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Abstract

Purpose: Hip pain is very common in athletes. One of the main disorders causing hip pain is femoroacetabular impingement
syndrome. This study aimed to identify a new etiological risk factor for femoroacetabular impingement in the hip.
Methods: This case—control study included 88 young athletes, 34 with pains in the hip (supposedly with femoroacetabular
impingement) and 54 controls. Femoroacetabular impingement was diagnosed with a flexion, adduction, internal, and
rotation test and a particular type of hip pain during sports activities. The medial (internal) and lateral (external) hip
ranges of rotation have been measured with an inclinometer. The data were analyzed using a t-test, the Wilcoxon test,
the Mann—Whitney U test, and logistic regression.

Results: There is a statistically significant difference in the external hip rotation range between the athletes with hip
pain and controls. Logistic regression analysis showed that external hip range of motion is significantly associated with
femoroacetabular impingement.

Conclusion: Limited external hip range of motion was found to be significantly associated with the diagnosis of
femoroacetabular impingement in young athletes. A biomechanical explanation of the hypothesis that limited external
hip rotation can predict femoroacetabular impingement is given. Based on our results, the hip’s lateral range of motion
screening can be advised within the regular screening of young athletes. Kinesiotherapeutic procedures for stretching
the muscles of the medial hip rotors can be advised to prevent the lateral hip rotation restriction and lower the risk of
femoroacetabular impingement in case the limited rotation is due to muscular restriction.

Level of evidence: level lll—case—control study.
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Introduction The characteristic of FAI syndrome is a pain in the hip
or groin (possibly in the back, buttock, or thigh), typically
motion-related or position-related, with symptoms occur-
ring during or after sports activity (e.g. football), or with a
supraphysiological ROM (e.g. dance, gymnastics).! FAI is

Hip pain is very common in athletes. One of the main dis-
orders causing hip pain is femoroacetabular impingement
(FAI) syndrome.! FAI is a condition of abnormal contact
between the proximal femur and the acetabulum which do
not come into contact in the normal physiological range.?
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regarded as an etiological risk factor for the development
of early osteoarthritis in non-dysplastic hips.® High activ-
ity level in young athletes is closely related to the develop-
ment of FAI (cam-type is more often seen in children).”8

An international multidisciplinary agreement on the
diagnosis, treatment principles, and key terminology relat-
ing to FAI syndrome (the Warwick Agreement on FAI syn-
drome) was made in 2016.° FAI syndrome is defined as a
motion-related clinical disorder of the hip with a triad of
symptoms, clinical signs, and imaging findings, which
represents symptomatic premature contact between the
proximal femur and the acetabulum.’

FAI has been recognized recently as a health condition
that is an important contributor to hip pain and the number
of patients being treated for FAI has risen sharply in many
countries”!? (among others in the United States,'"!> the
United Kingdom,!* and Turkey'#). FAI was found to be
very common in an asymptomatic population: a study on
1076 asymptomatic patients showed that the prevalence
of radiological FAI findings in the adult population was
29.6% in Turkey.!*

The athletes with symptomatic FAI are at a great perfor-
mance disadvantage compared with healthy competitors.
A study' indicated that arthroscopic correction (including
labral repair) in athletes with symptomatic FAI restored
athletic performance within 1 year. Meta-analysis'® aiming
to compare the outcomes of patients with FAI syndrome
treated with hip arthroscopy with those treated with physi-
cal therapy alone showed that patients treated with hip
arthroscopy had statistically superior hip-related outcomes
in the short term compared with those treated with physi-
cal therapy alone.

Another article!” highlighted that young active indi-
viduals with FAI syndrome should be primarily treated
with physiotherapist-led interventions and as a second-
ary option, surgical interventions. The physiotherapist-
led interventions suggested were hip and trunk muscle
strengthening, functional and plyometric retraining, and
optimization of ROMs. !’

The type of pain in FAI syndrome is typical; the most
commonly used test, flexion, adduction, internal, and rota-
tion (FADIR), is sensitive but not specific.'® A recent
study'® aimed to evaluate the inter-rater agreement and
diagnostic accuracy of clinical tests to detect patients with
FAI syndrome. The conclusion was that the clinical tests
for FAI (among which FADIR test) in combination with a
hip ROM test may be used to accurately identify patients
who potentially have FAI syndrome."’

