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A B S T R A C T

Background: In treating patients with limitations of hip motion, it is generally assumed that correction of bony
morphology will provide the patient with the joint motion required to resume their activities. However, the
positions of impingement and the specific excursions of joint motion required by each sport may vary. This
systematic review aimed to define the envelope of active hip joint motion for participation in different sporting,
recreational, and daily-living activities.
Methods: The EMBASE, PubMed, Google Scholar, and Cochrane databases were searched to identify studies that
reported kinematics of the hip in sporting, recreational, and daily-living activities. Inclusion criteria were (1)
peer-reviewed articles reporting hip kinematics in a certain type of activity, and (2) presented in English. To
synthesize the kinematic data, the peak values of kinematic components (i.e. flexion/extension, abduction/
adduction, and internal/external rotation) during an activity, as well as the concurrent values in a certain phase
of the activity were collected from each study.
Results: A total of 67 studies met the inclusion criteria, involving 32 different types of activities. Seventeen
activities required at least one component of supra-physiologic hip motion, however, there were eight different
combinations of flexion/extension, abduction/adduction, and internal/external rotation observed. Specifically,
three activities (sex, sitting cross-legged, and grand ecart lateral of ballet dancing) required simultaneous ex-
treme degrees of all three components, five activities (arabesque, developpe devant right, and developpe a la
seconde right of ballet dancing, picking up something, and taekwondo) required high degrees of two compo-
nents, most commonly hip abduction combined with flexion or internal rotation.
Significance: This review highlighted that many activities place supraphysiologic demands on hip joint motion,
however, the kinematic components affected differ dramatically with the specific activity. This suggests that the
demands of each patient’s individual activities must be assessed before recommending or planning treatment
rather than assuming that a fixed value of “normal” hip motion is applicable to all.

1. Introduction

The osseous and soft tissue structures of the hip joint allow it to
have a wide range of motion (ROM), which enables our effective par-
ticipation in multiple activities, from low demand daily tasks, such as
walking and stair climbing to moderate demand motions such as
squatting and kneeling, and even to certain sporting activities that have
high or extreme demands. For example, hip internal rotation in ice
hockey goaltenders appeared close to the end ROM [1]. A normal ROM
at the hip joint is of great significance to enable one’s ability to effec-
tively perform such activities. However, participating in high demand
activities has been proved to be related to various hip problems [2,3],

such as increased risk of physeal abnormalities, hip deformity at ske-
letal maturity, and increased risk for hip osteoarthritis (OA) later in life
[4]. Consequently, restricted hip motion and abnormal gait bio-
mechanics were demonstrated for patients with hip dysfunction such as
femoroacetabular impingement (FAI), a similar condition that has been
linked to OA as a precursor disease. FAI individuals experienced re-
duced hip abduction, frontal ROM and sagittal ROM during gait [5].
Similarly, motion deficiencies were also common amongst OA patients
[6]. Despite the massive amount of studies on hip kinematics during
various activities, no study, to our best understanding, has compre-
hensively analyzed the kinematic demands placed on the hip joint
during a wide range of different activities.
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Surgical interventions such as total hip arthroplasty, hip arthro-
scopy, and FAI corrective surgery have been widely used in the treat-
ment of hip problems with the aim of restoring patient mobility [7].
However, it is worth noting that while treating patients with limitations
of hip motion, it is generally assumed that correction of bony mor-
phology will provide the patient with the joint motion required to re-
sume their activities [8]. However, the positions causing impingement
and the specific excursions of joint motion required by each sport may
vary. Hip positions during each specific activity are a series of combi-
nations of three components in sagittal, transverse, and frontal planes,
which are associated with each other, thus it is vital to study the con-
current values of the three kinematic components, rather than merely
focusing on any one of them.

Therefore, the purpose of this review was to investigate the active
hip ROM during different sporting, recreational, and daily-living ac-
tivities, thereby analyzing the kinematic demands placed on hip joint
during different types of activities.

