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Abstract

Objective: The aim of the study was to assess the prevalence of trunk asymmetry in 
school-aged children using the Bunnell scoliometer in the screening diagnosis of 
idiopathic scoliosis and to analyze the relationship between the occurrence of men-
struation and the values of the angle of trunk rotation (ATR).

Material and methods: The study included 44 students (24 girls and 20 boys) from two 
primary schools. The ATR was measured according to the recommendations of the 
Committee of Rehabilitation during the Adams Test in three spinal sections (Th1–Th4, 
Th5–Th12, L1–L5) using the Bunnell scoliometer. The results were statistically analyz-
ed with PQStat software version 1.8.6, with a significance level set at p < 0.05.

Results: Trunk asymmetry requiring further diagnostics was found in 18.18% of the 
children. Girls required additional assessment more frequently than boys (29.17% 
vs 5%; p = 0.048). No significant differences in ATR values were found between sexes, 
whereas non-menstruating girls had significantly higher ATR values in the thoracic 
region (5° vs 0.5°; p = 0.02).

Conclusions: Trunk asymmetry suggesting a risk of idiopathic scoliosis occurs in 
a considerable proportion of school-aged children, especially during the peripuber-
tal period. Sexual maturation influences ATR values, indicating the need for regular 
screening. The Bunnell scoliometer is an effective tool for early detection of idiopathic 
scoliosis in school settings.
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Introduction

Idiopathic scoliosis is one of the most common pos-
tural disorders observed among children and adoles-
cents, particularly during periods of intensive growth 
and development. The prevalence of AIS in the gen-
eral pediatric population is estimated at 2–4%, with 
a markedly higher risk of curve progression observed 
in girls, particularly during periods of rapid skeletal 
growth.1,2

Idiopathic scoliosis accounts for approximately 
80% of all spinal deformities. It is defined as a three-
dimensional spinal deformity characterized by flat-
tening of the thoracic kyphosis and lumbar lordosis 
in the sagittal plane, lateral curvature of the spine in 
the frontal plane, and simultaneous vertebral rotation 
in the transverse plane.3-5

The etiology of idiopathic scoliosis remains complex 
and multifactorial. Among the potential risk factors, 
hormonal and neurogenic influences are frequently 
reported, as well as abnormal or pathological fetal po-
sitioning. Additionally, asymmetric loading of the body 
during the child’s growth and development, as well as 
during the course of systemic diseases, may contribute 
to the development of the condition. Other important 
etiological factors include developmental abnormali-
ties of the osseous, muscular, and ligamentous struc-
tures, as well as disturbances in the static and dynamic 
balance of the spine.4,6

Curves detected before or during the peak height 
velocity are considerably more likely to progress than 
those identified after skeletal maturation. Therefore, 
early recognition of spinal asymmetry remains one of 
the key objectives of school health programmes and 
preventive musculoskeletal care.2

Early detection of scoliosis enables timely obser-
vation or implementation of conservative treatment, 
reducing the likelihood of severe deformity requiring 
surgical intervention. Current SOSORT recommenda-
tions emphasize that conservative management is most 
effective when initiated before rapid curve progression 
occurs, highlighting the importance of standardized 
screening protocols during the pubertal growth spurt.7

Treatment of scoliosis begins at the time of diag-
nosis and is individually tailored depending on the 
type, severity, and location of the spinal curvature, 
as well as the patient’s age. Two main approaches are 
distinguished: conservative and surgical treatment. 
In 8–9% of patients, bracing is necessary, while 0.1% 
require surgery involving spinal instrumentation and 
fusion.1

The primary aim of conservative management is to 
prevent the progression of the spinal curvature. Con-
servative treatment includes kinesiotherapy, physical 
therapy modalities, and the use of orthopaedic braces 
and corrective insoles. In curvatures <20°, postural 
correction and therapeutic exercises constitute the 
primary treatment method. For curvatures between 25° 
and 45° in patients who have not yet reached skeletal 
maturity, brace treatment is recommended.8,9 

