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Abstract
Introduction. The roles of yoga in improving symptoms in chronic low back pain (LBP) have been established. However, evidence 
of Sun Salutation yoga feasibility in subacute LBP is lacking. This feasibility study examined the adherence, safety, and potential 
effect size of Sun Salutation yoga in improving pain, functional disability, and quality of life among patients with subacute LBP.
Methods. overall, 20 patients with subacute LBP (65% females, age: 35 ± 10 years) were enrolled in a 6-week Sun Salutation 
program. The protocol adherence and safety were self-reported by participants during weekly monitoring. Pain was assessed 
with visual analogue scale (VAS) and numeric rating scale (NRS), functional disability with oswestry disability index (odi) and 
Roland-Morris Questionnaire (RMQ), while quality of life with the Short Form Health Survey (SF-12). Pre- and post-intervention 
data were analysed by using the paired t-test or Wilcoxon signed-rank test per data distribution. Effect size was evaluated.
Results. All patients adhered to the study protocol and no adverse effects were reported. Pain, functional disability, and quality 
of life improved significantly after the intervention. Effect sizes were very large for pain (3.87 and 3.97 for VAS and NRS), functional 
disability (1.94 and 3.24 for odi and RMQ), and quality of life (2.34 and 4.62 for SF-12 physical and mental composite score).
Conclusions. The adherence and safety of Sun Salutation yoga in subacute LBP patients were demonstrated, with large effect 
sizes for improving pain, functional disability, and quality of life. Randomized controlled trials are recommended to confirm the 
findings.
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Introduction

Low back pain (LBP), one of the most common musculo-
skeletal disorders, is experienced by an estimated 80% of the 
population during their lifetime [1]. LBP has caused a signifi-
cant disabling health condition and socioeconomic problem 
worldwide [2, 3], including indonesia [4]. LBP is defined as 
pain that is localized below the costal margin and above in-
ferior gluteal folds, with or without the presence of foot pain [5]. 
Up to 90% of cases are not attributable to a known specific 
pathology (i.e., non-specific) [6] and most acute LBP resolves 
within 4–6 weeks. However, it may progress into a subacute 
form or become chronic LBP, lasting more than 12 weeks 
[7, 8]. Current guidelines recommend non-pharmacological 
management that includes patient education and exercise 
therapy for non-specific LBP [6, 8]. immobility and bed rest 
are discouraged in LBP to prevent progression to a chronic 
stage [9]. Thus, although exercise therapy is the first-line 
therapy for chronic LBP, it should be initiated in the earlier 
stage [6].

Systematic reviews show that yoga improves flexibility, 
pain, and functional disabilities among patients with chronic 
LBP [10–12]. Further exploration, however, is needed to as-
sess the style, frequency, and duration of yoga that best suit 
patients with subacute LBP. one of the recommended yoga 
styles is hatha yoga, which combines several elements, such 
as postural positioning, breathing, and concentration, as it is 
intended to improve both mental and physical health [13, 14]. 
one hatha yoga session usually is group-led and held for 
60–90 minutes [11]. The effectiveness of hatha yoga for man-
aging chronic LBP has been reported in many studies [11, 15]. 
Nevertheless, the attendance to a typical hatha yoga class 

and the amount of time required may deter LBP patients from 
participating in the sessions. A simpler hatha yoga, the Sun 
Salutation or Surya Namaskar, can be practised indepen-
dently after a brief training [16], which may increase partici-
pation and adherence. Sun Salutation consists of a series of 
postures (asanas) that are synchronized with specific breath-
ing patterns for obtaining optimum benefits, which include 
physical fitness and physiological, mental, and emotional 
advantages [17]. Sun Salutation also plays a role in the pro-
phylaxis of several diseases [17]. However, Sun Salutation 
in managing subacute LBP, particularly in improving pain, 
functional disability, and quality of life (QoL), the 3 most im-
portant self-reported outcomes, has not been studied.

Pain intensity, which reflects the magnitude of the pain, 
ranks the highest compared with other pain domains (e.g., 
quality, temporal, type, and interference) among LBP patients 
[18]. Thus, although the multidimensional pain scale is essen-
tial, unidimensional pain measures such as the visual ana-
logue scale (VAS) and the numeric rating scale (NRS) are 
most commonly used for pain assessment in LBP, both in 
clinical settings and in trials [19]. These instruments are highly 
feasible and provide health professionals, researchers, and 
patients with very little burden to complete [18].

