¢

{;ISPRM

Original Article

Archives of ISPRM 2026;1(3):245-252

OPEN aACCESS

Efficacy of low-level laser therapy combined with
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Abstract

Objectives: This study aims to evaluate the effects of low-level laser therapy (LLLT) combined with exercise on popliteal
angle, gross motor function, and quality of life in children with spastic cerebral palsy (CP).

Patients and methods: This double-blind, randomized-controlled study included 21 children with spastic CP.
Participants were randomly assigned to stretching plus LLLT (830 nm, 100 mW, 4 J/cm?* n = 11) or stretching alone
(n = 10) for eight weeks. Outcomes included popliteal angle, Gross Motor Function Measure-88 (GMFM-88), and
Pediatric Quality of Life Inventory (PedsQL).

Results: Of the patients, 7 were male and 14 were female with a mean age of 9.62 + 2.33 years (range, 5 to 14) years. Both
groups showed significant within-group improvements in all parameters (p < 0.05). Compared to the control group,
the LLLT group demonstrated significantly greater reductions in popliteal angles (p < 0.05). However, between-group
differences for GMFM-88 and PedsQL scores were not statistically significant (p = 0.072, p = 0.438, and p = 0.471 for
GMFM-88, PedQL General Fatigue and PedQL Sleep-related Fatigue respectively).

Conclusion: Combining LLLT with exercise demonstrates superior efficacy in reducing spasticity compared to exercise
alone in children with CP. However, this combination cannot yield superior improvements in gross motor function or
quality of life within the eight-week study period.

Keywords: Cerebral palsy, gross motor function, low-level laser therapy, muscle spasticity, quality of life.

Cerebral palsy (CP) is a non-progressive
neurodevelopmental disorder characterized
by abnormalities in movement, posture,
and coordination resulting from early brain

births.? As a leading contributor to childhood
physical disability, it is frequently characterized
by spasticity, muscle weakness, restricted joint
movement, and balance deficits, which lead to

disturbances.!!’. The global prevalence of CP is
estimated to be between 1 to 5 cases per 1,000 live
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substantial functional limitations and reduced
quality of life.”! Spasticity arising from disrupted
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corticospinal inhibitory pathways and increased
spinal reflex activity comprises 70 to 80% of all
cases.>¥ In the lower limbs, spasticity frequently
involves the hamstrings and gastrocnemius-soleus
complex, increasing energy demands during
movement and leading to rapid fatigue.”

In recent years, low-level laser therapy
(LLLT) has emerged as a potential intervention
for neuromuscular performance. Through
photobiomodulation, LLLT enhances cellular
metabolism, adenosine triphosphate (ATP)
synthesis, and microcirculation while modulating
collagen production and myogenesis.”” In sports
medicine, LLLT has been utilized to improve
muscle metabolism and recovery.l%8! Applying
these mechanisms to pediatric rehabilitation,
preliminary research suggests that LLLT may
influence neuromuscular excitability, potentially
reducing spasticity and improving muscle
endurance in children with CP.”!

The popliteal angle is the standard clinical
measure for assessing hamstring tightness in
CP.0% While improvements in muscle properties
through LLLT have the potential to facilitate
enhanced movement patterns, evidence directly
linking these physiological changes to gross motor
function outcomes and health-related quality of
life remains limited. Although preliminary data
regarding spasticity are promising, the efficacy of
LLLT in improving functional outcomes beyond
conventional exercise therapy has not been
definitively established.

In the present study, we aimed to evaluate the
combined effects of LLLT and stretching exercises
on the popliteal angle, gross motor function, and
health-related quality of life in children with
spastic CP compared to exercise therapy alone.