Physiotherapeutic assessment constitutes the foun-
dation for treatment planning, enabling evaluation of 
the patient’s functional status, identification of the un-
derlying problem, and individualization of therapy. It 
is based on both subjective and objective (functional) 
examination.10 

The objective examination is used to assess the de-
formity, including the localization and direction of spi-
nal curvatures, evaluation of the magnitude of primary 
and secondary curves, as well as assessment of muscu-
loskeletal function. The evaluation is performed under 
both static and dynamic conditions, including posture 
analysis during gait and the Adams forward bending 
test with measurement of trunk asymmetry, for exam-
ple using a scoliometer.11,12

Measurement using a scoliometer is applied for the 
quantitative assessment of the angle of trunk rotation. 
The device enables measurement of the angle formed 
between the horizontal plane and the transverse plane 
of the patient’s back. Scoliometer assessment is recom-
mended, among others, by SOSORT (Society on Scoliosis 
Orthopaedic and Rehabilitation Treatment) as well as by 
the Committee of Rehabilitation, Physical Culture and 
Social Integration of the Polish Academy of Sciences. 13

Aim of the study

The main aim of this study was to assess the prevalence 
of trunk asymmetry in school-aged children using the 
Bunnell scoliometer in the screening diagnosis of idio-
pathic scoliosis. The study also aimed to identify cases 
requiring re-examination or further diagnostic evalua-
tion, as well as to assess the impact of menstruation in 
girls on trunk rotation (ATR) values ​​obtained through 
scoliometric measurements. The examination of stu-
dents was conducted in accordance with the guidelines 
of SOSORT (Society on Scoliosis Orthopaedic and Re-
habilitation Treatment), ensuring a high level of stan-
dardization and compliance with international recom-
mendations regarding the diagnosis and assessment of 
body posture in children.
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Material and methodology

Sample

The study included 44 students from two primary 
schools, including 24 girls aged 11 years (52%) and 
20 boys aged 13 years (48%).

All students and their parents or legal guardians 
were informed about the course and purpose of the 
study and provided written informed consent for the 
children’s participation. Additionally, approval was ob-
tained from the school principals as well as from the ap-
propriate Bioethics Committee (Resolution No. 18/2024 
of the Bioethics Committee of the University of Applied 
Sciences in Tarnow, Poland, dated 12 June 2024). Par-
ticipation in the study was voluntary.

Inclusion criteria:
1.	 Age corresponding to the period of the growth 

spurt:
•	 girls – completed 10 years of age (11 years old);
•	 boys – completed 12 years of age (13 years old);

2.	 Written informed consent from a parent or legal 
guardian.

3.	 No medical contraindications to participation in 
the examination.13

Exclusion criteria:
1.	 Previously diagnosed medical conditions (e.g. con-

genital defects or cerebral palsy);
2.	 History of spinal surgery;
3.	 Lack of consent from a parent or legal guardian.13

Table 1. General characteristics of boys

Student

Maximum values of trunk rotation angle

Thoracic 
spine  

Th1–Th4 (°)

Thoracic 
spine  

Th5–Th12 
(°)

Thora-
columber 

junction or  
L1–L5 (°)

1 3 4 5

2 0 2 1

3 0 3 2

4 1 3 2

5 0 1 0

6 1 2 3

7 0 0 1

8 2 6 4

9 1 2 2

10 0 3 2

11 1 4 3

12 2 4 2

13 0 2 0

Student

Maximum values of trunk rotation angle

Thoracic 
spine  

Th1–Th4 (°)

Thoracic 
spine  

Th5–Th12 
(°)

Thora-
columber 

junction or  
L1–L5 (°)

14 4 9 5

15 0 0 1

16 1 2 3

17 3 5 4

18 0 0 1

19 1 3 2

20 2 6 5

Source: Authors’ own elaboration.

