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Abstract

Purpose This study compared trunk muscle endurance between female adolescents with idiopathic scoliosis (AIS) and
non-AIS groups.

Methods This cross-sectional study included 91 females. Trunk muscle endurance was assessed using the Ito-Shirado and
Biering-Sgrensen tests. Anthropometric and radiographic data were collected. The Mann—Whitney U test compared endur-
ance and abdominal-to-paraspinal endurance ratio between groups. Spearman’s correlation assessed relationships between
endurance and participant characteristics.

Results The AIS group’s performance on the Ito-Shirado and Biering-Sgrensen tests was 57% and 68% of the non-AIS
group’s test durations, respectively (p =0.001). However, there was no significant difference in the abdominal-to-paraspinal
endurance ratio between the two groups (p =0.7). Additionally, a low negative correlation was observed between paraspi-
nal muscle endurance and both weight (rho=— 0.29, p=0.006)) and BMI (tho=- 0.3, p=0.005) in the AIS group, while
abdominal endurance correlated negatively with height (rho=— 0.25, p=001).

Discussion Females with AIS exhibit significantly reduced endurance in both paraspinal and abdominal muscles compared
to healthy controls, despite maintaining a similar abdominal-to-paraspinal endurance ratio. The findings suggest the need
for trunk muscle endurance evaluation and training in rehabilitation programs for individuals with AIS.

Keywords Adolescent idiopathic scoliosis - Trunk endurance - Ito-Shirado - Biering-Sgrensen - Abdominal-To-Paraspinal
endurance ratio
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Introduction

Idiopathic scoliosis is a complex and debilitating spinal
deformity that affects around 3% of adolescents worldwide
[1]. This condition, with no known underlying cause, can
lead to a visible and progressively worsening curvature
of the spine during the critical developmental period of
children [2]. Almost 10% of those with idiopathic sco-
liosis require more intensive treatments, such as bracing
or surgery, to prevent the curvature from continuing to
worsen and potentially causing further serious complica-
tions [3]. Adolescent idiopathic scoliosis (AIS) can cause
significant discomfort during basic activities, psychologi-
cal difficulties [4], a decreased range of motion [1], and
lead to abnormal ventilation patterns [5]. The progression
of spinal curvature is more common in adolescent girls
and can eventually lead to severe pain, decreased mobil-
ity, and other serious health issues [3, 4]. Patients with a
Cobb angle of 20° have a 10% risk of progression, which
steeply increases to a staggering 70% in children with
curves greater than 20° and skeletal immaturity [6]. The
progression of spinal curvature in scoliosis has been attrib-
uted to numerous complex and interrelated factors, includ-
ing diminished muscle strength and endurance, as well as
skeletal immaturity, vertebral rotation, and asymmetrical
growth patterns [6]. Among these multifaceted contribu-
tors, impairments in trunk muscle performance are thought
to play a particularly critical role in the progression of this
debilitating condition, potentially exacerbating the spinal
deformity, and related symptoms [7].

Several studies have suggested the important role of
paraspinal muscles in idiopathic scoliosis development
[8]. While some evidence indicates that the paraspinal
muscles are directly involved in the onset of this condition,
another has observed structural changes in these muscles
as the disease progresses [9]. However, there is no consen-
sus on whether the paraspinal muscles directly influence
the onset and progression of scoliosis or if the changes in
muscle fibers, strength, and electromyographic activity are
secondary effects of the disease. Regarding the abdominal
muscles, this muscle group is considered to have a role in
stabilizing the trunk and minimizing compressive force on
the lumbar spine [10]. Maintaining good abdominal mus-
cle strength helps stabilize the trunk and protect the lum-
bar spine and related structures from damage when bear-
ing loads [11]. While the deficit in trunk muscle strength
among patients with AIS has been well investigated, lead-
ing to better interventions [12], trunk muscle endurance
has not yet received the same level of attention. Addition-
ally, despite the reported trunk imbalance [13], there is a
lack of evidence clarifying the relationship between the
abdominal and paraspinal muscles. Therefore, this study
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aimed to investigate the differences in muscle endurance
and abdominal-paraspinal endurance ratio between adoles-
cents with and without idiopathic scoliosis. The secondary
aim of this study was to investigate the correlation between
trunk muscle endurance and demographic characteristics
in the AIS group.

