
25EDUCATION • PHYSICAL TRAINING • SPORT Nr. 3 (57); 2005; 25—29; BIOMEDICINE SCIENCES

SPINE’S SAGITTAL PLANE CURVES’ COHERENCE WITH
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ABSTRACT
The aim of this study — to identify how anthropometric measurements are connected with spine sagittal curves in
schoolchildren.
Anthropometric and sagittal body posture measurements were performed for 405 schoolchildren, age range 10—13
years. Such anthropometric measurements as body height, weight, fat mass and fat free mass were assessed. Degrees
of thoracic kyphosis and lumbar lordosis as sagittal profile features were evaluated.
According to the data analysis could be concluded, that coherence between anthropometric parameters and spine’s
sagittal profile differs according to gender. The number of statistically significant connections between these two
parameters’ groups was greater in boys. Anthropometric measurements had greater coherence with thoracic kyphosis
in comparison with lumbar lordosis. Body weight and fat mass were statistically significantly different according to
kyphosis and lordosis values in boys, although fat-free body mass had no significant difference with sagittal curves’
expression. Body weight, fat mass and fat-free body mass among girls were associated only with thoracic kyphosis.

Keywords: thoracic kyphosis, lumbar lordosis, height, weight, fat mass.

INTRODUCTION

Asymmetric body posture lately is more
and more often diagnosed among
adolescents in Lithuania also in other

countries. Consequences of this widely spreading
health disorder are very important as for physical
health and so for social and mental wellbeing.
Asymmetric body posture is considered not only
one of the most common adolescents’
musculoskeletal system disorders (Lindišienė,
Murauskienė, 1999; Juškelienė et al., 1996) but also
one of the possible signs or reasons of scoliosis

(Nissinen et al., 1993; Hazebroek-Kampschreur et
al., 1992; Grivas et al., 2002). Spine sagittal plane
curves being too much or not enough in their form
expression (according to their expression size) may
influence reduced musculoskeletal system
functioning. The expression of sagittal curves
influences not only spine’s frontal plane curves
(Mac-Thiong et al., 2003), but also pelvic and
lower extremities’ posture (Park et al., 2003;
Vedantam et al., 1998; Vialle et al., 2005), back
pain appearance (Joncas et al., 1996) and other
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symptoms. Body posture changes and develops
with age and also according to gender and
anthropometric parameters. Some researchers (Le
Blanc et al., 1995; Farenc et al., 2003) confirmed
the influence of morphologic somatotype and body
characteristic on body posture. But there is not
enough data on how anthropometric measurements
affect sagittal plane parameters. And the aim of this
article is to reveal the coherence between some
anthropometric parameters and spine sagittal
alignment among schoolchildren.

MATERIAL AND METHODS

Assessment of schoolchildren’s body posture
and anthropometric parameters was performed
according to standards of medical ethics
(Declaration of Helsinki). We assessed 405
schoolchildren (210 girls and 195 boys). Mean
age (mean ± standard error mean) was
11.6 ± 0.045 years (range 10—13) for boys and
11.48 ± 0.037 years (range 10—12) for girls.

Height of schoolchildren was measured with a
steel anthropometer, weight with a weighing
machine. Amount of body fat mass was calculated
from skinfolds’ measurements, performed with
Harpenden caliper. Skinfolds’ measurements were
taken in two points: m. triceps brachii area and
subscapular area on the right side of body with
0.2 mm precision. Amount of body fat mass (in
percent) was calculated using the T. G. Lohman
and M. H. Slaughter’s formulae for 6—16 years
old children (Heyward, Stolarczyk, 1996).

The curves of spine’s sagittal plane were
measured with cirtometer — graduated flexible
curve that holds position given to it, placing it on
the spinous processes of vertebras. The angles of
thoracic kyphosis and lumbar lordosis were
calculated.

Schoolchildren were divided into three groups
of height, weight, fat mass and fat-free body mass.
Medium value we considered value rate of mean
± ½ standard deviation. Other groups were named
as big or small respectively to specific parameter.

Data were analyzed by using SPSS 10.0 for

Windows. Student’s test was used for statistical
differences estimation between groups. Pearson’s
and Spearman’s correlation analysis was used to
estimate correlation between anthropometric and
sagittal plane measurements. Analysis of variance
(ANOVA) was performed for assessing statistical
significance of differences. P value < 0.05 was
considered statistically significant.

RESULTS

The mean values of children’s height, weight,
fat mass and fat-free body mass are presented in
the table.

The height of schoolchildren’s had statistically
significant difference according to gender. The
analysis revealed no significant difference for
weight among boys and girls. There was
significant difference of body fat mass amount; it
was greater in girls (p < 0.05). Amount of fat-free
mass was greater in girls, but no significant
difference was established. Thoracic kyphosis
mean value was different between gender groups
(p < 0.05), although there was no difference in
lumbar lordosis. Proportional distribution
according to kyphosis expression was similar in
boys and girls, but it was different analyzing
lumbar lordosis. Boys tended more often have
decreased lordosis then girls. Variation of height,
amount of body fat mass and lordosis was greater
in boys.

The correlation analysis (Pearson’s
coefficient) revealed no strong significant
correlation between anthropometric and sagittal
plane measurements in both boys and girls.
Significant but weak positive correlation was
detected between body weight and thoracic
kyphosis (r = 0.225, p = 0.002) and between body
weight and lumbar lordosis (r = 0.206, p = 0.005)
in girls; and body fat mass and lordosis (r = 0.203,
p = 0.009) in boys. The correlation analysis
(Spearman‘s coefficient) revealed additional
significant weak correlation between body fat
mass and thoracic kyphosis in girls (r = 0.229,
p = 0.003) and in boys (r = –0.214, p = 0.006).