Assessment of the functional disability among patients 
with subacute LBP is important, both in clinical practice and 
in treatment-outcome research. Two specific functional mea-
sures for conditions associated with spinal disorders are the 
oswestry disability index (odi) and the Roland-Morris Ques-
tionnaire (RMQ) [20]. These tools have been widely used in 
various settings. Good psychometric properties of the instru-
ments have been reported [20].
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QoL is also significantly impaired among patients with 
LBP [21]. Studies suggest that LBP was associated with 
lower scores on both physical and mental composite scales 
of the 36-item Short Form Health Survey (SF-36) [11, 21], 
controlling for other comorbid medical conditions [21]. in this 
regard, the 12-item Short Form Health Survey (SF-12) is less 
burdensome for patients as it has fewer items, and could be 
used as an alternative to the more commonly applied instru-
ment for measuring QoL, SF-36. The study aimed to exam-
ine the adherence, safety, and potential effect size of Sun 
Salutation yoga in improving pain, functional disability, and 
QoL in patients with subacute LBP, in a view for developing 
a suitable protocol for a larger trial.

Subjects and methods

Study design and participants

This study employed a one-group pre- and post-test de-
sign. The inclusion criteria involved subacute non-specific 
LBP, defined as LBP lasting for 4–12 weeks without a known 
underlying cause, and age of > 18 years. The exclusion cri-
teria comprised using painkillers or other pharmacological 
treatments within 24 hours before the pre- and post-test as-
sessment; specific LBP; LBP red flag signs indicating under-
lying illnesses, such as chest pain, fever, unexplained weight 
loss, bladder or bowel dysfunction; history of malignancy; 
history of injury or orthopaedic procedures; as well as acute 
LBP manifestation (i.e., clear inflammation sign indicating 
acute exacerbation). With the use of these criteria, 20 indi-
viduals with non-specific subacute LBP were recruited from 
a physiotherapy clinic in Yogyakarta, indonesia, from May to 
october 2019.

Treatment

The patients were invited to participate in a Sun Saluta-
tion yoga program, 3 times per week for 6 weeks. The Sun 
Salutation was applied as a cyclical posture (asana) syn-
chronized with a specific breathing pattern (pranayama) [16]. 
Within each cycle, 12 steps were performed consecutively, 
as illustrated in Figure 1. The cycle started with the 1st asana 
(Pranamasana). The 2nd asana (Hasta Uttanasana) was con-
ducted with inhalation, followed by exhalation at the begin-
ning of the 3rd asana (Padahastasana). Next, inhalation was 
conducted while rising from the 3rd asana and moving to 
the 4th asana (Ashwa Sanchalanasana). it was followed with 

exhalation at the 5th asana (Parvatasana) and the 6th asana 
(Ashtanga Namsakara). The 7th asana (Bhujangasana) was 
conducted with inhalation and the 8th asana (Parvatasana) 
was conducted with exhalation. The 9th asana (Ashwa San
chalanasana) was performed with inhalation, followed by 
exhalation while rising from the 10th asana (Padahasthana) 
to return to the 11th asana (Hasta Uttasana) and 12th asana 
(Pranamasana) [17].

The participants were supervised for 1 session per week 
in a group setting and were required to independently prac-
tise 2 times per week using a Sun Salutation guideline in a 
written format. The guideline described the procedure, sched-
ule, target, and progression of yoga practices. it defined 
a ‘cycle’ as the completion of 12 asanas, while a ‘round’ con-
sisted of 2 cycles, of which one was conducted with one leg 
in front for the Ashwa Sanchalanasana asana, while the other 
cycle was conducted with the opposite leg. The patients were 
required to perform a session of 3 rounds of yoga practice 
daily in the 1st week, which was gradually increased to 6 
rounds per session in weeks 4–6. Each round was targeted 
to be completed within 4 minutes, including the interval time 
between the cycles. Thus, the session was aimed to last for 
up to 12 minutes in the 1st week and up to 24 minutes starting 
with the 4th week. Within each cycle, each asana was assumed 
as dynamic stretching. The subjects, however, were allowed 
to progress with the speed once they had been accustomed 
to the asanas. They were also allowed to modify some asanas 
if they were unable to implement them, as well as to breath 
in between the inhalations required in the breathing pattern 
if needed.

data collection

The patients were asked to report their progress each 
week during the group yoga class. The adherence to the 
study protocols and any adverse effects of the treatment 
were also recorded in this weekly follow-up. Patients with 
complete sessions were included in the study analysis.

outcome measures

Pain perception, functional disability, and QoL were as-
sessed before and after the 6-week yoga program. They were 
measured by using adapted instruments which could be 
completed by the participants within 10 minutes.

