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Hatha yoga, integrating the
segmental stabilization exercise
model, can improve trunk muscle
endurance in healthy adults
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Renata Vauhnik!*

Faculty of Health Sciences, Department of Physiotherapy, University of Ljubljana, Ljubljana, Slovenia,
2Faculty of Medicine, Department of Public Health, University of Ljubljana, Ljubljana, Slovenia

Introduction: Low back pain is a very common symptom worldwide and an
increasingly important public health problem. Exercises to stabilize the lumbar
spine and pelvis have been shown to be effective in preventing or reducing
the risk of low back pain. Hatha yoga practice is now increasingly appearing in
prevention research and has the potential to improve trunk muscle endurance.
The prevention research on endurance training of trunk muscle lacks evidence.
The aim of this study was to investigate the effectiveness of a professional and
scientifically based exercise program to improve and balance trunk muscle
endurance in healthy adults.

Methods: A non-randomized control study was conducted. Participants were
healthy adults without low back pain or injury who had not performed exercises
to improve trunk muscle endurance prior to participation in the study. An
analysis of the proposed exercise program'’s effectiveness was conducted. The
participants were divided into two groups: the exercise group (EG) performed a
three-month hatha yoga exercise program (60 min twice a week) that included
the spinal and pelvic segmental stabilization exercise model, or the control
group (CG), in which participants were asked to maintain their previous lifestyle
during the study period. Trunk muscle endurance was measured at baseline
(PRE) and after completion of the exercise program (POST) in both groups. The
changes in the measured variables were analyzed (PRE-POST analysis, EG-CG
comparison).

Results: Seventy-two subjects (ng =36, age 32.2+6.8years; nc=36, age
29.9 + 7.8years) participated in the study. After the exercise program, the EG
participants had significantly better results in endurance in three of the four
trunk muscle groups (p < 0.05), but not in any of the endurance ratios.

Conclusion: Hatha yoga when integrating the segmental stabilization exercise
model can significantly improve the endurance of at least three of the four
major trunk muscle groups. For clinical relevance, the long-term effects of the
proposed exercise program should be investigated in individuals with low back
pain.
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1 Introduction

Low back pain (LBP) is a very common symptom worldwide and
an increasingly important global public health problem (1). In 2019,
LBP was the leading cause of functional disability (2), and retained its
leading position even after the emergence of COVID-19 pandemic
(1). It occurs in all age groups, with prevalence, incidence and years
lived with disability higher in women than in men, but increasing with
age in both genders (1-3). It is estimated that LBP reoccurs in about
33% of cases within 1year of the first episode and increasingly
becomes a chronic condition (3, 4). Some lifestyle factors (such as
smoking, obesity, insufficient physical activity and sedentary lifestyle)
are associated with the occurrence of LBP and the further development
of musculoskeletal problems (3, 5, 6).

Adequate muscular endurance of the back and abdominal muscles
is an essential component of low back stability and injury prevention
(7, 8). Therefore, inadequate or inappropriate trunk muscle
performance or an inappropriate ratio of muscle endurance between
the major trunk muscle groups (extensors, flexors and the lateral trunk
muscles) are important risk factors for the occurrence of LBP (7, 9, 10).

Researchers are mainly investigating approaches to alleviate pain
intensity and improve functional abilities in patients with (chronic)
LBP (11). On the other hand, there is a lack of studies investigating
effective interventions to prevent LBP and reduce the recurrence of LBP
(11, 12). One of the known evidence-based effective interventions to
prevent LBP is exercise—alone or in combination with LBP prevention
education (12, 13). Lumbar spine stabilization exercise programs based
on the segmental stabilization exercise model (14) have been shown to
be effective in improving trunk muscle endurance and reducing the
recurrence of LBP (15, 16). The segmental stabilization exercise model
incorporates the principles of motor learning theory and refers to the
re-establishing of simultaneous contraction of the deep trunk muscles
(transversus abdominis, pelvic floor muscles, diaphragm and deep
multifidus) and major superficial trunk muscle groups (14). The
progression in this exercise model consists of three stages of segmental
control: (1) local segmental control training, (2) closed chain segmental
control training, and (3) open chain segmental control training (14).

In recent years, yoga has been increasingly studied as one of the
effective treatment strategies for LBP (17). Most of the available studies
in the field of yoga research investigated the efficacy and
appropriateness of yoga as a therapeutic approach in (chronic) LBP
patients, less is known about its preventive outcomes (18, 19). Yoga is
a mind and body practice whose name comes from the Sanskrit root
“yuj” meaning ‘union;, ‘to unite or to connect, ‘to integrate’ (20). There
are four traditional types of yoga however, hatha yoga emphasizes on
the importance of physical fitness more than the other three (20).
Through various techniques, hatha yoga strives for a dynamic balance
between strength and flexibility that takes place on a physical, mental
and emotional level (20, 21). A regular hatha yoga practice can improve
the endurance of the trunk muscles and the low back stability (22-29).

The static holding of asanas is one of the basic principles of hatha
yoga, which gives this type of practice the potential to strengthen the

Abbreviations: CG, Control group; EG, Exercise group; EX, Endurance of trunk
extensors; FL, Endurance of trunk flexors; L-LM, Endurance of lateral trunk muscles

(left side); R-LM, Endurance of lateral trunk muscles (right side)
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trunk muscles. The practitioner must be able to maintain trunk
stability and thus a neutral position of the lumbosacral spine, even
when the asanas increase in difficulty (e.g., by isolating movements of
the upper and/or lower limbs while maintaining static trunk stability)
(30, 31). Similar to the segmental stabilization exercise model, the
complexity of techniques in hatha yoga is gradually increased and
improved. For example: performing asanas in both open and closed
kinetic chains; performing different breathing techniques to gradually
calm the breath and increase the length of inhalation and exhalation;
increasing the time spent performing or holding each asana or
exercise; etc. (32).