Methods
Ethnic statement

This cross-sectional study was approved by the Ethics
Committee in Biomedical Research of the University
of Medicine and Pharmacy at Ho Chi Minh City, with
approval number 233/HDDD-DHYD dated February 28,
2022. All participants and their parents or legal guardians
provided informed consent to participate in the study.

Participants

The sample size required for each group was calculated to
be 38, based on the specified criteria of detecting a mini-
mum difference of 5 s between the means of two samples,
with a 95% confidence interval and 80% statistical power,
and a population variance of 60 [14]. To account for an
estimated 10% dropout rate, the sample size for each group
was increased to 42 participants. The study included two
groups: an AIS group and a control group without AIS.
The CONSORT report guidelines were used to report the
study’s participant selection and allocation.

The study included female participants aged 10 to
18 years who had been diagnosed with AIS by orthope-
dists at public or private clinics in Ho Chi Minh City and
Da Nang City.

The inclusion criteria were children with a Cobb angle
greater than 10 degrees accompanied by vertebral rotation
observed on standing full spine X-ray [15]. The Risser sign
on the X-ray was <4 [16]. The exclusion criteria for this
group were children with neurological disorders, previous
spinal surgery, or those indicated for surgery, as well as
those who had received exercise treatment for 2 months
or more.

The non-AIS group consisted of female volunteers aged
10 to under 18 years, randomly selected from the com-
munity, with a scoliometer measurement of less than 5
degrees on Adam’s forward bending test [17]. The exclu-
sion criteria for this group were children with previous
spinal disorders, trauma such as spinal fractures, tumors,
infections, or signs of cauda equina syndrome.
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Protocol

The demographic characteristics data, including age,
height, weight, and body mass index were collected for all
participants. Cobb angle was radiologically obtained in the
AIS group only. Then, the Ito-Shirado [18] and Biering-
Sgrensen [19] tests were used to assess the endurance of
the trunk flexor and extensor muscles, respectively in both
groups. Before the experimental trials, subjects underwent
a familiarization phase comprising practice trials to assim-
ilate the procedural protocols. An inter-trial rest period of
5 min was allocated between each practice trial to ensure
optimal recuperation of the subjects for the subsequent
test. The termination criteria for the tests included the
subject’s inability to maintain the required static position,
manifestation of pain, or the onset of excessive fatigue pre-
cluding continuation of the exercise. To minimize poten-
tial performance bias, the experimenter refrained from
providing any verbal encouragement throughout the tests.

The Ito-Shirado test

For the Ito-Shirado test [18], participants were positioned
supine with their trunk supported on the table and their
hips and knees flexed at 90 degrees. During the pre-test
phase, the examiner manually stabilized the participants’
distal lower extremities to ensure standardized positioning.
To assess abdominal muscle endurance, the participants
were instructed to maintain the trunk in a 30-degree flexed
position relative to the table surface for as long as possi-
ble. The duration of this hold was recorded. The test area
was covered with a soft mat to ensure participant comfort
and safety.

The Biering-Sarensen test

For the Biering-Sgrensen test [19], the participants were
positioned in a prone orientation on the examination table,
with the superior border of their iliac crests aligned with
the table’s edge, allowing the unsupported portion of the
trunk to extend beyond this point. The lower extremities
were immobilized on the table surface using standardized
strapping techniques. An auxiliary table was positioned ante-
riorly to the participants, providing a support mechanism for
pre-test stabilization and test termination. To assess back
extensor muscle endurance, participants were instructed
to maintain the trunk in a horizontal position, parallel to
the floor, for the maximum duration possible. The time to
task failure was recorded as the primary outcome measure.
Assessors remained in close proximity to the participants
to ensure safety throughout the procedure. All assessments

were conducted by investigators involved in this study to
maintain methodological consistency.