Boys Girls 

Parameter’s groups Parameters 

Small Medium Big Small Medium Big 

Height 140.16 ± 0.88 149.65 ± 0.47 155.31 ± 0.73 144.11 ± 0.66 150.52 ± 0.31 156.01 ± 0.41 

Weight 31.53 ± 0.64 39.57 ± 0.47 48.03 ± 1.2 31.98 ± 0.48 38.56 ± 0.48 50.89 ± 1.3 

Fat mass 10.51 ± 0.27 16.34 ± 0.58 28.04 ± 2.47 13.76 ± 0.39 19.42 ± 0.42 29.61 ± 1.44 

Fat-free mass 27.5 ± 0.45 32.13 ± 0.43 36.68 ± 0.42 26.85 ± 0.39 31.1 ± 0.28 36.67 ± 0.65 
 

Table. Mean values (± standard
error of mean) of school-
children’s height, weight, fat
mass and fat-free mass
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But there was no correlation between body fat
mass amount and lumbar lordosis in boys.

The analysis of variance performed for mean
values of kyphosis as calculated by each of height
groups yielded significant statistical differences
among boys, and showed no significant difference
among girls. Mean values of lumbar lordosis
calculated by each of height groups had no
significant differences also in girls and boys. It was
established that thoracic kyphosis of boys with
small height was greater than kyphosis of boys with
big height. Lordosis of boys with small height was
smaller than lordosis of those with big height, but
difference wasn’t statistically significant (Fig. 1).
Kyphosis in girls with big height was more
expressed (p < 0.05) than in those with medium and
small height. Lordosis expression was similar in all
height groups among girls.

The analysis of variance performed for the
mean values of kyphosis as calculated by each of

weight groups yielded significant statistical
differences among boys and girls. Mean values of
lordosis have significant difference only among
boys. Boys with small weight had greater thoracic
kyphosis than those with big weight (p < 0.05)
and their lordosis was statistically significant
smaller (Fig. 2). Boys with big weight had greater
lordosis than those with medium and small weight
(p < 0.05). Kyphosis was greater among girls with
big weight.

The analysis of variance revealed statistical
significant differences among thoracic kyphosis
and lumbar lordosis mean values according to
amount of fat mass in boys. Among girls statistical
significant difference was only in kyphosis mean
values. Thoracic kyphosis of boys with small
amount of fat mass was greater than kyphosis of
boys with medium and big amount of fat mass
(p < 0.05) (Fig. 3). Boys with big amount of fat
mass had greater lordosis than those with medium
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Fig. 1. Degrees of thoracic
kyphosis and lumbar lordosis
according to height groups among
boys and girls

Note. * — p < 0.05.
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Fig. 2. Degrees of thoracic kyphosis
and lumbar lordosis according to
weight groups among boys and
girls

Note. * — p < 0.05.
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fat mass. Girls with small amount of fat mass had
minimal kyphosis and lordosis values.

The analysis revealed no significant
differences between lordosis mean values and
different fat-free body mass groups in both gender
groups. Differences were significant only in
kyphosis mean values among girls. Girls with
bigger fat-free body mass tended to have greater
kyphosis values (Fig. 4) than girls with medium
and small fat-free body mass (p < 0.05).

Although many authors have established
correlation between anthropometric and posture
parameters (Nissinen et al., 2000; Tambovtseva,
Panasiuk, 2000), our research data analysis
revealed that among the schoolchildren, who
participated in this research, there was no strong
statistically significant correlation between

anthropometric and spine’s sagittal profile
measurements. This could be due to absence of
researches of anthropometric data influence on
sagittal plane curves, because usually “posture” is
used for describing frontal plane alignment.
Although data grouping in our research showed
some consistent patterns according to the
relationship of these parameters.

The relations between anthropometric data
and sagittal curves were different according to the
participants’ gender. This peculiarity could be due
to different beginning of growth spurt and posture
development among different genders (Nissinen et
al., 2000; Tambovtseva, Panasiuk, 2000).

According to our research data, height had no
statistically significant influence on lumbar
lordosis, but it was connected with thoracic
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Fig. 3. Degrees of thoracic kyphosis
and lumbar lordosis according to
fat mass groups among boys and
girls

Note. * — p < 0.05.

Fig. 4. Degrees of thoracic kyphosis
and lumbar lordosis according to
fat-free body mass groups among
boys and girls

Note. * — p < 0.05.
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kyphosis in boys. The analysis of Lithuanian
children’s morphological features (Tutkuvienė,
1995) also confirmed that the children with
bigger or smaller than medium height have
greater possibility for scoliosis or kyphosis
development. Height was the strongest predictor
for the development of trunk abnormalities in
both sexes among the children of 11 and 13 years
old in The Netherlands (Hazebroek-Kampschreur
et al., 1994).

Researchers also emphasize body weight and
fat mass influence on posture, especially scoliosis
(Allard et al., 2004; Farenc et al., 2003). The data
of this research also confirm coherence between
weight and fat mass and kyphosis in both sexes.
Lumbar lordosis was associated with
anthropometric data only in boys.

CONCLUSIONS

1. Coherence between anthropometric parameters
and spine’s sagittal profile differs according to
gender. The number of statistically significant
connections between these two parameters’
groups was greater in boys.

2. Anthropometric measurements have greater
coherence with thoracic kyphosis in
comparison with lumbar lordosis.

3. Body weight and fat mass were statistically
significantly different according to kyphosis
and lordosis values in boys, although fat-free
body mass had no significant difference with
sagittal curves expression. Body weight, fat
mass and fat-free body mass among girls were
associated only with thoracic kyphosis.
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