Original Research

Sex-Specific Differences in Hip Muscle
Cross-sectional Area and Fatty Infiltration
in Patients With Femoroacetabular
Impingement Syndrome

Mirjam V. Douma,*" MSc, Nicola C. Casartelli,** PhD, Reto Sutter,S MD, Michael Leunig,H MD,
and Nicola A. Maffiuletti,*Y PhD

Investigation performed at Human Performance Lab, Schulthess Clinic, Zurich, Switzerland

Background: Patients with femoroacetabular impingement syndrome (FAIS) show sex-specific differences in hip muscle function,
hip morphology, and symptoms. Possible differences in hip muscle characteristics between men and women with FAIS are
unknown.

Purpose: To compare hip muscle cross-sectional area (CSA) and fatty infiltration between men and women with FAIS and
investigate possible associations with patient-reported outcomes.

Study Design: Cohort study; Level of evidence, 3.

Methods: We retrospectively analyzed preoperative axial pelvic magnetic resonance imaging scans of 104 patients (54 women)
who underwent hip surgery for FAIS. The main outcome measures were side-to-side percentage asymmetry in hip muscle CSA
and involved-side fatty infiltration as measured with the Goutallier scale for a total of 10 hip muscles. Patient-reported outcomes
included duration of hip symptoms, iIHOT-12 (12-item International Hip Outcome Tool), and Hip Sports Activity Scale.

Results: Women showed larger hip abductor muscle CSA asymmetry than men (P = .018), particularly for the gluteus medius
(P = .049), while men exhibited more fatty streaks (grade 1) in the gluteus medius (P = .015) than women. Duration of symptoms
was associated only with fatty infiltration of obturator externus in men (rs = -0.55, P = .018). iHOT-12 was associated with CSA
asymmetry of the gluteus minimus (r =-0.41, P = .011) and iliopsoas (r = -0.36, P = .028) in men and with piriformis fatty infiltration
(rs =-0.56, P = .030) in women. The Hip Sports Activity Scale was associated with iliopsoas CSA asymmetry (rs = 0.32, P = .026)
and with fatty infiltration of the tensor fasciae latae (rs = —-0.45, P = .046) and obturator externus (rs = -0.50, P = .023) in women.
Conclusion: Patients with FAIS demonstrated few sex-specific quantitative and qualitative alterations of hip muscles. Women
showed greater hip abductor muscle atrophy than men, particularly for the gluteus medius, while men showed a higher degree of
fatty infiltration in this same muscle. The duration of hip symptoms was not associated with muscle atrophy. Patient-reported hip
pain/function and sport activity level were only moderately associated with isolated muscular variables.
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Femoroacetabular impingement syndrome (FAIS) is
a motion-related condition of the hip joint. It is caused by
early contact between the proximal femur and acetabulum
during hip flexion and rotations, and it results in hip pain
and intra-articular lesions.®!! FAIS is frequently diag-
nosed in generally young and active individuals upon a
triad of symptoms, clinical signs, and radiological fea-
tures.™! Notably, FAIS seems to be a risk factor for the early
development of hip osteoarthritis (OA),'® particularly in
the presence of a structural alteration of the proximal
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femur (cam morphology),! while acetabular overcoverage/
retroversion could be present (pincer morphology).®
Patients with FAIS report hip pain and dysfunction during
activities of daily living and sports.!! Significant deficits of
hip muscle strength (ie, muscle weakness) have also been
observed,®16:21.26 ggpecially for the hip adductors and
flexors,® which may contribute to FAI-related functional
limitations. Importantly, strength deficits were observed
when patients with FAIS were compared with healthy con-
trols®®2¢ and when the involved hips of FAIS cases were
compared with the contralateral hips (side-to-side asymme-
try).16 Hip muscle weakness in FAIS could be explained by
neural and/or muscular factors. The former typically result
in suboptimal or improper activation of agonist muscles
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(activation failure)® and/or antagonist or synergistic muscles
(co-contraction), while the latter mainly include quantitative
(muscle atrophy) and qualitative (eg, intramuscular fatty
infiltration)?° alterations occurring within the muscle.

Recent findings indicate that patients with FAIS present
signs of hip muscle atrophy. For instance, Malloy et al®?
quantified the cross-sectional area (CSA) bilaterally for 17
hip and thigh muscles in 50 patients with unilateral FAIS
(64% of women). They found a significantly smaller CSA on
the involved side for 3 muscles (gluteus maximus, gluteus
minimus, and rectus femoris), which shows the presence of
muscle atrophy, but they did not account for sex as a potential
effect modifier. Indeed, previous research has demonstrated
sex-specific differences for hip flexor and extensor muscle
strength in patients with FAIS, with women showing greater
strength deficits (asymmetries) than men.*®?! In addition,
sex-related differences in hip symptoms, hip morphology,
and hip/pelvic kinematics during gait were observed in
patients with FAIS, which potentially influence hip muscle
function. Specifically, women had more pronounced hip
symptoms?® and less severe cam morphology than men,'3
while unilateral vs bilateral FAIS-related hip alterations in
gait kinematics were observed in women and men, respec-
tively.'® We recently identified some interesting associations
between hip abductor strength asymmetry and patient-
reported hip symptoms and dysfunction in women with FAIS,
whereas in men, hip flexor strength asymmetry was corre-
lated to the severity of the underlying cam morphology.?!

To better understand some of the factors underlying
these sex-specific differences in hip muscle strength as well
as hip symptoms and function, it appears legitimate to
investigate quantitative and qualitative properties of the
main hip muscles in male vs female patients with FAIS.?
Hence, the main aims of this study were to compare hip
muscle CSA asymmetries (primary outcome) and fatty infil-
tration (secondary outcome) between men and women with
FAIS. It was hypothesized that women would show greater
muscle atrophy and fatty infiltration than men. Addition-
ally, we investigated potential sex-specific associations
between hip muscle properties and patient-reported out-
comes (tertiary outcomes).

