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Hip, pain; Background: Femoroacetabular impingement (FAIl) syndrome is a hip joint motion-related clini-
Physical ’Therapy; cal disorder characterized by abnormal contact between the hip joint structures. Abnormal hip

morphology and joint pain may impair the hip joint range of motion (ROM) and muscle function.
However, FAl effects on hip joint ROM and muscle strength remain controversial.

Objectives: The purpose of this study was to compare hip joint ROM and muscle strength
between FAI syndrome patients and healthy controls.

Methods: Twenty FAl syndrome male patients and 20 healthy male controls (CG) matched
for age (FAI=28 +6 years; CG=27 +5 years), body mass (FAl=81+12kg; CG=80+ 13kg) and
height (FAI=177 +6cm; CG=178 + 6 cm), participated in the study. Hip joint ROM for flexion,
internal rotation and external rotation were assessed through goniometry. Maximal isometric
strength for hip flexion, extension, abduction and adduction were evaluated through hand-held
dynamometry.

Results: Hip joint ROM was significantly lower in FAl syndrome patients compared with CG
for passive flexion (—4%; effect size - ES=0.65), active internal rotation (—42%; ES=1.60),
active external rotation (—28%; ES=1.46) and passive external rotation (—23%; ES=1.63). FAI
patients’ hip extensors (—34%; ES = 1.46), hip adductors (—33%; ES = 1.32), and hip flexors (—25%;
ES=1.17) were weaker compared to the CG subjects.

Muscle strength
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Conclusions: FAl syndrome patients presented both hip muscle weakness and reduced joint ROM
compared to match CG.
© 2018 Associacao Brasileira de Pesquisa e Pos-Graduacdo em Fisioterapia. Published by Elsevier
Editora Ltda. All rights reserved.

Introduction Methods

Femoroacetabular Impingement (FAIl) syndrome is a hip joint Study design

motion-related clinical disorder with a triad of symptoms
(i.e., pain related to position or movement), clinical signs,
and imaging findings." FAl is characterized by the abnormal
contact between the acetabular border and the cervic-
ocephalic femur junction. This abnormal contact causes
cartilage damage, and has been related to the early onset
of hip degenerative disease.”® Moreover, it seems plausi-
ble that the both altered bone morphology and the hip pain
may impair the joint mobility, the muscle strength and the
patient’s functional capacity.

Two systematic reviews provide conflicting conclusions
regarding the effect of FAI on hip range of motion (ROM).*>
Diamond et al.* showed that FAl patients present a
decreased ROM at the hip joint impingement directions,
whereas Freke et al.” found that hip joint ROM did not
differ between symptomatic FAl and healthy subjects. The
different methods used to assess the hip ROM (goniometry,
inclinometer, 3D kinematic system, simulate 3D tomography,
MRI-generated bony models),*° and the poor methodolog-
ical quality of some studies might explain the divergent
conclusions on these two systematic reviews.

Freke et al.® reviewed six studies on FAl patients’ mus-
cle weakness, and concluded that hip muscle strength is
overall impaired in FAl patients. However, studies compar-
ing FAl patients with a control subjects have presented no
consensus on the most affected muscle groups.'®"* For ins-
tance, while Casartelli et al.'® showed that FAl patients had
significantly lower isometric voluntary strength for the hip
abductors, adductors, flexors and external rotators, Dia-
mond et al.’? showed that only the hip abductors were
weaker in FAl patients compared to asymptomatic subjects.
These inconsistent results might be related to the different
positions used during the strength tests, as well as the dif-
ferent evaluation tools (manual dynamometer or isokinetic
dynamometer).

Knowing which movements and muscle groups are the
most affected by FAI syndrome is imperative for developing
effective physical therapy treatment programs. Considering
the abovementioned literature divergences, high method-
ological quality studies are required. In addition, studies
with FAIl patients have greater practical applicability when
using evaluation procedures that can be reproduced by
physical therapists in the clinical setting. Therefore, the
purpose of this study was to compare hip joint ROM and
muscle strength between FAlI syndrome patients and a
CG.

