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CHAPTER 1
General Introduction

9

Groin pain lists in the top 6 most common athletic injuries85,140,248. It mostly affects those
who participate in sports that involve accelerations, decelerations, rapid change of
direction and kicking202.
Athletes with hip and groin pain typically consult a large number of different
(para) medical specialists like (sports and manual) physiotherapists, (sports) medicine
physicians, (orthopaedic or general) surgeons and radiologists175. Consequentially,
numerous different approaches regarding diagnostics and treatment have been
described. Overcoming differences in terminology and definitions used will help mutual
understanding250 and is essential for communication of both clinicians and researchers. A
team effort, where all specialists involved appreciate one another’s expertise, will help to
gain further insight and advance in this field of sports medicine.

From anatomy to structural diagnosis
The complex anatomy of the hip and groin region is likely one of the reasons making
a clear diagnosis is difficult in case of injury92. Musculo-tendinous structures span the
anterior groin region: the adductors connect to the rectus abdominis sheath and pubic
symphysis via an aponeurosis50,196. The adductor brevis and gracilis tendons fuse, forming
a common tendinous junction50. This interrelatedness may impede making a valid
structural diagnosis. A structured approach for the anatomical orientation on this region
is helpful to the clinician. Falvey et al. presented a clock-wise orientation for this region
to locate the adductors, pubic bone, symphysis, rectus abdominis and inguinal ligament64
(see Figure 1).
The hip is also an acknowledged and common source for groin pain250. However hip
pathology may result in pain in other regions than the groin alone41,131. Thus when groin
pain is present clinicians should include hip-related pathology into their differential
diagnosis250.

Classification of groin pain in athletes
One of the diagnostic problems is that imaging findings in the hip and groin region do not
correlate well with symptoms experienced by injured athletes28. Degenerative changes of
the symphyseal joint, adductor muscle insertion pathology, pubic bone marrow oedema
and secondary cleft sign were found the most common findings in athletes with longstanding adductor related groin pain28. It should be noted that in players suffering acute
groin injury, MRI is negative in 1 out of 5 cases210.
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Figure 1. A clock-wise orientation on the anatomy of the groin region as described by Falvey
et al.64 (source: BJSM, with permission).

These findings have led to the adoption of a clinical entities approach describing
clinical patterns, that relate the origin of complaints to functional anatomical regions
rather than morphological changes or structural damage92. This approach has been
agreed upon in the Doha Consensus on terminology and definitions in groin pain in
athletes250. Four clinical entities can be defined. Figure 2A represents the anatomical
locations of these defined entities. The clinical examination to determine the clinical
entity present is reliable93 and is presented in Figure 2B. These are as follows:
• Adductor-related groin pain: present when there is recognizable pain at the origin of
the adductors (Figure 2B.1) and whilst adduction against resistance (Figure 2B.2).
• Iliopsoas-related groin pain: Iliopsoas tenderness (Figure 2B.5 and 2B.6). Iliopsoasrelated groin pain is more likely if there is pain on resisted hip flexion (figure 2B.4) and/
or pain on stretching the hip flexors (Figure 2B.3).
• Inguinal-related groin pain: Pain location in the inguinal canal region (figure 2B.8) and
tenderness of the inguinal canal (Figure 2B.7). No palpable inguinal hernia is present.
Inguinal-related groin pain is more likely if the pain is aggravated with resistance
testing of the abdominal muscles (Figure 2B.9) or on Valsalva/cough/sneeze.
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• Pubic-related groin pain: Local tenderness at palpation of the pubic symphysis and
the immediately adjacent bone (Figure 2B.10).
The hip joint, next to these clinical entities, is also a recognized source for groin pain in
this population41,131.

Figure 2. A Defined clinical entities250 (source: BJSM, with permission). B Clinical examination
of the athlete with groin pain targeting presence of clinical entities32 (source: Brukner’s and
Khan’s Clinical sports Medicine, with permission).

The hip joint in athletes
Both the proximal femur and acetabulum contribute to mobility and stability. Form
closure and force closure assist in adequate load transfer182. The morphology of the hip
joint is highly variable. A decreased form closure (i.e. hip dysplasia, a shallow acetabulum)
may result in less efficient load transfer.
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Its presence can be recognized by findings of increased hip range of motion166, and is
associated with an increased risk of hip osteoarthritis later in life97. The anatomical shape
of the femoral head also varies; this ranges from being spherical, allowing full range of
motion with an adequate functioning femoral-acetabular interface to being less spherical,
affecting the congruence of the femoral-acetabular interface. Asphericity is usually found
at the anterosuperior side of the femoral head, just above the femoral neck junction8 where
a bony formation may be present. This is referred to as cam morphology9.

Cam morphology of the hip
Asphericity of the femoral head is quantified by measuring the alpha angle according to
Nötzli (see Figure 3)169. The alpha angle quantifies the sphericity of the femoral head; the
higher the alpha angle the more aspherical the femoral head.
Cam morphology is likely to develop in adolescent years, when the physes are
open2,4,222. Extension of the growth plate of the femoral head in the anterolateral
direction, where cam morphology usually develops is found156 (see Figure 4).
Cam morphology has been reported to be more prevalent in athletic populations when
compared to non-athletic ones. It might therefore result from loads applied tot he hip
during skeletal growth. Whether or not a load dose response exists in this developmental
process is unclear.

Figure 3. A Radiological assessment of the hip of a football player. B Radiograph presenting
the Lauenstein view of the hip where a bony formation (cam) affecting the sphericity of the
femoral head is visible at the white arrow. C A standardized set of bony landmarks is used to
quantify the alpha angle222 (source: AJSM, with permission).

Presence of a cam morphology is associated with an increased risk of development of
hip osteoarthritis3,5,7,97. At forced flexion and internal rotation a cam may be forced into
the acetabulum. Tissue degeneration and chondral delamination may occur, eventually
resulting in pain and disability7. Clinical provocation of a painful hip is often performed
using flexion in combination with adduction and internal rotation (FADDIR), stressing the
anterosuperior hip joint structures. When symptoms and both clinical and radiological
signs are present “femoroacetabular impingement syndrome” (FAIS) is the preferred
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Figure 4. Development of a young hip from 2-12 years (A,B,C) followed by either normal
development (D-pathway) or the development of a hip with cam morphology (E-pathway)
where the growth plate bends towards the femoral neck (E1,2 red zoned). Shear stress in this
region initiates extra bone growth at the anterolateral head neck junction8 (source: BJSM,
with permission).

term to use77,204. A review on psychometric properties of clinical hip joint examination
shows that most tests have good sensitivity but poor specificity191. As a result these tests
can best be used for the exclusion of hip pathology rather than inclusion192,250. A recent
review of the literature on the role of imaging in identifying hip pathology showed that
most research was done in highly specialised settings. This is problematic as athletes
in these tertiary referral settings have a very high pre test probability of having hip
pathology and the studies therefor found that imaging did little to alter the post test
likelihoods of pathology194.

The injury spectrum definitions: injury versus (no)
symptoms (at all)
In football 4-19% of all time-loss injuries70 relate to the hip and groin region247,257. Wide
ranges of prevalence may be the result of different study types and their quality as well as
heterogeneity of terms, definitions and classification systems used196,250. Injury incidence
rates vary from 2.1 to 7.7 injuries per 1000 hours for football training sessions and increase
towards 12 to 35 injuries per 1000 hours for football matches218,248.
When an athlete suffers from a groin injury, this may result in long recovery periods,
with an average between 15 and 20 days60,85,218,257. A time-loss injury, referring to a situation
in which an athlete is unable to fully take part in training or match due to injury70, may be
the result of accumulating problems with an insidious onset or an acute injury70 and is thus
on the severe end of the injury spectrum220. Time-loss injury prevalence numbers likely are
underestimates of the extent of the groin pain burden in athletes because many athletes
will keep on playing while having pain and discomfort in this region232,242. Therefore it is of
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interest to evaluate whether or not “healthy” athletes experience groin symptoms and in
the case of the latter, the burden of these symptoms experienced.

Quantifying symptoms
Patient reported outcome measures (PROs) are considered the gold standard to quantify
symptoms179. A recent review showed that 4 PROs (HAGOS, Hip Outcome Score (HOS),
International Hip Outcome Tool (iHOT) 12 and 33) can effectively be used to assess hip
and groin problems experienced by young and active individuals236. The use of PROs is
encouraged to gain detailed information about the clinical course experienced and to
effectively compare different treatment strategies52.
The Hip and groin Outcome Score (HAGOS), a 37-item questionnaire, was developed
by Thorborg et al.234 and can reliably be used to assess perceived symptoms and disability
from complaints in the hip and groin region. A translated and cross-culturally adapted
Dutch version was developed according international guidelines20 in collaboration with
the originator234 and published online (www.koos.nu)223 but needs validation in the target
population in Holland.
The number of hip arthroscopies is on the rise195, with an 18-fold increase between
1999 and 200944. A lack of high-quality evidence to support this development has recently
been highlighted77,195. The need for stakeholders to assess the potential benefits of any
intervention and compare results of treatment strategies across studies requires a PRO
that is suitable for this population and objective.
The use of iHOT-33 is advised internationally to quantify symptoms in young and
active patients with femoroacetabular impingement (FAI)90 and describe results of hip
arthroscopy in this population114. HAGOS can also be used for this objective. No Dutch
version of iHOT-33 is available yet.
Translation and validation of PRO’s should be systematic and done according to
existing recommended guidelines20. This improves the reproducibility of the process
applied, the methodological quality of the study and the final product. The Consensusbased Standards for the selection of health Measurement Instruments (COSMIN) criteria
should be used for these purposes151,152.

The physical examination paradigm
Athletes presenting with complaints go through an examination or, in cases of self referral
to a physical therapist, a diagnostic screening process, aiming to identify the need for
additional specialized (secondary) care, based on the presence of so-called “red flags”.
When no such suspicion is present the examining clinician focuses on bodily function to
address structural and functional failure. Both can be described systematically using the
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International Classification of Diseases (ICD)266 and International Classification of Function
(ICF)163. Joint, muscle and tendon function can be assessed by specification of range of
motion, coordination, strength and load bearing capacity (see Figure 5)199.
Range of motion can be measured in degrees and presented systematically per joint126,
while strength can be tested either statically (isometric) or dynamically, either for one
muscle group (across one joint) or for greater portions of the kinetic chain199. Qualitative
measures of coordination are performed more often in recent years, using motion capture
systems. When assessing movements of multiple body segments in 3D space and studying
angles, angular velocity and acceleration or deceleration, large data sets are obtained. It is
unclear at this moment, which of the many parameters do or do not matter.

range of motion

load bearing
capacity

coordination

strength
Figure 5. Physiotherapeutic paradigm: Range of motion, coordination, strength, load bearing
capacity199. Physiotherapy comprises all these fields of physical function as described in the
International Classification of Function (ICF)163.

Before the assessment of injured athletes can deliver new insights, the relevance of
movement characteristics has to be determined. Conceptual approaches of human
movement like proximal-to-distal movement sequencing, muscle length-strength
relationships, neuromuscular patterns and biological workspace need to be considered.

Groin pain and range of motion
Clinicians seeing footballers with hip and groin related problems recognize the problems
experienced with kicking a ball221. Athletes report pain on kicking and a reduced kicking
power. Many clinicians intuitively feel the importance to assess hip range of motion (ROM).
Literature on this relationship is heterogeneous in many ways and inconsistent117,157,202.
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It was our clinical experience that there is no clear clinical pattern found in the majority
of patients for hip range of motion, either regarding symmetry or reduced ROM in injured
players. We felt a systematic review of the literature was needed on how the information
present could be structured and how the incongruence found in clinical practice should
be interpreted. One of the complicating factors is that cam morphology of the hip is
associated with decreased hip internal rotation15. The interplay between the presence
of hip and groin symptoms and cam morphology and hip range of motion is unclear. This
information may assist in interpreting the findings during physical examination.
We have observed that maximal power kicking is troublesome most of the time when
groin pain is present221. We also observed that increasing hip range of motion often
seemed to result in improved kicking ability and lower pain levels. We could however
not explain why patients might benefit from any increase in hip ROM and the literature
did not provide a straightforward answer. Combining information on biomechanics and
kicking performance in order to propose a mechanism for hip and groin injury was a way
to gain new insights in this field. Relating this to clinical studies of hip and groin function
loss may lead to new insights on this not well understood type of injury.

Coordination: Kicking biomechanics
Football players must be able to kick a ball with maximal speed over large distances,
preferably in an economic way. Extreme muscle work and energy loss should be avoided
as it induces fatigue and inaccuracy, consequentially leading to an increased injury risk105.
Biomechanical analysis of full-body, high-speed actions like kicking informs how the body
generates speed. Different concepts of human movement apply.
The instep kick is divided in the preparation, backswing, leg cocking, acceleration and
follow through phase30. The backswing phase of the kick involves a sequential wind up of
the athlete’s body; a tension arc is formed212. These coupled movements stretch and load
the interconnected anterior abdominal and thigh muscles

221

. Potential energy is stored

within the body and converted into kinetic energy during the downswing.
The kicking leg displays a proximal to distal kinematic motion sequence during the
downswing. Segmental speeds are summated serving to generate maximal foot speed
at ball impact106,125,184. Figure 6 of a mass spring mechanism schematically represents this
energy transfer phenomenon124.
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Figure 6. Summation of segmental speed presented in a biomechanical model: The disks
represent pelvis, hip and knee. As the largest disk (pelvis) starts rotating, the second disk
(hip) gains velocity from its own spring and the velocity of the first disk. The third disk (knee)
gains energy from its own spring and from energy of the second disk. Sequential initiation of
segments will result in maximal distal end speed (moment arm with ball representing the foot).

Pre-stretch velocity and range of motion (ROM) correlate to powerful contraction forces
that induce segmental acceleration24. Storage of elastic energy and increased segmental
motion excursions enhance segmental velocity.
The segmental speed of the lower leg is correlated to ball speed in kicking. This is
considered a quality measure of kicking. Previous studies show that speed of the distal
segment of the leg is the result of previous explained mechanisms. How central body
actions contribute in this speed development is unclear.

Treatment of adductor-related groin pain
A recent systematic209 review showed that there is some high quality evidence for
treatment of adductor related groin pain applying exercise therapy96,252. Adjunct manual
therapy seems to speed up the recovery process resulting in a shorter time to return to
sports252. These well-conducted studies may however reflect a situation that remains
far from the “true clinical setting”. In daily practice, the athlete and clinician aim for an
efficient and quick return to sport whenever possible. Pre-defined non-individualized
treatment protocols do not suit this approach.
Successful return to play seems (at least partially) to be dependent on the
athlete’s “psychological readiness to return to play”67. This likely needs attention and
consideration during decision making in the clinic but should also in studies12. No such
information in the current hip and groin literature is available yet. Describing the clinical
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course of patients after treatment paying attention to these issues may offer directions
for clinical care and new research.

Outline of this thesis
This thesis aims to further evaluate afore mentioned aspects in this introduction.
Groin pain can result in injury leading to time-lost to play. Assessing time-loss injuries
have been the gold standard for many years to perform injury incidence and prevalence
studies. Symptoms may exist while time-loss is (yet) not present. Presence and severity
of hip and groin symptoms can be assessed using PROs. There is a lack of cross-culturally
adapted PROs in the Dutch language that are validated in the target population according
existing guidelines. A Dutch version of HAGOS and the findings of the validation study
according the COSMIN checklist are presented in Chapter 2.
A Dutch version of the iHOT-33, a PRO that is used internationally to assess perceived
hip function in young and active individuals with hip related pain and disability and the
findings of its validation according the COSMIN checklist are presented in Chapter 3.
The discrepancy in the existing literature on the relationship between reduced hip
ROM and athletes with groin pain resulted in the question “Why may range of motion be
of importance in a football action like kicking, and how does that relate to the existing
literature on groin pain”. A review of the literature was conducted to answer this question
and is presented in Chapter 4.
After conducting this review it became clear that the existing literature is not
equivocal whether or not decreased hip ROM is associated with an increased risk for the
development of groin pain and if hip ROM differs between athletes with and without
groin pain. The available literature leaves us without clarity on how this evidence should
be applied by clinicians and researchers. A systematic review of the literature was
conducted to adequately interpret the existing literature, describe why inconsistency
exists and guide clinicians and researchers in the field on how to handle these findings
either in the clinic or in future studies. The findings are presented in Chapter 5.
Femoroacetabular impingement syndrome (FAIS) is frequently described as a cause
of hip and groin pain in young athletes. Cam morphology, being the most common
morphology in FAIS related problems, has previously been related to decreased hip ROM
while groin pain itself has also been related to decreased hip ROM. A cross sectional
study was performed to study the relationship of hip ROM to either groin pain and/ or the
presence of cam morphology. As interrelatedness may exist we corrected for interaction
effects. The findings of this study can be found in Chapter 6.
Cam morphology is thought to develop during adolescence, around the time of closure
of the physes. External high impact loading stimuli in flexion and rotation like in football
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are thought to trigger this morphological adaptation of bone. We questioned whether a
load dose relation may exist for athletic loading in youth and studied this in a cohort of
professional footballers. These findings are presented in Chapter 7.
Footballers with groin pain usually experience more symptoms and pain when
maximally kicking a ball. The literature on biomechanics of sporting actions shows that a
sequential wind-up and wind-off exists to store energy and consequentially release it to
produce ball velocity. We questioned whether or not range of motion of body segments
is larger in maximal than in sub-maximal kicking in sub elite footballers. These findings
explore the hypothesis that adequate ROM is essential for maximal performance. The
findings of this study are presented in Chapter 8.
Classical hip ROM examination assesses one joint in isolation, not taking into account
the interdependency with adjacent segments within the total kinetic chain. Therefore we
developed a test that allows hip ROM assessment while mimicking the wind-up position
of the body during kicking. The reliability of this new test was studied and reference
values were obtained in non-injured elite and amateur footballers. These were compared
with findings in players with long-standing adductor related groin pain. This study is
presented in Chapter 9.
An active treatment regimen seems to be effective for adductor related groin pain.
There is evidence that adjunct manual therapeutic modalities may speed up the recovery
process. The value of manual adjuncts alone is unclear, as these have been studied in
combination with exercise therapy and a return to running program for a fixed, predefined period. A prospective study was performed to study the clinical course after
manual manipulation of the adductors in combination with a self-guided return to sports
program. The results of this study are described in Chapter 10.
The findings of the studies in this thesis are discussed in Chapter 11. Chapter 12
contains an English and Dutch summary.
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Abstract
Introduction: The Hip And Groin Outcome Score was developed in Danish language
as patient reported outcome measure for young and active individuals with hip and
groin pain. Aim of this study was to translate and validate a Dutch version in the target
population.
Materials and methods: Translation (Danish to Dutch) and validation were performed
following existing guidelines and the COSMIN checklist. Young (18-50 years) and active
(Tegner score >2) individuals presenting with hip and groin pain (numeric pain score ≥1)
in primary health care and hospital setting were included. Reliability (test-retest, internal
consistency) was assessed in clinically stable patients. Construct validity was studied
by calculating Spearman’s correlations between HAGOS subscales and subscales of
the Hip disability and Osteoarthritis Outcome Score and EQ5D, based on 15 a priori set
hypotheses of which at least 75% should be confirmed. Interpretability was deemed good
when floor and ceiling effects were present in <15%.
Results: A Dutch version of the HAGOS was obtained. Its reliability was tested in 129
and validity in 194 participants. Test-retest reliability was good with intraclass correlation
coefficients ranging 0.83-0.87. Internal consistency was good with Cronbach’s α ranging
0.81-0.92. Construct validity was found good as 80% of the hypotheses were confirmed.
Floor effects (21%) were found present for the Physical Activity subscale of HAGOS.
Conclusion: The Dutch HAGOS is a reliable and valid patient reported outcome and
performs similar when compared to the original version in its target population. It can be
used in clinical as well as research settings.
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Introduction
Studying young active patients who experience pain or symptoms in their hip or groin
region is a matter of current interest250. There is a paucity of well-documented high
quality intervention studies209 and none of these use specific patient reported outcome
measures (PROs) in order to assess the patients perceived health status. However, in
patients undergoing hip arthroplasty surgery PROs are used, but these do not have
sufficient content validity for young and active individuals with hip and groin problems.
PROs are currently considered the gold standard in the assessment of musculoskeletal
conditions where the perspective of patients and health-related quality of life are of
main interest179,236. Recently the Copenhagen Hip and Groin Outcome Score (HAGOS)
was developed234. The HAGOS specifically targets young to middle-aged, physically
active individuals with hip and groin pain. The HAGOS consists of six separate subscales
assessing: pain, symptoms, physical function in daily living, physical function in sport
and recreation, participation in physical activities and hip and/or groin related quality of
life. The HAGOS was developed in accordance with the COnsensus-based Standards for
the selection of health Measurement INstruments (COSMIN) recommendations151. The
COSMIN checklist is a standardized tool, used to guide the design or report studies on
measurement properties230.
Before a PRO can be used to assess patients functioning, it should be translated
towards the language of interest. The HAGOS is a Danish questionnaire, originally
developed in Copenhagen. It has been translated to other languages29,231,234. In a previous
study the English version of the HAGOS was translated to Dutch and validated in a group
of middle aged to older men undergoing abdominal hernia surgery29. This is however
not the target population of this PRO. The procedures followed were not according
international guidelines as translations and adaptations were neither made from the
original language nor was this done in cooperation with the originators of the HAGOS20.
As a result this version is not available on the ‘KOOS website’ and cannot be accessed.
The aim of this study was to translate and cross-culturally adapt the original HAGOS
into Dutch language and validate this version in young and active individuals with hip and
groin pain according to existing guidelines and the COSMIN checklist20,151.

Materials and methods
Translation
The translation of the Danish HAGOS was performed according to existing guidelines20.
An individual bilingual, medical health professional and a bilingual non-medical
translator independently performed forward translation from Danish (DK) to Dutch (NL)
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language. A consensus meeting in which these two DK-NL versions were harmonized
into a preliminary Dutch version was organized. In situations where differences between
translators occurred, the English version, translated, harmonized and published in
2011234, was used to advise in the consensus process. This preliminary version was
tested until data saturation was achieved in 10 physically active patients with hip and/
or groin pain, for wording and understanding, by experienced health-professionals. The
responses from patients and feedback from health professionals were evaluated and
consensus was reached on cultural adaptations and rephrasing. A bilingual (fluent in
Danish and Dutch language) non-medical translator translated HAGOS back into Danish.
The original author (KT) of the HAGOS compared the back-translation with the original
Danish version. Comments of the original author were discussed in a point wise fashion
with the bilingual translator.
Final adjustments were incorporated and consensus on the Dutch version of HAGOS
was made between translators and the original author of HAGOS. Minor discrepancies
were found on a few items concerning wording, understanding and phrasing. These were
found to be small and were solved by consensus with the originator aiming for better
patient understanding. All steps were documented. After this process face validity was
thought acceptable. The Dutch version of HAGOS was then published at www.koos.nu
and can be found in Appendix 1.

Study protocol
The validity and reliability of the Dutch version of the HAGOS was studied using the
COSMIN criteria checklist151. Besides undergoing physical clinical examination according
to the Doha agreement250 and completion of the Dutch version of the HAGOS, patients
completed the Dutch Hip disability and Osteoarthritis Outcome Score78 (HOOS-NL), the
Dutch EuroQol 5D (EQ-5D)246 and the Numeric Pain Rating Scale (NPRS) for average pain
experienced, pain during sports and pain after sports participation104. Tegner activity
scores227 were used to assess current and pre-injury activity levels. The questionnaires,
except for the Tegner score, were used to establish construct validity. The Dutch HAGOS
consists of 37 items, grouped in 6 subscales (Symptoms (S), Pain (P), ADL, Sports/Rec
(SR), Physical Activity (PA) and Quality of Life (QoL)). The HOOS-NL contains 36 items,
grouped in 5 subscales (P, S, ADL, SR and QoL). The EQ5D assesses 5 health levels
(Mobility (M), Self Care (SC), Daily Activities (DA), Pain/Discomfort (P/D) and Anxiety/
Depression (A/D)). Additionally overall health is rated on a 0-100 VAS scale and a total
score can be calculated63.
The HAGOS was reassessed after the initial assessment in order to establish testretest reliability. An invitation to fill in the questionnaires was sent after 4 days.
Anchor questions to check for changes in perceived health status between the two
test occasions were used by assessing Global Perceived Effect (GPE, on a 7-point Likert
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scale) scores108,203. Patients with a GPE of 3,4,5 (respectively scoring “slightly worse”,
“unchanged” or “slightly better score”) at the second assessment were included for the
test-retest reliability analysis as this was considered a non-clinically relevant change
between the assessments148. Consequently patients with a GPE of 1 and 2 (respectively
meaning “worse than ever” or “much worse”) and 6 and 7 (respectively meaning “much
improved” or “totally recovered”) were excluded. Patients performed both assessments
at home and were asked to do this under similar conditions, such as time of assessment
and physical activities performed during the day of assessment. To optimize the response
rate, patients were contacted by phone/text message/mail to remind them to complete
the questionnaires for the second time, 5-7 days following the first completion.
This study complied with the requirements of the declaration of Helsinki267. The local
medical ethics committee (Slotervaart Hospital / Reade, Amsterdam, The Netherlands)
approved this study under number P1432. All patients signed informed consent before
participation.

Population
A multicenter prospective cohort study was designed to test the translated Dutch version
of HAGOS for its validity and reliability. The target population of the HAGOS consists
of young to middle aged active individuals with hip and/or groin pain234. We therefore
included patients who
1; presented themselves with hip or groin pain in one of the clinical settings (hospitals
and centers for sports medicine and (sports) physical therapy in The Netherlands),
2; were aged 18-50 years,
3; were physically active (Tegner score >2) and
4; showed at least 1 positive hip or groin provocation tests250 reproducing the patients
pain and/or were evaluated after hip arthroscopy AND had hip or groin pain during or
after sports (NPRS≥1).
The clinical entity approach was used to categorize patients according to the Doha
agreement250. Patients with a post-operative status were not physically examined.
Patients were excluded when they were not fluent in Dutch or did not have access to a
computer with Internet.

Questionnaires
All questionnaires were available for the patients through a web-based system with a
self-checking function to avoid missing data on full completion and submission of the
questionnaires. Patients who completed both assessments were included in the testretest reliability analysis. When this study was performed the translation and validation
the Dutch iHOT-33 was undertaken at the same time. The reassessment therefor
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comprised 102 questions. For the validity analyses a single set of data from the first
assessment was used.

Reliability
Reliability of a PRO refers to the degree to which the questionnaire is free from
measurement error152. Test-retest reliability, internal consistency and measurement error
were used to describe reliability152.
Test-retest reliability is the extent to which the same results are obtained on repeated
measures when no change in clinical status has occurred. Patients in this study, except
for those who had undergone hip surgery, were asked to complete the Dutch HAGOS
twice. These assessments were performed independently, i.e. patients did not have any
access to answers of the first assessment. Intraclass correlation coefficients (ICC) with
95% confidence intervals (CI) were calculated. An ICC of > 0.70 for every subscale was
considered acceptable228.
The HAGOS is considered a reflective model thus internal consistency was
assessed151. Internal consistency is the degree of interrelatedness among the items of a
PRO152. Cronbach’s α is the coefficient that describes how well a set of items focuses on a
single idea or construct46. Cronbach’s α was determined to assess the internal consistency
of the Dutch HAGOS subscales, based on the initial assessment data and was deemed
good when Cronbach’s α ≥ 0.70228. A factor analysis can be performed to identify common
components among sets of items and explain the degree of variance. A factor analysis for
the subscales was performed with the eigenvalue set at > 1 to check that our translation
did not affect the internal consistency of the original HAGOS.
Measurement error is the systematic and random error of a patient’s score that is
not attributed to true changes in the construct to be measured152. This was analyzed by
the standard error of the mean (SEM) and calculated according the formula: standard
deviation (SD) x √1-ICC, the SD being the standard deviation from scores from all patients
at the initial assessment. The smallest detectable change (SDC) was then calculated as
SEM x 1.96 x √2 at an individual level (SDCind) and SEM x 1.96 x √2/√n at group level
(SDCgroup)256.

Validity
Validity of a PRO determines the degree to which the questionnaire measures the
construct(s) it is assumed to measure152.
Construct validity is the degree to which the scores of a PRO are consistent with
hypotheses based on the assumption that the questionnaire validly measures the
construct to be measured. This was considered when >75% (≥12/15) of the a priori set
hypotheses were confirmed.
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The subscale scores of the Dutch HAGOS were compared with the HOOS-NL, EQ5D and NPRS scores. Spearman’s correlation coefficients were calculated. All a priori
expected correlations between scores can be found in Table 1. Strong correlations were
defined as r>0.7 (or r>-0.7, when a maximum achievable score of one scale correlates
with a minimum achievable score on the comparative scale), moderate correlations were
defined as 0.5<r<0.7 (or -0.5<r<-0.7) and weak correlations as r<0.5 (or r<-0.5)54. As the
development of HAGOS was based on the HOOS, similar subscales were expected to
have high correlations except for QoL. This correlation was expected to be between
0.5 and 0.7 as the HAGOS QoL asks 2 questions on patients’ mood and how much they
feel restricted by their hip/groin, which will probably result in lower scores in the target
population than HOOS QoL questioning on how patients trust their hip and general
problems experienced. HAGOS P was expected to correlate strong with the average
NPRS score. As the NPRS during and after sports specifically relates to sports, which is
not the case for the HAGOS P subscale, we expected moderate correlations. The HAGOS
PA score was expected to correlate weak with HOOS S and HOOS P as it is known that
athletes may experience pain and symptoms but may tend to keep on playing sports. A
moderate correlation between HAGOS P and EQ5D P/D was expected as EQ5D asks very
generally for pain and discomfort and the HAGOS asks specific questions on recognizable
situations. The same applied for HAGOS ADL and EQ5D DA. We also expected weak
correlations between HAGOS PA and EQ5D M and EQ5D SC as the HAGOS PA specifically
targets all activities that are preferred and the EQ5D specifically targets basic health
issues regarding mobility and self care which are usually handled well by young active
individuals with hip and groin pain.

Interpretability
Interpretability is the degree to which one can assign qualitative meaning - that is,
clinical or commonly understood connotations – to an instrument’s quantitative scores or
change in scores152. This includes the distribution of scores and floor and ceiling effects.
Floor and ceiling effects were determined as percentage of the patients with respectively
the lowest (0) and highest (100) score on a HAGOS subscale. Floor and ceiling effects
were considered present when more than 15% of the patients scored the lowest (0) or
highest (100) maximum subscale score, based on the initial assessment of the HAGOS228.

Statistical analysis
Descriptive statistics were used to calculate the demographic variables and outcomes
of questionnaires. Data are presented as mean (± standard deviation (SD, range)) or as
median (interquartile range 25% (IQR25)-interquartile range 75% (IQR75)). Reliability
was established by calculating ICC’s (type 3.1, two way mixed effects model for absolute
agreement) and 95% confidence intervals. Unpaired t-tests and Mann-Whitney U tests
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were used to check for differences in age, physical activity levels (Tegner scores and hours
of sports participation per week) and pain (NPRS) scores between the total group and
the subgroup used for the reliability analyses. In order to check the a priori formulated
hypotheses Spearman’s correlations for non-parametric data were calculated. Statistical
analysis was performed with IBM SPSS Statistics V.20 (Armonk, New York, USA). The
α-level of significance was set at 0.05.
Table 1. Expected correlations (strong, moderate or weak) between scores at baseline as a
priori set hypotheses.
Correlation between HAGOS P and

Correlation between HAGOS S and
Correlation between HAGOS ADL and

HOOS P

Strong

EQ5D P/D

Moderate

NPRS average

Strong

NPRS during sports

Moderate

NPRS after sports

Moderate

HOOS S

Strong

EQ5D P/D

Moderate

HOOS ADL

Strong

EQ5D DA

Moderate

Correlation between HAGOS SR and

HOOS SR

Strong

Correlation between HAGOS PA and

HOOS P

Weak

HOOS S

Weak

EQ5D M

Weak

EQ5D SC

Weak

HOOS QoL

Moderate

Correlation between HAGOS QoL and

Abbreviations: HAGOS/HOOS: P=Pain, S=Symptoms, ADL=Activities of daily living,
PA=Physical activity, QOL=Quality of life. EQ5D: M=Mobility, SC=Self Care, DA=Daily
Activities, P/D=Pain/Discomfort and A/D=Anxiety/Depression.

Results
Figure 1 represents a flow chart of the patient recruiting process, which took place from
March 2015-April 2016.
The characteristics of all participants at baseline are presented in Table 2.

There were 194 patients who completed the first set of questionnaires so these
could be used for validation purposes. Three major groups could be distinct;
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1: patients that came for conservative treatment,
2: patients that were assessed pre-operatively,
3: patients that were assessed postoperatively. The most prevalent clinical entity
in group 1 was adductor-related groin pain followed by iliopsoas related groin
pain either found in combination or as single entity.

N=194 participants

N=143 no surgery

N=83 primary health care setting

N=99 conservative Tx

N=60 hospital setting

N=16

N=44 pre hip surgery
Validation N=194

N=51 post hip arthroscopy

Reliability N=129
Figure 1. Flowchart of the participating patients.

The second questionnaire was returned by 140/143 patients (3 did not respond
despite a reminder). There were no missing data. Of these 140, 129 reported
no clinical relevant changes (a GPE score of 3,4 or 5) whereas 11 did (2 patients
scored a GPE 2, 9 patients scored a GPE 6) that were therefor excluded for
reliability assessment. There were no differences between age, pain levels
(NPRS) and activity levels (Tegner and hours of sports participation per week)
between the total group (n=194) and those who were assessed for the reliability
assessments (n=129, all p>0.1). The average time between both assessments
was 7.3 (±4.5, range 4-26) days.
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Table 2. Participants’ characteristics (n=194 for the total group; 108/194 males and 86/194
females) presented as mean (±SD, range), median (IQR25-IQR75) or absolute numbers (%).
Age (years)
Total
Male
Female
Activity level (Tegner score)
Pre-injury
Total
Male
Female
Current
Total
Male
Female
Hours sport/week
Pre-injury
Total
Male
Female
Current
Total
Male
Female
Pain (NPRS)
Average
Total
Male
Female
During Sport
Total
Male
Female
After Sport
Total
Male
Female
Clinical presentation participants without surgery (n=143)
1. Clinical entities
Adductor related
Iliopsoas related
Inguinal related
Symphysis related
Mixed (>1) clinical entities

32 (9.1, 18-50)
32 (8.7, 18-49)
33 (9.6, 18-50)

6.5 (4-8.8)
7 (6-9)
4.5 (3-7)
3 (2-6)
5 (2-7)
2 (1.75-4)

3.5 (2.0, 0-15)
3.6 (1.8, 0-12)
3.5 (2.3, 0-15)
2.3 (2.0, 0-15)
2.5 (1.7, 0-6)
2.1 (2.3, 0-15)

4.7 (2.4, 1-9)
4.4 (2.3, 1-8)
5.0 (2.5, 1-9)
6.5 (2.6, 1-10)
6.5 (2.6, 1-10)
6.5 (2.7, 1-10)
6.8 (2.5, 1-10)
6.7 (2.4, 1-10)
6.9 (2.6, 1-10)
No surgery (n=99)

Pre surgery (n=44)

56 (only Adductor 24)
31 (only Iliopsoas 6)
14 (only Inguinal 3)
6 (only Symphysis 0)
25

8
8
2
1
-

2. Hip
Hip joint suspicion / related
Mixed (hip + ≥1 clinical entity)

41
26

42
17

3. Other

2

Abbreviations: SD=standard deviation; IQR=inter quartile range; NPRS=numeric pain rating scale.
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Reliability
The HAGOS subscale scores on initial and re-assessment with corresponding ICC’s of 129
patients are presented in Table 3.
The internal consistency, assessed with Cronbach’s α, for the HAGOS subscales ranged
between 0.81-0.92 (see Table 4). The factor analysis showed that every subscale had one
strong factor with an eigenvalue > 1 as in the original version of HAGOS explaining the
degree of variance (see Table 4).
Table 3. Descriptives and reliability measures for the HAGOS subscales.
Sub-scale

Test mean (SD)

Retest mean (SD)

ICC (95% CI)

SEM

SDCg

SDCi

Symptoms

59.7 (17.5)

61.0 (18.2)

0.86 (0.81-89)

6.5

1.5

18.0

Pain

64.7 (18.9)

64.7 (18.6)

0.87 (0.82-0.90)

6.8

1.6

18.8

ADL

69.0 (22.4)

69.3 (22.2)

0.84 (0.78-0.88)

8.9

1.1

24.6

Sports/ Recreation

48.9 (24.3)

51.0 (24.2)

0.83 (0.77-0.87)

10.0

2.3

27.7

Physical Activity

31.8 (28.1)

33.0 (27.9)

0.83 (0.77-0.87)

11.6

2.7

32.2

Quality of Life

41.2 (18.5)

43.5 (19.7)

0.87 (0.82-0.90)

6.7

1.6

18.6

Abbreviations: ICC=intra class correlation; CI=confidence interval; SEM=standard error of
measurement; SDCg=smallest detectable change for group level; SDCi=smallest detectable
change for individual level.

Table 4. Internal consistency expressed by Cronbach’s alpha, eigenvalues and explained
degree of variance in %.

Sub-scale

Cα

EV

DoV (%)

Symptoms

0.81

3.3

47

Pain

0.90

5.3

53

ADL

0.88

3.4

68

Sports/ Recreation

0.92

5.2

64

Physical Activity

0.89

1.8

90

Quality of Life

0.83

3.0

60

Abbreviations: Cα=Cronbach’s alpha; EV=eigen value; DoV=degree of explained variance in %.

33

2

Validity
Table 5 presents the Spearman’s correlations between HAGOS and HOOS/EQ5D
subscales. The a priori hypotheses were tested to study construct convergent (expected
correlation between measures assessing same construct) and divergent (different
constructs) validity. The correlations between HAGOS P and average pain in ADL (NPRS
ADL), pain during sports and pain after sports were -0.71, -0.49 and -0.52 respectively.
From the 15 a priori set hypotheses 12 (80%) were confirmed.
Table 5. Spearman’s correlations between HAGOS and HOOS/EQ5D (n=194). ^ Represents
matched hypotheses and * unmatched hypotheses. All p<0.000.

HAGOS
HOOS

Pain

Symptoms

ADL

Sports / Recreation

Physical Activity

Quality of Life

Pain

0.91^

0.72

0.80

0.73

0.43^

0.58

Symptoms

0.71

0.86^

0.68

0.66

0.29^

0.55

ADL

0.84

0.73

0.89^

0.69

0.41

0.58

Sports / Recreation

0.77

0.67

0.71

0.85^

0.49

0.56

Quality of Life

0.54

0.45

0.49

0.42

0.34

0.41*

EQ5D

Pain

Symptoms

ADL

Sports / Recreation

Physical Activity

Quality of Life

Mobility

-0.61

-0.56

-0.60

-0.61

-0.40^

-0.51

Self Care

-0.37

-0.39

-0.47

-0.41

-0.28^

-0.41

Daily Activities

-0.63

-0.50*

-0.58^

-0.54

-0.41

-0.60

Pain / Discomfort

-0.70*

-0.58^

-0.61

-0.52

-0.41

-0.60

Anxiety / Depression

-0.20

-0.21

-0.25

-0.15

-0.26

-0.38

VAS Health

0.51

0.48

0.47

0.41

0.37

0.46

Total / Utility

0.57

0.72

0.64

0.57

0.44

0.62

Abbreviations: HAGOS=Hip and Groin Outcome Score; HOOS=Hip disability and
Osteoarthritis Outcome Score; VAS=visual analogue scale; ADL=activities of daily living.
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Interpretability
A floor effect in this group of patients was observed with 21.1% reporting a lowest
possible score for the HAGOS Physical Activity subscale. See Table 6 for all data.
Table 6. HAGOS subscale scores (for n = 194) at baseline with frequency of lowest (floor
effect) and highest (ceiling effect) scores.

