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Abstract -This systematic review (PROSPERO registration n.43640) aimed to summarise
and determine the quality of evidence relating hip bone morphology to (i) hip strength, (ii)
mobility and (iii) lower limb biomechanics during functional activities. A standardized search

on MEDLINE/PubMed, Web of Science, ScienceDirect and Scopus resulted in 17 papers that

met inclusion criteria: i) original investigations with a minimal sample of n=10, ii) studies on 1 University of the State of Santa
humans and iii) presence of at least one quantitative hip morphological parameter and one hip Catarina. Centre of Health and Sports
functional (i.e. strength and mobility) and/or one lower limb biomechanical parameter. Risk Sciences. Floriandpolis, SC. Brazil

of bias was assessed using the Quality Assessment of Diagnostic Accuracy Studies tool with
adaptations. Sixteen out of the 17 included studies showed high risk of bias. We observed that 2 Federal University of Santa Cata-
primary evidence pointed to the influence of hip morphology on hip mobility in the transverse rina. Centre of Biological Sciences.
plane. Specifically, positive correlations between femoral anteversion angle and range of internal Florianépolis, SC. Brazil

hip rotation in physical examination were observed. Regarding biomechanical parameters, no
clear evidence of association between hip morphology, and kinematic and kinetic parameters
were found. Our results point to a field that is currently under explored and future studies
with low risk of bias addressing these relationships are required.
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Resumo — Essa revisio sistemdtica (PROSPERO registro n° 43640) tem por objetivo sintetizar e

determinar a qualidade da evidéncia que relaciona morfologia do quadril & (i) forca do quadril, (ii) Received: September 02, 2019

mobilidade e (iii) biomecinica dos membros inferiores durante atividades funcionais. Uma busca Accepted: February 25, 2020
padronizada no MEDLINE/PubMed, Web of Science, ScienceDirect e Scopus resultou em 17 artigos

em acordo com os critérios de inclusio: i) estudos originais com amostra minima de n=10; ii) estudos How to cite this article

em humanos e iii) presenca de no minimo um parametro quantitativo da morfologia do quadril e um Ferraz A, Fontana HB, Castro MP, Ruschel
pardametro funcional do quadril (ex.: mobilidade e forca) e/ou um parametro biomecanico do membro C, Pierri CAA, Roesler H. Hip morphology
inferior. A avaliagio do risco de viés foi realizada através da ferramenta Quality Assessment of and its relationship with hip strength,
Diagnostic Accuracy Studies (QUADAS) com adaptagées. Dezesseis dos 17 estudos incluidos apresen— mobility and lower limb biomechanics:
taram alto risco de viés. Observamos que a evidéncia primdria aponta para influéncia da morfologia a systematic review in adults. Rev

do quadril em sua mobilidade no plano transverso. Foram observadas, especificamente, correlagies Bras Cineantropom Desempenho Hym
positivas entre o dngulo de anteversio femoral e a mobilidade de rotagao interna do quadril durante 2020, 22:¢67085. DOI: http://dx.doi.

0 exame fisico. Em relagio aos parametros biomecanicos, nio foram encontradas evidéncias claras 0rg/10.1590/1980-0037.2020v22e67085

sobre associagdo entre morfologia do quadril e parametros cinemdticos e cinéticos. Nossos resultados
apontam para um campo atualmente subexplorado e investigacaes futuras com baixo risco de viés que
avaliem essas relagées siio necessarias.
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Hip morphology and biomechanics

INTRODUCTION

Over the last two decades, great attention has been directed to the hip in the
assessment and investigation of lower limb injuries and disorders'. There has
been an increasing body of literature suggesting that poor biomechanical perfor-
mance within the hip joint, such as hip weakness and limited range of motion,
islinked to the development of lower limb injuries, such as knee joint pain and
osteoarthritis>, and to traumatic injuries, such as knee and ankle sprains'®.

During weight bearing activities, increased hip internal rotation and
adduction was shown to be a risk factor' and associated factor’ for lower
limb disorders. These findings have directed the focus of prevention and
rehabilitation programs towards achieving control of hip internal rotation
during functional gestures®’. However, despite this fairly common practice,
our understanding towards non-modifiable and modifiable factors related
to abnormal hip biomechanics is incipient.

Among parameters that are not modifiable — not without surgery,
the femur and hip bone morphology are likely strong determinants of the
mechanical environment and behaviour of hip joints. Hip morphology var-
ies depending on age, gender, ethnicity, activity level and developmental
stage!®!. It is known that increased femoral anteversion influences lower
extremity alignment during standing and also changes hip muscles’ mo-
ment arms and hip range of motion'***. Modifiable factors are those related
to muscle strength, joint mobility and motor control?.

In some studies, deviations in hip morphology have been associated to

the development of lower limb disorders'*!®

. However, this relationship is
often non-specific, with many individuals presenting radiographic altera-
tions and not evolving to lower limb injury or pain'*™"*. While, for example,
cam morphology seems to be associated with hip osteoarthritis, odds ratio

varies between 2.2 and 20.61°

, with most people with cam morphology
not developing hip osteoarthritis'. In the case of other morphological
findings, such as pincer morphology, femoral and acetabular orientation,
associations to injury and/or pain during functional daily activities seem
to be even harder to draw from the literature''"15,

Given the complex relationship between hip morphology and injury, in-
vestigations focusing on intermediate parameters may help on the identifica-
tion of subgroups of higher risk of becoming symptomatic and/or developing
lower limb injuries. Characteristics that are worth considering may include
hip muscle strength, hip mobility, and lower limb biomechanical behaviour
during functional activities such as gait, squatting, etc. Investigations on
that matter may help to clarify the level of association between changes in
hip morphology and the development of musculoskeletal disorders and to
identify modifiable intermediate risk factors to prevent, stop, or slow down
disease progression and/or to avoid overtreatment.