A cross-sectional, case-control study was performed to iden-
tify possible deficits in hip ROM and muscle strength in FAI
syndrome patients compared to their matched CG. All vol-
unteers were submitted to a clinical evaluation protocol
conducted by two physical therapists, who presented at
least 10 years of clinical practice and more than 500 FAI
patients that they assessed using the methods applied in
this study. Hip joint ROM for flexion, internal rotation and
external rotation were assessed through goniometry. Maxi-
mal isometric strength of the hip flexors, hip extensors, hip
abductors and hip adductors was evaluated through hand-
held dynamometry.

The study was conducted according to the revised
Helsinki declaration. Ethical approvals for the study were
obtained from the Universidade Federal do Rio Grande do
Sul (Porto Alegre, RS, Brazil) ethics committee (reference
number 1.871.372). All subjects agreed to participate by
signing an informed consent form.

Subjects

Twenty FAl syndrome male patients and 20 healthy male con-
trols (CG) were assessed in this study. Male patients were
selected due to the larger prevalence of FAI morphology in
this population.’ Sample size calculation was determined
based on hip adductor muscle weakness detected in FAI
patients compared with matched controls.'® Power analy-
sis indicated that a sample size of 20 subjects/group was
required to detect significant hip adductors strength dif-
ferences between FAIl and CG (effect size d=0.8; a=0.05;
power =0.8).

FAl syndrome patients were obtained from a local Phys-
ical Therapy Center. An orthopedic surgeon diagnosed FAIl
syndrome patients based on a symptoms triad, clinical signs
and image findings.” To be included, patients should present:
(1) motion-related or position-related pain symptoms at
the hip or groin; (2) positive hip impingement test (FADDIR)
and limited ROM; and (3) an anteroposterior radiograph of
the pelvis and a lateral neck view with a ‘‘pistol grip’’ (i.e.
CAM deformity) and/or Pincer morphology (an over covered
acetabular rim). Data collection occurred prior to the
surgical treatment, and patients did not received any kind
of physical therapeutic intervention before evaluations.
The modified Harris Hip Score (mHHS)," the Hip Outcome
Score (HOS),'® and the International Hip Outcomes Tool
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(iHOT - Brazilian adapted version)'” were used to assess the
patients’ functionality. These questionnaires were applied
only to FAI patients, and were chosen because they evaluate
different syndrome domains. While mHHS emphasizes the
presence of pain, HOS emphasizes functionality in daily
activities. The iHOT takes into account biopsychosocial
aspects. In all three questionnaires, results close to 100
indicate an excellent result, where the hip problem does
not affect the assessed domain. Patients with other lower
limb injuries (e.g. ACL rupture, muscle strain, meniscal
tear, tendinopathy) were excluded from the study, as well
as patients with rheumatologic or neurological diseases.

CG subjects were recruited from the university commu-
nity. To rule out the presence of intra-articular pathology
(osteoarthritis - OA, labral lesions and FAl), all subjects
were subjected to the flexion-adduction-internal rotation
(FADDIR) test.'® This test, performed by the physical thera-
pist, was chosen due to its potential for the determination
of intraarticular pathology nonexistence (its screening abil-
ity with a sensitivity of 99 and a negative likelihood ratio of
0.15)."

