
mixture of both. This can result in, amongst other things,
a chondrolabral lesion, which manifests as hip pain, and
if not addressed can lead to osteoarthritis of the hip.23
Hip arthroscopy has become a common procedure to
treat the different aetiologies causing FAI.4>

The diagnosis of FAl is becoming more common and
although the exact incidence is unclear, a study on
asymptomatic individuals® found an incidence of cam
deformities of 24.7% in men and 5.4% in women. This is
clearly a large proportion of the population who are at
risk of developing the sequelae of the disease such as
labral tears. More importantly, if FAl remains untreated,
patients can suffer lifelong consequences in the form of
osteoarthritis,?3 functional disabilities and risk of injury
secondary to hip muscle weakness.” Changes associated
with an arthritic gait have been seen in patients affected
with FAI.8

At presentation, patients with FAI are typically young
adults who are healthy, active and classically partake in
athletic activity.? They most commonly present with
anterior groin pain but also experience limitations when
performing activities of daily living and sport.2°

It has been shown that patients with FAI also present
with hip muscle weakness,” although currently data on
this are limited. It is generally well known that patients
with FAl have a reduced range of movement,’® however,
to date only two studies have compared hip muscle
strength in patients with FAIl versus normal controls.”."
Both of these studies found reduced strength in patients
with FAl compared with controls. It follows that, in accord-
ance with current guidelines,'%'3 measuring hip muscle
strength in patients with FAI could be of certain benefit.

A greater understanding of hip muscle strength could
achieve a number of goals. Firstly, understanding the
muscle strength changes associated with FAI will give a
better understanding of the condition’s pathophysiology
and will help to guide the development of future treat-
ments. This is vital for a condition where 34% of patients
have reported weakness that greatly limits activity.®
Secondly, at an individual level, measuring hip muscle
strength could help guide and monitor patients’ individ-
ual treatment and its efficacy. Finally, if a specific pattern

Fig. 1

Cybex dynamometer (a MDD) showing a participant during testing of hip
flexors

of muscle weakness associated with FAIl is identified,
measuring patient hip muscle strength could help with
diagnosis. Philippon et al°® highlighted that the equivocal
presentation of FAI leads to a risk of incorrect diagnosis
which in turn can result in inappropriate tests and
interventions.

There are currently multiple methods of measuring
muscle strength described in the literature, with many
variables. These variables include:

The strength measuring device:

Manual muscle testing (MMT) — a subjective ‘grade’
of strength is given by an assessor for a given direc-
tion of joint movement, using a 5 point grading
scale;
Hand-held dynamometry (HHD) — a calibrated pres-
sure sensor is used by an assessor to measure the
strength of a particular joint movement;
Motor-driven dynamometry (MDD) — a calibrated
pressure sensor is used to measure strength of move-
ment; the sensor is held in position by a mechanical
device (Fig. 1).
The individual rater measuring strength;
The types of movements performed;
Isokinetic — muscle contraction causing joint
movement at constant speed;
Isometric — muscle contraction against resistance
resulting in no movement;
Body positioning and stability.

The different variables in the methodology of meas-
urement of muscle strength have different advantages
and disadvantages, making them more or less suitable in
specific situations and difficult to be used uniformly. The
aim of this study, therefore, was to review the current lit-
erature available on this subject and to suggest guide-
lines on measuring muscle strength in patients with FAI,
which would allow standardisation of the results availa-
ble on this subject.
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Initial search on Cochrane and PubMed:

‘hip’ ‘muscle’ ‘strength’ ‘measurement’ (229)
‘femoroacetabular’ or ‘impingement’ (17)

Y

246 Articles

Articles published prior to 2000 were

Y

»  excluded to focus on recent literature
(335)

213 Articles

Abstracts were reviewed by two

separate researchers to decide on
suitability for inclusion.Excluded if:

Y

- Not measuring muscle strength
- Not related to the hip

29 Articles selected for review

(184)