Pain

Pain was evaluated with 2 scales: VAS and NRS, for the 
triangulation purpose. For both scales, the participants were 
asked to rate the most intense pain they experienced during 
the previous 24 hours. VAS was presented to patients as 
a straight horizontal line of 10 cm, which they were required 
to put a mark on. The ends of the line represented extreme 
limits of pain orientated from no pain to the highest level of 
pain [19]. The distance from the ‘no pain’ anchor to the mark 
made by the patients was measured to identify their level of 
pain. The measurement was taken in millimetres; thus, the 
scores ranged 0–100, with higher results indicating higher 
pain intensity [19]. NRS was self-administered; the patients 
were provided with a series of discreet values from 0 to 10, 
in which 0 indicated a painless condition and 10 stood for 
the worst, unimaginable pain [19]. The scores thus ranged 
0–10 points, with higher results indicating higher pain intensity.

Figure 1. The Sun Salutation yoga routine
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Functional disability

The functional disability was also measured with 2 instru-
ments: odi and RMQ, for triangulation purposes. odi in-
cludes 10 items regarding (i) pain intensity, (ii) lifting, (iii) self-
care ability, (iv) ability to walk, (v) ability to sit, (vi) sexual 
function, (vii) ability to stand, (viii) social life, (ix) quality of sleep, 
and (x) ability to travel [22]. For each item, 6 response op-
tions from 0 to 5 are available which describe different poten-
tial scenarios (0 indicates the least disability and 5 stands 
for the most severe disability). The scores for all items are 
summed and then multiplied by 2 to provide the index that 
ranges 0–100, with higher scores indicating higher disability 
[22]. in this study, we used the modified version 2.0 of odi, 
as suggested by the instrument developer [22]. RMQ re-
quires patients to report their perceived level of disability by 
responding to 24 items referring to various disability condi-
tions [23]. The participants were instructed to put a mark next 
to each statement describing the disability that they experi-
enced; the score ranges 0–24, with higher values indicating 
higher disability [23].

Quality of life

QoL was measured by using the SF-12 version 1. The 
survey consists of 12 items. Six of them are used to gener-
ate the Physical Component Summary (PCS-12), involving 
subscales measuring general health perception, physical 
functioning, role limitation owing to physical health, and bodily 
pain. Another 6 items are used to create the Mental Com-
ponent Summary (MCS-12), involving subscales measuring 
role limitations owing to emotional problems, vitality, mental 
health, and social functioning [24]. Reverse scoring of 4 items 
was conducted so that a higher value indicated better health. 
Raw scores were then transformed to provide results rang-
ing from 0 (the worst) to 100 (the best) and, in accordance 
with the approach used in the SF-36 scoring, the 6 corre-
sponding items were averaged to provide the composite 
score [24]. in this study, the validated indonesian translated 
version of SF-12 was used [25].

Statistical analysis

descriptive analysis of the variables was carried out with 
central trend (mean), dispersion data (standard deviation), 
and range. Next, the Shapiro-Wilk test was conducted to as-
sess data distribution normality. differences between pre- 

and post-intervention pain assessment with VAS, function-
al disability, and QoL were determined by using the paired 
t-test, while other ones were evaluated with the Wilcoxon 
signed-rank test, depending on their normality status. The 
crude effect size was calculated by averaging the difference 
between paired data, while the standardized effect size took 
into account the mean difference, pooled standard deviation, 
and correlation between the paired data. The criteria for eval-
uating standardized effect size were based on those by Cohen: 
< 0.20 for very small, 0.20–0.49 for small, 0.50–0.79 for 
medium, and  0.80 for large [26]. data were analysed with 
the SPSS® software version 25 (iBM Corporation, Armonk, 
NY, USA). The significance level for all studied variables was 
fixed at p < 0.05.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the declaration of Helsinki, and 
has been approved by the Review Board of Human Ethics 
Committee of Gadjah Mada University (approval number: 
KE/0499/05/2019).

