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RESUMO 
 

A presente tese é composta de 3 estudos. Artigo 1: O primeiro estudo teve como 
objetivo comparar a amplitude de movimento (ADM) do quadril e a força muscular 
entre pacientes com síndrome do impacto femoroacetabular (IFA) e sujeitos 
assintomáticos. Vinte pacientes com síndrome do IFA e vinte sujeitos assintomáticos 
passaram por avaliações, em ambiente clínico, de ADM do quadril e força muscular 
por meio da goniometria e da dinamometria manual, respectivamente. A ADM foi 
significativamente menor nos pacientes com síndrome do IFA para flexão passiva, 
rotação interna ativa, rotação externa ativa e passiva. Os pacientes com síndrome do 
IFA também apresentaram déficit de força de extensores, adutores e flexores do 
quadril em comparação com os assintomáticos. Artigo 2: O segundo estudo teve 
como objetivo comparar a ADM do quadril e a força muscular em pacientes com 
diferentes versões femorais (VF) e verificar se as medidas de ADM são capazes de 
predizer a VF. Trinta e um adultos jovens com dor no quadril foram submetidos a 
radiografias biplanares para quantificar a VF, além de avaliações da ADM do quadril 
e força muscular em ambiente clínico. Entre os 62 quadris avaliados, 18 
apresentavam VF normal, 19 eram antevertidos e 25 retrovertidos. Os quadris 
antevertidos apresentaram maior amplitude de rotação interna, enquanto quadris 
retrovertidos apresentaram maior amplitude de rotação externa. Os três grupos 
apresentaram um índice de rotação do quadril (calculado pela diferença entre a 
rotação externa e a rotação interna) diferente, sendo este um preditor forte e 
independente da VF. Os pacientes com quadris antevertidos foram mais fracos em 
comparação aos pacientes com quadris retrovertidos para a rotação externa à 30°, 
abdução e adução. Artigo 3: O terceiro estudo teve como objetivo avaliar a 
capacidade prognóstica de características basais em pacientes com síndrome do IFA 
e determinar seu impacto para o desfecho de saúde destes pacientes. Cento e 
quarenta e cinco pacientes com síndrome do IFA, avaliados em ambiente clínico entre 
2013 e 2019, foram reavaliados entre 1 e 8 anos após por meio do instrumento de 
avaliação do quadril iHOT-33. Quinze variáveis foram investigadas quanto à sua 
capacidade prognóstica. O ponto de corte do estado satisfatório aceitável para o 
paciente (PASS) do iHOT-33 foi estabelecido em 67 pontos, enquanto o escore delta 
do iHOT-33 foi definido como score final menos o escore inicial. Nas reavaliações se 
observou que 81 pacientes (56%) atingiram o PASS. Apenas o escore iHOT-33 inicial 
foi um preditor do PASS≥67. O escore iHOT-33 inicial, a VF normal e o índice de 
massa corporal foram capazes de predizer o escore delta do iHOT-33. Conclusões: 
A ADM do quadril e a força muscular se mostraram diferentes em pacientes com 
síndrome do IFA e sujeitos assintomáticos, assim como em pacientes com diferentes 
VFs. O índice de rotação do quadril se mostrou um forte preditor da VF dos pacientes. 
Apenas o iHOT-33 provou ser um fator prognóstico aceitável para pacientes com 
síndrome do IFA atingirem o PASS. Por outro lado, o iHOT-33 inicial, a VF normal e o 
índice de massa corporal foram capazes de predizer o escore delta do iHOT-33. 
 

Palavras-chave: Quadril; amplitude de movimento; força muscular; Impacto 
femoroacetabular; prognóstico; resultados reportados pelo paciente  
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ABSTRACT 
 

This thesis is composed of three studies. Manuscript 1. The first study aimed to 
compare hip range of motion (ROM) and muscle strength between FAI syndrome 
patients and healthy controls. Methods: Twenty FAI syndrome patients and 20 
controls participated in the study. Hip ROM was assessed using goniometry and hip 
maximal isometric strength was assessed using manual dynamometry. Results: Hip 
ROM was significantly lower in FAI syndrome patients compared to controls for 
passive flexion, active internal rotation, active and passive external rotation. The FAI 
syndrome patients’ hip extensors, adductors and flexors were weaker compared to 
controls. Manuscript 2. The second study aimed to compare hip ROM and muscle 
strength in patients with different femoral versions (FV) and to predict FV based on 
ROM measurements. Methods: Thirty-one young patients with hip pain were 
evaluated and submitted to biplane radiographs to quantify FV. The 62 hips evaluated 
were divided into normal, anteverted and retroverted FVs. Hip ROM and muscle 
strength were assessed using goniometry and manual dynamometry, respectively. 
Results: The anteverted hips had a greater internal rotation ROM, while retroverted 
hips had a greater external rotation ROM. All three groups had a different hip rotation 
index, this being a strong and independent predictor of FV. Patients with anteverted 
hips were weaker compared to patients with retroverted hips for the 30° external 
rotation, abduction, and adduction. Manuscript 3. The third study aimed to assess the 
prognostic ability of baseline characteristics in FAI syndrome patients and determine 
their impact on the health outcome of these patients. Methods: This study is a cohort 
of one hundred and forty-five patients with FAI syndrome, evaluated between 2013 
and 2019. These patients were re-evaluated using the Hip Assessment Instrument 
iHOT-33 1 to 8 years after the initial evaluation. Fifteen variables were investigated 
regarding their prognostic ability. The iHOT-33 cut-off point of acceptable satisfactory 
status for the patient (PASS) was set at 67 points, while the iHOT-33 delta score was 
defined as the final score minus the initial score. Results: Eighty-one patients reach 
the PASS. Only the initial iHOT-33 score was a predictor of reaching PASS≥67. The 
initial iHOT-33 score, normal FV and body mass index were able to predict the delta 
iHOT-33 score. Conclusion: Hip ROM and muscle strength were different in FAI 
syndrome patients and controls and different in patients with different FV. The hip 
rotation index was a strong predictor of FV. Only iHOT-33 proved to be an acceptable 
prognostic factor for achieving PASS≥67. On the other hand, the initial iHOT-33, the 
normal FV and the body mass index were able to predict the iHOT-33 delta score. 

 

Key words: Hip; range of motion; strength; femoroacetabular impingement, 
prognostic, patient reported outcome  
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1 CONTEXTUALIZAÇÃO 
 

A dor no quadril em adultos jovens é uma condição desafiadora que leva à 

incapacidade funcional comprometendo a realização de atividades físicas e de lazer.1 

A causa mais comum de dor persistente no quadril de adultos jovens é a síndrome 

do Impacto Femoroacetabular (IFA)1 descrita como uma desordem do quadril 

relacionada ao movimento.2 O impacto entre as estruturas ósseas do quadril é 

associado a duas anormalidades morfológicas, chamadas de CAME (retificação da 

transição entre a cabeça e o colo do fêmur) e Pincer (aumento da cobertura 

acetabular), que podem estar presentes individualmente ou simultaneamente. Estas 

anormalidades morfológicas levam ao contato anormal das estruturas do quadril 

provocando danos na cartilagem, levando ao desenvolvimento do processo 

degenerativo precoce do quadril.3 

Além das anormalidades morfológicas clássicas associadas ao IFA, a versão 

femoral (VF) tem sido reconhecida como uma fonte potencial de dor no quadril em 

adultos jovens.4 VF é definida como o ângulo formado entre o eixo medio-lateral 

através dos côndilos femorais e o eixo transversal do colo femoral no plano 

transverso.5 A VF normal varia entre 8° e 20° na maioria dos estudos.4,6-8 Aumento 

da VF ou anteversão tem sido associado com a anteriorização excessiva da cabeça 

femoral levando à sobrecarga labral mais do que ao IFA propriamente dito.9,10 Por 

outro lado, a redução da VF ou retroversão tem sido associada ao risco aumentado 

de impacto precoce femoroacetabular.5  

O principal sintoma dos pacientes com síndrome do IFA é a dor no quadril 

relacionada à posição e/ou ao movimento, sendo o diagnóstico realizado através da 

análise de sintomas, sinais clínicos e achados de imagem. A localização mais comum 

da dor é nas regiões anterior, lateral e/ou posterior do quadril, e o teste mais utilizado 

para auxiliar no diagnóstico é o teste de impacto.11 Além disto, a redução na amplitude 

dos movimentos de rotação interna e flexão do quadril é comumente encontrada em 

pacientes com síndrome do IFA.12 Esses sinais e sintomas, associados à redução da 

força muscular, prejudicam as atividades de vida diária dos pacientes com síndrome 

do IFA, como sentar, agachar e caminhar, e também a prática de atividades 

esportivas.12 

Duas revisões sistemáticas apresentaram resultados conflitantes ao 

comparar a ADM do quadril em indivíduos saudáveis e pacientes com síndrome do 
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IFA. Enquanto Diamond et al.12 demonstraram que pacientes com síndrome do IFA 

apresentam redução da ADM na direção do impacto (flexão e rotação interna), Freke 

et al.13 não encontraram nenhuma diferença na ADM de quadril ao comparar 

indivíduos saudáveis e pacientes com síndrome do IFA. Uma possível explicação 

para as divergências da literatura pode estar relacionada à presença de alterações 

da VF em pacientes com síndrome do IFA. Pacientes com anteversão femoral tendem 

a apresentar maiores valores de rotação interna do quadril, enquanto os pacientes 

com retroversão apresentam maior rotação externa do quadril.8 Estudos prévios 

demonstraram uma correlação entre a ADM rotacional do quadril e as alterações da 

VF.7,8,10 O impacto da VF na ADM de pacientes com síndrome do IFA, bem como seu 

potencial diagnóstico e prognóstico, precisa ser estabelecido.  

Além da ADM de quadril, a força muscular também é afetada na presença de 

IFA. As revisões sistemáticas12,13 corroboram o fato de que pacientes com síndrome 

do IFA apresentam déficits de força dos músculos responsáveis pelos movimentos do 

quadril em comparação a indivíduos saudáveis. No entanto, parece não existir 

consenso sobre a magnitude da redução de força e sobre os grupos musculares mais 

afetados. Além disso, o efeito da VF na força muscular de quadril foi muito pouco 

investigada.14 Considerando que o aumento ou a diminuição da VF podem alterar o 

braço de alanca e o comprimento dos músculos que cruzam o quadril, é plausível que 

alterações da VF afetem a capacidade de geração de torque muscular.  

Tratamentos conservador e cirúrgico têm sido propostos na literatura para 

melhora da dor e funcionalidade de pacientes com síndrome do IFA. O tratamento 

conservador consiste na educação do paciente, modificações nas atividades diárias 

e esportivas e fisioterapia. Já o tratamento cirúrgico de escolha tem sido a artroscopia. 

O número de artroscopias para correção das anormalidades morfológicas 

relacionadas à síndrome do IFA cresceu muito nos últimos anos.2,15 Uma revisão 

sistemática atual15 demonstrou que a artroscopia do quadril tem um pequeno efeito 

positivo comparado à intervenção fisioterapêutica após 8 a 12 meses das respectivas 

intervenções. No entanto, considerando o resultado de longo prazo, a evidência da 

literatura é limitada para sugerir qualquer diferença entre os tratamentos.  

 Resultados reportados pelo paciente (PROM) têm um papel fundamental em 

avaliar a resposta a um tratamento específico baseado na perspectiva do paciente. 

