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Fig. 1. Measurement of intramuscular fat area and average Hounsfield unit (HU) within muscle by software program (between -190 to -30 HU).

Chicago, IL, USA). Differences in the variables between the
femoral neck fracture group and the intertrochanteric frac-
ture group were determined using independent sample t-
test, with a statistical significance of less than 0.05.

RESULTS

1. Physical characteristics and muscle
measurements

The physical characteristics of the subject patients are
shown in Table 1. The mean age of patients was 78.3 years
old, ranging from 65 to 91 years old. The mean BMI was
22.6, ranging from 14.4 to 35.2 and 46 patients were in the
obese group (25.8% of the total patient). The mean BMD
was 0.62 g/cm?, ranging from 0.35 to 0.98. The mean T-score
was -2.79 and 119 patients (66.9% of the total patient) were
under -2.5 score which is in the range of osteoporosis un-
der the World Health Organization (WHO) criteria. The mea-
sured CSmA, MAC and nIMAT of the four muscles are shown
in Table 2. The MAC value of quadriceps muscle was 53.64
HU, which was the highest among the four muscles, with
the lowest nIMAT of 12.1%. The nIMAT of the gluteus mus-
cle was the highest at 35.6%.
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Table 1. Demographic characteristics

Total number 178
Intertrochanteric fracture 105
Femoral neck fracture 73

Age (yr) 78.32+6.49

Weight (kg) 52.774+9.99

Height (cm) 152.51%6.75

Body mass index (kg/m?) 22.63+3.74

Bone mineral density (g/cm?) 0.62+0.11

2. Correlation between the measurements

The correlation between the measurements and the sta-
tistical significance are shown in Tables 3-5. BMD showed
statistically significant decrease with increasing age and
showed positive correlations with height, weight, and BMI.
As the weight and BMI were increased, BMD increased. CSA
of the four muscles showed statistically significant positive
correlations with BMD, weight, height, and BMI, and a neg-
ative correlation with age. In other words, muscle size de-
creased with age.

Regarding the MAC, which represents the muscle densi-
ty of each muscle, gluteus maximus and abductor muscles
in the gluteal area showed significantly positive correlations
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with BMD, weight, and BMI. However, quadriceps and ham-
string muscles in the mid-thigh area showed positive cor-
relations with BMD, weight, and BMI but no statistical sig-
nificance.

CSmA in four muscles statistically increased with increas-
ing BMD and showed a negative correlation with age ex-
cept quadriceps. In other words, CSmA showed a decrease
with increasing age but no statistical significance. CSmA of
gluteus maximus, quadriceps and hamstring muscle showed
statistically significant positive correlation with BMD, height,
weight and BMI, on the contrary, CSmA of abductor mus-
cle showed a positive correlation with BMD and weight.

The nIMAT, which indicates the degree of fatty degener-
ation of each muscle, of all four muscles showed a statisti-

Table 2. Cross sectional muscle area, muscle attenuation coefficient
and normalized intramuscular adipose tissue of muscles

CSmA MAC Normalized

(cm?) (HU) IMAT (%)
Gluteus muscle 537.52+£170.93 5254+1.11  35.62+9.26
Abductor muscle  847.85+171.94 5352+0.71 30.38+7.76
Quadriceps muscle 1,270.94+274.48  53.64+0.93 12.13+559
Hamstring muscle  558.93+£177.94 5216124 19.91£8.75

CSmA, cross sectional muscle area; MAC, muscle attenuation coefficient;
HU, Hounsfield units; IMAT, intramuscular adipose tissue.
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cally significant positive correlation with weight and BMI,
on the other hand, showed negative correlations with age
but no statistical significance. In quadriceps and hamstring
muscles of mid-thigh area, nIMAT showed a statistically sig-
nificant positive correlation with BMD.