Informed consent
informed consent has been obtained from all individuals 

included in this study.

Results

Patients’ characteristics, adherence to the protocol, 
and safety concerns

The mean ± standard deviation of the patients’ age was 
35 ± 10 years (range: 25–58 years). Most of the subjects were 
female (65%), married (65%), with tertiary education (85%). 
All were employed and did not smoke. The LBP duration at 
recruitment equalled 5.4 ± 1.5 months. All patients adhered 
to the study protocol and did not report any adverse effects 
of the treatment, which supported the feasibility of the proto-
col. No missing data were found; all participants were thus 
included in the analysis.

Pain, functional disability, and quality of life

Table 1 summarizes the statistics of all measures before 
and after the 6-week yoga practice.

Table 1. Effect sizes of Sun Salutation intervention for pain, functional disability, and quality of life

Variable Tools Time Mean SD p Crude ES Standardized ES

Pain

VAS
Pre-test 4.94 1.28

< 0.001 2.80 3.97
Post-test 2.15 0.89

NRS
Pre-test 4.95 1.32

< 0.001 2.90 3.87
Post-test 2.05 0.89

Functional disability

odi
Pre-test 13.66 7.18

< 0.001 6.64 1.94
Post-test 7.02 4.76

RMQ
Pre-test 10.10 3.04

< 0.001 5.80 3.24
Post-test 4.30 1.84

Quality of life

PCS-12
Pre-test 42.08 7.83

< 0.001 17.52 2.34
Post-test 59.61 7.42

MCS-12
Pre-test 54.68 8.92

< 0.001 21.32 4.62
Post-test 76.00 8.41

VAS – visual analogue scale, NRS – numeric rating scale, odi – oswestry disability index, RMQ – Roland-Morris Questionnaire,  
PCS – Physical Component Summary, MCS – Mental Component Summary
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As shown in Table 1, pain, functional disability, and QoL 
scores consistently improved after the yoga practice. The 
differences were all significant (p < 0.001) and the effect 
sizes were very large. Figure 2 further illustrates the disper-
sion of the pre- and post-intervention data.

Discussion

While the positive roles of physiotherapy modalities [27, 28] 
and yoga [29–31] in improving chronic LBP have been es-
tablished, this study is the first to investigate the feasibility 
(i.e., adherence and safety) and the potential effect size of 
the Sun Salutation in improving pain, functional disability, 
and QoL among patients with subacute LBP. While a higher 
intensity exercise is more appropriate for chronic conditions 
[32], we utilized Sun Salutation because of its low intensity, 
which may best suit subacute conditions. We also adjusted 
the progression of the program to allow patients to adapt to 
the routine for minimizing injuries and other adverse events. 
The program was well-received by the participants and the 
study resulted in full adherence to the program, without any 
reports of adverse effects, which highlights the protocol fea-
sibility and safety.

We found a very large positive effect size for all mea-
sures, as opposed to smaller effect sizes reported in a sys-
tematic review of studies conducted in patients with chronic 
LBP [33]. However, to be noted, we did not assign a control 
group, so we could not distinguish whether the improve-
ments were largely due to the natural course of the disease 

or to the treatment. Moreover, unlike in chronic LBP, where 
symptoms tend to persist, there was a high probability that 
our patients in the subacute stage would fully recover. Also, 
the participants suffered from only moderate LBP symptoms 
at baseline; thus, our findings could not be fully applied in 
higher or lower severity levels. Nevertheless, the effect sizes 
obtained in the study could be potentially used for deter-
mining sample sizes for future trials in this population.

The large effect size found in this study is possibly due 
to the following reasons. First, the asanas in Sun Salutation 
potentially improve back and abdominal muscle strength and 
flexibility, thus improving posture and mobility [16]. The asa-
nas may also stimulate the blood flow, potentially accelerat-
ing back recovery [34]. The improvements in posture, mo-
bility, and vascularization further decrease pain perceptions. 
Finally, Sun Salutation is found to improve relaxation [35], 
which can also affect pain perception. As pain is an important 
aspect of the functional ability assessment (odi and RMQ) 
and the QoL measurements (PCS-12), large sample sizes 
were demonstrated for all outcomes.