Fig. 2
Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart

Materials and Methods
The Cochrane and PubMed databases were searched
using the terms ‘hip’, ‘muscle’, ‘strength’ and ‘measure-
ment’ in the ‘All Terms’ field and this produced 229
results. A further search using the terms ‘femoroacetabu-
lar’ or ‘impingement’ yielded 17 additional studies. It
was decided to focus the review on recent literature and
therefore the search was narrowed to papers published
from 2000 onwards. This yielded 213 results. The
abstracts were then reviewed by two medical researchers
(EM and AM) independently to determine suitability for
inclusion in the review. Articles were excluded if the
abstract did not include any measurement of muscle
strength. A total of 29 articles were deemed relevant to
the study. The PRISMA chart is summarised in Figure 2.
All papers were individually assessed for strengths and
weaknesses, both in terms of reliability and applicability to
measuring muscle strength. Of particular interest were the
methodology of hip muscle strength measurement used
and the reliability of the results produced, measured by
most papers as the intraclass correlation coefficients (ICC).
This is a measure of correlation applied to quantitative data
arranged into groups and is the standard method of assess-
ing reliability of strength testing in the literature. The key
conclusions drawn from the papers were then compared in
order to produce the final conclusions of this review.

Results
A total of 29 articles were assessed, of which only three
related to strength in FAI. A total of 14 further studies

assessed hip muscle strength (six in hip pathology other
than FAI, three in healthy adults and five in a paediatric
population). A total of 12 studies assessed the reliability
of the muscle testing protocol (the equipment or other
aspects of the protocol). Some of these studies are sum-
marised in Tables | and 11'5-24 (the remaining studies can
be found in the supplementary material).

Muscle strength in FAIL. Throughout our literature search,
we found only two studies which compared hip muscle
strength in patients with FAl with normal controls.”!
Casartelli et al” measured muscle strength and contrac-
tion using HHD, MDD and electromyography (EMG) in
22 participants with FAl and compared them with 22
healthy controls. The results revealed significantly lower
muscle strength in all hip movements except for internal
rotation and extension. No reason for this was suggested
in the article. In addition, EMG results revealed lower
activity in the tensor fascia lata in patients with FAI but
no difference in rectus femoris activity between the two
groups. In another study, Harris-Heyes et al'' compared
hip muscle strength in normal controls with participants
suffering with chronic hip joint pain (CHJP), which is an
umbrella term to describe a number of conditions such
as femoroacetabularimpingement, labral tears and struc-
tural instability. There were 35 participants in each arm
(aged 18 to 40 years). HHD was used to measure muscle
strength and the results revealed that all muscle groups
in the affected hip of patients with CHJP were weaker
than those of the controls (p < 0.01). Furthermore,
external rotators and abductors in the unaffected hip of
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Table I. Summary of the findings of the articles identified for inclusion (muscle strength in femoroacetabular impingement (FAI))

Authors Journal Title Level of Methodology Key results
(yr) evidence
Muscle strength in FAI (adults)
Casartelli et al” Osteoarthritis  Hip muscle weakness in 2 FAl patients vs controls; 22 FAI patients had significantly lower
Cartilage patients with symptomatic participants in each arm; HHD strength than controls for hip
2011 femoroacetabular impingement and MDD measures; EMG (rectus  adduction (28%), flexion (26%),
femoris and tensor fasciae latae) external rotation (18%) and abduction
(11%); EMG activity was significantly
lower in FAl; Reduced power except
internal rotators and extensors.
Diamond etal'®  BrJ Physical impairments and 2 Systematic review of physical 16 studies found, all except Casartelli
SportsMed activity limitations in people with impairment in FAI (range of 2011 paper compared ROM; No
2015 femoroacetabular impingement: movement and strength) new information regarding muscle
a systematic review strength
Harris-Heyes J Orthop Persons with chronic hip joint 3 Young adults with chronic hip joint All muscle groups weak in affected
etall Sports Phys pain exhibit reduced hip muscle pain (CHJP) 35 participants and hip in chronic pain (p < 0.01); ER &
Ther 2014 strength 35 controls; Age 18-40 years; Side  abductors weak in unaffected hip of

lying, HHD used for break tests chronic pain participants (p<0.05)

participants with CHJP were also weaker compared with
those of the controls (p < 0.05). This is an interesting find-
ing, which has not been reported previously. Diamond
et al'® conducted a review of the literature focusing on
the ‘physical impairment’ in FAI. Other than Casartelli
et al,” all of the studies included in the review assessed
range of movement rather than muscle strength.