Mean (SD)

Min - Max

Floor effect (%)

Ceiling Effect (%)

Symptoms

59.5 (18.5)

11.0-96.4

0.0

0.0

Pain

64.9 (19.4)

10.0-100.0

0.0

2.1

ADL

69.0 (23.8)

5.0-100.0

0.0

11.3

Sports and Recreation

49.9 (24.6)

0.0-100.0

0.5

3.6

Physical Activity

34.1 (28.5)

0.0-100.0

21.1

4.6

Quality of Life

43.4 (20.1)

5.0-100.0

0.0

2.1

Abbreviations: HAGOS=Hip and Groin Outcome Score; ADL=activities of daily living.

Discussion
This study following the COSMIN checklist shows that the Dutch HAGOS is a reliable,
internally consistent and valid measurement tool to assess physical functioning in young
and active individuals with hip and groin pain.

Reliability
Test-retest reliability is good with all ICC’s >0.80. The SEM of the subscales ranged
from 6.5-11.6. The SDC on group level ranges from 1.1-2.7 and on individual levels from
18.0-32.2. This is in line with the original HAGOS234 that scores well in a recent review
on quality assessment of PROs236. The SDC values show that the Dutch HAGOS, like the
original HAGOS, is more sensitive to detect changes in groups than in individuals.
The mean (7.3) number of days between first and second assessment being relatively
low was a consequence of the choice of convenience to assess patients in primary health
care, usually having their second appointment for treatment within a week. However it
was considered adequate as the number of questions to be answered at that moment
was 102, thereby reducing the chance of recall bias.
Cronbach’s α, ranges from 0.81-0.92 for all subscales which is almost similar to the
original HAGOS234 and somehow higher than that described for the Swedish version231.
Every subscale had one strong factor, explaining the variance to a large extent, similar to
both the original HAGOS234 and the Swedish version231.
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Validity
The construct validity was found appropriate as >75% (≥12/15) of the predefined
hypothesis was confirmed. The construct validity of HAGOS subscales were tested
against the HOOS subscales. As the HAGOS was developed based on the HOOS it was
not surprising that the same subscales showed strong correlations thus convergent
construct validity was found. The EQ5D was used to test hypotheses on divergent
construct validity, which were confirmed. We chose to use the EQ5D to decrease patient
burden as it contains a lower number of questions than the SF-36249 which is often used
for validation purposes.
The Pain subscale of HAGOS was expected to correlate strong with the average NPRS,
which was confirmed. It was thought to show a moderate correlation with pain during
and after sports. With correlations of 0.49 and 0.52 these were weak to moderate. We
therefore propose to assess pain during and after sports separately together with the
HAGOS when the clinician finds these variables worthwhile.

Interpretability
Floor or ceiling effects, defined present when >15% of the scores were lowest or highest
as possible for a subscale, were found to be present as 21% scored a floor effect in the
Physical Activity subscale. There was no ceiling effect observed. According to the COSMIN
checklist floor and ceiling effects should not be present because patients can then not
change anymore in that same direction (better or worse). As the HAGOS does not have
a total score but separate subscales it can be questioned how much of a problem this is.
It has been stated that this floor effect lowers the psychometric quality of the HAGOS114.
On the contrary it is clinically observed that while patients’ symptoms decrease, it takes
time to re-participate on the pre-injury level. Until that moment the PA subscale, while
other scales improve, distinct those being much-somehow restricted from those who are
free of symptoms, fit and non-restricted233. This may yield clinically relevant information
as return to sports and return to play are hard to define along strict criteria12. To what
specific extent the PA subscale aids on this issue should be examined in further studies233.
Observation of the subscale scores of this population it is obvious that the SR, PA and
QoL scores are lower than those of other domains. The population studied experiences
less problems in their daily life, as reflected by ADL scores that are the highest from
all domains. This shows that the population that was identified through the inclusion
criteria was the right group for this validation study: young and active being troubled and
restricted by hip and groin pain. Them feeling more restricted in sports and recreation
(SR subscale) than in ADL strengthens the population criteria being physically active.
These same findings were observed in the original study describing the development of
the HAGOS and in the Swedish translation and validation study231. In a study on older
patients who had undergone inguinal disruption surgery this was not observed29. The
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floor effect that we have found for the PA subscale in the current study was also found in
the validation of the original HAGOS234 as well as the Swedish validation study231 but not
in the study of Brans et al29 on older subjects. This shows the importance and eventual
differences in outcomes of validations studies of PRO’s in different populations.

Limitations
We acknowledge some limitations of this study. The electronic questionnaire system only
allowed submission when data were complete. This may result in bias as data from those
not fully completing a questionnaire could not be used for analyses. We do however not
know if and how this may have affected the data.
Furthermore, we used the Tegner scale, originally designed to assess levels of physical
activity in patients with knee injury227, to address activity levels pre and post injury. The
Tegner scale shows adequate construct validity 229. Just after finishing the preparations
for the current study, the Hip Sports Activity Scale (HSAS) was published160. This English
activity rating scale was not available in Dutch language at that time.

Conclusion
The Dutch HAGOS is a reliable and valid patient reported outcome as tested in a group
of young and active patients in primary healthcare setting and in those following hip
arthroscopy. It can be used in clinical as well as research settings.
Conflicts of interest: KT, originator from the HAGOS, was not involved in data acquisition,
analysis and interpretation to avoid possible bias.
Funding: None
Authors’ contributions: IT drafted the manuscript. IT, IS, DH were responsible for
concept and design of the study. IT, MT, TS, AvB, JS, DH performed acquisition of data.
IT, MT, IS, TS, analyzed the data. IT, MT, TS were responsible for statistical analysis. KT
was involved in the translation procedure and finalizing the Dutch version. All authors
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Appendix 1
Dutch version of HAGOS as validated in this study and freely available on www.koos.nu.

HAGOS
Vragenlijst betreffende heup en/of lies problemen

Datum vandaag: _____ / _____ / ______ Geboortedatum: _____ / _____ / ________
Naam: ___________________________________________________________
Instructies: Deze vragenlijst vraagt naar uw mening over het functioneren van uw heup
en/of lies. Geef aan hoe uw heup en/of lies de afgelopen week gefunctioneerd heeft.
Deze informatie helpt ons bij te houden hoe u zich voelt en hoe goed u in staat bent om
uw normale activiteiten uit te voeren.
Beantwoord alle vragen door het juiste hokje aan te kruisen. Kruis per vraag één hokje
aan bij het antwoord dat het meest op u van toepassing is. Als een vraag geen betrekking
heeft op u of u het gevraagde niet ervaren heeft in de afgelopen week, maak dan een
keuze welk antwoord het meest van toepassing zou zijn.

Symptomen
Deze vragen betreffen symptomen van uw heup en/of liesklachten en de beperkingen
daarbij gedurende de afgelopen week en welke moeite u heeft ervaren.
S1 Voelt u ongemak in uw heup en/of lies?
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

S2 Hoort u klikken of andere geluiden in uw heup of lies?
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

S3 Heeft u er moeite mee om uw benen zijwaarts ver naar buiten te brengen?
Geen 		

Beetje 		

Matig 		

□		

□		

□		
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Veel
□		

Heel veel
□

S4 Heeft u moeite met het nemen van volledige passen tijdens het lopen?
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

2

S5 Ervaart u plotselinge scheuten/steken in uw heup en/of lies?
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

Stijfheid
De volgende vragen hebben betrekking op de mate van stijfheid in uw heup en/of
lies. Stijfheid geeft beperkingen bij op gang komen of is een gevoel van beperking of
ongemak waarmee u de heup en/of lies beweegt. Geef aan in welke mate u stijfheid
heeft ervaren in uw heup en/of lies gedurende de afgelopen week.
S6 Hoe erg is de stijfheid van uw heup en/of lies ‘s morgens bij het wakker worden?
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

S7	Hoe erg is de stijfheid van uw heup en/of lies na zitten, liggen of rusten later op de
dag?
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

Pijn
P1 Hoe vaak is uw heup en/of lies pijnlijk?
Nooit
□		

Maandelijks

Wekelijks

Dagelijks		

□		

□		

□		

Altijd
□

P2 Hoe vaak heeft u pijn in gebieden, anders dan de heup en/of lies, waarvan u denkt dat
ze wel

met de heup en/of lies klachten te maken hebben?

Nooit
□		

Maandelijks

Wekelijks

Dagelijks		

□		

□		

□		

Altijd
□

De volgende vragen hebben betrekking op de mate van pijn in de afgelopen week
in uw heup en/of lies. Geef de mate van pijn aan die u ervaart tijdens de volgende
activiteiten?
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P3 Het volledig naar achteren strekken van de heup
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

P4 Uw heup zo ver mogelijk buigen
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

P5 Trap op of af lopen
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

P6 ’s Nachts terwijl u in bed ligt (pijn die uw slaap verstoort)
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

P7 Zitten of liggen
Veel
□		

Heel veel
□

De volgende vragen hebben betrekking op de mate van pijn in de afgelopen week
in uw heup en/of lies. Geef de mate van pijn aan die u ervaart tijdens de volgende
activiteiten?
P8 Staan
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

P9 Lopen op een harde ondergrond (asfalt, beton, etc)
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

P10 Lopen op een oneffen ondergrond
Geen 		

Beetje 		

Matig 		

□		

□		

□		
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Veel
□		

Heel veel
□

Lichamelijk functioneren, dagelijks leven.
De volgende vragen hebben betrekking op uw fysieke functioneren. Geef voor elke
activiteit aan hoeveel moeite u ermee heeft gehad in de afgelopen week door uw
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heup en/of lies problemen.
A1 Trap op lopen
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

A2 Voorover buigen (iets oppakken vanaf de grond?
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

A3 In en/of uit de auto stappen
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

A4 In bed liggen (draaien in bed of het langdurig met uw heup in dezelfde houding liggen)
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

A5 Zwaar huishoudelijk werk (vloeren boenen, stofzuigen, zware dozen tillen, etc)
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

Functie, sport en vrije tijd
De volgende vragen hebben betrekking op uw fysieke vermogen. Beantwoord alle vragen
door het juiste hokje aan te kruisen. Als een vraag geen betrekking heeft op u of u het
niet ervaren heeft in de afgelopen week, maak dan een keuze welk antwoord het beste
past. Geef aan hoeveel moeite u heeft ervaren in de afgelopen week door uw heup en/
of lies problemen bij de volgende activiteiten.
SP1 Hurken
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

SP2 Rennen
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Veel
□		

Heel veel
□

SP3 Draaien/wenden keren als u staat op het been.
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

SP 4 Lopen op een oneffen ondergrond
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

SP5 Rennen zo snel als u kunt
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

SP6 Het been krachtig naar voren en/of naar de zijkant bewegen, als bij trappen en
schaatsen, etc.
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

SP7 Plotselinge explosieve bewegingen met snel voetenwerk zoals versnellen,
remmen, richtingsveranderingen, etc.
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

SP8 Situaties waarin het been zover mogelijk gestrekt wordt in een uiterste stand (als dat
het been zover mogelijk van het lichaam af gebracht wordt)?
Geen 		

Beetje 		

Matig 		

□		

□		

□		

Veel
□		

Heel veel
□

Participatie in fysieke activiteiten
De volgende vragen hebben betrekking op uw mogelijkheid tot deelname aan uw
favoriete activiteiten. Fysieke activiteiten zijn zowel sporten als andere inspannende
activiteiten. Geef aan hoeveel moeite u heeft ervaren bij deelname in uw favoriete
activiteiten in de afgelopen week door uw heup en/of lies problemen.
PA1 Bent u in staat om de door u gewenste activiteiten te doen zo lang als u zou willen?
Altijd		 Vaak		Soms		Zelden		Nooit
□		

□		

□		
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□		

□

PA2 Bent u in staat om deel te nemen aan de gewenste fysieke activiteiten op uw normale
prestatieniveau?
Altijd		 Vaak		Soms		Zelden		Nooit
□		

□		

□		

□		

□

De kwaliteit van het leven
Q1 Hoe vaak bent u zich bewust van uw heup en/of lies problemen?
Nooit 		
□		

Maandelijks

Wekelijks

□		

□		

Dagelijks		
□		

Altijd
□

Q2 Heeft u uw manier van leven aangepast om activiteiten te vermijden die potentieel
schadelijk zijn voor uw heup en/of lies?
Helemaal niet Beetje
□		

□

Matig
□

Veel
□

Volledig
□

Q3 Hoeveel problemen heeft u in het algemeen van uw heup en/of lies?
Geen
□		

Beetje 		

Matig 		

□		

□		

Veel
□		

Heel veel
□

Q4 Beïnvloeden uw heup en/of lies problemen uw stemming op een negatieve manier?
Helemaal niet
□		

Zelden
□		

Soms
□

Vaak		

Altijd

□		

□

Q5 Voelt u zich beperkt door uw heup en/of lies problemen?
Helemaal niet
□		

Zelden
□		

Soms
□

Bedankt voor het beantwoorden van alle vragen!
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Vaak		

Altijd

□		

□

2
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Abstract
Study design: Clinical measurement.
Background: The International Hip Outcome Tool 33 (iHOT-33), developed in English, has
been shown to be a valid, reliable questionnaire for young physically active individuals
with hip joint pathology.
Objectives: Translate and validate the iHOT-33 in Dutch in the target population.
Methods: Translation and cross-cultural adaptation of the iHOT-33 was performed
following existing guidelines. Young (18-50 years), active (Tegner score ≥ 2) individuals
presenting with symptomatic hip joint pathology (Numeric Pain Rating Score (NPRS) ≥
1) in primary healthcare/hospital setting were included. The iHOT-33, Hip disability and
Osteoarthritis Outcome Score, EuroQol 5D, NPRS and Global Perceived Effect score were
completed by 214 patients. Reliability was determined based on internal consistency and
measurement error in 214 patients, test-retest reliability in a subgroup of 133 patients. A
hypothesis testing was used to determine construct validity. Interpretability was analyzed
by distribution of scores, floor and ceiling effects and minimal important change (MIC).
Results: Intraclass correlation coefficient (ICC) for test-retest reliability was 0.92.
Smallest detectable change at individual and group level respectively was 16.7 and 1.1
points. Cronbach’s alpha was 0.90. Principal component analysis revealed four domains
of the iHOT-33 NL. Eighty-seven percent of the hypotheses used for construct validity
were confirmed. No floor and ceiling effects were detected for the iHOT-33 NL total
score. The MIC was 10.7 points.
Conclusion: The iHOT-33 NL is a reliable and valid patient-reported outcome measure for
young physically active individuals with symptomatic hip joint pathology. It can be used
in research and clinical settings.

Keywords: patient-reported outcome, groin pain, quality of outcome measures.
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Introduction
Hip joint pathology is a common cause of hip pain and dysfunction61. Historically, hip
joint pathology often referred to osteoarthritis of the hip in an older population7,15.
Over the past decade, the number of studies of hip joint pathology in young physically
active individuals has increased rapidly26,153. Typical diagnoses in this population are
femoroacetabular impingement (FAI), acetabular labral tears, cysts and chondral
damage61,77. However, there is a lack of high quality intervention studies for this population
and only few intervention studies use specific patient-reported outcome questionnaires
(PROs)193,201.
Patient-reported outcomes are currently considered the gold standard in the
assessment of musculoskeletal conditions where the patients perspective and healthrelated quality of life are of main interest179. Until recently, there has been a lack of PROs
for young physically active individuals with hip and groin pain236,237. A systematic review
into the clinimetric properties of PROs to be used for this population identified only four
questionnaires that can be recommended: the Hip And Groin Outcome Score (HAGOS),
the Hip Outcome Score (HOS) and the international Hip Outcome Tool – 12 (iHOT-12) and
– 33 (iHOT-33)236.
The iHOT-33 is the only questionnaire specifically developed for young active
individuals with different types of hip joint pathology, which has been advised to use in
both research and clinical settings150. Earlier studies have shown that the original English
version of the iHOT-33 is valid and reliable for use in a population of young physically
active individuals with symptomatic hip joint pathology90,114,150,186,236. No Dutch version of
the iHOT-33 is available.
The aim of this study was to translate and cross-culturally adapt the iHOT-33 into Dutch
language and validate this version in young and active individuals with symptomatic hip
joint pathology according to existing guidelines and the Consensus-based Standards for
the selection of health Measurement Instruments (COSMIN) checklist.

Methods
Translation & Cross-cultural adaptation
The translation of the English iHOT-33 was performed according to existing guidelines20.
Forward translation of the English version of the iHOT-33 (EN) into Dutch (NL) was
performed by two native bilingual Dutch translators (one medical healthcare professional
and one non-medical translator) working independently from each other. Both these
EN-NL versions were compared and synthesized into one preliminary Dutch iHOT-33
version in a consensus meeting. In situations where differences between translators
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occurred, the original English version150 was used to advise in the consensus process.
This preliminary Dutch version of the iHOT-33 (iHOT-33 NL) was tested until experienced
healthcare professionals achieved data saturation in the target population, 10 physically
active patients with hip and/or groin pain, for wording and understanding. These patients
were encouraged to make comments with their answers. Comments and responses from
the patients and healthcare professionals were evaluated and consensus was reached on
rephrasing and cultural adaptations.
The preliminary Dutch version of the iHOT-33 (iHOT-33 NL) was then translated back
into English by an independent native English bilingual non-medical translator who
had no knowledge of the study objectives or design. An expert committee consisting
of medical healthcare professionals (IT, TS, RE, MT) compared this translation with the
original questionnaire. Minor discrepancies between these two versions of the iHOT33, the original version and backward translation, were found concerning wording,
understanding and phrasing. These discrepancies were found to be small and were
discussed, solved and adjusted within the expert committee aiming for better patient
understanding. After this process, face validity, the degree to which the questionnaire
looks as though it reflects the measured construct, was thought acceptable. Permission
for the translation and cross-cultural adaptation was obtained from the originator of the
iHOT-33 (personal communication with dr. N. Mohtadi). All steps taken in this process
were reported20. See Appendix 1 for the iHOT-33 NL final version.

Study protocol
A multicenter prospective cohort study was performed to test the validity and reliability
of the Dutch iHOT-33 NL based on the COSMIN checklist230. The COSMIN checklist is a
standardized tool, used to guide the design and/or reporting of studies on measurement
properties of PROs151.
All patients were clinically evaluated using Dutch versions of the iHOT-33, the Hip
disability and Osteoarthritis Outcome Score (HOOS)78, the EuroQol 5D (EQ-5D)246 and
three Numeric Pain Rating Scales (NPRS)104 for average pain experienced, pain during
sports and pain after sports participation. These questionnaires (in this order) were used
to establish construct validity. Tegner Activity scores were used to assess current and
pre-injury activity levels227.
The iHOT-33 NL was repeated within seven days after the initial assessment in order
to establish test-retest reliability. All patients performed both assessments at home.
Patients were asked to perform these assessments under similar conditions, such as time
of assessment and physical activities performed during the day of assessment. The order
in which patients answered the questionnaires was the same for both assessments. To
optimize the response rate, patients were contacted by phone, text message or mail
to remind them to complete the questionnaires for the second time, five to seven days
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following the first completion. This study was performed in line with the requirements
of the declaration of Helsinki267. The local medical ethics committee (Slotervaart
ziekenhuis/ Reade Amsterdam) approved this study under number P1432. All patients
signed informed consent before participation.

Study population
The target population of the iHOT-33 is young active individuals with hip joint pathology150.
Therefore, we included all patients who;
1) presented themselves with hip and/or groin pain at one of the clinical settings (hospitals
and centers for sports medicine and (sports) physical therapy in the Netherlands);
2) were between 18 and 50 years of age;
3) were physically active (pre-injury Tegner Activity Scale ≥ 2)227;
4) were scheduled for conservative or operative treatment of intra-articular hip pathology
based on physical examination and imaging (see Appendix 2)237,238,250; and/or
5) were evaluated after hip arthroscopy AND still reported pain (NPRS ≥ 1) of the hip and/
or groin during or after sports.
The physical examination was based on the Doha agreement meeting on terminology
and definitions in groin pain in athletes combined with earlier studies237,238,250. Patients
with a postoperative status were not physically examined. Patients who; 1) were not
fluent in Dutch; and/or 2) did not have access to a computer with internet were excluded
from the study. The minimum number of patients to be included in this study was a priori
set at, n = 165, based on the criteria of the COSMIN checklist230.

Questionnaires
The iHOT-33 NL is a disease-specific questionnaire that consists of 33 questions grouped
in four domains, namely symptoms and functional limitations (S), sports and recreational
physical activities (SR), job-related concerns (W) and social, emotional, and lifestyle
concerns (QoL)150. The iHOT-33 NL does not score the four domains separately. An overall
score is calculated by taking the mean of the individual responses based on a Visual
Analogue Scale (VAS) ranging from 0 to 100 in which 100 is the best possible score150.
Higher scores thus reflect better physical functioning and health-related quality of life150.
The HOOS-NL was initially developed for an older population with hip osteoarthritis
and contains 36 questions, grouped in five subscales (pain (P), symptoms (S), activities
of daily life (ADL), sports/recreational activities (SR) and quality of life (QoL)78. No overall
score is calculated; every question is scored based on a 5-point Likert score in which a
higher score represents less symptoms. A final score per domain is calculated with zero
being the worst and 100 (no symptoms) being the best possible score78.
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The EQ-5D assesses general experienced health status in five levels (mobility (M), self
care (SC), daily activities (DA), pain/discomfort (P/D) and anxiety/depression (A/D) on a
3-point scale246. Additionally, overall health is related on a 0-100 Visual Analogue Scale
(VAS) and a total score can be calculated246.
The NPRS assesses experienced pain on a scale consisting of 11 numbers from zero to
10 in which zero represents no pain and 10 represents the worst pain one can imagine104.
The patient is asked to choose a level of pain concurrent with the pain felt during the last
week, during sports activities or after sports activities104.
All included questionnaires were made available to patients by means of a webbased system with a self-checking function to avoid missing data on full completion and
submission of the questionnaires. Therefore patients had no option but to answer all
questions per assessment and there were no missing data per questionnaire.
For the validity analysis all completed questionnaires from the first assessment were
used. Patients who failed to complete in full the first assessment were excluded from
the validity analyses. Patients who failed to fully complete the second assessment were
excluded from the test-retest reliability analysis. As this study was part of the translation
and validation of the Dutch Hip And Groin Outcome Score (HAGOS NL) as well the
assessments comprised of 102 questions.

Statistical analysis
All statistical analyses were performed with IBM SPSS Statistics version 22.0 (Armonk,
New York, USA). Descriptive statistics were used to calculate the demographic variables
and outcomes of questionnaires. Data are presented as mean with standard deviation
(SD) or as median with interquartile range 25% - 75%. Significance level was set at 0.05.

Reliability
The reliability of a PRO indicates the degree to which the questionnaire is free from
measurement error and is analyzed by test-retest reliability, internal consistency and
measurement error152.
Test-retest reliability is the extent to which the same results are obtained on repeated
administrations of the same PRO when no change in clinical status has occurred152.
Patients in this study were asked to complete the iHOT-33 NL twice. These assessments
were performed independent of each other, i.e. patients were not able to access
answers of the first assessment. Global Perceived Effect (GPE, on a 7-point Likert scale)
scores were used to check for changes in perceived health status between the two
test occasions108,203. Patients with a GPE score of three to five (referring to a ‘slightly
worse’, ‘unchanged’ or ‘slightly better’ health status) at the second assessment were
included for the test-retest reliability analysis as this was, a priori, considered a nonclinically relevant change between assessments148. All patients with a GPE score of one,
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two, six or seven were consequently excluded from test-retest analysis148. Test-retest
reliability was assessed by means of intraclass correlation coefficients (ICC) (two-way
random effects model, absolute agreement) with 95% confidence intervals228. An ICC of
> 0.70 was considered acceptable228. Unpaired t-tests and Mann-Whitney U tests were
used to check for differences in age, physical activity levels (Tegner scores and hours of
sports participation per week) and pain (NPRS) scores between the total group and the
subgroup used for the reliability analyses.
The iHOT-33 NL is considered a reflective model230. Therefore, internal consistency,
the degree of interrelatedness among the items of a PRO was assessed using Cronbach’s
alpha46. Cronbach’s alpha was based on the initial assessment and was deemed good if ≥
0.80 and excellent if ≥ 0.9228.
A principal component analysis to identify common components among sets of items
and explain the degree of variance was performed for the four subscales to check that
our translation did not affect the internal consistency of the original iHOT-33228. This
analysis was based on data from the initial assessment and was performed with varimax
rotation and the eigenvalue set at > 1.
Furthermore, the measurement error, that is the systematic and random error of a
patient’s score that is not attributed to true changes in the construct to be measured,
was analyzed by the standard error of the mean (SEM), calculated by the formula: SD x
√1-ICC152, the SD being the standard deviation from scores from all patients at the initial
assessment. The smallest detectable change (SDC) was then calculated as SEM x 1.96 x
√2 at an individual level (SDCind) and SEM x 1.96 x √2/√n at group level (SDCgroup)256.

Validity
The validity of a PRO determines the degree to which the questionnaire measures the
construct(s) it purports to measure152. The construct validity refers to the extent to which
scores on a particular measure relate to other measures, consistent with theoretically
derived hypotheses concerning the constructs that are being measured152. Fifteen
hypotheses between the iHOT-33 NL, HOOS NL, EQ-5D NL and NPRS were a priori
formulated in order to test construct validity which was considered good when > 75% (11)
were confirmed (see Table 1)228. Spearman’s correlation coefficients for nonparametric
data were used to check the a priori formulated hypotheses in the construct validity
analysis. Strong correlations were defined as r>0.7 (or r>-0.7 when a maximum achievable
score of one scale correlates with a minimum achievable score on the comparative scale),
moderate correlations were defined as 0.5<r<0.7 (or -0.5<r<-0.7) and weak correlations
as r<0.5 (or r<-0.5)54.
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Table 1. A priori set hypotheses and actual Spearman’s correlation coefficients for the
iHOT-33 NL compared to the HOOS NL, EQ-5D NL and NPRS (n = 214).

HOOS NL
Subscales

Pain

Symptoms

ADL

Sports/
Recreation

Quality of life

iHOT-33 NL
a priori
actual correlation

>0.70
0.76*

>0.70
0.69*

0.5<r<0.7
0.75*

>0.70
0.75*

0.5<r<0.7
0.53*

EQ-5D NL
Subscales

Mobility

Self-Care

Usual
activities

Pain/
Discomfort

Anxiety/
Depression

Health
score

Overall
score

iHOT-33 NL
a priori
actual correlation

-0.5<r<-0.7
-0.65*

<-0.50
-.035*

-0.5<r<-0.7
-0.60*

-0.5<r<-0.7
-0.63*

<-0.50
-0.40*

-0.5<r<-0.7
-0.58*

-0.5<r<-0.7
-0.52*

NPRS
Questionnaires

NPRS average

NPRS during sport

NPRS after sport

iHOT-33 NL
a priori
actual correlation

-0.5<r<-0.7
-0.68*

-0.5<r<-0.7
-0.56*

-0.5<r<-0.7
-0.64*

* Correlations were statistically significant when p ≤ 0.05.
Abbreviations: HOOS NL=Hip disability and Osteoarthritis Outcome Score; iHOT-33
NL=international Hip Outcome Tool; EQ-5D NL=EuroQol 5D; NPRS=numeric pain rating
scale; ADL=activities of daily living.

Interpretability
Interpretability is the degree to which one can assign qualitative meaning - that is,
clinical or commonly understood connotations – to an instrument’s quantitative scores or
change in scores152. This includes the distribution of scores, floor and ceiling effects and
an estimation of the minimal important change (MIC)228. Floor and ceiling effects were
determined as percentage of the patients with respectively the lowest (0) and highest
(100) maximum score of the iHOT-33 NL. The presence of floor and ceiling effects was
considered if more than 15% of the patients respectively scored, the lowest (0) or highest
(100) maximum score, based on the initial assessment of the iHOT-33 NL228. The MIC
was calculated as 0.5 x SD168, the SD being the standard deviation from scores from all
patients at the initial assessment.
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Results
Figure 1 represents a flow chart of the patient inclusion process, which took place from
March 2015 to August 2016. There were 214 patients who fully completed the first
assessment and could be included in the validation analysis. Three major groups could be
distinguished: 1) patients who came for conservative treatment (n = 43); 2) patients who
were assessed pre-operatively (n = 53); 3) patients who were assessed postoperatively
(n = 118).
A total of 141 patients returned the second assessment. Of these, 133 reported no
clinical relevant change (a GPE score of three, four or five). One patient scored a GPE of
two, seven patients scored a GPE of six and these were excluded for test-retest reliability
assessment. The characteristics of all included patients at baseline are presented in Table
2. There were no significant differences between age, pain levels and activity levels
between the total group (n = 214) and those who were in the reliability assessments
(n = 133) (all p > 0.75). The average time between both assessments was 8.5 days.

265 Patients completed
first assessment

Excluded for data analysis:
- Age < 18 or > 50 years (n=10)
- Pre-injury Tegner score < 2 (n=7)
- <2 Positive hip joint tests or negative imaging findingd (n=25)
- Post hip arthroscopy NPRS < 1 during or after sports (n=9)

214 Patients included for validation analysis
Conservative physical therapy care (n=43)
53 Pre-operative intake with physical therapist (n=53)
Post hip arthroscopy NPRS > 1 during or after sports (n=118)
141 Patients completed
second assessment

Excluded for test-retest reliability analysis:
- Patients with clinically relevant change (GPE score 1, 2, 6 or 7 (n=8)

133 Patients included for test-retest reliability analysis

Figure 1. Flow chart of patient in- and exclusion.
Abbreviations: NPRS=numeric pain rating scale; GPE=global perceived effect scale.
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Table 2. Baseline characteristics of included patients (n = 214) presented as mean (±SD),
median (IQR25-IQR75) or absolute numbers (percentages).
Total number of included patients
Male
Female

214 (100%)
108 (50.5%)
106 (49.5%)

Age (years)
Total
Male
Female

33 (8.9)
32 (8.9)
33 (9.0)

Affected hip
Left
Right

114 (53.3%)
100 (46.7%)

Pain (NPRS)
Average
Total
Male
Female
During sport
Total
Male
Female
After sport
Total
Male
Female
Tegner Activity Scale
Pre-injury
Total
Male
Female
Current
Total
Male
Female
Sport (hours/week)
Pre-injury
Total
Male
Female
Current
Total
Male
Female

4.7 (2.5)
4.5 (2.3)
5.0 (2.7)
6.3 (2.7)
6.3 (2.5)
6.3 (2.7)
6.7 (2.5)
6.6 (2.5)
6.7 (2.7)

6 (4 – 8)
7 (5 – 9)
4 (3 – 7)
3 (2 – 6)
4 (2 – 6.8)
2.5 (1 – 4)

3.3 (2.1)
3.4 (1.9)
3.2 (2.2)
2.1 (1.9)
2.4 (1.5)
1.9 (2.1)

Abbreviations: SD=standard deviation; IQR=interquartile range 25%-75%; NPRS=numeric
pain rating scale.

54

Reliability
The iHOT-33 NL initial test scores, retest scores and the reliability analyses results are
presented in Table 3. Wilcoxon’s paired test revealed no statistically significant difference
between the test and retest scores (0.06 ≤ p ≥ 0.97), except for questions 16 (p = 0.00)
and 18 (p = 0.01). The principal component analysis revealed that the four iHOT-33 NL
subscales each had one strong factor with an eigenvalue > 1 as in the original iHOT-33
explaining the degree of variance (see Table 4).

Validity
Spearman’s correlation coefficients between the iHOT-33 NL, HOOS NL, EQ-5D NL and
NPRS are presented in Table 1. All a priori formulated hypotheses were tested and 13/15
(87%) confirmed.
Table 3. Reliability analysis of the iHOT-33 NL (n = 133, n = 214).

Test mean
(± SD)

Retest mean
(± SD)

Difference testretest mean (±SD)

P

SEM

ICC (95% CI)

SDC ind

SDC grp

Cronbach’s alpha

46.8
(20.1)

46.3
(22.8)

0.5
(11.9)

0.66

6.0

0.92
(0.88–0.94)

16.7

1.1

0.90

Abbreviations: iHOT-33 NL=international Hip Outcome Tool; SD=standard deviation;
SEM=standard error of the mean; ICC=intraclass correlation coefficient; CI=confidence
interval; SDCind=smallest detectable change at individual level; SDCgrp=smallest detectable
change at group level.

Table 4. Internal consistency of the four subscales of the iHOT-33 NL based on principal
component analysis (n = 214).
iHOT-33 NL

Cronbach’s alpha

Eigen value

Degree of variance explained in %

Symptoms and functional limitations

0.95

9.0

56

Sports and recreational physical activities

0.91

3.7

61

Job-related concerns

0.85

3.1

79

Social, emotional and lifestyle concerns

0.91

3.7

53

Abbreviation: iHOT-33 NL=international Hip Outcome Tool.

Interpretability
The distribution of the scores of all questions of the iHOT-33 NL at baseline and the MIC are
presented in Table 5. No floor and ceiling effects were present in this study population with
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regard to the iHOT-33 NL total score. One question showed a floor effect (16%) and two
showed ceiling effects (15 – 21%). The MIC of the total iHOT-33 NL score was 10.7 points.

Discussion
This study following existing guidelines for translation and cross-cultural adaptation and
the COSMIN checklist shows that the iHOT-33 NL is a reliable, internally consistent and
valid measurement tool to asses physical functioning in a Dutch population of young,
physically active individuals with symptomatic hip joint pathology.

Reliability
The test-retest reliability of the iHOT-33 NL was good, ICC value 0.92 (0.88 – 0.94).
This is higher than the test-retest reliability of the original iHOT-33 (ICC 0.78), and
comparable to values found in earlier validation studies which ranged from ICC 0.87 to
0.9619,90,114,134,150,186,201. No significant differences were found between test results from the
first and second assessment of the iHOT-33 NL, except for questions 16 and 18. Questions
16 and 18 ask about pain experienced in general and after (sports) activities. The mean
differences between the test-retest measurements for these questions respectively were
8.2 and 4.6 points. Based on the MIC values found in this study (question 16 13.6 points,
question 18 16.7 points), the mean differences in test-retest scores are significantly
different, but can be interpreted as clinically non-relevant168. Also, in order to establish
if no relevant change in clinical status occurred the GPE score was used and all patients
who reported a GPE score of one, two, six or seven were already excluded from reliability
analysis148.
The SEM of the iHOT-33 NL was 6.0, the SDC 16.7 points at individual level and 1.1
points at group level. This is in line with the original iHOT-33 as well as current iHOT-33
translations in German and Spanish19,90,114,201. The SDC values show that the Dutch iHOT33 is more sensitive to detect changes at group level than at individual level similar as the
original iHOT-3390,114.
The average time between the two measurements, 8.5 days, was relatively low. This
was a consequence of the choice of convenience to assess patients in primary health
care, usually having a second appointment for treatment within the first two weeks after
reporting themselves with hip and/or groin pain. However, as this study was part of the
translation and validation of the HAGOS NL as well the assessments each comprised of
102 questions, which decreases the chance of recall bias.
Internal consistency was good to excellent with a Cronbach’s alpha of 0.90 for the
iHOT-33 NL total score and 0.85 – 0.95 for the four subscales206. The original iHOT-33
reported a slightly higher Cronbach’s alpha of 0.99150. The three known translations of the
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Table 5. Distribution of scores of the iHOT-33 NL with floor and ceiling effects and minimal
important change (n = 214).
Question

Test mean (± SD)

Range

Floor effect (%)

Ceiling effect (%)

MIC

Q1

34.6 (28.7)

0 – 100

17 (7%)

3 (1%)

14.4

Q2

47.0 (29.4)

0 – 100

8 (4%)

14 (7%)

14.7

Q3

42.0 (32.3)

0 – 100

15 (7%)

17 (7%)

16.2

Q4

55.5 (30.6)

0 – 100

3 (1%)

32 (15%)

15.3

Q5

43.8 (32.0)

0 – 100

10 (5%)

16 (7%)

16

Q6

53.8 (30.8)

0 – 100

2 (1%)

26 (12%)

15.4

Q7

51.7 (29.4)

0 – 100

2 (1%)

20 (9%)

14.7

Q8

57.7 (33.5)

0 – 100

9 (4%)

32 (15%)

16.8

Q9

53.5 (28.8)

0 – 100

3 (1%)

22 (10%)

14.4

Q10

62.2 (30.0)

0 – 100

3 (1%)

32 (15%)

15.0

Q11

59.3 (28.1)

0 – 100

1 (0%)

20 (9%)

14.1

Q12

55.8 (29.7)

0 – 100

3 (0%)

25 (12%)

14.8

Q13

55.5 (30.5)

0 – 100

3 (1%)

33 (15%)

15.2

Q14

56.3 (33.1)

0 – 100

8 (4%)

31 (14%)

16.6

Q15

60.8 (32.0)

0 – 100

2 (1%)

45 (21%)

16.0

Q16

44.1 (27.3)

0 – 100

4 (2%)

4 (2%)

13.6

Q17

37.1 (30.0)

0 – 100

24 (11%)

11 (5%)

15.0

Q18

32.6 (27.4)

0 – 100

15 (7%)

6 (3%)

16.7

Q19

29.8 (28.3)

0 – 100

30 (14%)

9 (4%)

14.1

Q20

41.7 (29.2)

0 – 100

8 (4%)

13 (5%)

14.6

Q21

29.5 (42.6)

0 – 100

8 (4%)

10 (5%)

21.3

Q22

30.9 (27.1)

0 – 100

24 (11%)

5 (2%)

16.6

Q23

65.2 (45.9)

0 – 100

3 (1%)

7 (3%)

23.0

Q24

18.3 (33.1)

0 – 100

3 (1%)

14 (7%)

16.6

Q25

19.6 (32.6)

0 – 100

7 (3%)

2 (1%)

16.3

Q26

19.5 (32.7)

0 – 100

2 (1%)

3 (1%)

16.3

Q27

36.8 (29.8)

0 – 100

22 (10%)

11 (5%)

14.9

Q28

18.4 (32.5)

0 – 100

3 (1%)

24 (11%)

16.3

Q29

47.3 (28.2)

0 – 100

3 (1%)

17 (8%)

14.1

Q30

55.1 (31.1)

0 – 100

6 (3%)

25 (12%)

15.5

Q31

51.9 (30.8)

0 – 100

8 (4%)

23 (11%)

15.4

Q32

57.1 (46.8)

0 – 100

1 (0%)

15 (7%)

23.4

Q33

29.3 (27.3)

0 – 100

34 (16%)

6 (3%)

16.7

Total score

46.3 (21.3)

5.4 – 94.1

0 (0%)

0 (0%)

10.7

Abbreviations: iHOT-33 NL=international Hip Outcome Tool; SD=standard deviation;
MIC=minimal important change.
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iHOT-33 in German, Spanish and Chinese reported values ranging from 0.96 – 0.9819,134,201.
Every subscale had one strong factor, explaining the degree of variance to a large extent,
similar to the original iHOT-33.

