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Background: Current knowledge of the effect of changes in posture and the way cam morphol-
ogy of the hip joint may affect hip range of motion (ROM) is limited.

Purpose: To determine the effect of changes in pelvic tilt (PT) on hip ROM and with/without
the presence of cam.

Study design: This was a cross-sectional study.

Materials and methods: The hip ROM of 87 subjects (n=61 young elite skiers, n=26 nonath-
letes) was examined using a goniometer, in three different seated postures (flexed, neutral, and
extended). The hips of the subjects were further subgrouped into cam and no-cam morphology,
based on the magnetic resonance imaging findings in the hips.

Results: There was a significant correlation between the hip ROM and the seated posture in
both extended and flexed postures compared with the neutral posture. There was a significant
decrease in internal hip rotation when the subjects sat with an extended posture with maximum
anterior PT (p<0.0001). There was a significant increase in internal hip rotation when the sub-
jects sat with a flexed posture with maximum posterior PT (p<0.001). External rotation was
significantly decreased in an extended posture with maximum anterior PT (p<0.0001), but there
was no difference in flexed posture with maximum posterior PT. The hips with cam morphology
had reduced internal hip rotation in all three positions, but they responded to the changes in
position in a similar manner to hips without cam morphology.

Conclusion: Dynamic changes in PT significantly influence hip ROM in young people, inde-
pendent of cam or no-cam morphology.

Keywords: hip, cross-sectional studies, rotation, hip joint, range of motion (articular), pelvis,
posture, magnetic resonance imaging

Introduction

Femoroacetabular impingement syndrome (FAIS) is defined as a combination of
symptoms, clinical signs, and imaging findings (abnormal morphology).' The abnor-
mal morphology of FAIS can be divided into two categories, occurring alone or as
a combination of both: cam (femoral based) and pincer (acetabular based).>> Cam
morphology refers to a less spherical femoral head. A measure that quantifies this
sphericity is the oi-angle; the larger the o-angle, the less the sphericity, and in previous
studies a threshold of >55° has been considered clinically relevant (Figure 1).5° The
mechanism of cam-type impingement is a collision between the abnormally formed
femoral neck/head (cam) and the acetabular margin during hip flexion and internal
rotation of the hip.* FAIS has been associated with reduced internal rotation of the hip
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Figure | The a-angle is used to define the presence of cam morphology and, in this
study, a threshold of >55° has been considered relevant.

in 90° of flexion, reduced passive hip flexion, and a positive
impingement test.>!0-12

Hip range of motion (ROM) is affected by many
parameters such as age, pain, degenerative changes, and
hip morphology.'*'* Skiing, both Mogul and Alpine, is a
sport that exposes the body to great forces (high speed and
G-forces).'>'7 The hips and spine act as important dampers
for these forces and are placed in vulnerable positions in
both flexion and extension. There is a constant shift in the
motion of the hips, from extended to an almost maximally
flexed position. In Mogul skiing, acrobatic jumps also lead
to high forces that affect the hips and spine when landing.
Force transfer is dependent on adequate ROM, where joints
of adjacent segments interact and their positions affect each
other.

Ross et al demonstrated in patients with FAIS, using
three-dimensional models of the hips from computed tomo-
graphic scans, that an increase in anterior pelvic tilt (PT)
resulted in a significant decrease in internal hip rotation and
an increase in posterior PT resulted in a significant increase in
internal hip rotation.'® No previous studies, that we are aware
of, describe how hip ROM is clinically affected by posture;
this study therefore focuses on how hip ROM is affected by
posture assessed by clinical measurements.

The purpose of the present study is to 1) investigate
how different postural positions and PT affect hip ROM, 2)
investigate whether there is a difference in response to these
dynamic changes between hips with a magnetic resonance
imaging (MRI)-verified a-angle >55° (cam morphology) and
hips with an a-angle <55° (no-cam morphology), and 3) vali-
date the study method of MRI and goniometer examinations.