Muscle strength in other hip pathology. Six studies?5-30
assessed the reliability of assessment of hip muscle
strength. The device used was HHD and a number of test-
ing positions were used. The sample sizes ranged from
22 to 100 and the ICC range for HHD measurement in
pathology varied from 0.38 to 0.99. There was no sig-
nificant difference in the ICC values of different muscle
groups. Thorborg et al?¢ suggested that an abduction/
adduction ratio can be used as a marker of a return to
normal function after hip injury in elite athletes.

Muscle strength in normal adults. Three recent stud-
ies31-33 assessed the reliability of HHD and MDD in nor-
mal adults. Although the sample sizes were small,22:34,35
the ICC values for MDD and HHD were > 0.7 and 0.87 to
0.99, respectively. Schmidt et al3' found that make tests
were more reliable than break tests, and Meyer et al3?
found adduction and extension strength the least reliable
to measure.

Paediatric population. Five articles3436-3° have assessed
the muscle strength measurement in paediatric patients:
three studies in children affected by cerebral palsy; one
in children with traumatic brain injury; and another in
normal participants. All except one used HHD to assess
muscle strength, and the ICC values ranged from 0.67
to 0.99. Hébert et al3* discovered similar inter- and intra-
rater reliability when HHD and MDD were used. Two
studies3437 found the lowest correlation values with hip
extension.

Strength testing devices and protocols. Three studies’>17
measured hip muscle strength using MDD. Click Fenter
et al'> compared three commercially available MDD
devices when used on a population of ten participants

over three separate days. They found high inter-and intra-
observer reliability for all devices (ICC 0.88 to 0.95). Ford-
Smith et al’® and Traina et al'” also found high ICC values
for MDD devices (0.73 to 0.98).

Seven other studies'®23.30 ysed HHD to assess hip
muscle strength in a number of positions. ICC values
were again high (0.76 to 0.98), however, Seko et al'®
found poor reliability when measuring hip extensor
strength in the prone position (criterion-related validity
= 0.53) compared with sitting or standing positions
(criterion-related validity = 0.81). Thorborg et al?! also
assessed the effect of the gender of the tester on the reli-
ability of the measurement values. They found that
female testers consistently produced lower values
(p < 0.05) compared with their male counterparts.
However, the intra-rater reliability was high (ICC 0.76 to
0.95) across all hip muscle groups. This suggests that the
values recorded using HHD depend on the resistance
offered by the assessor. Therefore, if a HHD is to be used
to measure muscle strength, the same tester should be
employed for the entire sample to avoid the significant
inter-observer error.

The other significant finding was made by Bloom and

Cornbleet.?® They discovered that the hip internal rota-
tors were significantly stronger in hip flexion than in
extension (p < 0.01) but no difference was seen in the
strength of the external rotators in either position.
Body position and types of movement. The position of the
hip joint can also affect the strength of the muscles act-
ing on the region. Lue et al“? found that measuring hip
extension was more reliable in the prone standing posi-
tion (patient’s feet planted on the ground but hips flexed
to 90° and the torso leaning on a flat surface) than in the
prone sitting position (ICC 0.92 and 0.65, respectively).

The two main types of movements tested are isometric
and isokinetic. Both have been shown to be reliable; iso-
metric testing is possible with both HHD and MDD. It also
has the advantage of producing less stress on the muscu-
loskeletal system (important when pathology is present,
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Table Il. Summary of the findings of the articles identified for inclusion (assessment of reliability)

Authors Journal (yr)

Title

Level of
evidence

Methodology Key results

Assessment of reliability of testing protocols or devices

Click Fenter et al'™> BrJ Sports Med
2003

Ford-Smith et al'¢  Arch Phys Med
Rehabil 2001

Traina et al'” Hip Int 2010

HHD
Seko et al'® | Phys Ther Sci

2015

Kim and Lee' | Phys Ther Sci

2015
Bloom and PM R 2014
Cornbleet20
Thorborg at al?' Scand | Med

Sci Sports 2013

Reliability of stabilised
commercial dynamometers
for measuring hip abduction
strength: a pilot study.
Reliability of stationary
dynamometer muscle strength
testing in community-dwelling
older adults.

