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ABSTRACT 

Dual-energy X-ray absorptiometry (DXA) is an attractive method for evaluating sarcopenia, age-related loss of skeletal 
muscle mass and function, using appendicular lean tissue (aLT) mass for criteria of diagnosis, although minimal radia- 
tion is exposed. Skeletal muscle (SM) mass can be estimated by using ultrasound-measured muscle thickness (MTH). 
However, the association between these two methods is unclear. To examine the relationship between DXA-derived 
aLT mass and total body SM mass estimated by ultrasound, thirty-six healthy adults (18 men and 18 women) aged 19 - 
65 years participated in this study. Ultrasound-measured muscle thickness was used to estimate the total SM mass. 
DXA was used to estimate whole body and regional body composition, and aLT mass was considered equivalent to the 
sum of lean tissue in both the right and left arms and legs. Total SM mass (26.3 ± 4.4 kg for men and 15.7 ± 2.6 kg for 
women) estimated by ultrasound was similar to DXA-estimated aLT mass (24.5 ± 3.8 kg for men and 15.7 ± 2.7 kg for 
women). There was a strong correlation between DXA-measured aLT mass and total SM mass estimated by ultrasound 
in men (r = 0.927, n = 18) and women (r = 0.931, n = 18) as well as overall sample (r = 0.975, n = 36). The ratio of total 
SM mass to aLT mass was 1.07 for men and 1.00 for women. These results suggest that DXA-derived aLT mass can be 
accurately predicted from ultrasound estimated total SM mass, although the predicted value may underestimate in men 
(approximately 7% at the group level). 
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1. Introduction 

Magnetic resonance imaging (MRI) and computed tomo- 
graphy (CT) are gold standards for estimating total and 
regional skeletal muscle (SM) mass in research. Dual- 
energy X-ray absorptiometry (DXA) is a preferred alter- 
native method for estimating body composition, espe- 
cially bone mineral density and appendicular lean tissue 
(aLT) mass measurements. The DXA-derived aLT mass 
as a major criteria of diagnosis for age-related sarcopenia 
is previously reported in many studies [1,2]. However, 
these techniques are costly and access to the equipment is 
limited. In addition, these equipments are not portable, 
which may preclude the measurements in large samples 

of epidemiological studies. 
Bioimpedance analysis (BIA) is a portable alternative 

technique to estimate body composition such as body fat 
and lean body mass. Under standard conditions, BIA pro- 
vides valid estimates of SM mass in healthy adults vary- 
ing in age [3]. B-mode ultrasound is another technique 
employed to estimate SM mass. This method is very 
adaptable for field use. A previous study [4] reported a 
strong correlation between MRI-measured and ultra- 
sound-predicted total SM mass in healthy adult men and 
women (r = 0.97), and the adult ultrasound-derived pre- 
diction equations were useful for estimating total SM 
mass for adolescents [5]. Because DXA provides a 
measure of aLT mass, Kim et al. [6,7] investigated the *Corresponding author. 
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relationship between MRI-measured total SM mass and 
DXA-derived aLT mass in healthy adults and children. 
However, it is unknown whether there is a strong corre- 
lation between ultrasound predicted total SM mass and 
DXA-derived aLT mass. In the present study, we exam- 
ined the relationship between aLT mass by DXA and total 
SM mass by ultrasound. 

2. Methods 

2.1. Study Sample 

Participants were healthy adult men (n = 18) and women 
(n = 18) who varied in age (19 - 65 yr), and body mass 
index (17.5 - 35.5 kg/m2). Participants were recruited 
from students and employees at the university through 
posted flyers and recruitment emails. University Institu- 
tional Review Board approved informed consent was 
obtained from all participants. 

2.2. Ultrasound-Predicted Total Skeletal Muscle  
Mass 

Total SM was estimated from ultrasound-derived predic- 
tion equation (sum of total nine sites) that converted 
muscle thickness (MTH) to SM [4]. A strong correlation 
(R2 = 0.94) has previously been observed between mag- 
netic resonance imaging-measured total SM and ultra- 
sound-predicted total SM [4]. MTH was measured using 
B-mode ultrasound (Aloka SSD-500, Tokyo, Japan) at 
nine sites on the anterior and posterior aspects of the 
body (forearm, upper arm, trunk, thigh and lower leg) as 
previously described [8]. The measurements were taken 
while the subjects stood with their elbows and knees ex- 
tended and relaxed. A 5-MHz scanning head was placed 
on the measurement site without depressing the dermal 
surface. Distortion of tissue due to excess compression 
was eliminated by observing that no movement of tissue 
occurred in the real-time ultrasound image. The subcuta- 
neous adipose tissue-muscle interface and the muscle- 
bone interface were identified from the ultrasonic image, 
and the distance between two interfaces was recorded as 
MTH. The test-retest reliability for this method was less 
than 2%, as described previously [8,9]. 