This systematic review was designed to summarise and investigate the
quality of current available evidence relating hip bone morphology to hip
strength, mobility and lower limb biomechanics in humans.
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Hip morphology and biomechanics

METHODS

We performed this systematic review according to the recommendations con-
tained in Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)¥2. The protocol was registered within the International prospec-
tive register of systematic reviews (PROPESRO) under the number 43640.

After a careful preliminary assessment of the literature related to hip
morphology and clinical and biomechanical parameters, the three fol-
lowing sets of key words were elaborated: i) morphology set, ii) imaging
findings set and iii) functional parameters set. For keywords within a set,
the command OR was used in order to represent a given construct, while,
between sets, the command “AND” was used to limit the search to the
association between constructs (Box 1).

Box 1. Search strategy in MEDLINE (via Pubmed).

1# hip OR femur OR femoral OR “iliac bone” OR acetabulum OR acetabular OR pelvis
OR pelvic
2# morphology OR morphological OR morphologic OR anatomy OR anatomical

OR “caput-collum-diaphyseal angle” OR “neck-shaft angle” OR “coxa valga” OR
“coxa vara” OR “femoral version” OR “femoral anteversion” OR “femoral neck
anteversion” OR “femoral retroversion” OR “femoral neck retroversion” OR
“femoral shape” OR “acetabular version” OR “acetabular anteversion” OR “ac-
etabular retroversion” OR “center edge angle” OR “angle of Wiberg” OR “Wiberg
angle” OR “Wiberg’s angle” OR “angle of Lequesne” OR “vertical-center anterior
angle” OR “cross-over sign” OR “alpha angle” OR “anterior offset” OR “X-ray” OR
radiograph OR radiographic OR radiography OR radiographical OR “computed
tomography” OR CT OR “magnetic resonance” OR MRI OR “Lyon’s protocol” OR
“tibial tubercle-trochlear groove distance” OR “tibial tuberosity-trochlear groove”
ORTT-TG

3# strength OR torque OR moment OR isokinetic OR mobility OR “range of motion”
OR “range of movement” OR kinematics OR kinematical OR biomechanics OR
biomechanical

Search 1# AND 2# AND 3#

Filters 1# title
2+# title-abs
3# title-abs

Prior to the official search, these key words were used to verify in
the Cochrane and PROSPERO database whether a similar systematic
review had been published or registered. No relevant results were found.
For the official search, four databases were screened from the date they
were concepted to July 2016: MEDLINE/PubMed, Web of Science,
ScienceDirect e Scopus. Last search was performed in July 2016. Ac-
cording to each database, filters were used (Figure 1). Inclusion criteria
were: i) original investigations with a minimal sample of 10 participants
per group comparison, ii) studies on humans, iii) presence of quantitative
hip morphological parameters and quantitative hip functional parameters
and/or lower limb biomechanical parameters.

Articles that were not available in full format or articles that contained
morphological findings that solely represent the progression of joint diseases
were excluded from the analysis. No language restrictions were imposed.
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Scopus: n=921 Web of Science: n=628 Pubmed: n=2017 Science Direct: n=462
Filter: tile/abs/key Filter title Filter: title/abs Filter: tile/abs/key

4,425 records identified 3,192 of records were retained
through database searching after duplicates removed

34 book chapters and congress papers

excluded <€---1---——---> | 8 records not original full-text articles

23 full-text retained after title
and abstract screening

Six articles excluded after full-
text consultation

17 articles retained
after full-text assessed
for eligibility

[ uoisnjau| ] [ AinqiBig ] [ Bujusaiog ] [uogwayuuam]

Figure 1. Systematic review diagram.

Three independent reviewers conducted the selection process. First,
Reviewer #1 excluded duplicates, editorials, case studies, incomplete articles
and non-original investigations. Second, Reviewers #1 and #2 analysed
all titles and excluded unrelated titles. After reading all selected abstracts,
articles that could potentially fit to the inclusion/exclusion criteria were
evaluated in their full format and a final independent decision was made
by reviewers. The list of references cited in each article was screened for
potential inclusion in the review. Third, in case of disagreement between re-
viewers #1 and #2 that persisted after discussion, reviewer #3 was consulted.

Bias and quality analysis of the selected papers was performed us-
ing a set of questions that were adapted from the Quality Assessment of
Diagnostic Accuracy Studies (QUADAYS) tool*. QUADAS contains 14
questions that are answered with “yes”, “no” or “unclear”. The instrument
used in this systematic review was composed of 12 items (in contrast to 14
in the original QUADAS). Maximum score was 12 and meant that the
paper met all requirements listed for a good quality. If the information
was “unclear”, the item was scored with 0 points, similarly to answer “no”.
As a cut point, articles that scored nine points or more, were considered
of high quality, while articles that scored below nine were considered of
poor methodological quality?.

For the analysis of associations between morphology and functional
parameters the following interpretation of correlation scores was adopted:
r values between 0 and 0.20 were considered indicative of a very poor cor-
relation; r values between 0.21 and 0.40, a poor correlation; between 0.41
e 0.60, moderate; 0.61 and 0.80, high and r values greater than 0.80 were
considered indicative of an excellent correlation®.
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RESULTS

Up to the date this review was submitted (June, 2019), no systematic review
addressing the relationship between hip morphological parameters and
functional parameters of the lower limbs had been registered or published.