2. Methodology

2.1. Identification of studies

A review protocol was registered in PROSPERO
(CRD42017080488). To identify studies potentially eligible for inclu-
sion, the EMBASE, Medline, Google Scholar, and Cochrane databases
were searched by two independent reviewers (SH and RK) from in-
ception until November 2018. The search strategy employed across the
electronic databases is presented below:

1 Hip Joint/
2 Lower extremity.ti.ab.
3 Kinematic$.ti,ab.
4 Kinetic$.ti,ab.
5 Range of motion or ROM
6 Motion analysis
7 Hip adj3 biomechanic$
8 1 or 2
9 3 or 4 or 5 or 6 or 7

10 Activit$
11 exp Sports/
12 exp Gait/
13 exp Locomotion
14 walk or stair or run or kneeling or squatting or sitting or hockey or

football or soccer or ballet or baseball or basketball or volleyball or
taekwondo or golf or landing or side step

15 10 or 11 or 12 or 13 or 14
16 8 and 9
17 15 and 16

Meanwhile, a manual review of the bibliography of articles eligible
for inclusion was conducted to identify any additional literature.

2.2. Study screening

Eligible studies were screened by two independent reviewers (SH
and RK) according to the inclusion criteria: (1) studies involving
healthy subjects, and (2) studies relating to hip kinematics (flexion-
extension, abduction/adduction, internal/external rotation) in a certain
activity. The exclusion criteria were as follows: (1) cadaveric studies,
and (2) kinematic assessment under passive conditions. The title, ab-
stract, and, if necessary, full text were reviewed to identify the studies
eligible for inclusion in this review. Duplicate studies were excluded.
Disagreements were resolved by a consensus after discussion. A flow
chart of the study screening process based on PRISMA recommenda-
tions is shown in Fig. 1.

2.3. Data abstraction

For eligible studies, data were collected and recorded in two
spreadsheets, including general study information (lead author, year of
publication, sample size, mean age, gender, measurement method, ac-
tivity) and hip kinematics (flexion/extension, abduction/adduction,
internal/external rotation). The study author was contacted by e-mail if
relevant information was not available. If kinematic data was presented
in the form of a graph, the values were visually obtained based on the
graph axis to best of our ability. Since different conventions were used
in reporting hip kinematics, the kinematics data were recorded as-
suming that hip flexion, abduction, and internal rotation are positive.
The spreadsheets are seen in Supplementary Files 1 and 2. It is worth
noting that when referring to peak values for any parameter for any
activity we are presenting the maximum of the corresponding average
peak values from the relevant studies, rather than the maximum of
values for individuals.

2.4. Quality assessment

The methodological quality of eligible studies was assessed in-
dependently by two reviewers (SH and RK) using a quality assessment
tool (Table 1). The maximal score for a study is 14 points. Any dis-
agreement was resolved by a consensus. Further, the overall design of
each individual study was identified. If the study was a clinical in-
vestigation of patients or athletes receiving interventions, the appro-
priate clinical study design (e.g. randomized controlled clinical trial,
cohort study, case control study, case series, and case report) was as-
signed. If, however, the study was a laboratory study, it was categorized
under descriptive laboratory study or controlled laboratory study. The
level of evidence was graded based on the Center for Evidence Based
Medicine guidelines [9]. Two reviewers classified the studies in-
dividually.

Fig. 1. Flow chart of study inclusion.
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3. Results

3.1. Search yield

We identified a total of 2325 potentially relevant articles from the
initial search. Following title and abstract screening, 85 were identified
for full text review. After application of the inclusion criteria, 67 arti-
cles were finally adopted. The study inclusion process is shown in
Fig. 1.

3.2. Study characteristics

The characteristics and results of the 67 eligible studies are sum-
marized in Supplementary File 1. The included studies were classified
in groups according to the type of activity investigated. A total of 32
activities were reported in these studies, namely ballet dancing
[2,10,11], basketball [12], chair rising [13], crossing obstacle [14],
American football [15], golf swing [16], hockey [1,17–19], kneeling
[20–22], shoe tying [7], landing [23–37], lying down on the floor [7],
lunging [38], picking up something [7], pitching [39], pivoting [28],
running [40–49], sex [50], shuttle run [29], side-step cutting
[28,29,46,51–55], single leg jump [47], sitting cross-legged [20,56],
skiing [57], soccer [58–60], squatting [13,20,22,38,47,49,61], stair
ascent [62–64], stair descent [62,64,65], stand to sit [7], stepping-
down [23], stepping-up and –over [38], taekwondo [66], twisting [13],
and walking [13,44,49,62,63,67–73]. A total of 2011 subjects (males:
807, females: 1124, unclear: 80 [14,15,60]) were involved.

