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Abstract
Background Adolescent idiopathic scoliosis (AIS) is a progressive three-
dimensional skeletal deformity that affects spinal mobility and trunk symmetry.
Scholars once believed that adolescent idiopathic scoliosis was not associated
with pain, but recent studies have shown that approximately 31.5% of patients
suffer from low back pain. The cause of low back pain may be due to factors
such as paraspinal muscle imbalance and fatigue. Objective To observe the
morphological changes of the multifidus muscle at the apex of the primary curve
in AIS patients with low back pain after treatment with high-intensity laser
therapy (HILT) combined with physiotherapeutic scoliosis-specific exercises
(PSSE) using musculoskeletal ultrasound, and to evaluate the clinical effect of
the combined therapy on correcting paraspinal muscle imbalance. Methods
Thirty adolescent idiopathic scoliosis patients with Rigo type E1 admitted to
the Scoliosis Correction Center of Harbin Fifth Hospital from December 2020
to December 2021 were selected for a randomized single-blind controlled trial.
Patients were randomly divided into an experimental group and a control group;
the experimental group received HILT combined with PSSE, while the control
group received HILT alone. Both groups underwent musculoskeletal ultrasound
examination, Visual Analogue Scale (VAS) scoring, lumbar spinal range of
motion examination, and Roland-Morris Disability Questionnaire (RDQ)
survey before treatment and after 4 weeks of treatment. Pearson correlation
analysis was used to explore whether there was a correlation between changes
in the multifidus muscle and treatment outcomes after treatment. Results After
treatment, the concave side cross-sectional area of the multifidus muscle, flexion
range, left lateral flexion range, left rotation range, and right rotation range in
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the experimental group were higher than those in the control group (P<0.05).
In the experimental group after treatment, the concave side cross-sectional
area, concave side thickness, convex-to-concave side cross-sectional area ratio,
convex-to-concave side thickness ratio, and extension range were higher than
before treatment (P<0.05). In both groups after treatment, VAS scores and
RDQ scores were lower than before treatment, while flexion range, left lateral
flexion range, right lateral flexion range, left rotation range, and right rotation
range were higher than before treatment (P<0.05). In the control group after
treatment, extension range was lower than before treatment (P<0.05). Pearson
correlation analysis showed that the convex-to-concave side cross-sectional area
ratio of the multifidus muscle after treatment was negatively correlated with
right rotation range of the lumbar spine after treatment (r=-0.660, P<0.01),
and the convex-to-concave side thickness ratio of the multifidus muscle after
treatment was negatively correlated with right lateral flexion range of the
lumbar spine after treatment (r=-0.614, P<0.05). Conclusion High-intensity
laser therapy combined with physiotherapeutic scoliosis-specific exercises can
alter the morphology of the concave side multifidus muscle at the apex of the
scoliotic curve, reduce low back pain, increase lumbar spine mobility, decrease
lumbar dysfunction, and improve daily living abilities. Although HILT alone
does not significantly affect multifidus muscle morphology, it can effectively
relieve low back pain caused by scoliosis. The morphological balance of
multifidus muscles on both sides of the spine plays a positive role in improving
lumbar lateral flexion and rotation functions.
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Abstract

Background: Adolescent idiopathic scoliosis (AIS) is a progressive three-
dimensional skeletal deformity affecting spinal mobility and trunk symmetry.
While previously considered painless, recent studies indicate that approximately
31.5% of AIS patients experience low back pain, potentially resulting from
paravertebral muscle imbalance and fatigue.

Objective: To observe morphological changes in paravertebral multifidus mus-
cles at the apex of the primary curve following high-intensity laser therapy
(HILT) combined with physiotherapy scoliosis-specific exercises (PSSE) in AIS
patients with low back pain, using musculoskeletal ultrasound, and to evalu-
ate the clinical efficacy of this combined treatment in correcting paravertebral
muscle imbalance.

