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ABSTRACT
Background: An active lifestyle has many health benefits but intensive exercise and low grade re-
petitive trauma may impact the health of joints. Good quality, controlled movement, may reduce
abnormal loading on joints and help prevent injury or when injuries do occur, prevent post-traumatic
osteoarthritis. Screening tools to visually assess movement quality can be used to prescribe appro-
priate exercise interventions to improve movement quality. An assessment tool that focuses on hip
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movement control is needed for use in clinical and field environments. Purpose: To describe a new
screening tool that assesses control of the hip, pelvis and lower limbs, the Hip and Lower Limb
Movement Screen (HLLMS), and test its intra- and inter-rater reliability. Methods: The HLLMS
includes five tests: small knee bend (SKB), standing hip flexion to 110�, side-lying hip abduction with
the leg laterally rotated, SKB with trunk rotation and deep squat. Reliability was tested in two samples
of young footballers aged 16–19 years; intra-rater in n ¼ 20 and inter-rater reliability in n ¼ 34. Per-
centage agreement (PA) and First-Order Coefficient (AC1) were calculated. Results: Intra-rater reli-
ability was excellent with almost perfect agreement for the overall HLLMS (PA 96%; AC1 0.93), with
strong inter-rater reliability (PA 88%; AC1 0.82). Conclusions: The HLLMS can identify movement
quality reliably in young community footballers. Poor movement patterns identified using the HLLMS
are intended to inform the design of targeted exercise programs to improve movement quality and
reduce injuries or prevent the progression of injuries to post-traumatic OA.

Keywords: Young footballers; Movement patterns; Movement screening tool.

INTRODUCTION

Joint damage, whether due to a single traumatic
injury or to repetitive abnormal loading, can con-
tribute to osteoarthritis (OA), which is a substan-
tial cause of disability. Knee injury is the classic
example of a traumatic event increasing the risk of
OA. Prospective studies report a 10-fold increased
risk of developing knee OA 12–20 years post-
injury compared with an uninjured population.85

At the hip, cammorphology of the femur, which is
an asphericity of the femoral head, also has an
increased risk of later hip OA2 For cam morphol-
ogy, however, it is not a single traumatic event
that contributes to the increased risk. Instead, al-
tered joint loading7,74,90 is thought to be the pri-
mary driver of hip OA in this young population.

For both post-traumatic OA107 and OA due to
altered loading,10 young sporting people are at
increased risk. Post-traumatic OA is recognized
as an increasing burden in young adults.4,107 Cam
morphology itself is thought to result from vig-
orous sports activity during the critical stages of
skeletal development.3,80 However, not all indi-
viduals with cam morphology develop femor-
oacetabular impingement syndrome (FAIS),
which is the triad of symptoms, morphology, and
clinical signs.43 Altered movement at the hip is
likely a contributing factor not only to the mor-
phology but also to the onset of symptoms.

Reducing in the risk of future OA is important
both because of the economic burden of the dis-
ease and the negative impact on quality of life.18

Strategies to prevent OA or delay its progression
through identifying modifiable factors, such as
abnormal movement patterns10,12 may help re-
duce the impact of OA. Movement screening tools
have gained popularity in the clinical setting to
predict injury risk and/or guide injury prevention
programs.21 Kiesel et al.52 suggested that range of
motion (ROM) and strength measurements are not
able to measure fundamental changes in motor
control following injury. Movement screening
tests are comprehensive and challenge compo-
nents of ROM, muscle strength and flexibility and
also coordination, proprioception and motor con-
trol of multiple body regions, which can be
assessed at the same time by observing movement
quality, defined as optimal motor control and joint
alignment.28,29,56,88,89,93 Therefore, whole body
tasks to assess changes in motor control are con-
sidered better than traditional measurements such
as ROM and strength.52 Tests to evaluate move-
ment control, termed “movement screening”, have
been recommended to assess movement quality to
identify altered kinematics in the belief that this is
linked to injury risk and peak performance,105 and
are considered important to identify dysfunction
or abnormal movement patterns.41

The Hip and Lower Limb Movement Screen
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Identifying, addressing and defining move-
ment is complex due to limited understanding
of the most efficient movement.77 However,
movement screening tools to assess movement
quality involve qualitative identification and rat-
ing of movement compensations, asymmetries,
impairments and inefficiency of movement con-
trol108 and can be evaluated with tests in which a
person is asked to cognitively controlmovement at
a specific joint (e.g. hip) while moving an adjacent
joint.17,26,35 Identified movement compensations,
asymmetries, impairments and inefficiency of
movement control may lead to a disturbance
or abnormality in the movement system. In
turn, this may cause a loss of movement precision,
contributing to repeated stresses to tissue, altera-
tions in control strategies and mechanical over-
load,28,76,89 possibly leading to pain.47,50

The Functional Movement Screen (FMS) is the
most widely used movement screening tool in
sporting and occupational environments, and has
been shown to be valid.14 and reliable.14,31 The
primary use of the FMS is for injury prediction
but evidence of its predictive ability is conflicting
in systematic reviews and meta-analyses indi-
cating that FMS is not predictive39,68,108 and is
predictive.14 These findings suggest the utility of
the FMS may be limited to specific situations and
led Bittencourt et al.13 to propose that the role of
movement screening change from injury risk
prediction to injury pattern recognition.

Existing movement screens lack specific focus
on assessing control of the hip, pelvis and lower
limb joints. Samar et al.91 proposed that the FMS
is not appropriate for assessing hip dysfunction,
as it does not correlate with the Timed 6-m Hop
and Triple Hop Distance tests, which are tools to
assess hip dysfunction. Also, the FMS has no
unilateral weight-bearing test, which is a com-
mon task needed in daily functions or sports9 and
more likely to highlight movement compensa-
tions than bilateral tasks.61 To address this

problem of lack of focus on hip control, the Hip
and Lower Limb Movement Screen (HLLMS)
was developed to assess movement quality. The
purpose of this screen is to inform exercise pro-
grams to maintain lower limb joint health by
ensuring good alignment and preventing abnor-
mal loading on joints. Such interventions aim to
prevent damage that could lead to OA or for
secondary prevention of OA post-trauma.4 This
paper describes the battery of movement tests
comprising the HLLMS, examination of its intra-
and inter-rater reliability using the model of
young male footballers, and potential applica-
tions in various cohorts, sports and occupations.

METHODS

This methodology consists of two parts: firstly, a
full description of the newly developed HLLMS,
followed by intra- and inter-rater reliability test-
ing of the screen. The study was conducted in
accordance with the guidelines of the Declaration
of Helsinki and was approved by the Faculty of
Health Sciences Ethics Committee at the Univer-
sity of Southampton. Written informed consent
was obtained from each participant. The data that
support the findings of this study are available
from the corresponding author (NB).

Development and Description of the
HLLMS Tool

The incidence of FAIS provides a useful model
for developing OA prevention programs, as re-
tired professional players have higher incidence
of hip OA and total hip replacement surgery than
the general population.96,100 The HLLMS was
first developed for young professional footballers
to characterize their movement faults.15,17 Cur-
rent literature and input from collaborating
experts were used to develop optimal benchmark
criteria for the HLLMS. The benchmark criteria

N. Booysen et al.
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were developed to challenge the hip and lower
limb to exaggerate the movement compensations
for an active population, possibly indicating hip
and/or lower limb dysfunction.32,55,59,72,103 For
example, movement disorders exist in people
with FAIS, showing smaller squat depth55 and
reduced posterior pelvic tilt,8,57 ipsilateral trunk
lean and pelvic rise towards the symptomatic
hip,33 greater hip flexion and anterior pelvic tilt60

and greater peak trunk flexion angles.46 Also,
patellofemoral pain (PFP) has been associated
with an increased peak hip adduction, internal
rotation, contralateral pelvic drop and dynamic
valgus index.71,94,103 These movement abnor-
malities relate to the criteria used in the HLLMS
of anterior pelvic tilt, trunk leaning forward,
femoral adduction/medial rotation (dynamic
valgus), hip hitching/drop and posterior pelvic
tilt. Preliminary findings from professional young
footballers showed restricted internal hip rotation
and poor movement control of hip flexion and
medial rotation,15,17 in one or more criteria com-
pared to the benchmark, indicating movement
faults in the HLLMS were increased hip flexion,
trunk leaning forwards, hips swaying back,
femoral line moving medially, hip hitching and
hip or pelvis rotation following the trunk.15,17 The
HLLMS was then applied to recreational foot-
ballers and refined after preliminary feasibility
and reliability testing, to produce the current
screen, for which preliminary intra- and inter-
rater reliability testing is described in this paper.
The screen is currently being tested in other
cohorts, as outlined later in the discussion.

Although the movement screening tool focuses
on hip and pelvic control, it also evaluates distal
lower limb movements and is thus termed the
HLLMS. The screen comprises five tests that can
be performed in the clinic or field environment
that do not require equipment. During the test
manoeuvres, the rater observes the quality of the
movement against benchmark criteria, by

assessing the presence or absence of a deviation
using a yes/no dichotomous scale, taking ap-
proximately 15min to complete all the tests. The
origins of each test and their purpose in
the context of the HLLMS are given below. The
test description and benchmark assessment cri-
teria are given in Appendix A. The benchmark
describes optimal movement, with good joint
alignment, as opposed to ‘normal’ movement.

TheHLLMS tests have been prioritized in order
of relevance determined by the reliability and va-
lidity of the HLLMS, as indicated in Table 1. A
mini- screen of Tests 1–3 can be performed when
time is restricted to perform the whole HLLMS.

Small knee bend (SKB) test

Purpose: Why the test was chosen?