This study aimed to discover factors that are correlated
with the FAI syndrome in young athletes. Factors consid-
ered were the medial and lateral hip rotation ROMs. In this
study, limited lateral hip rotation ROM was found to be
significantly associated with the diagnosis of FAI in young
athletes. Another factor, medial hip rotation did not seem
to be related to the FAI syndrome.

Material and methods

The results of a case—control study, level of evidence 3b
are presented here.

Participants were 88 children athletes that trained in
soccer, basketball, volleyball, handball, ballet, and other
sports, 63 males and 25 females aged 8—17 years. The case
group consisted of 34 children diagnosed with FAI syn-
drome. The control group consisted of 54 children of simi-
lar age that come to the Sports medicine center for the
control checkup.

Since four children had symptoms of FAI on both sides,
there were 38 sides with the symptoms of FAI (cases) and
138 healthy sides (controls). Thirty children were having
the symptoms of FAI on one side, most of them on the left
side. All children were examined at a regular checkup by a
sports physician at Novi Sad Health Care Centre, Sports
Medicine Center in the period from 1 February 2018 to 1
June 2018.

The inclusion criteria for all study participants were
aged between 8 and 17years, that they regularly trained
and were not absent from the training in the previous
6 months, and willingness of children and their parents to
provide informed consent.

The exclusion criteria for all participants were muscle
injuries of the legs, gluteal, abdominal, and lumbar regions,
positive tests for lumbar radiculopathy, painful torso move-
ments, urinary tract infections, hyperlaxity, or any systemic
disorder that may result in joint hypermobility (like Ehlers—
Danlos syndrome). The case group consisted of the children
with FAI syndrome diagnosed by two of three elements of
the triad (symptoms and clinical signs). The inclusion criteria
for the control group were that they are athletes of the same
age, same sports, and the similar number of training hours as
children in the case group, but without symptoms and clini-
cal signs of the FAI syndrome.

The factors were chosen by measuring the anthropo-
metric characteristics of patients in everyday practice and
knowing the basic mechanical principles. The case group
had two positive segments of the triad of the FAI syn-
drome: the positive FADIR test and the characteristics of
hip pain connected to sports activities.”!

In all cases, FADIR tests were by a single experienced
physician. Hip medial (internal) and lateral (external)
ROMs were measured in degrees by the baseline bubble
inclinometer Fabrication Enterprises, Inc using the method
described in book? (Figures 1 and 2).

Hip external rotation is defined as the lateral rotary
movement of the femur in the transverse plane around its
longitudinal axis away from the midline; it is also called
lateral rotation. Hip internal rotation is defined as the
medial rotary movement of the femur in the transverse
plane around its longitudinal axis toward the midline; it is
also called medial rotation.?!

Started position for both measurements was seated,
with hip and knee flexed to 90 degrees and a folded towel
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Figure |. Measuring hip medial rotation.

under the thigh. Weight was equally distributed over both
ischial tuberosities. After instructing the patient in the
motion desired, the patient’s hip was medially (or later-
ally) rotated through the available ROM by keeping the
thigh stationary and moving the leg, foot, and ankle later-
ally (or medially) (Figures 1 and 2). During measurement,
examiner’s hand stabilized the thigh against the table. The
inclinometer was placed as in Figures 1 and 2 and the
angles at maximal ROMs were recorded.

A single experienced sports physician took all the mea-
surements by inclinometer in all children. To prevent bias,
at the moment of measurement, he did not have informa-
tion on which children had pains in the hip.

After the measurement with the inclinometer, the child
was asked whether he or she had the pain in the hip and to
explain the type of the pain and the FADIR test was done
by the same examiner. The examiner had an extensive
clinical experience (more than 15 years) in the assessment
and treatment of people with hip and groin pain.

Statistical analysis was performed using Dell Inc.
(2016) Dell Statistica (data analysis software system), ver-
sion 13 (Round Rock, TX, USA; software.dell.com) and
MedCalc Statistical Software version 18.2.1 (MedCalc
Software bvba, Ostend, Belgium; http://www.medcalc.
org; 2018).

Descriptive analysis was first conducted. Furthermore,
the data were analyzed using #-tests, the Mann—Whitney U
test, the Wilcoxon matched-pair test, and binary logistic
regression.

