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Objective: This study aims to evaluate the isokinetic
performance for the peak torque and average power of
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the spinal flexor and extensor muscles in adolescents aged
12 to 18 years. The study also analyses the differences
between the trunk muscle peak torque and average power
with body mass index (BMI).

Method: The peak torque and average power of the
trunk flexor and extensor muscles were measured in 180
adolescents (aged 12—18 years). The participants were
classified into four groups according to BMI. The Biodex
isokinetic dynamometer in concentric mode at speeds of
60° and 120°/sec was used for assessment.

Results: One-way multivariate analysis of variance
MANOVA results demonstrated a significant difference
in trunk muscle peak torque and average power with
different BMI (F = 14.692, p = 0.0005). A Pearson’s
correlation analysis demonstrated a significantly negative
correlation between weight and peak torque of trunk
flexors and extensors (r = - 0.43, p = 0.0001; r = —0.31,
p = 0.007, respectively). Finally, the results showed a
negative correlation between weight and average power
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of trunk flexors and extensors (r = —0.54, p = 0.0001; r =
—0.31, p = 0.007).

Conclusion: In this study, overweight and obese adoles-
cents are found to be correlated with decreased trunk
muscle torque and power. Thus, therapeutic interventions
for overweight and obese adolescents, along with exercise
training programmes, may help improve muscle perfor-
mance including peak torque and power. Finally, these
measures may enhance the quality of life of such
adolescents.

Keywords: Adolescents; BMI; Isokinetic evaluation; Peak
torque; Trunk flexors and extensors
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Introduction

Recently, increased body mass index (BMI) at young age
has emerged as a prevalent health concern. ' Additionally, in
Saudi children and adolescents, overweight and obesity have
demonstrated alarming pervasiveness of 13.4% and 18.2%,
respectively.2

Being overweight or obese can have many negative effects
on the well-being of children and adolescents and lead to
various health problems, including diabetes, cancer, muscu-
loskeletal problems and respiratory and cardiac issues. ™ A
recent study on 343 participants with different BMI found
that the prevalence of low back pain among obese
adolescents (age 12—15 years) was 67%.’

Researchers have examined the impact of obesity on
maximum isotonic,6 isometric,7 and isokinetic® !° strength
in different age groups from adolescents to the elderly.
They concluded that muscle strength is lower when
normalised to total body mass. Additionally, relative
muscle strength of knee extension, trunk flexion, and
handgrip in relation to body mass was about 10% lower in
obese persons.11

Pajoutan et al.'” conducted a study to investigate the
effect of body composition on trunk extensor muscles’
maximum capacity across all levels of BMI-defined cate-
gories and over a wider age range. They found that absolute
back muscle strength was comparable between BMI cate-
gories, while relative strength to body mass in obese partic-
ipants was about 38% lower than that in people with normal
weight and approximately 26% less than the overweight
group.

Early detection and treatment of childhood musculo-
skeletal abnormalities is a vital intervention that should be
undertaken by healthcare professionals.l?”14 Efficient
prevention programmes for children and adolescents can
be established based on early detection of musculoskeletal
problems, including spinal conditions."”

Measuring the strength and performance of trunk muscles
is a challenging issue.'>'® However, this examination is

crucial for research and clinical practice to attain certain
goals, including providing guidance to rehabilitation and
prevention programmes. "

Many objective tools can measure and train the strength
of back muscles. Isokinetic testing ranks top among such
methods.'>'® The assessment of muscle strength of trunk
musculature at various positions, velocities, and modes
shows a high level of safety,l‘) reliability,zo and sensitivity
that is sufficient for the detection of muscle weakness”' and
achieving the goals of rehabilitation.”” Thus, isokinetic
dynamometry is an effective and reliable tool that
objectively assesses the strength of specific muscle groups.23
In a systematic review, Estrazulas et al’* concluded that
the isokinetic testing of trunk muscles showed a high level
of reliability; thus, they recommended the use of isokinetic
measurement of trunk muscle performance in clinical
settings.

Although muscle strength is considered an excellent in-
dicator of general health when based on reliable measure-
ments, most studies involving isokinetic measurements of
trunk muscle performance recruit adult participants.zsf?‘ :
However, few have measured trunk muscle strength
isokinetically in  normal healthy children and
adolescents.”> To the best of our knowledge, there is a
lack of published information on the values of isokinetic
peak torque and the power of trunk muscles in Saudi
children and adolescents and the relationship between
BMI and these parameters.