Table 1. General characteristics of girls

Student
Men-
strua-
tion

Maximum values of trunk rotation 
angle

Thoracic 
spine  

Th1–Th4 
(°)

Thoracic 
spine  

Th5–Th12 
(°)

Thora-
columber 
junction 

or  
L1–L5 (°)

1 No 6 9 4

2 No 0 2 1

3 No 4 7 5

4 No 1 4 3

5 No 1 3 2

6 No 2 5 3

7 Yes 2 3 1

8 No 1 2 0

9 No 5 12 6

10 No 2 4 2

11 Yes 0 1 2

12 No 1 0 2

13 No 3 8 6

14 No 2 4 6

15 No 0 2 1

16 No 3 7 4

17 No 2 6 5

18 Yes 0 0 0

19 No 0 2 0

20 Yes 0 0 2

21 No 4 6 3

22 No 5 8 4

23 No 4 7 3

24 No 0 3 1

Source: Authors’ own elaboration.
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Table 3. Number of study participants in each school

School
Boys Girls Total

n % n % n %

Łomnica 
Zdrój 11 25 10 23 21 48

Piwniczna 
Zdrój 9 20 14 32 23 52

Total 20 45 24 55 44 100

Source: Authors’ own elaboration.

Research methodology

The examinations were conducted in school settings, 
in specially prepared rooms that ensured appropriate 
privacy and comfort for the students, as well as stable 
conditions for performing the measurements.

The study was carried out in accordance with the 
recommendations of the Committee of Rehabilitation, 
Physical Culture and Social Integration of the Polish 
Academy of Sciences. The main component of the as-
sessment was the measurement of the angle of trunk 
rotation using a Bunnell scoliometer. The evaluation 
of the angle of trunk rotation was performed in accor-
dance with the established guidelines during the Ad-
ams forward bending test, which serves as a tool for the 
early detection of back asymmetry.

The starting position of the study participants dur-
ing the assessment was a standing posture, with the feet 
placed parallel, aligned in one line, and positioned hip-
width apart, with the knee joints fully extended. The 
upper limbs were positioned with the palmar surfaces 
of the hands joined together at shoulder level.

The test consisted of the participant performing 
a forward trunk bend, directing the fingers of the hands 
toward the midpoint between the feet. The examiner 
stood behind the participant, with their gaze positioned 
at the level of the evaluated spinal segment. During the 
assessment of the angle of trunk rotation, the depth of 
the forward bend was adjusted by the examiner in such 
a way that the examined spinal segment remained par-
allel to the floor (Figures 1–3).

The measurement of the angle of trunk rotation 
(ATR) was performed at the level of all spinous pro-
cesses (Figure 4). During the examination, the highest 
ATR values were recorded from three spinal segments:

•	 upper thoracic segment: Th1–Th4 (proximal tho-
racic);

•	 main thoracic segment: Th5–Th12 (main thoracic);
•	 thoracolumbar or lumbar segment: (thoracolum-

bar, lumbar).14
Recommendations for further management:
•	 for angle of trunk rotation (ATR) values of 0–3°, 

follow-up examination within 3–6 months is not 
required;

•	 for ATR values of 4–6°, repeat assessment using 
a scoliometer is recommended after 3–6 months;

•	 for ATR values ≥7°, referral for further diagnostic 
evaluation is indicated, including radiological ex-
amination of the spine.14

Statistical analyses were performed using PQStat 
software version 1.8.6 (PQStat Software, Poznań, Po-
land). Qualitative variables were presented as absolute 
values and percentages, while quantitative variables 
were described using ranges, means and standard devi-
ations (SD), or medians with interquartile ranges (IQR). 
The Shapiro–Wilk test was used to assess the distribu-
tion of variables in the analysed group of participants. 
Comparisons between groups were performed using 
the chi-square test, Fisher’s exact test, Student’s t-test, 
the Mann–Whitney U test. 

