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Purpose: To investigate the relationship of muscle atrophy and fat infiltration

around the hip joint with areal bone mineral density (aBMD) in each subregion

of the proximal femur.

Materials andmethods: In total, 144 participants (66 women and 78men) were

examined by quantitative computed tomography (QCT), and areal bone

mineral density (aBMD) of the femoral neck (FN), trochanter (TR), and

intertrochanter (IT) of the proximal femur were obtained. The cross-sectional

area (CSA) and proton density fat fraction (PDFF) of the gluteus maximus

(G.MaxM), gluteus medius (G.MedM), gluteus minimus (G.MinM), and iliopsoas

(IliopM) were obtained via magnetic resonance imaging (MRI) using the

mDIXON-Quant sequence. A multivariate generalized linear model was used

to evaluate the correlation of the CSA and PDFF of muscles with aBMD in all

subregions of the proximal femur.

Results: The FN integral (Int) aBMD was significantly associated with the

G.MaxM CSA (men: P = 0.002; women: P = 0.008) and PDFF (men: P <

0.001; women: P = 0.047). Some muscle indexes were related to the FN aBMD

in males or females, including the CSA of G.MedM, G.MinM, and IliopM as well

as the PDFF of IliopM and G.MinM. Associations of hip muscle parameters with

the TR Int aBMD in both males and females were observed, including G.MaxM

CSA (men: P < 0.001; women: P = 0.028) and G.MaxM PDFF (men: P =

0.031; women: P = 0.038). Other muscle indexes, including G.MedM and

IliopM, were related to the TR aBMD, mainly affecting the aBMD of TR

cortical (Cort) and TR Int. The IT Int aBMD and IT Cort aBMD showed

significant correlation with the muscle indexes of G. MaxM, IliopM, and

G.MedM, including the PDFF and CSA in males and females. Further, more

indicators of the G.MedM and IliopM correlated with the TR and IT aBMD

compared to the FN aBMD.
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Conclusions: The CSA of gluteus muscles and iliopsoas had a positive

association with the aBMD in the proximal femur, and the PDFF of gluteus

muscles and iliopsoas had a negative correlation with the aBMD in the proximal

femur. In addition, there was an interaction of the proximal femur aBMD with

the muscle size and fatty infiltration of hip muscles.
KEYWORDS

muscle cross-sectional area, water/fat imaging, quantitative computed tomography
(QCT), proximal femur, bone mineral density (BMD)
Introduction

Osteoporosis is characterized by the absence of trabeculae

and cortical bone, which can be diagnosed on the basis of low

bone mineral density (BMD). Bone and muscle are closely

related in embryogenesis, growth, and aging, and the

interaction between bone and muscle is not only based on the

mechanical loads and physical forces generated by muscle

contraction but also on endocrine factors (1, 2). With the

increase of age, osteoporosis is often accompanied by

sarcopenia, which has been shown to be associated with low

BMD (3, 4). Many studies have demonstrated that changes in

bone mass are closely associated with changes in muscle mass. A

positive correlation exists between bone and muscle, with a

higher lean body mass associated with increased BMD and vice

versa (5–7). Fatty infiltration of muscle and bone is known to

contribute to sarcopenia and osteoporosis, most likely related to

the negative impact of the secretion of inflammatory cytokines

by both bone marrow and body fat in a process known as

lipotoxicity (8, 9). Osteoporosis is the most important risk factor

for fragility fractures, and osteoporotic fragility fracture of the

hip is one of the most common fracture types. Reduced muscle

mass and function leads to falls and a higher rate of hip

fractures. Osteoporosis and reduced skeletal muscle mass are

important risk factors for brittle hip fractures in the elderly (10,

11). Most previous studies have independently assessed muscle

and fatty infiltration based on dual energy X-ray absorptiometer

(DXA), while the direct relationship of muscle size and

intramuscular adipose tissue with the proximal femur BMD

has not been elucidated.

The modern Dixon technique uses water/fat separation

magnetic resonance imaging (MRI) based on chemical shift,

which quantifies intramuscular adipose tissue and shows good

consistency with magnetic resonance spectroscopy (MRS)

(12). However, MRI not only visualizes the anatomical

structure but also quantifies the proton density fat fraction

(PDFF) with good spatial resolution, short acquisition time,

and accurate fat quantification (13, 14). Computed tomography

X-ray absorptiometry (CTXA) is a QCTPro (Mindways Inc.,
02
Austin, TX) scanning analysis module, which generates two-

dimensional (2D) images from three-dimensional (3D) images

of the proximal femur region of interest (ROI) and evaluates the

areal BMD (aBMD) of integral (Int), trabecular (Trab), and

cortical (Cort) bone by region (femoral neck, FN; trochanter,

TR; intertrochanter, IT) (15). In contrast to DXA, quantitative

computed tomography (QCT) distinguishes cortical bone from

trabecular bone. For the measurement of aBMD in the proximal

femur, QCT aBMD has good consistency with DXA (16, 17).