Materials and methods
All the students attending the Are Ski Academy (grades 14,
n=76), elite skiers between 16 and 20 years of age of both

genders, were invited, both orally and in writing, to participate
in this cross-sectional study.

To recruit nonathletes, two of the authors visited several
high schools and presented the project orally in class. The
nonathletes were included in the study to cover different
aspects of society. Written information was also handed
out. The invited nonathletes were all first-year high-school
pupils, of both genders, and lived in the same geographical
area as the skiers.

Seventy-five skiers and 27 nonathletes agreed to partici-
pate in the present study.

The exclusion criteria for both groups were previously
diagnosed hip, spine, or pelvic disease, anomalies, and previ-
ous surgery on the hips, spine, or pelvis (Figure 2).

The MRI examinations were performed at the Radio-
graphic Department, Ostersund Hospital, Sweden, and
clinical testing was carried out at the Are Ski Academy and
at the Orthopedic Department, Ostersund Hospital, Sweden.

Participation was completely voluntary and the partici-
pants could withdraw at any time. Written informed consent
was given by all the individuals and, for participants younger
than 18 years, written informed consent was also obtained
from their parents.

The present study was approved by the Regional Ethical
Review Board at Sahlgrenska Academy, Gothenburg Univer-
sity, Gothenburg, Sweden (ID number: 692-13).

The subjects in the images in the present study are identi-
fiable and therefore written informed consent for publishing
the images was obtained prior to publication.

MRI examination

All subjects underwent MRI on both hips without contrast.
The MRI equipment was a GE Optima 450 Wide 1.5T (GE
Healthcare Bio-Sciences Corp, Piscataway, NJ, USA), at
Ostersund Hospital, Sweden. Cor T2 Fat Sat and Ax 3D
Cube sequences were obtained at an angle on the femoral
neck using a coil surface of HD 8 Channel Cardiac Array
(GE Healthcare Bio-Sciences Corp). The o-angle was
measured on the superior half of the femoral head. Seven
measurements, from 9 o’clock to 3 o’clock (180°), were
used to determine the morphological features of the femo-
ral head—neck junction (Figures 3 and 4).* Measurement of
the o-angle was performed according to Notzli et al.'"” The
a-angle was measured between the femoral neck axis and a
line from the center of the femoral head to a point at which the
contour of the femoral head—neck junction exceeds the radius
of the femoral head. In the present study, cam morphology
was considered to be present when the oi-angle was >55°.5°

148 submit your manuscript

Dove

Open Access Journal of Sports Medicine 2018:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Position of pelvis and spine influences hip ROM

Skiers (alpine and mogul)
(n=75)

Nonathletes
(n=27)

Enrolled participants (n=102)
53 females and 49 males

3 participants were excluded due to
the exclusion criteria as follows:
1 skier had diagnosed FAIS
2 non-athletes reported previous
high level of activity

\ 4

10 participants did not undergo
MRI or clinical examinations due
to failure to attend

investigations

Females (n=36), males (n=16)

v
MRI (n=89)
2 participants did not undergo
»] clinical examinations due to
failure to attend investigations
y
MRI and clinical examinations
(n=87)
\ 4 \ 4
No cam (n=52) Cam (n=35)

Females (n=10), males (n=25)

Figure 2 Prisma diagram presenting the participants enrolled in the present study and the MRI results concerning the presence of cam morphology among them.
Abbreviations: MRI, magnetic resonance imaging; FAIS, femoroacetabular impingement syndrome.

Figure 3 Hip joint with normal morphology of the head—neck junction.

Figure 4 Hip joint with cam morphology (o-angle >55°).
Note: MRI examination of a male skier showing cam morphology with an o-angel
above >55° (arrow).
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Reliability of oi-angle measurements

A resident radiologist, under the guidance of a senior con-
sultant radiologist, measured the o-angle. The radiologists
had no prior information about the subjects. The subjects’
names and the social security number of each subject were
removed from the MRI examinations and replaced by a num-
ber. The images were measured according to a standardized
protocol, including standardized assessments of the o-angle,
as previously described. To test the interobserver reliability,
MRI images were selected randomly from 10 participants
and were reexamined by a consultant radiologist.

