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Abstract 
Background: Incomplete Injuries of Spinal cord, result in significant motor and sensory impairments, which 
substantially diminish individuals’ quality of life (QoL). Although rehabilitation focus to improve motor 
recovery and QoL, many iSCI patients still struggle with persistent motor deficits. Low-level laser therapy 
(LLLT) has shown promising results into a painless modality having potential neuroprotective and 
neuroregenerative effects for iSCI patients.
Purpose: The study sought to find the efficacy of LLLT combined with conventional therapy to promote 
motor recovery and life’s quality in incomplete spinal cord injury patients. 
Participants: This RCT involved 104 iSCI participants (29.8% female, 70.2% male, mean age 34.24± 
5.61 years) and distributed into two groups.
Methods: Experimental group was given LLLT plus conventional physiotherapy, and control group was 
given Placebo LLLT plus conventional physiotherapy. The evaluations were done at pre-intervention and 
post intervention after 4 weeks on lower extremity motor score (LEMS) and QoL assessment using the LEMS-
ASIA and WHOQOL-BREF respectively.
Result: Independent t test was performed between the groups for LEMS-ASIA scores from baseline to 4th 
week of the study and Mann Whitney U-test was done for WHOQOL-BREF. Both groups showed 
improvement, however the LLLT group demonstrated better improvement in LEMS (23.44 ± 13.30 to 
32.67 ± 9.91, p=0.000) as compared to placebo LLLT group (20.36±12.14 to 27.59±12.11, p=0.000) 
as well as in QoL (median 63(44-87) (pre) to 72 (48-89) (post), P=0.000) in LLLT group in comparison 
to placebo (60(44-90) (pre) to 63(44-96) (post), P=0.000) suggesting a positive impact on QOL.  
Conclusion: This study indicates LLLT is positively effective on motor function and QOL. The findings 
may be an effective measure for both clinicians and the patient community. 
Keywords: Motor recovery,Neural plasticity, Photobiomodulation, Quality of life

INTRODUCTION: 
Spinal cord injuries (SCI), including incomplete SCI (iSCI), result in significant motor and 
sensory impairments, which substantially diminish individuals’ quality of life (QoL) [1-5]. 
Although rehabilitation aims to improve QoL, many iSCI patients still struggle with persistent 
motor deficits [6,7,8]. These injuries often lead to long-term disability, requiring lifelong medical 
care, rehabilitation, and significant lifestyle adjustments [9, 10]. The extent of recovery in iSCI, 
however, is highly variable, and while some individuals may experience significant improvement, 
others may have limited or no functional recovery despite intensive rehabilitation [5, 6, 7]. A few 
studies have focused specifically on incomplete injuries, and the results have been mixed [11, 12]. 
Some studies report significant improvements in motor function, while others show little to no 
benefit. Additionally, the impact of low level laser therapy (LLLT) on the broader aspects of 
recovery, such as QOL and psychosocial well-being, has not been thoroughly explored in the
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context of iSCI. Therefore, there is a need for more robust clinical trials to evaluate the efficacy 
of LLLT in enhancing outcomes for individuals with iSCI, particularly with respect to motor 
recovery and overall QoL [13, 14]. The study gap can be addressed by critically evaluating effects 
of LLLT on motor improvement and life’s quality with iSCI patients. Through a systematic 
assessment of these outcomes, this research aims to gain important insights into whether LLLT 
can serve as an effective adjunct therapy to traditional rehabilitation strategies, offering a 
potential avenue for improving motor functions and improving QOL of individuals with 
incomplete spinal cord injury. 