To investigate the relationship between muscle atrophy and

fatty infiltration around the hip joint and aBMD in the proximal

femur, we used a six-echo chemical shift encoded water-fat MRI

(mDIXON-Quant, Philips Healthcare) to assess the muscle

PDFF representing the proportion of adipose tissue in muscle

and the cross-sectional area (CSA) representing muscle volume

around the hip joint. QCT was used to calculate the aBMD of the

proximal femur. In this prospective cross-sectional study, we

examined the correlation of PDFF and CSA of the gluteus

maximus (G.MaxM), gluteus medius (G.MedM), gluteus

minimus (G.MinM), and iliopsoas muscle (IliopM) with the

QCT assessment of the aBMD of FN, TR, and IT, respectively, in

middle-aged and elderly subjects.
Materials and methods

Study participants

Participants who were subjected to examination of the

proximal femur aBMD were recruited from the physical

examination center of our hospital. The study was approved by

the Ethics Committee of The Third Hospital of Hebei Medical

University. Informed consent was obtained for each

participant. The inclusion criteria were as follows: 1) at least 30

years old and in good health; and 2) no MRI contraindications,

such as cardiac pacemaker and claustrophobia. The exclusion

criteria were as follows: 1) hip tumor; 2) a history of trauma and

stunting; 3) previous hip surgery; 4) previous or current use of

steroid hormones, calcitonin, estrogen, and other drugs affecting
frontiersin.org
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bone metabolism; and 5) diseases that limit activity and

function (Figure 1).
MRI examination

All hip MRI examinations were performed on the same 3.0T

MR scanner (Ingenia CX, Phillips, Amsterdam, Netherlands)

using a 32-channel torso coil. The MRI sequence parameters of

water/fat based on chemical shift coding (mDIXON Quant,

Philips Healthcare) were as follows: axial = fast field echo

(FFE); repetition time (TR) = 8 ms; echo time (TE) 1 = 1.15

ms; echo spacing = shortest; field of view = 400 × 267 × 325 mm;

matrix size = 376 × 299; voxel = 2.5 × 1.5 × 3.0 mm; slice

thickness = 5 mm; flip angle = 3°; number of signal averaged

(NSA) = 1; and acquisition time = 48 s. Six echoes were used for

the quantification of PDFF. All MR images were reviewed and

analyzed by a radiologist (XSZ).

All muscle measurements were performed by the same

investigator (XSZ) with more than 2 years of experience who

was unaware of the aBMD results. The MR images of water/fat

based on chemical shift coding were transferred to the post-

processing workstation (InterlliSpace™ Portal, ISP, Philips), and

PDFF maps were automatically generated. Seven fat peaks were

modeled and T2* corrected. The CSA and PDFF of muscles were

measured at the maximum CSA level on the axial fat fraction

maps. The G.MaxM at the level of the lower margin of the fourth

sacral vertebra and the G.MedM at the level of the first sacral

vertebra were analyzed. The G.MinM and IliopM at the level of

0.5 - 1.5 cm at the upper acetabulum margin were analyzed.

Free-hand drawn ROIs were separately placed in the axial view

of the right sides of the G.MaxM, G.MedM, G.MinM, and

IliopM on the fat fraction maps. Each ROI was drawn along
Frontiers in Endocrinology 03
the margin of the muscle and outlined muscle contours

(Figure 2). The PDFF and CSA of G.MaxM, G.MedM,

G.MinM, and IliopM were obtained directly. After completing

ROI delineation, the PDFF and CSA of G.MaxM, G.MedM,

G.MinM, and IliopM were directly obtained from the fat fraction

map. Approximately 3 min were required to draw all the ROIs of

hip muscles for each subject.

In addition, 20 subjects’ images were randomly selected from

the entire data set to evaluate the intra- and inter-reader

reliability by a second radiologist (JFL) with more than 2 years

of experience. For evaluating the consistency and reliability of

different observers, intraclass correlation coefficient (ICC) was

determined as follows: ICC < 0.4, poor consistency; 0.4 < ICC <

0.75, moderate consistency; and ICC > 0.75, good

consistency. For the bilateral test, a test level of a = 0.05 was

used. Good intra-observer (intra-class correlation coefficients,

ICC 0.889–0.978, P < 0.001) and moderate inter-observer (ICC

0.693–0.971, P < 0.001) agreements of the muscle measures

were found.
QCT examination

CT scans of subjects’ hip joints were performed on a 64-

row Siemens Somatom Definition CT scanner (Siemens,

Erlangen, Germany) with a Mindways calibrated body model

(Mindways Software Inc., Austin, Texas, USA). The acquisition

parameters were as follows: 120 kV; 217 mAs; pitch of 1.2;

reconstruction slice thickness of 1 mm; reconstruction field of

view 50 cm; and medium reconstruction kernel (B40f). The

scanning range was 1 cm above the femoral head to 3 cm below

the lesser trochanter. The subjects’ knees were flat, and their

feet were rotated inwards to reduce overlap between the
FIGURE 1

Flow chart of the patient population included in the present study.
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proximal femur and the acetabulum on the 2D projected

image. This study analyzed hip CT scans using the

commercial QCTPro (Mindways Inc., Austin, Texas, USA)

CTXA module. Three standard DXA hip ROIs were

generated, namely, FN, TR, and IT, and DXA equivalent

aBMD results of each ROI were obtained. The FN ROI was a

narrow frame 10 or 15 mm wide to avoid the overlap between

the acetabulum and FN in 2D projection images (Figure 3). In

the present study, the World Health Organization (WHO)

BMD criteria for osteoporosis were used as follows:

osteoporosis was defined by a BMD T-score of -2.5 or less at

the FN or total hip; osteopenia was defined by a BMD T-score

between -1.0 and -2.5 at the FN or total hip; and normal was

defined by a BMD T-score of -1 or more at the FN or total hip.
Frontiers in Endocrinology 04
Statistical analyses

Statistical analyses were performed using SPSS Statistics

(IBM, version 26) with a significance level of 0.05. For data

with normal distribution, the two independent samples t-test

was used for comparison between men and women. For data

with non-normal distribution, the two-sample Mann-Whitney

U test was used to analyze the differences between men and

women. The analysis was stratified by sex due to differences in

underlying pathological mechanisms of changes in aBMD,

muscle CSA, and PDFF between men and women. Generalized

multiple linear regression was used to analyze the relationship of

the aBMD (dependent variable) of the FN, TR, and IT with the

PDFF and CSA of the G.MaxM, G.MedM, G.MinM, and IliopM.
FIGURE 3

aBMD measurement. QCTPro CTXA was used to analyze the aBMD of the proximal femur, including the FN, TR, and IT (A, B).
FIGURE 2