METHODS

Study Design

A series of patients who had a diagnosis of FAIS and were
scheduled for hip surgery at our institution was
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retrospectively evaluated. Initially, a total sample size of
100 patients (50 women and 50 men) was defined a priori
with a power analysis (G*Power 3.1).'® We estimated an
effect size of 0.77 based on previously reported gluteus max-
imus CSA asymmetry in men® and women®® with hip OA.
Considering an alpha level of 0.05, a power of 0.95 (1 — p),
and a 2-tailed ¢ test, the calculation indicated that a total
sample size of 90—rounded to 100 (50 in each group)—was
required for detecting a significant difference in hip CSA
asymmetry between women and men with FAIS. The study
was conducted in accordance with the Declaration of
Helsinki ethical principles for medical research involving
human subjects. The study protocol received institutional
review board approval, and all participants provided
informed consent.

Patients

The inclusion criteria were as follows: (1) diagnosis of FAIS
based on symptoms (eg, hip pain, clicking, catching, stiff-
ness), clinical signs (eg, limited range of motion, positive
impingement test), and imaging findings (cam or pincer
morphology on plain radiographs) by a hip surgeon from
our institution!; (2) age between 16 and 55 years; (3) uni-
lateral hip surgery for FAIS between January 2014 and
December 2019; (4) availability of preoperative axial plane
pelvic magnetic resonance imaging (MRI) in the imaging
database of our institution; and (5) availability of preoper-
ative 12-item International Hip Outcome Tool (i(HOT-12)
score in the FAIS outcome registry of our institution. Exclu-
sion criteria were previous hip surgery of the involved and
contralateral hips and contralateral hip surgery in the 12
months after surgery of the involved hip. Because FAIS
may present bilaterally® and in this study the contralateral
hip was treated as a healthy control hip for calculating side-
to-side asymmetries, it was important to rule out patients
with problems affecting the contralateral hip.

Assessment of Muscle CSA and Fatty Infiltration

Measurements of muscle CSA and fatty infiltration were
conducted upon a standardized protocol on axial-plane
single-slice MRI scans for a total of 10 hip muscles. All
measurements were performed by the first author, a phys-
ical therapist with 6 years of experience, under the super-
vision of a radiologist (head physician). Skewed MRI slices
were systematically excluded by visual inspection. Three
anatomic landmarks were used to define the axial plane
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Figure 1. Axial pelvic magnetic resonance imaging of a rep-
resentative woman with femoroacetabular impingement syn-
drome at the anatomic landmark levels of the (A) anterior
inferior iliac spine (GMax, gluteus maximus; GMed, gluteus
medius; GMin, gluteus minimus; IL, iliopsoas; Piri, piriformis),
(B) center of the femoral head (S, sartorius; TFL, tensor fas-
ciae latae), and (C) inferior border of the greater trochanter
eminence (OE, obturator externus; P, pectineus; QF, quadra-
tus femoris).

on the MRI sequence where the measures were executed:
anterior inferior iliac spine (gluteus maximus, gluteus
minimus, gluteus medius, piriformis, iliopsoas) (Figure 1A),
center of the femoral head (tensor fascia latae, sartorius) (Fig-
ure 1B), and inferior border of the greater trochanter emi-
nence (obturator externus, pectineus, quadratus femoris)
(Figure 1C). The allocation of the evaluated muscle to 1 of
the 3landmarks was based on previous studies®*3%3* as well
as on anatomic and feasibility considerations.

Muscle CSA was measured bilaterally using HOROS
software (version 3.3.5; Nimble Co) with a dedicated tablet
and pen (Wacom Cintiq Tablet; Wacom). The software
allowed manual tracing of the muscle boundary and calcu-
lation of muscle CSA using the region-of-interest tool. All
CSA measurements were conducted using a standardized

Hip Muscle Characteristics in FAIS 3

procedure to minimize bias, starting with the left side and
from proximal to distal. Muscle atrophy was quantified as
the side-to-side percentage asymmetry (hereafter, CSA
asymmetry) in single-muscle CSA, calculated as follows:
(uninvolved hip — involved hip)/uninvolved hip x 100. For
CSA asymmetry, the 10 muscles were also semiarbitrarily
grouped according to their primary or secondary function®®:
hip flexors (iliopsoas, tensor fasciae latae, sartorius), hip
extensors (gluteus maximus), hip abductors (gluteus med-
ius and minimus), hip adductors (pectineus), and hip exter-
nal rotators (piriformis, obturator externus, and quadratus
femoris). The absolute CSA of each muscle contributing to a
given function (eg, gluteus medius and minimus for hip
abduction) was summed to provide a total absolute CSA
by side. The CSA asymmetry formula was then applied on
these data to respect the contribution of single hip muscles
with different CSAs within a functional group.

Hip muscle fatty infiltration was evaluated on
T1-weighted MRI scans of the involved hip, which were
available for ~40% of the patients. We used the Goutallier
classification system, which is a 5-level scale that rates the
grade of intramuscular fat content as follows (Figure 2):
grade 0, no fatty infiltration; grade 1, some fatty streaks;
grade 2, more muscle than fat; grade 3, equal amount of
muscle and fat; grade 4, more fatty infiltration than
muscle.°

Patient-Reported Outcomes

We evaluated 3 patient-reported outcome measures. The
first was the iHOT-12 German version, which is a validated
short version of the 33-item iHOT.'2 This questionnaire
was designed to assess hip symptoms and functional limita-
tions, sports and recreational activities, and job-related
concerns as well as aspects of the social, emotional, and
lifestyle domain in young and active patients with hip dis-
orders.'? The score ranges from 0 to 100, with 100 indicat-
ing the best quality-of-life score.!? The second outcome
measure was the Hip Sports Activity Scale (HSAS), a vali-
dated tool to quantify the sports activity level of patients
with FAIS.2% The HSAS is a 9-level scale ranging from 0 to
8, where 8 represents competitive sport at the elite level.?®
The third outcome measure was the duration of symptoms
in months, as obtained from a single standardized ques-
tion.® Medication intake was retrieved from the database
of our institution as a part of a preoperative health history
patient questionnaire.

