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Abstract:
Introduction: There are few reports on body composition, particularly muscle mass, in patients with adolescent idi-

opathic scoliosis (AIS). The purpose of this study was to measure body composition including muscle mass and estimated

bone mass of patients with AIS using bioelectrical impedance analysis (BIA) and to clarify the relationship between the de-

gree of scoliosis and body composition.

Methods: The subjects were 210 girls (mean age 14.0 years, range 10-18 years) whose body composition was evaluated

using BIA (Tanita MC-780). Body mass index (BMI), percent body fat (%BF), lean muscle mass index (LMI: muscle mass/

heightˆ2), and estimated bone mass index (eBoneMI: estimated bone mass/heightˆ2) were determined by age and compared

with those of previous reports. We divided 111 subjects whose bone maturation was complete into two groups for compari-

son of body composition metrics: those with Cobb angle <40° (moderate scoliosis group) and those with Cobb angle �40°

(severe scoliosis group). The relationships between Cobb angle and each body composition parameter were evaluated.

Results: Age-adjusted BMI, %BF, and LMI tended to be low at all ages compared with means for the healthy Japanese

population as previously reported. BMI, LMI, and eBoneMI were significantly lower in the severe scoliosis group compared

with those in the moderate scoliosis group (p<0.05). In addition, all BMI, LMI, and eBoneMI were weakly correlated with

Cobb angle (r= −0.20, −0.26, and −0.24).

Conclusions: On the basis of the results of this study, patients with AIS are thinner, with lower BMI, %BF, and LMI

compared with healthy girls of the same age. Furthermore, factors such as lower BMI, lower muscle mass, and lower esti-

mated bone mass were correlated with progressive scoliosis.
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Introduction

Adolescent idiopathic scoliosis (AIS) is the most common

type of scoliosis, especially affecting females from 10 to 18

years old. An estimated prevalence rate of 1-3% has been

reported for children1). In Japan, our previous epidemiologic

study reported an estimated prevalence rate of 0.87% in

schoolchildren aged 11-14 years2). There are many theories

about the factors that might affect the onset and progression

of AIS, including hormonal imbalances3,4) and mechanical

factors5). However, the cause of AIS still remains unclear.

Recently, specific genes, including LBX16), BNC27), and

GPR1268), have been implicated in the etiology of AIS. Pa-

tients with AIS are usually thin girls. Several authors have

reported many patients with AIS with osteopenia9-14). How-

ever, there are few reports on body composition, particularly

muscle mass.

To evaluate bone and muscle mass, dual-energy X-ray ab-

sorptiometry (DXA) is usually used, but there are some con-

cerns including radiation exposure and availability of the

equipment. On the other hand, bioelectrical impedance

analysis (BIA), which can determine muscle mass and esti-
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mated bone mass, is emerging as a popular alternative to

DXA due to its easy installation and superior cost-

effectiveness. Further, muscle mass measured by BIA has

been reported to correlate strongly with results using

DXA15).

The purpose of this study was to measure body composi-

tion including muscle mass and estimated bone mass of pa-

tients with AIS using the BIA method and to clarify the re-

lationship between the degree of scoliosis and body compo-

sition.

Materials and Methods

Ethical approval from our Institutional Review Board was

obtained for this study, which was conducted in accordance

with the ethical principles specified in the 1964 Declaration

of Helsinki and its later amendments.

Patient population

Two hundred ten consecutive girls (mean age 14.0 years,

range 10-18 years) with AIS seen at our institute from July

2016 to March 2018 were included in the current study. The

diagnosis of AIS was confirmed clinically and radiologically

using a standing frontal view of the whole spine and defined

by a Cobb angle >10°. Subjects with a history of connective

tissue abnormalities, neuromuscular diseases, mental retarda-

tion, or any other congenital spinal deformities were ex-

cluded.

Radiographic measurements

In addition to the Cobb angle, we also measured the de-

gree of ossification of the iliac apophysis by X-ray, evaluat-

ing for the Risser sign, a 5-point staging scale for assessing

bone maturation. We measured three parts of scoliosis curve

including proximal thoracic (PT) curve, main thoracic (MT)

curve, and thoracolumbar/lumbar (TL/L) curve. Then, the

scoliosis curve with the greatest magnitude of Cobb angle is

defined as the major curve, and we chose the Cobb angle of

the major curve as the Cobb angle. Further, we reviewed

menarcheal status from the medical records as another crite-

rion for bone maturation.