Attempts to compare our findings with other similar studies 
are limited by the lack of research exploring Sun Salutation 
and LBP. Although Sun Salutation yoga has been studied 
for improving physical [16, 36] and mental [37] health in the 
general population, no study has reported the effectiveness 
of Sun Salutation for improving LBP symptoms. Likewise, 
while overall physical therapy in improving chronic LBP has 
been widely investigated, studies in subacute LBP are scarce 
[38, 39]. Thus, our study extends the evidence in the literature 

a) Visual analogue scale b) Numeric rating scale

c) oswestry disability index d) Roland-Morris Questionnaire

e) Physical Component Summary f) Mental Component Summary

Figure 2. Pain, functional disability, and quality of life before and after Sun Salutation program
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that simple, low-intensity yoga practice, such as Sun Saluta-
tion, is feasible, safe, and potentially effective in improving 
LBP symptoms among patients with subacute LBP. Further 
research with a longitudinal design and larger sample sizes 
is recommended to confirm these findings.

Limitations

overall, we have demonstrated adequate evidence of the 
participants’ adherence and the protocol safety, as well as 
the large potential effect size of Sun Salutation in improving 
pain, functional disability, and QoL. Using the effect size, fu-
ture studies may only need a modest sample size for examin-
ing the effect of Sun Salutation in LBP symptoms. However, 
our findings must be interpreted in the context of certain limi-
tations. First, we did not assess the effect size difference 
between the treatment and control groups. Second, our study 
recruited more women, younger adults, and patients with 
moderate symptoms. Although it was likely to reflect the epi-
demiology of LBP in the population, it may limit the generaliz-
ability of our findings to other demographic groups (i.e., older 
adults with more severe symptoms).

Conclusions

This study demonstrates subacute LBP patients’ adher-
ence to the Sun Salutation yoga and highlights the safety of 
the protocol, indicated by no adverse events reported. The 
study also resulted in large effect sizes of the treatment in 
improving pain, functional disability, and QoL in patients with 
subacute LBP, which implies a potential efficacy of the treat-
ment. Future trials, however, are recommended to confirm 
the findings of this study.

Funding
This study was funded by the Unggulan Research Grant 

2019 from the Yogyakarta State University.

Disclosure statement
No author has any financial interest or received any finan-

cial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

References
1. dixit RK, Schwab JH. Low back and neck pain. in: Stone 

JH (ed.), A clinician’s pearls and myths in rheumatology. 
dordrecht: Springer; 2009; 447–459.

2. Hayashi Y. Classification, diagnosis, and treatment of low 
back pain. Jpn Med Assoc J. 2004;47(5):227–233.

3. Fatoye F, Gebrye T, odeyemi i. Real-world incidence and 
prevalence of low back pain using routinely collected 
data. Rheumatol int. 2019;39(4):619–626; doi: 10.1007/
s00296-019-04273-0.

4. Andarini S, Arif AZ, Al Rasyid H, Wahono CS, Kalim H, 
Handono K. Factors associated with health care seeking 
behavior for musculoskeletal pain in indonesia: a cross-
sectional study. int J Rheum dis. 2019;22(7):1297–1304; 
doi: 10.1111/1756-185X.13536.

5. Shmagel A, Foley R, ibrahim H. Epidemiology of chronic 
low back pain in US adults: data from the 2009–2010 
National Health and Nutrition Examination Survey. Ar-
thritis Care Res. 2016;68(11):1688–1694; doi: 10.1002/
acr.22890.

6. Shipton EA. Physical therapy approaches in the treat-
ment of low back pain. Pain Ther. 2018;7(2):127–137; 
doi: 10.1007/s40122-018-0105-x.

7. oliveira CB, Maher CG, Pinto RZ, Traeger AC, Lin C-WC, 
Chenot J-F, et al. Clinical practice guidelines for the 
management of non-specific low back pain in primary 
care: an updated overview. Eur Spine J. 2018;27(11): 
2791–2803; doi: 10.1007/s00586-018-5673-2.