. This test is regularly used to identify indivi-
duals at risk of musculoskeletal (MSK) injuries
to develop targeted exercise interventions and
reduce potential risk.103

. PFP is associated to greater peak hip adduc-
tion, internal rotation and contralateral pelvic
drop and dynamic valgus index when com-
pared with healthy people.71,94,103

. FAIS individuals show altered movement, in-
cluding squatting slower with less peak hip
adduction,61 increased hip flexion and anterior
pelvic tilt60 compared to healthy controls.

. Poor control of hip and knee alignment (in par-
ticular uncontrolled hipmedial rotation and knee
valgus), as well as studies where poor control of
pelvic tilt and rotationwas associatedwith higher

Table 1 Priority Order of the HLLMS Tests.

Number Tests

1 Small knee bend (SKB)
2 Standing hip flexion to 110�

3 Hip abduction with lateral rotation
4 SKB with trunk rotation
5 Deep squat

The Hip and Lower Limb Movement Screen
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lower extremity injury risk.36–38 The validity of
this test manoeuvre was demonstrated by
recordings of participants who graded poor on
the single leg squat test exhibited weaker and
slower muscle activation of the hip abductors
than participants graded as good performers,
therefore identifying hip muscle dysfunction.30

. The purposes of the test are to assess the ability to
maintain balance, postural control, and lower body
alignment,30 and the ability to actively dissociate
and control hip flexion and medial rotation.26

. See Appendix A (Test 1) for the optimal start-
ing position and benchmark description criteria
as illustrated in Fig. 1.

Standing hip flexion test (flex 0–110�)

Purpose: Why the test was chosen?

. Poor control is associated with dysfunction of
the hip abductor muscles on both the stance
and moving leg.69

. Altered hip control of increased contralateral
pelvic hike (hitch) is associated with increased
risk of acute non-contact knee injuries and an-
terior cruciate ligament (ACL) injuries.59

. This is a test of specific muscle recruitment/
concentric activation of the hip flexor stabi-
lizers (iliacus/pectineus)7,49 and assesses the
ability to actively dissociate and control hip
lateral rotation/abduction26

. See Appendix A (Test 2) for description and
benchmark criteria, and Fig. 2.(A) (B)

Fig. 1 SKB test (A) lateral view and (B) frontal view.

Benchmark Description: The individual stands on one leg by flexing
the unsupported knee to 90�, hip at 0� with the thigh aligned in
neutral, so the foot is behind the body.112 The 2nd metatarsal of the
weight bearing foot is aligned along the 10� neutral line of weight
transfer to ensure correct foot position.26 The pelvis is maintained
level and the trunk positioned vertical. The participant is instructed
to bend their weight bearing knee slightly, while keeping the heel on
the floor, which dorsi-flexes the ankle.17 During the SKB test the
body weight must be kept on the heel rather than the ball of the foot.
The line of the femur is on the 10� neutral line of weight transfer and
the knee aligns over the 2nd metatarsal.

Fig. 2 Standing hip flexion test (flex 0–110�).

Benchmark Description: The individual stands with their feet hip
width apart and toes pointing forward with the arms across the
chest. While keeping the pelvis level, the trunk vertical and the
weight-bearing knee in neutral, the opposite hip is flexed up to 110�

while flexing the knee.

N. Booysen et al.
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Hip abductor lateral rotator test

Purpose: Why the test was chosen?

. This test is conducted in side lying to assess
trunk and pelvic control during active lower
limb movement from an unstable position72

and maintenance of neutral trunk and pelvic
alignment in the frontal plane.32

. Assesses ability to actively dissociate and con-
trol hip medial rotation.

. Poor control may be associated with reduced
stabilizing ability of the gluteal lateral rotators,
especially deep posterior gluteus medius and
deep gluteus maximus.26

. See Appendix A for the optimal starting posi-
tion (Fig. 3) and the benchmark description
criteria (Test 3), as illustrated in Fig. 4.

SKB with trunk rotation test

Purpose: Why the test was chosen?

. The addition of trunk rotation to the SKB
test assesses relative stiffness (restrictions)88

of thoracolumbar rotation, while maintaining
pelvic control,26 as well as the ability to actively
dissociate and control medial rotation and
lateral rotation of the hip independently of

trunk rotation,26,58 as described in Appendix A
(Test 4) and illustrated in Fig. 5.

. Sports involving actions such as tackling,
kicking, catching, sprinting and change of di-
rection require trunk rotation to facilitate the
required movement task.

. Lumbo-pelvic movement dysfunction may be a
cause of hamstring injuries, suggesting muscle
imbalances increase the workload on the ham-
string muscles by decreasing gluteus maximus

Fig. 3 Optimal starting alignment for hip abductor stabi-
lizer tests.

Benchmark Description: The participant is in side lying with the pelvis
and spine in neutral alignment, and the underneath leg flexed for
support. The uppermost leg is extended and supported horizontally,
with the hip extended, as far as no lumbar extension or anterior
pelvic tilt occur.

(A)

(B)

Fig. 4 Hip abductor lateral rotator test (A) posterior view
and (B) superior view.

Benchmark Description: In the uppermost leg, the hip is laterally ro-
tated (50% of maximum range) and then lifted actively towards the
ceiling into hip abduction to 45�.

The Hip and Lower Limb Movement Screen
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muscle activation and increasing tensile stress
on the biceps femoris muscle, both possibly
affected by an anteriorly tilted pelvis.81

Deep squat test

Purpose: Why the test was chosen?

. A competent squat pattern requires major
joints of the lower body (i.e. foot, ankle, knee
and hip) and the lumbar and thoracic spine to
have adequate stability and mobility.89

. This test assesses pelvic stability and function
of the rectus femoris, hamstrings and hip ab-
ductor and adductor muscles.23,89

. Inability to perform a bodyweight squat at or
below 90 degrees of knee flexion with balance,
symmetry and control may imply generalized
body stiffness or restricted joint mobility and/
or stability within the kinetic chain.27,28

. Patients with FAIS demonstrated less squat
depth and altered lumbo-pelvic kinematics,
with smaller pelvic posterior tilt.7,8,57,73

. See Appendix A (Test 5) for description and
benchmark criteria, and Fig. 6.

Scoring of the HLLMS

A scoring system is used to grade the quality of
movement observed during the test procedures,
according to the criteria that define deviations of
the body segments from the benchmark (opti-
mum), by assessing the presence or absence of a
deviation. Deviations from the benchmark crite-
ria indicate poor movement control. Each
benchmark criterion is rated in response to a
question, as detailed in Appendix A, which is

Fig. 5 SKB with trunk rotation test to the right and left.

The benchmark position for the SKB with trunk rotation follows the
same protocol as the SKB test, then the individual rotates the
shoulders and upper trunk around to one side and then the other
side, without moving the pelvis, which remains facing forwards.
There should be symmetrical rotation of the thoracic spine to both
sides with the hip and pelvis remaining in neutral. At least 30� of
thoracic rotation should be achieved.

Fig. 6 Deep squat test.

Benchmark Description: The individual stands with their feet shoulder
width apart, arms forward and feet with the 2nd metatarsals aligned
along the 10� neutral line of weight transfer.26 The deep squat is
performed by flexing the knees and dorsi-flexing the ankles while
keeping the heels on the floor, keeping bodyweight on the heels. The
lines of the femurs should be horizontal with the floor while the
knees align to the 2nd metatarsals. The trunk is maintained vertical
or parallel with the tibiae.

N. Booysen et al.
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based on the specific movement quality of one or
more joints on a dichotomous scale, rated as ‘yes’,
meaning that the movement fault is present, or
‘no’, meaning that the movement fault is absent.
The five HLLMS tests include a total of 21 yes or
no questions.

The total score can be used as an outcome
measure to demonstrate changes in overall
movement quality over time in response to
interventions but must be used with caution. The
total score of a movement screen assumes
movement control ability to be unidimensional51

and may be misleading relative to the individual
item scores. It has been proposed that individual
movement patterns are more informative than
the summed scores.51 For the purposes of the
HLLMS, individual criteria scores are likely to be
more informative than summed scores for
directing intervention strategies to enable target-
ing of the weakest movement patterns, which
cannot be identified from the summed scores.

Reliability Testing - Participants and Data
Collection Procedure

Recreational footballers, aged 16–19 years, were
recruited using convenience sampling from clubs
in the South Central region of England. Clubs
were included if they carried out at least two
training sessions a week in addition to matches
played or practiced two to five times a week and
played 15–30 matches during the season. Player
exclusion criteria were as follows: playing pro-
fessional football, being injured and unable to
take part in football, lumbar spine pathology,
neurological or systemic disorders, bone or joint
problems or any condition preventing full par-
ticipation in all organized football activities.
Players were defined as injured until they were
fully fit to take part in all types of training and
matches,99 at which point they were eligible for
inclusion into the study.

The sample sizes necessary for reliability
studies vary in the literature, but it has been
suggested that for a true p of 0.7 against an al-
ternative p 1 of 0.9, based on a 5% significance
level and a power of 80% (beta ¼ 0:20) for two
raters or two time points, 19 participants are
needed.102 Similarly, Atkinson et al.5 suggested 20
participants as sufficient. Previous studies using
movement control tests have used 20 sub-
jects66,84,98; thus n ¼ 20 was considered accept-
able for the present intra and inter-reliability
studies.

Intra-rater reliability

Twenty participants were recorded during the
HLLMS using a digital video camera (Sony han-
dycam HDR CX280E, 8.9 megapixels, 1080 Full
HD, MP4) mounted on a tripod. The participants
were recorded from both the anterior and lateral
view to capture different movement faults from
different angles. The investigator (NB) rated the
movement patterns on two occasions, nine days
apart42,97,104 using the HLLMS scoring criteria
described in the previous section. A minimum of
a week between the ratings was used to minimize
the potential for the rater to remember the testing
scores from session one.54,62 Also, to further
minimize potential test–retest bias and the rater
recalling scores from session one, the order of
rating the videos was changed for session two.
The rater was permitted to watch the videos as
many times as necessary and at a speed that was
needed to score each test.