As mentioned above, there are several studies on the effectiveness
of yoga in improving trunk muscles, albeit with very heterogeneous
measurement methods and interventions (33). Furthermore, to our
knowledge, there is no study in which authors have investigated the
effect of a hatha yoga exercise program that incorporates the principles
of the
exercise program.

Aiming to provide evidence for an effective public health

segmental stabilization exercise model into this

intervention to prevent LBP or reduce the risk of recurrence of LBP,
the objective of this study was to investigate the effectiveness of a
professional and scientifically based hatha yoga exercise program
that integrates the principles of the segmental stabilization exercise
model to improve and balance trunk muscle endurance in
healthy adults.

2 Materials and methods
2.1 Study design, time frame and setting

This research was designed as an interventional study. It was
conducted from September 2019 to March 2022, at the Faculty of
Health Sciences at the University of Ljubljana.

2.2 Target population and sampling

Potential candidates were invited to participate in the study via
electronic media (email, Facebook, etc.) and chain reference sampling.
The following inclusion criteria were considered for participation in
the study: (1) healthy adults between the ages of 20 and 45years, (2)
without LBP at the time of enrollment in the study, (3) without
musculoskeletal injuries or other diseases that could be a
contraindication to the muscle endurance test or pose a risk to the
individual’s health, and (4) who did not perform yoga practice
(continuously, at least once a week) or exercise programs to stabilize
the lumbar spine. The aim was to obtain at least 35 participants in each
group, and in view of possible dropout, several participants were
intentionally included in the study. All participants who met the
inclusion criteria signed an informed consent form upon entry into
the study.

Participants were assigned to one of two study groups: (a) an
exercise group (EG) or (b) a control group (CG) according to the
case—control matching method (34), taking into account gender, age
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and physical activity. Randomization of the subjects into EG and CG
groups was not possible for implementation reasons, as sufficient
motivation and time of the participants—especially in the EG group
to participate in the regular training sessions—was crucial for the
implementation of the study. Potential candidates who met the
inclusion criteria were given the opportunity to choose a group
(EG or CG).

2.3 The study course

2.3.1 Exercise program

The EG participants completed a three-month hatha yoga
exercise program that integrated the principles of the segmental
stabilization exercise model. The exercise program comprised a total
of 25 training sessions, which were performed twice a week for
60 min each. Each training session consisted of asanas (yoga postures)
and pranayamas (controlled breathing techniques), starting with
gradual warm-up exercises (10 min), followed by the main part of the
training session to strengthen trunk muscle endurance (35min) and
gradual stretching and relaxation exercises at the end of the training
session (15min). The asanas were gradually intensified during the
exercise program, e.g., through more repetitions (dynamic
performance of the exercise), holding the position for longer (static
performance of the exercise), linking the asanas into sequences,
simultaneously performing pranayama during the asanas or asana
sequences, etc. In accordance with the segmental stabilization
exercise model, the simultaneous contraction of the deep trunk
muscles in each asana was emphasized and different positions or
dynamic movements of the upper/lower limbs (in closed or open
chain) while holding the basic asana were gradually performed
during the exercise program.

The exercise program consisted of low to moderate intensity
exercises. As the low to moderate intensity exercises are described
by ratings of 9-15 (35, 36) on the Borg Rating of Perceived
Exertion (RPE) scale 6-20 (37, 38), the exercise program was
graded within these ratings as rated by the participants for each
training session. To maintain the quality of the therapeutic
approach, the three-month exercise program was conducted with
a maximum of 11 participants per each training session. The
exercise program was led by a physiotherapist with a master’s
degree, who is also a yoga teacher (YT 500), with several years of
experience in both professional fields - physiotherapy and
teaching yoga. Due to the lockdown caused by the COVID-19
pandemic, some of the training sessions in the second half of the
exercise program had to be conducted online (max. six training
sessions), with both the yoga teacher and the participants having
their cameras switched on to ensure the quality of the
therapeutic approach.

2.3.2 Control group

The CG participants were asked to maintain their current lifestyle
and level of physical activity during the study period and to change as
little as possible. After completion of the study, CG participants were
also offered participation in the exercise program.
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2.4 Study instruments

First, the presence of contraindications and exclusion criteria
was checked using a questionnaire on the demographic data,
health status and physical activity of the participants (39). Before
the measurements were taken, basic demographic information
about the participants was obtained, as well as information on
selected lifestyle characteristics, namely the amount of physical
activity in a typical week, the amount of sitting in a typical day
and previous experience of LBP. Body height and mass were then
measured, from which the body mass index was then calculated
for each participant.

The endurance of the main trunk muscle groups was then
measured using four test positions, all of which were performed on
a 45° Roman chair: the trunk extensor isometric hold test (EX test),
the trunk flexor isometric hold test (FL test) and the trunk lateral
isometric hold test for the left (L-LM test) and right side (R-LM
test). The test positions, procedures and calculations of the trunk
muscle endurance ratio were performed according to the protocols
previously described in details in Petri¢ et al. (40). The endurance
of the trunk muscles was measured for the first time when the
participants were included in the study (PRE) and for the second
time after completion of the exercise program (or after the three-
month study period without training for CG participants; POST).

2.5 Methods of analysis

After checking the normal distribution of the variables, the
measurements at the beginning of the exercise program (“PRE”
measurements) and the measurements at the end of the exercise
program (“POST” measurements) were statistically compared using
the t-test for related-samples or non-parametric Wilcoxon signed test
for related-samples. Changes in trunk muscle endurance were also
compared between EG and CG (t-test for unrelated-samples or
Mann-Whitney U-test for unrelated-samples).