Statistical Analyses

Data were tested for normality using Kolmogorov-Smirnov
tests. Descriptive statistics were calculated for general
patient characteristics, hip muscle CSA, hip muscle fatty
infiltration, and patient-reported outcomes. Continuous
data were presented as mean and standard deviation (ratio
or interval data) or median and percentile (ordinal data),
whereas categorical data were presented as numbers and
prevalence. Differences between women and men in gen-
eral characteristics and patient-reported outcomes were
evaluated using unpaired 2-tailed ¢ tests (ratio or interval
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Figure 2. Representative magnetic resonance imaging scans of 3 patients with different degrees of fatty infiltration for gluteus
minimus (GMin) and gluteus medius (GMed) muscles based on the Goutallier classification system. (A) GMin, grade 0; GMed, grade
0. (B) GMin, grade 1; GMed, grade 0. (C) GMin, grade 2; GMed, grade 1.

data) or Mann-Whitney U tests (ordinal data). Differences
between involved and uninvolved hip muscle CSA were
evaluated using paired 1-tailed ¢ tests. Differences between
women and men in hip muscle CSA asymmetry and fatty
infiltration were evaluated using unpaired 1-tailed ¢ tests
(ratio or interval data) or Mann-Whitney U tests (ordinal
data). Effect sizes for sex-related differences in CSA asym-
metries were calculated with Cohen d. Associations
between hip muscle CSA asymmetry and patient-reported
outcomes were tested using Pearson (ratio or interval data;
r) or Spearman (ordinal data; rg) correlation coefficients,
whereas Spearman correlation coefficients were used for
hip muscle fatty infiltration vs patient-reported outcomes.
Intrarater test-retest reliability of hip muscle CSA and
fatty infiltration measures was assessed twice by the
same rater in a sample of 20 patients (10 women and
10 men), with an interval of 2 weeks between the assess-
ments. Reliability of hip muscle CSA was evaluated using
standard errors of measurement and intraclass correla-
tion coefficients (3,1). Reliability of hip muscle fatty infil-
tration was evaluated using percentage agreement and
Cohen weighted kappa coefficients. Missing data were
not replaced, and only complete data pairs were ana-
lyzed. Statistical analyses were conducted with SPSS
Statistics Version 26.0 (IBM). P values <.05 were consid-
ered significant.

RESULTS

General Characteristics and Patient-Reported
Outcomes

A total of 104 patients (54 women and 50 men) were
included in this study. The women and men were similar
in age (P = .801), although women had a significantly lower
body mass index than men (P < .001) (Table 1). The

TABLE 1
General Characteristics and Patient-Reported Outcomes
by Sex®
P
Patient Characteristics All Women® Men® Value
Age,y 30+9 30£10 308 .801
Weight, kg 70+£12 62+9 78+10 <.001
Height, cm 174+8 168+6 1797 <.001
BMI, kg/m? 23+3 21+3 24+3 <.001
Right side affected 61(59) 31(58) 30(60)
Medication intake .068
Medication 45(46) 30(60) 15(32)
No medication 52 (54) 20(40) 32(68)

Time from MRI to surgery, 11+14 10+12 11+17 .569
mo

Patient-reported outcomes
iHOT-12 (range, 0-100) 46+20 41+18 50+21 .037
HSAS (range, 0-8) 3 [1-5] 3 [0-4] 4[1-5] .160
Symptom duration, mo 35+39 33+43 37135 .609

“Data are reported as mean + SD, median [interquartile range],
or No. (%). Bold P values indicate statistically significant difference
between men and women (P < .05). BMI, body mass index; HSAS,
Hip Sports Activity Scale; iHOT-12, 12-item International Hip
Outcome Tool; MRI, magnetic resonance imaging.

®Sample sizes for women: n = 54 for age, weight, height, BMI,
time between MRI and surgery; n = 51 for duration of symptoms,
HSAS; n = 42 for iHOT-12; n = 50 for medication intake.

“Sample sizes for men, n = 50 for age, weight, height, BMI, time
between MRI and surgery; n = 48 for duration of symptoms, HSAS;
n = 47 for medication intake; n = 40 for iHOT-12.

iHOT-12 score was significantly lower in women than men
(P = .037). No significant sex-specific differences were
observed for HSAS score (P = .160), duration of symptoms
(P = .609), medication intake (P = .068), and interval
between MRI scan and surgery (P = .569).
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TABLE 2
Hip Muscle CSA by Muscle, Side, and Sex®
CSA, cm?

Hip Muscle: Sex Involved Hip Uninvolved Hip Mean Difference (95% CI) P Value
Gluteus maximus