Inter-rater reliability

A total of 34 participants were screened by one
researcher (Rater 1) and examined for inter-rater
reliability. Fourteen participants were screened
by Rater 1 (NB) and Rater 2 (CL), while a further
20 participants were screened by Rater 1 (NB)
and Rater 3 (DW) simultaneously in real-time to

The Hip and Lower Limb Movement Screen
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establish inter-rater reliability. Rater 1 (NB) had
12 years’ MSK experience, four years skilled in
movement control assessment (predominantly
using the HLLMS) and attended the FMS course.
Rater 2 (CL) had 16 years’ MSK experience, one
month using the HLLMS but seven years using
movement control assessments. Rater 3 (DW) had
five years’ MSK experience, three months using
movement control assessment with no prior use
of the HLLMS. Both Raters 1 and 3 attended The
Performance Matrix: Movement and Performance
Screening course.

Statistical Analysis

Cohen’s Kappa.24,25 is commonly used to assess
reliability of movement screening.1,31,66,87 but
there are well-documented statistical problems
associated with the measure.20,22,40,66 Kappa is af-
fected by small numbers for some criteria, despite
high Percentage Agreement (PA), leading to the
paradox of Kappa.22 Therefore, to attempt to ad-
just overall PA for chance agreement and avoid
the paradox of Kappa, to assess the level of intra-
and inter-rater reliability for the observational
rating of the HLLMS, the PA and the First-Order
Coefficient (AC1) proposed by Gwet45 were used
for analysis. The AC1 statistic adjusts the overall
probability based on the chance that raters may
agree on a rating, despite raters giving a random

value.20,45 AC1 was calculated using Gwet’s AC1
formula.110 The scale used by McHugh64 to inter-
pret Kappa was used in this study to interpret
AC1 values, as the two types of values are con-
sidered to be similar, as highlighted by Gwet.45

The categories of the scale were 0–0.20 None; 0.21–
0.39 Minimal; 0.40–0.59 Weak; 0.60–0.79 Moder-
ate; 0.80–0.90 Strong; > 0.90 Almost perfect.64

RESULTS

The intra-rater reliability for the HLLMS was al-
most perfect, with an overall mean PA of 96%,
ranging from 94% during the SKB test to 98% in
the deep squat test (Table 2). The AC1 overall
mean agreement value for the screen was 0.93,
ranging from 0.90 during the SKB test to 0.96 in
the deep squat test (Table 2). The overall inter-
rater reliability (n ¼ 34) for the HLLMS was
strong, with an overall mean PA of 88% and AC1
of 0.82. The inter-rater reliability for Raters 1 and
2 (n ¼ 14) was almost perfect, with PA values
ranging from 64 to 100% (mean 93%) (Table 3).
While AC1 scores show strong agreement be-
tween Raters 1 and 2 with an overall mean of 0.89
(Table 3), the inter-rater reliability scores for
Raters 1 and 3 (n ¼ 20) were lower than Raters 1
and 2 (n ¼ 14), with an overall PA of 83% and
AC1 value of 0.74 (Table 4), indicating strong and
moderate agreement, respectively.

Table 2 Summary of the Intra-Rater Reliability (Means and Ranges) for Percentage
Agreement and AC1 for the HLLMS Tests in Young Male Recreational Footballers
(n= 20).

Test % Agreement Mean (Range) AC1 Mean (Range)

Small knee bend 94 (85–100) 0.90 (0.71–1.00)
Standing hip flexion 0–110� 96 (85–100) 0.91 (0.73–1.00)
Hip abduction with lateral rotation 96 (90–100) 0.95 (0.87–1.00)
Small knee bend with trunk rotation 96 (90–100) 0.94 (0.84–1.00)
Deep squat 98 (95–100) 0.96 (0.91–1.00)
Overall mean agreement 96 (85–100) 0.93 (0.71–1.00)

Notes: % ¼ percentage, � ¼ degrees.

N. Booysen et al.
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DISCUSSION

The HLLMS has been described in detail and
shown to have almost perfect intra-rater reliabil-
ity and strong inter-rater reliability in adolescent
male footballers. The HLLMS differs from previ-
ous movement screens, as it tests hip control in
isolation and poor control indicates that the hip
joint is vulnerable to abnormal loading. Whilst
the HLLMS uses some well-established test
manoeuvres, its novelty is the combination of
tests and the specific assessment of movement
quality against benchmark criteria for all seg-
ments of the lower limbs.

The present reliability results compare favor-
ably with those of other movement screens. The
intra-rater PA results were similar to those for the
Foundation Matrix tested in adults, which found

excellent overall PA for a very experienced rater
(97.5%; ranging from 87.5% to 100%) and a less
experienced rater (93.9%; 75–100%).66 The inter-
rater reliability by the Foundation Matrix
screening tool was also similar to this study
results with an overall mean PA of 87% (range
68–100%).66 Whatman et al.106 demonstrated a
mean intra-rater agreement for 26 physiothera-
pists rating a bilateral SKB, drop jump and single
leg SKB were substantial for all tests (PA: 79–
88%; AC1: 0.60–0.78), which were lower than this
study but included novice raters.

Higher inter-rater agreement shown between
Rater 1 vs. Rater 2 and between Rater 1 vs. Rater
3 may also reflect the experience of the raters.
Both physiotherapist Raters 1 and 2 had 12 and
16 years MSK experience, with additional four

Table 3 Summary of Inter-Rater Reliability (Means and Ranges) for Percentage
Agreement and AC1 for the HLLMS Tests in Young Male Recreational Footballers
(n= 14) between Raters 1 and 2.

Test % Agreement Mean (Range) AC1 Mean (Range)

Small knee bend 90 (69–100) 0.86 (0.43–1.00)
Standing hip flexion 0–110� 89 (64–100) 0.78 (0.37–1.00)
Hip abduction with lateral rotation 88 (79–100) 0.85 (0.66–1.00)
Small knee bend with trunk rotation 97 (86–100) 0.96 (0.81–1.00)
Deep squat 100 (100–100) 1.00 (1.00–1.00)
Overall mean agreement 93 (64–100) 0.89 (0.37–1.00)

Notes: % ¼ percentage, � ¼ degrees

Table 4 Summary of Inter-Rater Reliability (Means and Ranges) for Percentage
Agreement and AC1 for the HLLMS Tests in Young Male Recreational Footballers
(n= 20) between Raters 1 and 3.

Test % Agreement Mean (Range) AC1 Mean (Range)

Small knee bend 85 (70–100) 0.75 (0.48–1.00)
Standing hip flexion 0–110� 81 (65–95) 0.69 (0.41–0.95)
Hip abduction with lateral rotation 88 (75–100) 0.86 (0.68–1.00)
Small knee bend with trunk rotation 80 (60–100) 0.68 (0.31–1.00)
Deep squat 80 (80–80) 0.65 (0.63–0.66)
Overall mean agreement 83 (60–100) 0.74 (0.31–1.00)

Notes: % ¼ percentage, � ¼ degrees.

The Hip and Lower Limb Movement Screen
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and six years of movement screening experience,
respectively. Physiotherapist Rater 3 only had
five years’ MSK with three months of movement
screening experience. There is some evidence that
inter-rater agreement improves with experi-
ence.106 When observing gait, experienced thera-
pists showed higher levels of inter-rater
agreement with less variation between ratings.19

Furthermore, Von Porat et al.101 have shown that
knee movement pattern quality can be observed
reliably by experienced physiotherapists (ICC
0.57–0.76; p ¼ 0:001–0.032) who have undergone
prior training, while low levels of agreement
(� ¼ 0:16–0.28) were reported for novice athletic
trainers rating a single leg squat.34 In contrast,
Smith et al98 and Gulgin et al.44 suggested the
level of the raters’ experience did not influence
the inter-rater reliability. However, Whatman
et al.106 reported the lowest inter-rater agreement
(AC1: 0.32–0.47) in the group of physiotherapists
with less than five years’ experience. Therefore,
the higher inter-rater (Rater 1 vs. Rater 2) and
intra-rater results in this study supports the claim
that reliability can improve with experience,106 so
the influence of experience using the HLLMS
needs to be explored more comprehensively to
establish the generalizability of the tool.

In the above mentioned and this study, indi-
vidual test manoeuvres were examined sepa-
rately for reliability, whereas the total scores were
used for examining the reliability of the FMS,
which has shown good intra-rater reliability
(Intraclass correlation coefficient ¼ 0:87; 95%
CI ¼ 0:79–0.92) from a systematic review with
meta-analysis.31 Using total scores as opposed to
individual item scores in reliability analysis of
movement screens may be misleading, as it is not
possible to identify poor reliability of specific test
criteria, as highlighted by Mischiati et al.66 A
practical implication is that functional limitations
that need addressing clinically may be missed.78

Inter-rater reliability was classified as strong
and has since been found to be acceptable in
other cohorts using the HLLMS, including golfers
and military personnel (in preparation). Both
Rater 2 (CL) and Rater 3 (DW) had little experi-
ence and training using the HLLMS before testing
inter-rater reliability, which may have affected
their ratings. However, limited training and ex-
perience may reflect real-world setting, where
time and resources may be restricted.