Determinar quando um paciente atingiu uma melhora clinicamente importante após 

um tratamento é a informação mais importante que o PROM pode fornecer.16 A 
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mínima diferença clinicamente importante (MCID) e estado satisfatório aceitável para 

o paciente (PASS) têm sido preconizados na literatura para definir valores específicos 

que representam a melhora clínica dos pacientes. Considerando que perceber 

melhora e estar satisfeito têm impactos diferentes nos pacientes, o PASS tem 

vantagem de mensurar um valor alvo no qual os pacientes frequentemente estão 

satisfeitos com seu estado físico.17 

Um dos questionários amplamente utilizado na literatura para pacientes com 

síndrome do IFA, o instrumento de avaliação do quadril iHOT-33, apresenta 

propriedades psicométricas satisfatórias reportadas na literatura.18 Alguns autores 

têm apresentado valores alvo de PASS variando entre 58 e 67 para o iHOT-33.17,19 

No entanto, a avaliação de fatores prognósticos baseada no PASS parece ainda não 

ter sido apresentada na literatura. Além disso, embora estudos já tenham abordado o 

papel de fatores como idade, sexo, IMC, degeneração articular no prognóstico de 

pacientes com síndrome do IFA,20,21 fatores como a força muscular, a ADM, e a VF 

não parecem ter sido ainda testados em suas propriedades prognósticas.  

Considerando o protagonismo que a Fisioterapia tem assumido na reabilitação 

de pacientes com síndrome do IFA, seja na condução do tratamento conservador ou 

na abordagem pós-cirúrgica, a avaliação fisioterapêutica é de suma importância na 

tomada de decisões. Portanto, a otimização dos métodos utilizados pelo 

fisioterapeuta na avaliação realizada no ambiente clínico é um fator determinante para 

decisões cada vez mais assertivas. Nesse sentido, a presente tese é composta por 3 

estudos que versam sobre aspectos da avaliação clínica de pacientes com síndrome 

do IFA e suas potenciais repercussões para a atuação dos fisioterapeutas na 

reabilitação de pacientes com síndrome do IFA. 
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2 OBJETIVOS 

 

Artigo 1 

Comparar a ADM e força muscular de quadril em pacientes com síndrome do IFA e 

sujeitos assintomáticos; 

 

Artigo 2 

Comparar a força muscular e ADM de quadril em adultos jovens com dor no quadril 

com diferentes VF e verificar se a avaliação clínica pode predizer a VF; 

 

Artigo 3 

Avaliar a habilidade prognóstica de características basais para o desfecho futuro de 

saúde de pacientes com síndrome do IFA. 
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ABSTRACT 
 

Background: Femoroacetabular impingement (FAI) syndrome is a hip joint motion-

related clinical 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, FAI 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 FAI syndrome male patients and 20 healthy male controls (CG) 

matched for age (FAI=28±6 years; CG=27±5 years), body mass (FAI=81±12 kg; 

CG=80±13 kg) and height (FAI=177±6 cm; 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 FAI 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. 

Conclusions: FAI syndrome patients presented both hip muscle weakness and 

reduced joint ROM compared to match CG. 

 

Keywords: FAI; hip pain; Physical Therapy; muscle strength. 
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BULLET POINTS 
 

• Femoroacetabular impingement (FAI) syndrome patients had losses in hip 

muscle strength 

• Flexion and rotation movements are reduced in FAI syndrome patients 

• Reduced hip strength and motion should be considered during rehabilitation 

programs 
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INTRODUCTION 
 

 Femoroacetabular Impingement (FAI) syndrome is a hip joint motion-related 

clinical disorder with a triad of symptoms (i.e., pain related to position or movement), 

clinical signs, and imaging findings.1 FAI is characterized by the abnormal contact 

between the acetabular border and the cervicocephalic femur junction. This abnormal 

contact causes cartilage damage, and has been related to the early onset of hip 

degenerative disease.2,3 Moreover, it seems plausible 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).4,5 Diamond et al.4 showed that FAI patients present 

a decreased ROM at the hip joint impingement directions, whereas Freke et al.5 found 

that hip joint ROM did not differ between symptomatic FAI and healthy subjects. The 

different methods used to assess the hip ROM (goniometry, inclinometer, 3D kinematic 

system, simulate 3D tomography, MRI-generated bony models),6-9 and the poor 

methodological quality of some studies might explain the divergent conclusions on 

these two systematic reviews. 

Freke et al.5 reviewed six studies on FAI patients’ muscle weakness, and 

concluded that hip muscle strength is overall impaired in FAI patients. However, studies 

comparing FAI patients with a control subjects have presented no consensus on the 

most affected muscle groups.10-13 For instance, while Casartelli et al.10 showed that FAI 

patients had significantly lower isometric voluntary strength for the hip abductors, 

adductors, flexors and external rotators, Diamond et al.12 showed that only the hip 

abductors were weaker in FAI patients compared to asymptomatic subjects. These 

inconsistent results might be related to the different positions used during the strength 

tests, as well as the different 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 methodological quality 
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studies are required. In addition, studies with FAI 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 FAI syndrome patients and a CG. 

 

METHODS 
Study design 

A cross-sectional, case-control study was performed to identify possible deficits 

in hip ROM and muscle strength in FAI syndrome patients compared to their matched 

CG. All volunteers 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. Maximal 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 Federal University of 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 FAI syndrome male patients and 20 healthy male controls (CG) were 

assessed in this study. Male patients were selected due to the larger prevalence of FAI 

morphology in this population.14 Sample size calculation was determined based on hip 

adductor muscle weakness detected in FAI patients compared with matched controls.10 

Power analysis indicated that a sample size of 20 subjects/group was required to detect 

significant hip adductors strength differences between FAI and CG (effect size d=0.8; 

α=0.05; power=0.8). 

FAI syndrome patients were obtained from a local Physical Therapy Center. An 

orthopedic surgeon diagnosed FAI syndrome patients based on a symptoms triad, 

clinical signs and image findings.1 To be included, patients should present: (1) motion-



 25 

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” or 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 physiotherapeutic 

intervention before evaluations. The modified Harris Hip Score (mHHS),15 the Hip 

Outcome Score (HOS),16 and the International Hip Outcomes Tool (iHOT-33 – Brazilian 

adapted version)17 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-33 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 community. To rule out the 

presence of intra-articular pathology (osteoarthritis - OA, labral lesions and FAI), all 

subjects were subjected to the flexion-adduction-internal rotation (FADDIR) test.18 This 

test, performed by the physical therapist, was chosen due to its potential for the 

determination of intraarticular pathology nonexistence (its screening ability with a 

sensitivity of 99 and a negative likelihood ratio of 0.15).19 

 

Range of motion (ROM) evaluation 
 Hip joint ROM was assessed using a goniometer for flexion (active and passive), 

internal rotation (only active) and external rotation (active and passive). Goniometry 

was chosen to assess hip ROM because it is a widely used and clinician-friendly tool, 

and is a reliable and valid method to assess FAI patients’ ROM.8 According to 

Nussbaumer et al.,8 who used goniometry and clearly described the positioning during 

the ROM tests, goniometer-based assessments considerably overestimate hip ROM 

due to uncontrolled pelvic rotation and pelvic tilt. We tried to solve some of these 
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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 (FIGURE 1). For hip 

flexion, the contralateral leg was maintained 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 inclination. For internal rotation, the movement was 

performed bilaterally to neutralize the pelvic inclination, and the subject 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 measuring 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.8 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.20 The inter-rater intraclass correlation coefficient (ICC) values were superior to 

0.84 for hip flexion and hip rotations.20  

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 representatives of hip mobility related to the 

morphological abnormalities that cause FAI. 
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FIGURE 1. Subjects’ positions during hip range of motion assessments (A to D) and 

isometric muscle strength measurements (E to 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. 

 

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 (FIGURE 1). In all tests, 
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the dynamometer was placed distally (close to the ankle joint), with a great lever arm 

to favor the evaluators’ stabilization. The evaluator hold the dynamometer pad 5 cm 

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 difference between the two MVICs was higher than 

10%, another trial was performed. Subjects were asked to perform maximal efforts with 

the following sequence: 2 sec to build up to maximal force, 2 sec of isometric 

contraction, and 2 sec to relax. The between-trials rest interval was set at 120 sec. 

Additional measurements were taken if poor stabilization occurred or if participants 

failed to achieve a maximum effort. Participants 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). Normalized to body mass (Nm/kg) data were analyzed. 

 Thorborg et al.21 and Pua et al.22 have shown good to excellent reliability for 

intra-rater hip strength measurements, 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.20 

 
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 
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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 FAI and CG for age, body mass, height, 

ROM, and strength. Cohen’s “d” effect size was used to determine 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).23,24 

 

RESULTS 
All twenty subjects from each group completed the evaluation 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±12.1 kg, CG = 80.0±13.1 kg, p=0.367) and height (FAI = 

1.77±0.06 m, 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-33, 73.8±13.8 for MMHS, and 80.6±19.4 for HOS. 

 FAI 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). 

 FAI patients were weaker (smaller relative strength) compared to CG subjects 

for hip flexors, hip extensors, and hip adductors (TABLE 2). Hip abductors relative 

strength was similar between FAI patients and CG. The effect size was considered 

large for hip extensors and hip adductors, moderated for the hip flexors and small for 

the hip abductors (TABLE 2). 
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TABLE 1. Range of motion of femoroacetabular impingement (FAI) patients and control 

group (CG) subjects [mean ± SD (95% CI)]. 

 FAI CG D% 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) 

35.4 ± 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 (FAI) patients and control group (CG) subjects [mean ± SD (95% CI)]. 

 FAI CG D% 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) 

1.21 ± 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 
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DISCUSSION 
 Our results on hip ROM disagree from those reported by Freke et al.,5 who 

suggested that no differences in hip ROM existed between FAI patients and CG 

asymptomatic subjects. Our results for internal rotation (~17° for FAI and ~30° for CG) 

were a little smaller than Nussbaumer et al.8 results (~26° for FAI and ~34° for CG). 

For hip flexion, while using the same position as Nussbaumer et al.,8 we tried to 

neutralize the lumbopelvic movement by placing a lumbar cushion at the lumbar region. 

Although this lumbar cushion limited pelvic tilt, our results (~116° for FAI and ~120° for 

CG) for hip flexion were superior than those described in some studies.8,25 The reason 

for this difference is not completely clear. However, these studies present hip flexion 

ROM values inferior to those described by normative ROM studies.26 For external 

rotation, our values (~35° for FAI and ~49° for CG) are like those from Nussbaumer et 

al.8 (~36° for FAI and ~45° for CG). 

The losses in hip ROM confirmed the initial hypothesis presented by Ganz et 

al.3,27 that FAI syndrome patients had reduced hip flexion and internal rotation. Hip 

internal rotation reduction, frequently cited in different FAI studies,6,7,9 seems to be 

highly related to the morphological abnormality at the femoral-neck junction, which 

blocks the internal rotation especially when the hip is flexed by 90°.27 The hip external 

rotation reduction, however, cannot be explained by the presence of CAM 

morphological abnormality. 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).28,29,30 Joint effusion should be considered an intervenient factor 

on FAI patients hip ROM,31 as well as kinesiophobia (i.e. fear of movement). Therefore, 

the reduced hip ROM observed in FAI patients might be related to several factors, and 

physical therapists should investigate the main movement restriction factors in each 

patient (e.g., soft tissues adaptation to disuse, effusion, pain, or kinesiophobia) to offer 

an individualized and assertive treatment.  