Methods: Thirty AIS patients with Rigo E1 curvature admitted to the Scolio-
sis Correction Center of the Fifth Hospital of Harbin between December 2020
and December 2021 were enrolled in a randomized, single-blind controlled trial.
Patients were randomly assigned to either an experimental group receiving HILT
combined with PSSE or a control group receiving HILT alone. Both groups un-
derwent musculoskeletal ultrasound examination, visual analogue scale (VAS)
scoring, lumbar range of motion (ROM) assessment, and the Roland-Morris
Disability Questionnaire (RDQ) before treatment and after 4 weeks of interven-
tion. Pearson correlation analysis was used to investigate potential correlations
between post-treatment multifidus muscle changes and treatment outcomes.

Results: Post-treatment, the experimental group showed significantly greater
cross-sectional area of the multifidus muscle on the concave side, anterior flex-
ion, left lateral flexion, left rotation, and right rotation compared to the control
group (P<0.05). Within the experimental group, post-treatment values for
concave-side cross-sectional area and thickness, concave/convex cross-sectional
area ratio, concave/convex thickness ratio, and extension were significantly
higher than pre-treatment values (P<0.05). Both groups exhibited decreased
VAS and RDQ scores and increased anterior flexion, left/right lateral flexion,
and left/right rotation after treatment (P<0.05); however, the control group
showed decreased extension post-treatment (P<0.05). Pearson correlation anal-
ysis revealed that the post-treatment concave/convex cross-sectional area ratio
was negatively correlated with right lumbar rotation (r=-0.660, P<0.01), while
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the thickness ratio was negatively correlated with right lateral flexion (r=-0.614,
P<0.05).

Conclusion: HILT combined with PSSE can alter multifidus muscle morphol-
ogy on the concave side of the scoliotic apex, reduce low back pain, increase
lumbar mobility, decrease lumbar dysfunction, and improve daily living activi-
ties. Although HILT alone does not significantly affect multifidus morphology,
it effectively relieves scoliosis-related low back pain. Balancing bilateral multi-
fidus muscle morphology positively impacts lumbar lateral flexion and rotation
function.

Keywords: Scoliosis; Adolescent; Spinal diseases; Laser therapy; Exercise ther-
apy; Low back pain; Ultrasonography; Paraspinal muscles

Study Design and Subjects

This study enrolled AIS patients admitted to the Scoliosis Correction Center
of the Fifth Hospital of Harbin between December 2020 and December 2021.
To eliminate the influence of brace wear during adolescence on skeletal and
paravertebral muscle measurements, we included patients with mature bone
age who had either discontinued brace use or never worn braces.

Inclusion criteria were: (1) confirmed AIS diagnosis; (2) Rigo E1 curvature type;
(3) Risser sign grade V females; (4) self-reported low back pain in daily life with
visual analogue scale (VAS) score $�$3 persisting for over 2 weeks. Exclusion
criteria comprised: (1) postoperative AIS patients; (2) patients with other types
of low back pain; (3) patients currently wearing braces.

This study received ethical approval from the Fifth Hospital of Harbin
(HSWYL2021005), and all participants provided informed consent. All
researchers held relevant medical practitioner or rehabilitation therapist
qualifications.

Based on these criteria, 30 Rigo E1 patients were included and randomly divided
into experimental and control groups (15 patients each) using a single-blind ran-
domized controlled design with a random number table method. The experimen-
tal group had a mean age of 15.2$±1.7𝑦𝑒𝑎𝑟𝑠𝑎𝑛𝑑𝑤𝑒𝑖𝑔ℎ𝑡𝑜𝑓49.9±6.6𝑘𝑔, 𝑤ℎ𝑖𝑙𝑒𝑡ℎ𝑒𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑔𝑟𝑜𝑢𝑝ℎ𝑎𝑑𝑎𝑚𝑒𝑎𝑛𝑎𝑔𝑒𝑜𝑓16.6±2.2𝑦𝑒𝑎𝑟𝑠𝑎𝑛𝑑𝑤𝑒𝑖𝑔ℎ𝑡𝑜𝑓54.6±$6.3
kg. No statistically significant differences were found between groups in age or
weight (t=-1.952, P=0.061; t=-2.001, P=0.055).