Validity
The construct validity was deemed to be good (87% of hypotheses confirmed) based on
the COSMIN checklist which requires at least 75% of all hypotheses to be confirmed228.
Only 2 hypotheses proved incorrect as the correlation between the iHOT-33 NL and
the symptoms subscale of the HOOS was slightly lower than expected (r 0.69 versus
expected > 0.70), whereas the correlation with the ADL subscale of the HOOS was higher
than expected (r 0.75 versus expected 0.50 < r < 0.70.
The iHOT-33 NL was compared to the HOOS to establish convergent construct
validity. In general, strong to moderate correlations were found which was hypothesized
as both questionnaires are specifically developed to assess functioning in patients with
hip and/or groin pain. The correlations between the ADL subscale and QoL subscale of
the HOOS were expected to be moderate because the HOOS is originally developed
for an older, assumed to be less active population78,150. This proved correct for the QoL
subscale, but the ADL subscale showed a strong correlation indicating that young, active
patients with hip pain might experience similar problems in daily life activities, as do
older patients. The symptoms subscale correlated slightly worse than expected, which
can indicate that these young, active patients might experience different symptoms
than the older patients who are the target population of the HOOS. To our knowledge,
correlations between the iHOT-33 and HOOS have not been previously investigated.
Other translation and validation studies have used the HOS and Western Ontario and
McMaster Universities Arthritis Index (WOMAC) to establish convergent construct
validity19,134,201. The HOS however is not available in Dutch language whereas the WOMAC
has not been specifically developed for patients with hip and/or groin pain only19,134,201.
Correlations between the iHOT-33NL and the EQ-5D were investigated to assess
divergent construct validity and this was established. The EQ-5D was used for this
validation purpose instead of the often used Short Form-36 because it contains a lower
number of questions and therefore decreases patient burden246.
A comparison between the iHOT-33 NL and the NPRS scales was made in order to
investigate whether or not the iHOT-33 NL answers were influenced by pain only.
Therefore moderate correlations between the two questionnaires were expected and
this was confirmed.

Interpretability
The mean iHOT-33 NL total score was 46.3 points with a MIC of 10.7 points and no floor or
ceiling effects were found. This is comparable to the original (mean total score 32 points,
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no floor or ceiling effects), Spanish (mean total score 39.4 points, MIC 12.5 points) and
Chinese (mean total score 32.7 points, no floor or ceiling effects) versions of the iHOT-33
which were also validated in the target populations134,150,201.
Although no floor or ceiling effects for the total iHOT-33 NL score were found, one
question showed a floor and two showed ceiling effects. According to the COSMIN
checklist no floor or ceiling effects should be observed, because a patient cannot change
anymore in that direction (better or worse)152. However, the floor and ceiling effects
found in this study only occurred in three individual questions whereas the iHOT-33 is to
be interpreted as a total (subscale) score. No other studies have reported floor or ceiling
effects, but not all have examined individual questions for these effects90,186,236. Further
studies are advocated to establish possible floor or ceiling effects for these individual
questions and its clinical implications.

Limitations
Some study limitations are acknowledged. The electronic questionnaire system only
allowed for submission of fully completed questionnaires. Therefore, data from patients
who did not fully complete every question could not be included and this may result in
bias. However, it is unknown, if, how much and how this may have affected the data.
Another limitation is the selection of the study population. At the moment the gold
standard for diagnosing intra-articular hip pathology remains hip surgery77. Although
many of our patients diagnosed with hip joint pathology eventually underwent hip
arthroscopy we did not use this as inclusion criteria. However, we tried to be as accurate
as possible by using reliable examination techniques advocated in a recent consensus
statement237,238,250. This situation is comparable to clinical practice61,77,238.
The Tegner Activity Scores used in this study are originally developed to assess levels
of physical activity in patients with knee injury227. At the time this study was developed no
specific hip activity scales were available. Recently the Hip Sports Activity Scale (HSAS)
was published for this purpose160.
Finally, the MIC calculation as applied in this study was based on a rule of thumb as
described by Norman et al168. At the moment there is no consensus on the methods
by which the MIC should be measured. As long as no consensus is reached the authors
decided the description by Norman et al.168 is as good as any. An investigation into the
responsiveness of the iHOT-33 NL would have helped to resolve this issue and this is
certainly warranted for future research.
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Conclusion
The iHOT-33 NL is a reliable, internally consistent and valid questionnaire for use in a
young, physically active Dutch population with symptomatic hip joint pathology. It can
be used both in research and clinical settings, conservative and pre/postoperative care.
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APPENDIX 2. Physical diagnostic tests and imaging used for
patient inclusion.
Subjects were diagnosed with intra-articular hip pathology based on the Doha agreement
meeting on terminology and definitions in groin pain in athletes 250 combined with earlier
studies of our group 237. Intra-articular hip pathology was suspected when both hip jointrelated physical examination tests were positive for pain and/or impaired range of motion
combined with at least one abnormal/aberrant imaging finding.
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Table 1. Physical diagnostic tests and imaging used for patient inclusion.
Physical diagnostic test

Definition

Anterior hip impingement
test (AIT)

Patient lies supine while the examiner moves the
affected leg into 90° of flexion, adduction, and internal
rotation until end range is achieved. Pain in any location
marks a positive result 237.

Example

3
Flexion-Abduction-External
Rotation (FABER) test

Patient lies supine. The affected leg is simultaneously
flexed, abducted, and externally rotated so that the
subject’s lateral ankle rests on the contralateral leg just
proximal to the knee. While stabilizing the ASIS the knee
is lowered toward the table. A positive test result may be
either a decrease in ROM compared to the non-affected
leg or reproduction of pain 237.

Parameter RX/MRI-A

Definition

Normal value, abnormal value

Alpha angle (AA)

Angle between the femoral neck axis and a line
connecting the head center with the point of beginning
asphericity of the head-neck contour 164,165.

<50°, >50°

Lateral center edge angle
(LCEA)

Angle formed by a vertical line through the center of the
femoral head and a line connecting the femoral head
center with the lateral edge of the acetabulum 164,165.

20-39°, >39°

Crossover sign

Present if the anterior rim runs more laterally in the
most proximal part of the acetabulum and crosses the
posterior rim distally 164,165.

Anterior rim line projects medially to the
posterior wall line

Protrusio acetabuli

Present if the femoral head touches or crosses the ilioischial line 164,165.

Joint space

The distance between the roof of the acetabulum and
the femoral head 164,165.

>2.5mm, <2.5mm

Labral pathology

Disruption of cartilage ring (labrum) in hip joint 164,165,217.

NA

Cam deformity

Angle between the femoral neck axis and a line
connecting the head center with the point of beginning
asphericity of the head-neck contour 164,165.

<50°, >50°

Cysts

Subchondral cysts 164,165.

NA

Chondropathy

Contrast material-filled defect, area of cartilage signal
intensity alteration at acetabulum or femoral head 164,165.

NA

Lig. Teres rupture

Disruption of ligamentum Teres within hip joint 164,165.

NA

Parameters RX

Parameters MRI-A

Abbreviations: RX=radiographic imaging; MRI-A=magnetic resonance imaging arthrography.
NA=Not applicable.
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CHAPTER 4
Clinical biomechanics of the soccer
instep kick related to groin pain;
a review
Igor Tak
Adam Weir
Rob Langhout
Sport & Geneesk 2012 Mar;45(1):18-26
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Abstract
The instep kick in football is a complex skill where high speed and precision are essential.
Groin injury seriously affects performance level, is provoked by kicking and can be a
career-ender. Biomechanical explanations on this injury are lacking. This article includes
considerations of football biomechanics, force development, energy transfer, the role of
total body range of motion (ROM), and the contrary findings with respect to hip range
of motion in groin pain. This information may help to elucidate a relationship between
range of motion and injury. Despite the non-conclusive studies relating ROM to groin
injury, ROM is performance defining for kicking action in football code sports. The
backswing component of kicking motion seems mostly important with respect to energy
storage and production of the body. Lack of findings that relate function loss to groin
injury might be due to classical function testing, which is usually performed in a nonfunctional flexed body position. Concomitant movements in total body extension during
a kick are described. Future research aiming at these relations might take into account
these findings and physical testing methods have to be developed.
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Introduction
Three-dimensional movements in sports involving the kinetic chain are complex skills
because a combination of precision and high speeds is needed127,212. An instep kick is
performed in 500 ms, stressing the required athletic performance37,57. Information on
biomechanics of instep kicking, obtained by modern techniques like motion capture and
real time electromyography (EMG), allows better insight into kicking quality parameters.
This could possibly help to target injury prevention, treatment and performance
enhancement11,112,171,208. The amount of biomechanical research in football does currently
not match the worldwide immense popularity of the sport212,213.
The instep kick is the most powerful kick in football and ball speeds are higher than
those produced by outside and inside kicking212. Clinically it is observed that kicking a
ball and cutting, pivoting and sprinting, exacerbate groin pain in football players137,140,196.
Adductor-related injury is more frequently found to affect the kicking leg83. As athletes
report pain and loss of ability during instep kicking this current study focuses on this
movement in relation to injury.
In this review the reader is offered a clinical perspective into biomechanics and the
physical requirements of the instep kick. To study relations of range of motion and
groin injury a clear description of functional ROM in football is needed and described.
Relationships between groin injury and ROM are considered as well.

Methods
Search criteria
In the Pubmed database all available literature up to December 31st 2012 was searched.
Keywords used were “soccer”, “football”, “kick”, “kicking”, “instep”, “biomechanics”,
“kinetics”, “kinematics”, “EMG”, “muscle”, “range”, “motion”, “adductor “, “groin” and
“pain”, “injury” (see Figure 1).

Search results
The search resulted in 2165 titles that were checked for eligibility. Eligible studies were
those describing motion behaviour (kinetics, biomechanics, kinematics) and/or muscle
actions (EMG) of adult male sportsmen performing an instep kick. Studies into groin
injury describing range of motion as risk factor or treatment variable were also selected.
Electronic versions of journal articles ahead of publication on paper were included. Due
to the paucity on literature strictly restricted to football players, team sports involving
kicking actions as in other football codes like Australian Rules football, were included.
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Review
Two authors (RL, IT) independently reviewed all titles and abstracts. If there was
insufficient information in title or abstract, full text was obtained for evaluation.
Disagreement was solved by consensus. This finally resulted in 84 titles of which
abstracts were checked independently. The same criteria were used for cross-references.
This resulted in 16 additional references. Readily available literature from books on sport
biomechanics, kinetics, kinematics and functional anatomy was also used which resulted
in 16 additional titles. A flow chart represents the selection process (see Figure 1).

(”soccer “ OR ”football”) AND ((”kick” OR “kicking” OR “instep”) OR (”groin” OR “groin injury” OR “adductor” OR
“adduction” OR “groin pain”) OR (”biomechanics” OR “kinematics” OR “EMG” OR “muscle” OR “range of motion”
OR “flexibility”))
n=2165
Inclusion by title
n=84

Inclusion by abstract
n=44

Included cross references
n=16

Own available literature
n=16

Total references
n=76

Exclusion by abstract
n=40
Studies focused on
Punt kick Australian football (1), Race (1), Gender comparison (3), Age <18 (3), Prevalence and incidence (4), Effect of hip joint
stretching (1), Diagnostics (6), Soccer fitness and training (7), Psychological characteristics (1), Case report (1), Balance (1), Muscle
strength measurements (6), Injury but not groin injury (3), Ball dynamics (1), Editorial (1)
Figure 1. Literature search and selection process.

Results
Phases of the instep kick
The instep kick in football can be characterised as a total body movement that comprises
all degrees of freedom. In this study the five phases of Brophy et al.30 are used to present
the instep kick (see Table 1 and Figures 2A-E). This presentation is more detailed than the
three phases described by Naito et al.162 or four phases by Wickstrom259 and Masuda et al144.
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This clarifies more precisely the consecutive segmental movements and their positions.

Phase 1: Preparation
The main goal of the player in this phase is to generate forward speed and freedom of
movement (Figure 2A) and is associated with planning of the kick.

Phase 2: Back swing
In this floating phase where there is no contact with the ground (Figure 2B), the main
goal is to form a tension arc212. This is the tensioning of the body along the diagonal
including the kicking leg, trunk and arm at the non-kicking side. In this way the player will
be able to generate a large motion dependent moment. The characteristics of the back
swing phase are described in Table 2.
Table 1. Phases of the instep kick and their marked begin and end points.
Phase

Begin

End

1. Preparation

Heel strike kicking leg

Toe-off kicking leg

2. Back swing

Toe off kicking leg

Maximal hip extension

3. Leg cocking

Maximal hip extension

Maximal knee flexion

4. Acceleration

Maximal knee flexion

Ball impact

5. Follow through

Ball impact

Toe speed inflection

Figure 2. Consecutive phases of the kick. A: Preparation; B: Back swing; C: Leg cocking; D:
Acceleration; E: Follow through.

Table 2. Characteristics of the back swing phase.
Kick side

Non kick side

Pelvis rotates posteriorly 20° and anterior tilt 25°
Hip moves to 30° extension and 20° external rotation
Knee moves to 50° flexion
Ankle moves to submaximal plantar flexion

Arm moves to 160° horizontal extension
Shoulder moves to 20° retraction
Trunk moves into maximal extension and rotation
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Phase 3: Leg cocking
In this phase high hip flexion speed is generated. There is simultaneous hip and knee
flexion with the trunk rotating to the kick side (Figure 2C). The characteristics of the leg
cocking phase are described in Table 3.
Table 3. Characteristics of the leg cocking phase.

Kick side

Non kick side

Pelvis towards anterior rotation
Hip moves to 0° flexion and 25° abduction with decreasing
external rotation
Knee moves to 110° flexion
Ankle moves to submaximal plantar flexion

Arm moving in horizontal flexion towards adduction
Shoulder moves to protraction
Trunk moves to flexion and rotation of kick side
Support leg: Foot makes ground contact, hip and knee flexion
occurs

Phase 4: Acceleration
The goal of this phase is to reach maximal acceleration of knee extension (Figure 2D) and its
associated maximal foot speed. This guarantees maximal impact and energy transmission
to the ball102,177. The characteristics of the acceleration phase are described in Table 4.
Table 4. Characteristics of the acceleration phase.

Kick side

Non kick side

Pelvis shows posterior tilt of 25° and 20° anterior rotation
Hip moves to 20° flexion with decreasing abduction
Knee moves from 110° to 40° flexion
Ankle before ball contact slight dorsal flexion and at ball impact
abduction, eversion and plantar flexion occurs

Arm shows flexion and adduction
Shoulder: moves to 20° protraction
Trunk shows flexion and rotation
Support leg: flexion of hip and knee to 45° and extension just
before ball impact

Phase 5: Follow through
After ball impact, that only lasts 10 ms, the player finishes the swing phase128. With a
maximal instep kick the supporting leg loses ground contact during follow through.
The leg swings through in a combination of trunk flexion and rotation (Figure 2E). The
characteristics of the follow through phase are described in Table 5.
Table 5. Characteristics of the follow through phase.

Kick side

Non kick side

Pelvis protraction stops
Hip moves from 20° to 90° flexion with adduction
Knee is around 20° flexion
Ankle moves from submaximal plantar flexion to dorsal flexion

Arm towards flexion and adduction
Shoulder to maximal protraction
Trunk to maximal flexion and rotation
Support leg: extension to 0° at toe-off
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Analysis of the instep kick
One measure of kicking quality is ball speed30,106,128,129. It is relevant to explore which forces
contribute to an effective kick and, with respect to performance, injury prevention or
treatment, to what degree muscle strength plays a role. In studies examining generation
of ball speed it is accepted to use angular velocity of the kicking shank as the outcome
measure49,127,262). During the football instep kick angular velocity is not only caused by a
muscle moment (force x moment arm) generated over the knee joint but this moment is
created by a sum of moments over all joints concerning the total kinetic chain. The effect
of movements of body segments is much larger than the sum of the isolated parts101.
Trunk rotation is an essential part of the instep kick212. Naito et al.162 studied causal
relations between three-dimensional movements of body segments and angular velocity
of the lower leg. Distinction was made between motion dependent moment, muscle
dependent moment and ground reaction dependent moment.

Motion dependent moment
The motion dependent moment was divided in centrifugal, Coriolis and gyroscopic
moments162. Centrifugal forces were responsible for 49% of the angular velocity of the
lower leg. These are generated through hip flexion speed of the kicking leg. Coriolis
forces of this leg were responsible for 17%. The Coriolis effect can be described best as the
concomitant movement of the leg as body rotation around the length axis occurs. This
results in an abduction and external rotation movement. Furthermore the trunk rotation
moment, formed by opposite thorax and pelvic rotation accounts for 34% of angular
velocity of the lower leg. Half there of is generated by a muscle dependent moment of
trunk rotators (m. Obliquus Internus and Externus) and the other half by a gyroscopic
related moment. Gyroscopic forces particularly occur in the rotational (transversal) plane.

Muscle dependent moment
It is important to note that velocity of knee extension is not only generated by muscle
power. Conscious muscle input of the m. Quadriceps on ball impact negatively affects
angular velocity of the knee162. This fits with the findings that high-level footballers do
not show larger cross sectional area (CSA) than lower level players while ball speeds
are much higher in the former group144. Additionally there is no difference in CSA for
the dominant versus non-dominant sides. Muscle groups do show tonic muscle activity
during instep kicking but there is a lack of peak activity before and during ball impact37.
The m. Adductor Longus showed low activity throughout the kick with a relative peak
just before maximal hip extension when also the quickest elongation of the m. Adductor
Longus occurs. Before ball impact the m. Adductor Longus reaches its maximal length.
At this moment there is also maximal hip abduction. The m. Adductor Longus is therefore
functioning to control hip extension and abduction37. After the pre-stretch moment a
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well-controlled hip flexion is initiated. The mm. Iliopsoas and Rectus Femoris are active
throughout the downswing until ball impact 18,55. A relative peak of the latter is shown in
leg cocking18. On ball impact negative muscle moments were noted 55,56,162.

Ground reaction dependent moment
Several authors Naito showed no significant relationship between ball speed and ground
reaction forces112,162,177. It would seem that the balance of the support leg and not ground
reaction moments is positively correlated to kicking accuracy38. An increased balance
for the support leg compared with the kicking leg was suggested, but not found to be
significantly different79.

Ball speed
Davids et al.49 suggested that coordination is a determining factor for talent in football.
In experienced footballers it has been shown that the ball speed is up to 150 % of that
of less trained players, respectively 87 and 61 km/hr212 . Ball speed in elite players can
reach 115 km/hr56,106. The dominant rather than the non-dominant leg produces higher
ball speeds which has been related to a very high level of coordination development56.
Skilled players however do also show high inter-segmental movement quality for their
non-dominant sides11. This quality is reflected in the concept of kinematic sequence.
Several authors stress the importance of technical skill (sequence) and physical flexibility
in relation to optimal ball speed56,127,170,212,262.

Flexibility
Experienced footballers show significant more dynamic ROM of trunk rotation, hip
extension and knee flexion than less experienced players 212 which is associated to higher
ball speeds212,213. Greater trunk extension and rotation of the non-dominant side helps
to create a larger gyroscopic moment. This results in higher flexion rotation moment of
the trunk in the kicking side direction162,212. An increase of hip extension results in a larger
centrifugal moment of the kicking leg162. An identical positive relationship has been shown
for the knee flexion angle and the acceleration of the lower leg towards extension57. Positive
correlations were described for the relationship of ball speed and hip ROM in baseball
pitchers239. This mutual relation between segments where ROM of all joints and muscles in
the kinetic chain is important and has been called “dynamic coupling”271.

Kinematic sequence
A correct timing of body segment movements will enable the athlete to create high
ball speed212. The instep kick resembles a whip-like movement in which a proximal-todistal sequence of movement can be recognized56. This is achieved by deceleration of
the proximal segment preceding acceleration of the distal one106,162,184,262). Juarez et al.106
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reported on this sequence with marker speeds on the pelvis first reaching its maximum
linear velocity (5 m/s), consecutively followed by the knee marker (11 m/s), ankle marker
(19 m/s), toe marker (25 m/s) and ball marker (30 m/s).
Recently the relationship between the initiation and flow of kinetic energy in a full
body system and the related proximal-to-distal sequence was described162. Energy
redistribution enables the body to avoid extreme muscle work and may be advantageous
in achieving safe and efficient kicking. Acceleration of the non-kicking side shoulder and
arm starts at the beginning of leg cocking resulting in deceleration of the trunk. As the
foot hits the ground, the supporting leg starts to decelerate resulting in the transfer of
kinetic energy from the arm, trunk and supporting leg into the kicking leg.
In the acceleration phase, the action of the non-kicking side shoulder and arm
continues to transfer energy from thigh to shank. In this phase, the centrifugal and
Coriolis forces, due to the hip extension/flexion moment, decelerate the thigh and
accelerate the shank. There is discussion on the cause of thigh deceleration as described
by several authors162,170. Contraction of hip extensors is most unlikely due to the negative
moment of the thigh that has been observed170. As the acceleration of the non-kicking
side shoulder/arm transfers kinetic energy from thigh to shank, this could be a cause of
thigh deceleration. The role of rapid posterior pelvic tilt, 50 ms before ball impact and
the muscular moment of the trunk rotators are thought part of this same mechanism
but need further clarification127,162. As the centrifugal force depends on joint kinematics,
energy transfer from thigh to shank is most optimal at 90 degrees of knee flexion161.
Upper body control through acceleration of the non-kicking side arm, stabilization
of the support leg and optimal kicking leg configuration are necessary parts of a wellcoordinated kick. This may explain the high degree of body control to serve foot to ball
coordination observed in the acceleration phase212.

Adductor-related groin pain in football
Groin pain is usually worsened by kicking, sprinting or cutting and pivoting137.
Despite the findings of pathology in adductor tendons, abdominal muscles and bony
structures in relation to groin injury there is no consensus on the exact pathological
mechanism37,39,140,178,244. Several studies have focused on the relationship between trunk
and hip muscle function or hip joint ROM and injury14,27,45,47,48 59,60 100,174 241,263. There is some
evidence for decreased hip muscle strength, specifically hip abduction strength, being a
risk factor174. Evidence for ROM being a risk seems weak and findings are contradictory.
To the authors knowledge no good quality studies have been performed on hip ROM as
a target for therapeutic intervention in athletic groin injury. In daily practice however
stretching is still widely advocated as part of rehabilitation programmes. Exercise
therapy has been proven to perform well in athletes with groin injury and shows
favourable outcome96.
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Williams already described his findings of decreased hip ROM in groin injury in 1978260
and hypothesized on the role of hip ROM in a possible pathological mechanism. Later
Verrall et al.244 and Ibrahim et al.100 also found slight but significant rotational hip ROM
loss to be a risk factor for the development of groin injury. This suited the findings of
Delahaye et al. (2003) while other studies did not support these findings141. Maffey and
Emery140 stated in their systematic review that loss of hip ROM might be a risk factor.
Stretching however seems of no benefit in the prevention of groin injury264. The role of
ROM loss is unclear.

Discussion
The literature available offers a detailed overview of the biomechanics of the instep kick.
To answer the question what specific requirements a footballers body must meet to fulfil
these criteria this knowledge is indispensable. In order to generate big momentum and
thus a high end speed through multi segmental movement, a proximal-to-distal sequence
is essential. In 2005 the use of 2D video analysis proved that like in golf and tennis this
sequence is present in football as well212. More recent studies using 3D techniques
show that timing of trunk and arm are essential11,30,162,212. The literature offers adequate
information to clarify the role of muscular contribution to kicking.
Relationships were shown between ball speed and muscle and motion dependant
moments of the trunk and kicking leg57,106,212. Better footballers produce higher ball speeds
and have larger ROM of trunk, arm, hip and knee throughout the back swing phase and
higher knee flexion angles in leg cocking57 showing the importance of adequate inter
segmental ROM with respect to ball speed162. The studies that focused on hip ROM in
relation to groin injury used traditional measurement methods to determine hip ROM.
Range of motion in kicking seems to be important in the formation of a tension arc,
which is a sport specific and total body function into extension direction.
Regarding the proximal-to-distal order of movement, it is likely that anterior pelvic
rotation precedes hip flexion and knee extension, as in other sports such as golf. Juarez
et al.106 showed this pelvic action recently. High muscle activity levels in the kicking leg
are not found during ball impact162,172. Active recruiting of trunk rotators is essential162.
Throughout the instep kick muscles show low-level activity. Higher peak muscle activity is
obvious before the acceleration phase and functions for coordination of body segments.
A larger ROM of the tension arc is likely to result in larger pre-stretch of trunk rotators,
hip flexors and knee extensors that initiate leg cocking37,212.
In experienced players larger knee flexion angles correlate positively with higher ball
speeds212. Larger ROM allows passive elastic structures to store potential energy and
transfer this distally through the body as kinetic energy producing a high end speed57.
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Exaggerated muscle contractions may result in reduced coordination and precision105.
Less accurate kicks were shown to produce higher muscle activation levels of mm. Tibialis
Anterior and Rectus Femoris112.
When considering that the kinetic chain is formed by multiple segments anatomical
studies have shown, that several anatomical structures like mm. Rectus Abdominus,
Abdominus Obliquus Externus and Internus, Adductor Longus and the symphyseal joint
are inextricably connected196. Myers159 described several myofascial systems with mutual
anatomic relations (Table 6). These systems are involved in the multi segmental movement
modelling and some are stretched in the tension arc and leg cocking. Several muscles
within these systems can initiate leg cocking after being stretched in the tension arc.
It is questionable to what degree the quality of the instep kick is affected by the loss of
range of motion of local segments or joints in the kinetic chain. The athlete will generally
not notice a loss of function until symptoms arise or performance drops. In the case of
a lack of ROM there may be compensatory muscle power in an attempt to retain ball
speed. This will place greater tensile stress on anatomical structures like the hip flexors
and adductors. In several sports it is calculated that maximal stress is usually beneath the
level at which damage would occur118. Harris-Hayes et al.84 clarified that loss of function
in the kinetic chain is related to compensatory lower back pain when the direction of
function loss and mechanical load of the sport movement are rectified.
It would be fascinating to study the effect of loss of ROM in the kinetic chain on injuries
in the groin region and in performance in kicking. To perform such new reliable sport
specific evaluation tools are needed.

Conclusion
The instep kick is the most powerful kick in football. Knowledge of the biomechanics of
the instep kick is necessary to understand how ball speed is generated. Adequate ROM
and coordination are essential. Groin injury in footballers could be related to function
loss in the greater kinetic chain resulting in compensatory higher tissue loading of groin
anatomical structures. This has not been evaluated as such. To evaluate this idea further
tests are needed that enable to specify inter segmental ROM of the instep kick.
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Abstract
Background: Whether hip range of motion (ROM) is a risk factor for groin pain in athletes
is unknown. A systematic review is required to synthesise the available evidence and
provide clinical interpretations.
Objectives: To systematically review the relationship between hip ROM and groin pain
in athletes.
Study design: Systematic review, prospectively registered (PROSPERO) according
PRISMA guidelines.
Methods: PubMed, Embase, CINAHL and SPORTDiscus were systematically searched
to December 2015. Two authors performed study selection, data extraction/analysis,
quality assessment (Critical Appraisal Skills Program) and strength of evidence synthesis.
Results: We identified 7 prospective and 4 case-control studies. The total quality score
ranged 29-92%. Heterogeneity in groin pain classification, injury definitions and physical
assessment precluded data-pooling. There was strong evidence that lower total rotation
of both hips below 85° measured at the pre-season screening was a risk factor for groin
pain development. Strong evidence suggested internal rotation, abduction and extension
were neither associated with the risk nor the presence of groin pain.
Conclusion: Total hip ROM is the factor most consistently related to groin pain in
athletes. Screening for hip ROM is unlikely to correctly identify an athlete at risk because
of the small ROM differences found and the poor measurement properties.
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Introduction
Groin pain is common in sports involving explosive movements, directional changes,
repeated kicking and body contact250. The aetiology of groin pain is unclear and probably
multifactorial58. Seven systematic reviews48,98,99,140,157,202,258 have focused on factors
associated with groin pain in athletes. Lower hip range of motion (ROM) was found to be a
risk factor in four studies48,98,99,202, but not in two reviews140,258. Mosler et al.157 studied factors
that differentiated athletes with and without hip and groin pain and found lower hip ROM
to be associated with its presence.
A recent international agreement reported that the hip can be an important cause of
groin pain in athletes250. The interference of hip related pathology, hip ROM and groin pain
was not addressed in these reviews. Additionally, no clear understanding of the paradigm
of decreased hip ROM in relation to groin pain exists22,260.
No published prevention or treatment programs for groin pain in athletes focus
specifically on hip ROM250,258. A recent meta-analysis of 7 randomized trials on preventing
groin injuries in athletes showed a lack of efficacy62. These prevention programs mainly
consisted of active exercise and did not address hip range of motion at base line or followup. A review appraising existing literature on hip ROM measures and their relation to groin
pain assist planning new preventative strategies and making adequate choices in study
designs.
The primary aim of this review was to collect and synthesize all available evidence on
the relationship between hip ROM and groin pain in athletes. The secondary aim was to
guide clinicians and researchers to interpret the findings on the relationship between hip
ROM and groin pain. The key research question was: is there a relationship between hip
range of motion and the presence of groin pain in athletes.

Methods
This systematic review was conducted in accordance with the PRISMA guidelines. The
protocol for this review was registered at the PROSPERO register (website; http://www.crd.
york.ac.uk/PROSPERO) for systematic reviews under registration number CRD42015017666.

Search strategy
Prior to this systematic review the Cochrane Database of Systematic Reviews, MEDLINE
and PEDro were searched for systematic reviews on groin pain in athletes involving hip
ROM as to ensure that a similar study had not already been conducted. There were no
date restrictions applied thus all databases were searched in full up to August 1st 2015
when this review process commenced.
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To identify studies that meet the inclusion criteria, a search was conducted on
December 1st 2015 in the electronic databases PubMed, Embase, CINAHL and
SPORTDiscus without any date restriction. A combination of the following keywords
and their synonyms were used: groin pain, hip range of motion, risk factors (see Appendix
1 for the full search strategy). Cross-references from the previous reviews and all
retained articles that fulfilled the inclusion criteria were screened for possible relevance.
Additionally three experts in the field were asked whether they had any relevant
references available from books or other sources. All results were entered in Reference
Manager (Thomson Reuters, Philadelphia, USA). Double citations were removed.

Eligibility criteria
Studies were considered eligible for this review if data were presented on hip ROM in
athletes in a study evaluating risk of developing groin pain (prospective longitudinal
study), OR when comparing athletes with and without groin pain (cross-sectional/case
series study). Groin pain could be described according to the numerous past different
definitions known to be present in literature250.

Inclusion and exclusion criteria
A study was included when it was:
(a) an original study, published in English, German, French or Dutch;
(b) an observational (prospective) cohort, cross-sectional or case-control study;
(c) studying athletes as the population of interest;
(d) studying groin pain as a variable;
(e) studying hip ROM as a variable;
(f) presenting statistical data analyses of the relationship between dependent and
independent variables (groin pain and hip ROM).
Only studies meeting all criteria were included.
This review aimed to assist clinicians working with athletes who may be at risk for or
have already developed groin pain. Studies on hip and/or groin pain caused by known hip
conditions were excluded as being outside the scope of this review. Intervention studies
were excluded, as were studies on cadavers or animals.

Selection of studies
Two reviewers (LE and IT) independently reviewed all obtained titles and abstracts
to determine possible eligibility. They checked full-text versions of all of the retained
articles and screened reference lists of both these studies and the systematic reviews
already identified, for other relevant citations. Full-text screening was then performed
according to the inclusion and exclusion criteria. The selection status of each retained
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article was discussed and disagreements were resolved by consensus. A third reviewer
(AW) was available to discuss on-going disagreement. A final list of articles for further
detailed analysis was created.

Data extraction, synthesis and analysis
Two reviewers (LE and IT) extracted the following data, using a standardized form:
• Definitions of groin pain and the accompanying injury criteria (used terms,
specifications of groin pain and (physical) examination criteria)
• Onset of pain
• Time of existing complaints
• Time-loss
• Study setting (sports type and level, gender, country)
• Study design
• Details on ROM assessment (movement directions, body position, measurement
device, reporting of data in appropriate Système International units226, definition of
end ROM and the number and qualification of assessors)
Regarding the study results and outcomes, the number of participants, injuries and
(injured) hips including percentage are presented. It was reported whether injured
players or injured hips were used for analyses and which data were provided (per side, for
all hips or bilateral as sum scores). As a previous injury increases the risk for a re-injury,
any reporting on re-injuries and methodological/statistical considerations (whether
correction was needed or not) are presented. Data were analysed descriptively. For
the studies that supplied adequate continuous data, means and standard deviations or
standard error of means are presented, specified to one decimal point. For dichotomous
data, odd ratios/relative risk (OR/RR) with matching 95% confidence interval (CI) are
presented. Mean differences (MD) for each ROM movement are calculated and presented,
rounded off to whole numbers as most measurement tools have 1˚ increments.

Methodological quality assessment
The checklist assessing the methodological quality of cross-sectional, case-control and
prospective cohort studies according to the Critical Appraisal Skills Program (CASP,
2014, www.casp-uk.net), as used by Van der Windt261 was used. This was specifically
adapted25,268 (LE, IT, MB) for the purposes of this study. The criteria list contains items on
information, validity and/or precision in the following categories: study objective, study
population, exposure measurement and assessment of the outcome and analysis of the
outcome and data presentation.
Two independent reviewers (LE and IT) rated each study as “positive” (+) if it included
an item, “negative” (-) if it did not include an item, “non applicable” (NA) if that item
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was not applicable to that particular study. When no clear information was present on
this item a “negative” (-) was scored. The reviewers compared their results and in case
of disagreement, consensus upon each item was reached in a meeting. Absolute and
level of agreement (Cohen’s κ) are presented. A total quality score for each study was
calculated and presented by counting the number of items that were rated positively
divided by the total achievable (applicable items only) score. The studies were ranked
as a percentage of the maximum achievable score, and, relative to this total score,
categorized as scoring high or low according to the CASP criteria261. A high score, thus a
low risk of bias study, was a study that scored positively for >50% of the validity/precision
items on the methodological quality list. A low-score, referring to high risk of bias study,
was one that scored positively for ≤50% of the validity/precision items13,268. Quality scores
were performed per study type and over-all. All studies were checked for reporting on
conflicts of interest214.

Item assessment
Item assessment was performed by calculating the ratio of positively scored items
/ negatively scored items per CASP item over all studies. When no negative score was
obtained a ‘maximum’ score was assigned and when no positive score was obtained a
‘minimum’ score was assigned. This was done in order to give insight into which items in
general scored low or high among the studies included.

Strength-of-evidence assessment
The strength of evidence for hip ROM as a potential risk-factor for, or in association with
groin pain was assessed by defining four levels of evidence (see Table 1)13. A relationship
was rated as positive when the risk estimate was increased. No relationship was
identified when the effect estimate indicated no increased or decreased risk for hip ROM
or when it was reported to be statistically non-significant (P>0.05) without reporting the
risk estimate. Significant differences were based on means with standard deviations (SD)
and/or matching 95% CI. If a study provided neither of these two, any information on
significant differences (P<0.05) between the groups was used.

RESULTS
Search results of this study
The database search resulted in 784 studies of which 208 duplicates were removed.
Screening of titles and abstracts was performed on the 576 remaining references for
possible eligibility and 29 potentially relevant studies were screened in full text. After
checking cross-references, 2 additional studies were considered potentially relevant
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Table 1. Strength of evidence assessment.
1

Strong evidence

Consistent findings in multiple high-quality cohort and/or case-control studies.

2

Moderate evidence

Consistent findings in multiple cohort and/or case-control studies, of which only one is a highquality study.

3

Some evidence

Findings of one cohort or case-control study or consistent findings in multiple cross-sectional studies,
of which at least one study is a high-quality study.

4

Inconclusive evidence

Concerns all other cases: i.e., consistent findings in multiple low-quality, cross-sectional studies or
inconsistent findings in multiple studies. The evidence is considered to be inconclusive if only one
cross-sectional study is available, regardless of the quality of this study.

Note: Findings are consistent when the results of at least 75% of the studies have similar
outcomes.

Cochrane DSR, PUBMED, PEDRO search for review on topic prior to review n=7

CINAHL n=62, Sportdiscus n=80, EMBASE n=382, PUBMED n=260 (total n=784)
Removed duplicates n=208
Screening titles and abstracts n=576
Excluded after screening n=547
Included for full text reading after screening n=29
Cross references retained from reviews n=2
Cross references from included articles n=2
References from experts n=0
Full text assessed for eligibility n=33
Excluded n=22
Because
No athletes involved: 7
Only conference abstract: 3
No groin pain as variable: 6
No ROM data: 6
Synthesis based on eligible studies n=11
Figure 1. PRISMA Flow Diagram of the study search and selection procedure.
Abbreviations: DSR=Database of systematic reviews; ROM=range of motion.
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and included60,260. All citations (410 in total) from the 7 relevant reviews48,98,99,140,157,202,258
were manually screened for potentially relevant references which resulted in 2 additional
references58,149. The experts did not provide additional references. Finally, 11 of these 33
studies assessed in full text fulfilled the criteria and were included for data extraction
(see Figure 1).