Two aspects of validity of the observational
ratings made using the HLLMS have been ex-
amined: comparison with a gold standard (crite-
rion validity) and sensitivity to change. A case
study showed observational ratings from the SKB
and SKB with trunk rotation tests were supported
by kinematics measures using 3D motion analy-
sis.109 The case study also assessed the ability of
the HLLMS to detect change over time.109 Larger
studies to examine both these aspects are in
progress.

Post-traumatic OA is increasingly recognized
as a burden in young adults and modifiable,
through early detection and intervention for sec-
ondary prevention.107 There is evidence that
movement impairments at the hip and pelvis
may trigger injuries such as anterior cruciate
ligament tears,48 iliotibial band syndrome,75 and
patellofemoral joint pain.83 Therefore, improve-
ment in movement control at the hip and/or
pelvis may help prevent injuries more distally in
the kinetic chain. The HLLMS has a potential role
to play in identifying poor movement control for
primary prevention of injuries prior to partici-
pation in sports, training and competition92 and
secondary prevention of post-traumatic OA for
all lower limb segments.

Current movement screens in the literature
include the FMS,53 nine test screening battery,41

the foundation matrix,66,70 landing error scoring
system (LESS),79 soccer injury movement screen
(SIMS),63 and netball movement screening tool

N. Booysen et al.
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(NMST),84 which have mainly focused on pre-
dicting injury risk.11,108 Existing movement
screening tools do not specifically focus on hip
movement patterns or considers the impact of
motor control exercises on hip and pelvic move-
ment quality, which may help prevent or manage
hip, groin and lower limb pain and dysfunction.
However, preliminary observations using com-
ponents of the HLLMS suggest the tests can de-
tect movement control impairments.17 For
example, inability to control hip flexion and me-
dial rotation has been demonstrated in young
academy footballers.15 and adult professional
golfers.16

The intended purpose of the HLLMS to inform
targeted exercise interventions, as has been il-
lustrated in a proof of concept case study.109 For
example, the observed movement faults indicat-
ing poor hip flexion control can be associated
with increased trunk flexion and anterior pelvic
tilt.15,17,109 Also, increased anterior pelvic tilt have
been noted in individuals with FAIS compared to
healthy controls.6,60 and is suggested to relate to
altered hip extensor muscle strength/activa-
tion.7,86 These faults therefore indicate exercises
targeting gluteus maximus, e.g. bilateral bridge,
unilateral bridge, hip extension in quadruped on
elbows with the knee extended or flexed and a
forward lunge with an upright trunk.95 This
suggestion is supported by the case study of a
young footballer with hip pain showing im-
proved symptoms, and movement control of the
trunk and pelvis, following a motor control ex-
ercise program informed by the HLLMS.109 Sim-
ilarly, some movement screening tools have a
secondary objective to guide individual and cor-
rective exercise recommendations from findings
of poor movement quality.11 Examples include
the following five movement screening tools:
the FMS,.28 athletic ability assessment (AAA),65

modified 4 movement screen (M-4 MS),67 condi-
tioning specific movement tasks (CSMT)82 and

the foundation matrix,66 but these movement
screens do not specifically focus on the hip and
lower limb.

With the increasing aging population world-
wide and the growing incidence of people with
OA requiring treatment, the need to find modi-
fiable factors to influence the disease process is
crucial. The HLLMS could potentially identify
modifiable movement compensations and direct
referral for primary, secondary and tertiary pre-
vention, defined in the context of injury and OA
as follows:

. Primary prevention to protect healthy people
from developing or experiencing an injury
through risk reduction strategies.

. Secondary prevention to prevent re-injury or
overuse to avoid progression to OA or halting/
slowing the progression of OA in its early
stages.

. Tertiary prevention to guide management of
OA and reduce its impact on function, joint
longevity, delaying or preventing joint surgery,
and improve quality of life.

Interest in the HLLMS following presentation at
conferences15,16 has generated collaborative in-
ternational projects where the potential for vari-
ous applications of the screening tool are being
explored in different settings and populations.
Present and planned projects include examining
primary, secondary and tertiary prevention
strategies. Studies using the HLLMS to prescribe
exercise programs to improve movement quality
to protect hips and lower limb joints are being
conducted in young recreational football and
rugby players, professional footballers, ballet
dancers and military personnel. Another study
aims to examine whether the HLLMS can be used
to stratify patients for conservative management
of symptomatic hip and knee OA and another
study is using the HLLMS in patients with
hip-related pain in an orthopaedic setting.

The Hip and Lower Limb Movement Screen
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In addition, a modified HLLMS is being used in
the hip and knee OA study, as not all the
benchmark criteria are suitable for older symp-
tomatic people. This paper forms the basis for
these studies exploring clinical and field appli-
cations. It may transpire that the tests and/or
benchmark criteria within the HLLMS will re-
quire adaptations for specific sporting or occu-
pational groups and all five tests may not be
needed for each scenario.

CONCLUSIONS

This paper describes the HLLMS to identify poor
movement quality and its reliability for testing
young community footballers has been demon-
strated. The HLLMS is simple and quick to use,
and focuses on identifying specific deviations
from benchmark criteria for optimal hip and
lower limb movement control. The intention is to
use the outcome of the movement quality as-
sessment to inform targeted motor control exer-
cises. Several potential applications of the
HLLMS are being explored in various cohorts of
different ages and physical activity to examine
the utility of the screen for assessing movement
quality and informing exercise interventions to
improve movement control.
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Test 1 Small Knee Bend (SKB) Test.

Observed Abnormal Movement Patterns Questions Scoring Criteria (Yes/No)

Benchmark distance – knee does not move
more than 2 cm past the toes

Does the knee fail to move 2 cm past the toes?

Anterior pelvic tilt Does the pelvis begin in, or move (rotate) forwards (anteriorly)?
Trunk leans forward Does the trunk lean forwards (flex)?
Femoral adduction/medial rotation Is there an increase in dynamic valgus from the start position?
Hip hitching/drop Does the pelvis fail to stay level?

Benchmark Description: The individual stands on one leg by flexing the unsupported knee to 90�, hip at 0�

with the thigh aligned in neutral, so the foot is behind the body.112 The 2nd metatarsal of the weight bearing foot
is aligned along the 10� neutral line of weight transfer to ensure correct foot position.26 The pelvis is maintained
level and the trunk positioned vertical. The participant is instructed to bend their weight bearing knee slightly,
while keeping the heel on the floor, which dorsi-flexes the ankle.17 To standardise the amount of flexion relative
each individual, a piece of tape is placed on the floor in a T-shape. The individual stands with the long axis of the
foot aligned to the stem of the T; the 2nd toe placed on the stem. The individual is then asked to bend the knee,
without bending forward from the hips, until he/she can no longer see the top bar of the T-shape along the toes
(corresponding to more than 2 cm over the 2nd metatarsal or approximately 50� of knee flexion).1,111 During the
SKB test the body weight must be kept on the heel rather than the ball of the foot. The line of the femur is on the
10� neutral line of weight transfer and the knee aligns over the 2nd metatarsal (Fig. 1).111 Movement patterns are
observed while the test is performed; answering the appropriate questions.

APPENDIX A. BENCHMARK DESCRIPTIONS, OBSERVED MOVEMENT PATTERNS AND
QUESTIONS FOR THE OBSERVER (CRITERIA AGAINST BENCHMARK)
FOR THE FIVE TESTS OF THE HIP AND LOWER LIMB MOVEMENT
SCREEN

Test 2 Standing Hip Flexion Test (Flex 0–110�).

Observed Abnormal Movement Patterns Questions Scoring Criteria (Yes/No)

Benchmark distance hip not move to 110� flexion Does the hip fail to bend (flex) just beyond 90� (approximate 110�)?
Body leans backward Does the trunk lean backwards (extend)?
Posterior pelvic tilt Does the pelvis begin, or move (rotate) backwards (posterior)?
Knee flexed Does the weight bearing knee bend (flex)?
Hip hitching/drop Does the pelvis fail to stay level on the weight-bearing side?

Benchmark Description: The individual stands with their feet hip width apart and toes pointing forward with the arms
across the chest. While keeping the pelvis level, the trunk vertical and the weight-bearing knee in neutral, the opposite hip
is flexed up to 110� while flexing the knee (Fig. 2). Movement patterns are assessed against benchmark criteria by
answering the appropriate questions.

The Hip and Lower Limb Movement Screen
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Test 3 Hip Abductor Lateral Rotator Test.

Observed Abnormal Movement Patterns Questions Scoring Criteria (Yes/No)

Benchmark distance hip not move to 45� abduction Does the hip fail to abduct to 45�?
Pelvic hitching Does the pelvis fail to stay vertical (rotate up or down)?
Medial rotation hip Does the leg loose upward (lateral) rotation?
Flexion hip Does the hip/knee (leg) move forward flexion?
Rotation pelvis backwards or forwards Does the pelvis fail to stay vertical (rotate backwards or forwards)?

Benchmark Description: The participant is in side lying with the pelvis and spine in neutral alignment, and the underneath
leg flexed for support. The uppermost leg is extended and supported horizontally, with the hip extended, as far as no lumbar
extension or anterior pelvic tilt occur (Fig. 3). In the uppermost leg, the hip is laterally rotated (50% of maximum range) and
then lifted actively towards the ceiling into hip abduction to 45� (Fig. 4). Movement patterns are observed and assessed
against the benchmark criteria.

Test 4 SKB with Trunk Rotation Test.

Observed Abnormal Movement Patterns Questions Scoring Criteria (Yes/No)

Benchmark distance trunk rotation < 30� Does the trunk rotate less than 30�?
Hip hitching/drop Does the pelvis fail to stay level?
Hip and pelvis rotation to follow trunk Does the pelvis follow the trunk rotation?
Trunk flexion Does the trunk lean forwards (flex)?