Data analysis

The data analysis was conducted using STATA 14. The
Shapiro-Wilk test was used to assess the normality of the
participants’ data distribution. Patient demographic vari-
ables were compared between the AIS and non-AIS groups
using the Student’s ¢-test. The duration of the Ito-Shirado
and Biering-Sgrensen tests was compared between the two
groups using either Student’s t-test or the Mann—Whitney
U test, depending on the data distribution. The abdominal-
to-paraspinal endurance ratio was calculated by dividing
the Ito-Shirado test duration by the Biering-Sgrensen test
duration and this ratio was also compared between the two
groups using either the Student’s #-test or the Mann—Whitney
U test. The correlation between the Ito-Shirado and Biering-
Sgrensen tests with demographic characteristics in the AIS
group was checked with Pearson’s or Spearman’s correla-
tion coefficients. The correlation is typically classified as
low when r< 0.5, moderate when between 0.5 and 0.69, and
high when 0.7 or greater [20]. A p-value less than 0.05 was
considered statistically significant.

Results
Demographic

The study included 91 female participants, 45 in the AIS
group and 46 in the non-AlIS group (Fig. 1). The two groups
differed significantly in age (0.8 years) and height (4 cm),
but their weight and body mass index were similar, with
most participants in both groups having a normal BMI
(Table 1).

The difference in trunk endurance between the two
groups

The Mann—Whitney U test revealed significantly shorter
durations in the Ito-Shirado and Biering-Sgrensen tests for
the AIS group compared to the non-AIS group (Table 2).
The Ito-Shirado and Biering-Sgrensen test durations in the
AIS group were 57% and 68% of the non-AlIS group, respec-
tively (Fig. 2). No significant difference in the abdominal-
to-paraspinal endurance ratio between the two groups was
observed (Table 2).

Correlations

In the AIS group, Spearman’s rho correlation analysis
found a low negative correlation between paraspinal muscle
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Fig. 1 The CONSORT
diaphragm of participants’
selection and allocation. AIS:
adolescents with idiopathic
scoliosis

Table 1 The anthropometric
and radiographic characteristics
of all participants
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The total number of patients
with suspected scoliosis seen in

Enrollment

The total number of volunteers
initially contacted for the study:

Fail to recruit in the study (n =
13):

o Refused participating (n = 8)
e Had surgery (n=4)

e>18 yearsold (n=1)

AIS group (n = 50) I

Excluded (n =5):

* No X-Ray to verify
scoliosis (n=2)

® Attitude scoliosis (n= 2)

* Dropped out before

guardian consent (n =6)

hospitals and clinics: n = 63 n=58
Fail to recruit in the
study (n = 8):
e >18 years old (n = 2)
o Fail to obtain legal
Allocation
Non-AlIS group (n = 50)

Excluded (n = 4):
e Dropped out before
testing (n = 4)

testing (n=1)
Allocated to AIS group Allocated to non-AlIS
(n =45) group (n =46)
Analysis
Analyzed (n = 45) ‘ Analyzed (n = 46)
Excluded from analysis (n = 0) Excluded from analysis (n =0)
AIS Non-AIS p*
(n=45) (n=46)
Age (year) 13.3+1.870 12.4+1.750 0.02
Height (m) 1.54+0.080 1.50+0.070 0.01
Weight (kg) 43.5+7.631 40.4+7.710 0.05
BMI 18.2+2.521 17.9+3.131 0.60
BMI range (%) Underweight 13.3 13.0 -
Normal weight 73.3 67.4 -
Overweight 13.3 15.2 -
Obesity 0 4.4 -
Cobb angle (degree) 23.6 - -
(10-45)¢
Cobb angle groups (%) Cobb <20° 51.1 - -
20° < Cobb <40° 37.8 - -
Cobb >40° 11.1 - -
Risser (%) Stage 0 22.2 - -
Stage 1 11.1 - -
Stage 2 20.0 - -
Stage 3 28.9 - -
Stage 4 17.8 - -