Our search returned 4425 titles, with 17 papers remaining eligible at
the end of the selection process (Figure 1). Characteristics of individual
studies are presented in Table II. The number of participants evaluated
per study varied from 10* to 221%. Morphological parameters of interest
were evaluated primarily with radiographs*=* followed by IMRI?73035-37
and computed tomography**??73%. Only 1 study used bone densitometry™®.

'The femoral version angle$2*27-2%31.35.3738 the alpha angle?+28-30:35.36.38:40

29,29,31,32,34,35.38 wwere the most commonly

24,28,31,37-39
)

and the lateral centre-edge angle

evaluated morphological parameters. The neck-shaft angle ac-

25,28,38 31,33,34

etabular version angle , acetabular index , anterior centre-edge

angle’"?

, acetabular depth?®, Idelberger and Frank angle** and Sharp an-
gle*? were also used. Some studies listed variables in the methods that were
not presented in the results section?”*°. An index relating the femoral and
acetabular version angles was introduced by Chadayammuri et al.* (Box 2).

In the case of studies that focused on movement biomechan-
icg?6303L343739 Kinematic parameters were most often evaluated using in-

31,34,37,39 30,38

frared cameras , electromagnetic tracking® and inertial systems

30,31,37

Ground reaction forces were assessed with force platforms ,and plantar

pressure distribution with insole systems and pressure platforms®®-3¢.

Muscle strength was assessed based on torque capacity or force against
resistance. All contractions were isometric and the peak force achieved was
the parameter estimated®**"%.

Thirteen studies verified hip mobility**?>3%4° Functional question-
naires containing qualitative assessment of hip mobility were used in
some studies**. Hip passive range of motion in the transverse plane was
evaluated for hip internal and/or external rotation?+2-30:32-35:38-40 Positions
for testing were supine with hip flexion?* supine with hip extension*® and
prone®. Sagittal plane hip range of motion was evaluated for hip flex-

H 25,27,28,32-35,38 28,33

ion and extension®®*, and frontal plane hip range of motion

was evaluated for abduction and adduction?>#728:32:33.35,

Concerning the quality assessment of studies, raters independently
agreed in 61.8% of the items (126) scored in the risk of bias scale, while,
for the remaining 38.2%, agreement was met after discussion (Table 1).
The study with the lowest score* received 4/12 points and the one with
the highest score®” received 10/12 points. A representative sample of the
population of interest was present in only seven studies?®3%363840 with
most studies based on samples that were not randomly selected. In ad-

dition, in most studies (9 out of 17), the selection criteria were not clear
(Ttem 2)?5:28:30,31,33,36,38-40,
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Box 2. Summary of studies included in this systematic review.

Ferraz et al.