Benchmark Description: The benchmark position for the SKB with trunk rotation fol-
lows the same protocol as the SKB test, then the individual rotates the shoulders and
upper trunk around to one side and then the other side, without moving the pelvis,
which remains facing forwards (Fig. 5). There should be symmetrical rotation of the
thoracic spine to both sides with the hip and pelvis remaining in neutral. At least 30� of
thoracic rotation should be achieved. Movement patterns are observed against bench-
mark criteria, answering the appropriate questions.

Test 5 Deep Squat Test.

Observed Abnormal Movement Patterns Questions Scoring Criteria (Yes/No)

Benchmark distance femur not horizontal Does the thigh (femur) fail to reach horizontal with the floor?
Trunk leans forward Does the trunk fail to stay parallel with the shin (tibia)?

Benchmark Description: The individual stands with their feet shoulder width apart, arms forward and feet
with the 2nd metatarsals aligned along the 10� neutral line of weight transfer.26 The deep squat is performed
by flexing the knees and dorsi-flexing the ankles while keeping the heels on the floor, keeping bodyweight
on the heels. The lines of the femurs should be horizontal with the floor while the knees align to the 2nd
metatarsals. The trunk is maintained vertical or parallel with the tibiae (Fig. 6). Movement patterns are
assessed against the benchmark criteria.

N. Booysen et al.

1950008-16

J.
 M

us
cu

lo
sk

el
et

. R
es

. 2
01

9.
22

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

A
M

PT
O

N
 H

A
R

T
L

E
Y

 L
IB

R
A

R
Y

 o
n 

06
/3

0/
20

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



References
1. Ageberg E, Bennell KL, Hunt MA, Simic M, Roos EM,

Creaby MW. Validity and inter-rater reliability of
medio-lateral knee motion observed during a single-
limb mini squat. BMC Musculoskelet Disord 11: 265,
2010.

2. Agricola R, Heijboer MP, Bierma-Zeinstra SMA,
Verhaar JAN, Weinans H, Waarsing J. Cam impinge-
ment causes osteoarthritis of the hip: A nationwide
prospective cohort study (CHECK). Ann Rheum Dis 72:
918–923, 2013.

3. Agricola R, Heijboer MP, Ginai AZ et al. A cam de-
formity is gradually acquired during skeletal matura-
tion in adolescent and young male soccer players: A
prospective study with minimum 2-year follow-up.
Am J Sports Med 42: 798–806, 2014.

4. Anderson DD, Chubinskaya S, Guilak F et al. Post-
traumatic osteoarthritis: Improved understanding and
opportunities for early intervention. J Ortho Res 29:
802–809, 2011.

5. Atkinson G, Nevill A. Selected issues in the design and
analysis of sport performance research. J Sport Sci 19:
811–827, 2001.

6. Azevedo DC, Paiva EB, Lopes AMA et al. Pelvic ro-
tation in femoroacetabular impingement is decreased
compared to other symptomatic hip conditions. J
Orthop Sports Phys Ther 46: 957–964, 2016.

7. Bagwell JJ, Powers CM. The influence of squat kine-
matics and cam morphology on acetabular stress.
Arthros: J Arthros Rel Surg 33: 1797–1803, 2017.

8. Bagwell JJ, Snibbe J, Gerhardt M, Powers CM. Hip
kinematics and kinetics in persons with and without
cam femoroacetabular impingement during a deep
squat task. Clin Biomech 31: 87–92, 2016.

9. Bailey R, Selfe J, Richards J. The role of the Trende-
lenburg test in the examination of gait. Phys Ther Rev
14: 190–197, 2009.

10. Bennell K, Hunter D, Vicenzino B. Long-term effects of
sport: preventing and managing OA in the athlete. Nat
Rev Rheumatol 8: 747–752, 2012.

11. Bennett H, Davison K, Arnold J, Slattery F, Martin M,
Norton K. Multicomponent musculoskeletal move-
ment assessment tools: A systematic review and criti-
cal appraisal of their development and applicability to
professional practice. J Strength Condition Res 31: 2903–
2919, 2017.

12. Bijlsma JWJ, Berenbaum F, Lafeber FPJG. Osteoar-
thritis: An update with relevance for clinical practice.
The Lancet 377: 2115–2126, 2011.

13. Bittencourt N, Meeuwisse W, Mendonça L, Nettel-
Aguirre A, Ocarino J, Fonseca S. Complex systems

approach for sports injuries: Moving from risk factor
identification to injury pattern recognition|narrative
review and new concept. Br J Sports Med 50: 1309–
1314, 2016.

14. Bonazza NA, Smuin D, Onks CA, Silvis ML, Dhawan
A. Reliability, validity, and injury predictive value of
the functional movement screen: A systematic review
and meta-analysis. Am J Sports Med 45: 725–732, 2017.

15. Booysen N, Warner M, Gimpel M, Mottram S,
Comerford M, Stokes M. Movement screening in
young academy footballers: Altered movement pat-
terns compared to the benchmark [abstract]. World
Confederation for Physical Therapy Congress, Cape Town,
SA, 2017.

16. Booysen N, Wilson D, Hawkes R, Dickenson E, Stokes
M, Warner M. Characterising movement patterns in
elite male professional golfers using an observational
hip and lower limb movement screen. Osteoarthr Car-
tilage 25: S356, 2017.

17. Botha N, Warner M, Gimpel M, Mottram S, Comerford
M, Stokes M. Movement patterns during a small knee
bend test in academy footballers with femor-
oacetabular impingement (FAI).Working Pap Health Sci
1: 10, 2014, Winter ISSN 2051-6266/20140056.

18. Brown TD, Johnston RC, Saltzman CL, Marsh JL,
Buckwalter JA. Posttraumatic osteoarthritis: A first
estimate of incidence, prevalence, and burden of dis-
ease. J Orthop Trauma 20: 739–744, 2006.

19. Brunnekreef JJ, van Uden CJ, van Moorsel S, Kooloos
JG. Reliability of videotaped observational gait analy-
sis in patients with orthopedic impairments. BMC
Musculoskelet Disord 6: 17, 2005.

20. Chan YH. Biostatistics 104: correlational analysis.
Singapore Med J 44: 614–619, 2003.

21. Chimera NJ, Warren M. Use of clinical movement
screening tests to predict injury in sport.World J Orthop
7: 202–217, 2016.

22. Cicchetti DV, Feinstein AR. High agreement but low
kappa: II. Resolving the paradoxes. J Clin Epidemiol 43:
551–558, 1990.

23. Claiborne TL, Armstrong CW, Gandhi V, Pincivero
DM. Relationship between hip and knee strength and
knee valgus during a single leg squat. J Appl Biomech
22: 41–50, 2006.

24. Cohen J. A coefficient of agreement for nominal scales.
Educ Psychol Meas 20: 37–46, 1960.

25. Cohen J. Weighted kappa: Nominal scale agreement
with provision for scaled disagreement or partial
credit. Phychol Bull 70: 213–220, 1968.

26. Comerford M, Mottram S. Kinetic Control: The Man-
agement of Uncontrolled Movement. 1st ed., Churchill
Livingstone, Australia, 2012.

The Hip and Lower Limb Movement Screen

1950008-17

J.
 M

us
cu

lo
sk

el
et

. R
es

. 2
01

9.
22

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

A
M

PT
O

N
 H

A
R

T
L

E
Y

 L
IB

R
A

R
Y

 o
n 

06
/3

0/
20

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.clinbiomech.2015.09.016&isi=000370092900014&citationId=p_8
https://www.worldscientific.com/action/showLinks?crossref=10.1177%2F001316446002000104&isi=A1960CCC3600004&citationId=p_24
https://www.worldscientific.com/action/showLinks?crossref=10.1186%2F1471-2474-11-265&isi=000285055300002&citationId=p_1
https://www.worldscientific.com/action/showLinks?crossref=10.1038%2Fnrrheum.2012.119&isi=000312128600009&citationId=p_10
https://www.worldscientific.com/action/showLinks?crossref=10.1177%2F0363546514524364&isi=000333686100008&citationId=p_3
https://www.worldscientific.com/action/showLinks?crossref=10.1186%2F1471-2474-6-17&isi=000228000300001&citationId=p_19
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2FS0140-6736%2811%2960243-2&isi=000292117800033&citationId=p_12
https://www.worldscientific.com/action/showLinks?crossref=10.1080%2F026404101317015447&isi=000170907200005&citationId=p_5
https://www.worldscientific.com/action/showLinks?crossref=10.5312%2Fwjo.v7.i4.202&isi=000439322300001&citationId=p_21
https://www.worldscientific.com/action/showLinks?crossref=10.1177%2F0363546516641937&isi=000396199500032&citationId=p_14
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.arthro.2017.03.018&isi=000412030400011&citationId=p_7
https://www.worldscientific.com/action/showLinks?crossref=10.1123%2Fjab.22.1.41&isi=000235330500005&citationId=p_23
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.joca.2017.02.606&isi=000406888100606&citationId=p_16
https://www.worldscientific.com/action/showLinks?crossref=10.1179%2F174328809X452836&citationId=p_9
https://www.worldscientific.com/action/showLinks?crossref=10.1037%2Fh0026256&isi=A1968C019100001&citationId=p_25
https://www.worldscientific.com/action/showLinks?crossref=10.1136%2Fannrheumdis-2012-201643&isi=000318907100027&citationId=p_2
https://www.worldscientific.com/action/showLinks?crossref=10.1097%2F01.bot.0000246468.80635.ef&isi=000242363200015&citationId=p_18
https://www.worldscientific.com/action/showLinks?crossref=10.1519%2FJSC.0000000000002058&isi=000411478300032&citationId=p_11
https://www.worldscientific.com/action/showLinks?crossref=10.1002%2Fjor.21359&isi=000290360300002&citationId=p_4
https://www.worldscientific.com/action/showLinks?crossref=10.1136%2Fbjsports-2015-095850&isi=000387987500009&citationId=p_13
https://www.worldscientific.com/action/showLinks?crossref=10.2519%2Fjospt.2016.6713&isi=000387638800005&citationId=p_6
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2F0895-4356%2890%2990159-M&isi=A1990DG55500003&citationId=p_22


27. Cook G. Athletic Body in Balance. Human Kinetics,
2003.

28. Cook G, Burton L, Hoogenboom B. Pre-participation
screening: The use of fundamental movements as an
assessment of function – Part 1. N Am J Sports Phys
Ther 1: 62–72, 2006.