Statistical significance was set at p <0.05 for all analyzes. Data
analysis was performed using IBM SPSS Statistics 26 (IBM, New York,
United States) and an Excel program (Microsoft Corporation,
Washington, United States).

3 Results
3.1 Participants

Eighty-five participants met all inclusion criteria and 72
participants completed the study. Only those who discontinued the
study of their own accord were excluded from the study. Thirteen
participants dropped out of the study for various reasons (e.g.,
significant change in lifestyle and/or level of physical activity,
pregnancy, illness, etc.). Finally, 36 participants were included in each
group. There were no significant differences in baseline data between
EG and CG (Table 1).

The average participation rate in the training sessions was 85.1%,
i.e., 21.3 out of a total of 25 sessions, with an average rate of perceived
exertion of 10.1+0.8.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1487702
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Petri¢ et al.

3.2 Effectiveness of the exercise program

At baseline (PRE measurements), there were no significant
differences between EG and CG in the endurance holding time
(p>0.05) or the trunk muscle endurance ratios (p>0.05).

3.2.1 Endurance holding time

After the exercise program, EG participants significantly improved
their endurance in all four trunk muscle groups (p <0.05), while the
changes in CG were not significant (Table 2).

Significant differences were found between the EG and CG over
time in terms of endurance holding time in three of four trunk muscle
groups (Table 3). The calculated Cohen’s d coefficients indicate a
medium and large effect (Table 3).

TABLE 1 Demographic data of participants for EG and CG.

Mean + SD or

Mean + SD or

n (%) n (%)
EG (n = 36) CG (n =36)
Gender (M/F) ny =7 (19.4%) ny =8 (22.2%) 077
g =29 (80.6%) ;=28 (77.8%) ’
Age (years) 322+6.8 29.9+7.8 0.187
Body height
1.7+0.1 1.7+0.1 0.680
(m)
Body mass
65.9+£9.7 67.2+13.2 0.662
(kg)
BMI (kg/m?) 232+32 23.4+3.6 0.866

SD, standard deviation; n, number of participants; EG, exercise group; CG, control group; p,
asymptotic sig. (2-sided test); M, male; F, female; BMI, body mass index.

10.3389/fpubh.2024.1487702

3.2.2 Trunk muscle endurance ratios

After the exercise program, only the flexor-extensor ratio
improved significantly in the EG participants (p=0.005), while the
changes in all other ratios were not significant (all p>0.363). The
changes in CG were also not significant (Table 4).

No significant differences were found between the EG and CG in
terms of any ratio of trunk muscle endurance (Table 5).

4 Discussion

An exercise program that combines traditional hatha yoga with
the principles of the spinal and pelvic segmental stabilization exercise
model examined in our study could be an effective approach to
improving trunk muscle endurance. After the three-month exercise
program, EG participants achieved clinically significant improvements
in endurance of all four major trunk muscle groups (mean
improvement of +25.4%) compared to CG participants (mean
improvement of +1.1%). The improvements in endurance in three of
the four trunk muscle groups were also statistically significantly better
(p<0.05) than in the CG participants.

Participants rated the perceived exertion of the training sessions
of the three-month exercise program as 10.1£0.8 on the Borg RPE
scale, suggesting that hatha yoga, which is graded according to the
principles of segmental stabilization of the spine and pelvis, is a low-
or moderate-intensity exercise (35, 36).

As normative values are not yet available for the trunk muscle
endurance tests used in our study, we can only compare our results
with the results of studies in which the authors used the same trunk
muscle endurance tests. All participants in our study already showed
a longer mean holding time in the LM test at the time of inclusion in
our study compared to the results reported by Pagé and Descarreaux

TABLE 2 Results of the holding time (in seconds) of the trunk muscles (comparison of PRE-POST measurements).

Measurement 95% ClI SD
PRE 296.1 251.8,340.4 130.9 285.5 99.0 661.0
EX 0.003
POST 345.0 284.1,405.8 179.9 286.0 116.0 1070.0
PRE 173.0 138.3,207.7 102.5 150.0 39.0 420.0
FL <0.001%
POST 263.8 208.3,319.3 164.1 255.0 42.0 712.0
EG (n=36)
PRE 129.3 117.3, 141.4 357 136.0 68.0 218.0
L-LM 0.014%*
POST 148.5 129.2,167.7 56.9 146.0 49.0 326.0
PRE 120.9 108.2,133.5 375 116.5 57.0 217.0
R-LM 0.012°%
POST 142.3 123.2,161.4 56.5 130.5 54.0 299.0
PRE 362.8 266.6, 458.9 284.3 2795 128.0 1468.0
EX 0.888°
POST 353.1 257.7,448.5 281.9 2815 101.0 1650.0
PRE 194.8 147.3,242.2 140.3 139.5 36.0 604.0
FL 0.414°
POST 208.3 159.6, 257.0 144.0 147.0 45.0 597.0
CG (n=36)
PRE 135.6 114.8, 156.3 61.3 129.5 46.0 315.0
L-LM 0.863°
POST 136.5 117.2,155.8 56.9 1235 43.0 268.0
PRE 1182 99.9,136.5 54.1 106.5 46.0 264.0
R-LM 0.974"
POST 117.3 99.8,134.8 51.7 107.0 42.0 237.0

EG, exercise group; n, number of participants; CG, control group; EX, endurance of trunk extensors; FL, endurance of trunk flexors; L-LM, endurance of lateral trunk muscles (left side); R-LM,
endurance of lateral trunk muscles (right side); PRE, measurements before the exercise program; POST, measurements after the exercise program; X, mean; 95% CI, 95% confidence interval; SD,
standard deviation; Me, median; Min, minimum value; Max, maximum value; p, asymptotic sig. (2-sided test); a, Wilcoxon signed ranks test; b, paired samples t-test; *The bold values are those that

were statistically significant.
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TABLE 3 Results of the PRE-POST differences in endurance holding time
(in seconds) of the trunk muscles (comparison of the EG-CG
measurements).