PATIENTS AND METHODS

This double-blind, randomized-controlled
study was conducted at Department of Physical
Medicine and Rehabilitation, Faculty of Medicine,
Diponegoro University between May 2023 and
June 2023 in a community setting. Children with
spastic CP recruited from local rehabilitation
centers and non-profit community-based therapy
programs in Semarang, Indonesia were included.
Inclusion criteria were as follows: confirmed
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diagnosis of spastic quadriplegia due to CP, age
ranging from five to 14 years, classification as
level IV and V on the Gross Motor Function
Classification System (GMFCS), presence
of spasticity in the gastrocnemius-soleus and
hamstring muscles, ability to cooperate with
therapeutic programs, and caregivers capable of
assisting with home exercise programs. Exclusion
criteria were as follows: joint contractures in
the lower extremities; previous lower extremity
surgeries, seizure disorder; Face, Legs, Activity,
Cry, and Consolability (FLACC) pain score
> 3, acute inflammation or infection; receipt of
botulinum toxin injections within six months
prior to study; ongoing anti-spasticity therapy or
interventions affecting muscle tone; or exposure
to other therapeutic modalities within 72 h before
the baseline assessment. Of the 52 children
screened, 24 met the inclusion criteria and were
assigned in a 1:1 ratio to either the LLLT or
control group through a computer-randomized
sequence. Allocation was concealed using
sequentially numbered opaque sealed envelopes.
Participants and outcome assessors were blinded
to group assignment. During the intervention, two
participants in the control group withdrew due to
non-attendance at final data collection, and one
participant in the intervention group withdrew
after missing two consecutive LLLT sessions.
The final analysis included 11 participants in
the intervention group and 10 participants in the
control group. The study flowchart in accordance
with the CONSORT guidelines is depicted in
Figure 1. A written informed consent was obtained
from the parents and/or legal guardians of the
patients. The study protocol was approved by the
Ethics Committee for Medical Research, Faculty
of Medicine, Diponegoro University/Dr. Kariadi
General Hospital, Semarang (Date: April 18, 2024,
No: 194/EC/KEPK/FK-UNDIP/V/2023). The study
was conducted in accordance with the principles
of the Declaration of Helsinki.

Procedure

A BTL-5110 low-level laser (BTL Industries
Ltd., Stevenage, Hertfordshire, UK) was used
to deliver LLLT. Children in the experimental
group received LLLT delivered at 830 nm using
continuous wave emission, with a power output
of 100 mW and energy dosage of 4 J/cm® per
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Enrollment E

Assessed for eligibility (n =

52) }

Excluded (n = 28)

4

» Not meeting inclusion criteria (n = 24)
» Declined to participate (n = 2)
+ Other reasons (n = 2)

>
»

[ Randomized (n = 24)

v Allocation

Allocated to control group (n = 12)
* Received sham LLLT 3x/week for eight
weeks (24 sessions)+ daily lower limb
stretching (2x/day)

Y
Lost to follow-up (did not attend final
evaluation) (n = 2)

\ 4
E Analyzed (n = 10)

Figure 1. CONSORT flow diagram.

LLLT, low-level laser therapy.

spot. The spot area was approximately 0.5 cm®
Each spot was irradiated for 30 sec. Twelve spots
on the hamstring muscle and eight spots on
the gastrocnemius muscle were treated during
each session, as illustrated in Figure 2. These
application sites were specifically selected to
target the bulk of the muscle bellies of the
hamstrings and gastrocnemius, where muscle
spindle density and contractile tissue volume are
highest, maximizing energy absorption to reduce
spastic tone. The LLLT probe was positioned
perpendicular to the skin surface during
application. The control group was blinded to
treatment allocation through the application of
the laser device that was positioned and operated
identically (including display illumination), but
without active laser emission. (sham LLLT).

Participants in both the intervention and
control groups performed the same standardized
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Y
Allocated to intervention (n = 12)

+ Received LLLT 3x/week for eight
weeks (24 sessions) + daily lower limb
stretching (2x/day)

Y
Drop-out (did not receive LLLT more than
two consecutive times) (n = 1)

Y
Analyzed (n = 11) }

stretching protocol for eight weeks, five times
per week, for 1 h per session. Three sessions
were conducted at the treatment facility under
the supervision of a physiotherapist, while
two sessions were performed at home. During
home sessions, passive stretching exercises were

Figure 2. Twelve spots on the hamstring muscle and eight spots
on the gastrocnemius muscle were treated during each session.
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administered by the caregivers. The standardized
stretching protocol specifically targeted the
hamstring muscle complex (semitendinous,
semimembranous, and biceps femoris) and
the gastrocnemius muscle. Each static passive
stretch was held at the point of mild tissue
resistance for 30 sec, repeated five times per
muscle group with a 15-sec rest interval between
repetitions, and progress by gradually increasing
the range of stretch as tolerance improved.
Compliance was monitored through video
recordings. Conventional exercise protocols
were standardized across both groups to ensure
comparability.