8. Carter C, Stratton C, Mallory d. Yoga to treat nonspecific 
low back pain. Am Assoc occup Health Nurs J. 2011; 
59(8):355–362; doi: 10.3928/08910162-20110718-01.

9. Gellhorn AC, Chan L, Martin B, Friedly J. Management 
patterns in acute low back pain: the role of physical ther-
apy. Spine. 2012;37(9):775–782; doi: 10.1097/BRS.0b 
013e3181d79a09.

10. Wieland LS, Skoetz N, Pilkington K, Vempati R, d’Ada-
mo CR, Berman BM. Yoga treatment for chronic non-spe-
cific low back pain. Cochrane database Syst Rev. 2017; 
1(1):Cd010671; doi: 10.1002/14651858.Cd010671.pub2.

11. Chang dG, Holt JA, Sklar M, Groessl EJ. Yoga as a treat-
ment for chronic low back pain: a systematic review of 
the literature. J orthop Rheumatol. 2016;3(1):1–8; doi: 
10.13188/2334-2846.1000018.

12. Cramer H, Lauche R, Haller H, dobos G. A systematic 
review and meta-analysis of yoga for low back pain. Clin 
J Pain. 2013;29(5):450–460; doi: 10.1097/AJP.0b013e 
31825e1492.

13. Sengupta P. Health impacts of yoga and pranayama: 
a state-of-the-art review. int J Prev Med. 2012;3(7):444–
458; doi: 10.13016/LXQd-LC0o.

14. Kelly Z. is yoga an effective treatment for low back pain: 
a research review. int J Yoga Ther. 2009;19(1):103–112; 
doi: 10.17761/ijyt.19.1.r810550078602214.

15. Saper RB, Lemaster C, delitto A, Sherman KJ, Herman 
PM, Sadikova E, et al. Yoga, physical therapy, or educa-
tion for chronic low back pain: a randomized noninferior-
ity trial. Ann int Med. 2017;167(2):85–94; doi: 10.7326/
M16-2579.

16. Bhutkar MV, Bhutkar PM, Taware GB, Surdi Ad. How 
effective is sun salutation in improving muscle strength, 
general body endurance and body composition? Asian 
J Sports Med. 2011;2(4):259–266; doi: 10.5812/asjsm. 
34742.

17. Stec K. dynamic Suryanamaskar: Sun Salutations. Ban-
galore: Swami Vivekananda Yoga Prakashana; 2012.

18. Chiarotto A, Maxwell LJ, ostelo RW, Boers M, Tugwell P, 
Terwee CB. Measurement properties of Visual Analogue 
Scale, Numeric Rating Scale, and Pain Severity sub-
scale of the Brief Pain inventory in patients with low back 
pain: a systematic review. J Pain. 2019;20(3):245–263; 
doi: 10.1016/j.jpain.2018.07.009.

19. Kahl C, Cleland JA. Visual analogue scale, numeric pain 
rating scale and the McGill Pain Questionnaire: an over-
view of psychometric properties. Phys Ther Rev. 2005; 
10(2):123–128; doi: 10.1179/108331905X55776.

20. Grotle M, Brox Ji, Vøllestad NK. Cross-cultural adapta-
tion of the Norwegian versions of the Roland-Morris dis-
ability Questionnaire and the oswestry disability index. 
J Rehabil Med. 2003;35(5):241–247; doi: 10.1080/1650 
1970306094.

21. Husky MM, Farin FF, Compagnone P, Fermanian C, Ko-
vess-Masfety V. Chronic back pain and its association 
with quality of life in a large French population survey. 
Health Qual Life outcomes. 2018;16(1):195; doi: 10.1186/ 
s12955-018-1018-4.



N.i. Arovah, W. Kushartanti, R.L. Ambardini 
Sun Salutation yoga in patients with subacute low back pain: a feasibility study

6

 
Physiother Quart 2022, 30(4) 

22. Fairbank JCT. Why are there different versions of the 
oswestry disability index? A review. J Neurosurg Spine. 
2014;20(1):83–86; doi: 10.3171/2013.9.SPiNE13344.

23. Roland M, Fairbank J. The Roland-Morris disability Ques-
tionnaire and the oswestry disability Questionnaire. 
Spine. 2000;25(24):3115–3124; doi: 10.1097/00007632- 
200012150-00006.

