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Abstract: This study aimed to examine whether (a) there is an association of the dominant hand
(DH) and leg (DL) with the side of the primary angle of trunk rotation (ATR A) and (b) there are any
differences between boys and girls in the degree of the angle of trunk rotation (ATR) and the dominant
hand and leg. One thousand sixty-five (age: 14 ± 3 years; height: 162 ± 13 cm; weight: 56 ± 18.7 kg;
BMI: 21.18 ± 5.07) secondary school children participated in this study. Of the participants, 52.5%
(n = 559) were male students (age: 14 ± 2 years; height: 166 ± 16 cm; weight: 58.7 ± 22.6 kg; BMI:
21.41 ± 5.61), and 47.5% (n = 506) were female students (age: 14 ± 3 years; height: 159.5 ± 8.5 cm;
weight: 53.9 ± 14.8 kg; BMI: 21.03 ± 4.38). The ATR was measured with a scoliometer. Boys were
taller and heavier (p = 0.001) and had more left DLs (p = 0.039) than girls. Girls were biologically more
mature (p = 0.002), also having higher measurements for the ATR A (p = 0.004) and secondary angle
of trunk rotation (ATR B) (p = 0.023) degrees compared to boys. In the general sample, only in boys,
there was a significant association between the DH (p = 0.012) and DL (p = 0.001) with the ATR A side.
Also, within the scoliotic group, only in boys, there was a significant association between the DH
(p = 0.048) and DL (p = 0.024) with the ATR A. In conclusion, girls had higher measurements for the
ATR than boys, but cross laterality was found only in boys. The results suggest different progression
patterns of ATR between genders during their growth. Future research should focus on examining
other possible progression mechanisms.

Keywords: adolescents; functional scoliosis; gender; handedness; footedness

1. Introduction

School scoliosis screening (SSS) is considered a powerful tool that aims to identify
individuals with unrecognized adolescence idiopathic scoliosis (AIS) at an early stage [1].
AIS is a structural scoliosis, and it has been defined as a three-dimensional spine deformity
characterized by a lateral curvature of more than 10 degrees as measured on X-rays (Cobb’s
angle) [2,3] and rotation movement of the vertebrae [4]. On the other hand, functional
scoliosis is characterized by the disturbance of spinal balance in orthostatism but without
any anatomical deterioration of the vertebrae or intervertebral discs [4].

The etiology of functional scoliosis has been related to factors such as length differences
in the lower extremities, hip dysplasia, contracture of unilateral paravertebral muscle,
herniated discs, torticollis and asymmetry of the upper extremities [3–7]. Functional
scoliosis may also further cause other asymmetries with its onset, such as abnormal postural
habits, altered biomechanics, muscular imbalances, joint laxity and excessive strain on the
spine’s joints, muscles, tendons and bones [8–10].

Laterality in children and adolescents has also been also examined to indicate a
significant association of scoliosis-related attributes (curve pattern and convexity) with the
direction of hand preference, the strength of the asymmetry direction or side preference
consistency [11–15]. Yang and Li (2011) developed a theory with a three-dimensional spring
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model and a hypothesis for the mechanism of left–right handedness. The spine tends to
flex laterally and rotate around its axis, and spine curvature coexists. The direction of this
tendency is determined by the location and gravity of the heart and aorta, which could be
the reason for the right convexity in AIS [16]. As a result of this tendency, most dominant
right-handed people usually present curves with right convexity. It is also assumed that
dominant left-handed people do not have the same tendency and that the pattern of their
curve is random [16]. It was demonstrated that spine rotational patterns exist in normal,
non-scoliotic human spines [17,18]. Therefore, it has been hypothesized that the onset of
spinal rotation reasonably goes along with the pre-existing rotational pattern in a normal
spine [17,18]. Schlösser et al. (2017) validated these theories in patients with scoliosis
and situs inversus totalis and demonstrated a 94% match between organ orientation and
curve convexity [19].

Several studies have examined the different parameters that may influence laterality,
such as handedness, footedness, earedness and eyedness. However, studies conducted to
examine the laterality of trunk asymmetry and side dominance have focused on diagnosed
adolescents with AIS and on region prevalence in the spine rather than the side of the
spine [11–15,20,21]. Arienti et al. (2019) [14] found that right-side dominance is associated
with a low prevalence, whereas left dominance is associated with a high prevalence for
right thoracic, right thoracolumbar and left lumbar curves [14].