Women® 38.0+6.9 384+17.0 0.4 (0.4 to 1.2) .164

Men® 486+ 7.9 49.5+ 8.6 1.0 (0.2 to 2.6) .050
Gluteus medius

Women 21.8+ 3.6 22.5+ 3.6 0.7 (0.0 to 1.4) .022

Men 28.7+5.3 28.4+4.0 -0.3 (1.1 to 0.5) 217
Gluteus minimus

Women 11.2+2.1 11.9+3.3 0.7 (0.1 to 1.5) .035

Men 14.6+2.5 14.8 2.7 0.2 (-0.2 to 0.6) .188
Piriformis

Women 6.5+24 6.8+ 2.5 0.3 (0.0 to 0.6) .020

Men 10.5+ 3.6 10.7 £ 3.7 0.2 (0.2 to 0.7) 142
Iliopsoas

Women 11.3+24 114+1.9 0.1(-0.2 to 0.4) 221

Men 16.2+2.8 159+2.2 -0.2 (-0.6 to 0.1) .108
Tensor fasciae latae

Women 44+14 43+1.1 —0.1 (0.3 to 0.2) .322

Men 6.8+ 1.7 6.8+1.5 0.0 (0.2 to 0.3) .485
Sartorius

Women 2.7+0.6 2.6+0.6 —-0.0 (0.1 to 0.1) .310

Men 3.6+0.8 3.6+0.7 0.0 (=0.1t0 0.1) 433
Obturator externus

Women 18.2+3.3 18.2+3.4 —-0.0 (-0.5 to 0.5) 434

Men 22.5+5.3 22.7+4.8 0.2 (0.4 to 0.9) 219
Pectineus

Women 7.6+2.0 75+1.8 —-0.0 (0.4 to 0.3) .384

Men 114+ 23 11.7+2.2 0.3 (-0.2 to 0.7) 101
Quadratus femoris

Women 53+1.5 55+14 0.1(-0.1to 0.4) 175

Men 6.8+ 1.7 6.7+15 -0.1(-0.4 to 0.2) .319

“Data are reported as mean + SD unless otherwise indicated. Bold P values indicate statistically significant difference between involved

and uninvolved hips (P < .05). CSA, cross-sectional area.

bSample sizes for women: n = 51 for gluteus maximus, gluteus medius, gluteus minimus, and iliopsoas; n = 52 for piriformis, tensor fasciae
atae, sartorius, and quadratus femoris; n = or obturator externus and pectineus.
lat: t d dratus f 53 for obturat t d t

“Sample sizes for men: n = 46 for gluteus maximus, gluteus medius, gluteus minimus, piriformis, and quadratus femoris; n = 47 for
iliopsoas, obturator externus, and pectineus; n = 50 for tensor fasciae latae and sartorius.

Intrarater Test-Retest Reliability

All intraclass correlation coefficients for hip muscle CSA
measures ranged from 0.77 to 0.99 for the involved hip,
except for the obturator externus (range, 0.60-0.92), and
from 0.74 to 0.99 for the uninvolved hip. Standard errors
of measurement ranged from 0.08 to 2.08 cm? for the
involved hip and from 0.16 to 1.59 cm? for the uninvolved
hip. The Cohen weighted kappa coefficients for fatty infil-
tration ranged from 0.62 to 1.00 for the involved hip and
from 0.61 to 1.00 for the uninvolved hip, except for pirifor-
mis (0.23), with a percentage agreement ranging from 85%
to 100% and from 80% to 100%, respectively.

Muscle CSA

The sample size for muscle CSA differed from muscle to
muscle (n = 51-53 for women and n = 46-50 for men), as

certain muscles could not be entirely measured. The main
reasons were the lack of MRI slices at a specific anatomic
landmark and low qualitative images/slices with no detect-
able muscle boundary. Women showed a smaller CSA on
the involved side vs the uninvolved side for 3 muscles: glu-
teus medius (P = .022), gluteus minimus (P = .035), and
piriformis (P = .020) (Table 2). No other significant differ-
ences in muscle CSA were observed between the involved
and uninvolved hips.

Gluteus medius CSA asymmetry was significantly
larger in women than men (P = .049), with a small
effect size (Table 3). For all other muscles, no sex-
specific difference was observed for CSA asymmetries.
This was true also when considering hip muscles
grouped by function, as women showed larger CSA
asymmetry for hip abductors than men (P = .018),
while no sex-related differences were observed for the
other muscle groups.
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TABLE 3
Hip Muscle CSA Asymmetries by Sex and Muscle/Muscle Group®

CSA Asymmetry, %,

CSA Asymmetry, %,

Hip Muscle Mean (95% CI) P Value ES Hip Muscle Group? Mean (95% CI) P Value ES
Gluteus maximus .298 -0.108 Hip extensors .298 -0.108
Women® 0.7 (-1.4 to 2.8) Women 0.7 (-1.4 to 2.8)
Men 1.5 (0.8 to 3.8) Men 1.5 (-0.8 to 3.8)
Gluteus medius .049 0.339  Hip abductors .018 0.443
Women 2.6 (-0.3 to 5.5) Women 3.2 (0.7 to 5.7)
Men -0.8(-3.8t02.1) Men -0.3 (2.4 to 1.8)
Gluteus minimus .079 0.289 Hip flexors 213 0.158
Women 3.9(0.2 to 7.8) Women 0.2 (-1.8 to 2.1)
Men 0.6 (-2.0 to 3.3) Men -0.9 (2.9 to 1.1)
Iliopsoas .085 0.279  Hip external rotators 371 -0.066
Women 1.1 (-1.5 to 3.7) Women 0.9 (-1.6 to 3.5)
Men -1.4(-3.8to 1.1) Men 1.5 (-0.9 to 4.0)
Tensor fasciae latae .325 -0.089 Hip adductors .158 -0.202
Women -0.1 (0.3 t0 0.2) Women -1.0 (5.1 to 3.0)
Men —-0.1 (4.2 to0 3.9) Men 1.7 (2.0 to 5.5)
Sartorius .180 -0.182
Women -2.1 (-5.8 to 1.5)
Men 0.0 (-3.0 to 3.1)
Obturator externus 144 -0.214
Women -1.0 (4.2t02.2)
Men 1.2 (-1.4 to 3.9)
Piriformis 281 0.118
Women 3.3(-1.2t07.9)
Men 1.5 (2.9 t0 5.9)
Quadratus .163 0.200
Women 1.5 (-3.2 t0 6.3)
Men -1.7 (-6.3 t0 2.9)
Pectineus .158 -0.202
Women -1.0 (5.1 to 3.0)
Men 1.7 (2.0 to 5.5)

“Positive percentages (asymmetries) indicate a smaller CSA on the involved side when compared with the uninvolved side. Bold P values
indicate statistically significant difference between men and women (P < .05). CSA, cross-sectional area; ES, effect size (calculated as

Cohen d).