The ROI drawn freehand was placed at the maximum CSA of the fat fraction plot on the axial map of the right gluteus maximus (G.MaxM),
gluteus medius (G.MedM), gluteus minimus (G.MinM), and iliopsoas muscle (IliopM). Each ROI was plotted along the edge of the muscle to
obtain the PDFF and CSA as shown in the pseudocolor and FF maps of G.MaxM (A, D), G.MedM (B, E), G.MinM, and IliopM (C, F).
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To improve various muscle indexes were measured and

transferred using sex-specific SD, respectively. Age and BMI

were used as correction factors.
Results

Study sample characteristics

In total, 144 healthy subjects were included for analysis as

shown in Table 1. There were 78 males, including 33 subjects

with normal BMD, 33 subjects with osteopenia, and 12 subjects

with osteoporosis, and there were 66 females, including 20

subjects with normal BMD, 22 subjects with osteopenia, and

24 subjects with osteoporosis. Men had higher a CSA in the

G.MaxM (4372.21 vs. 3463.33 mm2), G.MedM (2997.23 vs.

2269.58 mm2), G.MinM (1149.31 vs. 811.15 mm2), and IliopM

(1697.37 vs. 1020.38 mm2) than women (P < 0.05). The PDFF of

the G.MaxM (17.86 vs. 21.53%) and IliopM (8.69 vs. 11.15%) in

men was lower than that in women (P < 0.05). Women also had

a higher PDFF in the G.MedM (14.65 vs. 13.92%) and G.MinM

(11.67 vs. 10.41%) in men, but there was no statistical difference
Frontiers in Endocrinology 05
(P > 0.05). Women had a lower aBMD at some sites, including

the FN Trab (0.20 vs. 0.23 g/cm2), FN Int (0.62 vs. 0.67 g/cm2),

TR Cort (0.32 vs. 0.36 g/cm2), TR Trab (0.16 vs. 0.31 g/cm2), TR

Int (0.47 vs. 0.67 g/cm2), IT Cort (0.52 vs. 0.78 g/cm2), IT Trab

(0.25 vs. 0.29 g/cm2), and IT Int (0.78 vs. 1.05 g/cm2) compared

to men (P < 0.05), but there was no statistical difference for the

FN Cort (0.42 vs. 0.45 g/cm2, P > 0.05).
FN aBMD

The adjusted beta coefficients and 95% confidence interval

(CI) of the FN aBMD sites (FN Int, FN Trab, and FNCort aBMD)

with continuous muscle indexes per sex-specific standard

deviation (SD) increase are shown in Table 2 and Table 3. The

FN Int aBMD was significantly associated with the G.MaxM CSA

(men: P = 0.002; women: P = 0.008) and PDFF (men: P < 0.001;

women: P = 0.047). There were associations between the FN Cort

aBMD and the CSA of G.MaxM (men: P = 0.002; women: P =

0.002) and G.MaxM PDFF (men: P < 0.049; women: P = 0.003). In

men, 0.194 and -0.196 g/cm2 of FN Int aBMD increased with one

SD increase of G.MedM area (95% CI, 0.018, 0.370; P = 0.031) and
TABLE 1 Clinical characteristics of the subjectsb.

Characteristics (Mean ± SD) Males (N = 78) Females (N = 66) P-Value

Age (years) 57.81 ± 12.07 61.88 ± 10.93 0.032

Height (cm) 171.74 ± 0.50 160.18 ± 0.69 <0.001

Weight (kg) 76.56 ± 11.24 65.41 ± 10.24 <0.001

BMI (kg/m2) 25.93 ± 0.40 25.44 ± 0.41 0.388

CSA(mm2)

G.MaxM 4372.21 ± 1066.84 3463.33 ± 754.64 <0.001

G.MedM 2997.23 ± 701.84 2269.58 ± 591.70 <0.001

G.MinM 1149.31 ± 264.22 811.15 ± 195.66 <0.001

IliopM 1697.37 ± 257.08 1020.38 ± 328.68 <0.001

PDFF (%)

G.MaxM 17.86 ± 6.17 21.53 ± 6.49 0.001

G.MedM 13.92 ± 4.77 14.65 ± 4.75 0.412

G.MinM 10.41 ± 5.33 11.67 ± 6.13 0.343

IliopM 8.69 ± 3.33 11.15 ± 3.83 <0.001

FN aBMD(g/cm2) Cort 0.445 ± 0.434 0.423 ± 0.126 0.184

Trab 0.228 ± 0.057 0.197 ± 0.525 0.001

Int 0.667 ± 0.105 0.616 ± 0.148 0.009

TR aBMD(g/cm2) Cort 0.361 ± 0.072 0.321 ± 0.093 0.023

Trab 0.313 ± 0.059 0.157 ± 0.063 <0.001

Int 0.673 ± 0.111 0.467 ± 0.117 <0.001

IT aBMD(g/cm2) Cort 0.776 ± 0.131 0.524 ± 0.129 <0.001

Trab 0.285 ± 0.048 0.247 ± 0.058 <0.001

Int 1.054 ± 0.154 0.774 ± 0.153 <0.001
fron
The independent-samples t test was used. Most of the remaining data were non-normally distributed, and Mann-Whitney U test was used. (SD, standard deviance; BMI, body mass index;
PDFF, proton density fat fraction; CSA, cross-sectional area; G.MaxM, gluteus maximus muscle; G.MedM, gluteus medius muscle; G.MinM, gluteus minimus muscle; IliopM, iliopsoas
muscle; aBMD, areal bone mineral density; FN, femoral neck; TR, trochanter; IT, intertrochanter; Int, integral; Trab, trabecular; Cort, cortical). bThe bold type indicates statistical
difference (P < 0.05).
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PDFF of IliopM (95% CI, -0.348, -0.045; P = 0.011), but this