Test (€17e]0] ) Cohen'’s
d

EG 489 | 1197 | 165

EX 0.033% 0.31
CG —9.6 125.5 —-2.6
EG 908 | 1309 | 525

FL 0.006"* 1.15
CG 13.6 91.1 7.0
EG 19.1 43.7 14.8

L-LM 0.086" 0.63
CG 0.9 316 0.7
EG 21.4 47.7 17.7

R-LM 0.023"* 0.67
CcG -0.9 30.5 —0.7

EX, endurance of trunk extensors; FL, endurance of trunk flexors; L-LM, endurance of
lateral trunk muscles (left side); R-LM, endurance of lateral trunk muscles (right side); EG,
exercise group (n=236); CG, control group (n=36); X, mean PRE-POST difference; SD,
standard deviation; %, percentage of PRE-POST improvement/difference; p, asymptotic sig.
(2-sided test); *, Mann-Whitney U-test for unrelated-samples; °, t-test for unrelated-samples;
*The bold values are those that were statistically significant; Cohen’s d, Cohen’s d coefficient.

(41) (mean holding time in their study: 96.7+24.9s and 97.2+21.5s
for L-LM and R-LM, respectively). Compared to the results of Ledoux
et al. (42) (mean holding time in their study: 127.32+74.29s in LM
test and 221.61+108.6s in EX test), the participants in our study
achieved a similar mean holding time in the LM test and a longer
mean holding time in the EX test at the beginning of our exercise
program. It is important to note that the participants in their study
were older (67.3 + 5.1 years). No study comparing the results of the FL
test could be found in the available literature.

When examining the correlation between trunk extensor
endurance and history of LBP in young adults, Shaw et al. (43) found
significantly poorer trunk extensor endurance after multiple
repetitions of the Biering-Serensen test in adults with a history of LBP
than in those without a history of LBP. The authors found that more
than one repetition of the test is required to detect impaired paraspinal
and hip extensor endurance in active young adults with a history of
LBP (42). Ledoux et al. (42) also found poorer trunk extensor
endurance (tested with the EX test used in our study) in participants
with chronic LBP compared to healthy participants.

The study conducted by Mistry (25) also measured isometric
endurance of the trunk muscles (according to the protocols established
by McGill et al. (9)) before and after the (hatha) yoga exercise
program, and he reported some greater mean improvements in trunk
muscle endurance compared to our study (improvement in endurance
of extensors, flexors and the lateral trunk muscles of left and right side
in their study: 33.8, 24.0, 32.8, and 20.6%, respectively). However,
their exercise program was shorter (7weeks), but the number of
younger participants in his study (mean age 21.5 + 1.5 years) was lower
(n=8) and, as previously mentioned, different test positions were used
compared to our study (25). Similarly, in the study by Larivieére et al.
(44), adults with LBP (mean age 43 + 12 years) achieved a significant
improvement (p<0.001) in endurance in extensors, flexors and the
lateral trunk muscles after eight-week individualized lumbar
stabilization exercise program as tested by protocols established by
McGill et al. (9).

In addition to the better holding time of the test postures, the ratio
of trunk muscle endurance is also very important for the stability of
the spine and pelvis (10). Although there was no statistically significant
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difference between EG and CG in terms of PRE-POST changes in
trunk muscle endurance ratios, EG participants improved one of the
four trunk muscle endurance ratios (Table 4). By significant
improvement in trunk flexors and trunk extensors endurance the
endurance of those two muscle groups were much more equal and
their ratio (FL:EX) was significantly better at the end of the exercise
program. In EG participants also the ratio of right to left lateral trunk
muscle groups (R-LM:L-LM) was closer to the optimal ratio of 1 on
average at the second measurement (Table 4). In the CG participants,
this ratio worsened slightly, but in neither group was the described
change in the R-LM:L-LM ratio statistically significant. McGill et al.
(10) describe that for good lumbosacral stability, the endurance of the
right and left lateral trunk muscle groups should not differ by more
than 5%. Some authors (41) have suggested in their studies that this
threshold may be too strict in terms of the clinical importance of
determining individual risk for LBP.

The study has some limitations. Among the most important
limitations is the chosen research design. For implementation reasons,
randomization of subjects into EG and CG groups was not possible,
as sufficient motivation and time of the participants—especially in the
EG group to participate in the regular training sessions—was crucial
for the conduct of the study. As already emphasized, all potential
candidates who met the inclusion criteria were given the opportunity
to choose a group (EG or CG), and CG participants were also offered
the opportunity to participate in an exercise program after completing
their participation in the CG. Another limitation was the small
number of participants. This is also due to practical limitations,
because in order to maintain the quality of the (therapeutic) exercise
approach, participation in each training session of the exercise
program was limited to a maximum group of 11 participants. As a
result, the three-month exercise program in the study was carried out
in four repetitions. Final limitation could be the gender imbalance
among the participants. Most of the participants in our study were
women, while men made up only one-fifth of the participants in each
group. This could also be due to societal attitudes, as yoga is still seen
as a gentler, less intense and somehow more “feminine” type of
exercise in the Western world, so men may be less likely to choose it
(45). Since the exercise program in our study also incorporated the
principles of the segmental stabilization exercise model, a more
targeted approach to inviting the male population to practice this type
of exercise (“yoga as a therapeutic exercise”) might make it more
accessible to them as well (45). Furthermore, since the correction for
multiple comparisons was not carried out, this could also influence
our results.