Studies Aims Participants Instruments and Procedures Outcomes, Unit
Asayama | To define the neces- | 30 patients; 34 Electromagnetic tracking instrument The angle at 30 seconds after
etal® sary conditions limbs with total used to measure angle and standard starting the Trendelenburg
between the femoral | hip arthroplasty, | anteroposterior hip radiographs. test was subtracted from the
offset and recon- 18 limbs symp- Trendelenburg test for 30s and retest angle at 0 seconds to give the
structed hip joint tomatic and 8 after 30min rest. The angle formed tilt angle of the pelvis by the
position to obtain a limbs with hip by the line between the bilateral ASIS Trendelenburg test ().
negative Trendelen- | osteoarthritis. and the line between the ASIS and Femoral offset (FO), body-
burg sign after total tibial tuberosity were measured on the | weight lever arm and the
hip arthroplasty. stance limb side. The Trendelenburg distance between the centers
test results were determined by the of rotation of the bilateral
agreement of at least 3 of 4 orthopaedic | femoral heads (CC) were
surgeons. Standard anteroposterior hip | measured on each radiograph.
radiographs measures. The femoral offset ratio (%FO)
was calculated (FO/CCx100).
Baggaley | To investigate the 25 female partici- | Dynamometer, biomechanical analysis | Femoral neck shaft angle (°);
etal® relationship between | pants (18-40y) with cameras motion capture system pelvis-width/femur length
hip anatomy, hip who ran for at (retro-reflective markers), dual femur (PW-FL) ratio.
abductor muscular least 30 min, DXA scan and a tape measure. Hip abduction strength
strength, and frontal | three times per Three 5s maximal voluntary isometric (maximal voluntary isometric
plane hip kinemat- week. contractions. The mean torque of the contractions) (Nm/Kg); iso-
ics during running three trials was calculated based on metric hip abduction strength
in healthy active the subject’s femur length and then % body weight.
females. divided by the body mass. The running | Hip adduction (peak and
speed on a treadmill was adjusted excursion) (°).
to a standardised speed of 2.7 m/s
while kinematic data were collected
for a period of 10s. Pelvis width was
defined as the inter-ASIS distance, and
femur length as the distance from the
most prominent aspect of the greater
trochanter to the knee joint line.
Bedi, et To use computer- 10 patients Preoperative and postoperative CT and | Alpha angle (°), neck-shaft
al assisted 3D modeling | (mean age, 25.9 goniometer. angle (°), femoral version (°).
to determine objec- years; range, Preoperative and postoperative alpha Hip internal rotation (°).
tive differences 19-31 years) with | angle, preoperative neck-shaft angle
in hip flexion and symptomatic FAl | and preoperative femoral version.
internal rotation in the absence of | Preoperative and postoperative hip
before and after in significant chon- | internal rotation (assessed at 90° of hip
vivo arthroscopic dral degeneration | flexion).
surgical treatment of | (Ténnis < 2) or
symptomatic FAI. previous surgery.
Botser, et | To evaluate the cor- 123 patients, 129 | Anteroposterior pelvic view and Dunn Version of the femoral neck on
al?” relation between CT | hips, the mean view x-rays, MRl and CT. CT and MRI ().
and MRI measure- age was 36 years | Preoperative hip internal and external Abduction, flexion, internal
ments of femoral (range, 14 to 74 rotation were evaluated in a supine rotation and external rotation
anteversion, as well years; 75 female position with both the hip and knee hip range of motion (°).
as to investigate the | and 54 male). joint flexed to 90°. Center-edge angle of
relationship between | Patients who had | Wiberg (AP view), alpha angle (MRI and
anteversion and both preoperative | the Dunn view), version of the femoral
physical examination | CT and MRI scans | neck (CT and MRI).
(ROM). with adequate
knee and hip views
for anteversion
measurement.
Patients with
Ténnis arthritic
grade 3 and those
with any previous
hip condition were
excluded from the
study.
Continue...
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Chaday- | To evaluate whether | 221 patients Anteroposterior pelvic radiographs Femoral torsion (°), central
ammuri | hip ROM was associ- | (64 males, 157 and CT. acetabular version (°), lateral
etal® ated with femoral tor- | females) with Measurements of hip passive flexion center-edge angle (°).
sion and acetabular | a mean age of and rotational ROM (internal and Femoral torsion-acetabular ver-
version 32.5+11.0years | external rotation) at 90° of hip flexion in | sion (COTAV) index (the sum of
undergoing hip the supine position. The abduction ROM | femoral torsion and acetabular
arthroscopy. was measured at a neutral hip position | version components) (°).
(0° of flexion/extension) with the patient | Passive hip flexion (°), abduc-
in supine. Measurements tion (%), IR (°) and ER (°) ROM
of internal and external rotation ROM at | (at 90° of hip flexion) with
a neutral hip position were performed the patient placed in supine
with the patient lying prone. position. Hip IR (°) and ER (°)
ROM with the patient in the
prone position.
Crawford | To compare pas- 11 baseball col- Goniometer, full-body inertial-based Hip passive ROM in flexion
et al®® sive and real-time legiate pitchers motion-capture system suit (inertial- (%), IR in extension (°), ER in
active hip ROM in (mean age 20.4 based motion-capture system) and CT. | extension (°), IR in flexion (°),
asymptomatic col- years, SD 1.6 Passive ROM of each hip (supine ER in flexion (°), total arc of
legiate pitchers, to years) with no position): flexion, internal rotation in rotation motion (IR + ER) in
investigate whether previous hip extension, external rotation in exten- extension (°) and total arc of
differences in hip surgery and sion, internal rotation in 90° of flexion, | rotation motion (IR + ER) in
morphology and able to complete and external rotation in 90° of flexion flexion (°).
ROM exist between standard pitching | (for rotational testing in extension, Hip active ROM in flexion (°),
lead and trail hips, practice. the knees were flexed over the end of extension (°), adduction (°),
and to relate active the examination table and the pelvis abduction (°), IR (°), ER (°) and
hip ROM during the remained secured to the table). total arc of rotation (IR + ER).
pitch to hip morphol- The ROM data extracted from the Femoral version (°), femoral
ogy and FAI. kinematic testing included maximal hip | neck-shaft angle (°), alpha
flexion, extension, adduction, abduc- angle (°), acetabular antever-
tion, internal rotation, and external sion (°) and lateral center-edge
rotation during the pitching motion angle (°).
(wind-up to follow-through).
Femoral neck version, femoral neck-
shaft angle, alpha angle, acetabular
version and lateral center-edge angle.
Duthon et | To clinically evaluate | Twenty female Handheld goniometer and MRI. Hip passive ROM in flexion (°),
al*® professional female ballet dancers (39 | Hip passive ROM for flexion/extension, | extension (°), abduction (°),
dancers’ hips with hips) (mean age, 26 | abduction/adduction (back-lying with adduction (°), IR (°) and ER (°).
measurement of the years; age range, hip and knee in extension) and internal/ | Femoral neck-shaft angle (°),
passive ROM and to 18to 39years)and | external rotation (back-lying with hip femoral neck anteversion (°),
correlate clinical find- | 14 active healthy fe- | and knee flexed at 90°). Acetabular acetabular depth (mm), ac-
ings with magnetic male individuals as | depth, acetabular version, femoral alfa | etabular version (°) and alpha
resonance imaging acontrol group (28 | neck angle, femoral neck-shaft angle neck angles (°).
(MRI) examination. hips) (mean age, 27 | and femoral neck anteversion for danc-
years; age range, ers and control group.
20to 34 years).
Ejnisman | (1) To describe values | 188 patients (204 | Goniometer, radiographic views Hip ROM: abduction (°), ad-
etal® for femoral anteversion | hips): 100 men included an anteroposterior pelvic view, | duction (°), flexion (°), ER (°)
measured using MRl | and 88 women a cross-table lateral view, and a false- and IR (°).
in patients undergoing | with a mean profile view, MRI. Femoral anteversion (°), lateral
hip arthroscopy for age of 35 years Range of motion was measured in all center-edge angle (°) and alpha
FAI; (2) to report the (range, 18 to 62 planes, including abduction, adduc- angle ().
relationship between years). tion, flexion, and internal and external
physical examination rotation. Internal and external rotation
findings and femoral measurements were performed with the
version in these patient lying in the prone position on
patients; and (3) to the examination table.
report the relationship The alpha angle was measured in the
between the degree of cross-table lateral view, the lateral