Outcome measurements

All assessments were conducted by an
independent assessor blinded to group assignment.
Evaluations were performed at baseline and
immediately after the eight-week intervention
period. Hamstring flexibility was evaluated by
measuring the popliteal angle with a goniometer.
The test is performed with the patient lying supine.
The examiner flexes the hip to 90° for ensuring the
opposite hip is neutral and, then, slowly extends
the knee until firm resistance is met. The popliteal
angle is the resulting acute angle between the long
axis of the femur and the tibia.

To assess gross motor function, this study
utilized the Gross Motor Function Measure-88
(GMFM-88) instrument. This measurement tool
has been validated and demonstrates excellent
inter-rater reliability (intraclass correlation
coefficient [ICC] = 0.952-1.000) and test-retest
reliability (ICC = 0.96-0.99), which is highly
sensitive to changes in motor function and widely
used to monitor gross motor development in
children with CP. All five GMFM-88 dimensions
were assessed: (A) lying and rolling, (B) sitting,
(C) crawling and kneeling, (D) standing, and
(E) walking, running, and jumping. Each item
was rated on a four-point scale, and total scores
were calculated as a percentage of the maximum
possible score across all dimensions.

The Pediatric Quality of Life Inventory
(PedsQL) was utilized to evaluate health-related
quality of life. Data were obtained through
structured interviews with parents or caregivers.
Scores were converted to a 0-100 scale, where
higher values reflecting better quality of life.
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Statistical analysis

Sample size estimation was performed using
G*Power version 3.1.9.7 software (Heinrich Heine
University Diisseldorf, Diisseldorf, Germany),
assuming an alpha error probability of 0.05 and a
power of 80%. The minimum required sample size
was determined to be 10 participants per group
based on all relevant variables. To account for a
potential 20% dropout rate, 12 participants were
recruited for each group.

Statistical analysis was performed using the
Stata® version 13.1 software (StataCorp, TX,
USA). The Shapiro-Wilk test was applied to
assess whether continuous data conformed to
a normal distribution. Continuous data were
presented in mean * standard deviation (SD) or
median (min-max), while categorical data were
presented in number and frequency. Variables
exhibiting normal distribution were compared
between groups using the independent t-test.
Nominal or categorical variables were compared
using the chi-square test. A per-protocol analysis
was conducted, including only participants who
completed the full eight-week intervention.
Within-group (pre- and post-intervention)
comparisons were analyzed using either paired
t-tests or Wilcoxon signed-rank tests, based
on the distribution of the data. Between-
group differences (intervention vs. control)
were assessed using analysis of covariance
(ANCOVA) or Quade’s ANCOVA, as appropriate
to the data's normality. Changes in continuous
outcome measures, such as popliteal angle, were
compared between groups using the ANCOVA
or non-parametric alternatives based on data
distribution. A p value of < 0.05 was considered
statistically significant with 95% confidence
interval (CI).