*Hip extensors: gluteus maximus. Hip abductors: gluteus medius and minimus. Hip external rotators: piriformis, obturator externus, and

quadratus femoris. Hip adductors: pectineus.

“Sample sizes for women: n = 51 for gluteus maximus, gluteus medius, gluteus minimus, iliopsoas, hip extensors, and hip abductors; n = 52
for piriformis, tensor fasciae latae, sartorius, quadratus femoris, and hip flexors; n = 53 for obturator externus, pectineus, hip adductors, and

hip external rotators.

9Sample sizes for men: n = 46 for gluteus maximus, gluteus medius, gluteus minimus, piriformis, quadratus femoris, hip extensors, and
hip abductors; n = 47 for iliopsoas, obturator externus, pectineus, and adductors; n = 48 for hip external rotators; n = 50 for tensor fasciae
latae, sartorius, and hip flexors.

Fatty Infiltration

The total sample size for fatty infiltration was 42 or 43
patients (n = 22 for women and n = 20-21 for men), as only
a small proportion (41%) of the MRI scans were T1
weighted. Men showed a significantly higher degree of fatty
infiltration in the gluteus medius muscle than women
(P = .015) (Table 4). For all other muscles, no sex-specific
differences in fatty infiltration were observed.

Association of CSA Asymmetry and Fatty
Infiltration With Patient-Reported Outcomes

No significant correlations were found between hip
muscle CSA asymmetry and duration of hip symptoms.

The iHOT-12 score was significantly correlated to the CSA
asymmetry of the gluteus minimus (r = -0.407, P = .011)
and iliopsoas (r = -0.356, P = .028) muscles in men but not
women, with men with higher pain and dysfunction show-
ing greater muscle atrophy. The HSAS score was positively
correlated with iliopsoas CSA asymmetry (rg = 0.321,
P = .026) in women but not men. No other significant
correlations were observed.

Fatty infiltration of the obturator externus was nega-
tively associated with the duration of hip symptoms (rg =
—0.552, P = .018) in men but not women. The iHOT-12 score
was significantly correlated to piriformis fatty infiltration
(rg = -0.560, P = .030) in women but not men, with women
with higher pain and dysfunction showing greater fatty
infiltration. The HSAS score was significantly correlated
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TABLE 4
Hip Muscle Fatty Infiltration (Goutallier Grade) by Muscle and Sex”
Women® Men®
Grade 0 Grade 1 Grade 2 Grade 0 Grade 1 Grade 2 P Value
Gluteus maximus 1(5) 21 (95) 0(0) 4 (20) 16 (80) 0(0) .063
Gluteus medius 18 (82) 4 (18) 0(0) 10 (50) 10 (50) 0 (0) 015
Gluteus minimus 16 (73) 6 (27) 0(0) 16 (80) 3 (15) 1(5) .329
Piriformis 19 (86) 3 (14) 0(0) 19 (95) 1(5) 0 (0) 173
Iliopsoas 22 (100) 0 (0) 0(0) 19 (95) 1(5) 0 (0) .147
Tensor fasciae latae 7(32) 15 (68) 0(0) 9 (43) 12 (57) 0(0) .229
Sartorius 18 (86) 3(14) 0(0) 18 (86) 3(14) 0(0) .138
Obturator externus 18 (82) 4(18) 0(0) 19 (90) 2 (10) 0(0) .209
Pectineus 20 (91) 2(9) 0(0) 17 (81) 4 (19) 0(0) .176
Quadratus femoris 12 (55) 8 (36) 2(9) 14 (67) 7 (33) 0 (0) .161

“Data are reported as No. (%). Bold P value indicates statistically significant difference between men and women (P < .05).

bSample size for women: n = 22.

“Sample sizes for men: n = 20 for gluteus maximus, gluteus medius, gluteus minimus, piriformis, and iliopsoas; n = 21 for tensor fasciae
latae, sartorius, obturator externus, pectineus, and quadratus femoris.

to fatty infiltration of the tensor fasciae latae (rg = —0.450,
P = .046) and obturator externus (rg = —0.504, P = .023)
muscles in women but not men, with women with lower
levels of sport activity showing greater fatty infiltration.
No other significant correlations were observed.

DISCUSSION

The aims of the current study were to examine sex-
specific differences in hip muscle CSA asymmetry and
fatty infiltration in patients with FAIS and possible asso-
ciations with patient-reported outcomes. The main find-
ings were that women with FAIS had greater gluteus
medius muscle atrophy than men, while men had a
higher degree of fatty infiltration in the same muscle.
Another key finding was the greater hip abductor muscle
atrophy in women, when considering muscles grouped by
function. No significant sex-specific differences were
observed for the other hip muscles. Interestingly, the
duration of hip symptoms did not correlate with muscle
atrophy, just with fatty infiltration of the obturator exter-
nus muscle in men. Patient-reported hip pain/function
and sport activity level were only moderately associated
with isolated muscular variables.