Range of motion (ROM) evaluation

Hip joint ROM was assessed using a goniometer for flex-
ion (active and passive), internal rotation (only active) and
external rotation (active and passive). Goniometry was cho-
sen to assess hip ROM because it is a widely used and
clinician-friendly tool, and is a reliable and valid method to
assess FAl patients’ ROM.® According to Nussbaumer et al.,?
who used goniometry and clearly described the positioning
during the ROM tests, goniometer-based assessments con-
siderably overestimate hip ROM due to uncontrolled pelvic
rotation and pelvic tilt. We tried to solve some of these
problems by using a bilateral movement, so that the patient
could not compensate with a pelvic tilt or pelvic rotation
during internal rotation ROM measurements. Therefore, the
subjects’ positions were chosen to favor pelvis stabilization
(Fig. 1). For hip flexion, the contralateral leg was main-
tained fully extended to reduce the posterior pelvic tilt.
For external rotation, the contralateral leg was maintained
fully extended in neutral position to control the pelvic incli-
nation. For internal rotation, the movement was performed
bilaterally to neutralize the pelvic inclination, and the sub-
ject maintained the hip and knee flexed in 90° throughout
the test. We did not measure passive internal rotation ROM
because it is not possible for the physical therapist to force
passive bilateral ROM at the same time that he/she is mea-
suring hip ROM with a goniometer. We chose not to use help
from another evaluator during the tests because we wanted
the tests to be easily reproducible in the clinical setting.
Nussbaumer et al.® have already demonstrated that
passive hip joint goniometry was reliable between days
(intra-rater reliability). Healthy subjects hip ROM inter-rater
reliability was previously established in our laboratory using
the same methodology here presented and was considered
excellent for hip rotations and satisfactory for hip flexion.?
The inter-rater intraclass correlation coefficient (ICC) values
were superior to 0.84 for hip flexion and hip rotations.?°
Hip extension, hip abduction and hip adduction ROM tests
were not included due to difficulties in obtaining a good

testing position with the pelvis stabilized, which increases
measurement errors and/or data dispersion. In addition,
hip flexion and hip rotations appeared to be good rep-
resentatives of hip mobility related to the morphological
abnormalities that cause FAI.

Muscle strength evaluation

Maximal isometric hip strength was assessed through hand-
held dynamometry (MICROFET - Hoogan Scientific, Salt Lake
City, USA). Hip flexors, extensors, abductors and adductors
were evaluated in different positions (Fig. 1). In all tests, the
dynamometer was placed distally (close to the ankle joint),
with a great lever arm to favor the evaluators’ stabilization.
The evaluator holds the dynamometer pad 5cm proximal
to the lateral (hip abduction) and medial (hip adduction)
malleoli. For the hip flexors and extensors, a horizontal line
was drawn from the lateral malleolus to the anterior (hip
flexors) or posterior (hip extensors) part of the leg and the
dynamometer was placed proximal to this line.

For each muscle group, subjects completed two maximal
voluntary isometric contraction (MVICs) trials. If the differ-
ence between the two MVICs was higher than 10%, another
trial was performed. Subjects were asked to perform max-
imal efforts with the following sequence: 2s to build up to
maximal force, 2 s of isometric contraction, and 2 s to relax.
The between-trials rest interval was set at 120s. Additional
measurements were taken if poor stabilization occurred or
if participants failed to achieve a maximum effort. Par-
ticipants received standardized verbal encouragement to
produce maximal effort by the physical therapist, who used
the following expression: ‘‘Come on, full effort, full effort!’’
The highest effort of the two valid measures was converted
to torque value (Nm) by multiplying the force in Newtons by
the lever arm length (distance between approximate joint
axis of rotation and the point of force application). Normal-
ized to body mass (Nm/kg) data were analyzed.

Thorborg et al.?' and Pua et al.?? have shown good
to excellent reliability for intra-rater hip strength mea-
surements, but did not evaluate the inter-rater reliability.
However, their methodology used to determine this intra-
rater reliability differs from the one used in the present
study. Healthy subjects hip muscle strength intra-rater and
inter-rater reliability was previously established in our group
using the same methodology here presented. Our results
agreed with those of the abovementioned studies for the
intra-rater reliability, and added new information for the
inter-rater reliability. ICC was considered excellent (intra-
rater superior to 0.89, inter-rater superior to 0.90) for all
tested muscle groups.?’