2.3. DXA-Estimated Appendicular Lean Tissue  
Mass 

Appendicular lean tissue (aLT) mass was estimated by 
DXA (Hologic QDR 4500 Discovery, Hologic Inc., Bed- 
ford, Mass., USA). The DXA system provided the mass 
of lean tissue, fat, and bone mineral for both the whole 
body and specific regions. After isolation from the trunk 
and head by use of specific anatomic landmarks, the aLT 

mass was considered equivalent to the total of lean tissue 
in both the right and left arms and legs.  

2.4. Statistical Analysis 

Results are expressed as means and standard deviation 
(SD). The difference between DXA and ultrasound and 
between men and women was tested for significance by 
using Student’s t-test. Pearson product correlation was 
performed to determine the relationship between DXA- 
estimated aLT mass and ultrasound-predicted total SM 
mass. A Bland-Altman plot [10] was used to evaluate the 
sensitivity of the relationship two variables estimated by 
DXA and ultrasound. p-values < 0.05 were considered 
statistically significant. 

3. Results 

Ultrasound-predicted total SM mass was similar to DXA- 
estimated aLT mass in men and women (Table 1). The 
ratio of total SM mass to aLT mass (SM:aLT ratio) was 
higher (p < 0.05) in men (1.07) than in women (1.00). 
There was a strong correlation between the aLT mass and 
total SM mass in men (r = 0.927, n = 18) and women (r = 
0.931, n = 18) as well as overall sample (r = 0.975, n = 
36). A regression expression between aLT mass and total 
SM mass was: 

Total SM mass (kg) = 1.13 × aLT mass (kg) − 1.83 
(SEE = 1.46 kg; n = 36) (Figure 1). 

aLT mass (kg) = 0.838 × Total SM mass (kg) + 2.54 
(SEE = 1.26 kg; n = 36).  

Bland-Altman plot revealed that there was no system- 
atic bias between the difference and mean of two vari- 
ables in men (r = 0.354, p = 0.149) and women (r =  
 
Table 1. Body composition and skeletal muscle mass in men 
and women. 

 Men (n = 18) Women (n = 18) 

Age (yr) 40 ± 18 (21 − 65) 33 ± 13 (19 − 62) 

Body mass (kg) 
77.4 ± 10.5  

(61.4 − 90.9)† 
62.8 ± 12.3  

(43.6 − 90.8) 

Height (m) 
1.74 ± 0.07  

(1.61 − 1.86)† 
1.61 ± 0.04  

(1.53 − 1.68) 

BMI (kg/m2) 
25.5 ± 2.3  

(22.2 – 29.3) 
24.3 ± 4.7  

(17.5 – 35.5) 

Fat (%) 
24.1 ± 5.2  

(11.8 − 32.1) 
34.9 ± 8.5  

(21.9 − 47.9) 

aLT mass (kg) 
24.5 ± 3.8  

(18.3 − 32.5)† 
15.7 ± 2.7  

(12.1 − 22.5) 

Total SM mass (kg)
26.3 ± 4.4  

(17.6 − 33.6)† 
15.7 ± 2.6  

(11.0 − 20.5) 

SM:aLT ratio 
1.07 ± 0.07  

(0.97 − 1.17)* 
1.00 ± 0.06  

(0.91 − 1.14) 

Mean ± SD; range in parentheses. aLT, appendicular lean tissue; SM, skele-
tal muscle; SM:aLT ratio, ratio of total SM mass to aLT mass; *p < 0.05, †p 
< 0.01, men vs. women. 
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Figure 1. Relationship between total body skeletal muscle 
(SM) mass predicted by ultrasound and appendicular lean 
tissue (aLT) mass estimated by dual-energy X-ray absorp-
tiometry in men (●) and women (○). aLT mass = 0.838 × 
total SM mass + 2.54, (R2 = 0.950, n = 36). 
 
−0.085, p = 0.736). Using overall sample, however, the 
difference was related to the mean of aLT mass and total 
SM mass (r = 0.560, p < 0.001). 

4. Discussion 

The findings of the present study demonstrated that DXA- 
estimated aLT mass was strongly related to ultrasound- 
predicted total SM mass. In addition, there was no sig- 
nificant difference between the aLT mass and total SM 
mass in men and women.  