Figure 1. Forward trunk bending – lateral view  
(photo by Authors)

Figure 2. Forward trunk bending – posterior view  
(photo by Authors)
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Figure 3. Upper limb position in the final phase of the move-
ment (photo by Authors)

Figure 4. Trunk rotation angle measurement  
(photo by Authors)

Results

Measurement of the angle of trunk 
rotation

Among the participants, 7 individuals (15.91%) had pre-
viously been diagnosed with or evaluated for scoliosis 
(p = 0.55). The median ATR in the Th1–Th4 segment was 
1° (0–6; IQR = 2.25; p = 0.98), in the Th5–Th12 segment – 
3° (0–12; IQR = 4; p = 0.84), and in the L1–L5 segment – 2° 
(0–6; IQR = 3; p = 0.75).

Additional follow-up examination was recommend-
ed for 12 participants (27.27%), while further diagnos-
tic evaluation was indicated in 8 participants (18.18%) 
(Table 4).

Table 4. Angle of trunk rotation (ATR) measurements

Variable Total p

Previous scoliosis diagnosis
N (%) 7 (15.91%) 0.55

ATR measurement Th1–Th4  
Med (Q1; Q3) IQR 1 (0–6) IQR 2.25 0.98

ATR measurement Th5–Th12 
Med (Q1; Q3) IQR  3 (0–12) IQR 4 0.84

Variable Total p

ATR measurement L1–L5 
Med (Q1; Q3) IQR  2 (0–6) IQR 3 0.75

Additional examination after 
6 months N (%) 12 (27.27%) 1.00

Further examination N (%) 8 (18.18%) 0.70

Abbreviations: IQR – interquartile range; ATR – angle of trunk 
rotation; p – statistical significance (ATR measurement).

Source: Authors’ own elaboration.

Influence of sex on the results 
of angle of trunk rotation 
measurements

The values of the angle of trunk rotation in the Th1–
Th4, Th5–Th12, and L1–L5 segments did not differ 
significantly between girls and boys (p = 0.17; p = 0.21; 
p = 0.53, respectively). The need for further diagnostic 
evaluation occurred more frequently in girls than in 
boys (7 vs. 1; p = 0.048) (Table 5).

Table 5. Angle of trunk rotation (ATR) measurements by sex

Variable Girls (n = 24) Boys (n = 20) p

ATR measurement 
Th1–Th4 
Med (Q1; Q3) IQR 

2 (0–6)  
IQR 3.5 1 (0–4) IQR 2 0.17

ATR measurement 
Th5–Th12 
Med (Q1; Q3) IQR 

3 (0–12) 
IQR 5 3 (0–9) IQR 2 0.21

ATR measurement 
L1–L5 
Med (Q1; Q3) IQR 

3 (0–6) IQR 3 2 (0–5) IQR 2 0.53

Additional 
examination after 
6 months N (%)

5 (20.83%) 7 (35%) 0.39

Further 
examination N (%) 7 (29.17%) 1 (5%) 0.048

Abbreviations: IQR – interquartile range; ATR – angle of trunk 
rotation; p – statistical significance (ATR measurement).

Source: Authors’ own elaboration.

In the next step, the influence of menarche on the re-
sults of the angle of trunk rotation measurements was 
analysed. Girls who had not yet experienced menarche 
showed higher ATR values in the Th5–Th12 segment 
compared with menstruating girls (5 vs. 0.5; p = 0.02). 
No significant differences between the groups were ob-
served in the angle of trunk rotation values measured 
at the Th1–Th4 and L1–L5 levels (Table 6).
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Table 6. Results of trunk rotation angle measurement 
depending on the occurrence of menstruation in girls

Variable Postmenar-
cheal (n = 4)

Preme-
narcheal 
(n = 20)

p

ATR measurement 
Th1–Th4 
Med (Q1; Q3) IQR 

0 (0–2)  
IQR 0.5

2 (0–6)  
IQR 3 0.07

ATR measurement 
Th5–Th12 
Med (Q1; Q3) IQR 

0,5 (0–3)  
IQR 1.5

5 (0–12)  
IQR 4.5 0.02

ATR measurement 
L1–L5 
Med (Q1; Q3) IQR 

1,5 (0–2)  
IQR 1.25

3 (0–6)  
IQR 3 0.09

Additional 
examination after 
6 months N (%)

0 (0%) 5 (26.32%) 0.54

Further 
examination N (%) 0 (0%) 7 (36.84%) 0.27

Abbreviations: IQR – interquartile range; ATR – angle of trunk 
rotation; p – statistical significance (ATR measurement).