In addition to its limitations, the study also has important
strengths. It is the first study to examine the effects of a hatha yoga
exercise program graded according to the principles of the segmental
stabilization exercise model on trunk muscle endurance (both in
terms of holding time and the ratio of endurance between major trunk
muscles). It is also the first study to test trunk muscle endurance on a
45° Roman chair to determine the effects of exercise on the endurance
of all four major trunk muscle groups.

The study has some important implications for physiotherapy
and public health. Regarding the effects of yoga on the physical
body, more is known about its effectiveness in improving body
flexibility, but less has been studied about its effectiveness in
strengthening and balancing the endurance ratios of the trunk
muscles. The present study is a step toward a better understanding
of the effects of yoga and its gradual introduction as a preventive or
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TABLE 4 Results of the ratios of trunk muscle endurance (comparison of PRE-POST measurements).

95% ClI

PRE 0.69 0.50, 0.88 0.56 0.58 0.10 2.87

FL:EX 0.005%*
POST 0.92 0.71,1.14 0.64 0.79 0.07 2.92
PRE 0.96 0.87,1.04 0.25 0.88 0.65 1.55

R-LM:L-LM 0.363*
POST 0.99 0.90, 1.07 0.26 0.92 0.67 1.80

EG (n=36)

PRE 0.49 0.43, 0.56 0.19 0.45 0.20 1.03

L-LM:EX 0.878*
POST 0.49 0.42,0.56 0.21 0.45 0.14 1.05
PRE 0.47 0.40, 0.53 0.20 0.45 0.13 0.94

R-LM:EX 0.797
POST 0.47 0.39, 0.55 0.23 0.42 0.17 1.17
PRE 0.69 0.51,0.87 0.54 0.52 0.07 2.63

FL:EX 0.245%
POST 0.74 0.56, 0.91 0.51 0.57 0.09 2.18
PRE 091 0.82,0.99 0.25 0.87 0.48 1.40

R-LM:L-LM 0.411°
POST 0.88 0.81,0.95 0.21 0.90 0.44 1.35

CG (n=36)

PRE 0.46 0.39,0.53 0.20 0.41 0.11 0.86

L-LM:EX 0.245*
POST 0.48 0.41, 0.55 0.22 0.41 0.12 0.91
PRE 0.40 0.34,0.46 0.17 0.40 0.08 0.80

R-LM:EX 0.677°
POST 0.41 0.35, 0.46 0.16 0.39 0.05 0.74

EG, exercise group; n, number of participants; CG, control group; FL, endurance of trunk flexors; EX, endurance of trunk extensors; R-LM, endurance of lateral trunk muscles (right side);
L-LM, endurance of lateral trunk muscles (left side); PRE, measurements before the exercise program; POST, measurements after the exercise program; X, mean; 95% CI, 95% confidence
interval; SD, standard deviation; Me, median; Min, minimum value; Max, maximum value; p, asymptotic sig. (2-sided test); a, Wilcoxon signed ranks test; b, paired samples t-test; *The bold
values are those that were statistically significant.

TABLE 5 Results of the ratio of trunk muscle endurance (comparison of EG-CG measurements).

Ratio Measurement Group X SD SEM fo)
EG 0.69 0.56 0.09
PRE 0.879*
CG 0.69 0.54 0.09
FL:EX
EG 0.93 0.64 0.11
POST 0.230°
CG 0.74 0.51 0.08
EG 0.96 0.25 0.04
PRE 0.543
CG 0.91 0.25 0.04
R-LM:L-LM
EG 0.99 0.26 0.04
POST 0.191°
CcG 0.88 0.21 0.04
EG 0.49 0.19 0.03
PRE 0.539*
CG 0.46 0.20 0.03
L-LM:EX
EG 0.49 0.21 0.04
POST 0.817*
CG 0.48 0.22 0.04
EG 0.47 0.20 0.03
PRE 0.140°
CcG 0.40 0.17 0.03
R-LM:EX
EG 0.47 0.23 0.04
POST 0.424°
CcG 0.41 0.16 0.03

FL, endurance of trunk flexors; EX, endurance of trunk extensors; R-LM, endurance of lateral trunk muscles (right side); L-LM, endurance of lateral trunk muscles (left side); PRE,
measurements before the exercise program; POST, measurements after the exercise program; EG, exercise group (n =36); CG, control group (n=36); X, mean; SD, standard deviation; SEM,
standard error mean; p, asymptotic sig. (2-sided test); ¢, Mann-Whitney U-test for unrelated-samples; °, t-test for unrelated-samples.

complementary form of therapeutic activity also in public health  also in seniors (48). It could also be extremely useful in professions
systems at the primary and secondary healthcare levels, which has ~ where the lower back is more stressed during work, e.g., in health
already been reported as a successful approach in some countries  professions such as physiotherapists or occupational therapists (49).
(e. g. in United Kingdom and Portugal) (46, 47). It appears that yoga Research in this area needs to be continued. In future studies,
could be an important approach for maintaining physical fitness it would be useful to include a larger group of participants and a
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more even gender distribution. According to the results of the
statistical power analysis of the study, at least 60 participants should
be included in the EG to validate the results obtained and to
determine the effects of the exercise program on trunk muscle
endurance. The inclusion of a larger number of subjects would
be feasible if more investigators (physiotherapists and/or yoga
teachers) were involved in the management of the training sessions
and in the measurements. After the exercise period of the study;, it
would be worthwhile to follow the effects of the exercise program
in the long term to observe the incidence of LBP in EG and CG
participants and any changes in lifestyle characteristics compared
to before the study (e.g., whether participation in the study
encouraged participants to adopt a more active lifestyle). Clinical
relevance should be investigated in symptomatic patients with LBP
to increase muscle endurance and prevent the recurrence of LBP, as
an intention-to-treat analysis should also be performed in such a
clinical trial (50). If the effects of the proposed exercise program are
to be further investigated in specific patient groups (e.g., those with
pre-existing LBP), it would also be useful to perform functional tests.