Clinical examination

All the examinations were performed by two of the authors
(CA and ASA) following a standardized schedule to optimize
the accuracy of the measurements. Both CA and ASA per-
formed the intra-observer tests. Four months passed between
the first and second examination. The subjects included in
the intra-observer test confirmed that there were no clinical
relevant changes in their health between the two examina-
tions, otherwise they would be excluded. Interobserver tests
were performed comparing CA and ASA; the test was per-
formed on the same day and the examiners were blinded to
each other’s measurements. Both the intra- and interobserver
tests included 10 of the skiers.

The sitting position was selected because it made it pos-
sible in a standardized manner to investigate the relationship
between the position of the pelvis and lumbar spine and the
hip ROM. To increase the reliability of the sitting examina-
tion, according to Reichenbach et al, a special chair was
constructed to allow participants to sit freely with their legs
hanging over the edge (Figure 5).%° Sitting with both hips
and knees placed at a 90° angle, the thighs were held in
position by four wooden bolsters to prevent hip abduction/
adduction translation. Due to the anatomical differences in
the thigh circumference distally, a 1-cm thick pad was placed
under the distal femurs to ensure that the femurs were in a
horizontal position.

To standardize the sitting position, the subjects were
instructed to focus on a point straight ahead on the wall
and fold their arms across their chest, with their hands on
opposite shoulders.

Sitting hip joint internal and external
rotation ROM testing

A goniometer is widely used for evaluating patient ROM
and it has been used in previous studies in terms of cam
morphology in athletes.”*"** In the present study, a digital

Figure 5 Participant sitting with a neutral posture, with both hips and knees at a
90° angle and the thighs held in position by four wooden bolsters to prevent hip
abduction/adduction translation.

goniometer (DG) was used (HALO Medical Devices,
Australia).” Measurements of the internal and external
rotation of the hip joints were made using the DG, cali-
brated, zeroed, and handheld, along a marked reference
line along the tibial border (Figure 6). The reference line
made it possible to set the goniometer laser beams during
the measurement, to optimize the accuracy. Measurements
of the lumbar spinal sagittal position using the Debrunner
kyphometer (Protek AG, Bern, Switzerland), were car-
ried out as described by Todd et al.*** PT was measured
clinically using the PALM palpation meter (Performance
Attainment Associates, St Paul, MN, USA) as previously
described by Todd et al and Azevedo et al.?*?” The anterior
superior iliac spine (ASIS) was palpated anteriorly to the
most superior prominent protrusion of the iliac crest and
the posterior superior iliac spine (PSIS) was palpated pos-
teriorly to the most prominent protrusion of the iliac crest.
The caliper tips, of the PALM palpation meter, were placed
on ASIS and PSIS and firmly compressed as suggested by
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Figure 6 Clinical assessment of internal and external hip rotation using a digital
goniometer.

Gajdosik et al?® and the angle of PT was measured on both
sides and recorded in degrees.

When measuring the internal and external rotation of
the hips, the lumbar spine position was reevaluated, using
the kyphometer, before changing sides, to ensure the same
lumbar position when measuring both hips. One examiner
stabilized the thigh and pelvis on the examined side and
passive rotation (internal or external) was then performed,
to the point of initial resistance, by the other examiner. The
examiner stabilizing the thigh and pelvis also observed the
initial movement of the pelvis, which matched the end point
of hip rotation palpated by the other examiner. In this way, the
accuracy of the hip rotation was double-checked. The rota-
tion was recorded in degrees. Internal and external rotation
was measured in three different sitting postures as follows.

Neutral posture
In the neutral posture, the subject was instructed to sit in an
upright position, thus creating a vertical line from his/her

shoulder to the hip. The lumbar spine position and the angle
of PT were measured in degrees. Internal and external rota-
tions of the hips were examined as described above and the
rotation was recorded in degrees (Figure 7).