Source: Authors’ own elaboration.

Discussion

The results of the screening examinations conducted 
in the analysed group of students indicated that trunk 
asymmetry suggesting a risk of idiopathic scoliosis was 
present in 18.18% of the children. The obtained data are 
comparable to the results of studies conducted among 
children aged 8–12 years in Warsaw, where an ATR ≥ 7° 
was reported in 19.4% of the examined participants.15

Furthermore, it was found that the need for further 
diagnostic evaluation occurred significantly more often 
in girls (29.17%) than in boys (5%; p = 0.048). These find-
ings are consistent with reports in the literature indi-
cating a higher prevalence of idiopathic scoliosis in the 
female population, particularly during the peripubertal 
period. According to data presented by Negrini et al., 
for a Cobb angle of 10–20°, the female–to–male ratio is 
approximately 3:1, increasing to 5:1 for angles of 20–30°, 
and reaching 7:1 for curvatures exceeding 30°.14

The higher prevalence of trunk asymmetry among 
girls observed in the present study is also consistent 
with the findings reported by Grivas et al., who exam-
ined more than 2,000 children aged 5–18 years. Their 
study demonstrated not only a higher frequency of 
trunk asymmetry in girls but also confirmed that right-
sided trunk asymmetry predominated in the exam-
ined population. Furthermore, the authors suggested 
that the sitting forward bending position more accu-
rately reflects structural trunk asymmetry because it 

minimizes the influence of lower-limb length discrep-
ancy on trunk rotation measurements.16

Recent epidemiological evidence further confirms 
the growing importance of systematic scoliosis screen-
ing. In one of the largest population-based studies pub-
lished to date, involving nearly 1.8 million schoolchil-
dren, Mei et al. demonstrated that girls and adolescents 
older than 15 years presented the highest prevalence 
of suspected scoliosis, while trunk rotation measured 
with a scoliometer remained one of the strongest in-
dicators for referral to further diagnostic evaluation.17

Although most children identified during screening 
do not require immediate treatment, recognition of 
individuals at increased risk enables timely specialist 
evaluation before substantial curve progression occurs. 
This approach is consistent with the position of SOS-
ORT and the Scoliosis Research Society, which indicate 
that screening programmes improve early case identi-
fication and facilitate initiation of conservative treat-
ment at the most appropriate stage of skeletal growth.1,7

The analysis of the influence of menstruation 
showed that pre-menarcheal girls presented signifi-
cantly higher ATR values in the thoracic segment (me-
dian 5°, IQR 4.5°) compared with post-menarcheal girls 
(median 0.5°, IQR 1.5°; p = 0.02). These findings high-
light the importance of the timing of sexual matura-
tion in the dynamics of scoliosis development, which 
is consistent with studies by Goldberg et al. and Ki-
kanloo et al., indicating that the period of accelerated 
growth preceding menarche constitutes a critical stage 
for scoliosis progression.18,19

Czaprowski et al. emphasize that idiopathic scolio-
sis most commonly manifests during periods of rapid 
growth, particularly at the onset of puberty. The oc-
currence of menarche (12–13 years of age) is associ-
ated with a reduced risk of curve progression due to 
the deceleration of skeletal growth. The authors also 
indicate that the female sex is associated with a higher 
risk of both the occurrence and progression of scoliosis, 
which justifies the need for more frequent screening 
examinations in this group.20

Similar correlations were also demonstrated by 
Schiller et al., who emphasized that, in addition to the 
degree of curvature, one of the most important fac-
tors determining scoliosis progression is the degree 
of skeletal maturity. The authors note that girls reach 
peak height velocity approximately 18–24 months ear-
lier than boys, which partially explains the higher inci-
dence of scoliosis progression in the female population.2