A reproducible and inexpensive
method of measuring hip
abductor strength

Measuring seated hip extensor
strength using a handheld
dynamometer: an examination of
the reliability and validity of the
protocol.

The intra-and inter-rater
reliabilities of lower extremity
muscle strength assessment of
healthy adults using a hand held
dynamometer

Hip rotator strength in healthy
young adults measured in hip
flexion and extension by using a
hand-held dynamometer.

Hip strength assessment using
handheld dynamometry is
subject to intertester bias when

ICCs: Inter-rater: 0.90 to 0.95
(across three devices); Intra-rater:
used MDD); 10 women over 3 days, 0.88 to 0.96 (across 2 raters and
different device each day three devices)

1 wk test, retest reliability; MDD used ICC: Hip flexors: 0.86; Extensors
with a single assessor; n = 25 (age (sitting): 0.73

70 to 87)

Hip abductor strength with
dynamometer (three commonly

Reproducibility of a make-shift MDD
machine created from pads and
supports in clinic; Abductor strength
tested twice by two examiners; n =
10 (mean age 28 yrs)

Intrarater ICC: 0.85 to 0.98;
Interrater ICC: 0.81 to 0.96; High
reliability for ‘MDD’

Measuring HHD reliability; Hip
extension in sitting, prone and
standing; n = 20 healthy men

Higher strength and reliability

in sitting and standing positions
(criterion related validity 0.81);
Poor reliability in prone position
(CRV0.53)

High reliability; Intra-rater (> 0.9);
Inter-rater (> 0.8)

Measuring HHD reliability (inter and
intra); Two assessors; measured
muscle strength of hip, knee and
ankle flexion and extension; n = 55
healthy students (age 18 to 20 yrs)
Hip girdle strength measurement
using HHD; 34 healthy participants;
Hip rotation strength measured in
flexion and extension

Isometric test performed by one
male and one female physiotherapy

External rotators: no difference
in flexion vs extension; Internal
Rotators: significantly stronger in
flexion (p < 0.01)

Intra-rater ICC 0.76 to 0.95
across different muscle groups;

student; Ab/adduction, flexion,

Female rater consistently

testers are of different sex and

strength
Lu et al?? | Strength The Relative And Absolute 4
Cond Res 2011  Reliability Of Leg Muscle
Strength Testing By A Handheld
Dynamometer
Youdas et al?? Physiother Determining meaningful 4
Theory Pract changes in hip abductor muscle
2008 strength obtained by handheld
dynamometry.
Nadler et al?4 Arch Phys Med  Portable dynamometer 4
Rehabil 2000  anchoring station for measuring

strength of the hip extensors and
abductors.

extension; HHD used; n = 50 (age 20
to 30 yrs)

Hip and knee muscle groups;

HHD used for break tests; Maximal
voluntary contractions; n =16

produced lower values (p < 0.05)

Excellent relative reliabilities;
(ICC 0.83 t0 0.92); Knee
extensors least reliable

HHD used to measure bilateral

hip abductor strength in healthy
participants; Make test in the supine
position; One tester (female); n = 90
(age 22 to 70 yrs)

Specially designed dynamometer
used in measuring hip extension and
abduction; n =10 (age 25 to 35)

Intra-rater: ICC 0.96; Minimal
detectable change measured;
5.4% in men; 5.3% in women

ICC: Hip extension (prone): 0.98;
Hip abduction (lateral): 0.98

HHD, hand-held dynamometry; MDD, motor-driven dynamometry

as it is in FAI) than eccentric testing, thus minimising the
risk of muscle injury and delayed onset muscle sore-
ness.?6 However, isokinetic testing can be standardised
and is more representative of dynamic muscle action dur-
ing daily life.32 Isokinetic testing can be accurately meas-
ured using MDD and the torque can be accurately
measured throughout the range of movement. This is dif-
ficult to measure with HHD.