femoral anteversion center-edge angle was measured on the
and intraoperative anteroposterior view and the femoral
findings during hip anteversion was measured on MRI.
arthroscopy.
Continue...
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Ferroet | To determine whether | Patients who un- | MRI, Radiographs included an anter- Alpha angle (°), center-edge
al® outcomes after hip derwent a primary | oposterior pelvic view, a cross-table angle (°) and femoral version
arthroscopy were hip arthroscopy lateral view and a false-profile view. °).
different based on with a diagnosis | A standard clinical examination includ- | Hip ROM in IR (°) and ER ().
femoral version. of FAl who had ing hip ROM measurements. Alpha
preoperative angle (measured on the cross-table
measurement of | lateral view), femoral version (MRI) and
femoral version center-edge angle.
by MRI were aged
older than 18
years, and had a
center-edge angle
of more than 20°.
180 patients.
Hagen et | To investigate plantar | Male soccer play- | A capacitive pressure distribution plat- | Contact area (cm?), peak
al® pressure distribution | ers were recruited | form embedded in a gangway was used | pressure (kPa), pressure-time
during walking in from teams from | to collect plantar pressure patterns integral (kPa.s), force-time
male soccer play- the fourth to the during barefoot walking. MRI. integral (N.s) and relative
ers with increased eighth German Walking speed was prespecified at 1.6 loads (%).
alpha angles and division. 10 soc- m/s. Five parameters were investigated: | Alpha angle (°).
age-matched soccer | cer players with contact area, peak pressure, pres-
players with normal normal hip alpha | sure-time integral, force-time integral
alpha angles. angles <50° and and relative loads, calculated as the
10 soccer players | percentage of the local force-time in-
with bilaterally tegral in relation to the total force-time
increased hip integral in 10 areas of the foot (lateral
alpha angles and medial heel, lateral and medial
>55°. All of them midfoot, lateral, central and medial
asymptomatic. forefoot, hallux, second toe and third to
fifth toes).
Alpha angle.
Lahneret | To compare the foot | 14 male semipro- | MRI, a piezoelectric force platform, an Alpha angle (°).
al® rollover process dur- | fessional soccer | accelerometer, an electrogoniometer, Loading rate (bw/s), peak tibial
ing running between | players and 14 regular running shoe and the same shoe | acceleration (g), median power
male semiprofes- male amateur with inserted valgus wedges. frequency (Hz), peak vertical
sional soccer players | soccer players. Alpha angle of the right hip (in all cases, | force (bw), peak horizontal
with increased alpha the right leg was the kicking leg). force (bw), horizontal impulse
angles and age- In a biomechanical laboratory set- (bw.s), maximum rearfoot
matched amateur ting, each participant of both groups motion (°), peak pressure
soccer players. ran in two shoe conditions across a lateral heel (kPa), peak pres-
piezoelectric force platform. Running sure medial heel (kPa), peak
speed was controlled. Simultaneously, | pressure lateral midfoot (kPa),
in-shoe pressure distribution (on seven | peak pressure metatarsal
anatomical locations of the foot: medial | head V (kPa), peak pressure
and lateral heel; lateral midfoot; first, metatarsal head Ill (kPa), peak
third and fifth metatarsal heads; hallux), | pressure metatarsal head |
tibial acceleration and rearfoot motion (kPa), peak pressure hallux
measurements of the right foot were (kPa).
performed.
Lahner et | To investigate the 24 hip joints of 24 | Standing anteroposterior (AP) radio- Alpha angle (°).
al* technical aspect and | patients (8 men graph, goniometer, Kinect for Windows | Hip IR ROM (°).
accuracy of Kinect and 16 women) camera. Kinect system values for
for the evaluation of | with no previous | Alpha angle. motion (°).
the hip ROM com- hip surgery, Flexion, extension, abduction, adduc-
pared to clinical and | inflammatory or tion, internal and external rotation hip
radiological findings. | metabolic rheu- passive ROM.
matic disease. Detection points for the joint position
The mean age was | were provided and the actual position
46.8 + 10.6 years | of the study participant was described
(range 27-61 as a vector. The Kinect system connects
years). vectors as a triangle between the exam-
ined hip and both knee joints.
Continue...
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Romano | To obtain an accurate | 21 subjects (6 An anteroposterior radiograph of the Harris Hip Score (points).
et al® description of the men and 15 pelvis and an axial radiograph (false- Drop of the pelvis (°), trajec-
main variables char- | women) who had | profile radiograph of Lequesne and de tory of the pelvis projected on
acterizing locomotion | residua of unilat- | Seze) of both hips, kinematic data (4 a horizontal plane (°).
of adult subjects eral congenital video cdmeras ELITE system) and a Spatiotemporal parameters:
affected by the dysplasia of the force platform. gait velocity (% height/s),
residua of congenital | hip, with no previ- | Clinical assessment of both hips from length of stride (% height),
dysplasia of the hip. | ous operative or all of the subjects was performed with duration of stride cycle (s),
non-operative use of the Harris hip score. duration of stance phase (%
treatment for the | The Wiberg angle, the Tonnis angle, the | duration of stride), difference
hip, and no other | neck shaft angle (anteroposterior radio- | in stance phase (% duration
disability related | graph of the pelvis), anterior center- of stride), duration of double
toaboneora edge angle (false-profile radiograph) support (% duration of stride),
joint. The mean and femoral anteversion (technique difference in double support
age was 48 years | of Magilligan) of all subjects who had (% duration of stride), length
(range, 25 to 71 residua of congenital dysplasia of the of step (% height), difference
years). hip were assessed. in length of step (% duration
Control popula- Kinematic and kinetics data evaluation. | of stride), foot velocity (%
tion of 40 sub- The measurements were made while height/s), difference in foot
jects (14 men and | the subjects walked barefoot onaten- | velocity (% height/s).
26 women who meter-long walkway. Natural cadence. The Wiberg angle (°), the
did not have any | Joint angles, moments, and powers Tonnis angle (°), the neck shaft
known abnormal- | were calculated. Spatiotemporal pa- angle (°), anterior center-edge
ity of the locomo- | rameters, (the length of the stride, the | angle (°) and femoral antever-
tor apparatus. The | length of the step, duration of stride, sion (°).
mean age of the the mean velocity of progression, foot
control subjects velocity).
was 46 years
(range, 31 to 71
years).
Sieben- To evaluate the 22 patients (29 Merle d’Aubigné and Postel score, Merle d’Aubigné score
rock et clinical course after | acetabula, 19 of anteroposterior pelvic radiographs and | (points), Hip ROM: flexion,
al® acetabular reorienta- | male patients a false-profile radiograph. extension, ER, IR, adduction
tion and to describe | and 10 of female | The range of hip joint motion was and abduction (°).
the intra-articular patients). measured and clinical evaluation with The lateral center-edge angle,
findings related to use of the score described by Merle the anterior center-edge angle,
the FAI. d’Aubigné and Postel was performed the ACM angle, the acetabular
preoperatively and at the last follow-up | index (°).
evaluation.
Preoperative and postoperative radio-
graphic measurements included the
lateral center-edge angle, the acetabular
index; the ACM angle according to
Idelberger and Frank for evaluating the
depth of the acetabulum, and the ante-
rior center-edge angle on a false-profile
radiograph.
Sieben- | To report the ten-year | 22 patients, Merle d’Aubigné and Postel score, Merle d’Aubigné score
rock et results of a previous- | 13 menand 9 goniometer, anteroposterior pelvic (points).
al®? ly described patient | women; 29 hips, radiograph and a false-profile view. Hip ROM: flexion, IR in 90° of
cohort on correc- 19 male and 10 Full hip ROM. flexion, ER in 90° of flexion,
tive periacetabular female, who Thirteen radiographic parameters. abduction and adduction (°).
osteotomy for the had corrective The lateral center-edge angle,
treatment of symp- periacetabular the Sharp angle (°).
tomatic acetabular osteotomy for
retroversion. symptomatic
acetabular retro-
version.
Continue...
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matic patients with
total acetabular
retroversion after
reorientation for
residual dysplasia.
To investigate what is
the clinical and radio-
graphic presentation
of these hips, what
was their surgical
management; and
what is the clinical
and radiographic
outcome following
corrective surgery.

