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Abstract

Background: Lumbar disc herniation (LDH) is a common condition affecting working-age individuals, presenting
with back pain. Class IV therapeutic laser therapy may help reduce inflammation, promote intervertebral disc healing
and may increase the anterior-posterior (AP) diameter of the lumbar canal, providing pain relief.

Purpose: This study aimed to evaluate the effect of Class IV therapeutic laser in pain and lumbar canal diameter
among patients with LDH.

Participants: 66 participants (59 males and 7 females) aged 30 to 60 years, all experiencing low back pain
associated with LDH were included in the study.

Methods: This double-blinded, sham-controlled trial randomly assigned 66 participants into two groups (33 each).
The experimental group received Class IV therapeutic laser (9W, 3780J), while the control group received a sham
treatment. Both groups followed a regimen of hot pack, exercises, and lumbar corset. Pain with numerical pain rating
scale (NPRS) and AP diameter of the lumbar canal with magnetic resonance imaging (MRI) were assessed at baseline
and 10 weeks.

Results: Wilcoxon signed — rank test and Mann-Whitney U test were used for analysis. There was a significant
decrease in NPRS score (p=0.0001) (mean 2.97 + 1.36), and increase in lumbar canal AP diameter (mean 12.93
+ 3) in experimental group as compared to control group (mean 12.09 + 1.63)

Conclusion: Class IV laser has been found effective in pain reduction and may improve canal diameter in LDH
patients.

Implications: This study may aid in developing a treatment protocol for clinicians managing low back pain in LDH.
Keywords: Class IV Laser, Lumbar canal diameter, Lumbar disc herniation, Pain

INTRODUCTION

Among musculoskeletal issues, the lumbar region is particularly vulnerable, making low back pain (LBP)
the second most widespread cause of discomfort, following headaches. Research suggests that nearly 80%
of individuals in industrialized nations will experience LBP at some point in their lives, with around 10%
developing chronic LBP. This condition typically begins in early life and reaches its peak prevalence in
middle age [1, 2]. In most cases, LBP is associated with intervertebral disc disorders. Managing disc
herniation effectively involves patient education, lumbar support, and physical therapy methods including
electrotherapy and exercises. These approaches are essential for relieving pain, minimizing the risk of
recurrence and chronic disability, and promoting a quicker return to daily activities. Recently, increased
attention has been given to exercises and education on lumbar protection [2, 3].

Class IV high-intensity laser therapy (HILT) is a modern, non-invasive, and effective treatment modality
known for its significant pain-relieving properties. Utilizing HIL radiation, Class IV HILT integrates
photothermal, and photochemical effects, providing various therapeutic benefits such as anti-oedema,
analgesic, and biological stimulation [3-6]. A notable advantage of Class IV HILT is its superior power
and deep tissue penetration [7]. This therapy has been demonstrated to effectively reduce pain associated
with both acute and chronic musculoskeletal conditions and post-surgical pain [8, 9].
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Additionally, laser therapy is believed to enhance haematopoiesis in the bone marrow [8]. Unlike other
treatment methods, lasers do not significantly alter tissue temperature, indicating that their physiological
effects are not heat-dependent. Recent studies have emphasized the role of laser therapy in enhancing
tissue regeneration, stimulating bone formation, supporting cartilage synthesis, and promoting
extracellular matrix production [10, 11]. Research also suggests that laser supports tendon and ligament
healing while preventing fibrosis formation [3, 12].

Though researches are available on effect of Class IV laser on Lumbar disc herniation (LDH) patients,
however there is a paucity of studies that shows its effect on size of disc bulge by improving lumbar canal.
The objective of this study is to investigate the impact of Class IV HILT on pain relief and the increase
in lumbar canal anteroposterior (AP) diameter.