Our results for the hip strength measurements agree with those reported by 

Freke et al.5 FAI patients were weaker than the CG, and our effect size results showed 

that strength losses in FAI patients’ hip muscle groups are clinically relevant, and not 

only statistically significant as traditionally reported by clinical trials through the “p-
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values”. Interestingly, we were unable to show a consistent loss on the hip abductors 

strength in FAI patients (no between-groups statistical difference with a small effect 

size). Casartelli et al.10 showed that patients with symptomatic FAI presented muscle 

weakness for all hip muscle groups (except for internal rotators and extensors) using 

hand-held and isokinetic dynamometers, while Diamond et al.12 showed that only hip 

abduction strength was lower in FAI 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 FAI patients muscle weakness. FAI 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,32,33 and associated with muscle weakness and generalized reduced muscle 

mass in the affected lower limb of patients with unilateral hip OA.32 Muscle weakness 

mechanisms are multifactorial, and include reduced muscle mass, presence of muscle 

inhibition and decreased muscle quality, which are common to disuse situations.30 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 FAI patients remain for many years with pain (e.g., FAI syndrome patients in our 

study had a mean pain symptom of ~50 months), pain-induced neuromuscular 

inhibition34 might partly explain the strength losses. In addition, FAI abnormal 

morphologies have been related with the early onset of hip OA,2,27 which is known to 

cause muscle inhibition. However, to date there appears to be no study assessing 

muscle inhibition in FAI patients. 

FAI syndrome patients experience disability and functional limitations while 

performing daily living movements that have high hip ROM demands (e.g., putting 

pants or tying shoelaces),35 which can worsen during demanding physical activities.36,37 

Since hip ROM and muscle strength losses have an important role in functional 

limitations and disability, improvements in these outcomes have been recommended 

in physiotherapy programs.38-40 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.38-40 As part of the hip ROM limitation is related 



 33 

to the bone structure and to the joint lesions (labrum and cartilage), one could argue 

that full ROM recovery might not be achievable with conservative treatment. However, 

apparently surgical intervention also does not guarantee hip ROM increase.5 Therefore, 

further high-quality methodology studies are needed to clarify 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 imaging 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 adduction 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. 

These deficiencies may be detected in the clinical setting using simple and reliable 

tests with a goniometer and a hand-held dynamometer. Hip adduction, hip flexion and 

hip extension strength training, as well as hip internal and external rotation mobility 

training to increase hip ROM, should be emphasized during FAI syndrome patients’ 

rehabilitation programs. 
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ABSTRACT  
Background: A high prevalence of femoral version (FV) abnormalities has been 

observed in hip pain patients, with impact on hip range of motion and muscle strength 

that should be elucidated. 
Methods: Cross-sectional study. Thirty-one patients with hip pain (16 men and 15 

female) were subjected to Biplanar X-Rays to quantify FV using three-dimensional 

measurement methods. The 62 hips were divided into normal version (10-20°, n=18), 

anteverted (>20°, n=19), and retroverted (<10°, n=25). Hip joint range of motion for 

flexion, internal rotation, and external rotation was assessed through digital goniometry, 

while maximal isometric hip strength (flexion, extension, internal rotation, external 

rotation at 0° and 30°, abduction, adduction) was evaluated through hand-held 

dynamometry.  

Findings: All three hip groups had similar flexion range of motion. Anteverted hips had 

a greater range of internal rotation, while retroverted hips had greater range of external 

rotation (p=0.001). All three groups had a different hip rotation index (calculated as 

internal rotation minus external rotation): retroverted > normal > anteverted (p<0.001). 

Patients with anteverted hips were weaker compared to patients with retroverted hips 

in external rotation at 30° (p<0.001), abduction (p=0.006) and adduction (p<0.001) and 

were weaker in hip extension (p=0.018) compared to patients with normal version. A 

strong correlation between FV group and rotation index was found (rS=0.76, p<0.001).  

Interpretation: Hip range of motion and muscle strength differed in patients with 

different FVs. The hip rotation index was a strong FV predictor and may be used in 

clinical practice to determine FV abnormalities. 

Key Words: Femoral version, hip muscle strength, hip range of motion, hip pain.  
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1. INTRODUCTION 

Young adults with hip pain display a challenging condition that may lead to 

severe pain and disability, affecting work, leisure, and sporting activities [8]. One of 

most common causes of persistent hip pain in young adults is femoroacetabular 

impingement (FAI) syndrome [8]. FAI syndrome is a hip joint motion-related clinical 

disorder with a triad of symptoms, clinical signs, and imaging findings [17]. The 

impingement that occurs between the femoral neck-head junction and the acetabulum 

causes cartilage damage, pain, and predisposes the hip to early onset of osteoarthritis 

[16]. The number of arthroscopic surgeries for FAI correction has increased rapidly in 

the past years [17]. Current evidence supports that FAI surgical intervention is superior 

to conservative management in the short term [18], but muscle strength is not fully 

recovered at return to sport after hip arthroscopy in FAI patients compared to healthy 

subjects [19]. According to a recent systematic review [20], a typical physiotherapy 

intervention ranges from 3 weeks to 5 months, and the effects of these strength 

interventions range from non-significant to large positive effect after a 12-week 

intervention period comprising targeted strengthening and functional retraining 

exercises [20]. It is possible that the lack of an organized hip strength-training program 

during rehabilitation has influenced these results. Therefore, additional research is 

needed to determine the best care for FAI syndrome patients and the long-term effects 

of these interventions [25]. 

Ever since the clinical introduction of the FAI concept [15], CAM (flattening or 

convexity at the femoral head-neck junction) and Pincer (focal or global over-coverage 

of the femoral head by the acetabulum) morphological abnormalities have been the 

focus of attention. However, femoral version (FV) has been recognized as a potentially 

important factor in the development of hip pain [23]. FV is defined as the angle between 

the medial-lateral axis across the posterior distal femoral condyles and the femoral 

neck axis measured in the transverse plane (Figure 1A) [1]. Normal range of VF has 

been reported between 0° and 30° [35,38]; however, the range between 8° and 20° 

seems to encompass the majority of the studies’ results [e.g., 3,9,21,23,27]. 
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Figure 1. Schematic diagrams of the left femur and acetabulum showing different 

femoral version (FV) profile. FV is defined as the angle between the medial-lateral axis 

across the posterior distal femoral condyles and the femoral neck axis measured in the 

transverse plane [1]. 

In A Left: reduced femoral version with small internal rotation ROM. Middle: normal 

femoral version with physiologic internal and external rotation ROM. Right: increased 

femoral version with small external rotation ROM. In B superior view of the hip, with 

direction vectors for the line of action the gluteus maximus (GM). The moment arm for 

each hip position are represented in red. The increased GM moment arm in the 

anteverted hip compared to normal and retroverted hip is illustrated. The GM vector 

length represents different muscle lengths, where anteverted hips had shorter muscle 

length compared to normal and retroverted hips. (Adapted from Sutter et al. 2012 with 

permission from the Radiological Society of North America) [27]. 
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Reduced FV (i.e., retroverted hips) has been reported to add a risk of early 

collision between the head-neck junction and the acetabulum, predisposing the hip to 

pain and a reduced range of motion (ROM) [1]. On the other hand, increased FV (i.e., 

anteverted hips) has been associated with hip dysplasia, labral tears, and joint 

instability [3,9]. One mechanism thought to cause hip pain is related to the excessive 

anteriorization of the femoral head leading to an acetabular rim overload rather than an 

impingement mechanism [33,38]. From a clinical point of view, knowledge about FV is 

essential for clinicians, considering both conservative and surgical treatments. The high 

prevalence of FV abnormalities (52%) in patients scheduled for hip preservation 

surgery [23], and studies showing poor results after hip arthroscopy in patients with 

abnormal FV [10,11], highlights the importance of FV evaluation in patients scheduled 

for hip surgery. In a conservative approach of young patients with hip pain, FV also 

plays a role in clinical outcomes. Knowing the FV profile of patients undergoing hip 

rehabilitation could help physical therapists to choose better exercise strategies to 

avoid the impingement between hip structures during rehabilitation, thereby reducing 

hip stresses. 

FAI syndrome patients usually present with reduced hip internal rotation (IR) 

while in a flexed position (hip at 90° from full extension) [7]. However, FAI syndrome 

patients with retroverted hips have an even smaller IR ROM compared to those with 

anteverted hips [21]. Previous studies reported a significant correlation between hip 

rotational ROM with FV [9,21,38], leading to the idea that FV could be predicted by 

ROM measurements in clinical settings [38], but this hypothesis has not been tested 

using appropriate research designs. In addition to hip ROM adaptations, increased or 

decreased FV may alter the muscles’ moment arms (Figure 1B) and muscle 

architecture (shifting the optimum length due to serial sarcomere adaptations) crossing 

the hip, leading to changes in hip muscle strength. Muscle weakness has been 

demonstrated in FAI syndrome patients [4,7,13], but the role of FV in hip muscle 

strength is poorly understood [26]. 

Determining the FV effects on hip ROM and strength may help in gaining a better 

understanding of FAI syndrome and other hip-related injuries, and in establishing 

guidelines for clinical practice. Therefore, the purpose of this study was to compare hip 
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ROM and muscle strength in patients with hip pain and different FVs. Additionally, we 

wanted to determine if clinical assessment tools for measuring hip ROM can predict FV 

in patients with hip pain. 

 
2. METHODS 
2.1 Study design 

A cross-sectional study was performed to determine FV and possible deficits in 

hip ROM and strength in patients presenting to a surgeon with hip pain. All patients 

were subjected to biplanar X-rays to quantify the FV angle using three-dimensional 

measurement methods. A physiotherapist with 10 years of experience in hip evaluation 

assessed hip joint ROM and maximal isometric strength through digital goniometry and 

hand-held dynamometry, respectively. To reduce the potential for bias, the evaluator 

was blinded to the patients’ FV profile. 

Patients were assessed in a single visit to the XXXX at the XXXX, from March 

to July 2019. The study was approved by the XXX’s Ethics Committee (REB 18-1711) 

and all patients signed an informed consent form. 

 

2.2 Participants 
Only patients with hip pain assigned to surgical treatment were assessed for 

eligibility in this study. They were diagnosed by a single orthopedic surgeon specialized 

in hip surgery as having intra-articular hip pathology based on symptoms, clinical signs, 

and imaging findings [17], and were assigned to surgical treatment. Although some 

patients in our study had CAM morphology abnormalities, we did not analyze the 

influence of this morphological aspect because previous studies found no correlation 

between CAM morphology and hip IR ROM [21,38]. The International Hip Outcomes 

Tool (iHOT) [28] was used to assess the patients’ ability to live an active lifestyle and it 

contains four domains: symptoms and functional limitations, sports and recreational 

activities, job-related concerns, and social, emotional, and lifestyle concerns. Results 

close to 100 indicate that the hip disorder does not affect the assessed domain. 

Patients with other lower limb injuries were excluded from the study, as well as 

patients with rheumatologic or neurological diseases. Patients with uncontrolled 
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cardiovascular or respiratory disease, active malignancy, or chronic infections were 

also excluded from the study. In addition, pregnant females were not included in the 

study. 