The most common deformities occur in the thoracic 
region, followed by thoracolumbar and lumbar curva-
tures. In girls, thoracic curves predominate (more fre-
quently right-sided), typically located at the Th7–Th12 
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level, whereas in boys thoracolumbar curves are observed 
more often, usually within the Th12–L4 range and pre-
dominantly left-sided. These findings are consistent with 
population-based studies involving more than 1.7 million 
students in China conducted by Mei et al. and Li et al., 
which demonstrated similar relationships regarding the 
localization and direction of spinal curvatures.17,21

Assessment of trunk asymmetry is a fundamental 
element of screening, as dorsal surface deformity of-
ten appears before radiographic changes. Grivas et al. 
demonstrated that ATR measurement represents the 
degree of rotational trunk deformity and may occur 
in children requiring use. The authors note that trunk 
asymmetry does not always equate to structural scolio-
sis, as the results may also be influenced by two biome-
chanical factors, such as lower limb length inequality 
or compensatory pelvic positioning. Therefore, several 
limitations of the study should be considered. The as-
sessment of the angle of trunk rotation (ATR) using the 
Bunnell scoliometer is a screening method and does 
not replace radiographic evaluation, which remains 
the gold standard for the diagnosis of scoliosis. The ob-
tained measurements may depend on the examiner’s 
experience, accurate identification of the spinal seg-
ment, correct positioning of the scoliometer, and the 
participant’s trunk flexion during the Adam’s forward 
bend test. Furthermore, the cross-sectional design of 
the study precludes the assessment of spinal deformity 
progression over time. The sample size and participant 
selection may also limit the generalizability of the find-
ings to the broader population. In addition, intra- and 
inter-rater reliability were not assessed, and the results 
may have been influenced by uncontrolled individual 
and environmental factors. The side of trunk rotation 
was not taken into account in the screening. Only the 
value of the trunk rotation angle (TRA) was analyzed, 
regardless of the direction of rotation.1,16

Despite these limitations, the applied methodol-
ogy was consistent with current recommendations 
for school-based scoliosis screening. The Scoliosis Re-
search Society International Task Force concluded that 
ATR measurement provides sufficient technical and 
clinical effectiveness for identifying children requiring 
further diagnostic evaluation and recommended re-
ferral thresholds between 5° and 7°, depending on the 
screening strategy. Many authors also agree that scolio-
sis screening should aim to identify suspected cases of 
scoliosis, which are then referred for diagnostic assess-
ment to be confirmed or ruled out.1

The obtained results indicate that measuring the 
trunk rotation angle can be a practical tool to aid in 
qualifying children for further orthopedic diagnostics. 
Particular attention should be paid to premenarchal 

girls, as this is the period of greatest growth dynamics 
and the highest risk of progression of idiopathic sco-
liosis in accordance with the recommendations of SO-
SORT14 and the Committee of Rehabilitation of the Pol-
ish Academy of Sciences.13 In this context, the Bunnell 
scoliometer remains a practical and effective tool for 
assessing the angle of trunk rotation (ATR) in school-
based screening settings.13,14,20

Conclusions
1.	 The results indicate that cases of trunk asymmetry 

suggesting an elevated risk of idiopathic scoliosis 
were identified among school-aged children, jus-
tifying the need for screening in this population.

2.	 The higher prevalence of trunk asymmetry in 
girls than in boys suggests that sex may be an 
important factor associated with the risk of de-
veloping idiopathic scoliosis during periods of 
rapid growth.

3.	 Higher trunk rotation angle (ATR) values in pre-
menarcheal girls suggest that an earlier stage of 
biological maturation may be associated with 
greater susceptibility to spinal deformities, high-
lighting the importance of considering biological 
age during postural assessment.

4.	 The use of the Bunnell scoliometer enabled the 
identification of children requiring further diag-
nostic evaluation, confirming its usefulness as 
a screening tool for idiopathic scoliosis.

5.	 The findings indicate the need for regular postural 
screening in children, particularly during puberty, 
when the risk of scoliosis progression is greatest.
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