METHODS

This double-blind, randomized, placebo-controlled trial was conducted at Jindal Physiocare, New Delhi,
in collaboration with Amity University, Noida, and involved a total of 66 participants, comprising 59
males and 7 females, aged between 30-60 years. All participants had been diagnosed with LDH and were
experiencing L5-S1 radiating pain. The study was meticulously designed to adhere to rigorous ethical
standards, including obtaining ethical approval from Amity University's Institutional Ethics Committee
(IEC number: AUUP/IEC/2021-JAN/13) and registering with the Clinical Trials Registry of India
(CTRI/2021/12/038661). Furthermore, the study was carried out in accordance with biomedical
research ethics, the 2013 amended “Declaration of Helsinki”, and “The Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT)” criteria. Following a comprehensive verbal
explanation and in accordance with the Ethics Committee's guidelines, written consent was acquired
from each participant to guarantee participant safety and informed consent.

We used G*Power, a statistical software program made for power analysis, version 3.1.9.7, to calculate
the necessary sample size for our investigation. We calculated that in order to find a statistically significant
effect, at least 40 participants would be required. This estimate was derived from an effect size (d) of 0.95,
which represents a large effect, as well as an a error probability of 0.05, which is a conventional threshold
for statistical significance. Furthermore, we aimed to achieve a power (1-) of 0.90, indicating that we
wanted to be 90% confident in detecting a statistically significant effect if it existed.

However, to account for potential participant dropouts during the study, we increased the sample size by
20% to ensure adequate statistical power. As a result, the final sample size was set at 66 participants,
providing a buffer against potential attrition and ensuring the reliability of our findings. Eligibility was
reconfirmed by magnetic resonance imaging (MRI) evidence of herniated lumbar discs and any associated
neurological symptoms, such as hypoesthesia or paresthesia. Exclusion criteria were comprehensive,
disqualifying individuals with a history of spinal surgery (including discectomy), spondylolisthesis, primary
lumbar canal stenosis, spinal fractures, spinal tumors or malignancies, current pregnancy, any implants
in the lumbar region, or tattoos over the area designated for treatment.

Following eligibility confirmation, participants were randomly assigned to the experimental or placebo
group via an onsite computer-generated randomization method. Demographic variables, including BMI,
age, weight, and height, were documented for each participant.

Participants in the experimental group received Class [V HILT via the LiteCure LCT-1000 system, a solid-
state laser operating at 980/810 nm with a peak power of 10 W. The treatment involved delivering 3780
] over 7 minutes, applied to the affected lumbar spinal segment. The placebo group received laser for
same time but intensity was turned off.

Both groups underwent standard physical treatment, which involved applying a hot pack to the lumbar
area for ten minutes at 40°C. This was followed by a planned exercise regimen. Prone laying, prone on
elbows, prone press-ups, prone arm raises, standing extensions, cat-camel stretches, bridging, wall squats,
supine twists, and back isometrics were among the activities. Ten repetitions of each exercise were done,
followed by ten seconds of rest and hold. Three times a week for ten weeks, the entire therapy session
lasted forty-five minutes.

The Numeric Pain Rating Scale (NPRS), a well-established and reliable tool for assessing pain perception,
was utilized to measure pain intensity. The scale ranges from O (no pain) to 10 (worst possible pain) [16].
Furthermore, to assess treatment outcomes, the AP diameter of the lumbar canal was evaluated using
lumbosacral magnetic resonance imaging (MRI), providing an objective measure of structural changes in
the affected spinal region.
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Data analysis

IBM SPSS Statistics Version 23 was utilized for data analysis in this study. Descriptive statistics were
applied to summarize the data, presenting results in tabular form as the mean (X) and standard deviation
(SD). The Shapiro-Wilk test was conducted to assess the normality of data distribution. For statistical
comparisons, the Mann-Whitney U test was used to analyze differences between groups, while the
Wilcoxon signed-rank test was employed for within-group comparisons. A significance level of p < 0.05
was considered statistically significant.