 

2.3 Femoral Version Assessment 
Following acceptance into the study, biplanar X-ray images were obtained using 

an EOS X-Ray Imaging Acquisition System (EOS Imaging Inc., Paris, France). One 

experienced technician performed all X-ray exams. Two high-quality orthogonal X-ray 

images in the coronal and sagittal planes were acquired with low dose radiation. The 

radiation dose for these imaging procedures is reported to be less than that of a 

conventional computed radiographic image [6]. For this procedure, patients were 

positioned and remained standing during a five-minute period, and both antero-

posterior (AP) and lateral (orthogonal) images were acquired simultaneously. Based 

on this pair of registered X-ray images, three-dimensional models were generated, and 

anatomical measurements, including the FV angle were computed (SterEOS 

Software). The EOS FV technique has shown an excellent inter-observer [intraclass 

correlation coefficient (ICC) = 0.983 – 0.998] and intra-observer (ICC =0.982 to 0.998) 

reliability [31], with an average difference between FV measurements between EOS 

and computed tomography of 4.9° ± 3.8° [32]. These results showed that EOS 

measurements of FV can be comparable to the gold standard method, computed 

tomography. 

After the biplanar X-ray analysis, hips were grouped in accordance with their FV 

values (Figure 2) into hips with normal version (between 10° and 20°), hips with 

increased FV (>20°, anteverted), and hips with decreased FV (<10°, retroverted) [21]. 

We decided to divide FV values into these 3 categories based on the recommendations 

of a recent study by Krautler et al. [21], since there is no generally agreed consensus 

regarding cut-offs for FV [3,21,23,38]. 
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Figure 2. EOS system femoral version measurements: (A) normal version, (B) 

anteverted hip, (C) retroverted hip.  

 

2.4 Range of Motion Assessment 
Hip joint ROM was assessed using a digital goniometer (Medigauge, Columbia, 

USA) for flexion (FLX - active and passive), internal rotation (IR - only active) and 

external rotation (ER - active and passive), as previously described [12]. Neutral 

position was considered when the hip was fully extended regarding FLX and EXT, with 

no hip IR or ER for rotation (patella pointing to the roof) and with no ABD or ADD (lower 

limb aligned with the hip in the frontal plane). For hip FLX and ER, patients were 

positioned in supine using a neutral position in the contralateral leg. For IR, patients 

were in supine with both hips and knees flexed at 90°, and the movement was 

performed bilaterally and simultaneously. This position for IR ROM assessment was 
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chosen to maximize pelvis stabilization. We did not measure passive IR ROM because 

it was not possible for the evaluator to produce the passive bilateral ROM while 

measuring the hip ROM with the goniometer at the same time. However, an advantage 

of the simultaneous bilateral ROM evaluation in the chosen test position was that the 

gravitational force did not exert an influence helping or hindering the hip movement 

during IR. Healthy subjects’ hip ROM inter-rater reliability was previously established 

in our laboratory using the same method as used here and was considered excellent 

for hip rotation and satisfactory for hip flexion (ICC values greater than 0.84 for all 

measures) [37]. 

Considering that IR ROM is expected to be higher in anteverted hips and ER 

ROM higher in retroverted hips [3,21,38], we calculated a “rotation index”, defined by 

the subtraction of the active IR from the active ER ROM values. 

 

2.5 Strength Assessment 
 Maximal isometric torque generated by the hip muscles strength was assessed 

through hand-held dynamometry (MICROFET – Hoogan Scientific, Salt Lake City, 

USA). The term “muscle strength” is used throughout the text for simplification 

purposes.  Muscle strength for hip FLX, extension (EXT), abduction (ABD), adduction 

(ADD), IR and ER was evaluated in different positions (Figure 3). The evaluator held 

the dynamometer pad 5 cm proximal to the lateral (for IR and ABD) or medial (for ER 

and ADD) malleoli, and for FLX and EXT a line from the lateral malleoli to the anterior 

part of tibia for FLX and to the posterior for EXT were drawn. For FLX, EXT, ABD and 

ADD, we used the methodology introduced by Frasson et al. [12]. For ER and IR, we 

used a prone position with the knee flexed at 90° (Figures 2E and 2F). Also, 

measurements of ER strength were done in two positions: 0° (0° was considered when 

foot sole was pointing to the roof) and 30° of ER (measured with a goniometer) to 

assess the FV influence on strength at different muscle lengths (Figure 3). In all tests, 

the dynamometer was placed distal on the leg close to the ankle joint, thereby providing 

a great lever arm for the evaluator, thus maximizing the evaluator’s stability. 
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Figure 3: Positions of the subjects during the isometric muscle strength measurements 

(A---F). Hip flexors (A) and extensors (B) hip adductors (C), and abductors (D), hip 

external (E), and internal rotators (F). ER strength was done in two positions: 0° (G) 

and 30° (H, I) of ER measured with a goniometer. 

 

 For each muscle group, patients completed 2 maximal voluntary isometric 

contractions (MVICs). If the difference between the 2 MVICs was greater than 10%, a 

third trial was obtained. Participants received standardized verbal encouragement to 

produce maximal effort contractions in the following way: 2 seconds to build up to 

maximal force, 2 seconds of MVIC, and 2 seconds to relax. A rest of 120 s was strictly 

A B

C D

E F

G H I
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enforced between trials. Additional measurements were taken if the evaluator felt 

unstable during the measurement or if participants failed to achieve a maximum effort. 

The highest valid force measurement was converted to a hip joint torque by multiplying 

the force measured by the dynamometer (in Newtons) with the lever arm length in 

meters measured with a metric tape. For FLX, EXT, ABD and ADD, the distance in 

meters between the hip joint axis of rotation and the point 5 cm superior to the lateral 

malleoli was used with the knee extended. For ER and IR, the was flexed, so the 

distance between the knee articular line and the point 5 cm superior to the lateral 

malleoli was used. Torques were normalized to body mass (Nm/kg) and were used for 

data analysis. Healthy subjects hip muscle strength intra- and inter-rater reliability were 

previously established in our group using this method. ICC was considered excellent 

(intra-rater superior to 0.89, inter-rater superior to 0.90) for all tested muscle groups 

[37]. 

 

 

2.6 Statistical Analysis 
We projected that with 54 observations in three groups (n = 18 per group) the 

study would have 80% power to detect a mean difference ≥ 0.95 standard deviation 

units (d statistic) with a two-tailed type I error of 0.05. Normal distribution was assumed 

when standard deviation was less than half the mean. Results were summarized using 

means, standard errors (SEs) and confidence intervals for quantitative variables and 

as counts and frequencies for categorical variables. Since a patient contributed with 

information from both hips and their hip results may have fallen into different FV groups, 

we accounted for this in the statistical analysis by considering clustered data. To 

accomplish this, hip FV groups were compared using the Generalized Estimating 

Equations (GEE) technique, and by presenting the estimated means and their 

respective 95% confidence intervals. All models were adjusted for the potential 

confounding effect of sex. Between-group differences were identified using the 

adjusted Sidak post-hoc test where means not sharing any letter are significantly 

different at the 5% level of significance. To predict FV based on ROM and hip muscle 

strength, we used an ordinal logistic regression model. Strength of correlation was 
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assessed using Spearman’s correlation coefficient. A p-value smaller than 0.05 was 

considered statistically significant. All analyses were conducted using IBM-SPSS 

(version 25.0).  

 

3. RESULTS 
Forty-eight patients assigned to surgical treatment were assessed for eligibility 

by an orthopedic surgeon specialized in hip surgery. Thirty-one patients with hip pain 

(16 men, 15 women; n = 62 hips) were included in this study (Figure 4). They were 29 

± 1.17 years old, with body mass of 79 ± 2.56 kg, and were 1.74 ± 0.01 m of height. 

Nineteen patients had symptoms in both hips, 7 only in the right and 5 only in the left 

hip. The iHOT scores ranged from 11.1 to 80.7 points, with a mean (± SEs) of 40.3 ± 

2.3 points. 

 
Figure 4. Flowchart of the study (FV = femoral version). Anteverted hips = FV>20°, 

normal version hips = FV between 10° to 20°, retroverted hips = FV <10°. 

 

 Retroverted hips (54±2) had significantly greater hip passive and active ER ROM 

compared to anteverted (40±2) and normal version (44±2) hips (p<0.001; Table 1). 

Anteverted hips (22±2) had greater active IR ROM compared to retroverted (14±2) and 

 

 
 
 
 

 
 
 
  
 
 
 
 
 
 
 
 
 

Excluded (n = 17) 
* Not meet criteria (n= 8) 
* Declined to participate (n = 9) 
 

Assessed for eligibility 
(n = 48) 

Evaluation: ROM, strength, 
EOS X-ray and iHOT (n=31) 

Anteverted hips  
n = 19 

 

Data analysis 
(n = 31 subjects / 62 hips) 

Normal version hips  
n = 18 

 
Retroverted hips 

 n = 25 
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normal version (16±2) hips (p=0.001). Active and passive FLX was similar between 

groups (p=0.097 and 0.113, respectively). The rotation index was the greatest for 

retroverted (41±3), intermediate for the normal (28±3), and smallest for the anteverted 

(15±3) hips, respectively (p<0.001; Table 1). 

Table 1. Hip ROM for the different hip version groups. Mean ± SE (95% confidence 

interval).

ROM = range of motion (in degrees), FLX = flexion, ER = external rotation, IR = internal 

rotation, Hip Rotation Index = ER active – IR active. a,b,c Means not sharing any letter 

are significantly different by the adjusted Sidak post-hoc test at the 5% level of 

significance. 

 

 Muscles in anteverted hips were weaker compared to those in retroverted hips 

for ER at 30° (retroverted = 0.53±0.018 / anteverted = 0.41±0.028), ABD (retroverted = 

1.02±0.057 / anteverted = 0.76±0.075) and ADD (retroverted = 1.23±0.061 / anteverted 

= 1.02±0.068), and weaker than the muscles in the normal version hips for EXT (normal 

= 1.87±0.130 / anteverted = 1.61±0.146), Table 2). There was no difference in hip 

muscle strength between groups for IR, ER at 0° and FLEX. 

 
 

 

 

 

ROM Retroverted 
(<10°) 

Normal 
10° to 20° 

Anteverted  
(>20°) 

p-value 

FLX active 108 ± 3 
(103 – 113) 

113 ± 2 
(108 – 117) 

115 ± 2 
(109 – 118) 

0.097 

FLX passive 126 ± 2 
(121 – 130) 

129 ± 2 
(125 – 133) 

132 ± 2 
(128 – 137) 

0.113 

ER active 54 ± 2a 
(50 – 57) 

44 ± 2b 
(41 – 47) 

40 ± 2b 
(35 – 44) 

< 0.001 

ER passive 68 ± 2a 
(64 – 72) 

60 ± 1b 
(57 – 63) 

58 ± 2b 
(54 – 62) 

< 0.001 

IR active 14 ± 2a 
(10 – 17) 

16 ± 2a 
(12 – 20) 

22 ± 2b 
(18 – 27) 

0.001 

Hip Rotation 
Index 

41 ± 3a 
(36 – 46) 

28 ± 3b 
(22 – 34) 

15 ± 3c 
(9 – 22) 

< 0.001 
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Table 2. Muscle strength for the different hip version groups. Mean ± SE (95% 

confidence interval).

 

ER = external rotators, ER 30 = external rotators at thirty degrees of external rotation, 

IR = internal rotators, ABD = abductors, ADD = adductors, FLX = flexors, EXT = 

extensors. Muscle strength = normalized to body mass (Nm/kg). a,b,c Means not sharing 

any letter are significantly different by the adjusted Sidak post-hoc test at the 5% level 

of significance. 

 

Rotation index was the only variable found to differentiate among all hip 

version groups using GEE followed by pairwise post-hoc comparisons. We also found 

a strong correlation between version group and rotation index (rS=0.76, p<0.001). 