By #-test for dependent samples and the Wilcoxon
matched-pair test, the medial and lateral hip ROMs were

Figure 2. Measuring hip lateral rotation.

compared in the affected and non-affected sides in 30 chil-
dren who had FAI only on one side. By #-test for indepen-
dent samples and Mann—Whitney U test, the medial and
lateral hip ROMs were compared in all affected sides (38)
with the medial and lateral hip ROMs in all non-affected
sides (all sides in the control group and non-affected sides
of the case group, 138 altogether).

A binary logistic regression was performed with inde-
pendent variables: lateral hip ROM and medial hip ROM
and a dependent variable representing the presence (or
absence) of FAIL A logistic regression model was made,
and a receiver operating characteristics (ROCs) curve was
then calculated.

Post hoc sample size calculation was done in the
MedCalc Statistical Software considering correlation coef-
ficients obtained, Type I error rate alpha 0.05, and power
0.95. In the results reported the sample sizes were adequate
for the required rates of Type I error and power. The
records with missing data were excluded from the study.

The study was approved by the Ethical committee of
Novi Sad Health Care Centre (no. 21/44-1). The subjects
and their parents provided their informed consent to par-
ticipate in the study. Experiments reported in the manu-
script were performed by the ethical standards of the
Helsinki Declaration.

Results

Participants were 88 children athletes (soccer, basketball,
volleyball, handball, ballet, and others) (63 males and 25
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females) aged 8-17years (mean = standard deviation
(SD)=11.83 = 2.04). The case group consisted of 34 chil-
dren  diagnosed with FAI  syndrome  aged
(mean = SD)=11.71 = 2.04. The control group consisted
of 54 children aged (mean = SD)=11.91 = 2.06. The num-
bers of training hours per week were 4-6, median 5, same
in the case as well as in the control group.

By the D’Agostino—Pearson test for normal distribu-
tion of logarithmic transformation of differences (between
affected and non-affected sides in 30 persons who had
FAI only on one side) of the external hip rotation ROM,
we can accept the assumption of normality (p=0.1263).
The difference in the logarithmic transformation of the
average external hip rotation ROM (between affected and
non-affected sides in 30 persons who had FAI only on one
side) was found to be statistically significant by #-test for
dependent samples (1=6.79, p <0.0001). Since there was
a relatively small number of cases, the result was con-
firmed by Wilcoxon matched-pair test (Z=4.35,
»<0.0001). By the D’ Agostino—Pearson test for normal
distribution of differences (between affected and non-
affected sides in 30 persons who had FAI only on one
side) of the internal hip ROM, we can accept the assump-
tion of normality (p=0.4690).

The difference in the internal hip ROM in affected and
non-affected sides of cases with FAI (by #-test for depen-
dent samples) was not found to be statistically different
(t=0.358, p=0.7229). Since there was a relatively small
number of cases, the result was confirmed by the Wilcoxon
matched-pair test (Z=0.11, p=0.91). The external and
internal hip rotation ROMs were further compared in all
affected sides (38) with the external and internal hip rota-
tions in all non-affected sides (all sides in the control group
and non-affected sides of the case group, 138 altogether).

The average external rotation ROM in all affected sides
was (mean £ SD)=34.39° + 3.78°, 95% confidence inter-
val=(33.15°,35.64°). The average external rotation ROM
in all non-affected sides was (mean == SD)=45.20° = 6.98°,
95% confidence interval=(44.03°,46.38°). The average
external rotation ROMs were found to be statistically dif-
ferent (1=9.17, p<0.0001) comparing all affected and all
non-affected sides.

The average internal rotation ROM in all non-affected
sides was (mean = SD)=42.84°*+4.59°, 95% confidence
interval (41.33°,44.35°). The average internal rotation ROM
in all non-affected sides was (mean = SD)=43.96° £ 7.06°,
95% confidence interval=(42.77°,45.15°). Since the
assumptions of normality and homoscedasticity were vio-
lated, the Mann—Whitney U test was used for comparison of
the external and internal hip rotation ROMs in all affected
sides with the corresponding ROMs in all non-affected
sides.