Interventions

High-Intensity Laser Therapy (HILT): Both groups received HILT using
an MLS®Mphi high-intensity laser (ASAlaser, Italy). Following the MLS®Mphi
manual recommendations, treatment parameters were: 25 W handheld probe,
700 Hz frequency, 10-minute total duration, 100% intensity, 345.12 J total energy
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output, and 18.32 J/cm2 energy density. The treatment protocol involved: (1)
broad-area scanning over the convex-side muscles for 4 minutes; (2)“rice grain”
pattern treatment on scoliosis apex paravertebral muscles and painful areas
using Italian FM® fascial manipulation (30 seconds per area); (3) final broad-
area scanning for 3 minutes. Treatments were administered 3 times weekly for
4 weeks.

Physiotherapy Scoliosis-Specific Exercises (PSSE): The experimental
group additionally performed PSSE based on Chen Yanqiu’s protocol, including
right-side bridging, Schroth strengthening exercises, and muscle cylinder move-
ments. For low back pain management, functional rehabilitation exercises were
incorporated: supine gluteal bridge, supine leg raises, trunk plank exercises, and
side-lying hip abduction. PSSE training was conducted in the exercise therapy
clinic 3 times weekly for 4 weeks.

Outcome Measures

Primary Indicators: Musculoskeletal ultrasound examination of multifidus
muscles bilaterally at the apex vertebra was performed before and after 4 weeks
of treatment. Using a Philips EPIQ-5 color Doppler ultrasound system (probe
frequency 1.0-5.0 MHz), we measured multifidus muscle thickness and cross-
sectional area on both sides of the apical vertebra. Following the 2010 Euro-
pean Society of Musculoskeletal Radiology (ESSR) ultrasound guidelines, pa-
tients were positioned prone with a thin pillow under the abdomen to prevent
excessive lumbar flexion. After identifying the apical vertebra from full-spine
X-ray coronal images and marking the spinous process, the probe was placed at
the marked point. Upon visualizing the spinous process, the probe was shifted
3 cm left and right to measure bilateral multifidus thickness and cross-sectional
area. Three consecutive measurements were averaged to minimize error, with
the same sonographer performing all pre- and post-treatment assessments for
each patient.

illustrates multifidus muscle morphology at the apical vertebra under ultra-
sound.

Secondary Indicators: Collected before and after 4 weeks of treatment: (1)
VAS pain assessment (0=no pain, 10=unbearable pain); (2) Roland-Morris Dis-
ability Questionnaire (RDQ, 24 items, score 1 for“yes”and 0 for“no”, higher
scores indicate greater dysfunction); (3) lumbar ROM measurement (anterior
flexion, extension, left/right lateral flexion, left/right rotation), with each plane
measured 4 times and averaged.
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Figure 1: Figure 1

Statistical Analysis

Data were analyzed using SPSS 26.0 software. Normality and homogeneity of
variance tests were performed. Normally distributed data with homogenous vari-
ance were expressed as mean±standard deviation (x̄±s), with paired t-tests for
within-group comparisons and independent t-tests for between-group compar-
isons. Non-normally distributed data were expressed as median (interquartile
range) [M(P25, P75)], analyzed using non-parametric rank-sum tests. Pearson
correlation analysis was performed between concave/convex cross-sectional area
ratios and thickness ratios with VAS scores, RDQ scores, and all ROM param-
eters. Statistical significance was set at P<0.05.

Results

Comparison of General Data: No significant differences were found between
groups in age or weight (see above).