Given the well-documented importance of the good per-
formance of trunk muscles for optimal physical function,
along with our limited knowledge of the effects of body
weight on trunk muscle peak torque and power in young
people, we conduct the present study to achieve the following
objectives: (1) evaluate the isokinetic peak torque and mean
power of trunk flexors and extensors in Saudi adolescents
aged 12 to 18 years, (2) compare the isokinetic peak torque
and mean power of trunk flexors and extensors in these ad-
olescents with different BMI, and (3) determine the effects of
weight on trunk muscle peak torque and power. We hope
that our results provide strength-test administrators and
teams working in rehabilitation with the normal values of
peak torque and mean power of trunk flexors and extensors,
as well as knowledge of variation in these parameters
depending on weight. We hypothesise that trunk muscle peak
torque and power is associated with body mass and that
increasing mass reduces trunk muscle peak torque and power
in adolescents.

Materials and Methods
Participants

The sample size of the present school-based cross-
sectional study was 180 healthy male students who were
recreationally active but non-participants in physical exer-
cise. They were recruited from intermediate and secondary
schools from Almadinah Almunawwarah city, KSA. The
participants were selected using a multistage stratified sam-
pling method. No participant reported practising sports or
exercising for over half an hour. Adolescents were included
in the study if they were registered in public schools, were in
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the classroom on the day of measurements, and were aged 12
to 18 years. Participants with postural abnormalities recog-
nised by observation, a history of musculoskeletal trauma to
spine or hip areas, a history of surgery in the abdominal
region and spine, lower back pain, trauma, or deformity of
the knees were excluded from the study.

Procedures

Weight (kg) and height (m) were measured to the nearest
0.5 kg and 0.5 cm, respectively, using Detecto Physician’s
Scale Model 2392, USA. BMI was calculated by dividing
weight in kilograms with height in square metres. Partici-
pants were considered obese if the BMI specific for their age
and sex was at the 95th percentile or more of the growth
charts of the Centres for Disease Control and Prevention. If
the BMI was between the 85th and 95th percentiles, the
participant was classified as overweight. If the BMI was be-
tween the 85th percentile and the 5th percentiles, the
participant was classified as having normal weight. Partici-
pants were classified as underweight when their BMI was
lower than the Sth percentile.3 3

Testing protocol description

Before commencing with testing, a warm—up activity
was performed, such as static cycling for 5 min at level two
resistance.’* Back flexor/extensor strength and power were
measured on a Biodex isokinetic dynamometer 4 Pro
(Biodex Corporation, Shirley, NY, USA). Participants
were positioned on the back attachment designed to
measure trunk extension—flexion. The spine was set
upright and the hips and knees are positioned in 90°
flexion position with the thighs aligned parallel to the
ground. The mechanical axis of the dynamometer was
aligned with the anatomical axis of the trunk, which is
represented by a line joining the anterior superior iliac
spines. This position is regarded as the anatomic
reference position (Figure 1). Adjustable pads are
positioned posterior to the head, the upper trunk, the
pelvis, and on the anterior shaft of the tibia to fix the
participant to the back attachment. The upper trunk, the
pelvis, and the thighs are stabilised using straps. The
range of movement of the back was set at 50°, which is
composed of a flexion component of 30° (—30°) and an
extension component of 20° (420°), in relation to the
previously mentioned anatomic reference angle (0°)
(Figure 1). A trunk range of motion that does not exceed
50° helps in isolating the lumbar spine motion with
decreasing flexion and extension of the hip joint.35
Furthermore, the previously described alignment of
mechanical and anatomical axes, the presence of the pad
support behind the pelvis, and the stabilising belt on the
pelvis limit unwanted motion at the hip joint during the
measurements.

The measurement protocol began with the person in a
flexed position, with their arms and hands crossed over the
thorax, and included three sets of five maximum sequential
concentric lumbar flexions and extensions with 60°/s and
120°/s angular velocities. In this study, each participant was

verbally encouraged to exert maximum effort throughout the
whole protocol.

Data analysis

Statistical analysis was performed using SPSS 21.0 (Sta-
tistical Package for Social Sciences, IBM, New York).
Normality of the data was verified using the Shapiro—Wilk
test. Thus, parametric tests were applied to analyse quanti-
tative data. One-way multiple analysis of variance (one-way
MANOVA) with Tukey’s post-hoc tests was used to observe
differences in peak torque and average power of trunk flexors
and extensors at 60 and 120 °/s in underweight, normal-
weight, overweight, and obese conditions. Pearson’s corre-
lation was used to investigate the correlation between weight
and peak torque and the average power of trunk flexors and
extensors. Statistical significance was set at p < 0.05.