The statistical significance of the difference in the aver-
age external rotation ROM in all affected sides compared
with the same ROM in all non-affected sides was

confirmed by the Mann—Whitney U test (Z=7.70,
p<<0.0001). By the Mann—Whitney U test (Z=1.07,
p=0.28), it was confirmed that the difference in average
internal rotation ROMs between all affected and all non-
affected sides was not statistically significant.

Logistic regression analyses showed that the limited
external rotation ROM was a good predictor of the pres-
ence of FAI 85.23%. The limited external rotation range
was significantly associated with the probability of the
presence of FAI (p <0.0001, Wald’s test). The variance
explained in the final model by Nagelkerke R> was
0.535.

By logistic regression, coefficients —0.3 and 10.8 were
obtained; hence, the probability that a person with a value
x of the variable representing a range of external rotation
would have FAI is given by formula (1)

1

P(x)= (1+exp(-03x+10.8)) M

Using this formula, the value x for cut-off value 0.5 was
calculated

1

P(x):( =05

1+ exp(—0.3x +10.8))

The solution to this equation is 36°. If the angle of
external rotation is less than 36°, one can conclude that a
person might have FAI syndrome. The discrimination abil-
ity of the ROC curve according to the value of the area
under the curve (0.908) is excellent.

Discussion

To the authors’ knowledge, this study is the first one that
points out the association between insufficient limited lat-
eral rotation and FAI in young active sportspersons.

Statistical analysis showed a statistically significant
difference in lateral rotation ROM in the case group com-
pared with the control group. Logistic regression showed
that the variable representing the lateral rotation ROM is a
good predictor of the presence of FAIL

The results of this study showed that the diagnosis of
FAI and the limited lateral rotation ROM was in a strong
correlation. Future studies are needed to establish some
further causal relationships between these two variables.
However, we hypothesize that the limited external rotation
ROM can predict FAI appearance on the same side, and
this is explained biomechanically. Reduced external rota-
tion of the hip is caused by the internal hip rotator muscle
shortening. Shortening of the internal hip rotators and
reduced external rotation ROM is frequently present in
some sports and some types of training.?>?* There is accu-
mulated evidence that some types of intensive training
cause shortening of the internal rotators of the hip.
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For example, in the case of soccer, at the moment of the
player’s kicking the ball, internal rotation of the hip of
the support leg occurs (in other words, the contraction of
the muscles of the internal rotators of the hip happens).

Moreover, shifting and rotating the upper body are
common elements of a soccer game that also influence
the shortening of the hip rotators. According to a
study,?* hip ROM decreases gradually with each year of
soccer playing.

After intensive football training, as a consequence,
the muscles of the hamstrings, quadriceps femoris, and
the internal rotators of the hip that support the foot are
shortened, which causes a limited range of external rota-
tion. Consequently, external rotation of the hip is not in
the physiological range that is necessary for specific
movements in sports. We suppose that in case of reduced
external rotation, to make some movements, compensa-
tory retroversion of the hip takes place to maintain nec-
essary mobility. In this way, a larger surface of the
contact between the acetabulum and the head of the
femur is obtained. This contact causes repetitive micro-
trauma that could finally lead to FAI. Acetabular retro-
version is a malorientation of the acetabulum in the
sagittal plane, and it is associated with changes in load
transmission across the hip. The pathophysiological
basis of acetabular retroversion is an anterior acetabular
hyper-coverage and an overall pelvic rotation.?> Our
hypothesis is that attempt to produce some movements
in the case of reduced external rotation produces slight
acetabular retroversion, which finally leads to FAI due
to repetitive microtrauma.

A confirmation of this hypothesis would also be the
fact that a high percentage of soccer players have
reduced external rotation of the hip, and at the same
time, a high percentage of them have initial changes in
the hip. In retroversion of the hip, a contact of the ace-
tabulum and the femur occurs, which is today accepted
by the consensus as a condition for the occurrence of
changes in the hip. This can be confirmed by radiogra-
phy or magnetic resonance imaging (MRI) records in
the case of FAI syndrome.