Women showed significantly smaller CSA on the
involved vs uninvolved side for the gluteus medius, gluteus
minimus, and piriformis muscles. These results are in line
with the findings of Malloy et al,?? who were the first to
show the presence of atrophy in some hip muscles of
patients with FAIS. They found a significantly smaller CSA
for the gluteus maximus, gluteus minimus, and rectus
femoris muscles on the symptomatic side as compared with
the asymptomatic one, although they did not account for
sex as a potential confounding factor. In the current study,
we preferred to exclude the rectus femoris from the analy-
ses because its CSA was measured at the level of the center
of the femoral head (vs the inferior border of the acetabu-
lum in Malloy et al), which resulted in extremely small

CSAs. Interestingly, Malloy et al did not find any side-to-
side difference for gluteus medius muscle CSA, an
extremely important muscle for frontal-plane hip and pel-
vic stability during walking.®® A possible explanation for
this might be that sex-specific differences for gluteus med-
ius CSA asymmetry, as found in the current study, could
have masked significant muscle atrophy. However, the
sample size in the study of Malloy et al was relatively small
(n = 50) with an imbalanced sex distribution (64% of
women), which could have invalidated the comparison
between men and women. The lack of gluteus medius CSA
asymmetry was already reported by Mendis et al?* in
patients with acetabular labral joint pathology. Neverthe-
less, they highlighted the presence of gluteus medius atro-
phy in their patients as compared with a healthy control
group, thereby indicating possible bilateral involvement of
the gluteus medius muscle. This was explained by the pos-
sible influence of altered hip and pelvic biomechanics on
hip muscle size, even if these results were obtained from a
relatively small sample of 12 patients and 12 healthy con-
trols. Lewis et al'® demonstrated that FAIS-related hip
kinematic alterations occurred unilaterally in women vs
bilaterally in men. A speculative interpretation is that our
male patients could have shown bilateral gluteus medius
atrophy and/or fatty infiltration, but this was not verified
in our study as muscle CSA was not evaluated in healthy
controls and fatty infiltration was quantified only on the
involved side.

Surprisingly, Mastenbrook et al?® found larger gluteal
muscle volume in women with chronic hip pain as com-
pared with healthy controls, despite lower hip abductor
strength. One possible explanation that they proposed was
increased noncontractile tissue in the muscle (eg, intra-
muscular fat), which resulted in the overestimation of the
real amount of muscle mass. A similar interpretation could
be proposed to explain the lack of gluteus medius CSA
asymmetry for the male patients whom we tested (contrary
to women), in the presence of greater fatty infiltration with
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respect to their female counterparts. We cannot give a plau-
sible explanation for men having more intramuscular fat
than women, except for the significantly higher body mass
index of the former®” (mean + SD, 25 + 3 vs 22 + 3 kg/m?;
P = .001), which is suggestive of a greater proportion of
overweight men than women. However, no correlation was
found between body mass index and gluteus medius fatty
infiltration in our patients. It is important to bear in mind
that the sample size for fatty infiltration analyses was rel-
atively small (n = 42), as only T1-weighted MRI scans were
considered. Moreover, despite its ease of use, the Goutallier
classification system is highly subjective and has low reli-
ability.®® These findings therefore need to be interpreted
with caution.

Previous studies have demonstrated some differences in
hip muscle strength between women and men with
FAIS.162! Maffiuletti et al?! observed larger hip flexor
strength asymmetry in women, which cannot be explained
by the hip flexor muscle CSA results from the current study
(no significant CSA asymmetry in women and no sex-
specific differences for hip flexors). As mentioned, we did
not consider the rectus femoris muscle; consequently, hip
flexor muscles were not completely represented. The lack of
hip flexor muscle atrophy that we observed could have been
influenced by this choice. The patients tested by Maffiuletti
et al were younger than our patients (18-35 years) and had
no urgent indication for hip surgery. Accordingly, we
assumed that our patients, who were older and had a more
advanced stage of FAIS, would have displayed more pro-
nounced changes in hip muscle characteristics. In fact
Zacharias et al®® reported greater alterations of muscle vol-
ume and fatty infiltration of the glutei muscles in patients
with more advanced hip OA. However, no association
between the stage of the pathology and the extent of muscle
atrophy in patients with hip OA was found in a recent sys-
tematic review.1”

We expected smaller asymmetries in hip muscle CSA
than those previously reported for hip muscle strength.
Indeed, Arokoski et al® assessed hip muscle strength and
CSA in men with hip OA and observed smaller impair-
ments in muscle CSA (6%-13%) than in muscle strength
(13%-22%) when comparing the involved and contralateral
hips. Kierkegaard et al*® evaluated involved and contralat-
eral hip strength in 60 patients with FAIS (64% women)
scheduled for hip surgery and showed larger strength
asymmetries in women for hip flexors and extensors. In
contrast to these findings, we did not find any significant
sex-specific difference in hip extensor muscle CSA and
fatty infiltration.

Previous studies have demonstrated that women with
FAIS are more likely to have worse symptoms and greater
functional limitations than men.'*?® Consistent with the
literature, in our study, women had lower iHOT-12 scores
than men (41 + 18 vs 50 + 21), indicating higher hip pain
and dysfunction. Contrary to the expectations, however,
women did not show any significant associations between
muscle CSA asymmetries and hip pain/function, only
between iliopsoas CSA asymmetry and sport activity level.
Yet, men showed a significant association between muscle
CSA asymmetries and hip pain/function for the gluteus
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minimus and iliopsoas muscles. In agreement with the
findings of Malloy et al,?? we did not find any significant
association between the duration of hip symptoms and
muscle CSA asymmetries, just with obturator externus
fatty infiltration in men. Furthermore, fatty infiltration
was negatively associated to iHOT-12 for the piriformis
muscle and to HSAS for tensor fasciae latae and obturator
externus muscles in women. Contrary to these results, Mal-
loy et al presented positive correlations between preopera-
tive pain level and pectineus, tensor fasciae latae, obturator
externus, and adductor longus muscle CSA, therefore indi-
cating a possible link between hip muscle mass and pain.
Although self-reported hip pain and function were found to
correlate with strength asymmetries in women with
FAIS,?! it was not the case for CSA and fatty infiltration
in the current study. We hypothesize that muscle strength
is more likely to be associated with patient-reported out-
comes than muscle morphologic variables, likely because
of the influence of pain-related activation failure on func-
tional outcomes.