Extended posture

The subjects were instructed to tilt their pelvis forward maxi-
mally and arch their lumbar spine in order to increase pelvic
anterior tilt and lumbar lordosis. The lumbar spine position
and the angle of PT were measured in degrees. In this posi-
tion, passive internal and external hip rotation was measured
in degrees. The participants were instructed to adopt a neutral
posture between each test for a short rest duration, before
measuring the other hip (Figure 8).

Flexed posture (slump position)

The participants were instructed to tilt their pelvis backwards
maximally and flex their lumbar spine, essentially increas-
ing pelvic posterior tilt and lumbar kyphosis. The lumbar

Figure 7 Participant sitting with a neutral posture.
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Figure 8 Participant sitting with an extended posture, with maximum anterior
pelvic tilt.

spine position and angle of PT were measured as previously
described. In this position, passive internal and external hip
rotation was measured in degrees. The participants were
instructed to adopt a neutral posture between each test for a
short rest duration and the slump position was remeasured
before measuring the other hip (Figure 9).

Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows,
version 24.0 (IBM Corporation, Armonk, NY, USA). The
description of data was given in terms of the mean and stan-
dard deviation. The normal distribution of the data was tested
with a Kolmogorov—Smirnov test. The intra- and inter-rater
reliability of the measurements was determined with the
intraclass correlation coefficient (ICC, 2,1) (two-way random
model, absolute agreement, single measurements). To catego-
rize the level of agreement between ICC values, we used the
classification system proposed by Shrout and Fleiss. ICC
values <0.40 represent poor reliability, values between 0.4

Figure 9 Participant sitting with a flexed posture, with maximum posterior pelvic
tile.

and 0.75 represent fair to good, and values >0.75 represent
excellent reliability. Standard error of the mean (SEM), a
reliability statistic which quantifies measurement error in the
same units as the original measurement, was calculated as
SEM = SD V (1 — ICC), where SD is the standard deviation
of the difference between observations. All the tests were
two-sided and significance was set at p<0.05 for each test.

An independent two-sample f-test was used to compare
hip ROM, pelvic and lumbar positions between the hips with
cam morphology and those without. A dependent #-test for
paired samples was used to compare hip ROM dependent
on the position of the pelvic and lumbar spine. Pearson
chi-square test was used to evaluate the distribution of cam
between the genders.

Results

The result of the interobserver test (ICC) analysis for the
a-angle indicated a good level of agreement (o-angle ICC
0.75 [SEM 1.8)).
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The result of the intra-observer test (ICC) for all physical
examinations indicated an excellent agreement (internal rota-
tion ICC 0.78 [SEM 1.23], external rotation ICC 0.82 [SEM
0.77]). The interobserver test (ICC) indicated an excellent
level of agreement (internal rotation ICC 0.94 [SEM 1.11],
external rotation ICC 0.91 [SEM 0.76]).

Table 1 presents the baseline characteristics of the entire
study population. Seventy-five skiers, 35 females and 40
males, agreed to participate. Twenty-seven nonathletes, 18
females and 9 males, agreed to participate in the present
study. Three subjects had to withdraw from the study due
to the exclusion criteria. Failure to attend investigations
meant that MRI data from only 89 participants and physical
examination data from 87 participants were available for the
final analysis (Figure 2). In 87 participants, altogether 174
hips were analyzed.

According to the MRI results, a total of 53 hips were
shown to have cam morphology with no difference in the
distribution between right and left. Thirty-five subjects had
cam and 21% had bilateral cam. There was a significant
difference (p=0.001) between the prevalence of cam mor-
phology between females (22%) and males (61%) (Table 1).