Body composition measurements

In our institute, we measured body composition in all pa-

tients with AIS at every visit to our institute from July 2016.

In the present study, we collected retrospective data at the

first time measurement of body composition. All patients

underwent BIA (MC-780A; TANITA, Tokyo, Japan) meas-

urements at our institute for assessment of body composition

at the same day of radiographic measurements. We calcu-

lated body composition parameters as follows:

●Body mass index (BMI): defined as the body weight di-

vided by the square of the body height (kg/m2).

●Percent body fat (%BF): defined as the body fat mass di-

vided by body weight (%).

●Lean muscle mass index (LMI): corrected lean muscle

mass defined as lean muscle mass divided by the square

of the body height (kg/m2).

●Estimated bone mass index (eBoneMI): corrected esti-

mated bone mass defined as estimated bone mass divided

by the square of the body height (kg/m2).

Body height was adjusted by using the largest Cobb angle

to correct for scoliosis (Bjure’s formula), as previously re-

ported16).

Degree of scoliosis and body composition

In a second analysis, 111 subjects whose bone maturation

was completed were included to evaluate characteristics in

patients with severe scoliosis. We considered completed

bone maturation as Risser stage 5 or Risser stage 4 plus 2

years after menarche. The 111 subjects were divided into

two groups: patients whose Cobb angle was <40° (moderate

scoliosis group), and patients whose Cobb angle was �40°

(severe scoliosis group). BMI, %BF, LMI, and eBoneMI

were compared between groups. To evaluate the relation-

ships between the degree of scoliosis and body composition,

we analyzed correlations between Cobb angle and each

body composition parameter. Further, to evaluate the differ-

ences in patient characteristics due to the curve patterns of

scoliosis, we divided the patients into two groups based on

their curve patterns: patients with PT or MT curve, in which

PT curve or MT curve is the major curve of scoliosis, and

patients with TL/L curve, in which TL/L curve is the major

curve of scoliosis. We then performed a subanalysis to com-

pare the BMI, %BF, LMI, and eBoneMI between the mod-

erate scoliosis group and severe scoliosis group.

Statistical analysis

The comparisons of body composition parameters be-

tween moderate and severe scoliosis groups were performed

using Student’s t-tests. A p-value <0.05 was considered sig-

nificant. Correlations between Cobb angle and body compo-

sition parameters were evaluated using Pearson’s correlation

coefficients. Correlation coefficients between 0.20 and 0.40

were considered weak, those between 0.40 and 0.70 were

considered moderate, and those between 0.70 and 1.00 were

considered high.

Results

Body composition in AIS girls by age

Table 1 shows Cobb angles and body composition pa-

rameters by age. BMI and %BF gradually increased by age,

except for 14-year-old girls. On the other hand, LMI and

eBoneMI gradually increased until 14 years old, but increase

stopped in girls �15 years.

Degree of scoliosis and body composition

Table 2 shows the mean age, Cobb angle, and body com-

position parameters of 111 subjects whose bone maturation

was completed.
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Table　1.　Cobb Angle and Body Composition Parameters by Age.

years N
Cobb Angle BMI % BF LMI eBoneMI

Mean SD Mean SD Mean SD Mean SD Mean SD

10 8 24.23 13.04 15.38 1.206 13.65 4.946 12.54 0.582 0.703 0.061

11 19 27.70 10.56 16.49 1.474 16.68 3.771 12.92 0.728 0.770 0.065

12 30 32.13 14.96 17.42 2.386 19.73 5.731 13.07 0.937 0.793 0.092

13 33 29.68 12.47 17.31 1.837 19.02 4.975 13.12 0.738 0.818 0.067

14 36 31.23 11.85 18.98 2.838 23.23 6.377 13.55 0.833 0.851 0.065

15 32 34.61 12.68 18.39 1.855 22.99 4.938 13.26 0.728 0.821 0.074

16 18 33.47 14.17 18.52 1.552 24.00 3.116 13.28 0.93 0.772 0.083

17 21 28.24 12.22 18.89 2.059 24.02 4.084 13.51 1.021 0.780 0.086

18 13 35.55 17.41 19.47 3.331 25.18 6.711 13.58 1.128 0.800 0.107

Table　2.　Comparison of Cobb Angle and Body Composition Parameters in Adolescent Japanese Girls with Moderate Versus Severe 

Idiopathic Scoliosis Whose Bone Maturation was Completed.