29. Cook G, Burton L, Hoogenboom B. Pre-participation
screening: The use of fundamental movements as an
assessment of function – Part 2. N Am J Sports Phys
Ther 1: 132–139, 2006.

30. Crossley KM, Zhang W-J, Schache AG, Bryant A,
Cowan SM. Performance on the single-leg squat task
indicates hip abductor muscle function. Am J Sports
Med 39: 866–873, 2011.

31. Cuchna JW, Hoch MC, Hoch JM. The interrater and
intrarater reliability of the functional movement
screen: A systematic review with meta-analysis. Phys
Ther Sport 19: 57–65, 2016.

32. Davis AM, Bridge P, Miller J, Nelson-Wong E. Inter-
rater and intrarater reliability of the active hip ab-
duction test. J Orthop Sports Phys Ther 41: 953–960,
2011.

33. Diamond LE, Bennell KL, Wrigley TV et al. Trunk,
pelvis and hip biomechanics in individuals with
femoroacetabular impingement syndrome: Strategies
for step ascent. Gait Posture 61: 176–182, 2018.

34. DiMattia MA, Livengood AL, Uhl TL, Mattacola CG,
Malone TR. What are the validity of the single-leg-
squat test and its relationship to hip-abduction
strength? J Sport Rehabil 14: 108–123, 2005.

35. Dingenen B, Blandford L, Comerford M, Staes F,
Mottram S. The assessment of movement health in
clinical practice: A multidimensional perspective. Phys
Therapy Sport 32: 282–292, 2018.

36. Dingenen B, Malfait B, Nijs S et al. Postural stability
during single-leg stance: A preliminary evaluation of
noncontact lower extremity injury risk. J Orthopaedic
Sports Phys Therapy 46: 650–657, 2016.

37. Dingenen B, Malfait B, Nijs S et al. Can two-dimen-
sional video analysis during single-leg drop vertical
jumps help identify non-contact knee injury risk? A
one-year prospective study. Clin Biomech 30: 781–787,
2015.

38. Dingenen B, Malfait B, Vanrenterghem J, Verschueren
SM, Staes FF. The reliability and validity of the mea-
surement of lateral trunk motion in two-dimensional
video analysis during unipodal functional screening
tests in elite female athletes. Phys Ther Sport 15: 117–
123, 2014.

39. Dorrel BS, Long T, Shaffer S, Myer GD. Evaluation of
the functional movement screen as an injury predic-
tion tool among active adult populations: A systematic

review and meta-analysis. Sports Health 7: 532–537,
2015.

40. Eugenio BD, Glass M. The Kappa statistic: A second
look. J Comput Ling 30: 95–101, 2004.

41. Frohm A, Heijne A, Kowalski J, Svensson P, Mykle-
bust G. A nine-test screening battery for athletes: a
reliability study. Scand J Med Sci Sports 22: 306–315,
2012.

42. Gribble PA, Brigle J, Pietrosimone BG, Pfile KR,
Webster KA. Intrarater reliability of the functional
movement screen. J Strength Cond Res 27: 978–981,
2013.

43. Griffin D, Dickenson E, O’Donnell J et al. The Warwick
Agreement on femoroacetabular impingement syn-
drome (FAI syndrome): An international consensus
statement. Brit J Sports Med 50: 1169–1176, 2016.

44. Gulgin H, Hoogenboom B. The functional move-
ment screening (fms)

TM
: An inter-rater reliability study

between raters of varied experience. Int J Sports Phys
Ther 9: 14–20, 2014.

45. Gwet KL. Computing inter-rater reliability and its
variance in the presence of high agreement. Br J Math
Stat Psychol 61: 29–48, 2008.

46. Hammond CA, Hatfield GL, Gilbart MK, Garland SJ,
Hunt MA. Trunk and lower limb biomechanics during
stair climbing in people with and without symptom-
atic femoroacetabular impingement. Clin Biomech 42:
108–114, 2017.

47. Hammoud S, Bedi A, Voos JE, Mauro CS, Kelly BT.
The recognition and evaluation of patterns of com-
pensatory injury in patients with mechanical hip pain.
Sports Health 6: 108–118, 2014.

48. Hewett TE, Myer GD, Ford KR et al. Biomechanical
measures of neuromuscular control and valgus load-
ing of the knee predict anterior cruciate ligament in-
jury risk in female athletes: A prospective study. Am J
Sports Med 33: 492–501, 2005.

49. Hislop HJ, Montgomery J. Daniels and Worthingham’s
Muscle Testing: Techniques of Manual Examination. 8th
ed., Saunders Elsevier, St. Louis, Missouri, pp. 180–
184, 2007.

50. Hodges PW, Tucker K. Moving differently in pain: a
new theory to explain the adaptation to pain. Pain 152:
18, 2011.

51. Kazman JB, Galecki JM, Lisman P, Deuster PA,
O’Connor FG. Factor structure of the functional
movement screen in marine officer candidates. J
Strength Cond Res 28: 672–678, 2014.

52. Kiesel K, Plisky P, Butler R. Functional movement test
scores improve following a standardized off-season
intervention program in professional football players.
Scand J Med Sci Sport 21: 287–292, 2011.

N. Booysen et al.

1950008-18

J.
 M

us
cu

lo
sk

el
et

. R
es

. 2
01

9.
22

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

A
M

PT
O

N
 H

A
R

T
L

E
Y

 L
IB

R
A

R
Y

 o
n 

06
/3

0/
20

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://www.worldscientific.com/action/showLinks?crossref=10.1177%2F1941738114522201&citationId=p_47
https://www.worldscientific.com/action/showLinks?crossref=10.1162%2F089120104773633402&isi=000220741000005&citationId=p_40
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.gaitpost.2018.01.005&isi=000428028400024&citationId=p_33
https://www.worldscientific.com/action/showLinks?crossref=10.1519%2FJSC.0b013e31825c32a8&isi=000316912400014&citationId=p_42
https://www.worldscientific.com/action/showLinks?crossref=10.1519%2FJSC.0b013e3182a6dd83&isi=000332153100012&citationId=p_51
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.ptsp.2018.04.008&isi=000438180300040&citationId=p_35
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.clinbiomech.2015.06.013&isi=000362145900003&citationId=p_37
https://www.worldscientific.com/action/showLinks?crossref=10.1177%2F0363546510395456&isi=000289071300024&citationId=p_30
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.clinbiomech.2017.01.015&isi=000395603500017&citationId=p_46
https://www.worldscientific.com/action/showLinks?crossref=10.1177%2F1941738115607445&isi=000214895400009&citationId=p_39
https://www.worldscientific.com/action/showLinks?crossref=10.2519%2Fjospt.2011.3684&isi=000298125600008&citationId=p_32
https://www.worldscientific.com/action/showLinks?crossref=10.1177%2F0363546504269591&isi=000227966000002&citationId=p_48
https://www.worldscientific.com/action/showLinks?crossref=10.1111%2Fj.1600-0838.2010.01267.x&isi=000304314500002&citationId=p_41
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.pain.2010.10.020&isi=000287307200012&citationId=p_50
https://www.worldscientific.com/action/showLinks?crossref=10.1123%2Fjsr.14.2.108&isi=000229163100002&citationId=p_34
https://www.worldscientific.com/action/showLinks?crossref=10.1136%2Fbjsports-2016-096743&isi=000383468100007&citationId=p_43
https://www.worldscientific.com/action/showLinks?crossref=10.1111%2Fj.1600-0838.2009.01038.x&isi=000288249800016&citationId=p_52
https://www.worldscientific.com/action/showLinks?crossref=10.2519%2Fjospt.2016.6278&isi=000385287300006&citationId=p_36
https://www.worldscientific.com/action/showLinks?crossref=10.1348%2F000711006X126600&isi=000256524900002&citationId=p_45
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.ptsp.2013.05.001&isi=000336112000008&citationId=p_38
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.ptsp.2015.12.002&isi=000376549800009&citationId=p_31


53. Kiesel K, Plisky PJ, Voight ML. Can serious injury in
professional football be predicted by a preseason
functional movement screen? North Am J Sports Physl
Therapy 2: 147, 2007.

54. Kimberlin CL, Winterstein AL. Validity and reliability
of measurement instruments used in research. Am J
Health-Syst Pharm 65: 2276–2284, 2008.

55. King MG, Lawrenson PR, Semciw AI, Middleton KJ,
Crossley KM. Lower limb biomechanics in femor-
oacetabular impingement syndrome: A systematic re-
view and meta-analysis. Br J Sports Med 52: 566–580,
2018.

56. Kivlan BR, Martin RL. Functional performance testing
of the hip in athletes: A systematic review for reli-
ability and validity. Int J Sports Phys Ther 7: 402–412,
2012.

57. Lamontagne M, Kennedy MJ, Beaul�e PE. The effect of
cam FAI on hip and pelvic motion during maximum
squat. Clin Orthop Relat Res 467: 645–650, 2009.