Compared with the neutral posture, there was a significant
decrease in internal hip rotation when the subjects sat with
an extended posture with maximum anterior PT (p<0.001).
On the other hand, there was a significant increase in inter-
nal hip rotation when the subjects sat with a flexed posture
with maximum posterior PT (p<0.001, Table 2). Compared

Table | Baseline characteristics of all subjects and stratified by
group

All subjects Cam No cam p-value
(n=87) (n=35) (n=52)
Age (years)? 17.7 (1.3) 18.1 (1.2) 17.4 (1.3) 0.019
Sex, n (%)
Female 46 (53) 10 (22) 36 (78) <0.001*
Male 41 (47) 25 (61) 16 (39)

Notes: *Values are represented as mean (SD). *Chi-square test, cam/no-cam
prevalence between females and males.

Table 2 Pelvic tilt, internal and external hip rotation of all hips
in three different positions of the lumbar spine, independent of
cam morphology

Variable Neutral Max p-value Max p-value®
extension flexion

Pelvic tilt =-3.1 8.4 <0.001 -I13.6  <0.001

Internal 34.8 24.0 <0.001 389 <0.001

rotation (°)

External 36.7 30.8 <0.001 365 0.53

rotation (°)

Note: *Paired t-test between neutral and max flexion.

with the neutral posture, there was a significant decrease in
external hip rotation when the subjects sat with an extended
posture with maximum pelvic anterior tilt, compared with the
neutral posture (p<0.001), but no significant difference was
observed between neutral posture and when the subjects sat
with a flexed posture with maximum posterior PT (Table 2).

With an 11.5° increase in anterior tilt of the pelvis there
was a 10.8° decrease in internal hip rotation compared with
internal rotation when sitting with a neutral posture. When the
posterior tilt was increased by 10.5°, compared with a neutral
posture, there was a 4.1° increase in internal hip rotation.

No significant differences were found between the hips
with or without cam when analyzing how the posture of the
pelvis and lumbar spine affects hip ROM (Table 3). Hips
with cam morphology had reduced internal hip rotation
(but not external hip rotation) in all three positions, but they
responded to the changes in position in a similar manner
to hips without cam morphology. There was a significant
correlation between the o-angle and internal rotation of the
hip. Hips with large o-angles demonstrated a significantly
reduced internal rotation meaning that the larger the o-angle
the lower the internal rotation. This was found among both
the skiers and nonathletes.

Discussion

The most important finding in the present study shows that
there is a correlation between hip ROM and the position of
the pelvis and the lumbar spine (flexed, neutral, extended
posture). Hips with cam morphology had reduced internal hip
rotation (but not external hip rotation) in all three positions,
but they responded to the changes in position in a similar
manner to hips without cam. Moreover, the study method
displayed good to excellent reliability.

Using three-dimensional models of the hip, Ross et al
demonstrated that, in patients with FAIS, an increase of 10°
in anterior PT resulted in a significant decrease in internal
hip rotation in 90° of flexion.'® They also demonstrated that a
10° increase in posterior PT resulted in a significant increase
in internal hip rotation in 90° of flexion. This correlates well
with the clinical findings in the present study.

Moreover, the present study showed that there was no
difference in the response to the position changes between
hips with MRI-verified cam morphology (o-angle >55°)
and those without. However, the hips with cam had reduced
internal hip rotation in all three positions, ranging between
20.3°and 32.5°, compared with the hips without cam, ranging
between 25.5° and 40.9°. Agnvall et al previously described
this in detail in the same group of asymptomatic subjects.'?
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Table 3 Pelvic tilt, internal and external hip rotation of all hips in three different positions of the lumbar spine, comparing hips with

cam vs no cam

Variable Neutral Max extension p-value Max flexion p-value*
Cam, pelvic tilt -3.6 7.8 <0.001 -133 <0.001
No cam, pelvic tilt =27 8.8 <0.001 —-13.6 <0.001
Cam, internal rotation (°) 30.3 20.5 <0.001 343 <0.001
No cam, internal rotation (°) 375 259 <0.001 41.6 <0.001
Cam, external rotation (°) 36.0 29.5 <0.001 35.0 0.36

No cam, external rotation (°) 36.9 30.8 <0.001 36.8 0.8l

Note: *Paired t-test between neutral and max flexion.