There is a need for further research on the association of leg and hand dominance
with the side of functional scoliosis particularly. The aims, therefore, of the present study
were (a) to examine whether there is an association of the dominant hand and/or leg with
the side of the primary angle of trunk rotation (ATR) in boys and girls and (b) to observe
whether there are any differences between boys and girls in the dominant hand and leg and
in the degrees of the ATR. It was hypothesized that there is indeed an association between
the dominant hand/leg with the side of the primary ATR and that there is a different
progression pattern of ATR between boys and girls during their puberty stages.

2. Materials and Methods
2.1. Participants

The participants of this study were one thousand sixty-five (n = 1065) students derived
from secondary schools (age: 14 ± 3 years; height: 162 ± 13 cm; weight: 56 ± 18.7 kg; BMI:
21.18 ± 5.07). Of the participants, 52.5% (n = 559) were male students (age: 14 ± 2 years;
height: 166 ± 16 cm; weight: 58.7 ± 22.6 kg; BMI: 21.41 ± 5.61), and 47.5% (n = 506)
were female students (age: 14 ± 3 years; height: 159.5 ± 8.5 cm; weight: 53.9 ± 14.8 kg;
BMI: 21.03 ± 4.38). All students were initially screened in school settings. All participants
voluntarily participated in the study after being informed of the purpose and the potential
benefits of the SSS. The study was approved by the National Bioethics Committee (EEBK
EΠ 2021.01.169) and conformed to the Code of Ethics of the World Medical Association
(Declaration of Helsinki) [22], and it was also under the auspices of the Ministry of Health
of Cyprus. Following an explanation of the SSS methods and procedures, parental written
informed consent was obtained prior to the screening. No participant had any disease
or musculoskeletal injury during the study period. Nine students denied participation;
therefore, none of them were forced to undertake the test.

2.2. Experimental Design

Initially, mail was sent to every private school principal in Nicosia County, including
an information letter and a participation form. The targeted sample was estimated to be
approximately three thousand students of the above-mentioned ages. Only seven out of
the fourteen private schools agreed to participate. One thousand five hundred thirty-three
envelopes were sent to parents, including the recruitment material (see below). Instructions
were given to each school to voluntarily sign and return the forms either via mail or email.
The information letter included the aims of the study and the potential benefits of the
program. The researchers requested from the director of each school to return the signed
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participation form for the school and provide the following information for organizational
purposes: the name of the principal and school and the number of students between
the ages of 11 to 16 years old enrolled for the academic year. The targeted ages were
11 to 16 years old, as per the national SSS program of the Ministry of Health of Cyprus. All
recruitment materials were prepared, and physical education teachers distributed them
to the students’ parents. The recruitment materials sent to the parents were enclosed
in envelopes, which included a (a) cover page, (b) parent/guardian/information letter,
(c) scoliosis article, (d) parent/guardian consent form (two copies) and (e) withdrawal form
(two copies). The scoliosis screening took place during physical education classes. The
students of each class gathered in nursery rooms or indoor sports courts.

2.3. Anthropometrics and Biological Evaluations

The date of birth, gender, height, weight, initiation of the menstrual cycle (for girls’
maturity) and hair growth in the genital region (for boys’ maturity) were recorded. Maturity
data were collected based on the answers of a questionnaire sent to parents regarding their
children’s biological maturation, which, for girls, was the onset of their menstrual cycle,
and for boys, was pubic hair growth [23].