significance was not observed in women. The FN Cort aBMD

negatively correlated with the IliopM PDFF in men (b, -0.240;
95%CI, -0.442, 0.037; P = 0.020) and G.MinM PDFF in women (b,
-0.329; 95%CI, -0.599, -0.058; P = 0.017). Associations between

the FN Trab aBMD and the CSA of G.MinM (P = 0.018) and

IliopM (P = 0.008) were found only in women.
TR aBMD

The results of generalized linear models for the associations

between the TR aBMD and muscle indexes are presented in
Frontiers in Endocrinology 06
Table 4 and Table 5. Some muscle indexes were related to the TR

Int aBMD in both men and women, including the G.MaxM CSA

(men: P < 0.001; women: P = 0.028) and G.MaxM PDFF (men:

P = 0.031; women: P = 0.038). In addition to the above

correlation with the TR Int aBMD, associations with the

G.MaxM CSA were found for the TR Cort aBMD (P = 0.002)

and TR Trab aBMD (P = 0.001) in men but not in women.

Moreover, the G.MedM CSA was also correlated with the TR Int

aBMD (P < 0.001), TR Cort aBMD (P = 0.047), and TR Trab

aBMD (P = 0.017) in men. In women, 0.404 and -0.199 g/cm2 of

the TR Int aBMD increased with one SD increase of IliopM CSA

(95% CI, 0.204, 0.603; P < 0.001) and IliopM PDFF (95% CI,

-0.382, -0.016; P = 0.033), but this significance was not found in
TABLE 3 Generalized multiple linear standardized regression coefficients and 95% CIs between the aBMD of the FN and various muscle indexesa,
b,c in females.

Females

Variables FN Int aBMD (g/cm2) FN Cort aBMD (g/cm2) FN Trab aBMD (g/cm2)

CSA (mm2) b (95% CI) P b (95% CI) P b (95% CI) P

G.MaxM 0.435(0.116, 0.754) 0.008 0.551(0.196, 0.905) 0.002 0.079(-0.279, 0.437) 0.664

G.MedM -0.033(-0.321, 0.255) 0.823 -0.217(-0.538, 0.103) 0.183 0.175(-0.148, 0.498) 0.287

G.MinM 0.164(-0.057, 0.385) 0.147 0.015(-0.231, 0.260) 0.908 0.299(0.051, 0.547) 0.018

IliopM 0.049(-0.201, 0.299) 0.702 -0.079(-0.357, 0.199) 0.578 0.378(0.098, 0.658) 0.008

PDFF(%)

G.MaxM -0.290(-0.577, -0.004) 0.047 -0.477(-0.795, -0.159) 0.003 0.002(-0.319, 0.322) 0.992

G.MedM 0.075(-0.294, 0.444) 0.689 0.261(-0.149, 0.671) 0.211 0.129(-0.284, 0.542) 0.541

G.MinM -0.232(-0.476, 0.011) 0.061 -0.329(-0.599, -0.058) 0.017 -0.211(-0.484, 0.062) 0.130

IliopM -0.024(-0.253, 0.205) 0.836 -0.044(-0.299, 0.211) 0.735 0.235(-0.022, 0.492) 0.073
frontier
PDFF, proton density fat fraction; CSA, cross-sectional area; G.MaxM, gluteus maximus muscle; G.MedM, gluteus medius muscle; G.MinM, gluteus minimus muscle; IliopM, iliopsoas
muscle; aBMD, areal bone mineral density; FN, femoral neck; Int, integral; Trab, trabecular; Cort, cortical. aAdjusted for age and body mass index (BMI). bThe bold type indicates statistical
difference (P < 0.05). cb for standard deviance increase of continuous muscle variables.
TABLE 2 Generalized multiple linear standardized regression coefficients and 95% CIs between the aBMD of the FN and various muscle indexesa,
b,c in males.

Males

Variables FN Int aBMD (g/cm2) FN Cort aBMD (g/cm2) FN Trab aBMD (g/cm2)

CSA (mm2) b (95% CI) P b (95% CI)*10-3 P b (95% CI)*10-3 P

G.MaxM 0.308(0.109, 0.507) 0.002 0.413(0.147, 0.679) 0.002 0.246(-0.057, 0.549) 0.112

G.MedM 0.194(0.018, 0.370) 0.031 0.086(-0.149, 0.321) 0.472 0.091(-0.176, 0.358) 0.505

G.MinM 0.061(-0.105, 0.227) 0.470 -0.149(-0.370, 0.072) 0.187 0.198(-0.054, 0.450) 0.124

IliopM -0.080(-0.225, 0.065) 0.279 -0.078(-0.272, 0.115) 0.427 0.037(-0.184, 0.257) 0.744

PDFF(%)

G.MaxM -0.362(-0.541, -0.182) <0.001 -0.238(-0.477, 0.001) 0.049 -0.103(-0.375, 0.170) 0.460

G.MedM -0.176(-0.383, 0.030) 0.094 -0.170(-0.446, 0.106) 0.226 -0.013(-0.327, 0.301) 0.936

G.MinM 0.065(-0.086, 0.215) 0.398 0.143(-0.058, 0.343) 0.164 0.107(-0.122, 0.336) 0.361