Statistical analysis

The symptomatic (for unilateral FAI patients) or the most
symptomatic (for bilateral FAI patients) hip was used for
analysis. Since CG subjects presented no differences for the
between-legs comparison, data from the right leg were used
for analysis. Data normal distribution was assessed using
the Shapiro-Wilk test. Independent t-tests were used to
compare FAl and CG for age, body mass, height, ROM, and
strength. Cohen’s *‘d’’ effect size was used to determine
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Figure 1

Subjects’ positions during hip range of motion assessments (A-D) and isometric muscle strength measurements (E-H).

Active flexion (A), passive flexion (B), passive external rotation (C) and active internal rotation (D) were measured with a goniometer.
Hip adductors (E), hip abductors (F), hip flexors (G) and hip extensors (H) strength measurements with a hand held dynamometer.

differences on the hip ROM and strength values between
the two groups. Effect size results were interpreted based
in the following classification: trivial (<0.2), small (>0.2),
moderate (>0.6), large (>1.2), very large (>2.0).23%*

Results

All twenty subjects from each group completed the eval-
uation session. The two groups were matched for age
(FAI=28.1+£6.0 year, CG=27.0+5.0 years, p=0.232), body
mass (FAI=81.5+12.1kg, CG=80.0+13.1kg, p=0.367) and
height (FAI=1.77+0.06m, CG=1.78+0.06 m, p=0.416).
All FAI patients’ questionnaires presented reduced values
compared to the full score. The mean+SD values for the
questionnaires were 45.5+14.3 for iHOT, 73.8+13.8 for
MMHS, and 80.6 + 19.4 for HOS.

FAl patients presented significantly smaller hip ROM for
passive flexion, passive and active external rotation, and
active internal rotation compared to CG (Table 1). Active
flexion was similar between the two groups. The effect size
was considered large for hip internal and external rotation
and moderate for hip flexion (Table 1).

FAl patients were weaker (smaller relative strength) com-
pared to CG subjects for hip flexors, hip extensors, and hip

adductors (Table 2). Hip abductors relative strength was
similar between FAl patients and CG. The effect size was
considered large for hip extensors and hip adductors, mod-
erated for the hip flexors and small for the hip abductors
(Table 2).

Discussion

Our results on hip ROM disagree from those reported by
Freke et al.,> who suggested that no differences in hip ROM
existed between FAl patients and CG asymptomatic subjects.
Our results for internal rotation (~17° for FAl and ~30° for
CG) were a little smaller than Nussbaumer et al.® results
(~26° for FAl and ~34° for CG). For hip flexion, while using
the same position as Nussbaumer et al.,® we tried to neutral-
ize the lumbopelvic movement by placing a lumbar cushion
at the lumbar region. Although this lumbar cushion limited
pelvic tilt, our results (~116° for FAl and ~120° for CG)
for hip flexion were superior than those described in some
studies.®? The reason for this difference is not completely
clear. However, these studies present hip flexion ROM val-
ues inferior to those described by normative ROM studies.?
For external rotation, our values (~35° for FAl and ~49° for
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Table 1 Range of motion of femoroacetabular impingement (FAl) patients and control group (CG) subjects [mean +SD (95%
chl.

FAIl CG A% p-Value Effect size
Active flexion (degrees) 115.8+7.7 (112-119) 120.4+7.8 (117-124) —4% 0.065 0.60
Passive flexion (degrees) 131.2+8.4 (127-135) 136.7 £8.2 (133-141) —4% 0.044 0.65
Active external rotation (degrees) 35.44+8.5 (31-39) 49.3 £8.5 (45-53) —28% <0.001 1.46
Passive external rotation (degrees) 51.8 £12.2 (46-58) 68.1+9.9 (63-73) —23% <0.001 1.63
Active internal rotation (degrees) 17.3+7.1 (15-21) 29.8+8.4 (26-34) —42% <0.001 1.60

Table 2 Hip strength relative to body mass (Nm/kg) of femoroacetabular impingement (FAl) patients and control group (CG)

subjects [mean +SD (95% ClI)].