Using the values observed on the rotation index, we estimated via ordinal logistic 

regression the probability of belonging to a specific version rotation group (Figure 5). 

 

Strength Retroverted 
(<10°) 

Normal 
(10° to 20°) 

Anteverted 
(<20°) 

p-value 

ER 0.63± 0.018 
(0.59-0.66) 

0.62 ± 0.023 
(0.57 – 0.66) 

0.57 ± 0.042  
(0.49 – 0.66) 

0.519 

ER 30 0.53 ± 0.018a 
(0.49 – 0.56) 

0.49 ± 0.024a,b 
(0.44 – 0.53) 

0.41 ± 0.028b 
(0.36 – 0.47) 

< 0.001 

IR 0.45 ± 0.031  
(0.39 – 0.51) 

0.47 ± 0.029  
(0.42 – 0.53) 

0.43 ± 0.030  
(0.37 – 0.49) 

0.100 

ABD 1.02 ± 0.057a 
(0.90 – 1.13) 

0.91 ± 0.066a,b  
(0.78 – 1.04) 

0.76 ± 0.075b 
(0.61 – 0.90) 

0.006 

ADD 1.23 ± 0.061a 
(1.11 – 1.35) 

1.06 ± 0.057a,b 
(0.95 – 1.17) 

1.02 ± 0.068b 
(0.89 – 1.16) 

< 0.001 

FLX 1.57 ± 0.074  
(1.42 – 1.71) 

1.68 ± 0.083  
(1.51 – 1.84) 

1.51 ± 0.147  
(1.22 – 1.79) 

0.173 

EXT 1.81 ± 0.097a,b 
(1.62 – 2.00) 

1.87 ± 0.130a 
(1.62 – 2.13) 

1.61 ± 0.146b 
(1.32 – 1.89) 

0.018 

 



 54 

 
Figure 5. Relationship between hip rotation index and probability of belonging to a 

specific femoral version group. 

 

4. DISCUSSION 
The primary result of this study is that hip ROM and hip muscle strength differ 

between groups of patients with different FV. Additionally, we demonstrate that the 

rotation index is a strong predictor of FV in patients with hip pain. 

 

Prediction of FV 

Previous studies have found low to moderate correlations (r=0.21 to 0.69) 

between hip rotation ROM and FV [9,35,38]. In addition, Souza & Powers [35] and 

Uding et al. [38] investigated if hip rotation ROM could be used to predict FV in healthy 

individuals and patients with chronic hip pain, respectively. Souza & Powers [35] found 

that a rater can be 95% confident that the true value of FV falls within 11.8° of the 

clinically measured value, thus classification of persons as having abnormal FV only 
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would be possible in extreme cases. Uding et al. [38] proposed that a 20° difference 

between hip IR and ER ROM would be suggestive of abnormal FV. However, two 

limitations should be highlighted in Uding’s findings. First, retroversion was defined as 

values smaller than 0.45° and anteversion was defined as values greater than 19.01° 

[38], i.e., cut-off values different from those used in our study and in other recent studies 

[3,21,23]. Second, although Uding et al. [38] suggested that clinical ROM testing might 

be used to screen for FV abnormalities, this proposition has not been tested with 

regression or probability analyses. 

Therefore, to the best of our knowledge, the present study is the first to support 

the prediction of FV through clinical ROM testing with a solid statistical base. The 

rotation index defined in our study proved to be an independent predictor of FV in 

patients with hip pain. According to our results, the probability of being anteverted if the 

rotation index is less than 11° is greater than 70%, and if the rotation index is greater 

than 40°, there is a >70% chance for being retroverted (Figure 5). Using the rotation 

index, clinicians can predict the FV of a patient quickly, simply, and inexpensively.  

From a clinical practice point of view, knowledge regarding FV abnormalities 

helps to improve physical therapy rehabilitation programs, by choosing exercises for 

anteverted or retroverted hips with limited ER or IR hip ROM, respectively. In addition, 

FV assessment in athletic population should be another application of our prediction 

model. Sports with high hip IR ROM demands, such as Hockey, could be a source of 

hip pain and labral tears in people with retroverted hips due to the mechanical abutment 

between the anterolateral femoral head-neck junction and the anterior acetabular rim 

[2]. Conversely, activities that demand excessive hip ER ROM, such as classical ballet, 

could result in repetitive stresses on the posterior acetabular labrum and articular 

cartilage due to posterior abutment between the posterolateral femoral head-neck 

junction and the posterior acetabular rim [2]. 

 

4.1 ROM 

Our results, as well as those reported in some previous studies [1,21,38], 

support the role of FV on hip rotational ROM in patients with hip-related pain. According 

to our results, there was an increase of IR in anteverted hips and an increase of ER in 
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retroverted hips. The maximization of IR in anteverted hips and ER in retroverted hips 

was previously shown by Kraeutler et al. [21], who also confirmed, using a multivariate 

linear regression analysis, that FV was the strongest independent predictor of IR ROM 

at 90° of hip flexion (b = 0.45, 95% CI = 0.30 to 0.59, t = 5.83, p < 0.001). Results from 

Uding et al. [38] also agree with our results, and Kraeutler et al. [21] showed a moderate 

correlation between FV and IR at neutral FLX/EXT and measured at 90°. Additionally, 

both studies showed that CAM morphology is not an important factor determining hip 

IR ROM in patients with chronic hip pain. Kraeutler et al. [21] found no correlation (r = 

−0.06, P = 0.61) between alpha angle and hip IR at 90° FLX, while Uding et al. [38] 

showed that removing participants with CAM morphology from the analysis, did not 

significantly change the correlations between rotation ROM and FV. Based on these 

results, FV should be considered a primary determinant of hip rotation ROM, but not 

CAM morphology. Therefore, although some of our patients should have CAM 

morphology, we did not analyze the influence of this morphological abnormality on hip 

ROM. 

The increased ER in retroverted and increased IR in anteverted hips might be 

explained by the femoral morphology that maximizes ER/IR hip ROM, as the excursion 

from the neutral position to the maximal ER/IR is larger in retroverted/anteverted hips 

(Figure 5A). Analyzing the ER and IR ROM together, there is a shift in ROM towards 

the IR direction for anteverted hips and towards the ER direction for retroverted hips. 

In addition, we expected that retroverted hips would not flex as much as anteverted 

hips because of the reduction of anterior hip space due to abnormal FV. However, there 

was only a trend (p=0.052) supporting this hypothesis. We chose not to use two 

clinicians for ROM testing because we wanted to determine the reproducibility and 

validity of our testing that is relevant to a clinical setting with a single clinician. 

Therefore, one possible explanation for the lack of significance could be the difficulty 

of controlling lumbopelvic tilt during the hip FLX ROM testing. 

 

4.2 Strength 

Two systematic reviews pointed out the presence of muscle weakness in FAI 

syndrome patients compared to healthy controls [7,13]. However, it did not become 
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clear in these reviews which muscle groups were the most affected, and to what degree 

weakness was present in patients with hip pain. The methods used for testing strength 

(isometric or isokinetic) and the patient’s positioning during testing are factors that 

might cause difficulties in comparing between-studies results. Nevertheless, our 

findings add to the literature by showing that FV affects the strength of hip joint muscles. 

The torque generated by muscles (in this study simplified as "muscle strength") 

is determined by a combination of muscle length and muscle moment arm (defined 

here by the perpendicular distance between the muscle's line of action and the 

instantaneous center of joint rotation). According to this definition, muscle moment arm 

takes into consideration both muscle moment arm length and muscle line of action. A 

recent study showed that patients with hip dysplasia had significant adaptations in the 

muscle moment arm length, while the muscle line of action was affected to a lesser 

extent [34]. The decreased muscle moment arm length found in their hip abductor 

muscle indicates a mechanical disadvantage for this muscle group [29].   

Increased or decreased FV may alter both muscle length and muscle moment 

arm at the hip joint, causing changes in muscle strength. The influence of FV on muscle 

length and moment arm is illustrated schematically in Figure 1B. Marostica et al. [26] 

evaluated hip isokinetic strength in patients with FV abnormalities and found no 

correlation between muscle strength and FV. Our results disagree with those reported 

by Marostica et al. [26], as we showed that muscle strength was different for ADD, ABD, 

ER at 30° and EXT between the three FV groups defined in this study. One possible 

explanation for the difference in our results compared to Marostica et al. [26] is related 

to the method used for hip strength evaluation. In isometric testing, used in our study, 

a constant moment arm is obtained during strength measurements, while in isokinetic 

testing (used in Marostica’s study) the lever arm varies during dynamic strength 

measurements. More specifically, the maximal muscle strength measured (i.e. peak 

torque) during isokinetic testing may have been obtained at a different hip angle (i.e. 

different lever arm) than that measured during isometric testing, especially when we 

have different FV groups.  

ER strength at 0° and 30° of ER may potentially be a good indicator of muscle 

length and muscle moment arm changes caused by FV. The evaluation of strength 
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curves (maximal muscle force capacity as a function of joint angle) [22] helps to explain 

the interaction between muscle length and muscle moment arms. In the neutral 

position, anteverted hips have a shortened gluteus maximus muscle and a greater 

moment arm length compared to retroverted hips (Figure 1B). One might speculate that 

the combination of a small muscle length and a large moment arm length in anteverted 

compared to retroverted hips leads to similar ER strength. However, when gluteus 

maximus is shortened (30° of ER compared to neutral position), the anteverted hips 

showed a greater reduction (-28%) in strength than the retroverted (-15%). The greater 

reduction in strength in the anteverted hips may be related to an excessive decrease 

in gluteus maximus muscle length (which is already decreased in the neutral position), 

while the moment arm length increased from zero to 30° of ER. This dependence of 

hip rotator muscle strength regarding hip test position (and, consequently, muscle 

length) has been shown previously [5], and clinicians should be aware of this issue 

when performing hip strength tests. 

Another factor in strength measurement in patients with hip pain could be pain-

induced neuromuscular inhibition [14], which could explain the lower hip strength found 

in our study in patients with different FV compared to a previous study with healthy 

subjects and a similar methodology to assess hip strength [12]. Even though we think 

that muscle inhibition plays a role in reducing the maximal strength capacity and 

possibly leading to muscle mass losses as previously shown for patients with hip 

osteoarthrosis [24], the differences between FV groups seems to be better understood 

from a combination of muscle length and muscle moment arm adaptations. 

 

4.3 Limitations 

This study has some limitations. First, we were unable to measure hip ABD and 

ADD ROM due to the difficulty in obtaining a stable pelvic position. Second, strength 

tests were performed only isometrically. Finally, we did not control leg dominance in 

the FV groups. Nevertheless, despite our ROM and strength testing limitations, we 

used a reliable and practical testing procedure that can be easily performed in a clinical 

setting by a single practitioner. Findings are limited to adults with hip pain, thus further 

studies with other populations are needed. In the next steps, it would be important to 
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assess the intrinsic properties of the hip musculature (e.g., muscle moment arms and 

muscle architecture), with special attention for evaluating all range of the ER moment-

angle relationship (i.e. strength measured at 3 to 5 different angles). It also would be 

interesting to assess the influence of pain in strength obtained in different joint angles 

to identify a possible effect of angle specific muscle inhibition that may occur at different 

FV groups. These would be helpful to elucidate the mechanisms responsible for the 

strength differences between anteverted and retroverted hips, as well as verifying the 

impact of the FV on functional performance in patients with hip pain.  

