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1. INTRODUCTION

Carpal Tunnel Syndrome (CTS) is a neuropathy caused by compression of the median nerve that passes through
the carpal tunnel structure in the wrist. CTS is the most common nerve compression disease, accounting for
approximately 90% of all neuropathies. The incidence of CTS in developed countries is 1 in 3 people per 1000 people
per year with a prevalence of 50 per 1000 which is also similar to the incidence and prevalence in developing countries.
If the CTS condition is not treated, complications will occur such as irreversible damage to the median nerve resulting
in permanent impairment and disability, chronic wrist pain, and muscle atrophy and weakness [1]. Therefore,
treatment of CTS is needed to prevent these complications [2]. Currently there are various CTS therapies such as
splinting, local injection of corticosteroids, oral drugs such as prednisone, physical therapy such as carpal bone
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mobilization, ultrasound therapy, and nerve glides exercises, as well as surgical therapy in the form of surgical
decompression in cases of severe CTS [3]. However, these various therapies have not provided optimal results and
there are complications such as neuromas, hypertrophic wounds, dysesthesia, wrist joint stiffness, and the inability of
various to reduce CTS symptoms [4]. Therefore, more effective therapy with minimal side effects is needed. Various
recent studies have shown various potential therapeutic modalities to treat CTS. One of the most widely used therapies
today is laser therapy [5]. Laser therapy is used because it promotes nervous system regeneration and functional
recovery of patients with a positive effect on clinical improvement and neuropsychological parameters of peripheral
nerve lesions. Therefore, in this literature review, an analysis of the effect of laser therapy on various outcomes of
CTS patients was carried out [6].

2. METHOD

Study searches were performed on various databases such as Pubmed, ScienceDirect, Directory of Open Access
Journal, Epistemonikos, and Cochrane Library. Study searches were carried out using the keywords “carpal tunnel
syndrome” and “laser therapy”. The studies obtained were then filtered based on study inclusion and exclusion criteria.
The inclusion criteria used in this sample were: 1) The study subjects were CTS patients; 2) The intervention used is
in the form of laser therapy; 3) Comparator in the form of conventional therapy or placebo; 4) Outcomes in the form
of VAS, motor function and sensory function. The exclusion criteria used in this study were articles published more
than the last 10 years [7]. Studies that met the inclusion and exclusion criteria were then accessed in full-text to see
the availability of articles. Studies that are not fully accessible will be excluded. The final results will be obtained
from studies that will be used in this literature review [8]. The search for studies was carried out using keywords.
From the search results, a total of 389 studies were obtained. The 7 studies that met the inclusion and exclusion criteria
were the studies that were analyzed in this literature review [9].

3. RESULTS AND DISCUSSION
The effect of laser therapy on the various outcomes of CTS patients can be seen comprehensively in table 1.
3.1 Effects of Laser Therapy on Pain Outcome in CTS Patients

The use of laser therapy for CTS patients can reduce pain outcomes in CTS patients. There are 5 of the total
studies that measure the pain outcome of CTS patients in the administration of laser therapy. The use of a laser with
a wavelength of 830-1064nm (250 Joule/25 watts) for 100 seconds can reduce the visual analogue scale (VAS) score
by 2.2 points which is greater than the control group (0.4 point decrease). [5]Another study using a Gallium-
Alluminium-Arsenide (GaAlAs) laser of 18 Joules for 15 sessions also found that it reduced the VAS score by 2.81
points which was also greater than the control group with placebo laser (decrease of 2.35 points). [6]These results are
in line with another study using low-level laser therapy (LLLT) with longer wavelengths providing a greater reduction
in VAS points (4.43 point decrease) compared to the control group using Kinesio Taping (2.9 point decrease) [10].
The use of LLLT in reducing the visual numerical scale (VNS) in CTS patients is also supported by other studies
comparing the reduction in VNS scores in the LLLT therapy group, the LLLT + kinesio taping group, and the sham
laser group. The results showed that the decrease in daytime VNS scores in the LLLT group (5 point decrease) was
as great as in the LLLT + kinesio taping group (5 point decrease), and greater than the sham laser (0 point decrease).
Meanwhile, the reduction in night VNS scores in the LLLT therapy group (6 point decrease) was smaller than in the
LLLT + kinesio taping group (7 point decrease), and higher than the sham laser group (0 point decrease). [8]However,
when LLLT therapy was compared with fascial manipulation (FM) therapy, the reduction in VAS scores was smaller
in the LLLT group (0.48 point decrease) compared to the FM group (5.29 point decrease) [11].

The results of these studies showed that LLLT therapy in the Akgol study provided the highest reduction in VAS
in all inclusion studies, whereas LLLT + kinesio taping therapy provided the highest reduction in VNS at night . A
higher decrease in VAS and VNS scores indicates a better therapeutic effect on pain. This shows that LLLT therapy
gives the best results on the outcome of reducing pain in CTS patients. However, the effect of LLLT on pain outcomes
in CTS patients is better when combined with other therapies such as kinesio taping. The mechanism of LLLT in
reducing pain using the properties of coherent light causes fibroblastic regeneration in clinical trials and various
laboratory experiments [12]. LLLT has also been found to significantly reduce pain in the acute setting by reducing
biochemical biomarkers and oxidative stress, as well as reducing edema and bleeding. Various previous studies have
also shown the presence of analgesic and anti-inflammatory effects through photobiomodulation mechanisms in
experimental trials [13]. The pain reduction effect of LLLT therapy is better when combined with kinesio taping due
to the combination of the LLLT therapy mechanism and the kinesio taping mechanism which creates coils under the
skin thereby increasing the space under the skin to accelerate healing and channeling fluids to painful areas to
accelerate tissue healing [14].