Multifidus Muscle Changes: Post-treatment, the experimental group
showed significantly greater concave-side cross-sectional area compared to
the control group (P<0.05). Within the experimental group, post-treatment
concave-side cross-sectional area and thickness, concave/convex cross-sectional
area ratio, and concave/convex thickness ratio were significantly higher than
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pre-treatment values (P<0.05). No significant differences were found between
groups or within groups for convex-side parameters (P>0.05). The control
group showed no significant changes in any multifidus parameters (P>0.05).
Detailed data are presented in .

VAS and RDQ Scores: Both groups demonstrated significantly reduced VAS
and RDQ scores post-treatment (P<0.05), with the experimental group showing
significantly lower RDQ scores compared to the control group after treatment
(P<0.05). No significant between-group differences were observed in VAS scores
(P>0.05). See .

Lumbar ROM: Both groups exhibited increased anterior flexion, left/right lat-
eral flexion, and left/right rotation post-treatment (P<0.05). The experimental
group showed increased extension (P<0.05), while the control group demon-
strated decreased extension (P<0.05). Post-treatment, the experimental group
had significantly greater anterior flexion, left lateral flexion, and left/right ro-
tation compared to the control group (P<0.05). No significant differences were
found in extension or right lateral flexion between groups (P>0.05). See .

Correlation Analysis: Post-treatment concave/convex cross-sectional area
ratio was negatively correlated with right lumbar rotation (r=-0.660, P<0.01),
and thickness ratio was negatively correlated with right lateral flexion (r=-0.614,
P<0.05). See .

Discussion

This study investigated the effects of HILT combined with PSSE on multifidus
muscle morphology, pain, lumbar mobility, and quality of life in AIS patients
with low back pain. The 4-week intervention improved pain and functional out-
comes, with more balanced concave/convex ratios for multifidus cross-sectional
area and thickness in the experimental group, surpassing HILT alone.

The paravertebral muscles, with the multifidus being the deepest layer, primar-
ily extend the spine and participate in rotation, maintaining upright posture.
Multifidus cross-sectional area reflects muscle fiber quantity and atrophy degree,
serving as an indicator of lumbar muscle strength. Reduced cross-sectional area
can diminish axial rotation capacity and increase spinal load. Previous research
identified paravertebral muscle imbalance as a key factor in AIS progression.
Our prior work demonstrated that bilateral multifidus thickness differences cor-
relate with muscle imbalance, suggesting paravertebral muscle pathology may
represent secondary compensatory changes in scoliosis. Studies have also shown
correlations between bilateral root-mean-square ratios of apical paravertebral
muscles and axial trunk rotation (ATR), with larger ATR indicating more severe
imbalance. Since Cobb angle increases correlate positively with ATR, scoliosis
progression appears linked to paravertebral muscle imbalance.

While once considered benign and painless, AIS affects 31.5% of patients with
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low back pain, likely due to muscle imbalance, fatigue, or foraminal stenosis.
Chronic pain reduces lumbar ROM and increases daily life burdens, including
medication use, reduced school/work attendance, and activity limitations. Re-
cent evidence supports physical therapy combined with PSSE for correcting
bilateral muscle imbalance and controlling curve progression.

We selected Rigo E1 patients (single left-convex/right-concave lumbar curve,
apex at L1-L2, prone to trunk imbalance progression) to control for confounding
factors. All female participants eliminated gender-related muscle differences,
and Risser sign V status excluded growth and brace interference. Both groups
had moderate scoliosis (similar Cobb angles), excluding severity bias.

HILT’s photobiological effects enhance mitochondrial oxidation, increasing ATP,
RNA, and DNA production while improving blood flow, vascular permeability,
and cellular metabolism. Compared to low-level laser, high-intensity laser de-
livers substantial energy output in shorter durations with deeper penetration,
activating deep paravertebral muscles. However, our ultrasound findings re-
vealed that while HILT alone effectively reduced pain through mechanical and
biological stimulation (releasing endogenous enkephalins, inhibiting A𝛿 and C
fiber transmission, and controlling pain gating), it did not alter multifidus mor-
phology or correct muscle imbalance. The combined approach yielded superior
pain relief and functional improvements.