Study characteristics
There were 7 prospective cohort and 4 case control studies included. Heterogeneity of
definitions of groin pain and ROM was found (see Table 2).
Table 2. Definitions of groin pain and eligibility criteria.
Groin pain definition
Authors
(type of study)
Groin strain
a. Arnason et al.14
(PC)
b. Engebretsen et al.60
(PC)
Groin muscle strain
injury
Emery et al.59(PC)

Adductor (muscle)
strain
a. Ibrahim et al.100(PC)

b. Tyler et al.241(PC)

Adductor muscle
injury
Witvrouw et al.263(PC)

Groin pain specified
as

Pain onset
(PC/CC)/ Pain
duration (CC)

Injury time reference
criterion

Exclusion of athletes at
baseline

a. NR

a. A+NoA

a. NR

b. Pain on inner side
of thigh

b. 1. A
b. 2. NoA

a. Miss one training/
match
b.1. Miss part of training/
match
b.2. No time-loss

Muscle injury in the hip
flexor or hip adductor
muscle groups

A+NoA

Stop training/match or
missed next day training/
match

Groin contact injury /
contusions

a+b:
1. Pain on palpation of
the adductor tendons
or their insertion on
the pubic bone or
both AND
2. Groin pain during
adduction against
resistance

a. NR

a. Miss training/match
>1 week

a. NR

b. A

b. Miss training/match or
medical attention

b. Athletic pubalgia,
osteitis pubis, hernia, hip
osteoarthritis, rectal or
testicular referred pain,
piriformis syndrome, pelvic
or lower extremity fracture

First time adductor
muscle injury

A+NoA

Miss one training/match

Previous lower extremity
muscle injury from 2 years
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b. NR

Table 2. Continued
Chronic groin injury
a. Verrall et al. (2007)244
(PC)

b. Verrall et al. (2005)243
(CC)

Longstanding groin
pain
a. Nevin et al.167(CC)

b. Malliaras et al.141
(CC)

Groin pain: sports
hernia
Rambani185(CC)

a.
1. Pain in adductor and/
or lower abdominal
and/or pubic bone
region AND
2. Pain for at least 6
weeks

a. NR

a. Pain >6 weeks and
miss one match

a. Previous or current chronic
groin injury

b.
1. Pain in the groin
region;
2. Tenderness of the
pubic symphysis and/
or superior pubic rami

b. NR/NR

b. Pain >6 weeks

b. NR

a.
1. Pain of palpation of
the adductor tendons,
their insertion onto
the pubic rami of
pubic symphysis
2. Presence of pain
during resisted
adduction

a. NR/NR

a. Pain >6 weeks

a. Palpable inguinal or
femoral hernia or pain
felt above the conjoint
tendon, clinical signs or
symptoms of prostatitis
or urinary tract infection,
back pain felt from T10 to
L5, osteoarthritis of the hip
joint or clinical suspicion
of a nerve entrapment
syndrome

b.
1. Pain while running
of performing rapid
agility movements
AND at least one of
the following
a. Groin pain standing
on one leg
b. Groin pain or stiffness
in morning
c. Groin pain at night
d. Groin pain when
coughing or sneezing

b. NR/>4
weeks

b. NR

b. NR

Unilateral groin pain

NR/NR

NR

Patients with cam, pincer or
combination on x-rays/MRI

5

Abbreviations: A=acute; NoA=non-acute; NR=not reported; PC=prospective cohort study;
CC=case-control study. Pain onset is presented as acute or non-acute for PC and CC. Duration
of pain only presented for CC.
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Setting
Sports Type /
Gender / Level /
Country

Soccer / M / Prof /
Iceland

ARF / M / Prof /
Australia

Soccer/ M / Am /
Norway

Ice hockey / M /
Prof / Canada

Soccer / M / Prof /
Australia

Ice hockey / M /
Prof / USA

Soccer / M / Prof /
Belgium

Authors,
Study type
CASP score (%)

Arnason et al.14 PC
92%

Verrall et al. (2007)244 PC
92%

Engrebretsen et al.60 PC
77%

Emery et al.59 PC
67%

Ibrahim et al.100 PC
58%

Tyler et al.241 PC
58%

Witvrouw et al.263 PC
58%

Adductor muscle
injury

Adductor muscle
strain injury

Adductor strain

Groin muscle strain
injury

Groin strain

Chronic groin injury

Groin strain

Groin pain
Definition

Table 3. Descriptives of included studies.

1. ABD

1. ABD

1. TR

1. Bilateral
ABD (active)

1. IR
2. ER
3. FL
4. EXT
5. ABD

1. IR
2. ER
3. TR

1. ABD
2. EXT

Hip ROM
Movement
direction

1. Supine, hip neutral EXT

1. Supine, hip neutral EXT

1. Supine, hip and knee FL 90˚

1. Supine, hip neutral EXT, ABD performed
bilaterally at once

3. Supine
4. Supine, hip neutral ABD (Thomas test)
5. Supine, hip neutral EXT

1,2. Supine, hip and knee FL 90˚

1,2 and 3:
Supine, hip and knee FL 90˚

1. Supine, hip neutral EXT
2. Supine, hip neutral ABD (Thomas test)

Body position

Assessment procedure

Table 3 presents the descriptives of the 11 studies included in this review.

Standard goniometer in
degrees (˚)

Standard goniometer in
degrees (˚)

Standard goniometer in
degrees (˚)

Standard goniometer in
degrees (˚)

Standard goniometer in
degrees (˚)

Standard goniometer in
degrees (˚)

Standard goniometer in
degrees (˚)

Device

Start of leg to externally rotate

Start of leg to externally rotate

Move to end range
Not further specified

Maximum active abduction
Not further specified

FIFA Handbook
Not further specified

Maximum range of rotation
Not further specified

Standardized force assessed by
tensiometer.

End range

2
PT

1
NR

1
NR

23 PTs /
physicians

10
sport PTs / sport
physicians

1
NR

1
experienced PT

Number of
assessors/
Qualification
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ARF / M / Prof /
Australia

ARF+soccer / M
/ Elite junior /
Australia

NR / M+F / NR / UK

Verrall et al. (2005)243 CC
57%

Malliaras et al.141 CC
47%

Rambani et al.185 CC
29%

Sports Hernia

Groin pain

Chronic groin injury

Longstanding groin
pain due to sport

1. IR
2. ER
3. FL
4. ABD
5. ADD

1. IR
2. ER
3. Bilateral IR
4. Bilateral ER
5. BKFO

1. Bilateral IR
2. Bilateral ER
3. Bilateral TR

3. BKFO

2. ER

1. IR

3. Prone
4,5. Prone, hip neutral EXT

1,2. Supine, hip and knee FL 90˚

1. Prone, hip neutral EXT, knees FL 90˚
2. Supine, hip neutral EXT, knees FL 90˚
3. as per 1
4. as per 2
5. Crook-lying, hips FL 45˚, knees FL 90˚
feet together

1,2,3 Supine, hip and knee FL 90˚

3. Crook-lying, hip FL 45˚, knee FL 90˚feet
together

1. Prone, hip neutral EXT, knees together
and FL 90˚
2. Supine, hip neutral EXT, knees FL 90˚

1,2,3. Maximum range of
rotation, not further
specified
1. Gentle overpressure
2. End range of motion OR pelvic
movement
5. Gentle over pressure for BKFO

NR

1,2,3,4. Inclinometer in
degrees˚

5. Rigid tape measure;
distance fibula-head
to plinth (cm)
Standard goniometer in
degrees (˚)

2. End range of motion OR pelvis
moving
3. Gentle over pressure for BKFO

1. Gentle overpressure

Standard goniometer in
degrees (˚)

3. Rigid tape measure;
distance fibula-head to
plinth (cm)

1,2. Inclinometer in
degrees˚

2
NR

2
NR

1
NR

1
NR

Abbreviations: PC=prospective study; CC=case-control study; Hip ROM refers to passive measures unless stated otherwise. M=male; F=female; NR=not
reported; IR=internal rotation; ER=external rotation; TR=total rotation (IR+ER) per hip; FL=flexion; EXT=extension; ABD=abduction; ADD=adduction;
BKFO=bent knee fall out; ARF=Australian rules football; Prof=professional; Am=amateur; PT=physical therapist.

Gaelic Football / M
/ Am / Ireland

Nevin et al.167 CC
71%

Table 3. Continued
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The prospective cohort studies lasted for one or two consecutive playing seasons. The
duration of the playing seasons depended on the sport and ranged from 4 months
(Australian Rules Football/Gaelic Football), to 6 months (ice hockey) or 9 months (soccer).
The results of the included studies are presented in Table 4.

Methodological quality
There were 35/146 (24%) disagreements (See Appendix 4) on the quality assessment,
resulting in a moderate level of agreement of 0.43 (Cohen’s κ)145. The scores of the studies
on the methodological-quality-assessment list are presented for prospective cohort and
case-control designs (Table 5A).
All but two141,185 included studies had a high score. The total quality score ranged 2992%. The total score of the 7 prospective studies ranged 58-92% and that of the 4 case
control studies range 29-71%. There were 3 studies that did not report on a possible
conflict of interest100,185,243, 4 studies that reported a possible conflict14,59,60,141 and 4 studies
that reported no conflict of interest167,241,244,263 to be present.
The item scores per study type are presented in Table 5B. Scores <1 represent items
with more negative than positive scores. These are considered scoring relatively low.
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506
23.9(±0.2)

29
21.4(NR)

Verrall et al.
(2007)244
PC, 92%

Engrebretsen
et al.60
PC, 77%

17/6
NR

294
24.0(NR)

Arnason et al.14
PC, 92%

51/10
24.8 (0.6)

4/14
NR

Injured
players
n/%
age

Authors,
Population
Study type,
Non injured
CASP score (%) players
n
age

61

NR

32

Injuries
n

55/1016
5

NR
NR

13/498
2

Injured
hips n/
total
%

Groin injuries

1. IR
2. ER
3. FL
4. EXT
5. ABD

1. IR
2. ER
3. Bilateral
TR

1. ABD
2. EXT

Hip ROM

hips of I vs
NI players

hips of I vs
NI players

hips of I vs
NI players

Per hip/ per
player

PS

1. AH
2. AH
3. BH

AH

Data
presented PS,
AH or BH

Injury analysis

N/N

N/N

Y/Y

Reported/
Statistical
check or
correction

Re-injury

ROM
Risk factor
or different
1. Y
2. N

Mean (SD) values for injured/non-injured hip Mean
ROM of hips (of players), p-value and odd’s Difference
ratio (OR), relative risk [95%CI] with p-value
1. 3˚
2. 3˚

1. 6˚
2. 5˚
3. 20˚

1. 2˚
2. 4˚
3. 3˚
4. 1˚
5. 1˚

1. 40.9(1.1)˚/43.4(0.2)˚, p=0.08. OR 0.90
[95% CI 0.80-1.0, p=0.05]
2. 179.0(0.3)˚/176.5(1.4)˚, p=0.14. OR/
RR: NR
1. 15.5(2.1)/15.5(1.3)˚ vs.
21.8(1.3)/20.8(1.1)˚, p=0.07/p=0.07.
OR/RR:NR
2. 28.1(1/9)/24.0(1.4)˚ vs.
30.7(1.0)/29.9(1.0)˚, p=0.33/p=0.04.
OR/RR:NR
3. 83.1(4.3)˚/103.2(3.3)˚, p=0.03. RR 0.90
[95% CI 0.83-0.99, p=0.03], robust S.E.
0.04, Z score -2.14
1. 27.5(2.0)˚/29.8(0.5)˚, p=NR. OR 1.06
[95% CI 0.77-1.44, p=0.73]
2. 42.3(1.8)˚/46.3(0.4)˚, p=NR. OR= 1.53
[95% CI 1.13-2.07, p<0.01]
3. 123.7(1.5)˚/120.8(0.5)˚, p=NR. OR= 0.95
[95% CI 0.71-1.28, p=0.74]
4. 19.7(1.1)˚/20.9(0.3)˚, p=NR. OR 1.15
[95% CI 0.85-1.55, p=0.37]
5. 52.1(1.6)˚/51.0(0.4)˚, p=NR. OR 0.95
[95% CI 0.70-1.28, p=0.73]

1. N
2. Y
3. N
4. N
5. N

1. N
2. N
3. Y

Conclusion

Outcomes

Table 4. Results of included studies. Hip ROM refers to passive measures unless stated otherwise. Re-injury: a re-injury of one player during the study;
Age presented as mean (standard deviation).

5

94

a. 1292
(camp)
b. 647
(season)
NR

47/17
(1/2 seasons
FU)
23.0(±4.3)

146

18
23.9(±3.2)

Tyler et al.241
PC, 58%

Witvrouw et
al.263
PC, 58%

Nevin et al.167
CC, 71%

Ibrahim et al.100 101
PC, 58%
NR

Emery et al.59
PC, 67%

Table 4. Continued

18
23.8(±3.6)

NR

8/17

8/8
NR

NR
NR

NA

13

11

9

a. 52
b. 152

22

NR

NR
NR

NR
NR

NR
NR

1. IR
2. ER
3. BKFO

1. ABD

1. ABD

1. TR

1. Bilateral
ABD
(active)

BH

AH

a. AH
b. PS

a. I hips I
PS
players vs
D hips of
NI players
b. NI hips I
players vs
ND hips NI
players

hips of I vs
NI players

a. hips of
I vs NI
players
b. I hips vs
NI hips

a. D hips
a. PS
of I vs NI b. PS
players
c. AH
b. ND hips
of I vs NI
players
c. I hips vs
NI hips in I
players

hips of I vs
NI players

N/N

N/N

Y/Y

Y/N

Y/Y

1a. 30.6(4.9)˚/ 34.5(5.6)˚, p<0.05
1b. 28.6(6.1)°/ 34.5(5.9)°, p<0.05
2a. 27.2(5.3)˚/ 29.9(4.5)˚, p<0.05
2b. 26.5(5.7)°/30.3(4.7)°, p<0.05)
3a. 19.3(4.3)cm/15.1(3.8)cm, p<0.05
3b. 18.7(3.4)cm /15.2(4.3)cm, p<0.05

1. (51.3(NR)°/52.3(NR)°, p=0.45). OR/
RR: NR

1a. (46.3(10.3)˚/45.8(11.0)˚, p=0.92). OR/
RR: NR
1b. (46.3(10.3)°/46.3(9.2)˚, p=0.69). OR/
RR: NR

1a+b. 44.7(NR)º/53.7(NR)º, (a. p=0.03; b.
p=0.04). OR/RR: NR
1c. NR, p=0.06. OR/RR: NR

1a. 4˚
1b. 6˚
2a. 3˚
2b. 4˚
3a. 4 cm
3b. 4 cm

1. 1˚

1a. 2˚
1b. 0˚

a. 9˚
b. 9˚
c. 3˚

1a. Camp: Abduction <67.5˚; RR 0.56 [95% CI 0.18-1.76, p=NR]
1b. Season: Abduction <67.5˚; RR 0.48 [95%
CI 0.15-1.53, p=NR]

1a. Y
1b. Y
2a. Y
2b. Y
3a. Y
3b. Y

1. N

1a. N
1b. N

1a. Y
1b. Y
1c. N

1a. N
1b. N

95

NA

NA

25 (18M/7F) NA
22.8(NR)

10
17.3(±0.8)

47
NR

25

18

NR

1. IR
2. ER
3. FL
4. ABD
5. ADD

1. IR
2. ER
3. Bilateral
IR
4. Bilateral
ER
5. BKFO

1. Bilateral
IR
2. Bilateral
ER
3. Bilateral
TR

hips of I vs
NI players

L+R hips
of I vs NI
players

hips of I vs
NI players

AH

PS

1,2,3 BH

N

Y/N

Y/N

1. 5˚
2. 5˚
3. 10˚

1. R 0˚/L 1˚
2. R 1.5˚/L 2˚
3. NR
4. NR
5. R 4cm/L
2 cm

1. 24˚
2. 19˚
3. 0˚
4. 1˚
5. 1˚

1. 36.7(10.1)˚/41.4(11.3)˚, p=0.03
2. 55.2(10.5)˚/60.3(9.2)˚, p=0.01
3. 91.3(17.6)˚/101(17.1)˚, p<0.01

1. R 34.4(8.1)/34.2(11.6), p=0.96, L
32.7(10.7)/ 33.3(13.6), p=0.91
2. R 39.4(8.7)/40.8(7.1), p=0.66, L
46.2(13.4)/48.3(9.6), p=0.63
3. not different, p=0.96
4. not different, p=0.61
5. R 16.4(4.8)cm/12.9(5.1)cm, p=0.09, L
14.4(3.8)/12.5(4.7), p=0.28
1. 17.4(NR)˚/40.9(NR)˚, p=0.03
2. 26.2(NR)˚/45.1(NR)˚, p=0.03
3. 122.3(NR)˚/122.2(NR)˚, p=NR
4. 35.2(NR)˚/35.9(NR)˚, p=NR
5. 27.1(NR)˚/26.20(NR)˚, p=NR

1. Y
2. Y
3. N
4. N
5. N

1. N
2. N
3. N
4. N
5. N

1. Y
2. Y
3. Y

Abbreviations: M=male; F=female; NR=not reported; IR=internal rotation; ER=external rotation; TR=total rotation (IR+ER) per hip; FL=flexion;
EXT=extension; ABD=abduction; ADD=adduction; BKFO=bent knee fall out; Data presentation per side (PS) either left(L)/right(R) or dominant(D)/
non-dominant(ND), for all hips (AH) or both hips (BH) as sum scores of left and right; Y=yes; N=no; corr=correction; RR=relative risk; OR=odd’s ratio.

25 (18M/7F)
23.2(NR)

19
17.1(±1.6)

Malliaras et
al.141
Case-control
47%

Rambani et
al.185
Case-control
29%

42
NR

Verrall et al.
(2005)243
Case-control
57%

Table 4. Continued
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Table 5. Quality assessment of included studies according the CASP criteria checklist and CASP ratio
positive score/negative score. A: Methodological quality scores with the total quality score for all
positive validity/precision items and the percentage of the maximum attainable score (%). B: CASP ratio
scores <1 (more negative than positive scores per item for all studies) are in bold.

6. Data presented properly (CS,CC,PC)

7. Instrumented hip ROM assessment (CS,CC,PC)

8. Hip ROM assessment injured/controls idem (CC)

9. Hip ROM assessment blinded injured/controls (CS,CC)

10. Hip ROM assessed before onset of groin pain (CC)

11. Data collection for ≥1 playing season (PC)

12. Data collection at least every 3 months (PC)

13. Physical examination blinded to exposure status (CS,CC,PC)

14. Prospective enrolment of subjects (CC)

15. Uni- or multivariate analysis performed (CS,PC)

16. Logistic regression analysis performed (CC)

17. Relation measures (OR/RR) with 95% CI (CS,CC,PC)

18. Confounding / effect modification controlled (CS,CC,PC)

19. N cases is 10 times N independent variables (at least) (CS,CC,PC)

+

+

na

na

na

+

+

-

na

+

na

+

+

+

12/13 92

+

+

+

na

na

na

+

-

+

na

+

na

+

+

+

12/13 92

+

+

-

na

na

na

+

-

-

na

+

na

+

+

+

10/13 77

+

-

+

+

na

na

na

+

-

-

na

+

na

+

+

na

8/12

67

na

+

+

-

+

na

na

na

+

+

+

na

-

na

-

-

na

7/12

58

+

na

-

-

+

+

na

na

na

+

-

+

na

+

na

-

-

na

7/12

58

+

+

na

-

-

+

+

na

na

na

+

+

-

na

+

na

-

-

na

7/12

58

CC

+

+

+

+

na

+

+

+

-

-

na

na

+

+

na

-

-

+

na

Verrall et al. 2005243 CC

+

-

+

+

na

+

+

+

+

-

na

na

+

-

na

-

-

-

na

8/14

57

Malliaras et al.141

CC

+

+

-

-

na

+

+

+

-

-

na

na

+

-

+

-

-

-

na

7/15

47

Rambani et al.185

CC

-

+

-

-

na

-

+

+

-

-

na

na

-

+

na

-

-

-

na

PC

7/0 5/2 na

na

na

7/0 3/4 3/4 na

CC

3/1 3/1 2/2 2/2 na

na

+

na

+

-

na

+

-

PC

+

Witvrouw et al.263

PC

Nevin et al.167

2. Population characteristics (CS,CC,PC)

+

1. Clear study objective (CS,CC,PC)

na

Study type

4. Participation rate (CS,CC,PC)

+

3. Cases/ controls same population (CC)

5. Participation rate follow –up (PC)

A: Methodological quality score

PC

+

+

Verrall et al. 2007244 PC

+

+

Engebretsen et al.60

PC

+

+

Emery et al.59

PC

+

Ibrahim et al.100

PC

Tyler et al.241

Arnason et al.14

total %

10/14 71

4/14

29

B: CASP ratio
Relative CASP
quality score

5/2 4/3 6/1 6/1 na

3/1 4/0 4/0 1/3 0/4 na

na

6/1 na

3/1 2/2 na

4/3 4/3 3/0

0/4 0/4 1/3 na

Abbreviations: PC=prospective cohort study; CC=case-control study; ‘+’=positive score for item criteria;
‘-‘=negative score for item criteria; ‘na’=not applicable item for that study type.
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The prospective studies scored relatively low for items related to the standards of
injury reporting, indicating the need to report how often injuries are registered during
the surveillance period. This includes checking the injury criteria over time with limited
interval periods (item 12). Additionally the injury criteria need to be clearly reported (i.e
physical examination) (item 13).
The case-control studies perform relatively low on item (9), reporting whether or
not the assessors were blinded for the disease status of the subjects and item (10) on
assessing subjects before developing symptoms or getting injured. Item (16) on criteria
for appropriate analysis (regression analysis) and item (17) on presenting probability data
(odds) and item (18) on presenting confounding variables had relatively low scores.

Overall strength of evidence
Table 6 shows the strength of evidence for all ROM measures as risk factor, identified
by prospective studies, or as differentiating factor as identified by case-control studies.
Table 6. Strength of evidence assessment whether (‘for’) or not (‘against’) all identified hip
ROM measures have a relationship (risk of differentiating) with groin pain in athletes.
(Findings are presented per hip unless otherwise stated.)
Strength of evidence

Findings

Strong

Prospective RF studies:
For: Lower TR of both hips (SHKF)100,244.
Against: Hip IR (SHKF)60,244, abduction14,59,60,241,263 and extension14,60

Moderate

Differentiates asymptomatic players from symptomatic ones:
For: Lower IR185,243, ER185,243 of both hips (SHKF)

Some

Prospective RF studies:
Against: TR per hip (SHKF)100, hip flexion60 and bilateral abduction59
Differentiates asymptomatic players from symptomatic ones:
For: Lower TR of both hips (SHKF)243
Against: Combined (bilateral) hip IR (PHNE) and ER (SHNE)141

Inconclusive

Prospective RF studies:
Hip ER (SHKF)60,244
Differentiates asymptomatic players from symptomatic ones:
Hip IR (PHNE)141,167, ER (SHNE)141,167 and BKFO141,167.

Not studied or single low
quality study

Prospective RF studies:
Hip IR, ER, TR (all with neutral hip extension), BKFO and adduction.
Differentiates asymptomatic players from symptomatic ones:
Hip extension, flexion, abduction and adduction.

Abbreviations: RF=risk factor; TR=total rotation; IR=internal rotation; ER=external rotation;
BKFO=bent knee fall out. SHKF=supine position with hip and knee flexed to 90˚; SHNE=supine
hip neutral extension; PHNE=prone hip neutral extension.
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Discussion
This systematic review included 7 high quality prospective and 4 case control studies
(2 high and 2 low quality) on the relationship between groin pain in athletes and hip
ROM. Heterogeneous definitions for groin pain/injury and measurement techniques for
hip ROM prevented data pooling. A strength of evidence synthesis showed that smaller
total rotational hip range of motion (hips and knees 90˚ flexed) is the most consistent
risk factor for development of groin pain and differentiates athletes with groin pain from
those without. However, the number of studies with homogeneous methods (2 and 1
respectively) is limited. These findings as well as their clinical implications are considered
further in this discussion.

Heterogeneity in terminology and definitions
Heterogeneous terminology and definitions, as identified in the studies included, has
also been highlighted in a Delphi study among groin pain experts251. Additionally large
variability was observed for the injury and time-loss criteria, reflecting different stages of
the injury spectrum220. This ranged from inclusion of players with pain who were still able
to play60 to players with a first-time groin time-loss injury263 or those with time-loss and
pain >6 weeks244. Also the magnitude of time-loss ranged considerably from missing part
of 1 match to missing >1 week of play100. Altering thresholds for injury definition affects
injury prevalence and incidence, which will influence the results and interpretation of
study findings.

ROM measures
There are important issues related to heterogeneity and measurement properties to
consider when interpreting these data.

Heterogeneity
Even though 11 studies report on hip ROM and groin pain, the strength of evidence
assessment indicating total rotational ROM measure as being related to groin pain, was
only based on two studies. Other studies could not be included in this synthesis, due to
heterogeneous hip ROM measures, different assessment methods240 and whether or not
the analysis was performed per hip60,100,141,167,241,244 or for combined (either IR or ER243,244 or
bilateral14,59,100,185,241,243,244,263) ROM values.

Validity and reliability of hip ROM measures
When measuring rotational hip ROM, the validity will be influenced by the measurement
protocol. One specific element is the criterion to determine end range of motion. Overestimation is possible if the measurements are not conducted in a single plane, or if
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compensation from the pelvis and lower back are permitted240. End range of movement
criteria are generally underreported59,60,100,185,243,244 which limits assessment of study
validity.
A large number of raters (a range of 1-23 raters was found) will result in increased
rater variability, lowers the measurement reliability1,40, increases standard error of
measurement (SEM) and minimal detectable change (MDC)141 values for hip ROM
measures. Using a single examiner can address this, but this limits extrapolation of
findings to different settings. Electronic assessments of forces applied may be useful to
increase reliability173 but this was only performed in one of the studies14. Reduction of
compensatory movements and applying standardized force with a specially developed
examination chair, has been reported to strongly increase the reliability of hip ROM

5

assessment187.

Measurement properties
In order to detect true differences or changes in ROM, that are not the result of
measurement error, the differences found must at least equal or exceed the MDC. No
studies in this review addressed this topic, yet it is essential for the clinical interpretation
of the results. For IR and ER (hips and knees 90˚ flexed) assessed with a goniometer, the
SEM (intra-rater) was previously reported to be 2˚ and 3˚173. Computing the MDC, based
on SEM values according the formula MDC = (1.96 x SEM x √2), reveals MDC’s for both IR
and ER of 7˚. For assessment with hips in neutral extension the SEM (intra-rater) is 2˚ and
4˚141 resulting in MDC for IR of 6˚ and ER of 11˚. The differences found for rotational ROM
often exceed the SEM, but not the MDC. Thus, the current available evidence suggests
that ROM is not an appropriate screening measure to predict groin pain. Future studies
could combine data from larger cohorts to improve the accuracy of the estimation of risk.
However, in order to pool such studies, homogeneity on previous discussed items in this
paper is a prerequisite.

What to consider when performing new studies?
We suggest future studies consider examining and reporting on all ROM measures
available per hip either uni- or bilateral and for both hips (combined). Appropriate
stabilization of the pelvis, a clear definition of end range of motion and forces applied
should be used and described in detail. The number of raters should be as low as possible.

ROM and groin pain
The evidence does not support a relationship between hip ROM and groin pain, which is at
odds with the clinical perceptions. It has been hypothesised that restricted hip rotations
induce increased stress over the symphysis and surrounding soft tissues69,243,260. One
cadaver study22 observed that the presence of FAI morphology, which is associated with
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decreased internal rotation188, increased the shear forces and rotational movement of the
symphysis. Yet, no in-vivo validation has been performed on the effects of lower hip ROM
measures. A recent paper, published after the search period of this review, showed that hip
ROM, when assessed in a sport specific way, is lower on the injured side in players with unilateral longstanding adductor-related groin pain224. It was postulated that this negatively
affects biomechanical characteristics224 and hinders adequate energy transfer between
body segments212 during sporting tasks, resulting in supra physiological tissue loading.

Confounders
Previous injury is a recognized risk factor for re-injury258. Two prospective studies
accounted for this by recording re-injuries244,263 or correcting for their presence in the
analyses, whereas others did not14,60,100,241.
Age is a risk factor for groin pain258. Some prospective studies reported participant’s
ages for the studied14,59,60,241 and injured59,60 populations and accounted for age in the
analyses14,59,244 and two60,244 corrected for this association when indicated. However,
others do not report on age100,263. ROM is related to age and has also been shown to
decrease in older players as well as in those playing at higher levels142.
When ER and/or IR are studied in isolation, they are not found to be risk factors for
the development of groin pain. However when combined (summated) to total rotation, an
increased risk is found when TR is lower. Individual anatomical differences between version
of the femoral neck, resulting in greater or smaller ER or IR, may be confounders36.
Smaller internal rotation has been associated with the presence of cam morphology188.
This morphological appearance may be a confounder as it is highly prevalent in athletes,
but the reported prevalence estimates suffer from a high risk of bias53.
Future studies should report and correct for previous injury, age and presence of cam
morphology, as these are recognized confounders for groin pain and ROM.

Limitations
We acknowledge this review has limitations. We identified many factors that may
influence the outcome of the selected studies like reporting of, and consistency of
measurement techniques. This was generally poorly or not reported at all. There were
also many differences in the definitions of “groin pain” and “injury”. This combination of
poor reporting and use of heterogeneous injury definitions and measurement methods
prevented the comparison of many study findings. This limited our ability to group
studies together to provide higher levels of evidence.
When consulting the current strength of evidence assessment, “strong evidence” may
be an “over-qualification”. The strength of evidence method used means that having
2 high quality studies qualifies the use of “strong evidence”. For some readers “strong
evidence” may intuitively refer to a larger body of evidence.

100

A general limitation threatening the validity of this, like any other review, is that nonpublished data may exist along with publication bias. A study reporting negative findings,
i.e. no relationship between ROM and groin pain, may be less likely to be published. We
used SPORTS discus and contacted experts in the field in an effort to find other papers.
A more comprehensive grey literature search could have helped.
All but one studies were on male athletes and thus, information from this review
cannot be extrapolated to female athletes, leaving space for new research.

When you are a clinician, seeing patients with groin pain you may
consider:
• Single observer ROM assessment, when performed with measurement devices, can
detect changes in hip ROM over time. However the changes may only be true if they
exceed 7˚ for either IR or ER (hip and knee flexed).
• Considering that total rotational ROM of both hips is lower in athletes with groin pain,
improving it as part of treatment should be considered. However as the differences
found are generally small, this should not be the only intervention. Which patients
may benefit is hard to identify.
• Screening for hip ROM to prevent groin injury is unlikely to detect athletes at risk.
When a large deficit is found, prevention can be considered although what this should
entail remains unclear.

When you perform research on hip ROM in athletes with groin
pain and want to contribute to the existing knowledge you should
consider:
• Using clear and generally accepted injury definitions and terminology52,70,250.
• Reporting the physical examination findings of injury and ROM measurement
techniques comprehensively (e.g. both IR, ER and summated measures) and providing
data on measurement properties (e.g. SEM and MDC).
• Blinding of assessors for participant’s injury status of and injured side(s).
• Presenting risk estimates (absolute risk / odds ratio / risk ratio), with and without
confounding variables.
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Conclusion
There is strong evidence that lower total hip range of motion of both hips is a risk factor
for the development of groin pain. There is strong evidence that internal rotation,
abduction and extension are not risk factors for the development of groin pain. Screening
for hip ROM is unlikely to correctly identify an athlete at risk because of the small ROM
differences found, were lower than the known measurement errors.
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APPENDIX 1
Search strategy for review
Element 1: Groin Pain
#1 Groin [MESH terms]

(3123)

#2 Pubic Symphysis[MESH terms] OR Pubic Bone [MESH terms]

(2983)

#3 groin[Text Word]

(9880)

#4 “Pubic Bone*” [Text Word]

(1982)

#5 Adductor* [TEXT word] OR Psoas [TEXT word] OR iliopsoas
[TEXT word] or gracilis [TEXT word] OR rectus abdominis [TEXT word]
OR abdominal [TEXT word)

(285284)

#6 #6Search #1 OR #2 OR #3 OR #4 or #5

(296588)

#7 Pain [MESH terms] OR Abdominal Pain [MESH terms] OR Pelvic Pain
[MESH terms]

(315188)

#8 Tendon Injuries [MESH terms]

(14600)

#9 Wounds and injuries [MESH]

(724395)

#10 Sprains and strains [MESH]

(14837)

#11 Tear [MESH]

(8963)

#12 Athletic Injuries [MESH terms]

(21082)

#13 Tendinopathy (MESH) OR tendinopath* [TEXT Word] OR tendonopath*
[TEXT Word] OR tendinitis [TEXT Word] OR tendonitis [TEXT Word] OR
pain [TEXT WORD]

(51795)

#14 search #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13
#15 search #6 AND #14

(1275020)
(93271)

#16 Osteitis [MESH terms]

(2745)

#17 Hernia, inguinal [MESH] OR Hernia, abdominal [MESH]

(21797)
(3)

#18 symphysis syndrome [TEXT word]
#19 “groin pain” [tiab]

(1035)

#20 osteitis pubis [TEXT word]

(298)

#21 pubalgia [TEXT word]

(62)

#22 adductor tendinopath* [TEXT word] OR adductor tendonopath* [text word](9)
#23 adductor tendinitis [TEXT word] OR adductor tendonitis [text word]

(11)

#24 adductor strain [TEXT word]

(14)
( 5)

#25 gracilis syndrome [TEXT word]
#26 sports hernia [TEXT word] OR sportsman* hernia [TEXT word]OR
sportsmen* hernia [TEXT word] OR sportsmen* groin OR sportsman*
groin [TEXT word]

(102)

#27 “acetabular labrum” AND tear*

(138)

#28 “labrum tear” AND hip

(9)
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#29 “labral tear” AND hip

(191)

#30 femoral neck stress fracture[TEXT word]

(49)

#31 femoroacetabular impingement [TEXT word]

(1064)

#32 pubic bone stress [TEXT word]

(3)
(37)

#33 abdominal strain [text word]
#34 search #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24
OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31OR #32 OR #33
#35 search #15 OR #34

(26715)
(117189)

Element 2: Hip Range of Motion
#36 Range of Motion, articular [MESH]

(35122)

#37 Range of motion [TIAB word]

(20901)

#38 Range of movement [TIAB word]

(2046)

#39 ROM [TIAB word

(6586)

#40 flexibility [TIAB]

(46089)

#41 search #36 OR #37 OR #38 OR #39 OR #40

(95583

#42 Hip [MESH terms]

(9905)

#43 Hip Joint [MESH terms]

(21508)

#44 hip [Tiab] OR hip joint* [tiab]

(98576)

#45 search #42 OR #43 or #44

(107039)

#46 search #41 AND #45

(6060)

#47 “hip flexibility”[tiab]

(32)

#48 “hip mobility”[tiab]

(87)

#49 “hip range of motion” [tiab]

(289)

#50 “muscle flexibility”[tiab]

(88)

#51 search #47 OR #48 OR #49 OR #50

(485)

#52 search #46 OR #51

(6182)

#53 search # 35 AND #52

(424)

Element 3: Risk Factors/Association
#54 risk factors [MESH terms]

(586066)

#55 risk assessment [MESH terms]

(184656)

#56 association [MESH terms]

(11859)

#57 risk* [tiab] OR association [Tiab word]
# 58 incidence [MESH]

(1997214)
(182526)

#59 “Epidemiologic Studies”[Mesh] OR epidemiology

(2618791)

#60 “cohort studies” [MESH terms] OR cohort study

(1435293)

#61 “case control studies” [Mesh terms] OR case control study)

(718962)

#62 “cross-sectional studies”[MESH terms] OR cross-sectional studies

(213567)
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#63 search #54 OR #55 OR #56 OR #57 OR #58 OR #59 or #60 OR #61
OR #62

(4063538)
(234)

#64 search #53 and #63
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Abstract
Background: Footballers (soccer) often have hip or groin symptoms (HGS) and previous
groin injury is a risk factor for a relapse. Decreased hip range of motion (HROM) has
been related to both hip and groin pain and the presence of a cam deformity. How these
factors interact is unknown.
Purpose: The first aim was to study whether HGS are associated with HROM. The
second aim was to study the association of the presence of a cam deformity with HROM.
Additionally the influence of a cam deformity on the relationship between hip and groin
symptoms and HROM was examined.
Study Design: Retrospective cross-sectional
Methods: Seasonal screening data of two professional football clubs were used. Variables
for HGS were current hip or groin pain, the Hip And Groin Outcome Score (HAGOS) and
previous hip and groin related time-loss injury. HROM was determined for hip internal,
external and total rotation in a supine position and for the bent knee fall out test (BKFO).
Cam deformity was defined by an alpha angle >60° on standardized antero-posterior
pelvic and frog-leg lateral radiographs.
Results: Sixty players (mean (±standard deviation(SD)) age=23.1(±4.2) years) were
included. All were non-injured at the time of screening. Current hip or groin pain was
not associated with hip ROM. Hips of players in the lowest HAGOS inter quartile range
(thus most affected by complaints, n=12) showed less internal rotation (23.9±8.7 vs
28.9±7.8, p=0.036) and total rotation (58.2±13.5 vs 65.6±11.8, p=0.047) than those in the
highest (n=29). No such differences were found for BKFO (p=0.417). Hips of players with
a previous hip and groin related time-loss injury showed less internal rotation (21.1±6.8
vs 28.3±8.9, p<0.001) and total rotation (56.0±8.2 vs 64.5±13.6, p<0.001) than those
without. This was independent of presence of a cam. BKFO did not differ between groups
(p=0.983). Hips with a cam deformity showed less yet non-significant IR (25.5±10.3 vs
29.0±7.1, p=0.066) and TROM (p=0.062) and higher (17.1±3.4 vs 14.2±4.6, p=0.078) yet
non-significant BKFO values than hips without.
Conclusion: Decreased hip ROM in professional football players is associated with more
hip and groin related symptoms and with previous injury history, independent of the
presence of cam deformity.
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Introduction
Hip and groin pain accounts for 11-16 % of the time-loss injuries in football85. As footballers
often experience hip or groin related symptoms232 time-loss injuries70 are most likely on
the most severe end of the injury-spectrum. As such, hip and groin pain is probably a
more significant problem in footballers than is suggested when using the time-loss injury
definition70.
The severity of hip and groin symptoms can be quantified using the Hip And Groin
Outcome Score (HAGOS)234, a validated patient reported outcome measure for young
active individuals with hip and/or groin pain. Lower HAGOS scores have been associated
with hip and groin pain in the previous football season indicating persistent increased
level of symptoms in players over time232. Previous hip or groin injury has also been
identified as a risk factor for re-injury140,202.
There appears to be a complex interplay between hip and groin pain and hip joint
range of motion (HROM). Some studies have observed an association between restricted
HROM and hip and groin pain in athletes14,244 while others have failed to find any
relationship60,141,263.
Recently, growing attention has been given to the role of cam deformity. Cam
deformity, the presence of an aspherical femoral head, has been demonstrated to be
associated with decreased internal rotation of the hip joint15,120,269 and with hip and
groin pain116,216. The combination of cam deformity and decreased internal rotation of
the hip is suggested to lead to an increased risk of hip osteoarthritis later in life3. The
best management for cam deformity and associated femoroacetabular impingement is
unclear, with early surgical intervention being advocated21,71 and also questioned43,189.
The first aim of this study was to investigate whether current hip and groin symptoms
or previous hip and groin related time-loss injuries are associated with decreased
HROM. The second aim was to study the association of the presence of a cam deformity
with decreased HROM. Additionally this allowed us to examine the influence of a cam
deformity on the relationship between hip and groin symptoms and HROM.

Methods
Subjects
All subjects were adult professional football players from the first team of two clubs from
the Dutch premier professional league. At the time of examination no player was unable
to play due to hip or groin injury. To allow accurate analysis of injury data players were
eligible for inclusion if they had played the previous season at the same club, as an injury
in the previous season was one of the independent variables. Player characteristics,
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questionnaires and HROM measurements were obtained at the starting period of the
2012-2013 season during the screening process as part of the clubs routine medical care.
The radiographs were carried out for medical screening and for the purposes of transfer
to and from other clubs. Questionnaires and HROM measurements were taken on the
same day.
This study complied with the requirements of the declaration of Helsinki. As
anonymized data from standard medical care was used in a retrospective design, the
Dutch Central Committee on Research Involving Human Subjects (CCMO) confirmed no
ethical approval was needed, as stated in the Dutch Medical Research Involving Human
Subjects Act (WMO).