This well-powered study provided an overview of the dif-
ferences in quantitative and qualitative hip muscle charac-
teristics between women and men with FAIS. Early
identification of possible muscular alterations is clinically
important to address eventual deficits with tailored treat-
ment options. This study showed that the extent of muscle
atrophy and intramuscular fatty infiltration was specific
for isolated hip muscles and differed by sex. The growing
relevance of nonsurgical treatment options for FAIS stres-
ses the importance of exercise therapy with a particular
focus on hip-strengthening exercises.* Since women
showed more pronounced hip abductor muscle atrophy
than men, particularly for the gluteus medius muscle, we
suggest implementing specific strengthening exercises tar-
geting these muscles in female patients with FAIS. This
possibly has positive implications on hip dynamic stability
and functional task performance. Nevertheless, whether
hip muscle weakness or atrophy in patients with FAIS is
a causative factor or a consequence of FAI-related symp-
toms and movement impairments (eg, adaptive gait strat-
egies) is unclear and deserves further investigation.

Limitations

This study has some limitations that need to be acknowl-
edged. The main limitation is its retrospective design,
which implies that MRI scans were performed in different
hospitals and that no other concomitant measures of hip
muscle function were conducted (eg, muscle strength with
dynamometry or muscle activity with electromyography).
Another limitation is that muscle CSA and fatty infiltration
were assessed using only a single MRI slice. Indeed, muscle
CSA is just an estimate of the total muscle size. Mean CSA
measures on consecutive MRI slices over the whole muscle
length or volumetric muscle analysis is recommended for
future studies,?® also to adjust for possible skewness of the
axial MRI slices. The multicenter origin of the MRI scans
did not allow this procedure to be conducted in the current
study. In the same way, it is known that intramuscular fat
content varies within the muscle,2>®! which emphasizes
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the importance of finding standardized anatomic land-
marks or considering the whole muscle length. Therefore,
as a result of the intrinsic limitations of the Goutallier clas-
sification system discussed earlier and the lack of bilateral
assessments, our fatty infiltration results should be inter-
preted with extreme caution. Last, measurements were
performed by only 1 assessor and could not be completely
blinded to patient demographics and the involved side, as
some MRI scans had contrast agents in the hip joint.

CONCLUSION

Patients with FAIS presented some sex-specific quantita-
tive and qualitative alterations of the main hip muscles.
Women showed larger side-to-side asymmetry in gluteus
medius CSA, while men exhibited more fatty streaks in
this muscle. Women showed greater muscle atrophy for
the hip abductor muscle group. In neither women nor men
was the duration of hip symptoms associated with muscle
CSA asymmetries. Patient-reported hip pain and function
as well as sport activity level were only moderately asso-
ciated with isolated muscular variables, with no sex-
specific differences.

REFERENCES

1. Agricola R, Heijboer MP, Bierma-Zeinstra SMA, Verhaar JAN, Wei-
nans H, Waarsing JH. Cam impingement causes osteoarthritis of the
hip: a nationwide prospective cohort study (CHECK). Ann Rheum Dis.
2013;72:918-923.

2. Allen D, Beaulé PE, Ramadan O, Doucette S. Prevalence of associ-
ated deformities and hip pain in patients with cam-type femoroace-
tabular impingement. J Bone Joint Surg Br. 2009;91:589-594.

3. Arokoski MH, Arokoski JPA, Haara M, et al. Abstract hip muscle
strength and muscle cross sectional area in men with and without hip
osteoarthritis. J Rheumatol. 2002;29:2185-2195.

4. Casartelli NC, Bizzini M, Kemp J, Naal FD, Leunig M, Maffiuletti NA.
What treatment options exist for patients with femoroacetabular
impingement syndrome but without surgical indication? Br J Sports
Med. 2018;52:552-553.

5. Casartelli NC, Bizzini M, Maffiuletti NA, et al. Exercise therapy for the
management of femoroacetabular impingement syndrome: prelimi-
nary results of clinical responsiveness. Arthritis Care Res. 2019;71:
1074-1083.

6. Casartelli NC, Maffiuletti NA, Item-Glatthorn JF, et al. Hip muscle
weakness in patients with symptomatic femoroacetabular impinge-
ment. Osteoarthritis Cartilage. 2011;19:816-821.

7. Casartelli NC, Sutter R, Leunig M. Editorial commentary: do patients
with femoroacetabular impingement syndrome already show hip
muscle atrophy? Arthroscopy. 2019;35:1454-1456.

8. Diamond LE, Wrigley TV, Hinman RS, et al. Isometric and isokinetic
hip strength and agonist/antagonist ratios in symptomatic femoroace-
tabular impingement. J Sci Med Sport. 2016;19:696-701.

9. Ganz R, Parvizi J, Beck M, Leunig M, Notzli H, Siebenrock KA. Fem-
oroacetabular Impingement. Clin Orthop Relat Res. 2003;417:
112-120.

10. Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty mus-
cle degeneration in cuff ruptures: pre- and postoperative evaluation
by CT scan. Clin Orthop Relat Res. 1994;304:78-83.

11. Griffin DR, Dickenson EJ, O’Donnell J, et al. The Warwick Agreement
on femoroacetabular impingement syndrome (FAI syndrome): an
international consensus statement. Br J Sports Med. 2016;50:
1169-1176.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

Hip Muscle Characteristics in FAIS 9

Griffin DR, Parsons N, Mohtadi NGH, Safran MR. A short version of
the International Hip Outcome Tool (IHOT-12) for use in routine clinical
practice. Arthroscopy. 2012;28:611-618.

Hetsroni |, Dela Torre K, Duke G, Lyman S, Kelly BT. Sex differences
of hip morphology in young adults with hip pain and labral tears.
Arthroscopy. 2013;29:54-63.