FAI CG A% p-Value Effect size
Extension (Nm/kg) 1.59 +0.50 (1.36-1.81) 2.40+0.61 (2.11-2.68) —34% <0.001 1.46
Flexion (Nm/kg) 1.55+0.41 (1.35-1.74) 2.08 £0.48 (1.85-2.30) —25% <0.001 1.17
Adduction (Nm/kg) 1.214+0.44 (1.0-1.41) 1.80+0.45 (1.58-2.01) —33% <0.001 1.32
Abduction (Nm/kg) 1.42+0.36 (1.25-1.58) 1.60+0.37 (1.42-1.77) —12% 0.112 0.51

CG) are like those from Nussbaumer et al.® (~36° for FAl and
~45° for CG).

The losses in hip ROM confirmed the initial hypothesis
presented by Ganz et al.>?” that FAl syndrome patients
had reduced hip flexion and internal rotation. Hip inter-
nal rotation reduction, frequently cited in different FAI
studies,®”® seems to be highly related to the morphologi-
cal abnormality at the femoral-neck junction, which blocks
the internal rotation especially when the hip is flexed by
90°.% The hip external rotation reduction, however, cannot
be explained by the presence of CAM morphological abnor-
mality. It appears that this hip ROM limitation is more related
to a movement restriction caused by skeletal soft tissues
(e.g. joint capsule, ligaments and muscle fiber length).?8-3°
Joint effusion should be considered an intervenient factor
on FAI patients hip ROM,*" as well as kinesiophobia (i.e. fear
of movement). Therefore, the reduced hip ROM observed in
FAIl patients might be related to several factors, and physical
therapists should investigate the main movement restric-
tion factors in each patient (e.g., soft tissues adaptation to
disuse, effusion, pain, or kinesiophobia) to offer an individ-
ualized and assertive treatment.

Our results for the hip strength measurements agree
with those reported by Freke et al.> FAl patients were
weaker than the CG, and our effect size results showed
that strength losses in FAl patients’ hip muscle groups
are clinically relevant, and not only statistically signifi-
cant as traditionally reported by clinical trials through the
“*p-values’’. Interestingly, we were unable to show a consis-
tent loss on the hip abductors strength in FAIl patients (no
between-groups statistical difference with a small effect
size). Casartelli et al.”” showed that patients with symp-
tomatic FAIl presented muscle weakness for all hip muscle
groups (except for internal rotators and extensors) using
hand-held and isokinetic dynamometers, while Diamond
et al.”? showed that only hip abduction strength was lower
in FAl patients compared to controls when testing with a
hand-held dynamometer. Apparently, the testing method
and the subject’s positioning are strong intervening factors

for detecting FAl patients muscle weakness. FAl patients’
pain or discomfort at some positions, their restricted ROM
and kinesiophobia may negatively affect muscle strength
evaluation.

Muscle strength reduction has been demonstrated in
patients with hip and knee disorders,*>** and associated
with muscle weakness and generalized reduced muscle mass
in the affected lower limb of patients with unilateral hip
OA.?? Muscle weakness mechanisms are multifactorial, and
include reduced muscle mass, presence of muscle inhibition
and decreased muscle quality, which are common to disuse
situations.®® It is interesting to note that many of the FAI
patients end up leaving their sports/exercise practice at a
life stage when they are physically active or even athletes.
Considering that FAIl patients remain for many years with
pain (e.g., FAl syndrome patients in our study had a mean
pain symptom of ~50 months), pain-induced neuromuscular
inhibition** might partly explain the strength losses. In addi-
tion, FAl abnormal morphologies have been related with the
early onset of hip OA,>?” which is known to cause muscle
inhibition. However, to date there appears to be no study
assessing muscle inhibition in FAIl patients.