3.3. Quality assessment

The results of the methodological quality assessment are presented
in Supplementary file 3. On the methodological quality assessment
scale from 0 to 14, the mean score was 10.6. The type of study design
and level of evidence of each study are summarized in Supplementary
file 3. Most of the studies (60 out of 67) are laboratory studies, of which
33 are controlled laboratory studies, and 27 are descriptive laboratory
studies. The remaining seven studies are clinical studies, with 4 case-
control studies (level III), 2 cohort studies (level II) and one case report
(level IV).

3.4. Hip kinematics

To assess kinematic outcomes, a variety of technological methods
were used in the included studies, including high-speed motion capture
systems, electrogoniometric apparatus, electromagnetic tracking sys-
tems, inertial systems, model-based image-matching technique, MRI-
based assessment, and X-ray detectors. Most studies (59 of 67) adopted
high-speed motion capture systems with markers attached to the par-
ticipants to calculate joint kinematics. Three studies [20,26,38] used
electromagnetic tracking systems to collect 3D kinematics, while one
other study [1] employed an inertial system (Xsens Mvn Biomech,
Xsens Technologies). Since the soft tissue artifacts along with external
markers can bring substantial errors, Hara et al. [13] evaluated hip
kinematics by a 3D-to-2D Model-to-Image Registration Technique

based on continuous X-ray images. The accuracy of 0.3° was equivalent
to previous studies. Similarly, a MRI-based assessment [11] and a
model-based image-matching technique [57] were used to investigate
the hip kinematics in the ballet split motion and alpine skiing, respec-
tively. The earliest study was published in 1969 using an electro-
goniometric apparatus [71], the results of which are in good agreement
with recent studies [62,67,70].

Of the 67 studies, 20 articles presented sets of all three kinematic
components recorded concurrently from 19 activities, 8 studies re-
ported 1 or 2 concurrent components of hip motion. Moreover, the
peaks of kinematic components were reported in 52 studies for 25 ac-
tivities. Therefore, in this study the results are summarized in two ways:
(1) peak value of each kinematic component during an activity, and (2)
concurrent values of the three components at a certain phase of an
activity. It is worth noting that in several studies
[10,25,41,46,47,54,57,60,68], since only a graph of hip kinematics was
present, visual estimation was made based on the graphs. In two other
studies [62,70], data were extracted from the appendix.

Compared to activities of daily livings, higher demand might be
placed on the hip joint during sporting and dancing activities, mostly in
2 or 3 components. Three studies [2,10,11] examined the typical mo-
tions of ballet dancing in 42 ballet dancers. From these studies, it can be
seen that the hip was highly flexed and abducted with large internal or
external rotation. The maximal hip flexion angle was 133° obtained
during the ballet split position [11], and the hip abduction, internal and
external rotation reached as high as 73.10° (grand ecart facial left),
37.90° (right grand ecart lateral right) and 42.00° (grand plie left),
respectively. Similar supraphysiologic hip motion was also demon-
strated in the transverse plane during ice hockey. Specifically, the hip
was internally rotated by 42.30° in butterfly motion, while a peak ex-
ternal rotation of 28.4° was reached in a recovery movement. Activities
beyond sports may also require extreme hip positions. One study [50]
investigated the kinematics of both male and female hips in 12 common
sexual positions. Men exhibited 47° of external rotation while lying on
the left side. Table 2 summarizes the peak value of each component of
hip motion during 25 activities. It can be seen that three activities (i.e.
shoe tying, lying down on the floor, and ballet dancing) require over
120° peak hip flexion. Hip abduction varies from low demand daily
activities, such as stair ascent (4.9°), walking (9.18°), and single leg
jump (5°) to demanding activities such as soccer (30.0°), side-step
cutting (33.1°), sex (35.0°), hockey (35.1°), American football (37.65°),
taekwondo (45.1°), and ballet dancing (73.1°). Peak hip adduction was
about 5°-10° larger in low demand daily activities such as walking,
squatting and landing than in the demanding activities, except for side-
step cutting movement (-24°). In terms of hip rotation, peak values
of> 30° are demonstrated in both internal and external directions for
ballet dancing, golf swing, and hockey. In addition, taekwondo, sex,
and sitting cross-legged also require a high degree of hip rotation.