 

5. CONCLUSION 
In conclusion, hip ROM and strength were different in anteverted, retroverted 

and normal version hips. The rotation index was a strong FV predictor, suggesting that 

it is possible to screen for FV abnormalities using ROM testing in clinical settings. The 

effects of FV abnormalities on hip ROM and strength should be considered in the 

decision making of individualized rehabilitation programs in patients with hip pain.  
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ABSTRACT 

Background: Femoroacetabular impingement (FAI) syndrome is a recognized 

source of hip pain in young adults that impairs the hip muscle function and range 

of motion. The prognostic ability of hip muscle strength and range of motion has 

not been studied yet. 

Purpose: To assess the prognostic ability of hip muscle strength and range of 

motion, in addition to a range of baseline characteristics, for the future health 

outcome in patients with FAI syndrome. 

Study Design: Ambidirectional cohort study. 

Methods: Patients with FAI syndrome, evaluated between 2013 and 2019 at a 

private physiotherapy clinic, were enrolled in this cohort. In 2020/2021, patients’ 

health outcome was assessed through the International Hip Outcome Tool 

(iHOT-33). Fifteen variables were investigated for their prognostic ability with a 

multivariate forward stepwise regression analysis. The patient’s acceptable 

symptom state (PASS) cutoff for iHOT-33 was established in 67 points, while the 

iHOT-33 delta score was defined as the difference between the follow up minus 

the baseline scores. 

Results: From 353 FAI syndrome patients who completed the baseline 

assessment, 145 responded the iHOT-33 follow-up. The mean follow-up time 

was 5±2 years (minimum = 1, maximum = 8 years). Eighty-one (56%) patients 

reached a PASS≥67. Only the initial iHOT-33 score was a good predictor for 

achieving the PASS≥67 at the follow up (AUC=0.76). No other variable was able 

to improve the predictive model. The iHOT-33 delta scores increased 21±22 

points (minimum -39.8, maximum 76.9 points). Higher iHOT-33 delta scores were 

significantly associated with a normal femoral version (β 9.03), a lower body mass 

index (β -0.99) and a higher initial iHOT-33 score (β -0.44). 

Conclusion: The initial iHOT-33 is an acceptable prognostic factor for achieving 

PASS≥67, whereas initial iHOT-33, normal femoral version and body mass index 

were associated with mid- to long-term improvements in iHOT-33 score in FAI 

syndrome patients. 
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Clinical Relevance: Physical therapists and medical doctors should consider the 

initial iHOT-33, femoral version and body mass index as prognostic factors, and 

use this information to align FAI syndrome patients’ expectations with their 

possible outcome. 

Key Terms: Femoroacetabular Impingement Syndrome, prognosis, hip muscle 

strength, hip range of motion. 

What is known about the subject: FAI syndrome patients with low body mass 

index, a Tönnis grade of 0, and pain relief from preoperative intra-articular hip 

injections are significantly more likely to achieve positive outcomes after hip 

arthroscopic surgery. 

What this study adds to existing knowledge: The present study showed that 

the initial iHOT-33 score is the only independent factor that can predict a 

PASS≥67 for iHOT-33 in FAI syndrome patients. In addition, normal femoral 

version and body mass index were predictors of the patients’ iHOT-33 delta 

score. 
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INTRODUCTION 

Femoroacetabular Impingement (FAI) syndrome is a hip joint motion-

related clinical disorder with a triad of symptoms, clinical signs, and imaging 

findings.8 The impingement between bone structures causes cartilage damage, 

pain, and predisposes the hip to early osteoarthritis onset.7 Hip arthroscopy 

surgery has been often proposed to treat FAI syndrome. According to a recent 

systematic review, hip arthroscopy had a small positive benefit compared with 

physiotherapy interventions at 8 and 12 months of follow up.17 Additionally, 

physiotherapy-led interventions, focused on targeted strengthening exercise 

programs with at least 3 months duration, might have the best effect to improve 

function and strength in young patients with hip-related pain.17  

Patient-Reported Outcome Measures (PROMs) play a prominent role in 

assessing outcomes after a treatment, considering function and symptoms from 

the patient’s perspective. The International Hip Outcome Tool (iHOT-33) was 

proposed in 201220 and has been extensively used in hip-related pain patients 

due to this tool’s adequate reliability, cross-cultural and construct validity.14 iHOT-

33 domains encompass symptoms and functional limitations, sports and 

recreational activities, job-related concerns, and social, emotional, and lifestyle 

concerns. This tool’s maximum score, which represents the best possible result, 

is 100 points. 

The FASHIoN trial,9 one of the largest randomized controlled trials with 

FAI syndrome, reported that arthroscopy and physiotherapy approaches improve 

the patients’ iHOT-33 scores in ~20 and ~14 points after one year of the 

interventions, respectively.9 Considering 6 points as the minimal clinically 

important difference (MCID) for iHOT-33,16,20 patients have experienced an 

improvement that they perceive as important when an MCID is achieved post-

intervention. However, this improvement does not mean that patients were 

satisfied with their health status. 

A different look at the iHOT-33 scores is through the patient’s acceptable 

symptom state (PASS).19 This measure establishes a target score at which the 

patient is highly likely to be satisfied with the physical state of his or her hip joint.19 
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The PASS cutoff score varies from 58 to 67 points for iHOT-33.15,19 Considering 

that the mean value for FAI syndrome patients’ iHOT-33 score is about 59 and 

50 points following arthroscopy and physiotherapy,9 respectively, it is likely that a 

large number of patients did not achieve the PASS with both treatment options. 

Prognosis refers to the risk of future health outcomes to improve or worsen 

in people with a given disease or health condition.12 A recent systematic review24 

showed that young male FAI syndrome patients, with low body mass index 

(BMI<24.5 kg/m2), a Tönnis grade of 0, and pain relief from preoperative intra-

articular hip injections are significantly more likely to achieve positive outcomes 

after hip arthroscopic surgery. Considering that FAI syndrome patients have hip 

muscle weakness and less hip range of motion (ROM) compared to healthy 

subjects,2,4 and that physiotherapy interventions with strengthening exercise 

programs may be effective to treat these patients,17 it is reasonable to assume 

that muscle strength and/or joint mobility could play a role as prognostic factors 

in this population. However, the prognostic ability of hip strength and ROM in FAI 

syndrome has not been studied so far.  

The aim of the present study was to assess the prognostic ability of hip 

muscle strength and range of motion, in addition to a range of baseline 

characteristics, for the future health outcome in FAI syndrome patients. The initial 

hypothesis was that hip strength, hip internal rotation ROM, normal femoral 

version (FV), BMI and age would be prognostic factors related to FAI syndrome 

patients’ health improvement. More specifically, patients with better strength, 

larger hip internal rotation ROM, normal FV, smaller BMI and age should present 

better PROMs and PASS results. 

 

METHODS 

Study design 

This is a cohort study with ambidirectional design (i.e., a retrospective and 

a prospective phase).  

Retrospective phase. Information was obtained from data records of FAI 
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syndrome patients evaluated between 2013 and 2019 at a private physiotherapy 

clinic (Porto Alegre, Brazil), regarded as a reference center for hip-related 

disorders’ rehabilitation. The research team accessed the clinic’s electronic 

database. Hip ROM, hip strength and iHOT-33 were routinely performed as an 

initial screening evaluating in FAI syndrome patients. The clinic’s physiotherapy 

director established this routine in 2013, and evaluations were conducted by three 

physiotherapists properly trained for the procedures and with extensive 

experience in hip-related disorders.  

Prospective phase. Between November 2020 and July 2021, the prospective 

phase of this study was performed. Patients that completed a minimum of one 

year post initial screening at the physiotherapy clinic were invited to answer the 

iHOT-33 questionnaire. All patients received via e-mail, an online link to complete 

iHOT-33. This assessment was done using the Research Electronic Data 

Capture (REDCap) platform.10,11  

The study was approved by the Federal University of Health Sciences of 

Porto Alegre’s Ethics Committee (#1.871.372). All participants signed an 

informed consent form agreeing with future use of data for research. 

Participants. From the 523 FAI syndrome patients identified in the clinic’s 

database, 353 were eligible (Figure 1). Patients had been previously evaluated 

by an orthopedic surgeon and diagnosed with FAI syndrome based on the 

following criteria: presence of motion-related or position-related pain symptoms 

at the hip; pain and limited ROM at the Flexion Adduction Internal Rotation 

(FADDIR) hip impingement test; and radiographic diagnosis of CAM deformity 

and/or Pincer morphology. Patients with a history of previous hip surgery, 

diabetes mellitus, neuromuscular, neurological or rheumatological diseases were 

excluded from the study. Patients that did not complete hip ROM, hip strength 

and iHOT-33 assessments at the physiotherapy initial appointment were also not 

included in the study. Contacted patients were assigned into a responder (if they 

answered the iHOT-33 questionnaire) or non-responder group. Baseline values 

from both groups were compared to determine the patients’ similarity at baseline. 
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Potential prognostic factors 

Fifteen variables were assessed as potential prognostic factors. Thirteen 

of these factors were evaluated at the physiotherapy clinic during the baseline 

evaluation: age, sex, BMI, sedentary profile, hip ROM (flexion - FLX, external 

rotation - ER, internal rotation - IR), FV, hip strength (abduction - ABD, adduction 

- ADD, IR, ER) and initial iHOT-33. The other two factors (treatment option and 

time of follow up) were obtained from the patients’ evaluation form. Treatment 

options were: (1) conservative management (physiotherapy) based on education, 

activity modification advice or/and supervised exercise therapy at the clinic; or (2) 

hip arthroscopy surgery for FAI syndrome correction. The time of follow up was 

considered the time between the first assessment at the physiotherapy clinic 

(baseline assessment) and the final iHOT-33 evaluation in months. 

ROM Assessment 

Hip joint ROM was assessed using a digital goniometer (Medigauge, 

Columbia, USA) for FLX, IR and ER, as previously described.4 Patients were 

positioned in the following ways to maximize pelvis stabilization. For hip FLX, the 

contralateral leg was kept fully extended. For ER, the contralateral leg was kept 

fully extended in a neutral position. For IR, the movement was performed 

bilaterally and simultaneously, and the patient kept the hip and knee flexed at 

90°. Healthy subjects’ hip ROM inter-rater reliability was previously established 

in our laboratory using the same method and was considered excellent for hip 

rotations and satisfactory for hip flexion [intraclass correlation coefficient (ICC) 

values superior to 0.84 for all measures].4 

Femoral Version Assessment 

Femoral version (FV) was clinically assessed using the rotation index, 

which estimates femoral version based on ROM measurements. In our previous 

study, we proposed this index calculation by subtracting the ER from the IR ROM 

values.5 The rotation index has been shown to be an independent FV predictor 

in patients with hip pain: the probability of hip being anteverted or retroverted is 

greater than 70% if the rotation index is less than 11° or higher than 40°, 

respectively.5 Therefore, a normal FV was considered when the rotation index 
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was between 11 and 40°, and FV was considered a dichotomous variable (i.e., 

normal or abnormal) in this study’s prediction model. 

Strength Assessment 

 Maximal isometric hip strength was assessed through hand-held 

dynamometry (MICROFET – Hoogan Scientific, Salt Lake City, USA). Muscle 

strength for ABD, ADD, IR and ER was evaluated in different positions. For ABD 

and ADD, we used the methodology introduced by Frasson et al.4 For ER and IR, 

we used a supine position, where the evaluator held the dynamometer pad 5 cm 

proximal to the lateral (hip IR) and medial (hip ER) malleoli. In all tests, the 

dynamometer was placed distally on the leg, close to the ankle joint, thereby 

providing a great lever arm for the evaluator, thus maximizing the evaluator’s 

stability. 