IliopM -0.196(-0.348, -0.045) 0.011 -0.240(-0.442, -0.037) 0.020 -0.203(-0.433, 0.028) 0.085
PDFF, proton density fat fraction; CSA, cross-sectional area; G.MaxM, gluteus maximus muscle; G.MedM, gluteus medius muscle; G.MinM, gluteus minimus muscle; IliopM, iliopsoas
muscle; aBMD, areal bone mineral density; FN, femoral neck; Int, integral; Trab, trabecular; Cort, cortical. aAdjusted for age and body mass index (BMI). b The bold type indicates statistical
difference (P < 0.05). cb for standard deviance increase of continuous muscle variables.
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men. Other muscle indexes were related to the TR aBMD in

women, including the IliopM CSA (P = 0.004) to TR Cort

aBMD, the G.MaxM PDFF (P = 0.014) to TR Cort aBMD, and

the IliopM PDFF (P = 0.001) to TR Trab aBMD.
IT aBMD

Table 6 and Table 7 show the results from the multivariate

generalized linear models, assessing the associations of the IT

aBMD with eight muscle indexes, including the CSA and PDFF

of the G. MaxM, G.MedM, G.MinM, and IliopM. The IT Int

aBMD showed a significant association with the G. MaxM CSA

(men: P = 0.005; women: P < 0.001), G. MaxM PDFF (only
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women, P = 0.041), IliopM CSA (only men, P = 0.007), IliopM

PDFF (men: P = 0.001; women: P = 0.003), G.MedM CSA (only

women, P < 0.001), and G.MedM PDFF (only women, P =

0.038). Associations with the IT Cort aBMD were found for the

G.MaxM CSA in men (P = 0.014), G.MedM CSA in women (P =

0.022), IliopM CSA in men (P = 0.039), G.MedM PDFF in

women (P = 0.010), and IliopM PDFF in women (P = 0.001). No

significance was found for the IT Trab aBMD (all P > 0.05).
Discussion

The innovation of this study lies in the independent analysis

of the relationship of the PDFF and CSA of the muscles around
TABLE 5 Generalized multiple linear standardized regression coefficients and 95% CIs between the aBMD of the TR and various muscle indexesa,
b,c in females.

Females

Variables TR Int aBMD (g/cm2) TR Cort aBMD (g/cm2) TR Trab aBMD (g/cm2)

CSA(mm2) b(95% CI) P b(95% CI) P b(95% CI) P

G.MaxM 0.286(0.031, 0.541) 0.028 0.192(-0.102, 0.487) 0.201 -0.256(-0.672, 0.160) 0.227

G.MedM 0.033(-0.197, 0.263) 0.779 0.036(-0.231, 0.302) 0.794 0.348(-0.027, 0.724) 0.069

G.MinM -0.075(-0.252, 0.101) 0.403 -0.177(-0.381, 0.027) 0.090 -0.094(-0.382, 0.194) 0.173

IliopM 0.404(0.204, 0.603) <0.001 0.340(0.109, 0.571) 0.004 -0.206(-0.119, 0.532) 0.214

PDFF(%)

G.MaxM -0.241(-0.470, 0.013) 0.038 -0.331(-0.595, -0.067) 0.014 0.267(-0.106, 0.639) 0.161

G.MedM 0.066(-0.229, 0.360) 0.662 0.310(-0.030, 0.651) 0.074 0.074(-0.406, 0.554) 0.763

G.MinM -0.050(-0.244, 0.144) 0.615 -0.121(-0.346, 0.104) 0.291 -0.221(-0.538, 0.096) 0.173

IliopM -0.199(-0.382, -0.016) 0.033 -0.139(-0.350, 0.073) 0.199 -0.493(-0.791, -0.194) 0.001
frontier
PDFF, proton density fat fraction; CSA, cross-sectional area; G.MaxM, gluteus maximus muscle; G.MedM, gluteus medius muscle; G.MinM, gluteus minimus muscle; IliopM, iliopsoas
muscle; aBMD, areal bone mineral density; TR, trochanter; Int, integral; Trab, trabecular; Cort, cortical. aAdjusted for age and body mass index (BMI). bThe bold type indicates statistical
difference (P < 0.05). cb for standard deviance increase of continuous muscle variables.
TABLE 4 Generalized multiple linear standardized regression coefficients and 95% CIs between the aBMD of the TR and various muscle indexesa,
b,c in males.

Males

Variables TR Int aBMD (g/cm2) TR Cort aBMD (g/cm2) TR Trab aBMD (g/cm2)

CSA (mm2) b (95% CI) P b (95% CI) P b (95% CI) P

G.MaxM 0.473(0.275, 0.672) <0.001 0.422(0.149, 0.695) 0.002 0.441(0.183, 0.700) 0.001

G.MedM 0.047(-0.128, 0.222) 0.600 0.090(-0.150, 0.331) 0.462 -0.028(-0.256, 0.200) 0.812

G.MinM -0.168(-0.333, -0.003) 0.046 -0.147(-0.373, 0.080) 0.205 -0.017(-0.232, 0.198) 0.876

IliopM -0.028(-0.173, 0.116) 0.702 0.032(-0.167, 0.230) 0.756 -0.027(-0.215, 0.161) 0.780

PDFF(%)

G.MaxM -0.197(-0.375, 0.018) 0.031 -0.139(-0.384, 0.107) 0.268 -0.217(-0.450, 0.015) 0.066

G.MedM -0.444(-0.650, -0.238) <0.001 -0.274(-0.557, 0.009) 0.047 -0.328(-0.596, -0.060) 0.017

G.MinM 0.132(-0.017, 0.282) 0.083 0.032(-0.174, 0.238) 0.761 0.176(-0.019, 0.371) 0.078