5 Conclusion

A hatha yoga exercise program that incorporates the principles of
the segmental stabilization exercise model can significantly improve
the endurance of at least three of the four major trunk muscle groups.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by National Medical
Ethics Committee of the Republic of Slovenia (0120-220/2019/6). The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

References

1. Institute for Health Metrics and Evaluation. GBD COMPARE data visualization.
(2024). Available at: https://vizhub.healthdata.org/gbd-compare/[accessed august
20, 2024].

2. Chen S, Chen M, Wu X, Lin S, Tao C, Cao H, et al. Global, regional and national
burden of low back pain 1990-2019: a systematic analysis of the global burden of disease
study 2019. ] Orthop Translat. (2021) 32:49-58. doi: 10.1016/j.jot.2021.07.005

3. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S, et al.
What low back pain is and why we need to pay attention. Lancet. (2018) 391:2356-67.
doi: 10.1016/50140-6736(18)30480-X

4. da Silva T, Mills K, Brown BT, Herbert RD, Maher CG, Hancock MJ. Risk of
recurrence of low Back pain: a systematic review. ] Orthop Sports Phys Ther. (2017)
47:305-13. doi: 10.2519/jospt.2017.7415

5. Baradaran Mahdavi S, Riahi R, Vahdatpour B, Kelishadi R. Association between
sedentary behavior and low back pain; a systematic review and meta-analysis. Health
Promot Perspect. (2021) 11:393-410. doi: 10.34172/hpp.2021.50

6. Dzakpasu FQS, Carver A, Brakenridge CJ, Cicuttini F, Urquhart DM, Owen N, et al.
Musculoskeletal pain and sedentary behaviour in occupational and non-occupational

Frontiers in Public Health

10.3389/fpubh.2024.1487702

Author contributions

MP: Conceptualization, Formal analysis, Investigation, Methodology,
Visualization, Writing — original draft. LZ-K: Conceptualization, Formal
analysis, Supervision, Writing — review & editing. MJ: Supervision,
Writing - review & editing. RV: Conceptualization, Methodology,
Supervision, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by the Slovenian Research Agency (research core funding
no. P3-0388 and research core funding no. P3-0429). The funders had
no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Acknowledgments

We would like to thank all participants for their cooperation.
Special thanks go to the yoga teacher Blaz Bertoncelj for his
instructions and teachings on yoga.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

settings: a systematic review with meta-analysis. Int ] Behav Nutr Phys Act. (2021)
18:159. doi: 10.1186/s12966-021-01191-y

7. Panjabi MM. The stabilizing system of the spine. Part I. Function, dysfunction,
adaptation, and enhancement. ] Spinal Disord. (1992) 5:383-9. doi:
10.1097/00002517-199212000-00001

8. Kisner C, Thorp JN. The spine: structure, function, and posture In: C Kisner, LA
Colby and J Borstad, editors. Therapeutic exercise: Foundations and techniques. 7th ed.
Philadelphia: E A. Davis Company (2018). 417-42.

9. McGill SM, Childs A, Liebenson C. Endurance times for low back stabilization
exercises: clinical targets for testing and training from a normal database. Arch Phys Med
Rehabil. (1999) 80:941-4. doi: 10.1016/50003-9993(99)90087-4

10. McGill S. Low back disorders: Evidence-based prevention and rehabilitation. 3rd
ed. USA: Human Kinetics (2016).

11. Foster NE, Anema JR, Cherkin D, Chou R, Cohen SP, Gross DP, et al. Prevention
and treatment of low back pain: evidence, challenges, and promising directions. Lancet.
(2018) 391:2368-83. doi: 10.1016/S0140-6736(18)30489-6

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1487702
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://vizhub.healthdata.org/gbd-compare/
https://doi.org/10.1016/j.jot.2021.07.005
https://doi.org/10.1016/S0140-6736(18)30480-X
https://doi.org/10.2519/jospt.2017.7415
https://doi.org/10.34172/hpp.2021.50
https://doi.org/10.1186/s12966-021-01191-y
https://doi.org/10.1097/00002517-199212000-00001
https://doi.org/10.1016/s0003-9993(99)90087-4
https://doi.org/10.1016/S0140-6736(18)30489-6

Petri¢ et al.

12. de Campos TFE, Maher CG, Fuller JT, Steffens D, Attwell S, Hancock MJ. Prevention
strategies to reduce future impact of low back pain: a systematic review and meta-
analysis. Br ] Sports Med. (2021) 55:468-76. doi: 10.1136/bjsports-2019-101436

13. Shiri R, Coggon D, Falah-Hassani K. Exercise for the prevention of low Back pain:
systematic review and Meta-analysis of controlled trials. Am ] Epidemiol. (2018)
187:1093-101. doi: 10.1093/aje/kwx337

14. Richardson C, Hides J, Hodges P. Principles of the 'segmental stabilization' exercise
model In: C Richardson, P Hodges and ] Hides, editors. Therapeutic exercise for
lumbopelvic stabilization: A motor control approach for the treatment and prevention
of low back pain. 2nd ed. UK: Churchill Livingstone (2004). 175-83.