METHODOLOGY: 
2.1 Study Design and Participants 
The RCT was performedat ISIC. The study protocol has been approved by Indian Spinal Injuries 
Centre (Ref: ISIC/RP/2023/024) and Amity University's (AUUP/IEC/JULY/2022) and CTRI 
(CTRI/2023/04/052093). One hundred four adults aged between 18-45 years were enrolled. 
Exclusion criteria were complete SCI, cognitive impairment, contraindications for LLLT. Prior 
to enrolling anyone, Patient information sheets shall be provided for all the subjects and obtain 
their written informed consent. After the neurological assessment, demographic data were 
collected, and participants were selected depending on eligibility criteria. 
2.2 Inclusion criteria: The participants will be recruited for the study that had experienced from 
6 months to 1 year iSCI prior to enrolment and grade C and D [10, 15]. 
2.3 Exclusion criteria: Any history of neurological or musculoskeletal problem or skin rashes, 
pigmentation or skin allergy [16]. 
2.4 Sample size calculation: Assess changes in outcome measures with the estimation of sample 
size with the use of G*power version 3.1.2 software.  The final sample size will be N=104, with d-
value= 0.805 [14], α= 0.05, power = 0.95 considering the drop-out rate of 20%. Prior to employing, 
PIS shall provide for all subjects. 
Before starting the study, the assessment will be done by using lower extremity motor score 
(LEMS) [17] and QOL using the WHO QOL-BREF questionnaire [18]. 
2.5 Randomization and Intervention 
Patients were divided into either control group as: Placebo LLLT + conventional physiotherapy 
and the experimental Group: LLLT+ conventional physiotherapy with a computer-generated 
randomization sequence. 
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Protocol  
In the experimental group, low-level laser therapy was given in the lateral decubitus position on 
9 points which weremarked around the fractured vertebrae as per the study protocol [19]. After 
60 seconds within time frame of 9 minutes, a sound was generated by the equipment to show 
radiation emission commencement and conclusion. All the subjects went through twelve sessions 
with in a time span of 4 weeks, and for the remaining days, they practiced conventional 
physiotherapy exercises each day for 4 weeks [13,14].  
The protocol was same for both the group but no irradiation was emitted in the control group. 
 
Table 1. Low-Level Laser Therapy Parameters [12] 

DOSIMETRY  VALUES  

Centre   810 nm  

NOHD  2.00m  

Operating mode  Continuous  

Mode of method  Contact method  

Treatment  Three sessions/every week/4 weeks  

Number of sites radiated  9 points  

 
Outcome Measures 

1. LEMS quantifies the aggregated the muscular strength of lower extremity key muscles 

[20-22].  
2. QOL: The WHO WQOL-BREF, which is a broad assessment tool developed to evaluate 

the subjective QOL which evaluates the physical, psychological, social and 
environmental [23, 24]. 

 
Statistical Analysis:  
Analysis of data was conducted by the SPSS software. The average difference of LEMS from Pre-
intervention to the 4th week as LEMS found to be normally distributed done by paired t-test, and  
was applied to assess the average change in QoL scores from pre-intervention to 4thweek, wilcoxon 
signed-rank test was used. To assessing the mean difference in LEMS between both the groups, 
an independent t-test was conducted, and the mann-whitney u-test was applied to check the 
median difference in QoL between the groups. 
 
RESULTS: 
Baseline clinical characteristics and demographics were similar between the groups (p > 0.05). 
Gender distribution was even, without differences observed: 71.2% of males and 28.8% of 
females in the experimental group, and males 69.2% and females 30.8% in control. Overall mean 
age in participants was 34.24 ± 5.61 years, ranging between 23 to 45 years. In the experimental 
group, the mean age was 34.06 ± 5.61 years, the range of age was between 23-45 years and 34.45± 
5.16 years whereas, and the range of age was between 23-43 years in control group. The duration 
post-injury was between 6 to 12 months, the mean was 8.25 ± 1.71 months. 
 
Table No. 2: Change in LEMS and WHO QOL Scores Between groups 
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Groups n Mean±SD / 

Med (range) 
P-
value 

PRELEMS 
RIGHT 

Experimental 
Group 

52 12.00±7.31 
0.163 

Control Group 52 10.08±6.63 

PRELEMS LEFT 
Experimental 
Group 

52 11.44±7.53 
0.412 

Control Group 52 10.29±6.71 

PreLEMS Total  
Experimental 
Group 

52 23.44±13.30 
0.221 

Control Group 52 20.36±12.14 

POST-LEMS 
RIGHT 

Experimental 
Group 

52 16.67±5.41 0.016 
 

Control Group 52 13.88±6.12 

POST LEMS LEFT 

Experimental 
Group 

52 16.00±5.35 
0.054 

Control Group 52 13.71±6.54 

PostLEMS Total 

Experimental 
Group 

52 32.67±9.91 
0.021 

Control Group 52 27.59±12.11 

Pre WHOQOL-
Total 

Experimental 
Group 

52 63(44-87) 0.345 

Control Group 52 60(44-90)  