58. Lee RY, Wong TK. Relationship between the move-
ments of the lumbar spine and hip. Human Movement
Sci 21: 481–494, 2002.

59. Leppänen M, Rossi MT, Parkkari J et al. Altered hip
control during a standing knee-lift test is associated
with increased risk of knee injuries. Scand J Med Sci-
Sports 2020.

60. Lewis CL, Loverro KL, Khuu A. Kinematic differences
during single-leg step-down between individuals with
femoroacetabular impingement syndrome and indivi-
duals without hip pain. J Orthopaedic Sports Phys Ther
48: 270–279, 2018.

61. Malloy P, Neumann DA, Kipp K. Hip biomechanics
during a single-leg squat: 5 key differences between
people with femoroacetabular impingement syndrome
and those without hip pain. J Orthopaedic Sports Phys
Ther 49: 908–916, 2019.

62. Marx RG, Menezes A, Horovitz L, Jones EC, Warren
RF. A comparison of two time intervals for test-retest
reliability of health status instruments. J Clin Epidemiol
56: 730–735, 2003.

63. McCunn R, aus der Fünten K, Govus A, Julian R,
Schimpchen J, Meyer T. The intra-and inter-rater reli-
ability of the soccer injury movement screen (SIMS).
Int J Sports Phys Therapy 12: 53, 2017.

64. McHugh ML. Interrater reliability: The kappa statistic.
Biochem Med 22: 276–282, 2012.

65. McKeown I, Taylor-McKeown K, Woods C, Ball N.
Athletic ability assessment: A movement assessment
protocol for athletes. Int J Sports Phys Therapy 9: 862,
2014.

66. Mischiati CR, Comerford M, Gosford E et al. Intra
and inter-rater reliability of screening for movement

impairments: Movement control tests from the foun-
dation matrix. J Sports Sci Med 14: 427–440, 2015.

67. Moore N, Kertesz A, Bird S. A modified movement
screen for pre-elite youth athletes. J Aust Strength Cond
20: 44–53, 2012.

68. Moran RW, Schneiders AG, Mason J, Sullivan SJ. Do
functional movement screen (FMS) composite scores
predict subsequent injury? A systematic review with
meta-analysis. Br J Sports Med 51: 1661–1669, 2017.

69. Morrissey D, Graham J, Screen H et al. Coronal plane
hip muscle activation in football code athletes with
chronic adductor groin strain injury during standing
hip flexion. Manual Ther 17: 145–149, 2012.

70. Mottram S, Comerford M. A new perspective on risk
assessment. Phys Ther Sport 9: 40–51, 2008.

71. Neal BS, Barton CJ, Gallie R, O’Halloran P, Morrissey
D. Runners with patellofemoral pain have altered
biomechanics which targeted interventions can modi-
fy: A systematic review and meta-analysis. Gait Posture
45: 69–82, 2016.

72. Nelson-Wong E, Flynn T, Callaghan JP. Development
of active hip abduction as a screening test for identi-
fying occupational low back pain. J Orthop Sports Phys
Ther 39: 649–657, 2009.

73. Ng KG, Lamontagne M, Adamczyk AP, Rahkra KS,
Beaul�e PE. Patient-specific anatomical and functional
parameters provide new insights into the patho-
mechanism of cam FAI. Clin Orthop Rel Res 473: 1289–
1296, 2015.

74. Ng KG, Mantovani G, Lamontagne M, Labrosse MR,
Beaul�e PE. Increased hip stresses resulting from a cam
deformity and decreased femoral neck-shaft angle
during level walking. Clin Orthop Rel Res 475: 998–
1008, 2017.

75. Noehren B, Davis I, Hamill J. ASB clinical biome-
chanics award winner 2006: Prospective study of the
biomechanical factors associated with iliotibial band
syndrome. Clin Biomech 22: 951–956, 2007.

76. O’Sullivan P. Diagnosis and classification of chronic
low back pain disorders: Maladaptive movement and
motor control impairments as underlying mechanism.
Man Ther 10: 242–255, 2005.

77. Okada T, Huxel KC, Nesser TW. Relationship between
core stability, functional movement, and performance.
J Strength Cond Res 25: 252–261, 2011.

78. Onate JA, Dewey T, Kollock RO et al. Real-time in-
tersession and interrater reliability of the functional
movement screen. J Strength Cond Res 26: 408–415,
2012.

79. Padua DA, Marshall SW, Boling MC, Thigpen CA,
Garrett WE, Beutler AI. The landing error scoring
system (LESS) is a valid and reliable clinical

The Hip and Lower Limb Movement Screen

1950008-19

J.
 M

us
cu

lo
sk

el
et

. R
es

. 2
01

9.
22

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

A
M

PT
O

N
 H

A
R

T
L

E
Y

 L
IB

R
A

R
Y

 o
n 

06
/3

0/
20

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://www.worldscientific.com/action/showLinks?crossref=10.2519%2Fjospt.2009.3093&isi=000269569900001&citationId=p_72
https://www.worldscientific.com/action/showLinks?crossref=10.1007%2Fs11999-016-5038-2&isi=000405435500013&citationId=p_74
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2FS0167-9457%2802%2900117-3&isi=000179976400004&citationId=p_58
https://www.worldscientific.com/action/showLinks?crossref=10.2519%2Fjospt.2018.7794&isi=000429822600006&citationId=p_60
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.math.2005.07.001&isi=000233373400002&citationId=p_76
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.math.2011.12.003&citationId=p_69
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2FS0895-4356%2803%2900084-2&isi=000185298500005&citationId=p_62
https://www.worldscientific.com/action/showLinks?crossref=10.1519%2FJSC.0b013e318220e6fa&isi=000299857600012&citationId=p_78
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.gaitpost.2015.11.018&isi=000372510500013&citationId=p_71
https://www.worldscientific.com/action/showLinks?crossref=10.1136%2Fbjsports-2017-097839&isi=000430191000008&citationId=p_55
https://www.worldscientific.com/action/showLinks?crossref=10.11613%2FBM.2012.031&isi=000309525200005&citationId=p_64
https://www.worldscientific.com/action/showLinks?crossref=10.1007%2Fs11999-014-3797-1&isi=000350885600017&citationId=p_73
https://www.worldscientific.com/action/showLinks?crossref=10.1007%2Fs11999-008-0620-x&isi=000263070900007&citationId=p_57
https://www.worldscientific.com/action/showLinks?isi=000355271300025&citationId=p_66
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.clinbiomech.2007.07.001&isi=000250464200001&citationId=p_75
https://www.worldscientific.com/action/showLinks?crossref=10.1136%2Fbjsports-2016-096938&isi=000415820900007&citationId=p_68
https://www.worldscientific.com/action/showLinks?crossref=10.2519%2Fjospt.2019.8356&isi=000499696100005&citationId=p_61
https://www.worldscientific.com/action/showLinks?crossref=10.1519%2FJSC.0b013e3181b22b3e&isi=000285623000036&citationId=p_77
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.ptsp.2007.11.003&isi=000254228600007&citationId=p_70
https://www.worldscientific.com/action/showLinks?crossref=10.2146%2Fajhp070364&isi=000261067400022&citationId=p_54
https://www.worldscientific.com/action/showLinks?isi=000404134300006&citationId=p_63
https://www.worldscientific.com/action/showLinks?crossref=10.1177%2F0363546509343200&isi=000270272700013&citationId=p_79


assessment tool of jump-landing biomechanics: The
JUMP-ACL study. Am J Sports Med 37: 1996–2002,
2009.

80. Palmer A, Fernquest S, Gimpel M et al. Physical ac-
tivity during adolescence and the development of cam
morphology: A cross-sectional cohort study of 210
individuals. Br J Sport Med 2017, doi: 10.1136/bjsports-
2017-097626.

81. Panayi S. The need for lumbar–pelvic assessment in
the resolution of chronic hamstring strain. J Bodyw Mov
Ther 14: 294–298, 2010.

82. Parsonage JR, Williams RS, Rainer P, McKeown I,
Williams MD. Assessment of conditioning-specific
movement tasks and physical fitness measures in tal-
ent identified under 16-year-old rugby union players. J
Strength Cond Res 28: 1497–1506, 2014.

83. Powers CM. The influence of altered lower-extremity
kinematics on patellofemoral joint dysfunction: A
theoretical perspective. J Orthopaedic Sports Phys Ther
33: 639–646, 2003.

84. Reid DA, Vanweerd RJ, Larmer PJ, Kingstone R. The
inter and intra rater reliability of the netball movement
screening tool. J Sci Med Sport 18: 353–357, 2015.

85. Roos EM. Joint injury causes knee osteoarthritis in
young adults. Curr Opin Rheumatol 17: 195–200, 2005.

86. Ross JR, Nepple JJ, Philippon MJ, Kelly BT, Larson
CM, Bedi A. Effect of changes in pelvic tilt on range of
motion to impingement and radiographic parameters
of acetabular morphologic characteristics. Am J Sports
Med 42: 2402–2409, 2014.

87. Rowsome K, Comerford M, Mottram S, Samuel D,
Stokes M. Movement control testing of older people in
community settings: Description of a screening tool
and intra-rater reliability. Working Pap Health Sci 1: 15,
2016, Spring: 1-12 ISSN 2051-6266/20150091.

88. Sahrmann S, Azevedo DC, Van Dillen L. Diagnosis
and treatment of movement system impairment syn-
dromes. Braz J Phys Ther 21: 391–399, 2017.

89. Sahrmann SA. Diagnosis and Treatment of Movement
Impairment Syndromes. St Louis, Mosby, 2002.

90. Samaan MA, Schwaiger BJ, Gallo MC et al. Joint
loading in the sagittal plane during gait is associated
with hip joint abnormalities in patients with femor-
oacetabular impingement. Am J Sports Med 45: 810–
818, 2017.