Player characteristics
Age (years), height (m) and weight (kg) were recorded. Body mass index (BMI) was
also calculated. Written informed consent was obtained from all players to use their
anonymized data.

Hip and groin symptoms
Current hip or groin pain
A short questionnaire was performed by the club medical staff in the last two weeks of
the pre-season period to determine the presence of hip and groin pain in players; the
question “do you have any hip or groin pain?” was included with a dichotomous answer
(yes/no) option to determine symptomatic versus asymptomatic players. When answered
positively, the painful side was specified (left, right or bilateral). No additional tools, such
as body charts were used. Pain was referred to as any hip or groin pain before, during or
after exercise; no pain monitoring scales were used. The club medical staff also gave the
HAGOS 234 questionnaire to all players. Dominance was determined by asking the players
to state their preferred kicking leg.

Current HAGOS
The HAGOS is a 37-item patient reported outcome measure covering 6 domains on pain,
symptoms, physical activity in daily living (ADL), sports and recreational activity, physical
activity and hip and groin related quality of life. Each of these 6 domains run from 0 to
100, where 0 indicates most problems and 100 indicates no problems at all.

Hip and groin related time-loss injury in the previous season
The medical staff registered time-loss injuries due to hip or groin pain during the
previous season. In line with the consensus statement of injury definition in soccer injury
studies70, a time-loss injury was registered when a player was unable to participate in ≥1
training or match due to hip and groin symptoms.
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Hip range of motion
All range of motion testing was performed in the morning at the start of a training
day, before any training activity. There was no warming up before testing. Tests were
performed by two physical therapists (>15 years experience in elite sports and orthopaedic
rehabilitation). The same therapist performed the same test (either the rotational hip
range of motion tests or the bent knee fall out test). Both therapists were blinded for
questionnaires used and were unaware whether the player had a cam deformity or not.

Rotational range of motion
Rotational ROM of the hip was measured in supine with the hips and knees in 90° flexion.
Internal (IR) and external rotation (ER) were both assessed using a universal goniometer.
These were added to give the total range of motion (TR) score173,244. The axis of the
goniometer was placed on the apex of the patella. The value was recorded at end range
of motion. End range of hip motion was considered at the earliest visible lateral tilting
movement of the pelvis, indicating lateral flexion of the lumbar spine that would lead
to higher rotational ROM values. Each measurement was performed once. Inter-rater
reliability coefficients (ICC) for this measurement of hip rotations has been shown to be
0.91 (coefficient of variation: 5.2%) for ER and 0.95 (coefficient of variation: 7.7%) for IR173.
Standard error of measurement reported was 2.5° for external and 2.4° for internal
rotation173.

The bent knee fall out test
The bent knee fall out (BKFO) test is used to measure HROM combining hip flexion,
abduction and external rotation. The BKFO is performed in a crook lying position
(Figure 1A). The knees are flexed to a 90° position using a universal goniometer. Then
the knees are moved outward while keeping the soles of the feet together. At the end of
the range of movement gentle overpressure is given by the examiner to ensure a relaxed
position. The distance from the fibular head to the top of the table is then measured in
centimetres with a semi-rigid tape measure to the nearest 0.5 cm. Previous studies report
excellent reliability of the BKFO distance with an intra-rater ICC of 0.89 and inter-rater
ICC of 0.91. Standard error of measurement (SEM) is 1.0 when using this protocol141,167.

Radiographs
Radiographs were obtained for both hips according to a standardized protocol. For the
AP pelvic radiograph, participants were in the standing position with their feet in 15°
of internal rotation (using a standard frame). For the frog-leg lateral radiographs the
participant was in supine position. The hip and knee were flexed so that the heel was
at the level of the joint line of the contralateral knee. The hip was then abducted and
externally rotated; a 45° wedge (Figure 1B) supported the leg to maintain a standardized
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position. Standard gonadal shields were used. This method has been described in more
detail in other studies2,3,222.

Figure 1 A. The bent knee fall out test. The distance from the fibular head to the top of the
couch is measured. B. Frog-leg lateral radiograph. The patients’ upper leg is supported with a
45° wedge cushion (white arrow) to ensure a standardized position.

Cam deformity
For the purpose of this study alpha angle measurements were performed on both the AP
pelvic and frog-leg lateral views to define the presence of a cam deformity. The alpha angle
was automatically calculated using MatLab (MathWorks Inc., Natick, Massachusetts, USA)
from a point-set that was manually positioned along the bony contour of the proximal
femur. This procedure has been described in other studies

2,222

. The presence of a cam

deformity was defined by a recently validated alpha angle threshold of >60°6. The presence
of a cam deformity per hip was defined when these were present in either view. The
presence per person was defined when a cam was present in either view in either hip. The
test-retest reliability (ICC) of alpha angle measurement was previously reported to be 0.81
(95% CI 0.62-0.91) for the AP and 0.92 (95% CI 0.83-0.96) for the frog-leg lateral view222.

Statistical analysis
The distribution of the parameters was tested for normality using the KolmogorovSmirnov test. Normally distributed data are presented as mean ±standard deviation
(SD) and non-normal data as median (IQR 25% - IQR 75%). Linear regression models
associations between HROM (as dependent) variables and the presence/absence of hip or
groin symptoms (HGS) as defined by current pain, most and least affected by symptoms,
previous injury as well as the presence or absence of a cam deformity, was calculated
per hip using univariate linear regression with generalised estimating equations (GEE).
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GEE was used to model the interdependency between left and right hips. As the HAGOS
contains six domains with separate scores there is not one total score. In order to study
associations between the HAGOS and HROM we created a total score as follows; The
inter quartile range (IQR) for each domain was calculated. All players were allocated
to one of three groups. The group with the most symptoms was determined as those
players where two or more domain scores were in the lowest IQR. The group with least
symptoms were players in whom two or more domains scored in the highest IQR. Where
players did not score two or more domains in the highest or lowest IQR or they had
two or three in the highest as well as in the lowest IQR at the same time, they were
allocated to the middle group (IQR 25-75). We chose this approach to decrease the risk of
a type 1 error because of the large number of analyses that would have been necessary if
individual subscales were used.
To adjust for the presence of a cam deformity (as a cam deformity is associated with
decreased HROM) when analysing the association between HGS and HROM, a cam
deformity was additionally entered as an independent variable using a multivariate
linear regression model with GEE. In this way, it can be determined whether or not the
association between HROM and HGS is dependent on the presence of cam deformity.
After this adjustment interaction effects were calculated by entering the productvariable of HGS and cam deformity in the multivariate model. In case of a significant
interaction between a certain HGS variable and cam deformity the association of HROM
and that specific HGS variable was presented separately for hips with and without a cam
deformity.
Post-hoc analyses were performed to investigate differences in HAGOS scores
between players with and without any hip or groin pain and those with and without a
hip and groin related time-loss injury in the previous season (HGTI). This was done using
Mann-Whitney U tests.
Data were processed using SPSS 20 (IBM, Chicago, US). The α-level for statistical
significance was set at p=0.05.

Results
Subject characteristics
The two teams consisted of 67 players. Seven players were not eligible for participation;
one player did not perform the x-rays, four were not playing at the team in the previous
season and two were preparing for transfer procedure to another club and not available
for the physical examinations. Sixty players gave their consent, thus 120 hips could be
used for the analyses. Characteristics and an overview of the independent variables of all
participants are summarised in Table 1.
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Forty-four (73%) players reported current hip or groin pain while 16 (27%) reported no
current symptoms. There were 29 (48%) players who scored in the highest IQR on at least
two domains of HAGOS, (least affected) and 12 (20%) in the lowest IQR, (most affected).
The remaining 19 players had 1 or no domain score in the highest or lowest IQR. None of
the players had 2 of 3 domain scores in both the highest and lowest IQR.
Table 1. Player characteristics presented as mean (±SD, range) or median (IQR 25%-75%)

Age (years)

23.1 (±4.2, 18-38)

Height (cm)

182.7 (±7.2, 168-197)

Weight (kg)

77.8 (±7.9, 62-108)

BMI (kg/m )

23.3 (±1.7, 19-28)

Side of dominance
Right
Left

44 (73%)
16 (27%)

Current hip or groin pain
No
Yes, Unilateral
Yes, Bilateral

16 (27%)
14 (23%)
30 (50%)

HAGOS domain scores
Pain
Symptoms
ADL
Sports and recreational activity
Physical activity
Quality of life

92.5 (78.12-100)
82.14 (58.03-100)
100 (90-100)
93.75 (75.05-100)
100 (75-100)
82.50 (62.50-100)

Hip and groin related time-loss injury in previous season
No
Yes

51 (85%)
9 (15%)

2

Cam deformity per person
(cam present in either view in either hip)
No
Yes

60 (100%)

Cam deformity per hip
(cam present in either view per hip)
No
Yes

120 (100%)

22 (37%)
38 (63%)

60 (50%)
60 (50%)

Abbreviations: SD=standard deviation; IQR=inter quartile range.
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Association between hip and groin symptoms and hip range of
motion
Current hip or groin pain
The mean total ROM of all hips was 63.2(±13.3, 35-95) degrees. The range of motion in
the hips on the side where players reported any current hip or groin pain (n=74 (62%))
was not different from those without pain (n=46 (38%)) for IR (p=0.432), ER (p=0.504), TR
(p=0.528) or BKFO (p=0.246), irrespective of the presence of cam deformity (see Figure 2
and Supplementary data Table 1 and 2 for actual values).

6

Figure 2. ROM values (mean, SD and 95% CI) presented for painful (Y) and pain free hips (N)
in players with current groin pain; ROM of hips from players in the lowest (LIQR) or highest
(HIQR) HAGOS inter quartile range and from players with (Y) or without (N) cam deformity.
P-values presented are after correction for presence of a cam deformity.
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Current HAGOS
Hips from players in the lowest HAGOS IQR, thus most affected (n=12 (20%)) showed
less IR (p=0.052) and TR (p=0.059) than those in the highest IQR (n=29 (48%)) however
differences were non-significant. No differences were observed for ER (p=0.293) or BKFO
(p=0.417, see Figure 2 and Supplementary data Table 1). When adjusted for presence of a
cam deformity, the differences for IR and TR were significant (IR: p=0.036, TR: p=0.047,
see Supplementary data Table 2). Post-hoc analysis of the data showed that players with
current symptoms had lower HAGOS scores than those without (p≤0.01) for all subscales
(see Figure 3).

Hip and groin related time-loss injury (HGTI)
Hips from players who had a HGTI in the previous season showed less IR (p<0.001) and
TR (p<0.001) than those without (see Figure 2 and Supplementary data Table 1); no
differences were observed for external rotation (p=0.300) and BKFO (p=0.983). After
adjustment for the presence of a cam deformity, the differences for IR (p<0.001) and
TR (p<0.001) remained significant (see Figure 2 and Supplementary data Table 1 and 2
for actual values). Seven of the 9 players with a HGTI scored in the lowest HAGOS IQR
on two or more domains. Two players were in the middle (IQR 25-75) group. Six of the 12
players in lowest IQR group had previous injury. Post-hoc analysis showed that players
with a HGTI in the previous season had lower HAGOS scores compared to those without
(p≤0.007) for all subscales (see Figure 4 and Supplementary data Table 3).

Cam deformity, hip range of motion and hip and groin symptoms
(HGS)
Cam deformity and HROM
Hips with a cam deformity showed less yet non-significant IR (p=0.066) and TROM
(p=0.062) and higher yet non-significant BKFO values (p=0.078) than hips without (see
Figure 2 and Supplementary data Table 1). There were also no differences for ER between
hips with and without cam deformity (p=0.245).

Interaction effects of cam deformity on associations between HGS and HROM
There were no interaction effects for the presence / absence of cam deformity and
the HGS variables ‘current HAGOS’ and ‘HGTI’ on the associations with HROM (see
Supplementary data Table 2 for Beta values and all interactions).
Significant interaction effects were found for the presence/absence of a cam deformity
and the HGS variable ‘current hip or groin pain’. Painful hips without a cam (n=37) were
associated with higher IR (P<0.001) and TR (P=0.002) and higher (thus decreased)
BKFO (P=0.046) when compared with asymptomatic hips without a cam (n=23, see
Supplementary data Table 4).
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Figure 3. HAGOS values in players with or without hip and groin pain. Boxes present the
median and IQR25-IQR75 and whiskers the minimum and maximum.
Abbreviations: ADL=activities of daily life. SportRec=sports and recreation; PA=physical
activities; QoL=quality of life.

Figure 4. HAGOS scores for players with and without a hip and groin related time-loss
injury in the previous season. Boxes present the median and IQR25-IQR75 and whiskers the
minimum and maximum.
Abbreviations: ADL=activities of daily life. SportRec=sports and recreation; PA=physical
activities; QoL=quality of life.
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Discussion
This is the first study of professional football players examining associations between hip
and groin pain, previous injury, hip range of motion and cam deformity. We showed that
players with a hip and groin related time-loss injury in the previous season show lower
internal rotation and total rotation of their hips. Players who reported the most hip and
groin related problems on the HAGOS had lower hip internal and total rotation when
compared to those with the least problems. These associations were independent of the
presence of a cam deformity. There was no difference in HROM between painful and pain
free hips. Secondary findings of this study are that professional footballers have a high
prevalence of hip and groin symptoms, even in the pre-season. Furthermore, footballers
with previous time-loss hip and groin injuries have lower HAGOS scores even when they
are “recovered” and playing again.
Previous studies investigating the association between hip and groin pain and HROM
have used different definitions for hip and groin pain; some compared asymptomatic
with symptomatic players without time-loss in sports167,243 while others considered only
athletes with time-loss injury60,100,244. The duration of pain experienced in the populations
studied also ranged substantially100,167,244. The relationship between previous injury and
HROM has never been studied but seems to play a role. This may indicate that when
people return to sport following hip or groin injury, lower HROM may persist and
subsequently lead to increased risk of development of hip and/or groin pain. The latter
cannot be concluded from this study due to its retrospective design.
Also the association between the degree of hip and groin problems experienced in
non-injured athletes, i.e. those without a time-loss injury, and HROM has never been
studied. By using the HAGOS questionnaire in addition to a simple clinical question, we
have demonstrated that various definitions of hip and groin pain can result in different
outcomes with respect to its association with HROM. Simply enquiring whether or not
footballers have hip or groin pain may fail to add valuable information as the current
findings indicate that the majority of players have some degree of symptoms. The
HAGOS may also allow further quantification and analysis of subgroups as those athletes
affected to a greater or lesser extent by hip and groin symptoms can be distinguished.
We did this by creating one ordinal measure for all six HAGOS domains. However,
it should be acknowledged that the HAGOS has not been tested or validated for this
specific purpose. Additionally, seven out of nine players with a previous injury scored
in the lowest IQR. As may be expected, there was some overlap between the players
categorized in this manner. Given this partial overlap, no definite conclusions can be
drawn on the association due to the small numbers. It can be questioned if use of a
general score based on IQR scores may be worthwhile.
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In this cohort, 15% of the players had sustained a hip and groin related time-loss injury
in the previous season, which is in line with previously reported prevalence ranges of
4-19%247. The current 15% prevalence, which seems reasonably high, may be related to
the definition used. Time-loss in sports was defined as a player who missed at least one
training or match70. In contrast to the time-loss prevalence of 15% a significantly higher
proportion of players (73%) reported any hip or groin pain in the pre-season. In a recently
studied cohort of sub-elite footballers 37% said they suffered groin pain the previous
season232; other studies confirm higher but also varying numbers of groin pain being
prevalent during a (pre-)season period135,245. These differences may be related to previous
findings that only 10% of mild injuries were recalled retrospectively. The shorter the
period of symptoms and the longer the duration since the injury occurred, the more likely
they were to be forgotten107. A wide variation of injury incidence between teams has been
reported for minor injuries176. Surveillance methods on injury and problems experienced
should take this into account. Our findings highlight that when groin injury is measured
only in terms of time-loss, the prevalence of hip and groin pain is underestimated247.
We emphasize that the procedures to use radiographs for screening purposes are
the choice of the individual club. When performed using similar methods they allow
standardised analyses, however there is not a sound scientific basis for performing these
investigations.
We acknowledge a number of limitations of this study. The dichotomous question posed
for experiencing any hip or groin pain could have led to a high number of positive answers.
Posing the question in this way may have increased players’ awareness of symptoms.
Strict definitions and consequent use are encouraged in future studies250. The presence
of cam deformity has been related to decreased hip rotations15,120,269. The results of this
study not showing this is almost certainly a type 2 error due to relative low numbers. This
may also be the case for the difference of 2.9 cm at the BKFO between hips with (less
excursion) and without a cam deformity, for which the p-value approached significance. It
is of interest to further investigate if the BKFO is associated with cam deformity.
The strengths of this study are the use of a validated patient reported outcome for hip
and groin problems (HAGOS). This sample of elite footballers is homogenous with respect
to loading and levels of play. HROM depends on levels of play and therefore no correction
for that variable was needed142. Further the use of mathematical software to automatically
calculate alpha angles leads to high test-retest reliability and unbiased measurements.
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Conclusion
Hip rotation is decreased in non-injured elite footballers with more hip and groin
symptoms and with a hip and groin related time-loss injury in the previous season. This
is independent of the presence of a cam deformity. Whether decreased hip rotation
is a cause or effect remains unclear by this cross sectional design. If these findings
are confirmed in a prospective study design it could be that these athletes with more
symptoms and/or previous injury may benefit from strategies to improve hip ROM.
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Supplementary data
Table 1. Hip range of motion (HROM) scores as mean (SD) and 95% CI for internal, external,
total rotation and bend knee fall out (BKFO) for painful and pain free hips, hips of footballers
in the lowest and highest HAGOS inter quartile range (IQR), hips of players with and without
a time-loss injury in the previous season and hips with and without a cam deformity. P-value
corrected for presence of a cam deformity.
HROM

Internal Rotation

External Rotation

Total rotational ROM

BKFO

P-value

mean (SD) 95% CI

mean (SD) 95% CI

mean (SD)

95% CI

mean (SD) 95% CI

Painful
hips (n=74)

28 (9.2)

25.8-30.1

36.6 (7.5)

34.8-38.3 64.3 (14)

61.1-67.7

15.3 (4.3)

14.1-16.6

Pain free
hips (n=46)

26.1 (8.6)

23.5-28.6

35.3 (7.5)

33.1-37.5 61.6 (12)

57.9-65.3

15.9 (4.3)

14.9-16.9

Lowest HAGOS IQR
(n=29)

23.9 (8.7)1 20.3-27.6 34.0 (9.0)

30.2-37.7 58.2 (13.5)2 52.5-63.9 16.4 (3.8)

14.8-18.1

Highest HAGOS IQR
(n=12)

28.9 (7.8)1 26.9-31.0 36.6 (6.7)

34.9-38.4 65.6 (11.8)2 62.5-68.7 15.4 (4.9)

14.1-16.7

Previous injury
(n=9)

21.1 (6.8)3 17.7-24.5 34.4 (5.4)

31.8-37.1 56.0 (8.2)4

13.8-17.5

No previous injury
(n=51)

28.3 (8.9)3 26.6-30.1 36.4 (7.8)

34.8-37.9 64.5 (13.6)4 61.8-67.2 15.7 (4.4)

14.8-16.5

Cam >60° (n=60)

25.5 (10.3)

22.8-28.2

35.0 (7.3)

33.0-37.0 60.3 (14.0)

56.6-63.9

17.1 (3.4)

16.2-18.0

No cam (n=60)

29.0 (7.1)

27.2-30.8

37.2 (7.6)

35.3-39.0 66.2 (11.9)

63.1-69.3

14.2 (4.6)

13.0-15.4

1
2

51.9-60.1 15.6 (3.6)

3
4
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P=0.036
P=0.047

P<0.001
P<0.001
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Table 2. Associations between hip range of motion (HROM) and variables for hip and groin
symptoms and interaction effects of cam deformity and hip and groin symptoms (HGS) on
associations between HGS and HROM.
Outcome; HROM
Predictor; HGS defined by painful hips, hips of players in lowest HAGOS interquartile range (IQR) and hips of players with previous hip
and groin injury.
Without correction for presence of cam

After correction for presence of cam

B

B

P-value

P-value

P-value for interaction

HROM

Internal Rotation

Painful hips

1.965

0.432

Internal rotation
1.142

0.465

0.018

Lowest IQR

-5.007

0.052

-4.925

0.036

0.111

Previous injury

-7.222

0.000

-7.818

0.000

0.686

HROM

External Rotation

Painful hips

0.936

0.504

0.904

0.525

0.054

Lowest IQR

-2.680

0.293

-2.616

0.304

0.884

Previous injury

-1.928

0.300

-2.279

0.252

0.123

HROM

Total Rotation

Painful hips

2.680

0.528

1.384

0.566

0.002

Lowest IQR

-7.454

0.059

-7.305

0.047

0.249

Previous injury

-7.437

0.000

-9.469

0.000

0.425

HROM

BKFO

Painful hips

0.603

0.246

0.667

0.246

0.009

Lowest IQR

1.088

0.417

1.057

0.410

0.293

Previous injury

-0.028

0.983

0.234

0.854

0.000

External rotation

Total rotation

BKFO
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Table 3. Hip And Groin Outcome Scores (mean and interquartile range (IQR) 25-75) for players
with or without any hip or groin pain and for players with or without a hip or groin related
time-loss injury in the previous season.
HAGOS

Pain

Symptoms

ADL

SportsRec

PA

QoL

Current hip or groin pain

901
(81-93)

791
(64-86)

951
(90-100)

861
(76-94)

881
(75-100)

801
(65-95)

No hip or groin pain

991
(96-100)

931
(80-99)

1001
(100-100)

1001
(98-100)

1001
(100-100)

951
(83-100)

Previous injury

781
(61-90)

642
(45-75)

903
(60-93)

691
(52-86)

752
(56-88)

604
(50-78)

No previous injury

931
(88-98)

822
(71-93)

1003
(95-100)

941
(84-100)

1002
(88-100)

904
(75-100)

P=0.001, 2 P=0.002, 3 P=0.000, 4 P=0.007.
Abbreviations: ADL=activities of daily life. SportRec=sports and recreation; PA=physical
activities; QoL=quality of life.
1

Table 4. Rotational hip range of motion and bend knee fall out (BKFO) values in painful and
pain free hips without a cam deformity presented as mean (SD) and 95% CI.
Internal Rotation

External rotation

Total Rotation

BKFO

Painful hips (n=23)

30.5 (7.2)1
28.1-33.0

38.6 (6.2)
36.6-40.7

69.1 (11.3)2
65.3-72.9

14.8 (4.5)3
13.3-16.3

Pain free hips (n=37)

26.5 (6.3)1
23.8-29.2

34.8 (8.3)
31.2-38.4

61.6 (11.6)2
56.6-66.6

13.3 (4.8)3
11.2-15.4

P=0.000, 2 P=0.002, 3 P=0.046
Abbreviation: BKFO=Bent knee fall out.
1
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Abstract
Background / aim: Cam deformity (CD) is likely a bony adaptation in response to high
impact sports practice during skeletal growth. The aims of this study were to ascertain
whether a dose-response relationship exists between the frequency of football practice
during skeletal growth and the presence of a CD in adulthood and if the age at which a
football player starts playing football is associated with the presence of a CD in adulthood.
Methods: Prevalence of a CD (alpha angle>60°) and a pathological CD (alpha angle>78°)
was studied using standardized anteroposterior (AP) and frog-leg lateral (FLL) radiographs
that were obtained during seasonal screening. The age of starting playing football with
a low (LF; ≤3 times/week) and high (HF; ≥4 times/week) frequency was retrospectively
assessed. The differences in prevalence of a CD per hip in either view between
groups were calculated by logistic regression with generalized estimating equations.
Results: Sixty-three players (mean(±sd) age 23.1(±4.2) years) participated, yielding
126 hips for analysis. The prevalence of a CD on the FLL was 40% (n=82) in players that
started playing HF football from the age of 12 years or older and 64% (n=44) in those
playing HF before the age of 12 years (p=0.042). This was also true for a pathological CD
(12% vs. 30%, p=0.038). The AP views revealed no difference.
Conclusion: Our results indicate a probable dose response relationship between the
frequency of football practice during skeletal growth and the development of a cam
deformity, which should be confirmed in future prospective studies.
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Introduction
A cam deformity is present when there is extra bone formation at the anterolateral head
neck junction. This cam deformity can be forced into the acetabulum particularly during
flexion and internal rotation of the hip, a situation referred to as cam impingement72,103.
Cam impingement is associated with decreased internal hip rotation15,120,269 groin pain116,216
and ultimately osteoarthritis of the hip3,5.
A cam deformity becomes radiographically visible during early adolescence around
the age of 12 to 13 years2. The deformity is more prevalent in males than in females76,80,132
as well as in athletes practicing high impact sports than in non-athletic controls2,215.
Interestingly, it was recently found that a cam deformity in football players probably only
develops during skeletal maturation of the hip, when the proximal femoral growth plate
is open4. This strongly suggests that most cam deformities are a result of a structural
bony adaptation to high impact sports.
Prevention of the formation of a cam deformity might be possible by adjusting the
type, duration or frequency of loads that are applied to the hip during skeletal growth5.
However, it is unknown in which specific age range during adolescence high impact
loading patterns on the hip lead to this adaptation. It is also unknown whether the
frequency or duration of playing football in young football players affects the prevalence
of a cam deformity.
The first aim of this study was to ascertain whether there is a dose-response relationship
between the frequency of playing football during skeletal growth and the presence of a
cam deformity in adult elite football players. The second aim was to investigate if the
age at which a player starts playing football is associated with the presence of a cam
deformity in adulthood.

Methods
Subjects
Professional elite football players from two Dutch football clubs in the highest national
league were studied. All these footballers played in the first team. Standardized
radiographs were obtained during the seasonal screening. The radiographs were
retrieved from the medical files of the footballers, anonymized and dates of birth were
erased and replaced by the age of the players. All variables needed for this study were
taken from the personal files of the football players by the medical staff, anonymized by
numerically coding and used for analysis.
This study complied with the requirements of the declaration of Helsinki. As this was
a retrospective study with anonymized data, the Dutch Central Committee on Research
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on Human Subjects (CCMO) confirmed that no ethical approval was needed according
to the Dutch Medical Research Involving Human Subjects Act (WMO). Written informed
consent was obtained from all participants.

Radiographs
As cam deformities are not more frequently found in the left or right hip or in the leg of
dominance4, all participants had weight bearing anteroposterior (AP) pelvic radiographs
and frog-leg lateral radiographs obtained of both hips. The radiographs were obtained
according to a standardized protocol. For the AP pelvic radiograph, participants were
in the standing position with their feet in a frame to ensure 15° of internal rotation.
The tube to film distance was 130 cm, and the beam was centred 5 cm above the pubic
symphysis. The frog-leg lateral radiographs were performed with the participant in supine
position. The hip and knee were flexed so that the heel was at the level of the joint line of
the contralateral knee. The hip was then abducted and externally rotated, using a
standard 45° wedge that was placed under the upper leg against the greater trochanter
(Figure 1A). The tube to film distance was 115 cm, and the beam was centred in the
middle of the groin on the femoral head. Gonadal shields were applied.
This protocol has been tested for accuracy to visualize the presence of a cam deformity
and has been used before in other studies42. An ICC of 0.82 for intra observer reliability
was then established4.

Figure 1. (A) Frog-leg lateral radiographs of each hip were obtained. Note the 45° wedge
under the upper leg to standardize the participant position. (B) A frog-leg lateral view
of a 25-year-old footballer with a cam deformity (white arrow). (C) The α angle (99°) was
automatically calculated from the points set (white dots) along the contour of the bone.

Cam deformity
The outcome measure was the presence of a cam deformity. A cam deformity was
quantified by the alpha angle on both the AP and frog-leg lateral views. The alpha angle
measures the extent to which the femoral head deviates from being spherical. From a
points set that was positioned in a standardized way along the surface of the bone by one
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investigator (RA) using statistical shape modelling software (ASM toolkit, Manchester
University, Manchester, United Kingdom), the alpha angle was automatically calculated
using Matlab (v. 7.1.0) (MathWorks Inc, Natick, Massachusetts, USA) to ensure an
unbiased accurate measurement.
The alpha angle is determined by drawing a best fitting circle around the femoral
head. Then a line is drawn from the centre of the femoral head through the centre of
the femoral neck, and a second line is drawn from the centre of the femoral head to that
point where the surface of the head-neck junction first departs from the circle. The angle
between these two lines is the alpha angle (Figure 1C)169.
The presence of a cam deformity was defined by a recently validated alpha angle
threshold value of >60°6. The presence of a pathological cam deformity was defined
by an alpha angle >78°, which has previously been shown to be the threshold most
discriminative for those at highest risk for developing osteoarthritis of the hip6.
Results are presented for the presence of a cam deformity (>60°) and the presence of a
pathological cam deformity (>78°) in the AP and frog-leg lateral view separately as well
as their presence in either view.

7

Athletic activity
Data on the frequency of football practice during adolescence, the age at which they
started playing football and the leg of dominance were obtained by questionnaires.
These were obtained during the pre-seasonal screening procedure.
In the Netherlands, adolescents at amateur clubs usually play at a maximal frequency
of 3 times a week whereas adolescents at a professional football club play at a frequency
of at least 4 times a week including the match. All participants were asked in retrospect
at which age they started playing at a professional football club. For the age at which
they started playing football at a football club, the question posed was: ‘At what age
did you start playing football at a club? This is with a highest possible frequency of 3x/
week’. For the higher frequency the question was; ‘At what age did you start playing
for a professional football club and/or with a minimal frequency of 4x/week?’. From
these questions two dichotomous variables were extracted indicating whether or not
a participant was playing low (≤3x/week) or high (≥4x/week) frequency football before
the age of 12. A threshold of 12 years was applied as from this age a cam deformity can
become visible on radiographs2. With respect to possible variations the results for a
threshold of 11 and 13 years are presented as well.

Statistical analysis
Reliability of the alpha angle measurement was assessed using intra-class correlation
coefficient (ICC). One investigator performed the positioning of the points set from
which the alpha angle was automatically calculated. To examine intra-observer reliability,

129

the points set was positioned twice in 25 randomly selected AP radiographs and 25
randomly selected frog-leg lateral radiographs with an interval of 2 months. Differences
in prevalence of a cam deformity between groups (defined as low and high frequent
training) and association with leg dominance were calculated using logistic regression
with generalized estimating equations (GEE). By using GEE, the correlation between left
and right hips was modelled. Data were processed using SPSS 20 (Statistical Package for
the Social Sciences, Chicago, US). The α-level for statistical significance was set at 0.05.

Results
Participant characteristics
Data of 63 footballers resulting in 126 hips were available for analysis. Their characteristics
are presented in Table 1.
Table 1. Data of the players presented as mean (±SD, range).
Age (years)

23.1 (4.2, 18.2-38.4)

Height (cm)

182.3 (7.3, 167-197)

Weight (kg)

78.2 (7.9, 62-108)

BMI (kg/m2)

23.4 (1.8, 18.7-28.1)

Dominance n (%)
Right
Left
Both

43 (69)
18 (28)
2 (3)

Age at start of football (years)
At amateur football club
At professional football club

6.4 (2.4, 4-16)
12.5 (2.9, 5-20)

Findings of cam deformity and pathological cam deformity in all
subjects
All participants had closed growth plates on the radiographs and were thus considered
skeletally mature. The ICC for intra observer variability of the alpha angle was 0.81 (95%
CI 0.62-0.91) for the AP view and 0.92 (95% CI 0.83-0.96) for the frog-leg lateral view.
The prevalence numbers of cam deformity for all subjects are displayed in Table 2. The
prevalence of a cam deformity and a pathological cam deformity in all hips is given for
the AP, the frog-leg lateral and either view. The prevalence per person is also provided
and shows the presence of a cam deformity and pathological cam deformity on either
view in either hip. On the AP and frog-leg lateral 2/126 and 33/126 cam deformities (>60°)
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were found in the dominant and 3/126 and 29/126 in the non-dominant leg respectively.
Cam deformities were not more prevalent in the dominant than in the non-dominant
leg (p=0.64). In 18/63 players a cam was unilateral and in 22/63 players this was bilateral.
Table 2. The prevalence of a cam deformity in all hips and all footballers.
Alpha angle >60°

Alpha angle >78°

Prevalence per hip (n=126)
AP
Frog-leg lateral

4% (n=5)
48% (n=61)

0% (n=0)
18% (n=23)

Either view

49% (n=62)

18% (n=23)

Prevalence per person (n=63)
Either view

64% (n=40)

29% (n=18)

Table 3. Difference in prevalence of a cam deformity in adult elite football players with
respect to frequency of football practice during adolescence.
Threshold

11 years

12 years

13 years

Cam deformity
(AA>60°) in either view

Cam deformity
(AA>60°) in frog-leg
lateral view

Pathologic cam deformity
(AA>78°) in either view

Low frequency (n=96)

49% (n= 47)

48% (n=46)

16% (n= 15)

High frequency (n=30)

50% (n= 15)

50% (n= 15)

27% (n= 8)

p-value

0.94

0.87

0.24

Low frequency (n=82)

42% (n= 34)

40% (n= 33)

12% (n=10)

High frequency (n=44)

64% (n= 28)

64% (n= 28)

30% (n=13)

p-value

0.055

0.042

0.038

Low frequency (n=62)

40% (n= 25)

40% (n= 25)

11% (n= 7)

High frequency (n=64)

58% (n= 37)

56% (n= 36)

25% (n= 16)

p-value

0.099

0.13

0.081

Abbreviation: AA=alpha angle.
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Association between frequency of football practice during
adolescence and the presence of a cam deformity
Considering the low prevalence of a cam deformity on the AP view, we only present
the results for the presence of a cam deformity in the frog-leg lateral view and for the
presence of a cam deformity in either the AP view or frog-leg lateral view. The prevalence
of a cam deformity on the frog-leg lateral view was significantly lower in footballers that
were playing football at an amateur football club (frequency ≤3 times/week) from the age
of 12 years or older (40.2%, n=82) than in footballers who started playing football at a
professional football club before the age of 12 years (63.6%, n=44, Odds Ratio (OR)= 0.39,
95% CI 0.15-0.97, p=0.042). When comparing the same groups the respective difference
in prevalence of a cam deformity in either the AP or frog-leg lateral view (alpha angle
>60°) was not statistically significant but showed a strong trend (41.5% vs. 63.6%, OR=
0.41, 95%CI 0.16-1.02, p=0.055) while there was a significant difference in the prevalence
of a pathological cam deformity (alpha angle >78°) in either view (12% vs. 30%, OR= 0.33,
95%CI 0.12-0.94, p=0.038). These results and those for threshold values of 11 years and
13 years are presented in Table 3.

Association between age starting playing football and the presence
of a cam deformity
All but 2 players started football at an amateur club. Only 3 footballers (6 hips) started
playing football at a club from the age of 12 years or older, all others started when they
were younger. The prevalence of a cam deformity per hip in either view in those that
started playing football from the age of 12 years was lower (17%) than those that started
before the age of 12 years (51%, n=120), though this was not statistically significant
(OR=0.19, 95% CI 0.03-1.38, p=0.10). No pathological cam deformities were found in
those that started playing football from the age of 12 years while the prevalence was
19% in those that started playing football before the age of 12 years.

Discussion
In footballers, a cam deformity is probably a structural bony adaptation resulting from
high impact hip loading while the proximal femoral growth plate is open 4. The results
of this study suggest a dose response relationship between the frequency of football
practice during skeletal maturation and the presence of a cam deformity in adulthood, as
a cam deformity was less likely to develop when adolescents started to play frequently
(≥4 times/week) from the age of 12 years as compared with those who started playing
frequently before the age of 12 years. Adjusting high impact loading patterns during
skeletal maturation might thus prevent the formation of a cam deformity in some cases5,
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thereby possibly lowering the incidence of future groin pain, limited hip function and
osteoarthritis.
Several quantitative and semi-quantitative measures to define the presence of a
cam deformity have been proposed such as the alpha angle, (modified) triangular index
and head-neck ratio, including various threshold values for each measure. The most
commonly used measure is the alpha angle, which defines the extent to which the femoral
head deviates from being spherical. Higher alpha angles, which often imply more severe
cam deformities, confer a higher risk of limited internal rotation269 and osteoarthritis3.
We used the recently validated alpha angle threshold of 60° to define the presence of
a cam deformity and 78° for a pathological cam deformity, to allow comparison with
other (future) studies6. We chose to use only one measure to define the presence of a cam
deformity in order to decrease the chance of falsely positive classified cam deformities,
as a wide reliability range has been reported for those measures34.
The prevalence of cam deformities in the adult elite football players in this study are in
line with previously reported prevalence numbers in male athletes. Although we studied
the presence of a cam deformity per hip, the prevalence per person in the total group of
elite football players was 64%, which equals previously reported prevalence numbers in
male football players4,34,74 and other high impact sports such as American football110 , ice
hockey181,216 and basketball215, which all range between 60% and 89%. The wide range of
reported prevalence of cam deformities in athletes is partly due to different definitions
of what a cam deformity is, but differences in sporting frequency (from amateur to elite
athletes) between studies are probably also of influence, as supported by our data.
Despite this wide range these are still significantly higher than those reported in the
general male population (17-20%)75,121. Interestingly, the prevalence of cam deformity in
football players who started playing frequently only from the age of 12 years or later
(prevalence around 40%) was between the reported prevalence of the general population
and the athletic population. Additionally Gosvig et al. found that working loads during a
professional occupation later in life do not relate to the presence of a cam75.
Taken together, these findings support the hypothesis of the effect of hip loading
during bone growth on the formation of a cam deformity. This was confirmed by two other
studies2,215 that directly compared athletes with non-athletic controls. These showed a
significantly higher prevalence of cam deformities in young athletes (footballers and
basketball players) than in non-athletic controls. This difference in prevalence was as
large as 80%, with a 9% prevalence in non-athletic controls and an 89% prevalence in
basketball players who had a closed growth plate183. This suggests that adjusting the
loads on the hip during skeletal growth may be a way to prevent the formation of a cam
deformity.
As the data of the current study show a dose response relationship between the
frequency of playing football and the formation of a cam deformity, preventive strategies
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might be implemented. Our data suggest that playing high frequency especially around
the age of 12 to 13 years is of influence on the development of a cam deformity. Our
data support this, as the accumulated years of football practice before this age were
not associated with the presence of a cam deformity (p=0.58). When regarding a cam
deformity as an adaptive phenomenon of bone growth in response to high loading, a
parallel can be drawn with studies investigating the effect of exercise on bone mineral
density. Multiple (prospective) studies investigating the effect of exercise on bone
mineral accrual in the hip have been performed in children and adolescents

17,87,146

.