B: The data with normal distribution was demonstrated in Mean + S.D

@ The data without normal distribution was demonstrated in median (min—-max)

AIS adolescents with idiopathic scoliosis, BMI body mass index

*: p value of Student’s r-test
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Table 2 Median and range values for Biering—Sgrensen test and Ito-
Shirado test for two groups

AIS (n=45) Non-AIS (n=46) p*
Biering—Sgrensen’s test 82 (26-170) 121 (37-240) 0.001
(sec)
Ito—Shirado’s test (sec) 34 (7-114) 60 (24-240) 0.001

Ito—Shirado’s test/ Bier-
ing-Sgrensen’s test

0.52 (0.13-1.79) 0.53 (0.24-1.46) 0.7

The data was demonstrated in Median (min—max)
AIS adolescents with idiopathic scoliosis
*: p value of Mann—Whitney U Test

endurance and weight as well as BMI. In contrast, abdomi-
nal muscle endurance, measured by the Ito-Shirado test, only
negatively correlated with height (Table 3).

Discussion

This study demonstrated that individuals with AIS exhib-
ited significantly lower trunk muscle endurance than their
healthy, non-AlIS peers. The result indicated lower endur-
ance in both abdominal and paraspinal muscles in the AIS
group. Notably, despite the AIS group in our study being
significantly older than the non-AIS group, they exhibited
poorer trunk endurance, which contrasts with the typical
increase in muscle endurance observed during adolescence
[21]. The reduced trunk muscle endurance in AIS may be
due to their lower body mass, long limbs [22], and delayed
puberty [23]. These features can impair muscle development
compared to non-AlS peers. Furthermore, a previous study
has shown that children with AIS exhibit altered paraspinal

muscle morphology and composition, likely reducing these
muscles’ capacity for prolonged activation and endurance
[9].

The spinal deformity in AIS may also cause asymmetrical
loading and biomechanical changes, leading to imbalanced
muscle activation and endurance [24, 25]. Additionally, AIS
patients often experience impaired proprioception, and poor
postural control, which may contribute to their reduced trunk
muscle endurance [26]. For instance, a previous study has
shown that impaired proprioception and central integration
can lead to poor motor response in children with AIS [27].
Structural changes in the paraspinal muscles may result in
compensatory adaptations in other trunk muscles, as the
body attempts to maintain stability. Previous studies have
shown that reduced lumbar muscle endurance can lead to
compensatory recruitment of abdominal muscles to stabilize
the trunk, as seen in young adults with chronic low back pain

Table 3 Correlation between trunk muscle endurance and participant
characteristics in the AIS group

Biering—Sgrensen’s  Ito—Shirado’s test

test

rho P rho P

Age 0.08 0.44 —-0.15 0.15
Height —0.10 0.34 —-0.25 0.02
Weight —-0.29 0.006 —-0.19 0.07
BMI —-0.30 0.005 —0.08 0.46
Cobb angle 0.11 0.50 —-0.02 0.92
Ito-Shirado’s test 0.54 0.001 1 -
Biering — Sgrensen’s test 1 - 0.54 0.001

Bold: p < 0.05
AIS adolescents with idiopathic scoliosis
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Fig. 2 Differences in paraspinal and abdominal muscle endurance in the AIS and non-AIS groups by the Biering-Sgrensen (A) and Ito-Shirado

(B) tests. AIS: adolescents with idiopathic scoliosis
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[28]. This compensatory mechanism may place additional
demands on abdominal muscles, partially explaining the
generalized impairment in trunk endurance observed in AIS
and supporting the need for comprehensive endurance train-
ing that addresses both paraspinal and abdominal stability.