Post-treatment improvements in lumbar ROM and RDQ scores in both groups
indicate that pain reduction enhances quality of life. The experimental group’s
superior performance in anterior flexion, left lateral flexion, and rotation likely
stems from PSSE-induced morphological changes in concave-side paravertebral
muscles, reduced fat infiltration, and altered muscle fiber composition, enabling
better spinal mobility and daily function.

Correlation analysis revealed relationships between bilateral multifidus imbal-
ance and right lateral flexion/rotation, suggesting that increased muscle fiber
thickness and quantity improve rotational capacity. The thickness ratio’s cor-
relation with right lateral flexion may relate to Rigo E1 characteristics (pelvic
shift to concave side, trunk imbalance with center of gravity on convex side).
Increased concave-side muscle thickness enhanced lateral flexion function post-
treatment. Although multifidus parameters didn’t correlate directly with qual-
ity of life or pain scores, achieving paravertebral muscle balance and improved
lumbar mobility likely contributed to pain relief and enhanced quality of life.

Limitations

This study had a small sample size and short follow-up period. We did not
assess changes in ATR or other scoliotic parameters, which should be addressed
in future research with expanded sample sizes and longitudinal follow-up using
musculoskeletal ultrasound.

chinarxiv.org/items/chinaxiv-202306.00025 Machine Translation

https://chinarxiv.org/items/chinaxiv-202306.00025


Author Contributions

SUN Xiaolei and ZHANG Xiaohui conceived the study and designed the proto-
col. SUN Xiaolei conducted the experiments, collected samples, performed treat-
ments, follow-up, and drafted the manuscript. LEI Xiaolong collected data and
performed musculoskeletal ultrasound sampling. LIN Jiasheng recruited partic-
ipants, evaluated treatment efficacy, and supervised the experimental process.
SUN Xiaolei and LI Keliang performed statistical analysis and created figures.
GUO Ao conducted final proofreading and detailed revisions. ZHANG Xiaohui
was responsible for quality control, overall article review, and supervision.

Conflict of Interest: The authors declare no conflict of interest.

References

[1] MAHAUDENS P, BANSE X, MOUSNY M, et al. Gait in adolescent id-
iopathic scoliosis: kinematics and electromyographic analysis[J]. Eur Spine J,
2009, 18(4): 512-521. DOI: 10.1007/s00586-008-0901-3.

[2] CHOUDHRYMN, AHMAD Z, VERMAR. Adolescent idiopathic scoliosis[J].
Open Orthop J, 2016, 10: 143-154. DOI: 10.2174/1874325001610010143.

[3] WONG C. Mechanism of right thoracic adolescent idiopathic scoliosis at
risk for progression; a unifying pathway of development by normal growth and
imbalance[J]. Scoliosis, 2015, 10: 2. DOI: 10.1186/s13013-015-0030-2.

[4] QIU D, HE H, XIONG K Y, et al. Establishment of evaluation indicators and
methods for adolescent paravertebral muscle endurance and left-right symme-
try[J]. Chinese Journal of Tissue Engineering Research, 2020, 24(14): 2197-2204.
DOI: 10.3969/j.issn.2095-4344.2582.

[5] STEVENS S, AGTEN A, TIMMERMANS A, et al. Unilateral changes
of the multifidus in persons with lumbar disc herniation: a systematic
review and meta-analysis[J]. Spine J, 2020, 20(10): 1573-1585. DOI:
10.1016/j.spinee.2020.04.007.

[6] GAO A, LI J Y, SHAO R, et al. Schroth exercises improve health-
related quality of life and radiographic parameters in adolescent idiopathic
scoliosis patients[J]. Chin Med J (Engl), 2021, 134(21): 2589-2596. DOI:
10.1097/CM9.0000000000001799.