FAI syndrome patients experience disability and func-
tional limitations while performing daily living movements
that have high hip ROM demands (e.g., putting pants or tying
shoelaces),* which can worsen during demanding physical
activities.**3” Since hip ROM and muscle strength losses have
an important role in functional limitations and disability,
improvements in these outcomes have been recommended
in physical therapy programs.*®-*’ There is a consensus that
muscle strengthening plays a key role in these patients’
recovery in both conservative and surgical treatments, but
ROM recovery is a controversial point.*®-“? As part of the hip
ROM limitation is related to the bone structure and to the
joint lesions (labrum and cartilage), one could argue that
full ROM recovery might not be achievable with conserva-
tive treatment. However, apparently surgical intervention
also does not guarantee hip ROM increase.’ Therefore, fur-
ther high-quality methodology studies are needed to clarify
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the best procedures for the recovery of the FAI patients’ hip
ROM.

A crucial limitation of this study was that evaluators were
not blinded to the subjects’ group allocation. In addition,
the CG subjects’ evaluation used to exclude hip pathology
was performed based on clinical exams. A health-lifestyle
questionnaire could have been used for the CG to better
describe their health status; and the hip morphology imag-
ing analysis would have helped to eliminate any chance of
morphological abnormality in the control subjects. The ROM
measurements were made only for hip flexion and rotational
movements due to the difficulty in obtaining a good pelvis
stable position for testing the hip abduction and adduc-
tion ROM. The poor stability during tests also prevented the
strength tests for hip internal and external rotators through
the hand-held dynamometer. Despite our limitations to test
ROM and strength for all hip movements and muscle groups,
we used a reliable testing procedure easily executable in
the clinical setting.

Conclusion

FAI syndrome patients presented hip muscle weakness and
reduced ROM compared to controls. These deficiencies
may be detected in the clinical setting using simple and
reliable tests with a goniometer and a hand-held dynamome-
ter. Strength deficits in hip adduction, hip flexion and hip
extension can be resolved during rehabilitation programs.
However, deficits in hip internal and external rotation ROM
might be emphasized after FAl surgical correction.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

VBF receive scholarship from CAPES-Brazil, and MAV is a
researcher 1D from CNPqg-Brazil.

References

1. Griffin DR, Dickenson EJ, O’Donnell J, et al. The War-
nick Agreement on femoroacetabular impingement syndrome
(FAI syndrome): an international consensus statement. BJSM.
2016;50(19):1169-1176.

2. Agricola R, Waarsing J, Arden N, et al. Cam impingement of the
hip - a risk factor for hip osteoarthritis. Nat Rev Rheumatol.
2013;9:630-634.

3. Ganz R, Leunig M, Leunig-Ganz K, Harris WH. The etiology of
osteoarthritis of the hip: an integrated mechanical concept.
Clin Orthop Relat Res. 2008;466(2):264-272.

4. Diamond LE, Dobson FL, Bennell KL, Wrigley TV, Hodges
PW, Hinman RS. Physical impairments and activity limitations
in people with femoroacetabular impingement: a systematic
review. Br J Sports Med. 2015;49(4):230-242.

5. Freke MD, Kemp J, Svege |, Risberg MA, Semciw A, Crossley
KM. Physical impairments in symptomatic femoroacetabular
impingement: a systematic review of the evidence. BJSM.
2017;50:1118.

6. Kemp JL, Schache AG, Makdissia M, Pritchard MG, Sims K, Cross-
ley KM. Is hip range of motion and strength impaired in people

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

with hip chondrolabral pathology? J Musculoskelet Neuronal
Interact. 2014;14(3):334-342.

. Kubiak-Langer M, Tannast M, Murphy SB, et al. Range of motion

in anterior femoroacetabular impingement. Clin Orthop Relat
Res. 2007;458:117-124.

. Nussbaumer S, Leunig M, Glatthorn JF, Stauffacher S, Gerber

H, Maffiuletti NA. Validity and test-retest reliability of man-
ual goniometers for measuring passive hip range of motion in
femoroacetabular impingement patients. BMC Musculoskelet
Disord. 2010;31(11):194.

. Tannast M, Kubiak-Langer M, Langlotz F, Puls M, Murphy

SB, Siebenrock KA. Noninvasive three-dimensional assess-
ment of femoroacetabular impingement. J Orthop Res.
2007;25(1):122-131.