2.4. Angle of Trunk Rotation Evaluation (Thoracic, Thoracolumbar and Lumbar)

The angle of trunk rotation (ATR) was measured with a scoliometer (Mizuho Osi®,
Mizuho OSI Inc., Tokyo, Japan). Initially, the participant performed Adam’s forward
bend test with extended arms touching his/her knees for thoracic and thoracolumbar
measurements and with his/her feet together. Afterward, the participant bent forward with
extended arms pointing down for the lumbar measurements and with his/her feet together.
During Adam’s forward bend test, it was observed whether there was an asymmetry at
any level of the spine, and then the scoliometer was placed at that level to obtain the
measurement (Figures 1 and 2). The scoliometer measurement, the spine’s level and the
convexity’s side of the ATR were recorded [24]. A scoliometer was chosen due to its high
specificity and sensitivity. Additionally, it was chosen due to its predictive capability since
it is correlated with radiographic analysis (r = 0.7 with p < 0.05) [25]. The reliability of the
scoliometer was determined with a two-way random-effect intraclass correlation coefficient
(ICC) with 95% confident intervals (CI) (Table 1). Two groups of ATR were created, where
the primary angle of trunk rotation (ATR A) was recorded as the one with higher degrees
and where the secondary angle of trunk rotation (ATR B) was the one with lower degrees.
With respect to degrees, the scoliotic group was named for participants who recorded ≥6◦.
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ATR A (Degrees) ATR B (Degrees)

Degree Categories Boys Girls All Boys Girls All

0–2 49% (n = 274) 44.3% (n = 224) 46.7% (n = 498) 93.4% (n = 522) 90.5% (n = 459) 92.1% (n = 981)
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ATR A = primary angle of trunk rotation, ATR B = coexisting secondary angle of trunk rotation. 0–2 = no clinical
impact, 3–5 = scoliotic posture, ≥6 = scoliotic group.

2.5. Laterality

Laterality is defined as the advantage of one side of the body with respect to usability,
precision and coordination [26]. Laterality progressively develops with age and is estab-
lished around the age of 7 years old [26,27]. Each student reported his/her dominant hand
as the one used for writing and the dominant leg as the one used to kick a ball [14].

2.6. Statistical Analysis

Following the normality of distribution test (Kolmogorov–Smirnov), all data were
expressed as the median and interquartile range (IQR). Since the data violated the assump-
tions for parametric analysis (i.e., equality of variance and normality of distribution), a
non-parametric examination was carried out. Chi-squared (χ2) was used to determine
whether the variables that were measured were associated in whole groups of students and
in boys and girls separately. The Mann–Whitney U test for unpaired evaluations was used
to examine the differences between boys and girls. The effect sizes (ESs) for each group
were estimated according to the Rosenthal (1991) equation (r = Z/

√
N) [28]. Cramer’s V

value was also requested to identify the strength and the effect size of the association of
the tested variables. The ESs were interpreted according to Cohen’s criteria. A Cramer’s
V value equal to 0.1 is considered a small effect size, 0.3 represents a medium effect size,
and 0.5 represents a large effect size [29]. Statistical significance was declared at p < 0.05.
All statistical analyses were performed using SPSS software (version 28 for Windows; IBM
SPSS Inc., Chicago, IL, USA).
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3. Results

The reliability was determined with a two-way random-effect intraclass correlation
coefficient (ICC) with 95% confidence intervals (CI) for the scoliometer. The result was
ICC = 0.988 (CI = 0.981–0.993; p = 0.001).

3.1. Differences between Boys and Girls

Table 2 presents the results of the Mann Whitney U test, which revealed the differ-
ences between the boys and girls. Boys were taller and heavier when compared to girls
(U = 91,733, Z = −9.915, p = 0.001, r = −0.30 and U = 112,689, Z = −5.733, p = 0.001 r = −0.18,
respectively). Girls had higher measurements of ATR A and ATR B degrees when compared
to boys (U = 127,203, Z = −2.877, p = 0.004, r = −0.09 and U = 134,940, Z = −2.276, p = 0.023,
r = −0.07, respectively). Girls were more mature than boys (U = 130,029.5, Z = −3.119,
p = 0.002, r = −0.1), and there were more left DLs in boys (U = 135,641.5, Z = −2.063,
p = 0.039, r = −0.06).

Table 2. Difference between boys and girls.

Gender Mean Rank Sum of Ranks p ES

Age (years)
Boys 532.98 297,935

0.998 0
Girls 533.02 269,710

Height (cm)
Boys 621.9 347,641.5

<0.001 * −0.3
Girls 434.79 220,003.5

Weight (kg)
Boys 584.41 326,685

<0.001 * −0.18
Girls 476.21 240,960

BMI
Boys 545.19 304,759.5

0.174 −0.04
Girls 519.54 262,885.5

ATR A
(degrees)

Boys 507.55 283,723
0.004 * −0.09

Girls 561.11 283,922

ATR B
(degrees)

Boys 521.4 291,460
0.023 * −0.07

Girls 545.82 276,185

Maturity
Boys 512.61 286,549.5

0.002 * −0.1
Girls 555.52 281,095.5

DH
Boys 541.537 302,719

0.089 −0.05
Girls 523.569 264,926

DL
Boys 543.35 303,732.5

0.039 * −0.06
Girls 521.566 263,912.5

BMI = body mass index, DH = dominant hand, DL = dominant leg. * Statistically significant difference.