This study observed that the difference in abdominal
muscle endurance was greater than in paraspinal muscle
endurance between the two groups. However, the differ-
ence may not be significant, as this study observed a similar
abdominal-to-paraspinal endurance ratio between the two
groups, suggesting that the reduced trunk muscle endurance
in AIS is not limited to a specific muscle group, but rather a
more generalized impairment. This finding was similar to a
previous study examining the abdominal-to-paraspinal mus-
cle strength ratio in children with AIS [12]. This indicates
that both the abdominal and paraspinal muscle groups can
be affected, potentially due to the three-dimensional nature
of the spinal deformity in AIS [29]. The moderate corre-
lation observed between abdominal and paraspinal muscle
endurance in this study further supports the finding of a
generalized impairment in trunk muscle endurance among
individuals with AIS. Therefore, the results of this study
support the idea of comprehensive muscle training without
emphasizing any single muscle group in the AIS population
[30]. Besides, the poorer trunk muscle endurance seen in
this study suggests the need for endurance evaluation and
training in rehabilitation for AIS.

The negative correlation between paraspinal muscle
endurance and weight/BMI in the AIS group suggests that
excess body weight may influence back extensor perfor-
mance. Higher BMI has been shown to increase localized
muscle fatigue, particularly in back extensors, as it places an
additional load on these muscles [31]. In contrast, abdominal
muscle endurance was only correlated with height. However,
these findings may not be clinically significant due to the low
correlations and the relatively small range of height variation
and normal body weights among participants. The findings
of this study did not show a correlation between the Cobb
angle and trunk endurance, contradicting prior research
that found a relationship between the Cobb angle and trunk
muscle strength [32]. However, the findings aligned with a
recent study that reported no correlation between the sever-
ity of spinal curvatures and the electromyographic activity
of the bilateral paraspinal muscles [33]. This discrepancy
may be due to the distinction in neuromuscular adaptations
between endurance and strength [34] or the limited number
of participants with severe AIS (Cobb angle >40°) in our
study, which may have restricted the ability to detect signifi-
cant correlations. To our knowledge, this is the first study to
investigate the trunk endurance deficit in adolescents with
AIS, leading to a lack of comparative studies. Therefore, this
study suggests evaluating the endurance of the trunk muscles
for potential training.

@ Springer

This study has several limitations. Due to the design of
this study, we cannot confirm whether poor trunk muscle
endurance influences the curve progression in AIS. Addi-
tionally, including participants with Risser grade 4, indicat-
ing the cessation of spinal growth, may limit the confidence
in the observed differences in muscle endurance between the
AIS and non-AIS groups during the earlier developmental
stages, where muscle adaptation to curvature might differ.
Future studies should include a broader range of growth
stages to understand better endurance patterns in develop-
ing AIS populations. Another limitation of this study is the
lack of data on participants’ physical activity levels, which
could influence trunk muscle performance, despite the cur-
rent evidence on this topic being debatable [35, 36]. Another
potential limitation is that the employed tests alone do not
allow for the separate evaluation of muscles on each side
of the spine, instead providing only a global assessment of
endurance issues.

Conclusion

This study reported that females with AIS, exhibit signifi-
cantly lower paraspinal and abdominal muscle endurance
compared to their healthy, non-AIS peers. However, the
similar abdominal-to-paraspinal endurance ratio between the
two groups suggests a generalized endurance impairment
rather than a muscle-specific deficit. While this study did
not establish a direct link between curve severity and endur-
ance deficits, the limited number of participants with severe
scoliosis (Cobb angle >40°) highlights the need for further
research. These findings suggest the need for comprehen-
sive trunk muscle endurance training in the rehabilitation
of patients with AIS.
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