CONSORT FLOW CHART
Enrollment ] Assessed for eligibility (n=82)
Excluded (n=16)
*Not meeting the inclusion criteria (n= 11)
*Decline to participate (n= 4)
* Other reasons (n= 1)
Randomized (n=66)
AL { Allocation } y
Allocated to intervention (n=33) Allocated to intervention (n=33)
+ Received allocated intervention (n=33) + Received allocated intervention (n=33)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
y [ Follow-Up J
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
v [ Analysis ] ¥
Analysed (n=33) Analysed (n=33)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

RESULTS

This trial encompassed 66 participants, including 59 males and 7 females, as detailed in consort flow
chart. These individuals fell within an age bracket of 30-60 years, and the average age was represented as
39.77+ 7.23 years. The participants’ mean weight, height, and body mass index were recorded as 75.16
+11.52kg, 169.67 £5.31cm, and 26.08 * 3.49 kg/m?, respectively.

Both groups exhibited a statistically significant reduction in NPRS scores following treatment (p =
0.0001). However, the Class IV HILT group demonstrated a more substantial decrease in pain intensity,
as reflected by a greater reduction in VAS scores compared to the control group. Additionally, a
statistically significant difference was observed between the two groups, with the Class IV HILT group
achieving superior outcomes (mean 2.97 + 1.36), as detailed in Tables 1 and 2 and illustrated in Graph
1.

Regarding the secondary outcome, the AP diameter of the lumbar canal showed improvement in the
experimental group, with a mean value of 12.93 + 3. However, between-group comparisons did not reveal
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a statistically significant difference in AP diameter improvement (p > 0.05), as presented in Tables 3 and

4 and depicted in Graph 2.

Table 1: Shows the within-group analysis of pain before and after the study duration

Pain Group

(NPRS Control (N=33) Experiment (N=33)

score) Mean | SD | Media | WSR | pvalue | Mea | SD | Media | WSR | pvalue
n (2) n n (2)

Pre- 6.36 1.62 | 6.00 6.03 | 1.1 |6.00

treatment 5.17 | 0.0001 0 4.84 | 0.0001

Post 4.94 1.62 | 5.00 9 297 | 1.3 |3.00 6

treatment 6

N= number of participants, WSR= wilcoxon signed rank, SD=standard deviation, and NPRS=

numeric pain rating scale

Table 2: Shows between group analysis of pain before and after the study duration

Pain Group
(NPRS Control (N=33) Experiment (N=33)
score) Mean | SD | Median | Mean | SD | Median | Mann- p-value
Whitney
U ()
Pre- 6.36 1.62 | 6.00 6.03 | 1.10 | 6.00 0.889 0.374
treatment
Post 4.94 1.62 | 5.00 297 | 1.36 | 3.00 4.592 0.0001
treatment
N= number of participants, SD=standard deviation, and NPRS= numeric pain rating
scale

Table 3: Shows the within-group analysis of AP lumbar canal diameter before and after the study duration

Lumbar canal | Group
diameter L5- | Control Experiment
S1(mm) Mean | SD | Median | WSR | p- Mean SD | Median | WSR | p-

(2) value (z) value
Pre-treatment | 12.10 | 1.64 | 12.00 0.16 | 0.873 | 12.77 2.99 | 12.00 4.154 | 0.000
Post treatment | 12.09 | 1.63 | 12.10 12.93 3.00 | 12.10
AP= anterio-posterior, N= number of participants, WSR= wilcoxon signed rank, SD=standard deviation,
and NPRS= numeric pain rating scale