Results

Demographic data of the participants is presented in
Table 1. Our sample includes 180 Saudi male participants (45
participants for each subgroup). The mean + SD age, weight,
and height of the entire sample were 15.374 + 2.015 years,
61.733 £ 27.560 kg, and 157.233 + 16.921 cm, respectively

The one-way MANOVA showed a statistically significant
difference in peak torque and average power of trunk ex-
tensors and flexors at the two selected speeds based on the
participants’ BMI (F (3, 176) = 14.692, p = 0.0005; Wilks’
Lambda = 0.450, partial N2 = 0.408) (see Table 2).

Additionally, BMI was found to have a statistically sig-
nificant effect on the peak torque of trunk extensors at 60
degrees/second (F (3, 176) = 9.759; p < .0005; partial
N2 = 0.192) and the peak torque of trunk flexors at 60 de-
grees/second (F (3, 176) = 7.410; p = .0001; partial
n2 =0.112).

Furthermore, the peak torque of trunk extensors at 60
degrees/second for the underweight condition was signifi-
cantly lower than that for the normal-weight condition
(mean difference = 19.54). Moreover, the normal-weight
condition is significantly higher than the overweight condi-
tion (mean difference = 29.931). Furthermore, the normal-
weight condition significantly differs from the obese condi-
tion (mean difference = 32.373). Therefore, these results

Figure 1: flexion—extension trunk motion on the isokinetic ma-
chine through a 50° ROM.
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Table 1: Demographic data of participants.

Variable Mean £+ SD F )
Underweight (N = 45) Normal weight (N = 45) Overweight (N = 45) Obese (N = 45)

Age (years) 15.184 + 2.606 15.768 + 2.029 15.079 + 2.261 15.755 + 2.165 1.166 0.3241

Weight (kg) 35.066 + 8.2204 53.311 £ 16.641 70.488 + 8.04779 88.066 £ 33.066 61.975  0.000

Height (cm) 146.822 + 10.149 148.511 + 8.381 147.177 + 8.7549 147.422 + 11.081 0.256 0.8570

Table 2: Descriptive statistics of peak torque and average power of trunk flexors and extensors based on BMI type.

Variable

Mean + SD

Underweight (N = 45)

Normal weight (N = 45)

PTTE at 60°/s
PTTF at 60°/s
APTE at 60°/s
APTF at 60°/s
PTTE at 120°/s
PTTF 120°/s
APTE at 120°/s

89.573 £ 23.726
82.055 £ 24.884
36.104 £ 21.032
28.600 £ 12.418
62.075 £ 23.234
72.757 £ 23.311
24.686 £ 12.827
17.271 £+ 6.080

109.113 £ 28.161
136.286 + 40.248
46.222 4+ 19.363
32.635 £ 11.834

102.688 + 40.1513
83.137 £ 24.04366

36.8933 £ 8.998
27.0133 £ 9.392

F p

Overweight (N = 45)  Obese (N = 45)

79.188 £ 32.444 76.740 £+ 37.135 10.312 0.000*
78.793 £ 26.8054 77.637 £+ 29.247 38.228 0.000*
35.6867 £ 25.39903 32.942 £ 19.001 3.352 0.020*
24.0622 + 19.64635 20.940 + 17.683 4.767 0.003*
66.404 £ 36.565 53.280 + 23.090 21.165 0.000*
66.6733 £ 28.41589 59.9867 + 34.449  5.5824 0.001*
28.5067 + 11.7839 27.49267 + 9.448  10.4903  0.000*
19.4822 + 5.283 18.1822 + 4.790 11.221 0.000*

APTF at 120°/s

PTTE at 60°/s: Peak torque of trunk extensors at 60 degrees/second, PTTF at 60°/s: Peak torque of trunk flexors at 60 degrees/second,
PTTE at 120°/s:Peak torque of trunk extensors at 120 degrees/second, APTF at 120°/s: Average power of trunk flexors at 120 degrees/
second, APTF at 120°/s: Average power of trunk flexors at 120 degrees/second. APTE®/s at 120°/s: Average power of trunk extensors at 120

degrees/second.
* = Significant difference (p < 0.05).

suggest that overweight and obesity impact the peak torque
of trunk extensors at 60 degrees/second was higher in normal
weight condition. Specifically, our results suggest that the
peak torque decreases with increase in body weight
(Figure 2).