IliopM -0.034(-0.185, 0.116) 0.654 -0.055(-0.262, 0.153) 0.606 -0.020(-0.217, 0.176) 0.841
PDFF, proton density fat fraction; CSA, cross-sectional area; G.MaxM, gluteus maximus muscle; G.MedM, gluteus medius muscle; G.MinM, gluteus minimus muscle; IliopM, iliopsoas
muscle; aBMD, areal bone mineral density; TR, trochanter; Int, integral; Trab, trabecular; Cort, cortical. aAdjusted for age and body mass index (BMI). bThe bold type indicates statistical
difference (P < 0.05). cb for standard deviance increase of continuous muscle variables.
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the hip joint with proximal femur aBMD. The present study is

the first to demonstrate that both the CSA and PDFF in the

muscles around the hip joint are associated with proximal femur

aBMD, suggesting that muscle size and fat infiltration in this

area influence the proximal femur aBMD. We applied MR-

Dixon technology to quantify muscle adipose content, which

quantifies muscle adipose tissue, including intramuscular and

intermuscular adipose tissue, with high resolution.

The cellular origins of fatty accumulation in muscle arise

through several different pathways. One direct route is via the

accumulation of lipid within myofibers themselves, which is

known as intramuscular fat. Another pathway is an

accumulation of adipocytes within skeletal muscle, which is
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known as intermuscular fat (18). Conventional T1-weighted

MRI only assesses visible adipose tissue in T1-weighted

images, but it is unable to assess small lipid concentrations in

localized muscular regions (19). Chemical shift-based water/fat

separation methods, including Dixon techniques and the

iterative decomposition of water and fat with echo asymmetry

and least-squares estimation (IDEAL), overcome the limitations

of conventional T1-weighted imaging by allowing high spatial

resolution for quantification of adipose tissue in localized

regions, including intramuscular and intermuscular lipids. In

addition, to obtain true proximal femur aBMD, we used QCT,

which has been demonstrated to have good consistency

with DXA.
TABLE 7 Generalized multiple linear standardized regression coefficients and 95% CIs between the aBMD of the IT and various muscle indexesa,b,
c in females.

Females

Variables IT Int aBMD (g/cm2) IT Cort aBMD (g/cm2) IT Trab aBMD (g/cm2)

CSA (mm2) b (95% CI) P b (95% CI) P b (95% CI) P

G.MaxM 0.363(0.160, 0.567) <0.001 0.177(-0.117, 0.471) 0.238 0.069(-0.296, 0.435) 0.711

G.MedM 0.338(0.155, 0.522) <0.001 0.309(0.044, 0.574) 0.022 0.135(-0.195, 0.465) 0.424

G.MinM 0.092(-0.049, 0.233) 0.200 0.161(-0.043, 0.364) 0.122 0.176(-0.077, 0.430) 0.173

IliopM 0.086(-0.074, 0.245) 0.292 -0.030(-0.260, 0.200) 0.797 0.175(-0.112, 0.461) 0.232

PDFF(%)

G.MaxM -0.190(-0.372, -0.008) 0.041 -0.016(-0.279, 0.248) 0.907 -0.288(-0.616, 0.040) 0.085

G.MedM -0.249(-0.484, -0.014) 0.038 -0.445(-0.784, -0.105) 0.010 -0.060(-0.483, 0.362) 0.780

G.MinM 0.120(-0.035, 0.275) 0.129 0.194(-0.030, 0.418) 0.090 0.008(-0.271, 0.287) 0.955

IliopM -0.220(-0.366, -0.074) 0.003 -0.342(-0.553, -0.131) 0.001 0.048(-0.214, 0.311) 0.719
frontier
PDFF, proton density fat fraction; CSA, cross-sectional area; G.MaxM, gluteus maximus muscle; G.MedM, gluteus medius muscle; G.MinM, gluteus minimus muscle; IliopM, iliopsoas
muscle; aBMD, areal bone mineral density; IT, intertrochanter; Int, integral; Trab, trabecular; Cort, cortical. aAdjusted for age and body mass index (BMI). bThe bold type indicates statistical
difference (P < 0.05). cb for standard deviance increase of continuous muscle variables.
TABLE 6 Generalized multiple linear standardized regression coefficients and 95% CIs between the aBMD of the IT and various muscle indexesa,b,
c in males.

Males

Variables IT Int aBMD (g/cm2) IT Cort aBMD (g/cm2) IT Trab aBMD (g/cm2)

CSA (mm2) b (95% CI) P b (95% CI) P b (95% CI) P

G.MaxM 0.319(0.096, 0.542) 0.005 0.317(0.065, 0.568) 0.014 0.008(-0.328, 0.344) 0.964

G.MedM 0.142(-0.055, 0.339) 0.158 0.192(-0.030, 0.414) 0.091 -0.041(-0.337, 0.256) 0.787

G.MinM -0.077(-0.262, 0.109) 0.417 -0.177(-0.386, 0.032) 0.097 0.168(-0.112, 0.447) 0.240

IliopM 0.224(0.061, 0.386) 0.007 0.193(0.009 0.376) 0.039 0.096(-0.149, 0.340) 0.443

PDFF(%)

G.MaxM -0.091(-0.291, 0.110) 0.375 -0.036(-0.262, 0.190) 0.755 -0.071(-0.373, 0.231) 0.645

G.MedM -0.102(-0.333, 0.130) 0.389 -0.062(-0.323, 0.199) 0.643 -0.244(-0.593, 0.104) 0.169

G.MinM 0.107(-0.061, 0.276) 0.212 0.060(-0.130, 0.250) 0.537 0.117(-0.136, 0.371) 0.364