d’Aubigné-Postel score and the anter-
oposterior pelvic radiograph.

Hip ROM (flexion and internal/external
rotation in 90° of flexion or in maximal
flexion if less than 90°, limp, abduc-
tion force according to the Medical
Research Council muscle strength
grading system and clinical assessment
were evaluated by the Merle d’Aubigné-
Postel score.

13 radiographic results before and after
corrective periacetabular osteotomy.

Souza et | To determine if hip- 19 women with Three-dimensional motion analysis The average hip internal
al’’ muscle performance | patellofemoral was performed using a computer-aided | rotation angle during the first
and femoral structure | pain (age 27 + video motion analysis system. Ground | 50% of the stance phase of
differ between 6 years) and 19 reaction forces were obtained using running (°).
women with patel- pain-free women | force plates. Strength testing was per- | Isometric pelvic drop, iso-
lofemoral pain and (control group) formed using a dynamometer. Femoral | metric hip ER, isometric hip
pain-free controls, (age 26 + 4 years). | shape was quantified using MRI. extension isometric side-lying
and to determine to Kinematic evaluation during running at | abduction (Nm/kg). Isokinetic
what degree these a fixed velocity. The kinematic variable | pelvic drop concentric, isoki-
measures predict of interest was average hip internal netic pelvic drop eccentric,
average hip internal rotation angle during the first 50% of isokinetic hip extension
rotation during run- the stance phase of running. concentric, isokinetic hip
ning. Hip strength was performed in 4 dif- extension eccentric (Nm/kg).
ferent positions: standing pelvic drop Isotonic endurance pelvic
(isometric, isokinetic, and isotonic drop, isotonic endurance hip
endurance), seated hip external rotation | extension (repetitions).
(only isometric endurance), prone hip Femoral structure (°): femoral
extension (isometric, isokinetic, and anteversion and femoral
isotonic endurance) side-lying hip inclination.
abduction (only isometric endurance).
Femoral inclination and femoral ante-
version hip.
Tannast | To present a selected | 26 patients, 26 Medical Research Council muscle Limp (% positive), abduction
etal® series of sympto- hips. strength grading system, the Merle force (M0-M5), ROM: flexion,

IR and ER (°), Merle d’Aubigné-
Postel score (points).
Anteroposterior pelvic
radiograph parameters: total
Retroversion (%), crossover
sign (% positive), retroversion
index for hips with a positive
cross over sign (%), ischial
spine sign (% positive), sinal
da posterior wall sign (%
positive), absence of posterior
wall (% positive), total anterior
coverage (%), total posterior
coverage (%), total cranio-
caudal coverage (%), lateral
center-edge angle (°), acetabu-
lar index (°), extrusion index
(%), Shenton line (% intact).

Note. ASIS = anterior superior iliac spine. CT = computed tomography. ER = external rotation. FAl = femoroacetabular impingement.
HHS = Harris Hip Score. IR = internal rotation. MRI = magnetic resonance imaging. ROM = range of motion. SD = standard deviation.

In 15 out of 17 studies, the imaging exam used was considered appropriate
for the morphological parameter of interest (Item 3). However, in 1 study®
the measurement of the neck-shaft angle was performed using densitometry;
in another study*’, the alpha angle was measured using an anteroposterior
incidence. Both imaging procedures may be considered inappropriate for the
measurement of interest. In relation to the time between exams and the pos-
sibility of change in the parameters of interest, both reviewers agreed that the
time was often irrelevant given the time required to modify a morphological
measurement (Item 4). However, there were studies that involved participants
with degenerative alterations, in which the time between exams could po-
tentially influence results but was not mentioned**. In three studies®%3%, the
exam of interest was not applied to the entire sample and the choice of which
participants would or would not take the exam was not random (Item 5).
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Table 1. Methodological quality of the included studies.