Moreover, the peak torque of trunk flexors at 60 degrees/
second for the underweight condition differed significantly
from that for the obese condition (mean difference = 4.418).

Additionally, the normal-weight condition significantly
differed from the overweight condition (mean
difference = 57.493) and from the obese (mean

difference = 58.649) in this regard. Thus, these results sug-
gest that overweight and obesity influence the peak torque of
trunk flexors at 60 degrees/second. Specifically, when body
weight increases, the peak torque decreases.

80
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Peak torque of trunk extensors at 60de;
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Figure 2: Peak torque of trunk extensors at 60 degrees/second in
four groups.

BMI also had a statistically significant effect on the
average power of trunk extensors at 60 degrees/second (F (3,
176) = 3.352; p = 0.02; partial N2 = 0.37) and average power
of trunk flexors at 60 degrees/second (F (2, 57) = 14.30;
p < .0005; partial m2 = .054). Additionally, the results
revealed that the average power of trunk extensors at 60
degrees/second for the normal-weight condition differed
significantly from that for the obese condition (mean
difference = 13.28) (Figure 3). Furthermore, the average
power of trunk flexors at 60 degrees/second for the normal-
weight condition differed significantly from that for the
obese condition (mean difference = 11.695).

Similarly, a statistically significant effect of BMI on the
peak torque of trunk extensors at 120 degrees/second (F (3,
176) = 21.165; p = .000; partial N2 = 0.265) and peak torque
of trunk flexors at 120 degrees/second (F (3, 176) = 43.518;
p = .000; partial N2 = 0 .426) was observed. The peak torque
of trunk extensors at 120 degrees/second for the normal-
weight condition differed significantly from that for the un-
derweight condition (mean difference = 40.613) Further-
more, normal weight differs significantly from overweight
(mean difference = 36.284), and from the obese (mean
difference = 49.408). Similarly, the peak torque of trunk
flexors at 120 degrees/second was higher in normal-weight
condition was significantly different from that for the over-
weight condition (mean difference = 16.464) and the obese
condition (mean difference = 23.151) (Figure 4).

Additionally, our results showed that BMI had a statis-
tically significant effect on the average power of trunk ex-
tensors at 120 degrees/second (F (3, 156) = 6.851; p = 0
.0001; partial N2 = 0.31) and average power of trunk flexors
at 120 degrees/second (F (3, 176) = 2.452; p = 0.038; partial
N2 = 0.057). The average power of trunk extensors at 120
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Figure 3: Average power of trunk extensors at 60 degrees/second.
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Peak torque of trunk flexors at 120 deg/s

Figure 4: Peak torque of trunk flexors at 120 degrees/second.

degrees/second for the underweight condition differed
significantly from that for the normal-weight condition
(mean difference = 12.207). The normal-weight condition
differed significantly from the overweight condition (mean
difference = 8.387) and from the obese condition (mean
difference = 9.401) in this regard as well. The average power
of trunk flexors at 120 degrees/second for the underweight
condition differed significantly from that for the normal-
weight condition (mean difference = 9.742). The normal-
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Average power of trunk flexors at 120

Figure 5: Average power of trunk flexors at 120 degrees/second.

weight condition differed significantly from the overweight
condition (mean difference = 7.531) and from the obese
condition (mean difference = 8.831) (Figure 5) in this regard
as well.

Correlation between weight and peak torque and average
power of trunk flexors and extensors

Pearson’s correlation analysis demonstrated a significant
negative correlation between weight and the peak torque of
trunk flexors and extensors at 60 degrees/second (r = - 0.43,
p=0.0001; r=—0.31, p = 0.007, respectively). Additionally,
there was a notable negative correlation between weight and
average power of trunk flexors and extensors at 60 degrees/
second (r = —0.54, p = 0.0001; r = —0.31, p = 0.007).
Similarly, a significant negative correlation between weight
and the peak torque of trunk flexors and extensors at 120
degrees/second (r = —0.51, p = 0.0001; r = —0.53,
p = 0.0001, respectively). Furthermore, a significant negative
correlation was found between weight and the average power
of trunk flexors and extensors at 120 degrees/second
(r=-0.21,p=0.04; r = —0.24, p = 0.007).

Discussion

The current study aimed to compare the respective
strength and average power of trunk flexors and extensors in
adolescents aged 12—8 years with different BMI using an
isokinetic dynamometer.