RESULTS

The final analysis included 11 participants
in the intervention group and 10 participants
in the control group. Of the patients, 7 were
male and 14 were female with a mean age of
9.62 + 2.33 years (range, 5 to 14) years. The body
mass index (BMI) fell within the healthy weight
range (5™-85'" percentile) according to Centers for
Disease Control and Prevention (CDC) criteria.
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Table 1. Baseline characteristics of study participants

Intervention group (n = 11)

Control group (n = 10)

Parameters n % Mean * SD n % Mean *+ SD p
Age (year) 973+£2.0 9.5+ 2.76 0.830
Sex 0.537
Male 3 273 4 40
Female 8 727 6 60
Height (m) 1.20 £ 0.17 116 £ 0.19 0.624
Weight (kg) 2274586 22.8 +10.07 0.986
Body mass index (kg/m?) 16.1 £ 4.0 16.5+ 3.9 0.786
GMFCS 1.000
1% 4 364 4 40
Vv 7 64.6 6 60
SD, standard deviation; GMFCS, gross motor function classification system.
Most patients performed daily stretching exercises However, no significant between-group

prior to enrollment. There were no statistically
significant differences between the groups
regarding age, sex, height, weight, BMI, GMFCS
level, or stretching frequency (p > 0.05). Baseline
characteristics are summarized in Table 1.

As shown in Table 2, both groups exhibited
significant within-group improvements in
popliteal angles (p < 0.05 for both legs). In the
intervention group, significant improvements
were observed for both the right and left legs
(p <0.05). In the control group, significant changes
were noted in the right leg (p = 0.000) and the
left leg (p = 0.012). Between-group comparisons
revealed that the reduction in popliteal angle was
significantly greater in the intervention group
compared to the control group (p = 0.036 for the
right leg; p = 0.003 for the left leg).

Improvements were observed across all
dimensions (A to E) of the GMFM-88 in both
groups. Significant within-group improvements
were detected from baseline to post-intervention
(p < 0.05 for most dimensions). However,
between-group comparisons of the change scores
revealed no statistically significant differences
across any dimension (p > 0.05, Table 2). These
results indicate that while both groups benefited
from the exercise program, the addition of
LLLT did not significantly enhance gross motor
function compared to exercise alone.

Both groups demonstrated significant
within-group improvements in general fatigue
and sleep-related fatigue domains (p = 0.000).

Archives of ISPRM | Open Access Journal

differences were observed in the changes for
general fatigue (p = 0.438) or sleep-related fatigue
scores (p = 0.471, Table 2). No adverse events or
complaints associated with the intervention were
reported during the study period.

DISCUSSION

In the present study, we evaluated the
combined effects of LLLT and stretching
exercises on the popliteal angle, gross motor
function, and health-related quality of life in
children with spastic CP compared to exercise
therapy alone. Our findings demonstrated that
combining LLLT with stretching significantly
reduced spasticity in children with spastic CP,
as evidenced by superior improvements in the
popliteal angle (p < 0.05), compared to exercise
alone. These results align with Ragab et al.,[®
who reported the efficacy of LLLT in modulating
muscle tone and elasticity.

The physiological basis for this reduction
likely stems from photo biomodulation. In
general, LLLT is believed to stimulate tissue
repair, reduce inflammation, and enhance ATP
synthesis.'"?1 By modulating prostaglandin
synthesis and microcirculation, LLLT may reduce
the extracellular matrix viscosity and hyaluronic
acid deposition that contribute to muscle stiffness
in spasticity.!31 While stretching addresses
non-contractile tissue adaptations by improving
extensibility,'*1” the addition of LLLT appears
to provide a synergistic effect by influencing
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0.98
0.81

0.036§
0.072§

0.000
0.0019

13.50
2.31+1.42

20.91 0.000 64.50 = 19.92 51.00 + 22.33

3.99 +£2.57

30.00 = 22.13
35.21 £18.21

Right 49.09 * 22.67

GMFM-88
PedsQL

26.86 + 20.98

24.54 £ 20.51

0.0019

31.23 £19.21

0.32
0.52

0.438%
0.471%

LLLT, low-level laser therapy; SD, standard deviation; GMFM-88, Gross Motor Function Measure-88; PedsQL, Pediatric Quality of Life Inventory; § ANCOVA; § Quade’s ANCOVA,; § Paired t-test; p < 0.05 considered statistically significant.

0.0009*
* Between-group comparison represents baseline-adjusted post intervention differences evaluated using Analysis of Covariance (ANCOVA) or Quade’s non parametric rank-based ANCOVA.