. ltem

Studies

1 2 3 4 5 6 8 9 10 11 12
Asayama et al?® N* Y Y Y Y Y NC NC Y NC* NC*
Baggaley et al*® Y NC* N* Y Y Y Y NC NC Y NC* NC*
Bedi et al* N* Y Y Y Y Y N* NC NC* Y NC* NC*
Botser et al*” N* Y Y Y* Y NC* Y NC* NC* Y Y* Y
Chadayammuri et al?® N* NC* Y y* Y NC* N* y* Y Y N Y*
Crawford et al*® Y* N* Y Y* N* Y Y NC NC Y NC* NC*
Duthon et al?® Y NC* Y y* Y NC* Y NC NC Y N* N
Ejnisman et al® N* Y Y Y* Y Y Y NC NC Y NC* N*
Ferro et al*® N* Y Y y* Y NC* Y NC NC Y N y*
Hagen et al®® Y N* Y Y* Y Y N* NC NC* Y Y NC*
Lahner et al®® Y NC* Y y* Y Y Y NC NC Y NC* N*
Lahner et al® Y* N N* Y* Y N N NC NC Y N N
Romano et al*! N* NC* Y y* N* Y Y NC NC Y* NC* NC
Siebenrock et al*® N N Y Y Y N Y* NC NC Y Y Y*
Siebenrock et al® N* Y Y Y N* N* Y* NC NC Y N* Y*
Souza et al* Y Y Y* Y Y Y NC NC Y Y Y
Tannast et al** N Y Y NC* Y NC* NC* NC* NC* N* Y Y*

Note. * symbol means agreement was met after discussion. N: no; Y: yes; NC: not clear. [tem 1: Do participants’ characteristics represent
the population of interest? Item 2: Are the selection criteria clearly defined? Item 3: Does the imaging technique measure appropriately
the morphological parameter proposed? Item 4: Is the time interval between measurements of morphology and biomechanical parameters
short enough to assure that values have not changed between tests?

Item 5: Was all the sample or a randomized selection of sample analysed through the same imaging technique? Item 6: Is the
biomechanical measuring parameter described in enough detail to allow replication? Item 7: Is the morphological measuring parameter
described in enough detail to allow replication? Item 8: Were the biomechanical parameters measured and interpreted without previous
knowledge of the results of the imaging exam? Item 9: Was the imaging exam interpreted without previous knowledge of the results
of biomechanical parameters? Item 10: Is it clear what happened to all participants in the study? Item 11: Is the descriptive statistical
procedure appropriate? ltem 12: Is the inferential statistical procedure appropriate?

In relation to the biomechanical measurements, nine studies?*26-3%,31,35-%9

described the procedures with enough detail to allow for replication (Item
6). The most commonly missing information in studies seemed to be the

25,27,29 29,33,39,40 USCd in

description of instruments and patient positioning
the assessment of hip range of motion. With regards to the imaging exam
procedure (Item 7), five studies did not seem to provide enough detail to
allow for replication. Only one study clearly stated that measurements were
blinded between the morphological and biomechanical tests (items 8 and 9)*°.

Considering the sample participation, one study did not clearly describe
what happened to all participants that were initially included in the study
(item 10)**. Five studies*”33%3¢37 presented a clear descriptive analysis of
data, with mean/median and dispersion statistics (Item 11). With regards

25,27,29,32-34,37 introduced

to the inferential statistics (Item 12), seven studies
a correlation analysis.
Significant correlations between morphological and biomechanical

25,27,29,30,35,36,37, Whlle in some Oth‘

parameters were found in some studies
ers descriptive statistics allowed for the exploration of possible associa-
tions between morphology and the parameters of interest in this review
24,25,29,30.35,36,38.40. The significance, context and interpretation of these

relationships are specified in the discussion section.
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DISCUSSION

Based on the parameters evaluated, 16 out of the 17 studies performed
poorly in the risk of bias and quality assessment with only one study
reaching a score equal or above 9 in the scale and being considered of
high quality’”. We speculate the high risk of bias present in the literature
regarding the relationship between morphological and biomechanical
parameters is likely related to the difficulty in inspecting hip morphology
in healthy control individuals and to the cost and ethical issues related to
imaging tests. The results of our analysis emphasize the need of interpret-
ing available evidence with caution.

Significant correlations between morphological and biomechanical
parameters were found in some studies®-?*3%%_ Patients with small femoral
offset were associated to a greater pelvic drop in the Trendelenburg test
(r=0.416; p=0.0137)*. In a study with female runners*, a moderate cor-
relation between neck-shaft angle and the strength of hip abductor muscles
was found (r=-0.47; p=0.02) but not between neck-shaft angle and gait
kinematic parameters.

Significant correlations were also observed in studies that focused in
patients that had undergone hip video arthroscopy. In a study with 123
patients”, the femoral anteversion angle was found to be related to the range
of internal rotation in physical examination (r=0.36; p<0.001). Ejnisman et
al.* evaluated 188 patients and also found a similar correlation (r=0.231;
p=0.002) accompanied with a negative correlation between femoral ante-
version and external rotation (r=-0.208; p=0.027). It is important to note
however that despite reaching statistical significance, all observed corre-
lations are poor, indicating that other parameters may contribute largely.
Finally, Souza and Powers* investigated biomechanical and morphological
factors related to hip internal rotation angle at the first 50% of stance phase
during running in female runners with patellofemoral pain syndrome. No
significant relationship was found between hip internal rotation and femoral
version or neck-shaft angle (p=0.11 and p=0.10; respectively).