[7] RAMIREZ N, JOHNSTON C E II, BROWNE R H. The prevalence of back
pain in children who have idiopathic scoliosis[J]. J Bone Jt Surg, 1997, 79(3):
364-8. DOI: 10.2106/00004623-199703000-00014.

[8] AGABEGI S S, KAZEMI N, STURM P F, et al. Natural history of adolescent
idiopathic scoliosis in skeletally mature patients: a critical review[J]. J Am Acad

chinarxiv.org/items/chinaxiv-202306.00025 Machine Translation

https://chinarxiv.org/items/chinaxiv-202306.00025


Orthop Surg, 2015, 23(12): 714-723. DOI: 10.5435/JAAOS-D-14-00037.

[9] PAGE P, FRANK C C, LARDNER R. Assessment and Treatment of Muscle
Imbalance: The Janda Approach[M]. Translated by JIAO Y. Beijing: People’s
Sports Publishing House, 2016.

[10] CHOI H W, LEE J, LEE S Y, et al. Effects of high intensity laser therapy
on pain and function of patients with chronic back pain[J]. J Phys Ther Sci,
2017, 29(6): 1079-1081. DOI: 10.1589/jpts.29.1079.

[11] NEGRINI S, DONZELLI S, AULISA A G, et al. 2016 SOSORT guidelines:
orthopaedic and rehabilitation treatment of idiopathic scoliosis during growth[J].
Scoliosis Spinal Disord, 2018, 13: 3. DOI: 10.1186/s13013-017-0145-8.

[12] ZHANG X H, HAN X F, LIAO B G. Evaluation of the effect of brace
intervention on paravertebral soft tissue morphology in adolescent idiopathic
scoliosis patients with Rigo E by musculoskeletal ultrasound[J]. Journal of Clin-
ical Ultrasound in Medicine, 2022, 24(8): 629-634. DOI: 10.3969/j.issn.1008-
6978.2022.08.018.

[13] WEINSTEIN S L, DOLAN L A, CHENG J C, et al. Adolescent idio-
pathic scoliosis[J]. Lancet, 2008, 371(9623): 1527-1537. DOI: 10.1016/s0140-
6736(08)60658-3.

[14] ALAYAT M S M, ATYA A M, ALI M M E, et al. Correction to: long-term
effect of high-intensity laser therapy in the treatment of patients with chronic
low back pain: a randomized blinded placebo-controlled trial[J]. Lasers Med Sci,
2020, 35(1): 297. DOI: 10.1007/s10103-019-02926-x.

[15] CHEN Y Q. Evaluation and Analysis of AIS Correction Movements Based
on Vicon 3D Motion Capture Technology and Surface Electromyography[D].
Guangzhou: Guangzhou Sport University.

[16] YANG H J, QIAO W F, DONG S L. Effects of functional rehabilitation
training combined with orthosis on Cobb angle and lumbar range of motion
in adolescent idiopathic scoliosis patients[J]. Inner Mongolia Medical Journal,
2021, 53(10): 1163-1166. DOI: 10.16096/J.cnki.nmgyxzz.2021.53.10.004.

[17] LI C, ZHANG P P, XU M T, et al. Musculoskeletal ultrasound evaluation
of morphological changes in multifidus muscles in chronic nonspecific low back
pain patients improved by respiratory training[J]. Chinese Journal of Tissue
Engineering Research, 2023, 27(9): 1417-1421.

[18] GRAINGER A J. Highlights of the European Society of Musculoskeletal
Radiology (ESSR) annual meeting 2010[J]. Skeletal Radiol, 2011, 40(1): 137-139.
DOI: 10.1007/s00256-010-1030-1.