Joseph R, Pan X, Cenkus K, Brown L, Ellis T, Stasi SD. Sex differ-
ences in self-reported hip function up to 2 years after arthroscopic
surgery for femoroacetabular impingement. Am J Sports Med. 2016;
44:54-59.

Kang H. Sample size determination and power analysis using the
G*Power software. J Educ Eval Health Prof. 2021;18:17.
Kierkegaard S, Mechlenburg I, Lund B, Sgballe K, Dalgas U. Impaired
hip muscle strength in patients with femoroacetabular impingement
syndrome. J Sci Med Sport. 2017;20:1062-1067.

Lawrenson PR, Crossley KM, Vicenzino BT, et al. Muscle size and
composition in people with articular hip pathology: a systematic
review with meta-analysis. Osteoarthritis Cartilage. 2019;27:
181-195.

Leunig M, Beaulé PE, Ganz R. The concept of femoroacetabular
impingement: current status and future perspectives. Clin Orthop
Relat Res. 2009;467:616-622.

Lewis CL, Khuu A, Loverro KL. Gait alterations in femoroacetabular
impingement syndrome differ by sex. J Orthop Sports Phys Ther.
2018;48:649-658.

Maffiuletti NA. Assessment of hip and knee muscle function in ortho-
paedic practice and research. J Bone Joint Surg Am. 2010;92:
220-229.

Maffiuletti NA, Bizzini M, Sutter R, et al. Hip muscle strength asym-
metries and their associations with hip morphology and symptoms
are sex-specific in patients with femoroacetabular impingement syn-
drome. Phys Ther Sport. 2020;42:131-138.

Malloy P, Stone AV, Kunze KN, Neal WH, Beck EC, Nho SJ. Patients
with unilateral femoroacetabular impingement syndrome have asym-
metrical hip muscle cross-sectional area and compensatory muscle
changes associated with preoperative pain level. Arthroscopy. 2019;
35:1445-1453.

Mastenbrook MJ, Commean PK, Hillen TJ, et al. Hip abductor muscle
volume and strength differences between women with chronic hip
joint pain and asymptomatic controls. J Orthop Sports Phys Ther.
2017;47:923-930.

Mendis MD, Wilson SJ, Hayes DA, Hides JA. Hip muscle atrophy in
patients with acetabular labral joint pathology. Clin Anat. 2020;33:
538-544.

Naal FD, Miozzari HH, Kelly BT, Magennis EM, Leunig M, Noetzli HP.
The Hip Sports Activity Scale (HSAS) for patients with femoroacetab-
ular impingement. Hip Int. 2013;23:204-211.

Nepple JJ, Goljan P, Briggs KK, Garvey SE, Ryan M, Philippon MJ.
Hip strength deficits in patients with symptomatic femoroacetabular
impingement and labral tears. Arthroscopy. 2015;31:2106-2111.
Pacicco T, Ratner S, Xi Y, et al. Pelvic muscle size and myosteatosis:
relationship with age, gender, and obesity. Indian J Radiol Imaging.
2019;29:155.

Perraton Z, Lawrenson P, Mosler AB, et al. Towards defining muscu-
lar regions of interest from axial magnetic resonance imaging with
anatomical cross-reference: a scoping review of lateral hip muscula-
ture. BMC Musculoskelet Disord. 2022;23:533.

Pfirrmann CWA, Notzli HP, Dora C, Hodler J, Zanetti M. Abductor
tendons and muscles assessed at MR imaging after total hip arthro-
plasty in asymptomatic and symptomatic patients. Radiology. 2005;
235:969-976.

Rasch A, Bystrom AH, Dalen N, Berg HE. Reduced muscle radiolog-
ical density, cross-sectional area, and strength of major hip and knee
muscles in 22 patients with hip osteoarthritis. Acta Orthop. 2007;78:
505-510.

. Semciw A, Lawrenson PR, Hoggarth M, et al. Heterogeneous adipos-

ity within gluteus minimus in healthy young adults. J Sci Med Sport.
2017;20:55.



10 Douma et al

32.

33.

Somerson JS, Hsu JE, Gorbaty JD, Gee AO. Classifications
in brief: Goutallier classification of fatty infiltration of the
rotator cuff musculature. Clin Orthop Relat Res. 2016;474:
1328-1332.

Springer |, Miller M, Hamm B, Dewey M. Intra- and interobserver
variability of magnetic resonance imaging for quantitative assessment
of abductor and external rotator muscle changes after total hip arthro-
plasty. Eur J Radliol. 2012;81:928-933.

34.

35.

36.

The Orthopaedic Journal of Sports Medicine

Sutter R, Kalberer F, Binkert CA, Graf N, Pfirrmann CWA, Gutzeit A.
Abductor tendon tears are associated with hypertrophy of the tensor
fasciae latae muscle. Skeletal Radiol. 2013;42:627-633.

Zacharias A, Pizzari T, English DJ, Kapakoulakis T, Green RA. Hip
abductor muscle volume in hip osteoarthritis and matched controls.
Osteoarthritis Cartilage. 2016;24:1727-1735.

Zimmer P, Appell HJ. Funktionelle Anatomie: Grundlagen sportlicher
Leistung und Bewegung. Springer; 2021.



	Sex-Specific Differences in Hip Muscle Cross-sectional Area and Fatty Infiltration in Patients With Femoroacetabular Impingement Syndrome
	METHODS
	Study Design
	Patients
	Assessment of Muscle CSA and Fatty Infiltration
	Patient-Reported Outcomes
	Statistical Analyses

	RESULTS
	General Characteristics and Patient-Reported Outcomes
	Intrarater Test-Retest Reliability
	Muscle CSA
	Fatty Infiltration
	Association of CSA Asymmetry and Fatty Infiltration With Patient-Reported Outcomes

	DISCUSSION
	Limitations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