Total (N=111) Thoracic curve (N=58) Thoracolumbar curve (N=53)

Moderate 

(N=87)

Severe 

(N=24) Comp

Moderate 

(N=44)

Severe 

(N=14) Comp

Moderate 

(N=43)

Severe 

(N=10) Comp

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

years 15.34 1.60 15.46 1.72 NS 15.36 1.64 15.21 1.53 NS 15.33 1.57 15.80 1.99 NS

Cobb angle 26.17 8.34 50.14 10.29 * 27.96 8.33 50.27 10.40 * 24.34 8.04 48.21 12.29 *

BMI (kg/m2) 18.96 2.38 18.00 1.96 * 19.06 2.21 17.88 1.96 NS 18.86 2.56 18.16 1.92 NS

%BF (%) 23.75 5.24 23.07 4.63 NS 23.94 5.03 23.04 4.64 NS 23.55 5.51 23.11 4.86 NS

LMI (kg/m2) 13.53 0.91 12.99 0.80 * 13.58 0.89 12.91 0.91 * 13.49 0.95 13.10 0.66 NS

eBoneMI (kg/m2) 0.820 0.084 0.779 0.088 * 0.830 0.082 0.773 0.095 * 0.810 0.086 0.787 0.081 NS

*p<0.05, NS: not significant

The BMI was significantly lower in the severe scoliosis

group than that in the moderate scoliosis group (p<0.05).

Additionally, the LMI and eBoneMI were significantly lower

in the severe scoliosis group than those in the moderate

scoliosis group (p<0.05). There was no significant difference

in the %BF between the two groups (p>0.05). In the com-

parison of patients with PT or MT curve, the LMI and

eBoneMI were significantly lower in the severe scoliosis

group than those in the moderate scoliosis group (p<0.05).

There was no significant difference in the BMI or %BF be-

tween the severe scoliosis group and moderate scoliosis

group (p>0.05). Conversely, in the comparison of patients

with TL/L curve, there was no significant difference in any

of the body composition parameters between the severe

scoliosis group and moderate scoliosis group (p>0.05) (Ta-

ble 2).

A significant (p<0.05) weak negative correlation was de-

tected between Cobb angle and BMI (r= −0.200; Fig. 1A).

Further, LMI and eBoneMI were also significantly and

negatively, but weakly, correlated with Cobb angle (r=

−0.268, r= −0.242; Fig. 1C, D). In contrast, %BF was not

significantly correlated with Cobb angle Fig. 1B).

Discussion

In Japanese girls with AIS, BMI and %BF gradually in-

creased with age. LMI and eBoneMI increased until age 15

years, after which increases slowed. This is the first report

about body composition using the BIA method in Japanese

girls with AIS. Several investigators have reported the mean

value of body composition parameters using the BIA

method in healthy Japanese girls17-20). Fig. 2 shows BMI by

age in Japanese girls with AIS from the present study and in

healthy Japanese girls as previously reported. BMI in Japa-

nese girls with AIS tend to be low at all ages compared with

that in healthy Japanese girls17-20). Fig. 3 shows %BF by age

and Fig. 4 shows LMI by age in Japanese girls with AIS

from the present study and healthy Japanese girls as previ-

ously reported. %BF and LMI in Japanese girls with AIS

also tend to be low at all ages compared with those in

healthy Japanese girls17,19,20). Tam et al. reported that Chinese

girls with AIS had lower BMI, lower muscle mass, and

lower body fat compared with healthy controls21). Ramirez et

al.22) and Barrios et al.23) reported low BMI, low body fat,

and low estimated muscle mass in Spanish girls with AIS.

Further, Watanabe et al. suggested that low BMI might be

associated with AIS based on Japanese junior high school

students who planned a secondary screening for scoliosis24).

These studies indicate that low BMI, low %BF, low lean

muscle mass, and low estimated bone mass may be a gen-

eral condition in AIS across different populations including

Japanese girls.
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Figure 1. The relationships between the Cobb angle and (A) body mass index (BMI), (B) percent 

body fat (%BF), (C) lean mass index (LMI), or (D) estimated bone mass index (eBoneMI).