These studies also suggest the existence of a period in which bone is most responsive
to exercise, for boys between the age of 12 and 14 years138,139,147. Besides mechanical
components, bone growth is also dependent on biological components, such as genetic
factors, nutrients, and hormonal regulation. Interestingly, in boys around the age of 12
to 14 years, there is a peak in circulating growth hormone and insulin growth factor-1,
possibly making bone more responsive to hip loading during this stage of skeletal
development,138,155.
A slightly lower frequency or duration of playing football or another type of loading
during the age of 12 to 13 years might already prevent a cam deformity developing
in some cases. Regarding the potential modifiable dose-response character of a cam
deformity, our results legitimise future prospective studies in adolescents. These
studies should focus on the effects of adjusted training frequency, intensity and
duration, aiming to reduce the loads on the hip on the prevalence of a cam deformity
and subsequent pathology in a certain period of growth. The degree and timing of any
activity modification should be advised based on newly acquired data. Due to ethical
reasons with respect to burden of the young patients and radiography radiation load,
one should be careful when exposing adolescents to research but confirming the
findings of our study in larger prospective studies in adolescents seems warranted as
it is a relevant topic in current clinical practice65. We suggest frequent evaluation of hip
morphology during the period of closure of growth plates with no radiation load (MRI)
and monitoring loading variables also during the years before this closure.
Several limitations of this study need to be acknowledged. The retrospective nature
by which football frequency during adolescence was obtained by questionnaires might
have influenced the results. This recall bias might influence the accuracy of frequency
specification of playing in youth. We chose to express playing load as the frequency of
playing football. As loading seems the most important variable, parameters that express
the different aspects of loading need a clearer specification. Besides frequency these
are duration (time) and intensity (low or high impact). This information is generally
available in professional adult elites, but was not available for the adolescent years of
these players. However, it is unlikely that 12-year-old players at an amateur level, when
playing three times a week, exceed loading times of those playing at a professional club
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at the same age with 4 times a week or more. Besides that, the time that adolescents
were playing football or sports in non-organized situations like on the street or
football grounds could not be controlled for in a retrospective way. With respect to the
radiographs there might have been minimal differences in players position possibly
affecting the alpha angle measurements. However, this chance was minimised by using
a standardized protocol and visual inspection of the radiographs that did not show
obvious differences.
There were no radiographs available taken at a young age, so we could neither screen
for pre-existent hip deformities at the time before 11/12 years of age nor did we know at
what age growth plates have closed in individual players as there might be a discrepancy
between biological age and chronological age17. Furthermore this cohort exists of a
small number of participants. Nonetheless clear trends can be observed. Taking these
limitations into account, some caution is required when interpreting the results.
The strengths of this study are the use of a standardized radiographic protocol and the
homogenous group with respect to sport type and levels. All subjects were footballers
and were thus likely exposed to the same movement patterns. Furthermore they all
played at a professional football club under comparable conditions during adulthood.
This decreases the chance of difference in prevalence with respect to loading in this
period of their life. Also the use of software to calculate alpha angles leads to high testretest reliability and guarantees an unbiased measurement, as the researcher is not
influenced by the visual appearance of the femoral head-neck junction.

Conclusion
A higher prevalence of cam deformities was found in players who report starting high
frequency football training before 12 years of age. This suggests a dose response
relationship of football during skeletal growth, which should be investigated further with
the ultimate aim to develop strategies to prevent the formation of cam deformities.
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is larger during the maximal instep
kick than during the submaximal
instep kick in experienced football
players
Rob Langhout
Igor Tak
Roelof van der Westen
Ton Lenssen
J Sports Med Phys Fitness. 2017 April;57(4):388-395

137

8

Abstract
Background: Football players with groin injury refrain from maximal kicking. Previous
groin injury is related to decreased hip range of motion (ROM). Information on ROM
differences between maximal and submaximal kicking within players is lacking. The
first aim of this study is to quantify ROM of body segments during the maximal (MaxK)
and submaximal (SubK) instep kick at four keypoints. The second aim is to study ROM
differences of tension arc and movement trajectories between MaxK and SubK.
Methods: Maximal (100% ball speed) and submaximal (70% ball speed) instep kicks from
15 experienced football players were registered with motion capture. ROM of hip, spine,
pelvis and knee segments were determined at four keypoints. Differences in segmental
ROM for the tension arc and movement trajectories between MaxK and SubK were
studied. Effect sizes (ES) were calculated.
Results: Ball speed was 98.8(±9.0) km/h for MaxK and 69.5(±7.1) km/h for SubK. Three
keypoints timed similarly (p<0.05) for MaxK and SubK. MaxK shows increased ROM for
all segments (p<0.05) but not for hip flexion. MaxK results in enlargement of tension arc
and movement trajectories. Spine flexion (ES 3.2) and pelvis posterior tilt (ES 2.2) show
the greatest relative increase.
Conclusions: Maximal kicking shows larger segmental ROM than submaximal kicking.
Enlargement of tension arc and movement trajectories relate to increased segmental
velocity, according to biomechanical concepts. Central body actions play an important
role in kicking. This information can be used to further identify kicking strategies in
athletes with injury.
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Introduction
Football players are skilled to kick the ball over long distances with high speed and
precision to the target10,129,143. The maximal instep kick is most suitable for this as this
technique produces the highest ball speed when compared to other techniques129.
Powerful kicking is associated with large muscle forces171 and is the most frequent injury
mechanism in football for acute groin pain210. The dominant leg is most often affected210.
The instep kick can be divided in phases, all marked by defined keypoints30,125,212
(Figure 1). During the backswing phase, maximal hip, spine, pelvis and knee movements
generate a full body tension arc. This creates pre-stretch of muscles connecting the
segments of upper body and kicking leg212. Pre-stretch enlarges muscle contraction
forces, by use of a stretch-shorten cycle mechanism, resulting in acceleration of
segments during the leg cocking and acceleration phases24. The greater the distance is
over which these segments move (movement trajectory), the greater the potential to
develop segmental velocity270. Summation of segmental velocities finally determines ball
speed106,130,184,262.

8
Figure 1. Predefined keypoints and phases during the instep kick. Fig. 1a-b: Backswing phase
from keypoint TO to MHE. Fig. 1b-c: Leg cocking phase from keypoint MHE to MKF. Fig. 1c-e:
Acceleration phase from keypoint MKF to BI, with keypoint KF90 (1d) in between.
Abbreviations: TO=Toe off; MHE=maximal hip extension; MKF=maximal knee flexion; BI=ball
impact; KF90=knee flexion 90 degrees.
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The adductor longus and the iliopsoas are the most affected muscles in football
players with groin pain210. These are proposed to be at risk during the backswing of the
kick because of coincident timing of maximal eccentric contraction, maximal rate of
lengthening and maximal hip range of motion (ROM)37.
Football players with previous groin injury are prone to re-injury and remaining
physical deficits or altered movement patterns are considered risk factors82,258. Decreased
hip ROM is related to groin pain in athletes, however mechanisms explaining this relation
are lacking14,100,157,243. During an injury episode, powerful kicking remains affected as
this provokes groin structures, forcing the footballer to switch to submaximal kicking
strategies92,221.
In order to identify possible atypical ROM characteristics of players with groin injury,
quantification of the typical ROM characteristics of maximal and submaximal kicking
is needed. To our best knowledge, no studies have been performed investigating ROM
of hip, spine, pelvis and knee segments during the maximal and submaximal instep
kick. Therefore, the first aim of this study is to quantify range of motion (ROM) of
body segments during the maximal (MaxK) and submaximal (SubK) instep kick at four
keypoints. The second aim is to study ROM differences of the tension arc and movement
trajectories between MaxK and SubK.
The hypothesis tested is that segmental ROM increases from submaximal to maximal
kicking.

Methods
Subjects
Adult football players from a Dutch professional club were invited to participate in this
study. They were informed prior to testing, giving them the opportunity to withdraw
from this study at any moment. All players signed informed consent. The medical
staff approved their participation. This study complied with the requirements of the
declaration of Helsinki. No ethical approval was needed, as stated in the Dutch Medical
Research Involving Human Subjects Act (WMO). Players were found eligible when they
reported to be free from injury in the lower back, hip and groin over the last 6 months.

Motion capture
Motion was recorded using a three-dimensional motion-capture system with eight
infrared (IR) cameras (VICON Motion Systems, Oxford Metrics Ltd., Oxford, England)
and two high-speed digital video (DV) cameras (Basler AG, Ahrensburg, Germany). The
IR cameras recording rate was 200 Hz. The DV cameras recording rate was 100 Hz. The
cameras were set up and calibrated in accordance with VICON’s guidelines. A standardized
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static motion capture of every subject served as reference to be able to correct ROM and/
or absolute joint angles (Figure 2). The anatomical position was used to gauge the output
obtained from VICON. VICON Nexus was used for all the steps, calibrating, recording and
analysing the data. Nexus presented 3D-constructions, marker labelling and kinematic
calculations. Reflective 14-mm markers were attached to 31 body landmarks according
to VICON’s full body model8. Height and weight as well as leg length, knee width, ankle
width, elbow width, wrist width, hand thickness and shoulder offset were registered for
all participants. These data were entered in Nexus to provide the VICON Motion System
with further information corresponding with the marker placement. The electronic data
were synchronized with video-recordings and analogue data.

8

Figure 2. Standardized static motion captures from all subjects served as reference to correct
for range of motion and absolute joint angles.
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Preparation
All players performed a fifteen-minute standardized warming up before the motion
capture procedures started. All were instructed to perform two maximal and submaximal
instep kicks, aiming for a marked spot that was located one meter above the ground and
four meters away from the ball position.

Data recording procedures
All procedures were completed in the clinical movement laboratory of the Maastricht
University Medical Centre+, The Netherlands. Players were free in their ball approach. For
players with right leg dominance, approach angles up to 45 degrees could be performed
at voluntary approach speed due the kicking pitch set up in the laboratory (Figure 3).

Figure 3. Laboratory test setup.

Maximal and submaximal instep kick
Ball velocity was assessed with a ball speedometer (WG 54, D&L, Utrecht, The
Netherlands). Maximal instep kicks were defined as kicks performing 100% of ball speed.
Submaximal instep kicks were defined as kicks performing 65-75% of maximal ball speed.
Every kick was performed with the dominant leg with a 20 second interval in between.
The ball used was an official FIFA size 5 football (Derbystar, Goch, Germany).
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Kinematic analysis
Basic values of the standard static motion capture were noted in order to correct for ROM
values during the performance of the kicks. Definition and determination of keypoints
are consistent with a previous study125. Toe off of the kicking foot was defined as the start
(0%) and ball impact as the end of the kicking motion (100%)30,170 (Figure 1). Duration
of the maximal and submaximal kick was calculated and relative timing of keypoints
was expressed as percentage (%) of the kicking motion. Parameters that adequately
described the kinematic curves in amplitude and time for hip, spine, pelvis and knee were
extracted from VICONS’s output.

ROM at keypoints
ROM of hip, spine, pelvis and knee was determined for both the maximal and submaximal
kick at 4 keypoints; maximal hip extension (MHE), maximal knee flexion (MKF), knee
flexion 90 degrees (KF90) and ball impact (BI) (Figure 1)125.

Tension arc and movement trajectories
The tension arc is the posture that is related to the wind-up of the body in order to store
energy and stretch muscles before unwinding212. The tension arc is defined as ROM of
hip extension, spine extension, spine rotation to the non-kickside and pelvis anterior tilt
at keypoint MHE and ROM of knee flexion at keypoint MKF. The movement trajectories
for hip flexion, spine flexion, and spine rotation to the kickside and pelvis posterior tilt
were defined from keypoint MHE till BI. The movement trajectory for knee extension was
defined from keypoint MKF till BI.

Statistical analysis
Data were analysed for normality of distribution by the Shapiro-Wilk test. When found
normally distributed, these are presented as mean (±standard deviation). Paired samples
t-tests were used to detect differences between MaxK and SubK. Differences were
studied on the timing of keypoints and on ROM of hip, spine, pelvis and knee at keypoints
(MHE, MKF, KF90 and BI). Differences in ROM between MaxK and SubK were calculated
and analysed for the tension arc with paired samples t-tests. Differences in ROM of
the movement trajectories were analysed accordingly. In order to study contributions
of individual segmental changes to the hypothesized ROM differences between MaxK
and SubK, effect sizes (ES) were calculated ((meanMaxK - meanSubK)/SDSubK). Data were
processed using SPSS 20 (Statistical Package for the Social Sciences, IBM, Chicago, US).
The α-level for statistical significance was set at 0.05.
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Results
Subjects
From 28 players who were invited, 10 players sustained low back pain, hip or groin pain
over the last 6 months, 2 did not want to participate and 1 was not able to participate on
the assessment day due to club professional obligations elsewhere. Finally, 15 football
players (age 22.1(±5.0) yrs, height 1.81(±0.09) m and weight 80.8(±8.42) kg) were
recruited. Of all these, 13 players displayed right and two players left leg dominance. All
had played football for at least 13 years. None of the players reported discomfort during
kicking.

Ball speed, kick duration and timing of keypoints
Ball speed was 98.8(±9.0) km/h for the maximal kick and 69.5(±7.1) km/h for the
submaximal kick. Total duration of the kick was 0.256(±0.047) seconds for MaxK and
0.268(±0.048) seconds for SubK. There were no differences in timing of keypoints MHE,
MKF and BI between MaxK and SubK (MHE: 46.0(±4.9)%, MKF: 72.9(±2.4)% and BI:
100.0(±0.0)%, all p<0.05). Keypoint KF90 timed differently: MaxK 86.7(±2.2)% vs SubK
79.4(±4.3)%.

ROM at keypoints
Segmental ROM for MaxK and SubK at four keypoints is shown in Table 1 and illustrated
in Figure 4. When compared to SubK, MaxK shows increased ROM at keypoint MHE for
hip extension (mean difference (MD) 9.0°, ES 1.1), spine rotation (MD 8.5°, ES 1.1), spine
extension (MD 2.9°, ES 0.4) and pelvis anterior tilt (MD 1.3°, ES 0.2). Keypoint MKF shows
increased ROM for knee flexion (MD 18.1°, ES 2.0).
Keypoint KF90 shows increased ROM for hip flexion (MD 7.6°, ES 0.8), spine rotation
(MD 8.5°, ES 0.7), spine flexion (MD 14.6°, ES 1.6) and pelvis posterior tilt (MD 4.2°,
ES 0.8). Keypoint BI shows increased ROM for spine flexion (MD 19.0°, ES 2.4), pelvis
posterior tilt (MD 14.2°, ES 2.1) and spine rotation (MD 3.0°, ES 0.4) (all p<0.05). In
contrast, keypoint BI shows decreased ROM of hip flexion for MaxK when compared to
SubK (MD 5.4°, ES -0.6). Post hoc analysis of the kinematic data shows that this is the
result of reversed hip motion prior to ball impact during MaxK, which is not observed for
SubK. Knee angles at ball impact show no difference between both kicks.

Tension arc and movement trajectories
Differences between ROM of the tension arc and movement trajectories for MaxK and
SubK are shown in Table 2 and illustrated in Figure 4A-C. The tension arc increases for
MaxK compared to SubK, which is mainly due to the increase of ROM of knee flexion
(keypoint MKF), hip extension and spine rotation (keypoint MHE). When compared to
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Table 1. Range of motion (in degrees) depicted as mean (±SD) at four keypoints for MaxK
and SubK. Positive values indicate hip-, spine- and knee flexion, pelvis posterior tilt and spine
rotation to the kick side. Negative values indicate hip-, spine- and knee extension, pelvis
anterior tilt and spine rotation to the non-kick side.

Keypoint

MHE

MKF

KF90

BI

MaxK

SubK

MaxK

SubK

MaxK

SubK

MaxK

SubK

Hip flexion

-31.8*
(±6.0)

-22.8*
(±8.4)

-7.1
(±8.8)

-5.4
(±9.2)

6.7*
(±9.8)

-0.9*
(±10.0)

6.4*
(±11.1)

11.8*
(±9.2)

Spine flexion

-3.8*
(±7.2)

-0.9*
(±8.2)

2.1
(±8.9)

4.1
(±8.1)

24.2*
(±10.9)

9.6*
(±9.4)

41.4*
(±8.8)

22.4*
(±7.8)

Spine rotation

-21.4*
(±6.6)

-12.9*
(±7.8)

-14.1
(±23.9)

2.6
(±7.5)

4.3*
(±7.1)

0.3*
(±6.1)

12.4*
(±6.3)

9.4*
(±8.3)

Pelvis posterior tilt

-19.5*
(±6.8)

-18.4*
(±5.5)

-4.7
(±5.2)

-6.3
(±4.9)

9.0*
(±7.3)

4.8*
(±5.4)

29.5*
(±5.1)

15.3*
(±6.8)

Knee flexion

63.8
(±11.5)

60.1
(±11.8)

111.8*
(±7.1)

93.7*
(±9.1)

90.3
(±1.4)

89.1
(±1.1)

35.3
(±10.0)

35.4
(±6.2)

Abbreviations: MaxK=maximal instep kick; SubK=submaximal instep kick. MHE=maximal hip
extension; MKF=maximal knee flexion; KF90=knee flexion 90 degrees; BI=ball impact. *=P
value < 0.05.
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Table 2. Range of motion (in degrees) of tension arc and movement trajectories for MaxK
and SubK. Positive values indicate hip-, spine- and knee flexion, pelvis posterior tilt and spine
rotation to the kick side. Negative values indicate hip-, spine- and knee extension, pelvis
anterior tilt and spine rotation to the non-kick side.
ROM

Tension arc

Movement trajectory

MaxK

SubK

MaxK

SubK

Hip flexion

-31.8*
(±6.0)

-22.8*
(±8.4)

38.5
(±9.2)

34.6
(±4.7)

Spine flexion

-3.8*
(±7.2)

-0.9*
(±8.2)

45.3*
(±7.4)

23.3*
(±6.8)

Spine rotation

-21.4* (±6.6)

-12.9*
(±7.8)

33.8*
(±8.4)

22.3*
(±7.3)

Pelvis posterior tilt

-19.5*
(±5.5)

-18.4*
(±6.8)

49.0*
(±11.1)

33.7*
(±5.9)

Knee flexion

111.8*
(±7.1)

93.7*
(±8.7)

76.6*
(±11.9)

58.3*
(±10.2)

Abbreviations: ROM=range of motion; MaxK=maximal instep kick; SubK=submaximal instep
kick. *=P value < 0.05.
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SubK, MaxK shows increased ROM of movement trajectories for spine flexion (MD 21.9°,
ES 3.2), pelvis posterior tilt (MD 15.2°, ES 2.2), spine rotation (MD 11.5, ES 1.6) and knee
extension (MD 18.3°, ES 1.8).
The movement trajectory of hip flexion does not differ between MaxK and SubK,
which is due to the reversed hip motion prior to ball impact during MaxK (Figure 4A).

Figure 4A. Range of motion curves (in degrees) for the hip and knee from player 4 for MaxK
and SubK. Positive values indicate hip and knee flexion. Negative values indicate hip and
knee extension. Keypoint MHE marks the greatest difference for hip extension and MKF for
knee flexion. KF90 marks maximal hip flexion for MaxK and BI marks maximal hip flexion for
SubK. BI shows equal knee ROM for MaxK and SubK.
Abbreviations: ROM=range of motion; MaxK=maximal instep kick; SubK=submaximal
instep kick; MHE=maximal hip extension; MKF=maximal knee flexion; KF90=knee flexion 90
degrees; BI=ball impact.
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Figure 4B. Range of motion curves (in degrees) for the spine and pelvis from player 4 for
MaxK and SubK. Positive values indicate spine flexion and pelvis anterior tilt. Negative values
indicate spine extension and pelvis posterior tilt. Spine flexion and pelvis posterior tilt show
the greatest difference at keypoint BI.
Abbreviations: ROM=range of motion; MaxK=maximal instep kick; SubK=submaximal
instep kick; MHE=maximal hip extension; MKF=maximal knee flexion; KF90=knee flexion 90
degrees; BI=ball impact.

8

Figure 4C. Range of motion curves (in degrees) for spine rotation from player 4 for MaxK and
SubK. Positive values indicate spine rotation to the kickside. Negative values indicate spine
rotation to the non-kick side. Keypoint MHE marks the greatest difference of spine rotation.
Abbreviations: ROM=range of motion; MaxK=maximal instep kick; SubK=submaximal
instep kick; MHE=maximal hip extension; MKF=maximal knee flexion; KF90=knee flexion 90
degrees; BI=ball impact.
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Discussion
The maximal instep kick shows increased ROM of upper body and kicking leg segments at
predefined keypoints when compared to the submaximal kick. From these keypoints can
be derived that maximal kicking leads to enlargement of the tension arc and movement
trajectories when compared to submaximal kicking. Reversal of hip motion is found during
MaxK prior to ball impact, which does not occur during SubK. Spine flexion and pelvis
posterior tilt show the largest relative differences between MaxK and SubK.
This is the first study that reports in detail on ROM characteristics for the maximal and
submaximal kick in experienced football players. In order to be able to identify possible
atypical kinematic patterns that may relate to groin injury in football players, a detailed
description of the typical ROM characteristics of the hip, spine, pelvis and knee during the
maximal and submaximal instep kick must first be obtained.
Ball speeds are consistent with previous studies for the maximal133,170,212,272 and
submaximal kick272 in experienced football players. Ball speed is the result of summation of
segmental velocities262. Different ball speeds relate to different kinematic patterns. Studies
on kinematics of kicking should thus preferably present data on ball speed.
The maximal kick shows shorter duration and increased ROM of body segments when
compared to the submaximal kick. This may be due to increased segmental velocity262 and
agrees with the pre-stretch concept that increased ROM of the tension arc invokes larger
muscle contraction forces24,212. Therefore MaxK exerts higher loads on groin structures
than SubK272. This agrees with the clinical observation that players with groin pain avoid
maximal performance221,258.
Increased segmental ROM for MaxK when compared to SubK was found at keypoint
MHE and MKF. This enlargement of the tension arc is mainly due to increased hip extension,
spine rotation and knee flexion. Contribution of spine extension and pelvis anterior tilt is
only small. For the tension arc, ROM of knee flexion shows the greatest relative difference
between maximal and submaximal kicking. The tension arc provides potential for utilizing
energy from pre-stretch and elastic components of the muscle–tendon complexes to
increase muscle contraction forces24,35,55.
Keypoints KF90 and BI also showed increased segmental ROM for MaxK when compared
to SubK, which corresponds with the increased movement trajectories of spine, pelvis
and knee. Spine flexion and pelvis posterior tilt show the greatest relative difference of
movement trajectories between MaxK and SubK. This assumes an important role of central
segment actions during maximal kicking. Spine rotation and knee extension also show
substantially increased trajectories. The increased movement trajectory of knee extension
for MaxK leads to higher angular velocity of knee extension24,270. Angular velocity of knee
extension is strongly related to foot and ball speed133. Correlation coefficients between
foot and ball speed reported in the literature are high (r > 0.74)133,162,171.
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The hip flexion trajectory did not increase for MaxK when compared to SubK. This is due
to the reversed motion of the hip during MaxK prior to ball impact. At keypoint BI, MaxK
shows decreased ROM of hip flexion when compared to SubK.
Between keypoints KF90 and BI, spine flexion and pelvis posterior tilt coincide with
hip extension for MaxK (Figure 4a,b)125. Pelvis posterior tilt and hip extension are identical
osteokinematic movements of the hip joint109. From KF90 to BI, the pelvis shows
increased posterior tilt130 for MaxK compared to SubK resulting in hip extension. Other
studies reported on hip extension136,170,272 but never explained this phenomenon as pelvic
action. Spine flexion and pelvis posterior tilt are coupled motions that cause lumbopelvic
flexion 205. This may assist in the proximal to distal kinematic sequence of the kicking leg,
thereby enhancing ball speed183.
Movement trajectories of spine and pelvis affect ball speed through dynamic
coupling. Movements of distant segments attribute to ball speed by exchanging inter
segmental forces that are the result of precise timing of peak velocities and ROM of
these segments125,271.
This study demonstrates increased ROM of hip extension during the backswing of
the maximal kick, which causes pre-stretch and energy storage24,35,55 to increase muscle
contraction force24. When ROM of hip extension is decreased, this may affect pre-stretch
and thus the energy transfer to develop the physiologic muscle contraction force.
Hypothetically, hip flexors may compensate with extreme muscle work to induce high
segmental velocity. This may explain the relationship between deficits of hip ROM and
groin injury during the backswing.
The increased ROM of lumbopelvic flexion we observe during MaxK prior to ball
impact may serve as a safety mechanism. Hip extension, as induced by lumbopelvic
action, causes elongation of the hip flexors due to separation of their attachments. A
previous study demonstrated maximal elongation of the adductor longus prior to ball
impact37. Lumbopelvic flexion may reduce the load exerting on the groin by elongation of
the hip flexors, thereby preventing them from concentric contractions at ball impact.
Deficits of pelvis posterior tilt or increased pelvis anterior tilt likely relate to groin
injury. For running, increased pelvis anterior tilt is related to hamstring injuries and low
back pain73. For kicking, no such relations have yet been demonstrated.
The results of this study demonstrate that the hip extends prior to ball impact during
maximal kicking in 13 out of 15 players, while no hip extension occurred during submaximal
kicking. Previous studies showed hip extension during kicks with the preferred leg but
not with the non-preferred leg56,171 and during kicks with non-fatigued muscles but not
during kicks with fatigued muscles11.
We acknowledge some limitations. We observe a slightly longer duration of the
maximal instep kick than reported in previous studies113,170. Kicks with approach angles
that exceeded 45 degrees showed reduced approach distance due to the kicking pitch
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set up in the laboratory (Figure 3). Although approach angles do not affect ball speed,
lower approach speed may have influenced ball speed and therefore kicking duration56,57.
Furthermore, keypoint BI was visually determined using DV images at 100 Hz frequency.
A higher frequency should facilitate precision of visual determination of this keypoint.
This has relevance for kicking duration as ball impact lasts 10-15 ms130,133. At last, as ball
speed has been recorded from two positions, precise measurement could be affected. As
this applies to both kicks, possible measurement failure might be equal for both kicks.

Conclusion
This study demonstrates that segmental ROM increases during the maximal instep kick
when compared to the submaximal kick. The enlargement of the tension arc is related
to higher pre-stretch and the increased movement trajectories enhance the potential
to achieve high segmental velocity. Our findings suggest that the athlete’s flexibility is
imperative for powerful kicks. Data from this study may serve as a basis for future studies
to investigate ROM characteristics of players with recurrent injury, with emphasis on
flexibility and timing of body segments.
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Abstract
Objective: The association between groin pain and range of motion is poorly understood.
The aim of this study was to develop a test to measure sport specific range of motion
(SSROM) of the lower limb, to evaluate its reliability and describe findings in non-injured
(NI) and injured football players.
Design: Case-controlled.
Setting: 6 Dutch elite clubs, 6 amateur clubs and sports medicine practice.
Participants: 103 NI elite and 83 NI amateurs and 57 football players with unilateral
adductor-related groin pain.
Main outcome measures: Sport specific hip extension, adduction, abduction, internal
and external rotation of both legs were examined with inclinometers. Test-retest
reliability (ICC), standard error of measurement (SEM) and minimal detectable change
(MDC) were calculated. Non-injured players were compared with the injured group.
Results: Intra and inter tester ICCs were acceptable and ranged from 0.90-0.98 and
0.50-0.88. SEM ranged from 1.3-9.2° and MDC from 3.7-25.6° for single directions and
total SSROM. Both non-injured elite and amateur players had very similar total SSROM
in non-dominant and dominant legs (188-190, SD±25). Injured players had significant
(p<0.05) total SSROM deficits with 187(SD±31)° on the healthy and 135(SD±29)° on the
injured side.
Conclusion: The SSROM test shows acceptable reliability. Loss of SSROM is found on
the injured side in football players with unilateral adductor-related groin pain. Whether
this being cause or effect of groin pain cannot be stated due to the study design.
Whether restoration of SSROM in inured players leads to improved outcome should be
investigated in new studies.
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Introduction
Groin injuries account for 4-19% of football injuries85,247. Two recent systematic reviews
of prospective studies on risk factors for groin injury included 9 studies where hip ROM
was examined. In 3 studies hip ROM deficits conferred a higher risk of groin injury and
no increased risk was found in 6 studies202,258. Another recent systematic review pooled
data on studies examining whether hip ROM differentiated between athletes with and
without groin pain157. A reduced hip internal rotation and bent knee fall out was found in
athletes with current groin pain but hip external rotation was similar.
These conflicting results may have several explanations; different age groups (youth
and adults) as well as different levels (elite or amateur) and type of sports (football
(soccer), Gaelic or Australian Rules football, rugby and ice hockey) were studied.
Additionally ROM was assessed in different postures (i.e. supine or prone) but also the
movement excursions that were taken into the analyses differed (rotations of the injured
versus the non-injured leg or total rotation of one leg versus that of both legs). Many
different definitions of groin pain were used in these studies. This may contribute to the
inconsistency of findings in reviews reporting on ROM as risk factor48,157,202,258.
Adductor-related groin pain is the most common groin injury in football94,210. Due
to the inconsistency in findings between clinical examination and imaging findings in
athletes with groin pain, a clinical classification was proposed92. This was modified and
embraced by the recent Doha agreement on terminology and definitions in groin pain in
athletes250.
Hip ROM is usually assessed in hip flexion or with the hip in a neutral position and
targets one joint or muscle in isolation173,240 while sporting actions like kicking are
multi-segmental movements212. Conceptual ideas why reduced hip ROM may lead
to overloading of the anterior groin structures were presented long ago260. A cadaver
study 22 showed that the presence of a cam deformity, an aspherical appearance of the
femoral head that is associated with reduced hip ROM15, leads to increased shear forces
of the pubic symphysis. A conceptual model relating reduced ROM to groin pain and
physical demands in sporting activities that has been tested in vivo is currently lacking.
The debate on the association between ROM and groin pain may therefore continue86.
Football players with long-standing adductor-related groin pain (LARGP) often
complain about their inability to kick a ball with maximal power91 and kicking is the
most frequent injury mechanism210. A maximal kick is usually performed using the
instep kick as this is the most powerful kick in football212. Five phases (preparation, back
swing, leg cocking, acceleration and follow through) have been described for the instep
kick30. These phases involve a sequential wind up followed by a proximal-to-distal wind
off162,212. During back swing and leg cocking, potential energy is stored to be converted
into kinetic energy to accelerate body segments. The end of the backswing is known as
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the tension arc. This tension arc consists of maximal kicking hip extension, a large knee
flexion, contralateral trunk rotation and horizontal arm abduction162. A kinematic study
on differences between submaximal and maximal kicking shows that segmental ROM is
larger in maximal kicking than in submaximal kicking123. This also applies to the involved
central body segments.
To explore the relationship between ROM of the lower limb and LARGP, accounting
for the biomechanical concept of kicking, a new way of testing may be beneficial to gain
further understanding in this area. In the current study, a measurement of sport specific
ROM of the lower limb is proposed. The first objective of this study was to develop a new
measurement method for football specific ROM in footballers. The second objective was
to examine the intra- and inter-observer reliability of this test and establish reference
values in the non-injured and injured population. The third objective was to evaluate
differences between non-injured footballers and those with unilateral LARGP. The
hypothesis tested is that footballers with unilateral LARGP show reduced ROM in the
tension arc position of the instep kick.

Methods
Participants
All participating footballers signed informed consent and the local medical ethics
committee approved this study. This study was performed in accordance with the 1964
Declaration of Helsinki.

Non-injured players
Professional footballers from 6 clubs of the Dutch professional premier football league
(Eredivisie) were invited to participate. Amateur football players from the 1st team of
6 3rd and 4th division clubs were also invited. Inclusion and exclusion criteria (Table 1)
were checked by interview and standardized physical examination by three experienced
physical therapists working fulltime in outpatient clinics and athlete care to streamline
the assessments.
Thorborg et al. showed that footballers have hip and groin symptoms to some extent,
even when not deemed to be injured. Those with a time-loss injury70 in the previous season
show substantially more ongoing symptoms than those without220,232. Therefore players
with more than one week out of play in the previous 12 months due to groin injury were
excluded in the non-injured groups. The pain as provoked by testing should exacerbate
the athletes’ recognizable pain250. Palpation and resistance provocation testing for LARGP
are reliable93. All players were tested on location at their football clubs.
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Table 1. Inclusion and exclusion criteria the football players.
Inclusion

Exclusion

Non-injured players
Amateur
• Age between 18 and 45 years
• Minimal playing load of two times and maximal load of four times
per week (training and match)

•
•
•
•

Back, hip or groin injury in the last 12 months resulting
in > 1 week out of play (training and match) or
Complaints of groin pain in daily life or sports at the
time of examination
Tenderness on palpation of the adductor origin at the
symphysis pubis92,250 or
Groin pain on resisted hip adduction92,250

Elite
•
•

Age > 18 years.
Participation in training and match >5 days per week

Injured football players
•
•
•
•
•
•

Age 18-45
•
Groin pain > 8 weeks
•
Not able to play unrestrictedly due to groin symptoms
•
Tenderness on palpation of proximal insertion of Adductor Longus
origin on injured side92,250 and
Pain on resisted adduction testing in supine92,250
Minimal playing load of two times per week (training and match)

Groin pain < 8 weeks
Football players with bilateral groin pain.
High impact acute onset of injury250

Injured players
Players suffering unilateral LARGP were recruited from and tested at our outpatient
primary healthcare clinics. They were referred by other physiotherapists, sports physicians
or self-referral.

Test technique
All test positions mimic the full body backswing during kicking212. ROM of hip extension
is examined as this facilitates pre-stretch and motion-dependent moments that both
assist in developing of hip velocity24,184. As football players need to adapt body positions
to varying football situations, the tension arc includes more degrees of freedom than
isolated hip extension. The available biological workspace of the tension arc shows multidimensional ROM, which allows variability during different kicking situations57. From
the transition of the backswing to leg cocking, Coriolis forces accelerate hip external
rotation and abduction to create momentum162. Therefore, test positions also consist of
abduction-adduction and external-internal rotation ROM. During the tension arc, knee
flexion influences hip ROM because of bi-articular muscles and fascia and can reach up
to 100 degrees123. All tests were performed with the knee in 90 degrees of flexion to take
this into account and to standardize the test procedure.
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Before data collection a 30 cm metal semi-rigid ruler was attached to the lower and
upper leg with Velcro straps. A magnetic digital inclinometer (Wixey, Seattle, US) was
fixed at the middle of the ruler. All measurements in each direction were performed twice
for reliability assessment. The leg was moved and the inclinometer measurement button
was locked when marked resistance restricted further movement. The inclinometer was
then loosened from the ruler and values were recorded by an assistant. This procedure
was identical in test 1-3. Observers (RL and IT) were blinded for the side of dominance,
injured side of patient footballers and for the readings of values. As a consequence of the
assessments to be performed on location at the clubs the observers were not blinded for
the level of play of the players. The testing time was around ten minutes per player.

Test 1: The extension test.
Player position: The body position at the end of the back swing was mimicked. Body
position was derived from biomechanical studies on football kicking225. See Table 2 for
the segment positions.
Table 2. Segmental characteristics of the leg-cocking phase for the lower extremity of the
kick side and the upper extremity of the non-kick side225.

Kick side

Non-kick side

•
•

•
•
•

•
•

Pelvis: anterior rotation
Hip: from 30° to 0° extension and 25° abduction and
decreasing external rotation
Knee: to a minimum of 90° flexion
Ankle: submaximal plantar flexion

•

Arm: from extension to horizontal flexion
Shoulder: from retraction to protraction
Trunk: from extension rotation towards flexion and rotation
of the kick side
Stance leg: foot makes ground contact while hip and knee
flex.

The extension measurement was performed in prone lying with the non-kicking leg
supported in 45° hip and knee flexion (Figure 1A) mimicking the stance leg position while
kicking.
The ruler was placed in the midline of the back of the thigh. The upper body was lifted
10 degrees in extension from the Iliac crest and pushed into further extension and rotation
by a 20° wedge cushion (Michel Koene, Grou, Netherlands, Figure 1B) to recreate the
trunk rotation during the kick. The lower side of the cushion was placed at the umbilical
level and the higher side supported the contralateral shoulder. The inclinometer was
calibrated to 0° for extension in the resting position. The knee was held at 90° of flexion
throughout the testing procedure. A maximum extension position of the leg was created
while the buttock was fixed downwards with the ispilateral forearm without restriction of
anterior pelvic tilt.

158

Figure 1. Extension test.
Note the replication of the stance leg position to be placed in hip and knee flexion (left).
The knee position is 90° of flexion. Full hip extension with anterior pelvic tilt allowance is
measured (right).

Test 2: The adduction/abduction test.
Player position: The player was positioned in side lying. A post was used for pelvic fixation
at the L5 level to prevent the body shifting backwards on the table. The ipsilateral knee
was strapped to the table. Then the upper body was turned into full extension and
rotation. In this position the hip was fully extended with 90° of knee flexion. Adduction
(Figure 2) and abduction (Figure 3) were measured with the inclinometer placed halfway
along the lateral side in the midline of the upper leg.

Figure 2. Adduction test.		

Figure 3. Abduction test.
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Test 3: The internal/external rotation test.
Player position: In the same position as the abduction and adduction test the leg was
supported by a standard 18 cm roll (Enraf Nonius, Delft, The Netherlands) directly above
the medial femoral condyle. With the hip in maximal extension and the knee in 90°
flexion on the roll, a maximal internal (Figure 4) and external rotation (Figure 5) of the
hip was performed. Inclinometers were placed halfway on the lateral side in the midline
of the lower leg.

Figure 4. Internal rotation test.

Figure 5. External rotation test

Pain
Pain felt by the non-injured players while testing was determined to be the cut-off point
to further increase tension. Instructions were given to express pain verbally. No attempt
was made to score the pain using an NRS scale. Two days after testing the club physical
therapists of the elite players were asked to check for pain and/or time lost to play due
to the testing procedure by a standardized direct mail. This mail requested that we be
informed if any player had felt pain that they attributed to the testing procedure. No
tresholds for pain levels or pain measure scales were used. The same was asked to the
club staff of the amateurs. Injured players were asked whether this was the case at their
next visit after the testing procedure.
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Reliability testing
The reliability of the measurement protocol was tested in a sub-group of 20 professional
football players who were randomly tested. Each player was tested by two observers on
two occasions on the same day. The order of the observers was determined randomly
using a coin toss. As the observers were blinded to their previous recored values they
could not be aware of the values measured in the previous test. The order in which
the tests were performed were extension, adduction, abduction, external and internal
rotation and was not changed between the series.

Statistical analysis
All parameters were tested for normal distribution using the Kolmogorov–Smirnov
test. Normally distributed data (p>0.05) were analysed parametrically and presented
as mean (±standard deviation) and not normally distributed variables as median (inter
quartile range). Mann-Whitney U test and Wilcoxon signed rank test were used for nonparametric analyses. Group differences for subject characteristics were tested using a
t-test for independent samples. For the analysis of ROM either the Mann–Whitney U for
differences between injured and non-injured subjects was used, or the Wilcoxon signed
rank test for comparisons between legs in subjects was used. Intra and inter observer
reliability (ICC) was assessed by a two way mixed single measures (model 2.1) procedure
and absolute agreement for all directions separately and for the total ROM scores.
Standard error of measurements (SEM) and minimal detectable change (MDC) were
obtained. The rating of Landis and Koch122 for ICCs was followed where ICCs<0.00= poor,
0.0-0.20= slight, 0.21-0.40= fair, 0.41-0.60= moderate, 0.61-0.80= substantial and 0.811.00= almost perfect agreement.
Cut off values for the percentage of asymmetry between legs were determined to
discriminate between non-injured and injured footballers using a Receiver Operator
Characteristics (ROC) curve analysis. The ROC curve ideally identifies the threshold for a
test score while keeping the greatest sensitivity and specificity198. Data were processed
using SPSS 20 (IBM, Chicago, US). The α-level for statistical significance was set at 0.05.