No significant difference was found between the boys and girls for age, BMI and DH
(p > 0.05).

3.2. Chi-Squared (χ2)—Boys and Girls

In boys, there was a significant association between the dominant hand (DH) and the
ATR A side (χ2 (4) = 12.78, p = 0.012, V = 0.107) (Figure 3). The effect size, Cramer’s V, was
small [29].
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Also, in girls, there was not a significant association between the dominant leg (DL)
and the ATR A side (χ2 (2) = 2.04, p = 0.361, V = 0.063) (Figure 6).
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3.3. Chi-Squared (χ2)—Boys and Girls—Scoliotic Groups (≥6 Degrees)

Within the scoliotic group (≥6 degrees), in boys, there was also a statistically significant
association between the DH and ATR A side (χ2 (1) = 3.9, p = 0.048, V = 0.32) (Figure 7).
The effect size, Cramer’s V, was medium [29].
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Within the scoliotic group (≥6 degrees), in boys, there were also statistically significant
associations between the DL and ATR A side (χ2 (1) = 5.07, p = 0.024, V = 0.365) (Figure 8).
The effect size, Cramer’s V, was medium [29].

Within the scoliotic group (≥6 degrees), in girls, there was not any statistically signifi-
cant association between the DH and ATR A side (χ2 (1) = 2, p = 0.157, V = 0.2) (Figure 9).

Within the scoliotic group (≥6 degrees), in girls, there was not any statistically signifi-
cant association between the DL and ATR A side (χ2 (1) = 0, p = 1, V = 0) (Figure 10).
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4. Discussion

The current study aimed to examine whether (a) there is an association of the dominant
hand and leg with the side of the primary ATR, in boys and girls separately, and (b) there are
any differences between boys and girls in the degrees of the ATR, maturity and dominant
hand and leg in particular. According to the authors’ knowledge, this is the first study to
examine whether there is an association of the dominant hand and/or leg with the side
of the primary ATR in boys and girls. The main finding of the current study is that girls
had higher measurements of ATR than those of boys, but cross laterality was found only
in boys, in both the general sample and scoliotic group. These results reveal different
progression patterns of ATR between boys and girls during their growth and raises the
question of whether specific or perhaps different kinesiological action should be considered
to eliminate ATR progression in boys and girls during their growth.

4.1. Laterality

The first aim of the current study was to examine whether there is an association
between the side of ATR, handedness and footedness. There were statistically significant
associations between the DH and DL and the primary ATR, only in boys. Also, within
the scoliotic group (≥6 degrees), the same associations were observed again only in boys.
The numbers of male students of DHs and DLs were similar, and the associations with
the side of the primary ATR revealed cross laterality. The right DH and DL were found
to be associated with the left side of the primary ATR only in boys. The association of
the left DH and DL was random in comparison to the side of ATR. Consequently, the
association between these attributes is not potentially a causal effect on functional scoliosis,
since scoliosis has been examined thoroughly in relation to many factors and has been
characterized as multifactorial [14,30].

Most studies conducted to examine the laterality of trunk asymmetry and side dom-
inance have focused on diagnosed adolescents with AIS and on the region that is more
prevalent in the spine rather than the side of the spine [11–15,20,21]. However, Arienti et al.
(2019) [14] found that right-side dominance was associated with a prevalence of 0.43%,
1.01% and 0.87% for right thoracic, right thoracolumbar and left lumbar curves, respectively.
On the other hand, left-side dominance was associated with a prevalence of 2.72%, 2.54%
and 0.65% for right thoracic, right thoracolumbar and left lumbar curves, respectively.
They concluded that only the left-side dominance could be considered a predictor of trunk
asymmetry in thoracic and thoracolumbar curves [14]. Similarly, in our study, there was
cross laterality between the right DH and DL and the left side of the primary ATR, but only
in boys.