3. The difference between intertrochanteric
fracture group and femoral neck fracture
group
The measurement values of the two groups are shown

in Table 6. The age and BMD of the patients were statisti-

cally different between the two groups. Age was higher in

Table 5. Correlation between bone mineral density, age, height, weight,
body mass index and normalized intramuscular adipose tissue

GMax nIMAT  Abd nIMAT  Quad nIMAT  Ham nIMAT

BMD 0.128 0.125 0.176* 0.149*
Age -0.004 -0.01 -0.131 0121
Height 0.125 0.094 0.180% 0.093
Weight 0.41** 0.316™* 0.465** 0.353**
BMI 0.4** 0.3** 0.431** 0.343"

*P<0.05. **P<0.01.

GMax, gluteus maximus; nIMAT, normalized intramuscular adipose tis-
sue; Abd, abductor; Quad, quadriceps; Ham, hamstring; BMD, bone min-
eral density; BMI, body mass index.

Table 3. Correlation between bone mineral density, age, height, weight, body mass index, cross sectional area

BMD Age Height Weight BMI GMax CSA Abd CSA Quad CSA Ham CSA
BMD 1.000 -0.31%* 0.371** 0.474%* 0.346** 0.3** 0.21** 0.41%* 0.32**
Age 1.000 -0.076 -0.22** -0.22** -0.13 -0.08 -0.07 -0.09
Height 1.000 0.503** 0.041 0.34** 0.21** 0.44** 0.28**
Weight 1.000 0.881** 0.63** 0.39%* 0.66** 0.54**
BMI 1.000 0.54** 0.34** 0.51** 0.5**

*P<0.05. **P<0.01.

BMD, bone mineral density; BMI, body mass index; GMax, gluteus maximus; CSA, cross sectional area; Abd, abductor; Quad, quadriceps; Ham, ham-

string.

Table 4. Correlation between bone mineral density, age, height, weight, body mass index and muscle attenuation coefficient, cross sectional mus-

cle area

GMax MAC Abd MAC Quad MAC Ham MAC GMax CSmA  Abd CSmA Quad CSmA Ham CSmA
BMD 0.230** 0.221** 0.134 0.115 0.272** 0.162* 0.271** 0.20**
Age -0.078 -0.069 0.017 0.012 -0.115 -0.057 0.025 -0.016
Height 0.112 0.272** 0.132 0.094 0.242** 0.111 0.312** 0.178*
Weight 0.304** 0.362** 0.067 0.091 0.412** 0.153* 0.285** 0.29**
BMI 0.296** 0.278** 0.003 0.05 0.343** 0.12 0.164** 0.18*

*P<0.05. **P<0.01.

GMax, gluteus maximus; MAC, muscle attenuation coefficient; Abd, abductor; Quad, quadriceps; Ham, hamstring; CSmA, cross sectional muscle area;

BMD, bone mineral density; BMI, body mass index.
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Table 6. Comparison between intertrochanteric and femoral neck
fracture groups on the same demographics and muscle quantity and

quality

Intertrochanteric Femoral neck Palue

fracture (n=105) fracture (n=73)
Age (yr) 79.3+6.0 76.916.9 0.019
Height (cm) 151.94+6.2 1533174 0.173
Weight (kg) 5344102 519497 0.344
BMI (kg/m?) 23.1+£39 22.0%35 0.065
BMD (g/cm?) 0.61£0.11 0.6440.11 0.0mM
GMax CSA (mm?) 21331654 21031576 0.748
Abd CSA (mm?) 26381441 26301456 0.893
Quad CSA (mm?) 25181496 24841485 0.655
Ham CSA (mm?) 1432 +390 1434+414 0.972
GMax MAC (HU) 526+1.1 525+12 0.541
Abd MAC (HU) 53.6%0.7 53.5%0.7 0.312
Quad MAC (HU) 53.7+09 535+1.0 0.234
Ham MAC (HU) 522%12 521+13 0.517
GMax nIMAT (%) 354493 359493 0.737
Abd nIMAT (%) 303+78 305%7.7 0.871
Quad nIMAT (%) 11.9£59 125451 0.504
Ham nIMAT (%) 19.4+£89 206%85 0.354

Data is expressed as mean % standard deviation. Comparisons signifi-
cant for P<0.05.