IliopM -0.296(-0.466, -0.127) 0.001 -0.315(-0.506, -0.123) 0.001 -0.105(-0.360, 0.151) 0.422
PDFF, proton density fat fraction; CSA, cross-sectional area; G.MaxM, gluteus maximus muscle; G.MedM, gluteus medius muscle; G.MinM, gluteus minimus muscle; IliopM, iliopsoas
muscle; aBMD, areal bone mineral density; IT, intertrochanter; Int, integral; Trab, trabecular; Cort, cortical. aAdjusted for age and body mass index (BMI). bThe bold type indicates statistical
difference (P < 0.05). cb for standard deviance increase of continuous muscle variables.
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Muscle CSA or muscle thickness, as a simple and practical

muscle volume estimation method, has been widely used as an

indirect indicator of muscle strength (20, 21). As for the selection

of muscle level, the CSA around the muscle abdomen decreases

to the greatest extent due to disuse, while the CSA around the

muscle end does not significantly change (22, 23). Therefore, to

better evaluate the changes of CSA in the muscles around the hip

joint, we selected the maximum CSA of the muscle (similar to

the muscle abdomen) as the evaluation level. The present study

showed that the CSA of the G.MaxM was positively correlated

with the aBMD of all subregions of the proximal femur and that

it mainly affects the Int aBMD and Cort aBMD of the FN, TR,

and IT. The present study also found that the CSA of the IliopM

and G.MedM was positively associated with the Int aBMD and

Cort aBMD of the TR and IT. Moreover, the cortical shell of long

bones is crucial for fracture prevention because it is the main

compressive and flexural resistant structure of bone (24,

25). Therefore, the present results suggested that the CSA of

the G.MaxM, IliopM, and G.MedM is a protective factor against

proximal femoral fractures by influencing proximal femoral

aBMD, especially cortical aBMD. The increase in soft tissue

thickness mainly dependent on the CSA of muscles in the

proximal femur reduces the risk of fracture by reducing the

force applied to the femur during lateral falls (26–28),

supporting our view from another aspect.

The interaction between bone and muscle is mainly

realized by mechanical stimulation and secreted bioactive

factors. Mechanical tension caused by muscle initiates

osteogenic activity, and both osteoblasts and osteocytes

respond to mechanical stimulation. Mechanical transduction

also induces cascades of biochemical signals, including the

production of hormones and growth factors, which affect the

coupling process of bone formation and bone resorption (29). As

an indicator of muscle strength, muscle CSA partly reflects the

mechanical tension between muscle and bone, suggesting that

mechanical stimulation between muscle and bone may be one of

the mechanisms by which the CSA of muscle affects the aBMD

in the proximal femur. The G.MaxM is the main and strongest

muscle of the hip joint, providing the greatest power for the

movement of the hip joint and also affecting the aBMD of most

regions in the proximal femur. It is possible that the CSA of the

IliopM and G.MedM mainly affects the BMD of the TR and IT

through mechanical stimulation of muscle attachment.

Fatty infiltration of skeletal muscle is an important

manifestation of skeletal muscle aging, which reflects the

decrease of skeletal muscle function and muscle strength (30,

31). Previous studies have found that BMD loss is correlated

with decreased muscle mass, strength, and function, which is

mainly manifested as lean muscle loss and fat infiltration (3,

13). The present results showed that the PDFFs of several
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muscles were negatively associated with the aBMD of

subregions of the proximal femur as follows: the G.MaxM was

negatively associated with the aBMD of the FN, TR, and IT; the

G.MedM was negatively associated with the aBMD of the TR

and IT; and the IliopM was negatively associated with the aBMD

of the FN, TR, and IT. Lu (32) found that the lipid infiltration of

the G.MaxM and mid-thigh muscle is associated with the aBMD

of the proximal femur, which agreed with the present study.

Intramuscular fat infiltration impairs the ability of the skeletal

muscle to produce normal protein, resulting in decreased insulin

sensitivity. Impaired normal protein synthesis leads to reduced

muscle strength and muscle atrophy (18, 33). Therefore, muscle

fat infiltration in the buttocks reduces the mechanical

stimulation to the bone at this site, resulting in a decrease in

the BMD of the proximal femur, suggesting that fatty infiltration

of muscle negatively affects aBMD at the proximal femur.

Moreover, increased fat content of the gluteal muscles

contributes to reduced lower extremity performance,

conferring increased risk of loss of mobility, falls, and skeletal

fractures (34), which is consistent with a previous study showing

that reducing muscle fat infiltration and improving muscle

strength significantly reduces fracture risk (35, 36).

The present study showed that more indicators of the

G.MedM and IliopM correlated with the aBMD of the TR and

IT than the aBMD of the FN. Decreased BMD in different areas

of the proximal femur may lead to different types of osteoporotic

fractures, such as FN fractures or intertrochanteric fractures. It

has been reported that the BMD of the TR and IT in the IT

fracture group is lower than that in the FN fracture group (37,

38). Wang et al. (36) found that intertrochanteric aBMD is a

better predictor of hip fracture than the FN and total hip aBMD,

indicating that intertrochanteric aBMD has a better correlation

with hip fractures. Thus, increased CSA and decreased PDFF in

the G.MedM and IliopM may be protective factors for

intertrochanteric fractures. Physical activity and regular

exercise reduce muscle fat content, increase muscle CSA, and

enhance bone strength, which reduces the risk of hip fractures

(18, 39).

The present study found that the PDFF in the hip muscle

was negatively correlated with the aBMD in the proximal femur

and that the CSA was positively correlated with the aBMD.