It is known that a large proportion of SM mass is ob- 
served in the arms and legs including shoulders and glu- 
tei [11], and DXA-estimated lean tissue mass involves 
skin and connective tissue in the extremities [6]. On the 
other hand, ultrasound-derived prediction equations are a 
valid method to predict SM mass and an alternative to 
MRI measurement in healthy adults [4]. Using this equa- 
tion, the predicted total SM mass includes the trunk SM 
mass, but not the skin and a large-scale of connective 
tissues in the extremities. These methodological differ- 
ences between two techniques may explain the results 
that appendicular lean mass by DXA is similar to total 
body SM mass predicted by ultrasound. 

Our findings showed that there was no difference be- 
tween the aLT mass and total SM mass in healthy adults 
men and women, suggesting that a criterion for diagnosis 
of sarcopenia may be similar between two techniques. 
Although the exact definition of sarcopenia is still elu- 
sive, Baumgartner et al. [1] proposed the definition of 
sarcopenia such that severe sarcopenia is a DXA-esti- 

mated aLT mass index (aLT mass/height2, kg/m2) value 
of 2 standard deviations (SD) below the mean for young 
adults with a reference value in men of 7.26 kg/m2. On 
the other hand, the reference value for severe sarcopenia 
(2 SD below) using ultrasound estimated SM mass index 
of 6.8 kg/m2 in men [12]. The difference in the reference 
value between two techniques may include the influence 
of ethnicity (Americans vs. Japanese). However, it is un- 
clear whether the severe sarcopenia is diagnosed with the 
same individuals in both criteria of the aLT mass index 
and total SM mass index. Further analyses are needed to 
be performed using a large sample of older adults. 

A previous study [6] reported a simple regression 
model between MRI-measured total SM mass and DXA- 
estimated aLT mass (Total SM mass (kg) = 1.19 × aLT 
mass (kg) − 1.01; R2 = 0.96, SEE = 1.63 kg). The SM: 
aLT ratio is almost same between men (1.16) and women 
(1.13). In the present study, our regression model is iden- 
tical (Total SM mass (kg) = 1.13 × aLT mass (kg) − 1.83; 
R2 = 0.95, SEE = 1.46 kg) with the previous study [6]. 
However, the SM:aLT ratio was higher in men (1.07) 
than in women (1.00), which may relate to systematic 
bias between the difference and mean of aLT mass and 
total SM mass when overall sample was used. In addition, 
smaller SM:aLT ratios were found in the present study 
compared with the previous study [6]. A possible reason 
for the difference in SM:aLT ratio would be higher 
DXA-estimated aLT mass in the present study. Because 
DXA-estimated aLT mass is composed of muscle, con- 
nective tissue, skin, and the lean portion of adipose tissue, 
a larger adipose tissue may contributes to higher aLT 
mass. However, the differences in total body fat mass 
between the present and the previous study are relatively 
small in men (16 kg vs. 19 kg) and women (21 kg vs. 22 
kg). Furthermore, there is no significant correlation be- 
tween total body fat mass and the difference of total SM 
mass and aLT mass in the present study (r = 0.053, p = 
0.758). 

Another possibility for the difference in SM:aLT ratio 
may be the distribution of muscle mass (arms, legs, and 
trunk) in the body. In the present study, 8 of 18 men and 
2 of 18 women were performing sports activity (cycling 
and running). The SM:aLT ratio was 1.07 in sports active 
men (n = 8) and 1.07 in other sedentary men (n = 10). 
These results suggest that physical active levels may not 
be associated with lower percentage of the muscle mass 
distributions in the extremities. Thus, the smaller 
SM:aLT ratio seen in the present study is not supported 
by the reasons described above.  

In the present study, we used an ultrasound technique 
to determine skeletal muscle size. Ultrasound measure- 
ment is simple, low cost, and easily applied in clinical 
assessment and field surveys with no health hazards.  
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However, it is not possible to measure muscle size with- 
out intermuscular adipose tissue by ultrasound. Inter- 
muscular adipose tissue is increased by advancement in 
age [13], and the accumulation of intermuscular adipose 
tissue may be a factor contributing to changing muscle 
size. Furthermore, because participants in this study were 
healthy adults men and women, it is uncertain if the re- 
sults pertain to children and adolescents as well. Addi- 
tional research into these issues is needed. 

In conclusion, our results suggest that DXA-derived 
aLT mass can be accurately predicted from ultrasound 
estimated total SM mass, although the predicted value 
may overestimate in men (approximately 7% at the group 
level). 
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