In general, our findings show that increased BMI has a
significant negative relationship with the performance of
spinal flexors and extensors, including peak torque and
average power. Normal weight adolescents’ values of muscle
performance are higher than those of the overweight and
obese adolescents, with significant differences.

In the present study, the isokinetic measurement of trunk
flexors and extensors was performed in a seated position as
this position seems to be minimally influenced by the
contraction of the muscles of the hip, leading to reduction of
stress on the lumbar region.’% Therefore, this position is
more suitable for the proper assessment of the strength of
trunk flexors and extensors.

The results show that torque increases when moving to-
wards lower velocities. This can be explained by the existence
of aninverse relationship between muscle force and velocity of
concentric muscle contraction. The slower the contraction of
the muscle, the larger the tension it produces, and vice versa.
Termed as the force—velocity relationship, this is considered
as a basic principle of the physiology of skeletal muscle.’’

Our results are in line with those of Pajoutan et al.'” who
examined the effect of obesity on the muscle performance of
back extensor musculatures. They recruited obese,
overweight, and normalweight groups and had them
undertake four sets of maximum volitional isometric
contractions of back extensors, repeated thrice. They
concluded that obesity negatively affects muscle
performance in activities demanding stronger contractions.
Generally, obesity at different ages results in reduced peak
strength when expressed in relation to body mass.*>

Moreover, these findings are consistent with a previous
study of Al Abdulwahab et al.*’ that concluded that
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excessive body weight has a significant negative effect on the
control of the muscles around the abdomen and back in the
adult population.

These results are also consistent with Mayer et al.,41 who
state that obesity, as measured by BMI, is correlated with
decreased trunk muscular endurance. Duncan et al.*” also
support these findings by reporting that overweight and
obesity in British children is significantly associated with
poor body function compared to children with normal
weight.

Several explanations may clarify the decreased trunk
muscular strength in overweight and obese children and ad-
olescents. First, the possible variations between normal-
weight adolescents and overweight and obese adolescents in
the morphology and geometry of the trunk muscles could be
due to excessive accumulation of adipose tissue inside and
over the back muscles. This is in agreement with the hypoth-
esis of Ryan et al.¥ who state that overweight and obese
children may accumulate adipose tissue in the abdominal
region, where the greatest fatty deposition occurs in the
rectus abdominal muscle, followed by the lateral abdominal
muscle and the erector spinae. This accumulation of adipose
tissue inside the muscle may interfere with its functional
capability, as Hicks et al.** have reported. The reduction of
the functional capability of the core musculature, especially
in terms of strength and endurance, may alter the induction
of these muscles into the spinal stability.45

Second, the possible variations between normal-weight
adolescents and overweight and obese ones are in their
general fitness levels. Most overweight and obese adolescents
have lower fitness levels than normal-weight adolescents;
although their extremities are strong, their trunks are weak.
The trunk muscles fail to stabilise the body to enable the
extremities to generate sufficient force to produce efficient
movement patterns. This is in line with the results of Tse
et al.*® who find that core stability is essential to enable the
trunk to control the movement of the distal extremities
during participation in sports.

Third, weight is also an important factor of performance
on measuring strength.47’4x On physical assessments
demanding thrusting or elevating body mass, young obese
persons show poor performance compared to non-obese
young persons because of the effect of overload imposed
by excess fat in addition to the original physical load.

Fourth, according to Cavuoto® and Maffiuletti et al.,”
muscle fatigue in overweight and obese children negatively
affects the strength and endurance periods during exercises.
Moreover, overweight and obese children are not familiar
with physical fitness and experience greater harassment
during physical activities than normal-weight children.’!

The strengths of the current study are that it included a
large sample of adolescents and that it assessed the rela-
tionship between trunk flexors and extensors and BMI in
paediatrics, which has not been extensively covered in pre-
vious studies.

The current study has some limitations that should be
taken into consideration. First, the BMI measured in this
study is the most popular index of adiposity, but it does not
differentiate between fat and lean body masses. Second, only
males participated in this study as access to femle schools was
not available.

Conclusion

This study clearly indicates that obesity is correlated with
decreased trunk muscle torque and power in adolescents.
Therapeutic interventions for overweight and obese adoles-
cents should be supported by exercise training programmes
to improve muscle performance variables including peak
torque and power. These interventions and programmes
would consequently enhance the quality of life of overweight
and obese adolescents.

Recommendations

Further studies are required that examine the differences
between males and females in trunk muscle performance
across different age groups. Future studies should also
examine the predictors of the trunk flexor and extensor tor-
que using sociodemographic and clinical (BMI) variables.
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