Skeletal muscle fat infiltration and muscle atrophy coexist with

age, which may be due to the different forms of dysfunction in

skeletal muscle fibers and the distribution of muscle fiber types

in different functional muscle tissues (40, 41). The accumulation

of intramuscular lipid with aging is not homogenous across

different fiber types. Type I fibers are oxidative slow-twitch fibers

that contain high intramuscular lipid content and many

mitochondria. In contrast, type II fibers are glycolytic fast-

twitch fibers that have low intramuscular lipid content and
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low aerobic capacity. Type I fibers tend to accumulate more

intramuscular lipids with age in human subjects than fast-twitch

oxidative fibers (42). The number and degree of atrophy of type

II muscle fibers in skeletal muscle of patients with osteoporosis

are greater than that of type I muscle fibers, and a significant

correlation between the degree of type II myofiber atrophy and

proximal femoral BMD has been reported in previous studies

(43). The downregulation of IGF-1/PI3K/Akt activity that

occurs in osteoporosis may lead to muscle atrophy. Moreover,

because IGF-1/PI3K/Akt activity controls glucose uptake in

skeletal muscle, the downregulation of this activity may affect

mainly glycolytic fibers (type II) due to their capacity of utilizing

glucose to produce energy (43, 44). With age, muscles rich in

type II fiber atrophy more and accumulate less lipids than

muscles rich in type I fiber.

There were several limitations to this study. First, because

this study was a cross-sectional study, we were unable to explore

the longitudinal relationship between muscle and the proximal

femur aBMD. Second, the study population consisted of middle-

aged and elderly non-hip disease individuals from one center,

which may limit the generalization of the results to other ethnic

groups and other age groups. Third, due to the small number of

participants in this study, the differences between male and

female indicators were not further discussed. Studies with larger

samples are needed to further compare the differences between

men and women as well as to obtain additional evidence for the

relationship between the muscles around the hip joint and the

BMD of the proximal femur. Finally, the lack of data on physical

activity and muscle strength may reduce the interpretation of

the findings.

In conclusion, the CSA of the gluteus muscle and iliopsoas

muscle has a positive association with the proximal femur aBMD,

and the PDFF of the gluteus muscle and iliopsoas muscle has a

negative correlation with the proximal femur aBMD. A better

understanding of the relationship of the PDFF and CSA of the

muscle with the proximal femur BMD will help provide a better

understanding of the prevention of osteoporosis and related

complications. Therefore, the CSA and PDFF of the gluteus

muscle and iliopsoas muscle may be important factors and

clinically significant targets for the treatment of osteoporosis.
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Combaret L, et al. Skeletal muscle lipid content and oxidative activity in relation to
muscle fiber type in aging and metabolic syndrome. J Gerontol A Biol Sci Med Sci
(2015) 70:566–76. doi: 10.1093/gerona/glu086

43. Terracciano C, Celi M, Lecce D, Baldi J, Rastelli E, Lena E, et al. Differential
features of muscle fiber atrophy in osteoporosis and osteoarthritis. Osteoporos Int
(2013) 24:1095–100. doi: 10.1007/s00198-012-1990-1

44. Perrini S, Laviola L, Carreira MC, Cignarelli A, Natalicchio A, Giorgino F.
The GH/IGF1 axis and signaling pathways in the muscle and bone: mechanisms
underlying age-related skeletal muscle wasting and osteoporosis. J Endocrinol
(2010) 205:201–10. doi: 10.1677/JOE-09-0431
frontiersin.org

https://doi.org/10.1016/s0167-4943(98)00110-1
https://doi.org/10.1138/20100435
https://doi.org/10.1359/jbmr.061113
https://doi.org/10.1007/s11926-010-0097-y
https://doi.org/10.1002/acr.24232
https://doi.org/10.1007/s11657-019-0639-5
https://doi.org/10.1002/jmri.25496
https://doi.org/10.1007/s11657-020-00721-8
https://doi.org/10.1007/s00198-008-0820-y
https://doi.org/10.3389/fendo.2016.00069
https://doi.org/10.1002/jmri.23512
https://doi.org/10.1007/s00296-019-04247-2
https://doi.org/10.1007/s00421-010-1477-8
https://doi.org/10.1007/s00421-010-1477-8
https://doi.org/10.1177/2309499017739765
https://doi.org/10.1177/2309499017739765
https://doi.org/10.1016/j.rehab.2019.06.018
https://doi.org/10.1016/j.bone.2010.12.004
https://doi.org/10.1016/j.jocd.2017.06.017
https://doi.org/10.1359/jbmr.070309
https://doi.org/10.1210/jc.2008-1640
https://doi.org/10.1007/s00198-011-1569-2
https://doi.org/10.1007/s00198-011-1569-2
https://doi.org/10.1016/j.bone.2008.07.253
https://doi.org/10.1016/j.jamda.2020.06.052
https://doi.org/10.1016/j.joca.2013.12.005
https://doi.org/10.1016/j.joca.2013.12.005
https://doi.org/10.3389/fendo.2020.00503
https://doi.org/10.1152/ajpregu.00198.2015
https://doi.org/10.1152/ajpregu.00198.2015
https://doi.org/10.1093/gerona/61.10.1059
https://doi.org/10.1002/jcsm.12616
https://doi.org/10.1002/jcsm.12996
https://doi.org/10.1007/s11657-020-00789-2
https://doi.org/10.1097/TA.0b013e3182185aeb
https://doi.org/10.1093/gerona/gls241
https://doi.org/10.1093/gerona/gls241
https://doi.org/10.1007/s00198-017-4151-8
https://doi.org/10.1016/0022-510x(73)90023-3
https://doi.org/10.1093/gerona/glu086
https://doi.org/10.1007/s00198-012-1990-1
https://doi.org/10.1677/JOE-09-0431
https://doi.org/10.3389/fendo.2022.990487
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Associations of muscle size and fatty infiltration with bone mineral density of the proximal femur bone
	Introduction
	Materials and methods
	Study participants
	MRI examination
	QCT examination
	Statistical analyses

	Results
	Study sample characteristics
	FN aBMD
	TR aBMD
	IT aBMD

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