Casartelli N, Maffiuletti N, Item-Glatthorn JF. Hip muscle
weakness in patients with symptomatic femoroacetabular
impingement. Osteoarthr Cartil. 2011;19(7):816-821.
Casartelli NC, Leunig M, ltem-Glatthorn JF, Lepers R, Maf-
fiuletti NA. Hip flexor muscle fatigue in patients with
symptomatic femoroacetabular impingement. Int Orthop.
2012;36(5):967-973.

Diamond LE, Wrigley TV, Hinman RS, et al. Isometric and
isokinetic hip strength and agonist/antagonist ratios in symp-
tomatic femoroacetabular impingement. J Sci Med Sport.
2015;19(9):696-701.

Nepple JJ, Goljan P, Briggs KK, Garvey SE, Ryan M, Philip-
pon MJ. Hip strength deficits in patients with symptomatic
femoroacetabular impingement and labral tears. Arthroscopy.
2015;31(11):2106-2111.

Mascarenhas VV, Rego P, Dantas P, et al. Imaging prevalence of
femoroacetabular impingement in symptomatic patients, ath-
letes, and asymptomatic individuals: a systematic review. Eur
J Radiol. 2016;85(1):73-95.

Guimaraes RP, Alves DPL, Azuaga TL, et al. Traducdo e
adaptacao transcultural do Harris Hip Score modificado por
Byrd. Acta Ortop Bras. 2010;18(6):339-342.

Oliveira LP, Cardinot TM, Carreras LDC, Queiroz MC, Polesello
GC. Traducao e adaptacao cultural do Hip Outcome Score
para a lingua portuguesa. Rev Bras Ortop. 2014;49(3):297-
304.

Polesello GC, Godoy GF, Trindade CAC, Queiroz MC, Honda E,
Ono NK. Traducao e adaptacao transcultural do instrumento
de avaliacao do quadril MHOT. Acta Ortop Bras. 2012;20(2):
88-92.

Reiman MP, Thorborg K. Clinical examination and physical
assessment of hip joint-related pain in athletes. Int J Sports
Phys Ther. 2014;9(6):737-755 [PMID: 25383243].

Reiman MP, Goode AP, Hegedus EJ, Cook CE, Wright AA. Diag-
nostic accuracy of clinical tests of the hip: a systematic review
with meta-analysis. Br J Sports Med. 2013;47(14):893-902.
Torresan A. Reprodutibilidade intra e interavalidor na
avaliaca@o funcional do quadril - Intra and inter reability in
hip functional assessment [thesis]. Porto Alegre, RS, Brazil:
Federal University of Rio Grande do Sul; 2017.

Thorborg K, Petersen J, Magnusson SP, et al. Clinical assessment
of hip strength using a hand-held dynamometer is reliable.
Scand J Med Sci Sports. 2010;20(3):493-501.

Pua YH, Wrigley TV, Cowan SM, et al. Intrarater test-retest
reliability of hip range of motion and hip muscle strength mea-
surements in persons with hip osteoarthritis. Arch Phys Med
Rehabil. 2008;89(6):1146-1154.

Cohen J. Statistical Power Analysis for the Behavioral Sci-
ences. Hillsdale: Lawrence Erlbaum; 1988.

Armijo-Olivo S. The importance of determining the clinical
significance of research results in physical therapy clinical
research. Braz J Phys Ther. 2018;22(3):175-176.

Philippon MJ, Briggs KK, Yen YM, Kuppersmith DA. Outcomes
following hip arthroscopy for femoroacetabular impingement


http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0205
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0210
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0215
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0220
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0225
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0245
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0280
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0290
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0310
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0315
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325

Hip strength and range of motion in FAI patients

45

26.

27.

28.

29.

30.

31.

32.

33.

with associated chondrolabral dysfunction: minimum two-year
follow-up. J Bone Joint Surg Br. 2009;1(1):16-23.