N.S.: Not significant

BMI, LMI, and eBoneMI were significantly but weakly correlated with the Cobb angle.

r=-0.200
p=0.035

r=-0.268
p=0.004

r=-0.242
p=0.010

A B

C D

Figure 2. Body mass index (BMI) in adolescent Japanese girls with idiopathic scoliosis (present study) 

and healthy Japanese girls (previous reports).
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In the present study, BMI, LMI, and eBoneMI in patients

with AIS with Cobb angle �40° were significantly lower

than those in patients with AIS with Cobb angle <40°.

Lower BMI, LMI, and eBoneMI were correlated with a

larger Cobb angle in Japanese girls with AIS. Matusik et al.

reported patients with severe scoliosis with Cobb angle �40°
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Figure 3. Percent body fat (%BF) in adolescent Japanese girls with idiopathic scoliosis (present study) 

and healthy Japanese girls (previous reports).
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Figure　4.　Lean muscle mass index (LMI) in adolescent Japanese girls with idiopathic scoliosis (present 

study) and healthy Japanese girls (previous report).
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had high BMI, high fat mass, and low muscle mass in a

European population, suggesting that high fat mass and low

muscle mass might be correlated with progressive scolio-

sis25). Regarding the BMI, the discrepancy with the present

study suggested that this aspect of body composition in AIS

girls may vary by race. In addition, low BMI in patients

with severe scoliosis might be specific for Japanese girls.

However, AIS girls with severe scoliosis had low muscle

mass in both studies, indicating that at least low muscle

mass might be associated with scoliosis severity across

populations. Interventions based on new aims such as mus-

cle training might be effective for prevention of progressive

scoliosis.

Our analysis of the differences in patient characteristics
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due to the curve patterns of scoliosis showed that the muscle

mass and estimated bone mass were low in the severe

scoliosis group than those in the moderate scoliosis group

among patients with PT or MT of scoliosis but not in pa-

tients with TL/L curve of scoliosis. No reports have de-

scribed the differences in patients’ body composition charac-

teristics due to the curve patterns of scoliosis. These find-

ings at least indicate that patients with severe scoliosis char-

acterized by PT or MT curve had low muscle mass and esti-

mated bone mass. However, in patients with TL/L curve, the

BMI, muscle mass, and estimated bone mass tended to be

lower in those with severe scoliosis than those with moder-

ate scoliosis, although the differences were not statistically

significant. A more extensive study is needed.

Several authors have reported that 27-65% of patients

with AIS have osteopenia regardless of race or ethnicity9-14).

In the Japanese population, Ishida et al. reported that 65%

of patients with AIS had low bone mineral density and 59%

had high bone turnover14). However, in these studies, bone

mass was evaluated using DXA, which subjects children to

radiation. In the present study, the relationship between

Cobb angle and estimated bone mass was evaluated by BIA,

which does not involve radiation. Although further valida-

tion for bone mass evaluated by BIA is needed, BIA might

be a useful tool for evaluating bone mass.

There were some limitations to this study. First, because

this study is a small cross-sectional study, we could not es-

tablish any cause and effect relationships. In addition, there

was very weak correlation between Cobb angle and BMI,

LMI and eBoneMI. Besides body composition, several fac-

tors including age, physical activity, bone maturation, and

mensturation status might affect the severity of scoliosis.

Therefore, we need larger study samples and other statistical

analysis including multivariate analysis. In the future, we

would like to conduct a longitudinal study with larger sam-

ples study. Second, for the accurate correction of body com-

position, we needed the body height to be adjusted because

degrees of scoliosis affected the error of body height. In the

present study, we measured body height at first; then, we

measured body composition using measured body height.

Finally, when we analyzed body composition data, we cor-

rected body composition by adjusting the body height. This

would be normal manner for correction; however, for the ac-

curate correction by body height, we may measure body

composition using adjusted body height. There might be

some error in the analysis of body composition.

In conclusion, based on the results of this study, patients

with AIS are thinner, with lower BMI, %BF, and LMI com-

pared with healthy girls of the same age in a Japanese popu-

lation. Furthermore, the BMI, the LMI, and eBoneMI were

significantly lower in the severe scoliosis group than those

in the moderate scoliosis group.
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