15. Hides JA, Jull GA, Richardson CA. Long-term effects of specific stabilizing
exercises for first-episode low back pain. Spine (Phila Pa 1976). (2001) 26:E243-8. doi:
10.1097/00007632-200106010-00004

16. Smrcina Z, Woelfel S, Burcal C. A systematic review of the effectiveness of Core
stability exercises in patients with non-specific low Back pain. Int J Sports Phys Ther.
(2022) 17:766-74. doi: 10.26603/001¢.37251

17. Anheyer D, Haller H, Lauche R, Dobos G, Cramer H. Yoga for treating low back
pain: a systematic review and meta-analysis. Pain. (2022) 163:¢504-17. doi: 10.1097/j.
pain.0000000000002416

18. Ward L, Stebbings S, Cherkin D, Baxter GD. Components and reporting of yoga
interventions for musculoskeletal conditions: a systematic review of randomised controlled
trials. Complement Ther Med. (2014) 22:909-19. doi: 10.1016/j.ctim.2014.08.007

19. Goode AP, Coeytaux RR, McDuffie ], Duan-Porter W, Sharma P, Mennella H, et al.
An evidence map of yoga for low back pain. Complement Ther Med. (2016) 25:170-7.
doi: 10.1016/j.ctim.2016.02.016

20. Schops I. Yoga: Theory and practice for beginners and advanced students. Bath,
United Kingdom: Parragon Book Service Ltd. (2010).

21. Bertoncelj B. Joga: transformacija telesa in uma. Ljubljana, Slovenia: Devi (2007).

22. Cowen VS, Adams TB. Physical and perceptual benefits of yoga asana practice:
results of a pilot study. J Bodyw Mov Ther. (2005) 9:211-9. doi: 10.1016/j.jbmt.2004.08.001

23. Cowen VS. Functional fitness improvements after a worksite-based yoga initiative.
] Bodyw Mov Ther. (2010) 14:50-4. doi: 10.1016/j.jbmt.2009.02.006

24. Gaurav V. Effects of hatha yoga training on the health related physical fitness. Int
J Sports Sci Eng. (2011) 5:169-73.

25. Mistry AD. Effects of yoga on low back stability, strength and endurance. [master’s
thesis]. Blacksburg: Faculty of the Virginia Polytechnic Institute and State University. (2011).

26.Lau C, Yu R, Woo J. Effects of a 12-week hatha yoga intervention on
cardiorespiratory endurance, muscular strength and endurance, and flexibility in Hong
Kong Chinese adults: a controlled clinical trial. Evid Based Complement Alternat Med.
(2015) 2015:958727:1-12. doi: 10.1155/2015/958727

27. Shiraishi JC, Bezerra LM. Effects of yoga practice on muscular endurance in young
women. Complement Ther Clin Pract. (2016) 22:69-73. doi: 10.1016/j.ctcp.2015.12.007

28. Csala B, Szemerszky R, Kérmendi ], Kételes F, Boros S. Is weekly frequency of yoga
practice sufficient? Physiological effects of hatha yoga among healthy novice women.
Front Public Health. (2021) 9:702793. doi: 10.3389/fpubh.2021.702793

29.Rao MR, Itagi RK, Srinivasan TM. Impact of yoga in facilitating muscular
functioning among asymptomatic male cricket players: longitudinal randomized
controlled study. ] Bodyw Mov Ther. (2021) 27:287-93. doi: 10.1016/j.jbmt.2021.02.022

30. Beazley D, Patel S, Davis B, Vinson S, Bolgla L. Trunk and hip muscle activation
during yoga poses: implications for physical therapy practice. Complement Ther Clin
Pract. (2017) 29:130-5. doi: 10.1016/j.ctcp.2017.09.009

31. Mullerpatan RP, Agarwal BM, Shetty TV. Exploration of muscle activity using
surface electromyography while performing Surya Namaskar. Int ] Yoga. (2020)
13:137-43. doi: 10.4103/ijoy.IJOY_72_19

Frontiers in Public Health

08

10.3389/fpubh.2024.1487702

32. Kaminoff L, Matthews A. Yoga anatomy. 3rd ed. USA: Human Kinetics (2021).

33. Petri¢ M. Utinkovitost hatha joge za izbolj$anje vzdrzljivosti mi$ic trupa.
Fizioterapija. (2023) 31:30-8.

34. Mansournia MA, Jewell NP, Greenland S. Case-control matching: effects,
misconceptions, and recommendations. Eur ] Epidemiol. (2018) 33:5-14. doi: 10.1007/
s10654-017-0325-0

35. Arney BE, Glover R, Fusco A, Cortis C, de Koning JJ, van Erp T, et al. Comparison
of RPE (rating of perceived exertion) scales for session RPE. Int ] Sports Physiol Perform.
(2019) 14:994-6. doi: 10.1123/ijspp.2018-0637

36. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World
Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J
Sports Med. (2020) 54:1451-62. doi: 10.1136/bjsports-2020-102955

37. Borg G. Perceived exertion as an indicator of somatic stress. Scand ] Rehabil Med.
(1970) 2:92-8. doi: 10.2340/1650197719702239298

38. Williams N. The Borg rating of perceived exertion (RPE) scale. Occup Med. (2017)
67:404-5. doi: 10.1093/0ccmed/kqx063

39. Jakovljevi¢ M, Knific T, Petri¢ M. Testiranje telesne pripravljenosti odraslih oseb:
priro¢nik za preiskovalce. Ljubljana, Slovenia: Nacionalni institut za javno zdravje.
(2017). p. 40-43.