91. Samar Z, Bansal A. The relationship between self-
reported and on field lower extremity functional assess-
ment tools used for assessing functional status in hip
dysfunction athletes. Int J Sports Sci 3: 172–182, 2013.

92. Sanders B, Turner AB, Boucher B. Preparticipation
screening-The sports physical therapy perspective. Int
J Sports Phys Ther 8: 180–193, 2013.

93. Schneiders AG, Davidsson Å, H€orman E, Sullivan SJ.
Functional movement screen normative values in a
young, active population. Int J Sports Phys Ther 6: 75–
82, 2011.

94. Scholtes SA, Salsich GB. A dynamic valgus index that
combines hip and knee angles: assessment of utility in
females with patellofemoral pain. Int J Sports Phys Ther
12: 333, 2017.

95. Selkowitz DM, Beneck GJ, Powers CM. Which exer-
cises target the gluteal muscles while minimizing ac-
tivation of the tensor fascia lata? Electromyographic
assessment using fine-wire electrodes. J Orthopaedic
Sports Phys Ther 43: 54–64, 2013.

96. Shepard GJ, Banks AJ, Ryan WG. Ex-professional as-
sociation footballers have an increased prevalence of
osteoarthritis of the hip compared with age matched
controls despite not having sustained notable hip in-
juries. Br J Sports Med 37: 80–81, 2003.

97. Shultz R, Anderson SC, Matheson GO, Marcello B,
Besier T. Test-retest and interrater reliability of the
functional movement screen. J Athl Train 48: 331–336,
2013.

98. Smith CA, Chimera NJ, Wright NJ, Warren M. Inter-
rater and intrarater reliability of the functional move-
ment screen, J Strength Cond Res 27: 982–987, 2013.

99. Soligard T, Myklebust G, Steffen K et al. Compre-
hensive warm-up programme to prevent injuries in
young female footballers: cluster randomised con-
trolled trial. BMJ 337: 2008, doi: http://dx.doi.org/
10.1136/bmj.a2469.

100. Turner AP, Barlow JH, Heathcote-Elliott C. Long term
health impact of playing professional football in the
United Kingdom. Br J Sports Med 34: 332–336, 2000.

101. Von Porat A, Holmstr€om E, Roos E. Reliability and va-
lidityofvideotaped functionalperformance tests inACL-
injured subjects. Physiother Res Int 13: 119–130, 2008.

102. Walter S, Eliasziw M, Donner A. Sample size and
optimal designs for reliability studies. Stat Med 17:
101–110, 1998.

103. Warner MB, Wilson DA, Herrington L et al. A sys-
tematic review of the discriminating biomechanical
parameters during the single leg squat. Phys Therapy
Sport 2019.

104. Weir JP. Quantifying test-retest reliability using the
intraclass correlation coefficient and the SEM. J
Strength Cond Re 19: 231–240, 2005.

105. Whatman C, Hing W, Hume P. Kinematics during
lower extremity functional screening tests–are they
reliable and related to jogging? Phys Ther Sport 12: 22–
29, 2011.

106. Whatman C, Hume P, Hing W. The reliability and
validity of physiotherapist visual rating of dynamic

N. Booysen et al.

1950008-20

J.
 M

us
cu

lo
sk

el
et

. R
es

. 2
01

9.
22

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

A
M

PT
O

N
 H

A
R

T
L

E
Y

 L
IB

R
A

R
Y

 o
n 

06
/3

0/
20

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.ptsp.2010.10.006&isi=000287467600004&citationId=p_105
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.bjpt.2017.08.001&isi=000417004700002&citationId=p_88
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.jbmt.2009.08.004&citationId=p_81
https://www.worldscientific.com/action/showLinks?crossref=10.4085%2F1062-6050-48.2.11&isi=000323894600005&citationId=p_97
https://www.worldscientific.com/action/showLinks?crossref=10.1177%2F0363546516677727&isi=000397492700008&citationId=p_90
https://www.worldscientific.com/action/showLinks?crossref=10.1136%2Fbjsm.34.5.332&isi=000089863400008&citationId=p_100
https://www.worldscientific.com/action/showLinks?crossref=10.2519%2Fjospt.2003.33.11.639&isi=000186785000002&citationId=p_83
https://www.worldscientific.com/action/showLinks?crossref=10.1002%2F%28SICI%291097-0258%2819980115%2917%3A1%3C101%3A%3AAID-SIM727%3E3.0.CO%3B2-E&isi=000071921400008&citationId=p_102
https://www.worldscientific.com/action/showLinks?crossref=10.1097%2F01.bor.0000151406.64393.00&isi=000228079200015&citationId=p_85
https://www.worldscientific.com/action/showLinks?isi=000404135400004&citationId=p_94
https://www.worldscientific.com/action/showLinks?isi=000227147800038&citationId=p_104
https://www.worldscientific.com/action/showLinks?crossref=10.1136%2Fbjsm.37.1.80&isi=000180746300017&citationId=p_96
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.ptsp.2012.07.001&isi=000322802000007&citationId=p_106
https://www.worldscientific.com/action/showLinks?crossref=10.1519%2FJSC.0000000000000298&isi=000337152800002&citationId=p_82
https://www.worldscientific.com/action/showLinks?crossref=10.1519%2FJSC.0b013e3182606df2&isi=000316912400015&citationId=p_98
https://www.worldscientific.com/action/showLinks?crossref=10.1002%2Fpri.401&citationId=p_101
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.jsams.2014.05.008&isi=000354008200023&citationId=p_84
https://www.worldscientific.com/action/showLinks?crossref=10.1177%2F0363546514541229&isi=000342805000018&citationId=p_86
https://www.worldscientific.com/action/showLinks?crossref=10.2519%2Fjospt.2013.4116&isi=000314144900003&citationId=p_95


pelvis and knee alignment in young athletes. Phys Ther
Sport 14: 168–174, 2013.

107. Whittaker J, Woodhouse L, Nettel-Aguirre A, Emery
C. Outcomes associated with early post-traumatic os-
teoarthritis and other negative health consequences 3–
10 years following knee joint injury in youth sport.
Osteoarthr Cartilage 23: 1122–1129, 2015.

108. Whittaker JL, Booysen N, De La Motte S et al. Pre-
dicting sport and occupational lower extremity injury
risk through movement quality screening: A system-
atic review. Br J Sports Med 51: 580–585, 2017, doi:
510.1136/bjsports-2016-096760.

109. Wilson DA, Booysen N, Dainese P, Heller MO, Stokes
M, Warner MB. Accuracy of movement quality
screening to document effects of neuromuscular con-
trol retraining exercises in a young ex-footballer with
hip and groin symptoms: A proof of concept case

study. Med Hypotheses 120: 116–120, 2018, https://doi.
org/110.1016/j.mehy.2018.1008.1027.

110. Wongpakaran N, Wongpakaran T, Wedding D, Gwet
KL. A comparison of Cohen’s Kappa and Gwet’s AC1
when calculating inter-rater reliability coefficients: A
study conducted with personality disorder samples.
BMC Med Res Methodol 13: 61, 2013.

111. Bremander AB, Dahl LL, Roos EM. Validity and reli-
ability of functional performance tests in meniscecto-
mized patients with or without knee osteoarthritis.
Scand J Med Sci Sports 17: 120–127, 2007.

112. Chmielewski TL, Hodges MJ, Horodyski M, Bishop
MD, Conrad BP, Tillman SM. Investigation of clinician
agreement in evaluating movement quality during
unilateral lower extremity functional tasks: A com-
parison of 2 rating methods. J Orthop Sports Phys Ther
37: 122–129, 2007.

The Hip and Lower Limb Movement Screen

1950008-21

J.
 M

us
cu

lo
sk

el
et

. R
es

. 2
01

9.
22

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

SO
U

T
H

A
M

PT
O

N
 H

A
R

T
L

E
Y

 L
IB

R
A

R
Y

 o
n 

06
/3

0/
20

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.joca.2015.02.021&isi=000356446300012&citationId=p_107
https://www.worldscientific.com/action/showLinks?crossref=10.1016%2Fj.mehy.2018.08.027&isi=000447100300020&citationId=p_109
https://www.worldscientific.com/action/showLinks?isi=000244886700005&citationId=p_111
https://www.worldscientific.com/action/showLinks?crossref=10.1136%2Fbjsports-2016-096760&isi=000397816800009&citationId=p_108
https://www.worldscientific.com/action/showLinks?crossref=10.1186%2F1471-2288-13-61&isi=000318691200001&citationId=p_110
https://www.worldscientific.com/action/showLinks?crossref=10.2519%2Fjospt.2007.2457&isi=000245148100006&citationId=p_112

	ASSESSING MOVEMENT QUALITY USING THE HIP AND LOWER LIMB MOVEMENT SCREEN: DEVELOPMENT, RELIABILITY AND POTENTIAL APPLICATIONS
	INTRODUCTION
	METHODS
	Development and Description of the HLLMS Tool
	Small knee bend (SKB) test
	Standing hip flexion test (flex 0&ndash;110&compfn;)
	Hip abductor lateral rotator test
	SKB with trunk rotation test
	Deep squat test

	Scoring of the HLLMS
	Reliability Testing - Participants and Data Collection Procedure
	Intra-rater reliability
	Inter-rater reliability

	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	Appendix A. BENCHMARK DESCRIPTIONS, OBSERVED MOVEMENT PATTERNS AND QUESTIONS FOR THE OBSERVER (CRITERIA AGAINST BENCHMARK) FOR THE FIVE TESTS OF THE HIP AND LOWER LIMB MOVEMENT SCREEN
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