Pre WHOQOL-
Domain 1 

Experimental 
Group 

52 18.5(12-26) 
0.304 

Control Group 52 18(12-26) 

Pre WHOQOL-
Domain 2 

Experimental 
Group 

52 15(11-22) 
0.471 

Control Group 52 15(11-24) 

Pre WHOQOL-
Domain 3 

Experimental 
Group 

52 7(4-10) 
0.547 

Control Group 52 7(4-11) 

Pre WHOQOL-
Domain 4 

Experimental 
Group 

52 20.5 (13-32) 
0.586 

Control Group 52 19 (14-32) 

Post WHOQOL 
Total 

Experimental 
Group 

52 72(48-89) 0.041 

Control Group 52 63(44-96)  

Post WHOQOL 
Domain 1 

Experimental 
Group 

52 20 (12-26) 
0.026 

Control Group 52 29 (12-28) 

Post WHOQOL 
Domain 2 

Experimental 
Group 

52 18 (12-22) 
0.018 

Control Group 52 16 (11-24) 

Post WHOQOL 
Domain 3 

Experimental 
Group 

52 8 (5-10) 0.595 
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Control Group 52 7.5 (5-10) 

Post WHOQOL 
Domain 4 

Experimental 
Group 

52 25 (14-32) 
0.118 

Control Group 52 24 (16-34) 

The experimental group has better right motor function (p= 0.016), left side (p= 0.054) and 
overall motor function (p= 0.021) indicating a good difference. The experimental seems to 
increase psychological well-being and life quality, but its effects on physical health and 
environment were less clear or not significant. The treatment had no significant effect on social 
relationships. 
Experimental group has a higher median WHO QOL score (72) comparing to the control Group 
(63), suggesting a good life quality perception the experimental group. P-value of 0.041 is less 
than 0.05, showing a statistical difference. This suggests that the experimental group reports a 
significantly good QOL comparison to the control Group. 
Table No. 3: Change in LEMS and WHO QOL scores from Pre-intervention to Post-
intervention within groups 

 

Group N Pre  
mean±sd / 
median (range) 

Post 
mean±sd / 
median 
(range) 

Value-p 

LEMS 
RIGHT 

Experimental 
group 

52 12.00±7.306 16.67±5.41 <0.001 

Control Group 52 10.08±6.63 13.88±6.12 <0.001 

LEMS LEFT 

Experimental 
group 

52 11.44±7.53 16.00±5.35 <0.001 

Control Group 52 10.29±6.71 13.71±6.54 <0.001 

LEMS Total  

Experimental 
group 

52 23.44±13.30 32.67±9.91 <0.001 

Control Group 52 20.36±12.14 27.59±12.11 <0.001 

WHOQOL 

Experimental 
group 

52 63(44-87) 72(48-89) <0.001 

Control Group 52 60(44-90) 63(44-96) <0.001 

 
Both groups show improvement in the right and left lower extremity motor score from pre to 
post. 
But the experimental group shows a greater improvement in motor function on the right and left 
sides compared to control Group, both terms of mean score and standard deviation. 
Median WHO QOL score increased from 63(44-87) (pre) to 72(48-89) (post), suggesting a positive 
impact on life’s quality in the experimental group and median WHO QOL score increased from 
60 (44-90) (pre) to 63(44-96) (post) in the control group, showing a smaller increase in QOL than 
the experimental group. 
The experimental group also showed a larger improvement in WHO QOL compared to the 
control group, though both groups showed positive changes. 
 