Roach KE, Miles TP. Normal hip and knee active range of motion:
the relationship to age. Phys Ther. 1991;71:656-665.

Ganz R, Parvizi J, Beck M, Leunig M, Notzli H, Siebenrock KA.
Femoroacetabular impingement: a cause for osteoarthritis of
the hip. Clin Orthop Relat Res. 2003;417:112-120.

Martin HD, Savage A, Braly BA, Palmer |J, Beall DP, Kelly B. The
function of the hip capsular ligaments: a quantitative report.
Arthroscopy. 2008;24(2):188-195.

van Arkel JR, Amis AA, Cobb JP. The capsular ligaments provide
more hip rotational restraint than the acetabular labrum and
the ligamentum teres: an experimental study. Bone Joint J.
2015;97-B(4):484-491.

Narici MV, Maganaris CN. Plasticity of the muscle-tendon
complex with disuse and aging. Exerc Sport Sci Rev.
2007;35(3):126-134.

Hebert C, Smyth MP, Woodard E, Bills CC, Mihaiko MJ, Mihaiko
WM. Effects of hip joint transverse plane range of motion with
a modeled effusion and capsular tear: a cadaveric study. Clin
Biomech (Bristol, Avon). 2017;42:115-119.

Loureiro A, Mills PM, Barrett RS. Muscle weakness in hip
osteoarthritis: a systematic review. Arthritis Care Res (Hobo-
ken). 2013;65(3):340-352.

Prins MR, van der Wurff P. Females with patellofemoral pain
syndrome have weak hip muscles: a systematic review. Aust J
Physiother. 2009;55(1):9-15.

34.

35.

36.

37.

38.

39.

40.

Freeman S, Mascia A, McGill S. Arthrogenic neuromusculature
inhibition: a foundational investigation of existence in the hip
joint. Clin Biomech. 2013;28(2):171-177.

Hyodo K, Masuda T, Aizawa J, Jinno T, Morita S. Hip, knee,
and ankle kinematics during activities of daily living: a
cross-sectional study. Braz J Phys Ther. 2017;21(3):159-168,
http://dx.doi.org/10.1016/j.bjpt.2017.03.012.

Bizzini M, Notzli HP, Maffiuletti NA. Femoroacetabular
impingement in professional ice hockey players: a case
series of 5 athletes after open surgical decompression
of the hip. Am J Sports Med. 2007;35(11):1955-1959,
http://dx.doi.org/10.1177/0363546507304141.

Philippon MJ, Maxwell RB, Johnston TL, Schenker M, Briggs KK.
Clinical presentation of femoroacetabular impingement. Knee
Surg Sports Traumatol Arthrosc. 2007;15(8):1041-1047.

Wall PD, Fernandez M, Griffin DR, Foster NE. Nonop-
erative treatment for femoroacetabular impingement: a
systematic review of the literature. PM R. 2013;5(5):
418-426.

Enseki KR, Martin R, Kelly BT. Rehabilitation after arthroscopic
decompression for femoroacetabular impingement. Clin Sports
Med. 2010;29(2):247-255.

Spencer-Gardner L, Eischen JJ, Levy BA, Sierra RJ, Engasser
WM, Krych AJ. A comprehensive five-phase rehabilita-
tion programme after hip arthroscopy for femoroacetab-
ular impingement. Knee Surg Sports Traumatol Arthrosc.
2014;22(4):848-859.


http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0340
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0350
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0355
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0370
dx.doi.org/10.1016/j.bjpt.2017.03.012
dx.doi.org/10.1177/0363546507304141
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400
http://refhub.elsevier.com/S1413-3555(18)30106-0/sbref0400

	Hip muscle weakness and reduced joint range of motion in patients with femoroacetabular impingement syndrome: a case-contr...
	Introduction
	Methods
	Study design
	Subjects
	Range of motion (ROM) evaluation
	Muscle strength evaluation
	Statistical analysis

	Results
	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgements
	References