Some participants of the study, young soccer players
had pain in the backside of the groin of the support leg dur-
ing running. The pain stopped after the running ended. All
of them had a positive FADIR test on that leg and also,
they had a limited range of the external rotation of the hip.
As already mentioned, the biomechanical explanation is
that at the moment of kicking the ball, the internal rotation
of the hip of the support leg occurs (in other words, the
contraction of the muscles of the internal rotators of the
hip happens). Consequently, after intensive football train-
ing, the muscles of the hamstrings, quadriceps femoris, are
shortened, and the internal rotators of the hip support foot
are shortened which might cause a limited range of exter-
nal rotation and FAI syndrome.

Some of the cases in the study were young ballet danc-
ers. In ballet, if the external rotation of the hip is limited,
according to the data from the literature, a compensatory
lumbar hyperlordosis leading to retroversion of the hip can
happen.?® In the retroversion of the hip, a contact of the
acetabulum and femur occurs, which is today accepted by
the consensus as a condition for the occurrence of changes
in the hip. This is also seen on the RTG or MRI records in
the case of FAI syndrome.

There are published studies that indirectly support our
results. There is strong evidence that lower total hip ROM of
both hips is a risk factor for the development of groin pain.?’?®

The studies that are compatible with our results are
those indicating that there is a high percentage of FAI in
young athletes.?>** Another study determined evidence
of radiographic hip abnormality in 72% of male and
50% of female elite soccer players. In particular, ace-
tabular retroversion is determined by the presence of a
crossover or ischial spine sign in 10% of female and
27% of male soccer players.’! A study?* indicated
decreased hip rotation ROM in soccer players hypothe-
sizing that this is due to compensatory musculoskeletal
changes occurring in response to long-standing soccer
practice since childhood.

Some studies concluded that decreased hip ROM is a
common finding in patients with FAI and precedes athletic
chronic groin injury.>> However, studies up to now connected
FAI with the limited internal rotation®*3* and not with lim-
ited external rotation. Conclusions in a study** were that 8%
of asymptomatic teenagers had limited internal rotation of
the hip and 68% of these had radiographic findings sugges-
tive of FAIL. More than two-thirds of these participants had
evidence of asymptomatic hip pathological lesions on MRI.
In a study,® the impact of long-term high-intensity training
in different sports on hip joint anatomic parameters in ath-
letes (trampolinists and weightlifters) has been determined.

In a recent systematic review,”” it is concluded that screen-
ing for the hip ROM is unlikely to correctly identify an ath-
lete at risk because of the small ROM differences found,
which were lower than the known measurement errors. A
systematic review with meta-analysis®® stated that no rela-
tionships between sports-related groin pain were found with
hip internal or external rotation ranges of movement.

Limitations of the study

The main limitation of this study is that the FAI syndrome
diagnosis has been done by two elements of the triad (pains
in sports activities and positive FADIR test), the MRI was
not performed.

Another limitation is that in this study we supposed
that the cause of limited external rotation is muscular.
Although the patients with visible femoral anteversion
were excluded, the femoral anteversion may be present
to some extent.
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Finally, in this study, we measured the hip rotation
ROM seated with the hip in flexion. In some studies, the
hip rotation ROM is measured also in two additional
positions: the dorsal decubitus (supine) and ventral decu-
bitus (prone) with the hip in extension. It is indicated that
the hip rotation ROM can be measured in the three posi-
tions with no significant difference, and with satisfactory
interobserver reproducibility for each.?” In other studies,
it was concluded that the measures in different positions
were different.’®3° However, it was noted that a moderate
degree of association exists between measurements of the
hip ROM in the prone versus seated position.* Measures
of the external hip ROM are different due to gravitation,
in the case of a sitting position the gravitation is against,
and in the case of a prone position, gravitation helps the
movement.*®

Future studies can be performed with the group in
which FAI diagnostics is also confirmed by MRI or RTG.
Further investigation toward non-athletic individuals and/
or older individuals with FAI, concerning the association
with a limited lateral rotation ROM, is also needed.

Conclusion

The results of this case—control study demonstrated that
the diagnosis of FAI and the limited lateral rotation ROM
is in a strong association in young athletes.

Since there is a strong association between the FAI and
the limited external hip rotation at the side of the painful
hip, the screening of the lateral ROM of the hip is advised
within the regular screening of the young athletes. In the
case of limited external rotation, before starting exercises
that are to increase it, a radiograph of the hip joints should
be performed to make sure that we are not dealing with
diminished anteversion of the femoral neck, coxa protrusa
or other bone pathology within the hip joint.
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