Comparisons have also been made between make and
break tests. A make test is performed by the participant
exerting a maximal force against a stationary dynamom-
eter — HHD or MDD. In contrast, the break test involves a
force being applied to a stationary joint until the joint
gives way.*! Make tests are more reliable, more comfort-
able and carry a lower risk of injury than break tests.34 The
choice between make and break tests was examined by

Schmidt et al,3' who assessed the inter-rater reliability of
hip abduction using HHD. They found that the make test
was statistically more reliable but also noted that the
break test was clinically more convenient.21,26,32,34,35

Discussion
There is currently no standardised protocol described
in the literature for measurement of muscle strength. A
number of methods of measuring muscle strength
have been described such as MMT, HHD, MDD and
EMG.17-22,25,26,31-35,40 This causes difficulty in comparing
the different studies as there are, at times, major differ-
ences in research methodology.

The most suitable method to measure hip muscle
strength in patients with FAI will depend on the priorities
of the situation and the aim of the measurement. The

VOL. 6, NO. 1, JANUARY 2017
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following recommendations from our evaluation should
help to guide the choice of options available:

MDD and HHD are both reliable methods of muscle
strength measurement. However, the reliability of
HHD depends on the consistency of the assessor and
there is a high inter-observer error. In contrast, MDD
eliminates this error and is therefore more reliable.
However, HHD is more practical in the clinical setting.
Both methods can be used reliably as long as these
variations are accounted for.
Isometric results are more reliable but isokinetic
results are more representative of muscle action in
vivo.
Make tests should be used when feasible rather than
break tests.
Itis important to standardise the measurement proto-
col, e.g. training of testers and verbal encouragement
given to patients.
The same tester should be used for all measure-
ments if possible.
The participants should be stabilised while meas-
uring muscle strength.
Specific muscle groups:
Hip flexion should be measured in the standing or
supine position.
Hip extension is best measured in the standing or
prone standing positions; the prone position is
not recommended.
Internal and external rotation are more reliably
measured in hip flexion, e.g. sitting.

Future work therefore needs to focus on developing
current methods and also isolating variables to examine
their effect on the reliability of results. Ideally, this would
allow the direct comparison of specific variables, for
example HHD versus MDD, while keeping other variables
as similar as possible. A consensus needs to be agreed
among the research community to ensure that compara-
ble conclusions can be drawn from future research.

As highlighted by the literature, some muscle group
measurements are still less reliable than others.3234 It is
thought that this is due to poor stability and compensa-
tory movements at the pelvis. Therefore, further work
again needs to be done, focusing on these muscle
groups, to improve the methodology with the aim of
improving reliability. Another note on further work con-
cerns the size of studies. The majority of studies involved
a small number of participants, ranging from only two
raters to 35 participants in comparative studies. Hébert
et al3* correctly identified that for these to be clinically
useful, larger samples must be used in the future. In addi-
tion, Poulsen et al?> suggested that to improve external
validity, more than two clinicians should be used in future
studies regarding inter-rater reliability. Finally, there are

only two studies which have described muscle strength
measurement and comparison in the context of FAL71
These comparative studies included 22 and 35 partici-
pants in each arm, however, despite the relatively low
numbers, the results have shown significantly weaker hip
muscles in FAl compared with normal controls. In addi-
tion, Harris-Heyes et al'" identified weaker muscles in the
unaffected hip of patients with FAI. This is surprising as
patients with FAl are commonly athletic, and it merits fur-
ther investigation. The paucity of research in this arena
creates an exciting opportunity for future research. It
must be highlighted that devising a standardised proto-
col for measuring hip muscle strength will improve the
ability to compare future studies and enable a better
understanding of the topic.

In conclusion, the most suitable method to measure
hip muscle strength in patients with FAI will depend on
the priorities of the situation and the aim of the measure-
ment. There are a large number of variables in any situa-
tion; to be able to compare findings of different studies, it
is pertinent to agree a set of ‘benchmarks’ in the meas-
urement of hip muscle strength. Ideally, this should be in
the form of a consensus between the centres where this
research is undertaken.

From this review we would suggest that the following
parameters are used in future research on the subject:

MDD and/or HHD could be used to record the meas-
urements but the assessor should remain constant if
HHD is to be used;

Make tests should be used and both isokinetic and
isometric strength values should be recorded;

Hip flexion and extension should be measured in
standing (not prone);

Hip rotation should be measured with hip in flexion
(sitting position).

Supplementary material
A table showing themes is available alongside the
online version of this article at http://www.bjr.
boneandjoint.org.uk
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