The results of this present study indicated that cam mor-
phology results in potential premature contact between the
proximal femur and the acetabulum, thereby reducing hip
ROM, but the hip joint is affected by changes in posture in
the same way, independent of cam morphology.

In a laboratory study of cadaveric human pelvises, Bir-
mingham et al showed that, when a hip with cam morphology
was internally rotated, the motion at the pubic symphysis
increased significantly more compared with a hip without
cam morphology.*® This implies that the loss of hip ROM
imposes higher demands on surrounding structures, increas-
ing the risk of overload injuries. For this group of young elite
athletes, this may be highly relevant.

In young male football players, Agricola et al showed that
cam morphology develops gradually during growth, but, after
growth plate closure, there is no significant increase in the
prevalence of cam.?' Baranto et al showed that the weakest
part of the growing porcine lumbar spine, when compressed
into flexion and extension, was the growth zone.** The ring
apophysis might fuse to the vertebrae as late as at the age of
24-25 years, which is several years later than the develop-
ment of cam morphology.**** Therefore, it may be possible
that a reduction in hip ROM, caused by cam morphology,
forces the lumber spine to increase kyphosis, to measure
the demands of elite skiing; perhaps, this could increase the
anterior load on the open ring apophysis causing overload
injuries/growth disturbances.

Thoreson et al showed that elite Mogul skiers have sig-
nificantly greater spinal radiological abnormalities compared
with nonathletes.’ Witwit et al showed that Alpine and Mogul
skiers have significantly more degenerative disc changes
compared with nonathletes.* The correlation between back
problems and hip ROM has been recognized among patients
undergoing total hip arthroplasty where it has been showed
that patients with multilevel degenerative disc disease (DDD)
sit with significantly more hip flexion than spine flexion
compared with patients without DDD.?” They also sit and

stand with an increased posterior PT. This indicates a possible
causal correlation between spinal pathologies and hip ROM
and further investigation of the relationship is of importance.

Clinical relevance

The results of this study contribute to the increasing knowl-
edge on cam morphology in young athletes. The effect of the
pelvic and lumbar position on hip ROM and vice versa are
clinically relevant not only for preventing injuries on these
anatomic areas among young athletes but also for a general
understanding of the function of the hip and spine. It is of
importance to identify a decreased hip ROM, caused by a cam
morphology, as early as possible not only so that the athletes
can be guided when training to prevent overload injuries on
surrounding structures, but also to avoid damaging and pain-
ful collisions of the cam morphology with the acetabulum.

Strengths and limitations

The method included both athletes and nonathletes of both
genders living in the same geographical area with a relatively
large cohort size. A larger sample group might, however, have
revealed greater differences between the hips with and without
cam. The inclusion criteria in the present study selected only
a healthy population; however, this may have limited the abil-
ity to distinguish greater differences in ROM in the presence
of cam morphology, compared with a symptomatic group.
Other limitations include accuracy and interpretation of the
radiological measurements. Clinical examination is always
dependent on the examiner, but we attempted to increase the
accuracy by limiting the number of examiners to just two and
using a standardized method. The study method was validated
with good results for both the MRI and goniometer methods
and this observation strengthens the results in the present
study. It is believed that the development of cam morphology
does not occur once the growth plate is closed and the skeleton
is mature.**' All the subjects in the present study had closed
growth plates in the hip and were in this way comparable.
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Conclusion

Changes in PT and posture (flexed, neutral, or extended)
significantly influence hip ROM in hips with or without cam
morphology. The hips with cam morphology had reduced
internal hip rotation in general, but the effect of PT and
posture on hip ROM was the same in both the hips with or
without cam. The intimate relationship between hip ROM,
PT, and lumbar spine posture is important and must be taken
into consideration during a clinical examination.
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