6916 1337 1749 831
0.0009*

51.67 = 11.49

0.0009*
0.0009*

64 £ 19.40 20.81 = 11.65

66.27 + 21.53

43.19 = 14.60

General fatigue

64.57 = 16.34 9.56 = 4.43

55.01 + 16.42

13.26 £ 9.09

53.01 £ 16.97

Sleep-related fatigue
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neuromuscular excitability and cellular
metabolism.

Regarding functional outcomes, while
both groups showed significant within-group
improvements in GMFM-88 and PedsQL
scores, the between-group differences were not
statistically significant. This suggests that while
LLLT reduces the “impairment” (spasticity), this
does not immediately translate into “activity”
or “participation” gains within an eight-week
window. This is consistent with the International
Classification of Functioning, Disability and
Health (ICF) framework, where changes in body
structure often require more time and intensive
task-specific training to manifest as functional
improvements.!8! Furthermore, the substantial
gains from the standardized exercise program
in the control group may have created a “ceiling
effect,” making it difficult to detect the incremental
benefits of LLLT with our current sample size.!'*-2!

To evaluate the clinical relevance of our
outcomes beyond statistical significance,
post-intervention changes were contextualized
against distribution-based clinical thresholds
(0.5 x baseline SD), a validated surrogate for
Minimal Clinically Important Differences
(MCIDs) when population-specific anchor studies
in non-ambulatory cohorts are lacking. For
popliteal angle, the 0.5 x SD threshold were 9.73°
(left) and 10.65° (right). The LLLT group achieved
mean reduction in popliteal angle (19.55° left,
20.91° right) that comfortably exceeded these
clinical thresholds, demonstrating robust gain
in muscle length. In comparison, the control
group met the threshold on the right side (13.50°)
but not on the left (8.50°), underscoring the
superior and bilateral consistency of LLLT. For
GMFM-88, neither group met the conservative
0.5 x SD threshold (9.93%) within the eight-week
period, though the LLLT group demonstrated
greater progress (3.99% vs. 2.31%). Finally,
for PedQL general fatigue and sleep-related
fatigue, both groups exceeded their respective
distribution-based threshold (6.53 points for
general fatigue, 8.35 points for sleep-related
fatigue), indicating that the core exercise program
provided clinically tangible fatigue relief for
both groups, with LLLT offering incremental but
statistically non-significant improvement.
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Quality of life as assessed by PedsQL is
influenced by factors beyond motor function,
including cognitive, emotional, and environmental
variables.!'®22231  The lack of significant
between-group differences here suggests that
reducing lower-limb spasticity alone may not be
sufficient to shift a parent's perception of overall
quality of life in a short period.

Nonetheless, this study acknowledges several
limitations that should be considered when
interpreting the findings. First, the limited
sample size may restrict the relevance of the
findings to the wider population of children
with spastic CP. Second, the duration of
the intervention (eight weeks) may not have
been sufficient to capture the potential long-
term benefits of LLLT in rehabilitation; future
studies should incorporate extended follow-up
periods to enable a more thorough assessment
of long-term treatment efficacy. Third, the
nature of the intervention made it impractical to
blind the physiotherapists administering LLLT,
potentially introducing performance bias. Finally,
the assessment of health-related quality of life
was based on subjective reports from caregivers,
which may have introduced reporting bias and
impacted the accuracy of the perceived quality of
life measurements.

In conclusion, our study results suggest
that the combination of LLLT and stretching
exercises exhibits superior efficacy in reducing
spasticity in children with CP compared to
exercise alone, as evidenced by significantly
greater improvements in the popliteal angle.
While LLLT has promising effects on muscle
extensibility, it cannot lead to superior gains in
gross motor function or quality of life within the
eight-week study period. These findings suggest
that LLLT serves as a valuable clinical adjunct
specifically for the management of spasticity.
Further research with larger cohorts and longer
follow-up durations is warranted to determine
if the reduction in spasticity can eventually
translate into long-term functional and
psychosocial benefits in pediatric rehabilitation.
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