 For each muscle group, patients completed 2 maximal voluntary isometric 

contraction (MVIC) trials. If the difference between the 2 MVICs was greater than 

10%, a third trial was obtained. Participants received standardized verbal 

encouragement to produce maximal effort contractions in the following way: 2 

seconds to build up to maximal force, 2 seconds of MVIC, and 2 seconds to relax. 

A 120-s rest time was strictly enforced between trials. Additional measurements 

were taken if the evaluator felt unstable during the measurement or if participants 

failed to achieve a maximum effort. The highest valid force measurement was 

converted to a hip joint torque value by multiplying the force measured by the 

dynamometer (in Newtons) by the lever arm length (distance in meters between 

the estimated hip joint’s axis of rotation and the point of force application). 

Torques were normalized to body mass (Nm/kg) and were used for data analysis. 

Healthy subjects hip muscle strength intra- and inter-rater reliabilities were 

previously established in our group using this method. ICC was considered 

excellent (intra-rater superior to 0.89, inter-rater superior to 0.90) for all tested 

muscle groups.4 

PROM assessment 

Patients completed the iHOT-33 tool at the time of initial screening 

assessment at the physiotherapy clinic (baseline evaluation) and using the 
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REDCap on-line platform (follow up evaluation). Participants received 

standardized guidance on how to complete the instrument. iHOT-33 presents 

indeterminate structural validity, insufficient measurement error, sufficient 

reliability, responsiveness, construct validity, cross-cultural validity and internal 

consistency.14 The PASS used in this study was iHOT-33≥67,15 and patients that 

achieved this cutoff value were considered to have a ‘favorable result’. The iHOT-

33 delta score was calculated by the difference between initial and final iHOT-33 

scores.16 

Statistical Analysis 

Baseline data for each candidate variable were presented as means and 

standard deviations for continuous data, and percentages for categorical data. 

Baseline characteristics were compared between responders and non-

responders with T-test for continuous variables and chi-square for categorical 

variables. Candidate variables entered a multivariate forward stepwise 

regression analysis. Linear regression was used for iHOT-33 delta score, and 

logistic regression for the dichotomous measure of achieving or not the PASS 

(i.e., iHOT-33≥67). Variables with the highest p-values were removed one at a 

time (WALD test), until all remaining variables were significant at p<0.10. 

Associations within each multivariate model were regarded as significant at 

p<0.05. The strength of the predictive ability of identified factors in each 

multivariate model was determined using the odds ratio (OR) for dichotomous 

measures (PASS) and unstandardized regression coefficients for continuous 

measure (iHOT-33 delta score). Discrimination for the dichotomous measure was 

assessed by calculating the area under the receiver operator characteristic 

(ROC) curve, to evaluate how each variable distinguished patients who achieved 

the PASS. All analyses were conducted using IBM-SPSS (version 25.0). 

 

RESULTS 

From the 523 potential eligible patients, 353 had completed the baseline 

assessment (Figure 1). One hundred and forty-five patients completed the study 

after answering the follow up iHOT-33. No statistical difference was found 
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between responders’ and non-responders’ baseline characteristics (Table 1). 

The mean follow-up time was 58.7 ± 27.2 months (minimum of 12 and 

maximum of 103 months). One hundred and four patients (71.7% of participants) 

had arthroscopy surgery after baseline evaluation. 

Eighty-one participants (56%) presented a favorable result (i.e., achieved 

the PASS) on the follow up evaluation. Table 2 shows the univariate statistical 

significances for the association of baseline characteristics and achieving the 

PASS observed in the logistic regression. Although multiple variables reached 

statistical significance in the univariate analysis, only the initial iHOT-33 score 

was considered statistically significant (OR 1.06, 95% CI 1.03 to 1.8) in the 

multivariate logistic regression. No other variable was able to improve the 

predictive model. The ROC analysis showed AUC of 0.76 (95% CI 0.68 to 0.83, 

Figure 2) with a p<0.001. The initial iHOT-33 scores were 54.5 and 37.2 for 

patients that achieved the PASS and that did not, respectively. 

The average increase in iHOT-33 delta score between evaluations was 

20.7 ± 21.8 points (minimum -39.8 and maximum 76.9 points). Table 3 presents 

the Pearson correlation for all the variables tested in the model, showing that 

initial iHOT-33 scores, sex, rotation index and ER strength were significantly 

correlated with iHOT-33 delta values. However, only initial iHOT-33 score (β -

0.44), normal FV (β 9.03), and BMI (β -0.99) had the ability to predict iHOT-33 

delta score in the multivariate model (Table 4). A normal FV increased in 9 points 

the iHOT-33 delta score, whereas a decrease of one point in BMI values led to 

an increase of 1 point in iHOT-33 delta score. This model explained 20% of iHOT-

33 delta score variance. 
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Figure 1. Flow of participants through the study.  

 

 

 

 

 

 

 

  

 

 

 

 

Excluded for not 
meeting criteria or 

missing data (n = 170) 

Potential eligible patients identified in the 
database (n = 523) 

Patients that completed baseline 
assessment (n = 353) 

Completed iHOT-33 follow-up (n = 145) 

Patients that did not 
answer the final iHOT-

33 (n = 208) 



 

 

76 

Table 1. Baseline characteristics of the participant. 

Values are presented as n (%) or mean ± SD. ABD = abduction; ADD = adduction; 

BMI = body mass index; ER = external rotation; FLX = flexion; IR = internal 

rotation; ROM = range of motion; SD = standard deviation. 

  

 

Characteristic Responders 
N = 145 

Non responders 
N =208 

p value 

Age, years 38.2 ± 10.4 37.1± 10.7 0.20 

Male sex, no. (%) 99 (68.3) 153 (73.6) 0.28 

Body mass index, kg/m2 24.8 ± 3.3 25.2 ± 3.5 0.15 

Sedentary, no. (%) 50 (34.5) 80 (38.5) 0.46 

Initial iHOT-33 46.8 ± 19.6 47.6 ± 20.2 0.71 

Normal version, no. (%) 111 (76.6) 145 (69.7) 0.16 

Hip ROM, degrees    

     FLX  115.3 ± 10.7 116 ± 10.6 0.54 

     ER 39.9 ± 9.3 41.4 ± 9.4 0.14 

     IR 21.0 ± 9.0 20.9 ± 9.8 0.90 

Hip strength, Nm/kg    

     ER  0.62 ± 0.27 0.60 ± 0.23 0.46 

     IR  0.66 ± 0.27 0.68 ± 0.33 0.61 

     ABD  1.24 ± 0.45 1.28 ± 0.36 0.42 

     ADD 1.06 ± 0.50 1.11 ± 0.46 0.32 

Surgical treatment, no. (%) 104 (71.7) -----  

Time of follow-up 58.7 ± 27.2 -----  
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Table 2. Univariate statistical significances for the association of prognostic 

factors and iHOT-33 PASS≥67 observed in logistic regression. 

Variable Chi-square P-value 

Initial iHOT-33 27.851 0.000 

ADD strength 6.510 0.011 

ABD strength 5.211 0.022 

ER strength 5.102 0.024 

ER ROM 4.142 0.042 

IR strength 4.090 0.043 

FLX ROM 2.957 0.085 

Normal version 2.485 0.115 

Sedentary 1.913 0.167 

Surgical treatment 0.606 0.436 

Male sex 0.372 0.542 

Age 0.369 0.544 

BMI 0.198 0.657 

Time of follow up 0.019 0.889 

IR ROM 0.000 0.997 

ABD = abduction; ADD = adduction; BMI = body mass index; ER = external 

rotation; FLX = flexion; IR = internal rotation; PASS = patient’s acceptable 

symptom state; ROM = range of motion. 
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Figure 2. ROC curve for initial iHOT-33 to predict PASS≥67 (AUC 0.76 95% CI: 

0.68-0.83). 
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Table 3. Correlation between selected variables and iHOT-33 delta score. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABD = abduction; ADD = adduction; BMI = body mass index; ER = external 

rotation; FLX = flexion; IR = internal rotation; ROM = range of motion. ** = p<0.01; 

* = p<0.05 

  

Variable Pearson r 

Initial iHOT-33 -0.382** 

Male sex -0.238** 

Normal version 0.171* 

ER strength -0.166* 

IR strength -0.152 

Sedentary 0.133 

ADD strength -0.131 

BMI -0.109 

ABD strength -0.101 

Age -0.094 

Surgical treatment 0.048 

FLX ROM 0.040 

IR ROM 0.024 

ER ROM -0.010 

Time of follow up 0.008 
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Table 4. Prognostic factors for iHOT-33 delta score. 

β = unstandardized regression coefficient; BMI = body mass index. 

 

DISCUSSION 

The present study showed that the initial iHOT-33 score is the only 

independent factor that can predict a favorable result (i.e., iHOT≥67) in FAI 

syndrome patients. In other words, patients who had higher baseline iHOT-33 

scores were closer to the cutoff score of 67 points and, therefore, were able to 

achieve the PASS more frequently than their peers with lower baseline iHOT-33 

scores. However, in addition to the baseline iHOT-33 score, normal FV and BMI 

were predictors of the patients’ iHOT-33 delta score. No other variable included 

in the physiotherapists’ initial screening evaluation, such as hip ROM and hip 

muscle strength, had any prognostic ability. 

 According with a systematic review, young age, male sex and lower BMI 

were found to predict a positive outcome after hip arthroscopy in FAI syndrome.24 

In our study, which included men and women from 17 to 65 years old, the patients' 

sex and age played no role in their prognosis. We speculate that the reduced 

number of patients with more than 50 years (i.e., 14 participants; less than 10% 

of the sample) makes it difficult to reach a definitive conclusion regarding age’s 

prognostic ability. Nevertheless, the sex distribution (~68% men) allow us to be 

more assertive that sex was not a prognostic factor in our study. Therefore, 

despite FAI syndrome women patients present more profound symptomatology 

with milder morphologic abnormalities, while men have more common combined-

Variables Β p-value 

Initial iHOT-33 -0.440 0.000 

Normal version 9.034 0.021 

BMI -0.994 0.047 
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type FAI morphologies and a more extensive intra-articular disease,21 prognosis 

seems to be independent of the patient’s sex.  

Patients in our sample were submitted to conservative or surgical 

approaches (~72% treated with hip arthroscopy). The iHOT-33 delta scores for 

conservative and surgical treatment in our study were 19.07 and 21.40, 

respectively. Considering that 6 points is the MCID for iHOT-33,16,20 these results 

suggest that both treatment options achieved the MCID. In addition, our findings 

support the effectiveness of both conservative and surgical treatments, and 

randomized controlled trials already showed these treatments’ efficacy.17 

As found by Sogbein et al.,24 BMI has been described as a predictor factor 

for FAI syndrome patients undergoing hip surgery. According to Cvetanovich et 

al.,1 a BMI bellow 24.5 was associated with achieving MCID on the hip outcome 

score - HOS (OR 0.92). If we take the iHOT-33 delta score as an outcome, our 

results agree with their results, but not if we consider the PASS cutoff value as 

the outcome. Considering the delta scores, our study showed that every 1 point 

decrease in BMI increases 1 point in the iHOT-33 delta score. This result agrees 

with a recent systematic review, which showed that obesity is associated with 

worse clinical outcomes of hip and knee arthroplasty in terms of pain and 

complications in osteoarthritis patients.23 However, achieving the PASS is not 

related to BMI, and one possible explanation is that achieving a final iHOT-33>67 

is highly determined by the iHOT-33 baseline score (discriminative ability of 75%). 