24. Ware JE Jr, Kosinski M, Keller Sd. A 12-item Short-Form 
Health Survey: construction of scales and preliminary 
tests of reliability and validity. Med Care. 1996;34(3): 
220–233; doi: 10.1097/00005650-199603000-00003.

25. Arovah Ni, Heesch KC. Assessment of the validity and 
reliability of the indonesian version of Short Form 12 
(SF-12). J Prev Med Hyg. 2021;62(2):E421–E429; doi: 
10.15167/2421-4248/jpmh2021.62.2.1878.

26. Cohen J. A power primer. Psychol Bull. 1992;112(1): 
155–159; doi: 10.1037/0033-2909.112.1.155.

27. Christakou A, Boulnta F. The effectiveness of hydrother-
apy in patients with chronic low back pain. Physiother 
Quart. 2020;28(3):32–38; doi: 10.5114/pq.2020.95772.

28. Honcharov A, Ruban L, Litovchenko A, okun d, Turchi-
nov A. Physical therapy for old-timer athletes with chronic 
back pain. Physiother Quart. 2020;28(2):20–24; doi: 
10.5114/pq.2020.92475.

29. Colgrove YM, Gravino-dunn NS, dinyer SC, Sis EA, 
Heier AC, Sharma NK. Physical and physiological effects 
of yoga for an underserved population with chronic low 
back pain. int J Yoga. 2019;12(3):252–264; doi: 10.4103/
ijoy.iJoY_78_18.

30. Kuvačić G, Fratini P, Padulo J, Antonio di, de Giorgio A. 
Effectiveness of yoga and educational intervention on 
disability, anxiety, depression, and pain in people with 
CLBP: a randomized controlled trial. Complement Ther 
Clin Pract. 2018;31:262–267; doi: 10.1016/j.ctcp.2018. 
03.008.

31. Hampton AR, Temte EG, Barrett BP. individually tailored 
yoga for chronic neck or back pain in a low-income popu-
lation: a pilot study. int J Yoga. 2020;13(1):70–72; doi: 
10.4103/ijoy.iJoY_23_19.

32. Verbrugghe J, Agten A, Stevens S, Hansen d, demou-
lin C, Eijnde Bo, et al. Exercise intensity matters in chronic 
nonspecific low back pain rehabilitation. Med Sci Sports 
Exerc. 2019;51(12):2434–2442; doi: 10.1249/MSS.000 
0000000002078.

33. Goode AP, Coeytaux RR, Mcduffie J, duan-Porter W, 
Sharma P, Mennella H, et al. An evidence map of yoga 
for low back pain. Complement Ther Med. 2016;25:170–
177; doi: 10.1016/j.ctim.2016.02.016.

34. Hunter Sd, Tarumi T, dhindsa MS, Nualnim N, Tanaka H. 
Hatha yoga and vascular function: results from cross-
sectional and interventional studies. J Bodyw Mov Ther. 
2013;17(3):322–327; doi: 10.1016/j.jbmt.2012.10.009.

35. Malhotra P. Surya namaskar: a way to relax the mind. 
Sleep Med dis int J. 2017;1(6):133–135; doi: 10.15406/
smdij.2017.01.00028.

36. Chaudhary dK, Singh K. The effect of surya namaskara 
on flexibility of school level athletes. int J Phys Educ 
Sports Health. 2019;6(6):94–97.

37. Vaibhav A, Shukla S, Singh oP. Surya Namaskar (Sun 
Salutation): a path to good health. int J Pharmacol Res. 
2016;6(7):224–230.

38. Hsieh C-YJ, Adams AH, Tobis J, Hong C-Z, danielson C, 
Platt K, et al. Effectiveness of four conservative treat-
ments for subacute low back pain: a randomized clinical 
trial. Spine. 2002;27(11):1142–1148; doi: 10.1097/0000 
7632-200206010-00003.

39. Marin TJ, Van Eerd d, irvin E, Couban R, Koes BW, Mal-
mivaara A, et al. Multidisciplinary biopsychosocial reha-
bilitation for subacute low back pain. Cochrane database 
Syst Rev. 2017;6(6):Cd002193; doi: 10.1002/14651858.
Cd002193.pub2.