To obtain the envelope of active hip motion during different ac-
tivities, the concurrent 3D kinematics in a certain phase of an activity,
such as initial foot contact, toe off, peak vertical ground reaction force,
etc. were integrated. The data points of the same activity were con-
nected to obtain the envelope of hip ROM for each activity, as shown in
Figs. 2 and 3. It can be seen that hip ROM is very activity-specific. In the

Table 1
Methodological quality assessment.

Criteria Description Score= 0 Score= 1 Score=2

1 Was the aim of the study specified? Not defined Inadequately defined Clearly defined
2 Was subject’s demographic information present: age (mean and range, median or SD), gender, and BMI? Not defined Inadequately defined Clearly defined
3 Were subject characteristics reported: type of activity level, sport participation, etc.? Not defined Inadequately defined Clearly defined
4 Were measurement method and instrument described in sufficient detail to permit replication of the test? Not defined Inadequately defined Clearly defined
5 Was data calculation method specified? Not defined Inadequately defined Clearly defined
6 Were the outcome measures reported in all three anatomical planes? Not defined Inadequately defined Clearly defined
7 Was statistical analysis conducted? Not defined Inadequately defined Clearly defined
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coronal plane, large abduction is required during ballet dancing, sex,
and skiing. In the transverse plane, ballet dancing demonstrates large
hip internal rotation, but not as significant as skiing. In terms of ex-
ternal rotation, three activities (i.e. ballet dancing, sex, and skiing)
showed high demands as well.

The kinematic demand placed on the hip joint was graded for each
activity and grouped into four categories: low demand (flexion<50°,
abduction< 20°, extension/adduction/rotation< 10°), moderate de-
mand (flexion 50°-90°, abduction 20°-30°, extension/adduction/rota-
tion 10°-20°), high demand (flexion 90°-120°, extension 20°-25°, ab-
duction 30°-45°, adduction/rotation 20°-30°), and extreme demand
(flexion>120°, extension>25°, abduction> 45°, adduction/rota-
tion>30°) (Table 3). It turns out that 17 activities, including six ballet
dancing positions required at least one component of supraphysiologic
hip motion, however, there were eight different combinations of
flexion/extension, abduction/adduction, and internal/external rota-
tion. Three activities (i.e. grand ecart lateral of ballet dancing, sex and
sitting cross-legged) required high-extreme degrees of all three

components, while five activities (i.e. arabesque, developpe devant
right, and developpe a la seconde right of ballet dancing, picking up
something, and taekwondo) required two, most commonly hip abduc-
tion combined with flexion or internal rotation. The remaining nine
activities (grand ecart facial and grand plie of ballet dancing, American
football, golf swing, hockey, lying down, pitching, skiing, and twisting)
required extreme motion in only one direction, most commonly ab-
duction or internal/external rotation.

4. Discussion

The present study explores the 3D hip kinematics required for
participation in various daily, sporting, and recreational activities. In
general, the results show that daily activities such as walking, running,
landing, and stair ascent and descent place low-moderate demands on
hip kinematics, whereas sporting, ballet dancing, and some daily-living
activities require supraphysiologic hip motion in at least one direction,
mostly ab/adduction or internal/external rotation.

Table 2
Peak hip joint motion during various activities.

Activity Flexion Extension Abduction Adduction Internal Rotation External Rotation

Ballet Dancing 133.00 −42.80 73.10 0.00 37.90 −42.00
Single leg jump N/A N/A 5.00 −5.00 6.00 −5.50
American Football 64.45 −14.72 37.65 N/A 16.92 −13.11
Golf swing N/A N/A N/A N/A 34.80 −29.70
Hockey 61.70 −20.00 35.10 −10.70 42.30 −28.40
Kneeling 110.50 0.00 26.70 −4.00 12.10 −25.10
Shoe tying 121.00 92.00 14.00 −7.00 10.00 −5.00
Landing 95.00 −9.25 30.10 −21.00 21.60 −14.00
Lying down 130.00 85.00 25.00 −5.00 11.00 −21.00
Lunging 74.20 −9.20 N/A −13.30 N/A −19.30
Picking up something 110.00 74.00 21.00 3.00 32.00 −3.00
Running 89.90 −37.67 15.00 −16.00 11.17 −18.00
Sex 108.00 −10.00 35.00 −17.00 17.00 −47.00
Shuttle run 54.70 N/A 27.80 N/A 24.10 N/A
Side-step cutting 54.10 N/A 33.10 −24.00 22.00 −6.50
Sitting cross-legged 101.70 −1.90 34.10 −2.40 11.90 −37.10
Soccer N/A −9.30 30.00 −14.80 22.00 6.00
Squatting 121.30 −11.20 29.50 −22.40 18.70 −31.60
Stair ascent 67.07 3.55 4.90 −10.59 5.59 −9.27
Stair descent 39.96 1.60 5.40 −9.40 6.05 −20.20
Stand-to-sit 115.00 80.00 19.00 −2.00 9.00 −14.00
Stepping down N/A N/A N/A −18.80 5.40 N/A
Stepping up-and-over 51.10 −9.90 N/A −17.4 N/A −20.7
Taekwondo 51.00 −10.80 45.10 N/A 34.70 −18.30
Walking 57.50 −19.60 9.18 −21.60 14.90 −12.40