Results
All tests for the non-injured players were performed between August and October
2011. The data collection of injured players was from August 2011 until October 2012.
A flowchart for the inclusion and exclusion process can be found in Figure 6. Of the 57
injured players there were 4 elites and 53 amateurs. The characteristics of all subjects
are presented in Table 3. No significant differences between groups were found (p>0.10).
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Non-injured

Injured

129 players
professional

59 players
with LARGP

99 players
amateurs
Excluded for:
• back / hip and / or groin pain
• > 1 week out of play
(match and / or training) in
previous 12 months
• obligations on test day

n=25

n=16

Excluded for:
• adductor pain
on both sides

Excluded for:
• back / hip and / or groin pain
during the test

n=1

103 players

n=2

57 players

83 players

Figure 6. Inclusion and exclusion process of non-injured and injured players.
Abbreviation: LARGP=long standing adductor-related groin pain.

Table 3. Subject characteristics of healthy elite, healthy amateur and injured football players
are displayed as mean (±SD).
Elite non-injured players

Amateur non-injured players

Injured players with LARGP

n

103

83

57

Age (yr)

23 (4.1)

24 (5.5)

26 (7.0)

Height (cm)

182 (7)

182 (6)

180 (7)

Weight (kg)

76.3 (7.5)

76.3 (7.7)

73 (7.3)

BMI (kg/m )

23.1 (1.6)

23.0 (1.7)

22.3 (1.7)

Dominance (% right-left)

71-29

81-19

84-16

Frequency sport (x/week)

≥5

2-4

2-4 (53/57)
≥5 (4/57)

Injured side (% dominant)

-

-

70

Time out of play (weeks)

-

-

15 (2-27)

2

Abbrevitions: SD=standard deviation; BMI=body mass index; LARGP=long standing
adductor-related groin pain

The results for interobserver and intraobserver reliability testing are shown in Table 4.
ICCs for intraobserver reliability range from 0.90 - 0.98. The SEM for single directions
ranges from 1.3 - 2.4° with an MDC of 3.7 - 6.6°. The SEM for total ROM is 5.9° with a MDC
of 16.4°. Between observers the ICCs range from 0.50 - 0.88. SEM for single directions
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is 2.9 - 6.9° with MDC ranging from 7.9 - 19.0°. For total ROM the SEM and MDC were
respectively 9.2° and 25.6°.
Table 4. The ICC values of intra and inter observer reliability for specific directions and total
ROM, SEM and MDC.
Intra observer
ICC

SEM
(degrees)

MDC
(degrees)

Inter observer
ICC

SEM
(degrees)

MDC
(degrees)

Extension

0.92

2.4

6.6

0.88

2.9

7.9

Adduction

0.96

1.3

3.7

0.57

4.3

11.8

Abduction

0.90

1.9

5.4

0.81

3.9

10.7

Internal rotation

0.98

2.0

5.5

0.50

6.9

19.0

External rotation

0.95

2.3

6.3

0.63

5.6

15.4

Total ROM

0.92

5.9

16.4

0.88

9.2

25.6

Abbreviations: ICC=intra class correlation; ROM: range of motion; SEM=standard error of
measurement; MDC=minimal detectable change.

Table 5. Reference values of sport specific hip ROM of the non-injured and injured footballers
in degrees (mean ±SD).
ROM Elite
Non dominant

ROM Elite
Dominant

ROM Amateur
Non dominant

ROM Amateur
Dominant

ROM
Non-injured side

ROM
Injured side

Extension

35 (9)*

35 (8)*

29 (10)*

30 (10)*

26 (11)

21 (11)^

Adduction

18 (6)

19 (6)

22 (6)**

23 (7)**

23 (6)

11 (6)^

Abduction

41 (7)**

39 (7)**

40 (7)

39 (7)

40 (8)

28 (9)^

Internal rotation

31 (12)

30 (12)

31 (12)

30 (11)

34 (11)

21 (12)^

External rotation

66 (9)

65 (11)

66 (17)

66 (17)

64 (20)

55 (22)^

Total ROM

191 (25)

188 (25)

188 (25)

188 (25)

187 (31)

136 (29)^

* = Significant difference of dominant and non-dominant legs between amateurs and elite.
** = Significant difference between non-dominant and dominant leg in elite or amateur
players.
^ = Significant difference between injured side and non-injured side in injured players.
Abbreviation: ROM=range of motion.

The single directions and total ROM scores for the three groups of football players are
shown in Table 5. Except for a 2° abduction difference in elites and a 1° adduction difference
in amateurs no significant differences between the non-dominant and dominant leg of
non-injured footballers were found. Between elite and amateur footballers no significant
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differences in ROM were found, except for extension, which was found to be larger in the
elites (Elite; D 35(8)°, ND 35(9)°, Amateur; D 30(10)°, ND 29(10)°, p<0.01).
In injured players the ROM of the injured leg was significantly lower in all directions
compared to the non-injured leg (all p<0.01) and larger than the MDC for adduction,
abduction, internal and external rotation. The ROC curve analysis showed the area under
the curve varied from 0.88 to 0.98, indicating that the ROC curve presented suitable
accuracy to correctly distinguish between healthy and injured subjects. The ROC curve
revealed that, in terms of sensitivity and specificity, the optimal cut-off point for the
total ROM would be at 17% asymmetry between legs (then sensitivity and specificity is
respectively 0.91 and 0.94).

Pain
Marked end range stiffness noted by the observer was obtained before pain occurred in
all but one healthy and injured players. Evaluation of the elite and amateur players two
days after testing revealed no physical complaints or time lost to play due to the testing
procedure. None of the injured football players reported aggravation of their groin pain
after testing. As such we consider the test protocol to be safe.

Discussion
A new, reliable and safe sport specific test for ROM of the lower limb in football players
was introduced and analysed in this study. The test has clinically acceptable reliability and
reference values are presented for amateur and professional players. The hypothesis that
footballers with unilateral LARGP show loss of sport specific ROM on the injured side was
tested and confirmed. From a biomechanical point of view it seems that this ROM deficit
may be of importance.
Agreement testing revealed almost perfect values for intraobserver measurements of
separate and total ROM scores (p<0.05). Interobserver reliability testing shows moderate
agreement for adduction and internal rotation, substantial agreement for external
rotation and almost perfect agreement for extension and abduction as well as total ROM.
This suggests that the test is acceptable for use in clinical practice. These intraobserver
ICCs are comparable to previous work that studied ROM testing with the assistance of an
inclinometer89,141 but the interobserver ICCs for adduction and internal rotation are somehow
lower than in these studies. This may be the result of testing all through the end of range
of motion and across multiple joints eventually being a more complex method. As football
players perform through range we chose to test through maximum range until marked
stiffness was observed. It seems that this stiffness within one observer is experienced
quite similarly but between observers lower agreement is obtained. Testing with pressure
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quantification may help improve the reliability173 but this requires high tech testing devices.
The SEM is small for intraobserver measurements. It is substantially larger for interobserver
measurements but still clinically acceptable. Relative left-right differences (as expressed in
percentage) therefore are preferred for use in individual players. The differences between
injured and non-injured sides exceed the MDC for adduction abduction, internal and
external rotation.
In both elite and amateur healthy players no clinically relevant side-to-side difference
was found. The statistically significant differences found for adduction and abduction, were
1° and 2°. These do not exceed the SEM and only represent a very small proportion of the
ROM values obtained, thus were deemed by us clinically irrelevant. The absence of side-toside difference in non-injured players can only be compared to studies that measure classic
rotational hip joint ROM31,142,244 as previous studies of sport specific flexibility have not been
performed. These studies on rotational hip joint ROM also found no side-to-side differences.
Comparing elite and amateur players there was a small statistically significant difference
between extension of non-injured amateurs and elite football players of 6 degrees that
does exceed the SEM. This may be associated with clinical findings of increased lordosis
as a result of hip flexor stiffness of the lower back of elite football players265 existing as a
functional adaptation.
In the players with LARGP a large and clinically relevant decrease was found on the
injured side. No previous studies have examined sport specific ROM but two previous
cross sectional studies report on internal and external rotation (IR and ER), both assessed
in neutral (0 degrees) hip extension. One found IR and ER of both legs were restricted
in adult Gaelic football players with groin pain when compared to those without167.
The majority (14/18 injured players) reported unilateral and the remaining 4 reported
bilateral long-standing adductor related groin pain. The other study, performed in a
group of young elite Australian football / soccer players found no differences141. In this
study 8/10 injured players reported bilateral pain and only 2 reported unilateral groin
pain. The majority (9/10 players) had adductor related pain. The inclusion criteria in these
studies differed. The sum of (dominant and non-dominant) IR and ER (hips flexed) has
been reported to be lower in adult professional Australian football players with groin pain
when compared with those without243. In a study comparing athletes with sportsman’s
hernia185 with those without, a decreased hip IR and ER were reported on the injured
side. Neither ROM data for the uninjured side nor type of sports of the participants were
reported. One study performed a reliability analysis for the ROM assessment141. Another
study followed this same protocol but did not perform a reliability analysis167. Two studies
assessing hip ROM in flexion185,243 do not report any reliability measures nor do they
refer to a protocol that has been tested as such. No effect studies have been performed
correlating hip ROM with changes in groin pain.
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This new test was developed because hip ROM is usually measured with the hips
in a flexed or neutral position. Examining one joint does not measure functional ROM
according to recent insights that motion-dependent moments are important for body
segment velocity162. The total body position and adequate biological work space

57

is important in order to create moments and therefore a more functional test was
warranted100,141. The current study shows that in a sport specific posture the ROM deficit
is located on the injured side and not on the injured side. This is a new finding when
compared to previous work that, if present, the association finds both hips are restricted
in those with groin pain.
With respect to treatment we think that this hip extension, rotation and ab- and
adduction deficit (HERAD) may lead to compensatory muscle contractions compared to
when full motion is present162. When HERAD is detected we suggest this deficit should
be improved so that speed of movement can be achieved through movement related
moments instead of muscle related moments225. This would mean that less muscle force
is needed to generate speed. To prove this concept an effect study should be performed
to see whether restoring ROM affects symptoms. Manual therapy in which a forceful
stretch was applied to the adductors with a large hip joint motion has been shown to be
an effective treatment for athletes with long standing adductor related groin pain252. In
this randomised trial no measurements of hip joint ROM were performed.
Some limitations of this study should be considered. An important limitation is the
fact that the observational design cannot answer the question whether the left-right
differences observed in injured players is cause or effect of groin pain. As this is the first
study to evaluate lower limb ROM measured over multiple joints no comparisons can
thus be made with other studies. The interobserver ICCs are clinically acceptable but they
are lower than the intraobserver measurements. This decreased reliability with multiple
testers should be considered when considering how to apply our results in practice.
Standardization of the testing position needs attention and takes time and this may
complicate use in daily clinical practice. When introducing this test to professionals in
the field, emphasis should be placed on this. Media like movie fragments may be used to
transfer this information. The use of pressure quantification with instrumentally assisted
measurements may improve the reliability but would make the test less simple. The
cohort of non-injured elite footballers was available for the test-retest assessment. We
were allowed to perform these on two moments on one day but it was impossible to
plan this with a larger time interval because of the tight playing schedule at that time of
the season. Regarding the populations tested more work should be done. Homogeneity
of groups of injured players may need attention and data should also be derived from
athletes like female players. It would have been of interest to assess classical ROM
findings in the injured and non-injured players but this was not performed.
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Conclusion
This study presents a new sport specific lower limb ROM measurement that is reliable,
safe and provides reference values for elite and amateur football players. Total ROM is
very similar between the dominant and non-dominant legs in elites and amateurs. Players
with unilateral long-standing adductor-related groin pain show marked reduction of ROM
on the injured side. These preliminary data provide a basis for further research aiming to
clarify whether or not restricted sport specific ROM is a risk factor for development of
groin injury.
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Abstract
Objectives: Study results and early return to sport (RTS) success rates in footballers with
long-standing adductor-related groin pain (LARGP) after manual muscle manipulation of
the adductors, combined with gradual symptoms based increase in loading.
Design: Prospective case series.
Setting: Sports-physiotherapy clinic.
Participants: Thirty-four footballers with LARGP with median pre-injury Tegner scores
of 9 (IQR25-75: 9-9)
Main outcome measures: Numeric pain rating scale (NPRS), Hip And Groin Outcome
Score (HAGOS), global perceived effect (GPE) for treatment and patient satisfaction at
2, 6, 12 weeks.
Results: Within 2 weeks 82% returned to pre-injury playing level while the HAGOS scores
were improved, but still below normal levels. At 12 weeks 88% had returned to pre-injury
playing level. Pain during (NPRS 7) and after (NPRS 8) sports decreased both to NPRS 1
(p<0.001). Eighty-five percent reported clinically relevant improvement, 82% reported
to be satisfied. All the HAGOS subscales improved (p<0.001) but showed symptoms still
present.
Conclusion: Early RTS seems possible after manual muscle manipulation of the adductors
in footballers with LARGP in the short term. The majority of injured football players
showed clinically relevant improvement (pain during and after sports) within 2 weeks
and returned to play with symptoms still present.
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Introduction
Groin pain is common and accounts for up to 19% of all injuries in football85,247.
Recovery from groin injury takes at least 1 week in 40% of cases, and 10% take more
than a month92. When groin pain lasts for more than 2 months it is said to be longstanding92. Medical interventions and rehabilitation time affect both player and team
performance218.
Adductor-related groin pain (ARGP) is the most common groin injury in football
players92,210. The term ARGP and the clinical characteristics of pain on palpation and
resistance testing have been described previously92,167,252. The recent Doha agreement
confirmed ARGP to be the preferred term250. A recent systematic review on the treatment
of groin pain in athletes found that there was moderate evidence that multimodal
treatment including manual therapy may shorten the time to return to sports209. This
was based upon a previous randomised study in which manual therapy, combined with
a return to running program252, was compared to the well established use of active
exercises96 .The manual therapy technique used in this randomised study was followed
by two weeks of stretching and then a gradual return to running program. The manual
therapy offered a significantly quicker recovery (12 weeks) compared to active exercises
(18 weeks) with comparable success rates regarding return to sports of 50% versus
55%252.
In our clinical practice we observed that players tend to return to sport again when
their levels of symptoms allow them to. Post manipulation stretching for pre determined
time periods, not taking the current symptoms into account, may be unnecessary and
add treatment delay. It has been observed previously that many players tend to play with
a degree of symptoms, even when they are not deemed injured220,232.
This study was conducted considering that 1; two weeks of stretching after manual
therapy is often felt to be too long, and some players return to play earlier. 2; a
manual muscle manipulation technique that is derived from one that was previously
described252,254 is in use by experienced clinicians in practice in combination with early to
return to sport.
The first aim of this study was to study time to return to sports of footballers after
manual muscle manipulation without time contingent after care protocols. The second
aim was to study levels of pain and functioning and recurrence.
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Methods
Participants
This was a prospective consecutive case series on football players with groin pain.
From July 2013 to January 2014 players with groin pain were asked to participate in this
study before their visit at 2 outpatient sports medicine /physiotherapy clinics where
this treatment is commonly used. This study complied with the requirements of the
declaration of Helsinki. As anonymized data from standard medical care was used and
patient reported outcomes as routinely scored were used, the Dutch Central Committee
on Research Involving Human Subjects (CCMO) confirmed no ethical approval was
needed, as stated in the Dutch Medical Research Involving Human Subjects Act (WMO).
Written informed consent was obtained from all participants for permission to use their
anonymized data.

Patient enrolment
Patients were referred by (sports) physical therapists working in a primary health care
setting, medical specialists from regional hospitals, or by self-referral. When making
their first appointment at the clinic, all patients were asked what type of injury they had.
In cases of groin pain, questionnaires asking for pain and symptoms experienced were
electronically sent before the first visit. The inclusion and exclusion criteria are shown in
Table 1.
Table 1. Inclusion and exclusion criteria.

Inclusion

Exclusion

•
•
•
•
•
•
•

Clinical suspicion of:
• Prostatitis
• Urinary infections
• Malignancy
• Spinal pathology
• Hip joint osteoarthritis
• Inguinal-related groin pain250

•

Male football players aged 18-45 years
Groin pain during or after football
Groin pain for >8weeks
Not able to fully participate in football, due to groin pain
Pain at palpation of the origin of the adductors92,250
Pain on resistance against adduction92,250
Willing to undergo this treatment without any other during
evaluation
Pain could be uni- or bilateral

In all cases where a patient attended with groin pain, their suitability for inclusion was
checked at the first visit (by IT/RL). All patients were informed a priori on the treatment
according to Dutch health care regulations. When patients came for treatment but also
wanted to continue their treatment elsewhere, they were excluded from this study.
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Patient characteristics
At baseline the following data were recorded: leg dominance, injury side, duration of
complaints, time of absence from sports and previous interventions were noted. Preinjury activity levels were assessed using Tegner scores227. A three-point scale was used
to assess sports participation: ceased sports, decreased sports and unrestricted sports
participation. As we have observed that footballers with groin pain are often restricted
when maximally kicking a ball, patients were asked whether they experienced any
problems while kicking, even if the injured leg was not the kicking leg. Answer scores
were dichotomous (yes/no).

Examination
Baseline anthropometric data regarding length and weight were obtained. Patients were
assessed for inclusion according the criteria for adductor-related groin pain (Weir et al.,
2015) thus a clinical diagnosis was made. This examination of the groin is reliable93. The
presence of iliopsoas and pubic-related groin pain was assessed but not systematically
recorded. No imaging was performed due to the clinical setting in primary health care.

Questionnaires
Pain
Pain during and after sports participation was measured using an 11-item Numeric Pain
Rating Scale (NPRS), ranging from 0-10104,119. NPRS has excellent inter-rater reliability
(100%), excellent internal consistency (Cronbach’s alpha 0.84)88 and high sensitivity
for changes of pain in control and effect studies. Changes of ≥2 points are considered
clinically relevant203.

10

Patient reported outcome
The Hip and Groin Outcome Score (HAGOS) was used to monitor hip and groin related
pain and symptoms. The HAGOS is a 37-item questionnaire. It covers 6 subscales on pain,
symptoms, physical activity, sports and recreational activity, physical activity and hip and
groin related quality of life. Inter tester reliability for all domains is 0.8-1.0234. The smallest
detectable change for group level is 2.7-5.2 and the minimal individual detectable change
is 17.7-33.8 points for the individual subscales234. The HAGOS has been translated into
Dutch language following international guidelines20 and approved by the originators.
NPRS and HAGOS were recorded electronically. The system allowed submission of
the patients’ data only when all questions were answered thus no data were incomplete
when submitted.
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Intervention
All patients who were included gave their informed consent before being treated
once according to the treatment protocol. Two therapists (>10 years experience in
sports physical therapy practice), who had one session together for standardization of
treatment, treated the patients on their injured side. Patients were positioned lying, with
their hips in neutral position and the knees extended. While the ipsilateral hand of the
therapist fixated the adductor origin, the contralateral hand grasped the entire belly of
the adductor muscles and stretched these within the surrounding tissues for ten seconds.
Stretching of the adductors was in a proximal and transverse direction (See Figure 1A.
A video of this technique can be found at https://tinyurl.com/khlzfso). This manoeuvre
was repeated three times followed by a gentle 15-second stretch in the FABER position111
also aiming to stretch the adductors (See Figure 1B). Patients were advised to stretch
the adductors once daily (standing position, hips and knees straightened, 3 series of
30 seconds stretching per side: see Figure 1C) in the first two weeks. All players were
instructed to decide for themselves at what intensity to participate in sports (self
management of loading). They were advised to commence with training at a level they felt
they would be able to achieve. They were instructed to adapt the intensity and duration
of the training depending on the symptoms they felt. They were allowed to participate
fully and unrestrictedly in any load bearing condition including maximal sports. No other
treatment was applied after treatment or during the period of evaluation.

Figure 1 Treatment sequence. A: Hand positioning for the muscle manipulation. B: Hip
stretching in flexion, abduction external rotation (FABER). C: Stretching exercise.
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Follow up
Return to sport in the first two 2 weeks was scored daily with a self-designed scale with
scores “I did not participate in sports due to hip or groin pain”, “I participated in sports,
but at a lower level than I used to”, “I participated in sports at my pre-injury level”, “I
did not participate in sports, this is usually not my day of sporting activity”. The time to
return to sport was the number of days between the treatment and when the patient first
reported “I participated in sports at my pre-injury level”.
After the initial 2 week period of daily reporting digital questionnaires were used at
2, 6 and 12 weeks after treatment. No clinical visits were repeated. The questionnaires
contained the following items: pain (NPRS), HAGOS, treatment effects (GPE), patient
satisfaction (GPE) and effect on kicking capacity (GPE). The Global Perceived Effect
(GPE) scores were on a 7-point Likert scale were; 1 reflects “worse than ever”, 2 is “much
worse”, 3 is “a little worse”, 4 is “no change”, 5 is “a little better”, 6 is “much better” and
7 scoring “fully recovered”. The GPE was used because a translated and cross-culturally
adapted Dutch version of HAGOS was available but not yet validated, thus clinimetric
properties were not available for detailed interpretation of the values obtained.
The GPE has a high test-retest reliability (ICC 0.99 first week, 0.96 six weeks)108.
Changes in perceived health status are considered clinically relevant with scores 1 and 2
(worse) and 6,7 better81,198. See Figure 2 for a comprehensive overview of used measures
on all moments of follow-up.

Baseline
• Tegner
• Sport participation
• NPRS during sports
• NPRS after sports
• HAGOS
• Kicking impaired

• NPRS during sports
• NPRS after sports
• HAGOS
• Effect GPE
• Satisfaction GPE
• Kicking GPE

• NPRS during sports
• NPRS after sports
• HAGOS
• Effect GPE
• Satisfaction GPE
• Kicking GPE

FU 2 wks
FU 6 wks

Daily return
to sport log

FU 12 wks

• NPRS during sports
• NPRS after sports
• HAGOS
• Effect GPE
• Satisfaction GPE
• Kicking GPE

Figure 2 Presentation of measures at baseline and follow up.
Abbreviations: NPRS=numeric pain rating scale; HAGOS=hip and groin outcome score;
GPE=globalperceived effect scale; FU=follow-up.
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Asked to participate at initial contact N=89

Refused: N=8 no questionnaires,
N=3 no research participation,
N=7 other adjunct treatment,
N=2 no reason

Agreed to participate N=69
Excluded: N=20 complaints <8 weeks
N=9 pain above inguinal ligament
Included for prospective assessment N=40
Lost to follow-up:
N=2 lost contact after T1
N=4 more than 1 week late filling in questionnaires
Participation and full assessed at all intervals N=34
Figure 3. Flow chart of the patient flow at the inclusion/exclusion process.

Analysis
Data were checked for normality of distribution by a Kolmogorov-Smirnov procedure.
Normally distributed data were analysed parametrically and are presented as mean
(standard deviation). Otherwise non-parametrical statistics were used and these data
are displayed as median (inter quartile range 25%-inter quartile range 75%). Friedman
tests were applied for repeated measures. In cases of significant differences a post hoc
(Wilcoxon) test with Bonferroni correction was performed. Treatment effects are then
assumed to be significant when the p-value is <0.016 (0.05 divided by the total amount
(3) of measurement moments following intervention). This correction was applied to
reduce the chances of obtaining false-positive results (type I errors) when multiple pair
wise tests are performed on a single set of data23. Analysis of data was done with the
Statistical Package Social Sciences (SPSS, v. 20 IBM, Armonk, USA).

Results
Eighty-nine footballers presented to the clinics with groin pain and were considered for
participation. Twenty refused; 8 because they did not want to fill out a questionnaire
on several occasions, 3 did not want to participate in scientific research, 7 wanted to
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continue other treatment that was previously started with their own physiotherapist
as well and 2 did not want to give a reason. Twenty were excluded because they had
groin complaints existing less then two months. Nine were excluded after examination
as they had inguinal-related groin pain. Forty male players finally could be included for
treatment. See Figure 3 for a flow chart of patient participation.
The baseline characteristics of patients of whom a full dataset was obtained is shown in
Table 2.
Table 2. Characteristics of the football players (n=34) with groin injury. Values are mean
(±standard deviation), median (IQR25-IQR75) or n (%).
Age (years)

27.3 (5.6)

Height (m)

1.82 (0.07)

Weight (kg)

77.8 (7.5)

BMI (kg/m )

23.5 (7.5)

Duration of complaints (months)

4 (3-7.8)

Time of absence original sport level (weeks)

8 (2-12)

Dominance (n / %)
Right
Left

30 /88%
4 /12%

Injured side (n /%)
Dominant
Non-dominant
Both

14 /41%
18 /53%
2 /3%

Kicking capacity affected per injured side (n/%)
Dominant side
Non-dominant side
Both sides

14 /100%
18 /100%
2 /100%

Level of football activity (n/%)
Elite (>5x/week)
Competitive (3-4x/week)
Recreational (1-2x/week)

5 /15%
23 /68%
6 /17%

Sports activity at baseline (n/%)
Ceased
Reduced
Unchanged

12 /35%
22 /65%
0

2

Abbreviations: IQR = Inter quartile range; BMI=body mass index.
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Follow up
Six players were lost to follow-up for the following reasons: two could not be reached
after failing to fill in the questionnaires at two weeks. Four were more than one week
late returning the questionnaires and were therefore excluded because of the short
measurement intervals. These six did not differ from the rest of the group on any score
at baseline (all p>0.10).

Outcomes
Return to sports
At 2 weeks 28 (82%) patients reported playing football at their pre-injury level. Three
patients (9%) were playing at a reduced level and three (9%) were unable to play due
to their groin complaints. The average reported time for return to sports was 5.3 (1-14)
days. At 6 weeks 27 (79%) patients reported playing football at their pre-injury level. Four
patients (12%) were playing at a reduced level and three (9%) were unable to play due
to their groin complaints. At 12 weeks 30/34 (88%) resumed play at pre-injury level. Two
played at a reduced level (6%) and 2 (6%) were unable to play.

Patient reported outcome (HAGOS)
From baseline to T1 improvement was seen on all HAGOS subscales (p<0.016, see
Table 3). At T2 there was a trend, but no significant change, for decreasing symptoms
(p=0.14). From T2 to T3 further improvement was noted on the subscales Pain (p=0.004),
Symptoms (p=0.007), ADL (0.001), Sports and Recreation (p=0.001), Physical Activity
(p=0.001), but not for Quality of Life (p=0.043), which was not significant after Bonferroni
correction.

NPRS
At 2 weeks the NPRS during and after sports decreased significantly. No significant
improvement was found between 2 and 6 weeks and further improvements were
observed between 6 and 12 weeks (p<0.016 see Table 4). Twenty-nine/34 (85%) had
experienced clinically relevant pain reduction (≥2 points) during and after sports at 12
weeks when compared to T0. One player showed a relevant increase of pain after sports.
At 12 weeks this same player reached the pre-injury playing level with clinically relevant
improvements when compared to T0.

GPE
At 2 weeks 25/34 (74%) players reported a positive and clinically relevant (GPE score 6
or 7) improvement of whom 7 (21%) reported full recovery (GPE 7) whereas 9/34 (26%)
reported no difference or slight (but not a clinically relevant) change (GPE score 3, 4 and
5). The GPE scores can be found in Table 4. GPE scores of 1 and 2 were not reported. AT
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6 weeks 26/34 (76%) showed clinically relevant improvement when compared to T0. 8/34
(24%) reported no difference or slight improvement. At 12 weeks 29/34 (85%) reported
clinically relevant improvement and 10/34 (29%) were fully recovered (GPE 7). Twentyeight/34 (82%) reported to be very satisfied (score 6 and 7) with the treatment and no
dissatisfaction (GPE score 1 and 2) was reported.
Table 3. HAGOS scores before (T0) and after treatment at 2 weeks (T1), 6 weeks (T2) and 12
weeks (T3).
HAGOS Subscale

T0

T1

T2

T3

Pain

73.8 (58.8-85)

81.3 (72.5-95)*

91.3 (66.9-97.5)

93.8 (87.5-98.1)*^

Symptoms

64.3 (53.6-72.3)

73. 2(59.8-83.9)*

82.1 (67.9-92.9)

85.7 (76.8-96.4)*^

ADL

70 (57.5-85)

90 (80-100)*

90 (80-100)

100 (90-100)*^

Sports/Recreation

42.2 (28.1-50)

71.9 (58.6-88.3)*

78.1 (49.2-93.9)

87.5 (75-100)*^

Physical Activity

25 (0-50)

62.5 (37.5-87.5)*

75 (59.4-100)

100 (75-100)*^

Quality of Life

50 (35-60)

65 (53.8-85)*

77.5 (48.8-91.3)

84 (73.8-95)*^

Abbreviation: ADL=activities of daily living. Significant differences between HAGOS
measurements are labelled (* = p<0.016). Differences from T0-T3 are labelled (^ = p<0.05).

Table 4. Pain scores, recovery and satisfaction before (T0) and after treatment at 2 weeks, 6
weeks and 12 weeks.
T0

2 weeks

6 weeks

12 weeks

NPRS during sports

7 (6-8)

3 (2-5)*

2 (1-6)

1 (0-2.3)*^

NPRS after sports

8 (6-8)

4 (2-7)*

3 (1-6)

1 (0.8-3)*^

GPE Recovery (score 6 and 7 in %)

-

74

77

85

GPE Satisfaction (score 6 and 7 in %)

-

65

75

83

Abbreviations: NPRS=Numeric pain rating scale; GPE=global perceived effect. Significant
differences between NPRS measurements are labelled (* = p <0.016). Differences from T0-12
weeks are labelled (^ = p<0.05).

Kicking capacity
Every footballer reported power of the kick to be affected by their groin pain before
treatment, regardless whether the dominant or non-dominant side was affected. After
treatment GPE for kicking capacity was not changed (score 3,4 or 5) in 7/34 (21%), much
improved (score 6) in 13/34 (38%) and totally recovered (score 7) in 14/34 (41%) players.
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Complications
No complications or adverse effects in terms of clinical worsening after treatment were
reported at follow-up by any of the patients. This was supported by the absence of clinical
relevant worsening of perceived health status as determined by GPE.

Discussion
This prospective case series shows that adductor muscle manual manipulation and
early return to sport is promising in terms of participation in sports (83%), reduction of
pain (85%) and clinical improvement (85%) in footballers with long-standing adductorrelated groin pain. The majority (82%) returned to football at pre-injury levels within two
weeks but with symptoms present as reflected by the HAGOS scores. A further careful
consideration of these data is thus warranted and will be discussed in detail.

Time to return to sports
The time to return to sports in our study is quicker than previously reported. Shorter return
to sports times (12.8 weeks) were found in an RCT using manual muscle manipulation of
the adductors with a return to running program, when compared to exercise therapy
alone (17.3 weeks)252. A high quality RCT on exercise therapy also reported a time to
return to sports of 18.5 weeks96. It is important to note that the populations studied may
differ in terms of severity and chronicity reflecting the setting of the studies. Our study
was performed in a primary care setting. The players in our study had symptoms for 16
weeks and altered their playing level for 8 weeks, with 1/3 having stopped play at the
time of inclusion. In the studies of Weir et al.252 and Holmich et al.96 this was 32/38 weeks
of symptoms, 14/16 weeks altered playing and 62/71% stopped playing at inclusion
respectively. This probably represents the secondary/tertiary care settings of these two
RCTs with patients experiencing pre-existent problems for a longer period with higher
percentage of time-loss. In our current study all athletes played football whereas other
sports made up 24-31% of the patients in the 2 RCTs96,252.
Additionally it should be acknowledged that, although return to sports was observed in
the majority, the levels of hip and groin related problems experienced, was still substantial.

Pain (NPRS)
Eighty five per cent of the players experience significant and clinically relevant (≥2 points)
decrease of pain in sports and 30/34 (88%) after sports at 12 weeks which is comparable
with a previous case series of adductor manipulation254. This improvement is despite a
quicker return to sports being allowed. Previous studies, assessing the results of manual
interventions, lack the use of pain scores252,253.
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Global perceived effect (GPE)
We also used GPE as an outcome measure alongside NPRS as a significant decrease of
pain does not always mean the patient considers this a worthwhile change. The patients
with GPE scores 6 and 7 all exhibited an improvement on NPRS of >2 points. Patients with
GPE 4 and 5 had unchanged NPRS scores. This fits the assumption that slight improved
on the GPE does not imply a clinically relevant improvement for pain and therefore a
7-point Likert scale is advised.
The improvement observed at the GPE and percentage of return to sports is almost
similar. As 19/29 players report a GPE of 6 means that they are not fully recovered, which
is in line with previous findings that players tend to play with symptoms220,232. This may
yield an increased risk to sustain a new injury with time-loss.

Hip and groin outcome score (HAGOS)
Measuring pain and general treatment effects using GPE or reporting about return to
sports does not specifically address all problems encountered by patients with hip and
groin pain. To measure these issues a patient reported outcome (PRO) is considered the
gold standard179. The HAGOS is specifically designed to target this and it is advised to
use it in clinical research on groin pain52. Use of this PRO was stressed in recent work
that showed hip and groin related symptoms are prevalent in footballers who are not
considered to be injured using a time-loss definition235. Since its development, ours
is the first study to report HAGOS as an outcome and its use seems to add valuable
information. Although a quick RTS time is reported by our patients, the HAGOS data
show that considerable hip and groin related problems are still experienced two weeks
post treatment (P 81, S 73 , ADL 90, SR 72, PA 63, QoL 62). These are clearly lower for
the Symptoms, Physical Activity and Sports and Recreation subscales when compared
to available data from players who are playing at the season start but with previous hip
and groin pain (different playing levels: P 95, S 82, ADL 100, SR 91, PA 100, QoL 90)232
or hip and groin related time-loss injury (elite: P 78, S 64, ADL 90, SR 69, PA 75, QoL
60)220. At 12 weeks FU the HAGOS scores seem to be at least comparable or higher than
these. Nevertheless a very recent study showed that a score of 87,5 on the SR subscale
of HAGOS as unique factor results in an odds ratio of 8.94 for sustaining a groin injury 51.
This encourages future screening and assessment of treatment results with the HAGOS,
avoiding over-estimation of positive results52. The HAGOS makes it clear that while the
footballers are back playing and report clinically relevant reductions in pain, the majority
are not symptom free.

Satisfaction
Twenty-eight patients (82%) reported to be very satisfied with the treatment. These data
are difficult to compare to the previous studies of Weir and Holmich as these applied a
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5-point scale resulting in 84% and 73% good results96,252. A 7-point scale seems to provide
a more accurate measure of the participants response as the 5-point scale seems to lead
participants to interpolate their answer66.

Mechanism
Increased tone and deregulated muscle activity have been cited as a possible
explanation of the genesis of groin pain33. Manual manipulation of adductor muscle
may help to normalize muscle tone by restoring Renshaw inhibition; the re-regulation
of muscle activity by dampening anterior motor horn activity154,180. Until now there is
no fundamental evidence for that theory in treatment of this injury. Clinical experience
shows that athletes feel a release of tension and improved range of motion in the groin
region after treatment. Until valid measurement methods of adductor muscle tone are
found, this explanation remains hypothetical.
It has been suggested that active treatment approaches, when combined with adjunct
manual therapy, could speed up the recovery process250. The advice regarding return
to play in our study follows the principle of adaptation of load based upon symptom
response. The previously published RCTs both used a time contingent approach where
patients performed exercises or stretches for a pre determined duration independent
of symptoms. We pose that this approach may lead to unnecessary delay in some cases.
Future studies could examine combination of therapies and a symptom contingent
approach.

Limitations
Despite the promising results we are aware of shortcomings of this study. As there is
no control group, a comparison with any other treatment is impossible so any definite
advice towards practitioners to use this treatment cannot be given. This therapy could
be adjuvant on the current and proven concept of exercise therapy but this could not
be tested with this study design. Furthermore this treatment is clearly not a solution for
every footballer with adductor related groin pain. Whether or not athletes participating in
other sports may benefit from positive results of this treatment is unknown. No patients
with groin pain less than 8 weeks were treated so its use in this situation is unknown.
Nine per cent fails to improve but no clear identifiers could be found that were related to
this inferior outcome. It is important to emphasize that no additional diagnostics were
performed. Imaging could have shown underlying pathology of the hip, like hip labral or
chondral damage, as its presence may be a related to higher levels of complaints115. The
follow-up period is short and relapses and deterioration of the patients’ health status is
not assessed on the longer term. To compare better with other studies this should have
been longer allowing insight in relapse rates. It should be acknowledged that selection
bias might exist as injured players can have applied for this treatment because they
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knew this was offered in these clinics. Randomisation of treatment allocation is therefor
needed in future studies on this type of treatment. Then short and long term follow up
is preferably performed using outcome measures like repeated physical assessment that
have been used in other studies to enhance comparing results.

Conclusion
Manual adductor muscle manipulation and early return to play seems to have promise
in the treatment in footballers with long-standing adductor-related groin pain. In this
prospective case series we found a quick return to sports in the majority, who can play
with co-existing symptoms, which further decrease over time. High quality comparative
studies with both short term and longer follow-up times and interactions with other
interventions like exercise therapy are needed.
Conflict of interest: None
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CHAPTER 11
General discussion
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Introduction
In chapter 1 the background of this thesis is presented. It gives an overview regarding
anatomy and morphology of the hip and groin region, clinical examination, currently
used terms and definitions, the injury spectrum and treatment of athletes with groin
pain.