Table 4: Shows the between group analysis of AP lumbar canal diameter before and after the study

duration
Lumbar Group
canal Control Experiment
diameter L5- | Mean | SD | Median | Mean |SD | Median | Mann- p-value
S1(mm) Whitney
U (2)
Pre 12.10 | 1.64 | 12.00 12.77 |2.99 | 12.00
Treatment 0.591 0.555
Post 12.09 | 1.63 | 12.10 12.93 | 3.00 | 12.10
Treatment
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AP= anterio-posterior, N= number of participants, SD=standard deviation, and NPRS=
numeric pain rating scale
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Graph 1: Baseline and after intervention scores of Pain using NPRS score of both the groups
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Graph 2: Baseline and after intervention Lumbar canal AP diameter of both the groups

DISCUSSION

Our findings further strengthen the existing evidence base for the use of Class IV HILT in pain reduction.
This study aligns with previous research demonstrating the potential of laser therapy to enhance
functional outcomes in individuals with musculoskeletal conditions [13, 14]. The mechanism of action
of Class IV HILT involves deep tissue penetration, facilitating photo biomodulation, which helps reduce
inflammation, relieve pain, and accelerate tissue repair [15]. Additionally, laser therapy enhances tissue
repair by increasing vascularization, stimulating fibroblasts, promoting collagen production, and
improving circulation—all essential for connective and neural tissue healing [14].

The findings of this study are further supported by Alayat & Atya (2014), who demonstrated that Class
IV HILT effectively reduced pain in patients with LBP, mainly due to its anti-inflammatory properties
[16]. However, in contrast to present study, Gur A et al. (2003) found no significant of low-level laser
therapy along with stabilization exercises on low back pain [17]. This highlights the importance of power
output and wavelength while choosing modality.

This study has demonstrated a marginal improvement in the lumbar canal AP diameter in patients
diagnosed with LDH. Recent research has increasingly implicated laser therapy in various regenerative
processes, including the repair and formation of tissues, and the synthesis of new cartilage tissue along
with its matrix. Additionally, laser therapy has been shown to promote the healing of tendons and
ligaments while playing a crucial role in preventing the formation of fibrosis. Given these biological
effects, it is plausible that laser therapy may contribute to structural improvements in the lumbar spine,
including the enhancement of the AP canal diameter, which could have potential implications for
alleviating symptoms associated with LDH. [3, 16]
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The findings of this study are further corroborated by Chen et al. (2018), who demonstrated that Class
IV HILT enhances lumbar segment function, improves the angle of straight leg raising, and provides long-
lasting therapeutic benefits with practical clinical applications. [18].

The lack of robust evidence regarding diagnostic procedures and treatment interventions for a condition
as prevalent as degenerative lumbar radiculopathy is concerning. Published trials often suffer from
imprecise patient selection, with lumbar radiculopathy not being confirmed through MRI [19].

While the findings of this study are promising, several limitations must be considered, we can explore its
effectiveness on other lumbar disc level as well as for cervical spine. Long term follow up with MRI to
observe the effect may also be observed. These factors underscore the necessity for further research
involving larger patient cohorts and long-term treatment protocols to comprehensively evaluate the
durability and clinical applicability of Class IV HILT in management of LDH [20].

The inclusion of a placebo group is essential for distinguishing the specific effects of Class IV HILT on
LDH. Without this control, it becomes challenging to ascertain whether the observed improvements
result directly from the laser treatment or are influenced by other factors, such as the natural progression
of the condition. The potential impact of the placebo effect on subjective symptom relief must also be
considered when interpreting results. Furthermore, emerging evidence suggests that HILT may provide
greater therapeutic benefits compared to low-level laser treatment, highlighting the need for further
research to optimize treatment parameters [21].

However, further large-scale studies with prolonged treatment durations are essential to solidify its role as
a reliable non-invasive treatment to confirm these findings and optimize patient care.

CONCLUSION

In conclusion, this study highlights the potential of Class IV HILT as an effective non-invasive treatment
for LDH, demonstrating significant pain reduction and possible improvements in the lumbar spinal canal
diameter. The analgesic effects, driven by photo biomodulation, inflammation reduction, and tissue
repair by improving vascularization support its role as a valuable adjunct to conventional treatments.
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