Some studies presented descriptive analysis that allow for the explo-
ration of possible associations between morphology and the parameters
1.25

of interest in this review. Chadayammuri et al.* grouped 221 patients in
I) femoral version <10°; II) femoral version between 10 and 20° and III)
femoral version >20° and found that internal rotation range of movement
was significantly greater at group III, followed by II and I (40.7+14.8,
30.9+11.8° and 24.8+12.5° respectively; p<0.001). An opposite effect was
found for external rotation (28.6+11.7°; 26.4+10.4° 22.7+11.8° for group I,
IT and IIT respectively; p<0.001). Ejnisman et al.* grouped patients in I)
femoral version <5°% II) femoral version between 5 and 15°% and IIT) femoral
version > 15°. Group I presented significantly greater range of movement
towards external rotation (45+14°, 38+12° and 36+13° for group I II and
I1I, respectively). No significant differences between groups were observed
for internal rotation. Ferro et al,” using the same grouping criteria, also
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found that internal rotation increased, and external rotation decreased
trom group I to II and from group II to III.

We found only one study that focused on the potential effect of acetabu-
lar version angle on hip mobility. Chadayammuri et al.”® grouped individuals
in I) acetabular version >20°; IT) acetabular version between 15 and 20° and
III) acetabular <15° and identified that individuals in group I presented
greater range of movement towards internal rotation than others. External
rotation, however, did not seem to be affected by acetabular version. Besides
the differences in the transverse plane, authors also found that hip flexion
range of movement was significantly smaller for hips with the acetabulum
retroverted — group III (104.6+17.6°) compared to normal hips or increased
acetabular version (110.6+12.3° and 112.1+12.3° respectively) (p<0.001).

Chadayammuri et al.?

also analysed the combination of acetabular
(normal, anteversion and retroversion) and femoral version (normal, ante-
version and retroversion), resulting in nine different groups. Overall, hips
with femoral anteversion and acetabular anteversion exhibited the greatest
internal rotation range of motion at a neutral hip position (44.2°), whereas
hips with femoral retroversion and acetabular retroversion demonstrated
the lowest corresponding value (20.1° p<0.001). A combined femoral-
acetabular version (COTAYV) index was calculated as the sum of femoral
and acetabular version angles. The COTAV was considered excessive if
>45°, normal if between 20° and 45°, or reduced if <20°. A multiple linear
regression analysis indicated that the COTAV index increased approxi-
mately 0.5° per degree increase in internal rotation range of movement and
0.26° per one year increase in age (R?=0.384, p<0.001).

Bedi et al.?* found that after an arthroscopic resection of cam deformity
in patients with femoroacetabular impingement syndrome, the reduction in
the alpha angle (59.8° to 36.4° p<0.001) was accompanied by a significant
increase in hip internal rotation range (17.5 +11.4° to 31 +8.43°). Lahner
et al.** also found that individuals with hip alpha angles <55° presented a
slightly greater range of hip internal rotation when compared to hip alpha
angles >55° (27.6+5.1° versus 24.2+8.5°, respectively).

Investigations regarding morphological and biomechanical parameters
in the sport context were found?**%*%. Hagen et al.’® investigated difter-
ences in plantar pressure distribution during walking between male soc-
cer players with alpha angle >55° or <50° and found that a greater alpha
angle was accompanied with a smaller hallux contact area, smaller force
and pressure integral on the rearfoot region and greater force integral on
the medio-lateral region of the foot. Lahner et al.** compared amateur to
professional soccer players with regards to hip alpha angle and plantar pres-
sure distribution and rearfoot motion during running. Although plantar
pressure parameters differed between them, no significant differences in
alpha angle were observed. Crawford et al.*® compared the alpha angle
between the front and rear leg in baseball players and, despite the exposure
to different kinematics during the throwing motion, no differences in hip
morphology were found.
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In general, there seems to be a significant relationship between
femoral and acetabular version angles and hip mobility in the transverse
plane. Most of the evidence available points to a small effect on range of
motion with little being known about possible eftects of morphology on
movement biomechanics. Although there is a theoretical expectation of
hip morphology to affect strength at a certain degree due to changes in
moment arms, only one study was found supporting experimental evidence
towards this hypothesis®.

Some limitations should be considered in this systematic review. Al-
though no restrictions in language were imposed to the search, the fact
that only English keywords were entered may have restricted access to
some non-English papers. With regards to the instrument used to access
quality and risk of bias, although the original QUADAS scale from which
the instrument was created has been extensively used, the adaptations
made for the purpose of this review have not been validated. Finally, we
used a cut point of 70% of affirmative responses to define a study of high
quality®?, while there has been criticism on the use of scores to classify
studies on quality?.

CONCLUSION

This study assessed the quality and summarized the evidence available
on the role of hip morphology in determining hip strength, mobility and
the biomechanics of lower limb movement during functional and sport
activities. Literature in the area is limited and the studies available are
mostly accompanied by a high risk of bias. Primary evidence seems to be
focused on the influence of hip morphology on the hip mobility in the
transverse plane, primarily on changes in range of motion. With regards
to biomechanical parameters that could provide insights into the associa-
tion between hip morphology and kinematic and kinetic characteristics
of movement, we were not able to draw a clear conclusion based on the
available findings. Our results point to a field that is currently under ex-
plored and future studies addressing these relationships will be beneficial
to our understanding of modifiable and non-modifiable parameters related
to lower limb disorders.
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