Note: The values presented here are the maximum of the corresponding average peak values from the relevant studies, rather than the maximum of values for
individuals.

Fig. 2. Envelope of hip motion in the coronal plane during different activities.

Fig. 3. Envelope of hip motion in the transverse plane during different activ-
ities.
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Although the relationship between high-demanding activity parti-
cipation (e.g. ballet dancing, hockey, golf, American football, taek-
wondo and skiing) and the development of joint diseases is not clearly
identified, studies have reported a higher risk of developing joint pro-
blems (FAI, OA, hip dysplasia, labral pathology, etc.) amongst sport-
participating population and ballet dancers. For example, the risk of
developing cam-type FAI is up to ten times greater in athletes partici-
pating in hockey, basketball, and other jumping sports [4]. It is re-
ported that the labrum is highly compressed during extreme motion of
the hip [2], thus high-demand activities are prone to cause labral strain,
and tears. Mechanical conflict may also occur between the femoral neck
and acetabulum, especially with combined flexion, adduction, and in-
ternal rotation. In ice hockey, the butterfly movement of goaltenders
requires extreme internal rotation (˜40°) combined with flexion [1,19],
which ostensibly reveals a potential for impingement. Meanwhile, those
‘at-risk’ positions (extreme hip flexion/extension, abduction, and in-
ternal/external rotation) can severely stress the sacroiliac joint and
surrounding soft tissue. Many soft tissue sources of hip pain are found in
dancers, including injury involving the iliopsoas, ischiofemoral im-
pingement, and ischial apophysitis. Besides, these activities are often
performed repetitively throughout warm-ups, training, and competitive
practice drills. Current theories suggest that repetitive movements may
also a key factor contributing to hip pain or injury. Repetitive loading
results in cumulative excessive micro-damage, increasing the risk for
labral tears or osteoarthritis [74,75]. In summary, participating in high-
demanding activities is associated with the development of hip pain,
injury, or bony deformity.

‘At-risk’ positions were identified in some daily-living activities as
well, such as sitting cross-legged, lying down on the floor, picking up
motion, and sexual activity. For example, sitting cross-legged placed
extreme demands on the hip with combined flexion (80°-100°), ab-
duction(˜30°) and external rotation (˜35°) [20,56]. However, it is not
well documented whether performing these activities is related to the
development of hip problems. Compared to high-level impact sports,
these activities involve low kinetic characteristics of the hip joint (e.g.
joint moments, velocity, and muscle contribution). Moreover, hip joint
loads significantly decreased due to the non-weight bearing conditions
of these activities. Therefore, it is plausible that, in addition to joint
kinematics, the kinetics during a specific activity also play an essential
role in development of joint diseases.

There are some limitations in this review. First, only a small number
of eligible studies was identified for some activities (basketball, chair
rising, American football, shoe tying, golf), more data are required to
better understand the hip kinematics during these activities. Second,
there is a large number of studies on the hip kinematics during activities
of daily living (e.g. gait, stair ascent and descent, running, etc.), so we

are unable to include each individual study. However, the results were
not compromised because the data were in good consistency among
those studies. Third, only articles written in English were included,
which excluded potential studies published locally in a different lan-
guage. Such studies might be especially important when it comes to an
activity that is related to racial, cultural, or religious features.

5. Conclusion

Many sporting and recreational activities place supraphysiologic
demands on the hip joint. The kinematic components affected, how-
ever, differ dramatically with the specific activity. This suggests that the
demands of each patient’s individual activities must be assessed before
recommending or planning treatment rather than assuming that a fixed
value of “normal” hip motion is applicable to all.
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