[19] LI H Y, SONG J. Efficacy of core stability training for discogenic low back
pain[J]. Chinese Journal of Physical Medicine and Rehabilitation, 2018, 40(7):
535-537. DOI: 10.3760/cma.j.issn.0254-1424.2018.07.016.

chinarxiv.org/items/chinaxiv-202306.00025 Machine Translation

https://chinarxiv.org/items/chinaxiv-202306.00025


[20] ZHAO Q. Assessment of Low Back Pain Dysfunction in Patients with Re-
current Lumbar Disc Herniation after Surgery[D]. Suzhou: Soochow University.

[21] BRESNAHAN L, FESSLER R G, NATARAJAN R N. Evaluation of
change in muscle activity as a result of posterior lumbar spine surgery us-
ing a dynamic modeling system[J]. Spine, 2010, 35(16): E761-E767. DOI:
10.1097/brs.0b013e3181e45a6e.

[22] MODI H N, SUH S W, YANG J H, et al. Spontaneous regression of curve
in immature idiopathic scoliosis - does spinal column play a role to balance?
An observation with literature review[J]. J Orthop Surg Res, 2010, 5: 80. DOI:
10.1186/1749-799X-5-80.

[23] YUAN W S, CHEN L X, SHEN J X, et al. Correlation between surface
electromyography signals of paravertebral muscles at the apex vertebra and
Cobb angle and axial trunk rotation in adolescent idiopathic scoliosis patients[J].
Chinese Journal of Tissue Engineering Research, 2019, 23(24): 3824-3828. DOI:
10.3969/j.issn.2095-4344.1223.

[24] [Adolescent idiopathic scoliosis][J]. Arch Argent Pediatr, 2016, 114(6): 585-
94.

[25] SUN X L, ZHANG X H, LIN J S, et al. Instrument-assisted soft tissue mo-
bilization combined with specific exercise therapy for Rigo A scoliosis: improve-
ment in trunk rotation angle and reduction of back pain[J]. Chinese Journal of
Tissue Engineering Research, 2023, 27(18): 2871-2877.

[26] ZHANG X H, LIAO B G, ZENG L Q, et al. Description and reliability
test of Rigo classification for adolescent idiopathic scoliosis[J]. Chinese Journal
of Rehabilitation Medicine, 2020, 35(6): 694-699. DOI: 10.3969/j.issn.1001-
1242.2020.06.009.

[27] ABDELBASSET W K, NAMBI G, ALSUBAIE S F, et al. A randomized
comparative study between high-intensity and low-level laser therapy in the
treatment of chronic nonspecific low back pain[J]. Evid Based Complement Al-
ternat Med, 2020, 2020: 1350281. DOI: 10.1155/2020/1350281.

[28] YIN J. Study on Muscle Fiber Transformation and Mechanism of Paraver-
tebral Muscles in Adolescent Idiopathic Scoliosis[D]. Naval Medical University
of Chinese People’s Liberation Army.

[29] SBIHLI A, TUDINI F, CHUI K. Adult patient perceptions on the effec-
tiveness of scoliosis specific exercises[J]. Stud Health Technol Inform, 2021, 280:
199-203. DOI: 10.3233/SHTI210467.

(Received: February 27, 2023; Revised: April 12, 2023)

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202306.00025 Machine Translation

https://chinarxiv.org/items/chinaxiv-202306.00025

	Effects of High-Energy Laser Combined with Specific Exercise Therapy on Ultrasonographic Morphology of the Multifidus Muscle in Patients with Idiopathic Scoliosis and Low Back Pain: Postprint
	Abstract
	Full Text
	Effect of High-Intensity Laser Combined with Physiotherapy Scoliosis-Specific Exercise Therapy on Ultrasound Morphology of Multifidus Muscles in Idiopathic Scoliosis Patients with Low Back Pain
	Abstract
	Study Design and Subjects
	Interventions
	Outcome Measures
	Statistical Analysis
	Results
	Discussion
	Limitations
	Author Contributions
	References