DISCUSSION: 
This study indicates that LLLT combined with standard rehabilitation significantly enhances 
motor recovery and QoL in comparison to a placebo treatment.  
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The study's outcome, motor recovery, was measured with the LEMS-ASIA, which demonstrated 
significant improvements in the experimental group receiving LLLT alongside conventional 
therapy. The experimental group showed a mean improvement of 9.23 points in total LEMS, but 
the control group exhibited a smaller improvement of 7.23 points, suggesting that LLLT provides 
a superior therapeutic effect in promoting motor recovery in individuals with iSCI. 

These findings align with preclinical studies, which have indicated that LLLT can promote neural 
regeneration, enhance synaptic plasticity, and stimulate axonal growth. LLLT has many impacts 
on cellular and molecular level by focusing on chromophores that is cytochrome c oxidase [25, 
26]. The absorption spectra of LLLT results into nitric oxide photo dissociation from cytochrome 
c-oxidase and results into increase in protein activity transport of electron, increases respiration 
in mitochondria, and production of ATP. It also alters the cell redox state, which triggers the 
activity of signaling pathways and increases the production of transcription factors required in 
proliferation and survival of cells, repair and regeneration of tissues [27-29]. By providing a non-
invasive means of stimulating biological processes at the cellular level, LLLT could potentially 
overcome some of the limitations of conventional rehabilitation, offering greater functional 
recovery.  

The secondary outcome life’s quality as assessed by the WHO QOL-BREF, with median QoL 
scores increasing from 63 (44-87) to 72 (48-89). In contrast, the control group had a more modest 
increase, from 60 (44-90) to 63 (44-96). The p-value of 0.041 indicates that experimental group 
experienced a significantly improvement on QoL. This highlights the broader benefits of LLLT 
beyond motor recovery, suggesting its potential impact on enhancing the psychosocial well-being 
of individuals with iSCI. Improved QoL is often associated with better psychological outcomes, 
reduced pain, and improved physical function, all of which were likely influenced by the 
combined effect of LLLT and rehabilitation exercises [30]. The enhanced QoL observed in the 
experimental group could be attributed to both the direct effects of LLLT on cellular regeneration 
and the synergistic impact of rehabilitation exercises. The experimental group's smaller 
improvement, despite similar exposure to physiotherapy, further supports the added benefit of 
LLLT in enhancing the overall rehabilitation experience [31]. 

Results of this research are similar to recent study investigating effects of LLLT on SCI recovery, 
although many of those studies have focused primarily on complete SCI. For example, earlier 
research has demonstrated LLLT's ability to reduce inflammation, improve neural function, and 
promote tissue healing, but the specific effects on incomplete spinal cord injuries have been less 
thoroughly explored [32]. The current study extends previous findings by focusing on individuals 
with iSCI, where recovery potential is greater and more variable, thus providing a clearer picture 
of LLLT's efficacy in this patient population. However, it is important to note that while the 
results are promising, previous research on LLLT in SCI rehabilitation has yielded mixed 
outcomes. Some studies have reported negligible benefits or no significant improvement, 
potentially due to variations in treatment protocols, dosages, or patient populations. The current 
study's rigorous design, including randomization, placebo control, and standardized treatment 
protocols, strengthens its contribution to the field and provides compelling evidence for the 
efficacy of LLLT in combination with rehabilitation [33]. 

Limitations of the study and Future Directions: With the promising results, the research has 
some limitations needs warrant consideration. First, size of sample , while adequate, may not 
have been large enough to capture all potential variability in the response to LLLT, particularly 
in terms of the psychological and social aspects of QoL. Future trials with longer follow-up periods 
would be essential to find whether the improvements observed in this trial are sustained over 
time. 
Conclusion: 
This research is significant in lending substantial evidence towards the application of LLLT as an 
adjunctive care to conventional rehabilitation. The improvements that have been achieved in 
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both the motor function and the QOL indicate that LLLT may be an effective tool to further 
improve the recovery outcomes for patients with iSCI. More research, with long time follow-up 
and big sample size, are needed for verification of these results and to determine the long-term 
effects and generalizability of LLLT in SCI rehabilitation. 
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