The results of the current study do not support previous relevant studies that have
observed the same laterality due to the association of pre-existing rotational patterns with
body anatomy (heart and aorta) and position but not with handedness [17–19,30]. Our
study could not make such conclusions since SSS was administered; therefore, AIS cases
were not diagnosed. However, certain conclusions can be made considering that Cobb’s
angle has been related to ATR due to the curve magnitude affecting Cobb’s angle [31,32].
In our sample, only boys were found to have such cross laterality. A plausible explanation
for this result could be pointed out. The majority of the sample of boys practiced soccer for
many years. This early participation/specialization in soccer could have contributed to
developing such cross laterality in boys, only as observed in the current study. Previous
studies, for example, have found that early participation in sports may cause postural
malalignment in young athletes, since the development of the skeletal and muscular
systems is not yet fully completed [23,33–37]. Early specialization may also increase the
risk of developing postural asymmetries, leading progressively to acute and/or chronic
injuries in both boys [34,35,37–39] and girls [40,41]. Furthermore, it has been suggested
that, in young male and female athletes, laterality in certain sports could be related to
asymmetrical bones and muscle circumference adaptations, which might also be correlated
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with muscle flexibility and strength [40–42]. However, more well-controlled studies are
required to examine why cross laterality is more evident in boys than in girls.

4.2. Differences between Boys and Girls

The second aim of this study was to observe whether there are any differences between
boys and girls in height, weight, BMI, degrees of the ATR, maturity and dominant hands
and legs. We found that boys were taller and heavier than girls. However, girls had higher
measurements of ATR A and ATR B degrees, and were more biologically mature than
boys Several previous studies support these results [43–46]. Children go through two
growth spurt periods: the first one occurs at a very young age during childhood, and
the second one occurs with the most noticeable changes during adolescence [47]. During
adolescence, postural changes occur due to hormonal effects at the beginning of puberty
and musculoskeletal development. It is well documented that females grow faster and
earlier than males and usually enter puberty between 8 and 14 years of age, lasting about
three years [47]. Males typically enter puberty between 9.5 and 16 years of age, lasting about
five years [47]. During this period, body differences become more apparent between males
and females, with males mainly having a bigger skeletal size and height than females [47].

In the current study, although both sexes had no differences in chronological age,
alterations were observed in biological age [47]. It is well documented that being a female is
considered to be a risk factor for scoliosis progression when compared to boys [3]. Studies
have reported that scoliosis is higher in females than in males across all ages [16,46,48,49].
Several factors, such as ethnicity, age, sex, maturity, BMI, genetics, socioeconomic situ-
ation, geographical latitude and screening tests used during SSS, may affect AIS preva-
lence [1,3,15,43–46,50]. Generally, it has been accepted that AIS prevalence is 2–3% in
adolescents under 16 years old [43–46]. Du et al. (2016) reported that girls had higher
prevalence (3.11%) than boys (1.96%) [48], and Yang et al. (2020) referred 5.2% of girls for
radiography, a 2.2 times higher percentage than boys [16]. Furthermore, Yilmaz et al. (2020)
found that AIS prevalence was higher in girls (3.1%) than in boys (1.5%). Additionally,
they reported higher AIS prevalence in girls across all ages [46]. Similarly, our SSS study
indicated higher prevalence in girls than in boys (boys: 6.8% (n = 38) and girls: 9.9%
(n = 50)) who had six or more degrees for the primary ATR. Our study’s results could not be
directly compared to other studies, though, as our evaluation method was not a definitive
diagnosis of scoliosis.

4.3. Limitations

There was not an actual laterality assessment. Instead, each student reported their
dominant hand as the one used for writing and the dominant leg as the one used to kick a
ball. Another limitation could be the selection of children only from private schools. The
main reason for this decision was that the school scoliosis screening was offered by the
Ministry of Health of Cyprus only to the children of public secondary schools. However,
socioeconomic backgrounds and scoliosis experiences might be different. Consequently, a
study that evaluates the scoliosis incidences between public and private schools is required.

5. Conclusions

In conclusion, in the current study, girls had higher measurements of the ATR than
boys, but cross laterality was found only in boys, in both the general sample and scoliotic
group. These results reveal different progression patterns of ATR between boys and girls
during their growth. Future studies should focus on identifying how possible factors act on
ATR progression differently in the two genders but particularly in boys since such available
results are limited.
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