BMI, body mass index; BMD, bone mineral density; GMax, gluteus maxi-
mus; CSA, cross sectional muscle area; Abd, abductor; Quad, quadriceps;
Ham, hamstring; MAC, muscle attenuation coefficient; HU, Hounsfield
units; nIMAT, normalized intramuscular adipose tissue.

the intertrochanteric fracture group and BMD was higher
in femoral neck fracture group. The muscle size and a de-
gree of fatty degeneration of the muscles were not signifi-
cantly different between the two groups.

DISCUSSION

With age, loss of muscle mass is associated with loss of
bone mass. The precise mechanism responsible for syn-
chronizing bone and muscle mass remain unclear. Muscle
decline with age appears to occur before bone decline with
age. With age, greater adiposity is observed in both bone
marrow and muscle and fat infiltrated are also observed in
nerves and capillaries.[18]

Goodpaster et al.[19,20] argued that muscle strength
decline is much more rapid than the concomitant loss of
muscle mass which suggest a decline in muscle quality.
Moreover, the degree of muscle weakness is much more
related with the muscle strength reduction than muscle

https://doi.org/10.11005/jbm.2016.23.4.215

Bone Density and Fatty Degeneration of Thigh Muscles |

mass does. Marcus et al.[21] reported that intramuscular
fat deposition is associated with metabolic deficits and
lack of exercise in the elderly and increases with age and
the level of inactivity. To measure the deposition of fat tis-
sue in muscle, invasive methods such as biopsy of muscle
tissue, and noninvasive methods such as DXA, CT and h
magnetic resonance (H-MR) spectroscopy are being used.
[11,16,22] Among these, the measurement of fatty degen-
eration in muscles using a CT showed that the fat tissue
was dark and the muscle tissue was bright (depending on
the proton content per unit mass, the adipose tissue ap-
pears in the negative area, ranging from -190 to -30 HU,
and the muscle appears in the 0 to 100 HU area), so that
the two tissues could be easily distinguished. Therefore,
despite the radiation exposure and price disadvantages,
this method is suitable for measuring the deposition of fat
tissue in muscle.[23] Recently, Malkov et al.[11] reported
that value of the CSA, MAC, and subcutaneous fat thick-
ness of the muscle around the femur which was measured
using DXA, showed a statistically significant correlation with
the value of those measured using a CT. Although it is con-
venient for the clinical use, it does not have enough resolu-
tion that can surpass the tissue distinguishing ability by CT.

In this study, the MAC value of quadriceps muscle was
53.64 HU, the highest among the four muscles, with the
lowest nIMAT of 12.13%. On the other hand, the nIMAT of
gluteus maximus muscle was the highest at 35.6%. This
suggests that the level of fatty degeneration of the exten-
sor of knee joint is low even in the elderly. Inacio et al.[24]
measured the MAC and IMAT values of the thigh muscles
in the elderly over 65 years of age. MAC was the highest in
the quadriceps and the lowest in the gluteus maximus and
medius muscles and IMAT was the lowest measure in quad-
riceps and showed the same result as that of this study. This
is explained by the fact that muscles in the gluteal lesion
are more responsive to muscle changes with age. Thelen
et al.[25] reported that the responsive muscular activation
patterns of elderly subjects were similar to those of young
subjects in the forward fall experiment. However, there
was a difference in muscle activation time due to the de-
layed quadriceps activity before the swing phase and dur-
ing the swing phase. The importance of quadriceps mus-
cles in the case of falling was emphasized.

As expected, analysis of the correlation between the mea-
surements demonstrated that BMD, body weight, and BMI
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