However, considering that BMI is a modifiable factor, patients should be informed 

about the possibility of obtaining higher increments in iHOT-33 delta scores with 

weight loss.  

Considering that physical inactivity has been associated with chronic 

musculoskeletal complains,13 it is reasonable to expected that sedentary lifestyle 

plays a role in FAI syndrome patients’ prognosis. According to our results, being 

sedentary is not a factor related to achieving the PASS nor with iHOT-33 delta 

score. Fifty patients (34.5%) in our study reported a sedentary lifestyle, with no 

report of physical exercise neither sports practice. One possible explanation to 

sedentary lifestyle not being able to predict a favorable result or iHOT-33 delta 
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scores could be related with the FAI syndrome characteristic. FAI syndrome is a 

motion related disorder prevalent in young adults, in which pain is related with 

movement and certain positions.8 Therefore, stopping exercise and/or sports can 

be a way to reduce pain in these patients. 

FV has been recognized as a potentially important factor in the 

development of hip pain.18 Considering that 52% of the hips scheduled for hip 

preservation surgery have abnormal FVs,18 and that patients with abnormal 

version had less improvement after hip arthroscopy than normal version 

patients,3 FV may be also an important factor related to health prognosis in FAI 

syndrome patients. Since the rotation index proved to be an independent FV 

predictor in patients with hip pain,5 we chose this index in the present study to 

assess patients with normal version and evaluate its prognosis ability. According 

to our results, 111 (77%) patients presented a rotation index indicative of a normal 

FV. Additionally, patients with normal FV were associated with a 9-point increase 

in the iHOT-33 delta score. Therefore, in addition to being a feasible tool to predict 

FV at the clinical setting,5 rotation index proved to be a prognostic factor related 

to improvements in iHOT-33 after conservative and surgical treatments. The use 

of this index as a screening test by physiotherapists and medical doctors may 

influence decision-making regarding the FAI syndrome patients’ treatment. 

To our knowledge, this is the first study to investigate the prognosis ability 

of hip strength and ROM in FAI syndrome patients. Considering cross sectional 

studies’ results showing the discriminative ability of hip muscle strength and hip 

ROM between healthy subjects and FAI syndrome patients, theses variables 

were considered here as candidates with prognosis ability.2,6 However, according 

to our results, hip strength and ROM cannot predict FAI syndrome patients’ 

outcomes. The clinical concept that patients with better strength and mobility will 

perform better after an orthopedic surgery was not proved here. The modifiable 

nature of these variables (strength and ROM) might explain their poor prognosis 

ability. Over the years, patients modified their muscle strength and joint ROM due 

to exercise and health status. Therefore, strength and ROM at the time of the 

follow up evaluation should have more impact in the final clinical outcome. It will 

be interesting to investigate the hip muscles’ strength and hip ROM changes of 
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these patients in the coming years. 

Ishoi et al. 15 showed that 46.7% of 137 patients submitted to arthroscopy 

surgery achieved the PASS score after 12 to 24 months of the procedure. Using 

the same cutoff (i.e., 67 points), our study showed that 56% of our participants 

achieved the PASS for iHOT-33. PASS score is a useful way to distinguish 

patients that report that “are feeling good” (PASS) from those that are “feeling 

better” (MCID). This information seems to be important for aligning the patients’ 

expectations with possible health outcomes. However, the PASS has a limitation 

when considering the initial values, as some patients already had a PASS cutoff 

score in their initial evaluation (e.g., 26 patients in the current study). Therefore, 

we cannot have an idea of global improvement looking only at the PASS score, 

and the iHOT-33 delta score may improve our ability to understand our data 

behavior. More specifically, the average iHOT-33 score increase between 

evaluations was ~21 points. This value is higher than the MCID of iHOT-33 (i.e., 

6 points),16,20 suggesting that both MCID and PASS scores were achieved by the 

participants, independent of their treatment option (i.e., conservative 

physiotherapy versus arthroscopy surgery).  

This study has some limitations. First, the large time variability between 

evaluations, ranging from 1 to 8 years, may have brought a variability in the iHOT-

33 scores of the follow up evaluation. Second, patients were submitted to different 

treatment modalities, conservative and surgical approaches. However, the time 

between evaluations and treatment were not a factor predicting PASS or iHOT-

33 delta scores, suggesting that between-evaluations time and treatment did not 

affect our results. Another limitation was the high number of non-responders in 

our study (patients that did not answer the follow-up iHOT-33). Despite this, there 

was no difference in baseline characteristics between responders and non-

responders leading us to believe that the responders’ group sample is 

representative of all patients assessed in the baseline. In the next steps, it would 

be important to assess the prognostic ability of hip ROM and hip muscle strength 

over the coming years to test for possible effects of theses variables’ modifiable 

nature in the PASS and iHOT-33 delta scores, as well as in the health status of 

these FAI syndrome patients.  
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CONCLUSION 

In conclusion, more than half of the FAI syndrome patients had a favorable 

recovery from one to eight years of follow up and achieved PASS scores. PASS 

score can be predicted in 75% by the iHOT-33 initial score. The use of iHOT-33, 

normal FV assessed by the rotation index and BMI at the initial evaluation can 

predict the iHOT-33 delta score results in FAI syndrome patients. 

Physiotherapists should considerer the initial iHOT-33, FV and BMI as prognostic 

factors and use this information to align FAI syndrome patients’ expectations with 

their possible outcome. 
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6 CONCLUSÃO GERAL 

A literatura a respeito da síndrome do IFA cresceu muito nos últimos anos, 

de modo que evidências de melhor qualidade têm sido apresentadas acerca das 

adaptações físicas e funcionais dos pacientes, bem como das diferentes 

modalidades de tratamento. Estas informações são fundamentais para auxiliar 

fisioterapeutas e médicos na tomada de decisão clínica para o tratamento de 

pacientes com síndrome do IFA. A avaliação realizada no ambiente clínico 

possibilita a detecção de déficits de força, ADM e funcionalidade de pacientes 

com síndrome do IFA, auxiliando na determinação do prognóstico destes 

pacientes, e proporcionando a prescrição de estratégias de tratamento 

individualizadas. 

Em nosso primeiro estudo apresentamos evidências relativas à fraqueza 

muscular e redução da ADM do quadril apresentadas em pacientes com 

síndrome do IFA comparados a sujeitos assintomáticos. Considerando que a 

força muscular e ADM têm um papel fundamental relacionado a incapacidade 

física e funcional, a recuperação da força muscular é prioridade em programas 

de reabilitação. Por outro lado, a recuperação da ADM de quadril em pacientes 

com IFA é assunto controverso, já que parte da limitação provavelmente está 

relacionada à anormalidade óssea apresentada por estes pacientes. Os 

resultados apresentados sobre os déficits de força e ADM acrescentam à 

evidência disponível na literatura, no sentido de reduzir a divergência existente. 

Além disso, o método de avaliação proposto é simples e de fácil uso na prática 

clínica, utilizando recursos como o dinamômetro manual e o goniômetro. 

No segundo estudo, utilizamos a mesma metodologia de avaliação de 

força e ADM utilizada no primeiro artigo, e investigamos o impacto da VF na força 

e ADM de adultos jovens com dor no quadril. Nossos resultados confirmaram 

que a VF tem influência na ADM do quadril. Adicionalmente estabelecemos um 

método de avaliação capaz de predizer a VF através da medida rotacional do 

quadril, a qual denominamos “índice rotacional”. Também verificamos que a 

força muscular do quadril sofre modificações devido às diferenças na VF, 

demonstrando que mudanças anatômicas podem ter impactos sobre a 
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capacidade funcional dos músculos. Baseado nos nossos resultados é 

fundamental que os clínicos levem em consideração a VF e seu impacto na ADM 

e força muscular ao indicar estratégias de tratamento específicas. 

Em nosso último estudo investigamos os fatores prognósticos 

relacionados a pacientes com síndrome do IFA, em especial, fatores 

relacionados à ADM, força muscular, VF e PROMs. Os resultados apresentados 

no nosso estudo demonstraram que o iHOT-33 inicial apresenta uma boa 

capacidade de predizer o PASS (ou seja, iHOT-33≥67). Além disso, o iHOT-33 

inicial, a VF e o IMC apresentam propriedades prognósticas para a variação do 

escore do iHOT-33 entre as avaliações. Sendo assim, fisioterapeutas e 

profissionais da saúde devem orientar os pacientes quanto às medidas que 

auxiliam na obtenção de melhores resultados clínicos, como, por exemplo, a 

redução da massa corporal. Além disso, considerando o papel prognóstico do 

iHOT-33 e sua abrangência em aspectos físicos, laborais, esportivos e 

psicossociais, estratégias de tratamento que abordem todas estas dimensões 

precisam ser implementadas na prática clínica do fisioterapeuta. 

Os artigos apresentados nesta tese reforçam a importância da avaliação 

em ambiente clínico para pacientes com síndrome do IFA. O impacto desta 

avaliação vai além da detecção de déficits de força e de ADM, possibilitando a 

predição da VF e a detecção de fatores prognósticos. É extremamente 

importante que fisioterapeutas utilizem técnicas válidas e relevantes para a 

avaliação clínica, possibilitando desenvolver melhores estratégias de tratamento, 

individualizadas e baseadas nas possibilidades prognósticas de cada indivíduo. 
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7 IMPACTOS DO TRABALHO 
 

As informações presentes nos artigos apresentam impactos científico, 

clínico e econômico. Do ponto de vista científico, o primeiro estudo adiciona 

informações relevantes à literatura atual sobre as características de ADM e força 

muscular encontradas em pacientes com síndrome do IFA. No segundo estudo, 

além de apresentarmos o impacto da VF na força e ADM de pacientes com 

síndrome do IFA, desenvolvemos um índice capaz de predizer a VF a partir de 

medidas simples de ADM rotacional do quadril. No terceiro estudo, mostramos o 

potencial prognóstico de uma série de medidas comumente realizadas nas 

avaliações de pacientes com síndrome do IFA. 

Do ponto de vista clínico, a metodologia de avaliação proposta nos artigos 

é simples e fácil de utilizar na prática clínica, sendo capaz de auxiliar 

fisioterapeutas a detectar déficits de força e ADM em pacientes com síndrome 

do IFA. Além disso, através desta metodologia os clínicos podem predizer a VF 

de pacientes, a qual tem impacto no prognóstico destes pacientes. Os resultados 

apresentados auxiliam o fisioterapeuta na educação do paciente com 

informações de qualidade sobre sua condição clínica. Além disso, o uso da 

avaliação clínica por parte dos fisioterapeutas reforça o seu papel como agente 

de saúde, possibilitando destacar sua participação essencial na tomada de 

decisão acerca da melhor modalidade de tratamento para cada paciente. 

Do ponto de vista econômico a utilização deste tipo de avaliação tem 

potencial de reduzir o uso excessivo de exames de imagem, auxiliando o clínico 

a identificar pacientes que precisam ou não de exames de imagens, os quais 

elevam os custos relacionados aos tratamentos de saúde. Além disto, a 

metodologia de avaliação do paciente com síndrome do IFA no ambiente clínico 

utilizada em nossos estudos fornece subsídios para uma tomada de decisão 

mais assertiva pelos fisioterapeutas, e aumenta as chances de um tratamento 

bem-sucedido, o que, por consequência, apresentar potencial economia de 

tempo e recursos financeiros com tratamentos equivocados e/ou ineficazes. 
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