Beyond time-loss: patient reported outcome measures
Patient reported outcome measures (PROs) are the gold standard for assessing an
individual’s perceived status of health179. A PRO for athletes preferably allows scoring
levels of perceived pain, symptoms, and ability to participate in ADL and sport along
with the quality of life, all related to the illness or injury present234. PROs add an extra
dimension on top of the classically used time-loss definition for the registration of
injury70. Many PROs are developed in English language versions. Following international
accepted guidelines20 and checklists151 a Dutch version of these can be obtained with
appropriate quality. Chapter 2 and 3 are related to PROs that can be used to quantify
hip and groin related levels of symptoms in young and active individuals: the Hip and
Groin Outcome Score (HAGOS)234 and the 33-item International Hip Outcome Tool (iHOT33)150. The reliability and validity of these two questionnaires was studied in the target
populations, young and active individuals with hip (HAGOS and iHOT-33) and groin
(HAGOS) pain.
Chapter 2 describes this process of translation, cross cultural adaptation and
validation of the Dutch version of the Hip and Groin Outcome Score (HAGOS). This was
performed in a young (mean age 32±9.1 years) active (mean pre-injury Tegner score 6.5)
population of 194 patients with hip and groin pain (NPRS≥1) who were seen in primary
and secondary health care settings; 99 underwent a conservative management for their
groin pain, 44 were seen pre-operatively and 51 had a post-surgical status. The testretest reliability (studied in 129 patients) is acceptable228 with intraclass correlations
(ICCs) >0.80. The standard error of measurement (SEM) for all domains ranged from 6.511.6. The smallest detectable change (SDC) for group level ranged from 1.1-2.7 and for
individual level from 18.0-32.2. The internal consistency was good228 (Cronbach’s alpha
0.81-0.92). Every subscale had one strong factor explaining the degree of variance.
Validity testing was performed in 194 subjects. A priori set hypotheses, correlating
subscales of the HAGOS with those of the Hip disability and Osteoarthritis Outcome
Score and EQ-5D, were tested and 12/15 (80%) were confirmed, thus the construct validity
was deemed appropriate. Interpretability was assessed using analysis for the presence of
floor and ceiling effects showed that the latter were absent in this group of patients.
Floor effects were observed in 21% for the Physical Activity scale. The substantially
low scores on the Sports and Recreations and Quality of Life subscales, shows that the
validation procedure was carried out in the right population of this PRO. The clinimetric
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properties obtained are comparable with those of the original Danish HAGOS234.
Chapter 3 describes this process and outcomes for the Dutch International Hip and
Outcome Tool (iHOT-33). A Dutch iHOT-33 version was obtained and tested in a young
(mean age 33±8.9 years) and active (mean pre-injury Tegner score 6) population of 214
patients with symptomatic hip joint pathology (NPRS≥1) in a primary and secondary
health care setting; 43 came for conservative management, 53 were seen pre-operatively
and 118 were evaluated post-surgery. Test-retest reliability was studied in 133 patients
and confirmed as acceptable228 with an ICC of 0.92. The SEM was 6.0. The SDC at group
and individual level respectively was 1.1 and 16.7 points. The internal consistency was
good228 (Cronbach’s alpha 0.90).
Validity was tested by means of 15 a priori set hypotheses, correlating iHOT-33 with
HOOS and EQ-5D. With 13/15 (87%) hypotheses being correct, validity was confirmed.
No floor and ceiling effects were observed for the iHOT-33 total score in the population
tested.
The Dutch versions of HAGOS and iHOT-33 presented can be used in both clinical and
research settings as they were shown to be reliable and valid. The values obtained allow
comparing outcomes of data across studies. The validated Dutch HAGOS can be found at
the official website www.koos.nu and is freely available. Administering PROs adds new
information about the burden of hip and groin problems experienced by athletes rather
than time-loss alone, which is explored as part of chapter 6.
A recent review on clinimetric evidence of PROs for hip and groin pain concluded
that these are suitable for evaluation of groups of patients rather than individuals as
the smallest detectable change remains relatively large for the latter236. We recommend
having a small set of targeted PRO’s used, as large variation of PROs will make it hard
to compare populations and the results of interventions studied. Both for hip related
(HAGOS and iHOT-33) and groin related (HAGOS) problems such questionnaires are now
available in Dutch. Depending on the work setting and patients groups encountered
a choice can be made for one of these PROs. In the primary health care setting,
when no imaging is available and where a PRO is administered often before physical
clinical examination occurs, the HAGOS is the PRO of first choice. In secondary health
care settings with a focus on hip related disorders, which presence can be confirmed
by imaging, the iHOT-33 can also be used based on its clinimetric properties. Other
considerations like having either one total score (iHOT-33) or different subscale scores
(HAGOS) also affect the choice made. In order to get more insight into specific results
of treatment programs several subscales are preferred. Different treatment modalities
aiming to improve different functions can then be specifically evaluated.

Groin pain and range of motion
Many clinicians intuitively examine hip range of motion (ROM) in injured players and
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consider improving it worthwhile during treatment. The literature is however unclear on
why this may be helpful. In chapter 4 a review presents the possible role of hip ROM
in relation to either instep kicking biomechanics in football and ROM being lower in
footballers with hip and groin pain225. The findings support the clinical observation
that loss of hip ROM may relate to the complaints of injured players of not being able
to maximally kick a ball, as hip movement excursion is then larger when compared to
submaximal kicking. However biomechanical considerations imply that ROM is mainly
required in extension and rotation, i.e. the back swing of kicking. This is in contrast
with most studies focussing on examining hip ROM in flexed or neutral hip positions.
Additionally, other body segments actions throughout the kinetic chain seem to play
an important role in this backswing and assist in efficient energy transfer. Thoughts are
presented on the further study these relationships. When taking this information into
account developing a testing sequence to study whether or not limited multi segmental
ROM is related to groin injury seems worthwhile. This is further elaborated upon in
chapter 9.
Previous systematic reviews aiming to identify whether or not limited hip ROM
itself is either a risk factor for the development of groin pain or that it differentiates
injured players from non-injured ones, are not univocal48,98,99,140,157,202,258. We performed
a systematic review of the available literature aiming to identify why this controversy
exists. Additionally we aimed to translate these findings for both the clinical and
research setting. The outcomes of this systematic review219 are presented in chapter 5.
We identified 11 studies, 7 of which were prospective and 4 case controlled designs. The
methodological quality score (risk of bias assessment) ranged from 29-92% according
the Critical Appraisal Skills Program. We found that terms and definitions used for “groin
pain” and “injury” as well as the subjects’ inclusion criteria suffers from significant
heterogeneity. This methodological heterogeneity precluded the pooling of data.
Assessment methods of ROM measurements were poorly reported. An athlete’s total
(internal plus external) rotation range of motion of both hips being lower is the most
consistent factor found to be associated with the development (risk factor when < 85°)
or presence of groin pain. This is only based on a limited number of studies. However
the available literature reports little about the measurement properties of hip ROM
assessment and fails to discuss the resultant clinical utility of these findings.
For internal rotation (IR) and external rotation (ER) with hips and knees 90˚ flexed,
assessed with a goniometer, the standard error of measurement (SEM) (intra-rater) was
previously reported to be 2˚ and 3˚173. For assessment with hips in neutral extension the
SEM (intra-rater) for IR and ER is 2˚ and 4˚141. The minimal detectable change (MDC) for
both IR and ER with hips and knees in 90˚ of flexion is 7˚. For assessment with hips in
neutral extension the MDC for IR is 6˚ and ER is 11˚. The differences found between the
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groups in studies for rotational ROM often exceed the SEM, but not the MDC. This needs
to be acknowledged as it influences the interpretation of clinical findings and research
work in this field: the clinimetric properties of the ROM assessments studied lack
discriminatory ability. Given this lack of discriminatory ability ROM testing is not able to
identify individuals at risk for hip or groin injury and questions the clinical applicability of
the research findings16. The clinician working with this group of patients can detect true
differences in hip ROM over time for both internal and external rotation. Both must then
be at least 7° when examining the patient with the hips 90° flexed. When examining a
patient with the hips in a neutral extension position these differences should then be 6°
and 11° respectively.
In new studies data from larger cohorts could be used to improve the accuracy of the
estimation of risk. Before pooling data, homogeneity of here above-mentioned items
(definitions and measurement techniques) is a prerequisite. Uniform use of terms and
definitions as proposed in the Doha agreement250 will help and should be acknowledged
when conducting new studies. Designing an intervention study aiming to improve ROM
in one group while not in the other may further elucidate the relevance of hip ROM.
When hip ROM is one of the outcome measures we propose using a single examiner
to lower measurement variability. Results should be reported not only for the separate
measurements but also for the measurement properties to facilitate interpretation.
The identified literature studied associations between hip ROM and time-loss injury.
However in the previous chapters we found time-loss to be the most severe expression
of the injury spectrum. Symptoms may pre-exist and accumulate until sport cessation
occurs and these also often continue to some degree after a previous time-loss injury232.
Using recently developed PROs has offered us this information. The dichotomous variable
of time-loss (yes/no) impedes studying this; the continuous scale of a PRO seems more
suitable as it allows detecting clinical changes on different domains. New prospective
studies with repeated measures on the development of groin pain may add valuable
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information.

Morphology
Athletes with hip and groin pain often display lower hip ROM when compared to athletes
without157. The presence of cam morphology77,204 was also found to be related to lower
hip ROM15.
Asphericity can be quantified by measuring the alpha angle according to Nötzli169: the
higher the alpha angle, the less spherical the femoral head. It should be acknowledged
that different alpha angle thresholds to define cam morphology are used. Lowering the
threshold increases the prevalence of cam morphology53. Different thresholds are likely
to influence the relation with other variables. The recently published Warwick agreement
on femoroacetabular impingement syndrome77 does not define exact cut-off values for cam
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morphology. This is because impingement is a dynamic phenomenon dependant upon
motion, and as such there is no strict value at which one can be certain that impingement
will occur. In our studies presented in chapter 6 and 7 we defined cam morphology by
an alpha angle ≥60°. This is based on previous work that studied associations between
alpha angles of individuals and the risk to develop end-stage osteoarthritis of the hip6. A
bi-model distribution of alpha angles was found with a normal distribution up to 60°. The
optimal area under the curve to be associated with development op hip OA was 78°3.
In chapter 6 we studied the association between hip ROM and either the presence
of cam morphology and (previous) groin pain or the current levels of groin symptoms
220

. In players who are still playing we found that hip ROM did not differ between those

with current groin pain and those without. We also found that hip ROM was lower in
players with worse symptoms when compared to those with less severe symptoms.
Players with a groin injury in the previous season having more preseason symptoms than
those without232. We confirmed these findings and found hip ROM was lower in this group
with past history of injury220. There were no interaction effects with the presence of cam
morphology which itself shows an association with lower hip ROM to some degree15. We
concluded that higher levels of hip and groin related problems experienced are more
related to lower hip ROM than the cam morphology when present. This sheds new light
on the relation between hip ROM and the injury spectrum as previous studies compared
players with (wide ranges of) time-loss and those without. Additionally, altering the
definition of the independent variable thus influences the association found. This is much
in line with our review conducted on the relation between hip ROM and groin pain and
the identified heterogeneity on injury definitions (chapter 5).
When consulted by an athlete with groin pain, the clinical pattern is the most
important and imaging should not distract the clinician’s view. Despite this a recent
review identified that imaging is the most common criterion to opt for FAI surgery190. The
role of ROM is found to be imprecise in this decision190. We showed that when lower hip
ROM is observed this should not solely be linked to the presence of cam morphology, but
rather to the presence of pain. Clinicians need knowledge of the prevalence of imaging
findings in suitable athletic populations to better interpret imaging findings into their
clinical reasoning.
Hip pathology can be ruled out by negative hip provocation testing using Flexion
Adduction Internal Rotation (FADIR) and Flexion Abduction External Rotation (FABER)
with a good level of confidence191. When only FAIS is suspected it should be kept in mind
that imaging does only marginally increase the post-test likelihood of FAIS present194
in specialized secondary clinical settings, were the pre-test probability of the condition
being present is already high. We are not aware of any data on the role of imaging in
primary health care settings. Decision making thus still relies on reasoning of the clinical
practitioner. When provocation testing remains positive over time despite adequate
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conservative treatment and/or marked asymmetrical loss of ROM is found at classical hip
examination of the injured side we suggest additional diagnostics. The clinician can bear
in mind that the presence of cam morphology is highly prevalent in athletes presenting
themselves with adductor-related groin pain255. Its presence does not worsen the longterm outcomes of exercise therapy in cases of adductor-related groin pain95.

Development of cam morphology
Cam morphology is related to an increased risk for hip osteoarthritis development later in
life5,7. Cam morphology develops in youth when the physes are open4. Athletic participation
in youth was already suggested as long ago as 1971 as a possible factor related to the
differences in morphological appearance of the femoral head158. The high prevalence
of cam morphology of hips in athletes support these findings53 and may be present in
asymptomatic non-athletic adult individuals as well68,75. Flexion and external rotation
loads, as observed in football may result in a bony response inducing the development
of cam morphology197. In the study presented in chapter 7 we examined whether or not
a dose-response relationship between loading in youth and cam morphology might
exist222. A retrospective study in elite football players was conducted. The age at which
they started playing football and the frequency of playing was retrospectively assessed.
Radiological imaging data from club medical screening was used to identify cam
morphology. We found that participating in football regimens at 12 years of age with a
higher frequency (≥4/wk) was associated with a higher prevalence of cam morphology
(64%) when compared with participating ≤3/wk (40%). The retrospective design and this
being the first study warrants new studies to confirm this dose-response relationship,
preferably in a prospective design.
Currently there is no prospective data available on loading doses and development of
cam morphology but at present a study is running to identify the development of cam
morphology in young footballers. Preliminary data from the group of Palmer et al show
that magnetic resonance imaging indicates the first appearance of cam development is
visible at the age of 10. The cam morphology first forms as cartilage and goes on to ossify
as the subjects aged. This is younger than previously identified by x-ray imaging4. If and
how this can be influenced is unclear yet but may be subject of future research.
Considering this and the association with an increased risk for development of hip OA
this information may finally result in designing training regimens for young high-level
athletes. This may contribute to protect long-term athletes’ health, as osteoarthritis is
associated with increased mental problems in former elite athletes later in life207. More
studies are needed to confirm this. This is an area that needs to be studied carefully in the
light of general low levels of physical activity in children and the need for public health
messages to encourage more activity.
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Considerations on kicking, range of motion and groin pain: building
the concept.
Athletes often report that kicking with maximum speed provokes their groin pain221 and
that they are forced to switch to submaximal kicking strategies. Biomechanical studies
confirm that ball speeds and movement excursions of the hip and knee are decreased in
less skilled footballers when compared to high level players. We hypothesized that ROM
used within subjects is lower during submaximal kicking when compared to maximal
kicking. In chapter 8 we studied and confirmed this in a cohort of 15 experienced
footballers123. We found that maximal kicking was associated with higher movement
excursions of hip, spine, pelvis and knee in both the AP and rotational directions. At
ball impact lower hip flexion was observed as a result of a posterior pelvic tilt that did
not occur during submaximal kicking. It was remarkable that the effect sizes for ROM
increase during maximal kicking were largest in the trunk region. Studying hip and leg
function, searching for a relevant loss, should acknowledge these relations of the lower
segments to the trunk. As discussed previously in chapter 4 and 5, hip function is usually
assessed with the hips in 0° or 90° flexion and new ways of testing that account for the
sport specific function may be required. This is further discussed in chapter 9. In line with
the hypothesis on impaired biomechanics a recent study observed loss of posterior pelvic
tilt in kicking leading to a continuing anterior tilt in semi-elite footballers with a recent
history (<12 months) groin pain211. This may hinder a proper kinematic sequencing183 and
energy transfer212 and consequentially negatively affect length tension relationships of
the anterior groin structures. As posterior pelvic tilt seems to increase the available hip
range of motion and shifts the anterior acetabular region200, possibly allowing the femur
to increased movement. This phenomenon may also be observed in patients with FAIS
but future studies are needed to examine this.
In chapter 9 we propose a way of assessing hip function in a manner reflecting
the joints sporting biomechanical prerequisites224. While kicking a ball the leg swings
backward. The movement trajectory used aims to generate a movement trajectory that
enables the development of potential energy, which is then converted into kinetic energy.
This energy is transferred into the ball, giving it speed. Given the clinical observation
that footballers with groin pain often experience problems on maximal kicking, we
hypothesized that the biological workspace to create this back swing was decreased when
compared to players without pain present. In order to study this we developed a test,
studied its reliability and obtained reference values from amateurs and elite players. We
found that sport specific hip ROM represented by hip extension, adduction, abduction,
internal and external rotation could be measured with acceptable reliability. We showed
that the mean total sport specific hip ROM of healthy players was symmetrical for the
dominant and non-dominant leg in elite and amateur players. Footballers with unilateral
longstanding adductor-related groin pain showed a mean loss of 27% sport specific hip

192

ROM on the injured side. Asymmetry >17% (studied by ROC curve analysis revealing a
sensitivity 91% and specificity 94%) is related to the presence of pain in players with
unilateral longstanding adductor-related groin pain.
The measurement properties of this way of testing, like other hip ROM measures
identified in chapter 5 is best performed by a single examiner to detect differences and
changes over time. The MDC needs to be acknowledged when clinically interpreting
any difference observed. The MDC for total sport specific ROM being 25° and the mean
difference being 51° between injured and non-injured sides shows that the sport specific
function loss in players with groin pain is substantial.
We hypothesize that this restricted sport specific hip ROM decreases their efficiency
of movement. If this loss of sport specific ROM is a result of pain rather than a precursor
cannot be answered due to the cross sectional design. A prospective study to examine a
causal relationship is then needed. Currently we have the Groin Injury Prevention (GRIP)
Study running in which we examine the relation of all these ROM variables with the
development of groin injury.

Treatment
There is high quality evidence to support the use of exercise therapy in athletes with
adductor related groin pain209,250. A manual manipulation of the adductor muscles254 was
shown to speed up the recovery process252 when compared with exercise therapy. Both
were combined with a predefined, time-contingent gradual return to running program.
No PROs were used in these studies, as these were not available at that time.
We examined the clinical course of patients who received treatment with a manual
manipulation of the adductors when combined with a self-guided return to sports
program. We showed that the majority (82% at 2 weeks and 88% at 12 weeks) of these
footballers resumed play with improved HAGOS scores. However most still experienced
groin symptoms. Within the first 12 weeks after treatment these scores improved but
not to normal levels. A manual technique addressing the adductors may be considered
as part of treatment for footballers with longstanding adductor-related groin pain to
improve pain and function in the sort term and thereby making injured players more
receptive for stimuli from exercise. Randomized controlled studies aiming to identify
the proposed benefits of such manual techniques in the short term during rehabilitation
should be conducted. Patients involvement in decision making on return to play12,67 rather
than leaving this to the clinician alone should be incorporated as treatment is all about
this issue: getting back on the pitch not only as quick, but also as fit as possible with least
risk for a relapse.
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Conclusions
The work contained in this thesis provides Dutch versions of reliable and valid patients
reported outcomes measures: the HAGOS and iHOT-33. These can be used for both
clinical and research purposes to further study hip and groin related problems in young
and active individuals. We advise using the HAGOS for hip and groin related problems
in primary and secondary health care settings. Using the iHOT-33 can be advised when
hip joint pathology is confirmed. The Dutch version of the HAGOS can be found in the
appendix of chapter 2 (page 34) and online at www.koos.nu. The Dutch version of iHOT33 can be found in the appendix of chapter 3 (page 55).
We found that the previously reported relationship between lower hip ROM, when
assessed in hip flexion or neutral extension positions, does not reflect the most relevant
biomechanical requirements for sporting movements like kicking. As players with groin
pain provoke their pain by kicking we suggested examining hip ROM in a situation
reflecting the back swing position of the body. No such test was available and this is
further elaborated upon in chapter 9.
In a systematic review we found that the literature on the relationship between hip
ROM and groin pain in athletes is heterogenic in many ways. We found evidence that lower
total rotation ROM of both hips (<85°) is a risk factor for development of groin pain with
total ROM being related to its presence. Measuring hip ROM does not correctly identify
athletes at risk due to the poor measurement properties of this type of assessment. The
rather large MDC questions the re-assessment of hip ROM over time and this need to be
considered by examiners doing so.
The hip is an acknowledged source for groin pain in athletes and hips with cam
morphology are prevalent in this population. Cam hips have less internal rotation ROM,
which is intuitively felt by many clinicians to be related to groin pain. Therefor we studied
whether lower hip rotations were related to the presence of cam morphology or the groin
pain present. The latter was confirmed and is a clinical relevant finding for the clinician.
Cam morphology is probably a result of flexion rotation loading in youth, when the
physes are open. We found a load dose relationship between loading in youth around the
age of 12 and the prevalence of cam morphology of the hip.
Football players with groin pain often complain about their loss of ability to maximally
kick a ball. In a study on the biomechanics of kicking we concluded that the role of the
trunk is essential as the relative differences in ROM used between submaximal and
maximal kicking are large. Whether this is impaired in athletes with groin pain is of
interest for the clinician as this then can be addressed in rehabilitation programs.
We showed that assessing hip ROM in a sport specific way, including trunk position,
following the recent insight that sporting functions are related to total body action,
could be performed reliably. The mean sport specific ROM in non-injured amateurs and
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elite footballers is symmetrical. The mean difference in sport specific ROM between
the injured and non-injured leg in players with adductor-related groin pain being 51˚
(136˚ vs 187˚). This difference exceeds the MDC and can be detected clinically. This is the
first time that such a study was conducted and the same conceptual approach may yield
new information in the field of sports medicine and sports physiotherapy in relation to
other types of injury.
Exercise regimens are considered the gold standard in treatment of athletes with
adductor-related groin pain. Manual adjuncts seem to speed up the process of recovery.
In a case-series of football players with adductor-related groin pain, we showed that a
manual manipulation of the adductors when combined with a symptom-guided return to
sports approach shows promising results regarding short-term pain relief and functional
recovery. These aspects can be considered in the treatment in patients with adductorrelated groin pain. We suggest this be further studied with a more robust controlled
design and compared with the proven benefits of a structured rehabilitation program.

Future studies
Future studies on hip and groin pain in athletes should adopt uniform definitions and
tests in clinical examination to define what type of groin complaints are studied. We
suggest using patient reported outcome measures to report outcomes rather than timeloss alone. Repeated measures of athletes studied will give insight in development or
decrease of complaints over time.
We propose biomechanical considerations regarding sport specific movements
and function to advance the field on why athletes suffer more complaints or re-injury
after sustaining a groin injury. Energy transfer mechanisms should be recognized in
new studies as these are mandatory for high speed movements. As femoroacetabular
impingement is a dynamic phenomenon we propose the same mechanisms may lead to
compromising the anterior hip structures and should also be studied. These can then be
incorporated in treatment regimens that need patient involvement on deciding for the
readiness to return to play.
The development of cam morphology and its relation with complaints in younger
athletes or osteoarthritis of the hip in the longer run deserves attention in larger
prospective studies.
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CHAPTER 12
Summary in English and Dutch
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Hip and groin pain in athletes;
Morphology, function and injury from a clinical
perspective
English summary
Groin pain is common in athletes, especially footballers. While groin pain stops some
footballers playing, many can keep playing while experiencing symptoms. This
information has become available mainly as a result of the development of patient
reported outcome measures (PROs). PROs are questionnaires designed to monitor
the health status of specific populations. For young active people with hip and groin
complaints the Hip And Groin Outcome Score (HAGOS) is a reliable and valid PRO. For
those with health issues as a result of hip joint pathology the iHOT-33 can also be used.
As these two PROs are available in English language we developed Dutch versions of
both these questionnaires and studied the reliability and validity in the target population
in chapter 2 (HAGOS) and chapter 3 (iHOT-33). These versions were found reliable and
valid and can be used in clinical and research settings.
Hip range of motion (ROM) is often considered relevant by clinicians when groin
pain is present. Studying the literature reveals that controversy exists on the relation
between lower hip range of motion (ROM) and groin pain and whether this is related
to the risk of developing groin injury or that it relates to the presence of groin pain.
Footballers with groin pain regularly report their inability to maximally kick a ball, while
submaximal kicking is possible. In chapter 4 we performed a review on why hip ROM may
matter in these footballers in relation to the reported decrease of kicking performance.
We concluded that the biomechanical requirements of ROM of the hip and adjacent
body segments are essential during the backswing of the kick. This is in contrast with
the often-performed clinical physical examination of the isolated hip joint in flexion or
neutral extension positions. How to incorporate these findings in the clinic and how this
adds to the existing body of knowledge is discussed in chapter 9.
The literature being inconsistent on the relationship between hip ROM and groin pain
was a reason to study the available literature systematically. The results of this review are
presented in chapter 5 and we aimed to guide clinicians and researchers in the field. The
main findings were that the available literature suffers from substantial heterogeneity
of terms and definitions regarding groin pain, injury and the measurement of hip ROM.
Despite this heterogeneity there is evidence that total (sum of internal and external)
rotation of both hips being lower than 85° infers a higher risk for the development of
groin injury. Lower total rotational hip ROM was also found to be associated with the
presence of groin pain. We further concluded that the measurement properties of hip
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ROM lack true discriminatory power so screening to determine an individual athlete at
risk is impossible. However the clinician working with this group of patients can detect
true differences in hip ROM over time for both internal and external rotation when these
are found greater than 7° with the hips 90° flexed. When examining the hip in a neutral
extension position these differences should then be 6° and 11° respectively.
Lower hip ROM has previously been associated with both the presence of groin pain
and the presence of a less spherical femoral head, so called cam morphology. The available
PROs for hip and groin pain in athletes allow studying levels of symptoms experienced
besides groin related time-loss injury. In chapter 6 we studied whether hip ROM was lower
in elite footballers with higher levels of symptoms (worse HAGOS scores) or that lower
ROM was related to the presence of cam morphology. The eventual interdependency
between cam morphology and symptoms was accounted for by correcting for interaction
effects. We found hips of players with higher levels of complaints (lower HAGOS scores)
when compared with those with lower levels of complaints had 5° less mean internal
and 7° less total rotation. This was independent of the presence of cam morphology. A
previous groin related time-loss injury was previously found associated with on-going
higher levels of symptoms in the season following which we confirmed.
Cam morphology is often found in athletic populations and cam development
occurs when the femoral neck physis is still open. We questioned whether a load-dose
relationship might exist. This subject was matter of the study presented in chapter 7.
We retrospectively questioned professional footballers on the age of which they started
playing football at a regular club with a low frequency (as defined by ≤3x/wk) or with a
football academy with higher intensity (≥4x/wk) and studied the x-rays of hips obtained
from pre-season medical screening. We found a higher prevalence of cam morphology
in those who played with a high intensity from the age of 12. This led us to state that a
dose-response relationship can be assumed. A prospective study is needed to confirm
these findings.
As previously mentioned, footballer players with groin pain often provoke their pain
during maximal kicking and switch to submaximal kicking strategies. More skilled players
can kick harder and show larger movement excursions than less skilled ones. This can be a
result of the different levels of coordination between the two groups. We hypothesized there
would be ROM differences within the same subjects between submaximal and maximal
kicking. This was confirmed in the study presented in chapter 8. We studied 15 professional
male footballers while kicking a ball both maximally and submaximally. We found that
the ROM differences for the trunk (spine rotation and extension/flexion excursions were
considerable and larger for maximal kicking. We suggest that these are important from a
biomechanical point of view for the output of the kick. When players suffer groin pain they
may switch to submaximal kicking to avoid higher movement excursions.
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Bringing together the different aspects of the above we suggested that, when
assessing ROM of the hip of footballers with groin pain, a test is needed that incorporates
the inter segmental connections of leg, hip and trunk. No such test that addresses
sport specific range of motion of the lower limb was available. This subject is matter of
chapter 9. We designed a clinical test, tested its reliability and described our findings
in 83 non-injured amateurs and 103 non-injured elite players. We then compared these
findings with those from 57 footballers with unilateral long standing adductor-related
groin pain. We found the mean sport specific ROM showing symmetry in non-injured
groups (for both this is 188-190° per side) while the mean difference for injured and noninjured sides in injured players was 28% (mean for injured side vs non-injured side was
135° vs 187°). This asymmetry exceeds the minimal detectable change and changes can
be detected clinically when symmetry is obtained. From a biomechanical point of view
this may hinder adequate energy transfer. Whether restoring this sport specific range of
motion results in increased kicking capability should be subject of further study.
In chapter 10 we present the data from a case series of 34 footballers with long standing
adductor-related groin pain who were treated with adductor muscle manipulation in
combination with stretching and a self-guided, symptom based return to sport. We
showed that the clinical course of these patients has some promising aspects. It is the
first study with data on treatment of athletes with groin pain using a PRO (HAGOS). We
showed that all subscales of the HAGOS improved both at 2 and 12 weeks. We found high
(85%) patient satisfaction. This is in line with previous studies (although the number of
these being limited) that a manual therapeutic intervention addressing the adductors
can be useful for this patient group. Getting the injured athlete involved in the decision
making on return to sports may be valuable. These findings should be interpreted with
caution given the study design. Both of these aspects need further study with more
robust controlled designs.
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Heup en liespijn bij sporters;
Morfologie, functie en blessures vanuit klinisch
perspectief
Nederlandse samenvatting
Liespijn komt vaak voor bij atleten en dan met name bij voetballers. Een aanzienlijk deel
van de voetballers blijft doorspelen met heup en lies gerelateerde symptomen. Als we
de omvang van blessures alleen afmeten aan sportuitval (een zogenaamde time-loss
blessure) dan wordt deze dus waarschijnlijk onderschat. Deze informatie is voornamelijk
beschikbaar gekomen als gevolg van de ontwikkeling van patiënt-gerapporteerde
uitkomstmaten (PROs). PROs zijn specifieke vragenlijsten om de gezondheidstoestand
van personen binnen een bepaalde populatie te onderzoeken. Voor jonge actieve mensen
met heup- en liesklachten is de Hip And Groin Outcome Score (HAGOS) een betrouwbare
en valide PRO. Voor mensen met gezondheidsproblemen ten gevolge van pathologie
van het heupgewricht kan ook de iHOT-33 gebruikt worden. Beide zijn oorspronkelijk
Engelstalig. De door ons volgens specifieke richtlijnen vertaalde Nederlandse versies
werden onderzocht op betrouwbaarheid en validiteit in de doelpopulatie. De resultaten
hiervan worden gepresenteerd in hoofdstuk 2 (HAGOS) en hoofdstuk 3 (iHOT-33). Deze
Nederlandstalige versies zijn valide en betrouwbaar gebleken en kunnen dus worden
gebruikt in een klinische en/of onderzoek setting.
Mobiliteit van de heup wordt door veel clinici als relevant beschouwd wanneer
liespijn aanwezig is bij een sporter. In de literatuur blijkt de relatie tussen beperkte heup
beweeglijkheid (ROM) en pijn in de lies niet eenduidig. Sommige studies rapporteren
dat dit gerelateerd is aan een verhoogd risico op en aan de aanwezigheid van een
liesblessure. Andere vonden geen relatie. Voetballers rapporteren vaak het onvermogen
om een bal maximaal te schieten, terwijl een submaximale trap dan nog wel mogelijk
is. In hoofdstuk 4 voerden we een review van de literatuur uit over de relevantie van
heup ROM in relatie tot biomechanica van de maximale voetbaltrap. We koppelden dat
aan het gegevens dat voetballers met liespijn juist daarbij hun klachten provoceren. We
concludeerden dat de biomechanische vereisten met betrekking tot ROM van de heup
en aangrenzende lichaamssegmenten essentieel is tijdens de backswing van de trap.
Tijdens de backswing wordt potentiele energie opgeslagen in het lichaam die vervolgens
tijdens de downswing omgezet wordt in bewegingsenergie die bedoeld is om de bal te
verplaatsen. De backswing wordt gekarakteriseerd door extensie en rotatie van meerdere
bij deze beweging betrokken gewrichten. Dit is in tegenstelling tot het vaak uitgevoerde
klinisch lichamelijk onderzoek waarbij enkel het heupgewricht in flexie of neutrale
extensie werd onderzocht. Om de relevantie van deze informatie te kunnen toetsen in de
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praktijk zou een nieuwe test moeten worden bedacht die de backswing en betrokkenheid
van meerdere gewrichten weergeeft. Dit wordt verder uitgewerkt in hoofdstuk 9.
Zoals hierboven aangegeven is de literatuur over de relatie tussen heup ROM en liespijn
inconsistent. Om deze inconsistentie te kunnen duiden en om clinici en onderzoekers
richting te geven hoe hiermee om te gaan werd een systematische literatuurstudie
uitgevoerd. Deze studie wordt gepresenteerd in hoofdstuk 5. We concludeerden dat in de
beschikbare literatuur aanzienlijke heterogeniteit heerst met betrekking tot de gebruikte
definities van liespijn en blessures maar ook met betrekking tot de metingen van heup
ROM. Desondanks zijn er aanwijzingen dat weinig totale (som van interne en externe)
rotatie ROM van beide heupen (<85°) leidt tot een verhoogd risico op het oplopen van
een liesblessure. Sporters met liespijn hebben ook een lagere totale heup rotatie ROM
dan sporters zonder. We concludeerden verder dat de klinimetrische eigenschappen van
heup ROM discriminerend vermogen missen, zodat het individueel screenen sporters om
een verhoogde kans op een liesblessure te bepalen onmogelijk is. De clinicus die werkt
met deze groep patiënten kan verschillen in heup ROM voor interne en externe rotatie
bepalen wanneer deze ten minste 7° zijn tijdens onderzoek met de heupen 90° gebogen.
Met de heup in neutrale extensie moet dit dan respectievelijk 6 ° en 11 ° zijn.
Verminderde heup ROM werd eerder in verband gebracht met de aanwezigheid
van liespijn en de aanwezigheid van een minder spherische femurkop, zogenaamde
cam morfologie. De beschikbare PROs voor heup en liespijn bij atleten maken het
mogelijk om de mate van ervaren klachten te meten. Dit is dan toegevoegde informatie
bovenop of iemand al dan niet een zogenaamde time-loss blessure heeft. In hoofdstuk 6
bestudeerden we of heup ROM lager was bij profvoetballers met een hoger klachtenniveau
(lagere HAGOS scores) of dat lagere heup ROM verband had met de aanwezigheid van
cam morfologie. Een eventuele onderlinge relatie tussen klachten en cam morfologie
werd bestudeerd om daarvoor te kunnen corrigeren. Lagere heup ROM werd gevonden
bij spelers met lagere HAGOS scores (hoger klachtenniveau). Dit was onafhankelijk van
de aanwezigheid van cam morfologie. We vonden dat spelers die een liesblessure met
time-loss hadden doorgemaakt meer klachten hadden terwijl ze toch weer aan het spelen
waren.
Cam morfologie wordt vaak gevonden in populaties van atleten. Aanwezigheid van
cam morfologie leidt op latere leeftijd tot een verhoogde kans op de ontwikkeling van
heuparthrose. De ontwikkeling van een cam doet zich voor wanneer de groeischijven
nog open zijn. Daarom vroegen we ons of er een relatie zou kunnen bestaan tussen de
mate van sportbelasting in de jeugd en de ontwikkeling van een cam. In hoofdstuk 7
rapporteren we een retrospectieve studie die daarover meer informatie kon geven. Wij
vroegen 63 profvoetballers naar de leeftijd waarop zij begonnen met voetballen bij een
reguliere club met een lage frequentie (gedefinieerd als ≤3x/week) en wanneer zij bij een
voetbal academie met een hogere intensiteit (≥4x/week) gingen spelen. We bestudeerden
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de röntgenfoto’s van beide heupen verkregen uit medische screening voorafgaand aan
het seizoen. We vonden een hogere prevalentie (64%) van cam morfologie in heupen van
spelers die met een hogere intensiteit speelden in de leeftijd van 12 dan bij hen die dat
pas later deden (40%). Een relatie tussen sportbelasting in de jeugd in de periode dat de
groeischijven sluiten en de ontwikkeling van cam morfologie wordt daarom verondersteld.
Deze relatie zou bevestigd moeten worden in een prospectieve studie. Die informatie
kan dan gebruikt worden om richting te geven aan specifieke belastingprogramma’s in
de groep van jonge talenten die intensief sporten.
Zoals eerder vermeld vermijden spelers met liespijn het maximale trappen tegen een
bal en gaan over op submaximale bewegingsstrategieën. Spelers van een hoger niveau
laten grotere bewegingsuitslagen zien dan spelers van een lager niveau bij een maximale
trap. In hoofdstuk 8 toetsten we onze hypothese dat ROM bij hoog-niveau spelers lager
is tijdens de submaximale trap dan tijdens de maximale trap. Wij bestudeerden daarvoor
15 professionele mannelijke voetballers die beide trappen uitvoerden. We vonden dat
de ROM verschillen voor de romp (wervelkolom rotatie en extensie/flexie) relatief groot
waren in het voordeel van de maximale trap. Vanuit biomechanisch oogpunt lijken
deze segmenten een belangrijke rol te spelen voor energie overdracht in het lichaam.
We veronderstellen dat het overschakelen op submaximale bewegingsstrategieën voor
spelers met liespijn zinvol kan zijn om grote bewegingsuitslagen te vermijden.
Als we een aantal verschillende bovengenoemde aspecten samenbrengen dan zou
een beoordeling van heup ROM bij voetballers met liespijn vragen om een test die
de intersegmentale verbindingen van been, heup en romp omvat. Een dergelijke test
waarmee die sport specifieke ROM van de onderste extremiteit bepaald kan worden was
niet voorhanden. Dit is het onderwerp van hoofdstuk 9. We ontwierpen een klinische
test, onderzochten deze op betrouwbaarheid en beschreven onze bevindingen in 83 nietgeblesseerde amateurs en 103 niet-geblesseerde profvoetballers. Vervolgens vergeleken
we deze bevindingen met die van 57 voetballers met langdurige adductor-gerelateerde
liespijn. We vonden dat de gemiddelde sport specifieke ROM symmetrie vertoont bij
niet-geblesseerde amateurs en profs (188-190°), terwijl het gemiddelde verschil tussen
de aangedane en niet-aangedane zijde in geblesseerde spelers 28% was (135-187°). Deze
asymmetrie is groter dan de minimale detecteerbare verandering. Vanuit biomechanisch
oogpunt kan deze beperkte ROM een adequate energie-overdracht belemmeren. Of het
herstel van deze sport specifieke ROM bijdraagt aan het herstel van het vermogen om
maximaal te trappen moet verder onderzoek uitwijzen.
In hoofdstuk 10 presenteren we data van een groep van 34 voetballers met
langdurige adductor-gerelateerd liespijn die behandeld werden met een eenmalige
spier manipulatie van de adductoren. Op basis van symptomen, bepaalden zij zelf hun
terugkeer naar sport. We toonden aan dat het klinisch beloop van deze patiënten een
aantal veelbelovende aspecten laat zien. Het was de eerste studie met gegevens over de
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behandeling van sporters met een liesblessure waarbij de HAGOS als uitkomstmaat werd
ingezet. We vonden dat de spelers op alle subschalen van de HAGOS verbeterden, zowel
op 2 en 12 weken na behandeling. Ook de pijnscores tijdens en na sport verbeterden op
deze meetmomenten. We vonden een hoge (85%) patiënttevredenheid en het vermogen
om maximaal te trappen verbeterde bij . Deze resultaten ondersteunen conclusies van
eerdere studies (hoewel het aantal daarvan beperkt is) dat een manuele interventie van
de adductoren bruikbaar kan zijn voor deze patiëntengroep. Het laat zien dat snelle
terugkeer in de sport op korte termijn mogelijk is. Het betrekken van de atleet bij
besluitvorming over terugkeer naar sport kan waardevol zijn. Beide aspecten moeten
verder onderzocht worden, bij voorkeur in een gerandomiseerde gecontroleerde studie
met langere follow-up.
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Karsten en Philip, mijn kerels. ‘Even wachten, ik kom er zo aan’. Ik zal dat echt nog wel
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toonden jullie interesse, begrip en fysieke en mentale steun tijdens drukke tijden. Ik voel
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Aan het einde van dit proefschrift past een kleine
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Als teamsporter ontdek je dat er altijd mensen zijn die dingen beter kunnen dan jijzelf. Leren
zien dat anderen je kunnen en soms moeten aanvullen is van grote waarde. Het samenwerken
met die mensen leidt daarom vaak tot een mooi resultaat. Of je dan wint of verliest; als de
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manuscript dan ook. Omdat er geen vaste toetsmatrijs is, is dit proces open voor wat betreft
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Het mogen doormaken van deze eigen wetenschappelijke ontwikkeling maakt mij vrolijk,
trots en nederig tegelijk.
Het is af, ik stap van het veld, het was een mooie pot. Op naar de volgende wedstrijd, maar
eerst een lekker herstel-traininkje.
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“Sports medicine: only a team can make the difference.”
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