40. Petri¢ M, Zaletel-Kragelj L, Vauhnik R. Characteristics and usefulness of trunk
muscle endurance tests on the Roman chair in healthy adults. Peer]. (2022) 10:e14469.
doi: 10.7717/peer;j.14469

41. Pagé I, Descarreaux M. Trunk muscle fatigue during a lateral isometric hold test:
what are we evaluating? Chiropr Man Therap. (2012) 20:12. doi: 10.1186/2045-709X-20-12

42. Ledoux E, Dubois JD, Descarreaux M. Physical and psychosocial predictors of
functional trunk capacity in older adults with and without low back pain. ] Manip
Physiol Ther. (2012) 35:338-45. doi: 10.1016/j.jmpt.2012.04.007

43. Shaw J, Jacobs JV, Van Dillen LR, Beneck GJ, Smith JA. Understanding the Biering-
Serensen test: contributors to extensor endurance in young adults with and without a
history of low back pain. J Electromyogr Kinesiol. (2024) 74:102854. doi: 10.1016/j.
jelekin.2023.102854

44. Larivi¢re C, Preuss R, Coutu ME Sullivan MJ, Roy N, Henry SM. Disability
reduction following a lumbar stabilization exercise program for low back pain: large vs.
small improvement subgroup analyses of physical and psychological variables. BMC
Musculoskelet Disord. (2024) 25:358. doi: 10.1186/s12891-024-07480-4

45. Cagas JY, Biddle SJH, Vergeer I. Yoga not a (physical) culture for men?
Understanding the barriers for yoga participation among men. Complement Ther Clin
Pract. (2021) 42:101262. doi: 10.1016/j.ctcp.2020.101262

46.Mason H, Schnackenberg N, Monro R. Yoga and healthcare in the
United Kingdom. Int ] Yoga Therap. (2017) 27:121-6. doi: 10.17761/1531-2054-27.1.121

47. Ponte SB, Lino C, Tavares B, Amaral B, Bettencourt AL, Nunes T, et al. Yoga in
primary health care: a quasi-experimental study to access the effects on quality of life
and psychological distress. Complement Ther Clin Pract. (2019) 34:1-7. doi: 10.1016/j.
ctcp.2018.10.012

48. Krej¢i M, Hill M, Kajzar J, Tichy M, Ho$ek V. Yoga exercise intervention improves
balance control and prevents falls in seniors aged 65. Zdr Varst. (2022) 61:85-92. doi:
10.2478/sjph-2022-0012

49. Tislar MH, Starc G, Kukec A. Work-related musculoskeletal disorders among
physiotherapists and physiotherapy students in Croatia and their association with
physical fitness. Zdr Varst. (2022) 61:171-80. doi: 10.2478/sjph-2022-0023

50. Ranganathan P, Pramesh CS, Aggarwal R. Common pitfalls in statistical analysis:
intention-to-treat versus per-protocol analysis. Perspect Clin Res. (2016) 7:144-6. doi:
10.4103/2229-3485.184823

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1487702
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1136/bjsports-2019-101436
https://doi.org/10.1093/aje/kwx337
https://doi.org/10.1097/00007632-200106010-00004
https://doi.org/10.26603/001c.37251
https://doi.org/10.1097/j.pain.0000000000002416
https://doi.org/10.1097/j.pain.0000000000002416
https://doi.org/10.1016/j.ctim.2014.08.007
https://doi.org/10.1016/j.ctim.2016.02.016
https://doi.org/10.1016/j.jbmt.2004.08.001
https://doi.org/10.1016/j.jbmt.2009.02.006
https://doi.org/10.1155/2015/958727
https://doi.org/10.1016/j.ctcp.2015.12.007
https://doi.org/10.3389/fpubh.2021.702793
https://doi.org/10.1016/j.jbmt.2021.02.022
https://doi.org/10.1016/j.ctcp.2017.09.009
https://doi.org/10.4103/ijoy.IJOY_72_19
https://doi.org/10.1007/s10654-017-0325-0
https://doi.org/10.1007/s10654-017-0325-0
https://doi.org/10.1123/ijspp.2018-0637
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.2340/1650197719702239298
https://doi.org/10.1093/occmed/kqx063
https://doi.org/10.7717/peerj.14469
https://doi.org/10.1186/2045-709X-20-12
https://doi.org/10.1016/j.jmpt.2012.04.007
https://doi.org/10.1016/j.jelekin.2023.102854
https://doi.org/10.1016/j.jelekin.2023.102854
https://doi.org/10.1186/s12891-024-07480-4
https://doi.org/10.1016/j.ctcp.2020.101262
https://doi.org/10.17761/1531-2054-27.1.121
https://doi.org/10.1016/j.ctcp.2018.10.012
https://doi.org/10.1016/j.ctcp.2018.10.012
https://doi.org/10.2478/sjph-2022-0012
https://doi.org/10.2478/sjph-2022-0023
https://doi.org/10.4103/2229-3485.184823

	Hatha yoga, integrating the segmental stabilization exercise model, can improve trunk muscle endurance in healthy adults
	1 Introduction
	2 Materials and methods
	2.1 Study design, time frame and setting
	2.2 Target population and sampling
	2.3 The study course
	2.3.1 Exercise program
	2.3.2 Control group
	2.4 Study instruments
	2.5 Methods of analysis

	3 Results
	3.1 Participants
	3.2 Effectiveness of the exercise program
	3.2.1 Endurance holding time
	3.2.2 Trunk muscle endurance ratios

	4 Discussion
	5 Conclusion

	References