3.2 Effects of Laser Therapy on Motor and Sensory Latency in CTS Patients

The use of laser therapy in CTS patients in several studies also showed an effect on motor and sensory latency
outcomes. Four of the total studies measured two latency outcomes , namely distal motor latency (DML) and distal
sensory latency (DSL). GaAlAs laser therapy with a wavelength of 780nm showed a greater reduction in DML
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(0.015ms reduction) than the placebo laser group (no reduction in DML score). [6]Another study using a laser with a
wavelength of 830-1064nm showed a higher decrease in DML score (0.3ms decrease) compared to TENS therapy
(0.1ms increase in DML). [5] The results of DML measurements in the study using laser acupuncture showed better
results (DML reduction of 0.03 ms) compared to the placebo group (0.14 DML increase) [15]. However, studies using
LLLT showed that the DML score on LLLT (0.22 ms decrease) decreased slightly compared to sham laser therapy
(0.46 ms decrease) but was still better than LLLT + Kinesiotaping (0.06 DML decrease) [16]. These results show that
the use of LLLT results in a higher reduction in DML than other types of laser therapy. The DSL measurements were
carried out in two of the seven inclusion studies, namely the study using laser acupuncture and the study using LLLT.
The results showed that the decrease in DSL in laser acupuncture was less (0.08 ms) compared to the decrease in DSL
in LLLT (7.50 ms) [17].

The mechanism of LLLT in reducing DML and DSL is still not known with certainty. However, in various
studies, it has long been hypothesized that increased mitochondrial function (ie, increased ATP production) in brain
cells irradiated with LLLT is one of the main mechanisms involved with the beneficial effects observed after LLLT
treatment [18]. Mitochondria are considered to be the powerhouses of eukaryotic cells, converting oxygen and
nutrients through the processes of oxidative phosphorylation and the electron transport chain into adenosine
triphosphate (ATP). Complex IV, also known as CCO is a large transmembrane protein complex found in
mitochondria, which is a component of the electron transport chain of cellular respiration. CCO absorbs the same light
spectrum as observed for the action spectrum for biological responses to light in the visible and near infrared light
(NIR) range [19]. At the cellular level, LLLT can cause photodissociation of nitric oxide (NO) from CCO. In stressed
cells, NO produced by mitochondrial NO synthase displaces oxygen from CCO, resulting in a downregulation of
cellular respiration and a subsequent reduction in the production of energy storage compounds, such as ATP. By
separating NO from CCO, LLLT prevents oxygen transfer from CCO and thereby promotes unhindered cellular
respiration. The increase in cellular ATP produced by LLLT may contribute to the positive effect, both by increasing
cellular energy levels and by increasing cyclic AMP molecules (formed biochemically from ATP) involved in many
signaling pathways. It is therefore assumed that CCO acts as an important chromophore in LLLT [20]

3.3 The Effect of Laser Therapy on the Conductivity Speed of the Median Nerve in CTS Patients

CTS is entrapment neuropathy caused by compression of the median nerve as it travels through the carpal tunnel
of the wrist. Compression of the median nerve causes a decrease in the conduction velocity of the median nerve.
[1,14]. However, in three inclusion studies, laser therapy showed good results in increasing the conduction velocity
of the median nerve [21]. Laser acupuncture therapy showed an effect in increasing the conduction velocity of the
median nerve which was higher (+0.31 m/s) than the placebo control group (-0.06 m/s). In addition, laser acupuncture
therapy also increased the sensory conduction velocity of the median nerve which was higher (+1.27) compared to the
placebo group (+0.37). [12]. GaAlAs 780nm laser therapy was also found to have an effect in increasing the median
nerve sensory conduction velocity which was higher (+). [22] 6,222) than the placebo laser group (+1,265). [8,12,15].
However, LLLT therapy increased sensory nerve conduction velocities no higher than sham laser therapy (+0.04 VS
+0.32). These results indicate that GaAlAs laser therapy is the best in increasing the conduction velocity of the median
nerve in CTS patients [23].

The mechanism of GaAlAs laser therapy as the best in increasing the conduction velocity of the median nerve
is due to its effect on increasing myelin cells. However, another reason that can explain this repair effect is the
increased energy transport and distribution of calcium in the cytoplasm which will create an increase in functional
cellular potential, accelerated injury repair, and increased scar tissue resistance, pro-inflammatory activity, as an
acceleration of tissue regeneration and increased blood circulation. Increased tissue regeneration is due to the effects
of GaAlAs laser therapy in the form of increased activity of leukocytes, phagocytes, and increased calcium in the cell
cytoplasm. Another reason is the acceleration of cell division and growth, activation of protein and cytokine synthesis,
and relaxation of blood vessel walls (vasodilation) with photolytic complexes such as NO [24].

3.4 Effects of Laser Therapy on Functional Status Scale and Symptomps Severity Scale in CTS Patients

Another effect of laser therapy that can be observed in various studies is an improvement in the Functional Status
Scale (FSS) and Symptoms Severity Scale (SSS) scores. GaAlAs 18 Joule and LLLT therapy showed an improvement
in FSS and SSS. Changes in FSS in LLLT therapy (-0.89) were better than the control group (-0.31). Better
improvement in FSS in LLLT therapy was also followed by better improvement in SSS compared to the control group
(-1.12 VS -0.49). (Akgol) GaAlAs therapy also showed better improvement in FSS scores compared to placebo laser
(-0.54 VS -0.4) and better SSS score improvement than the control group (-0.61 VS -0.33). These results indicate that
the best improvement in FSS and SSS is obtained with the use of LLLT therapy [25].

The mechanism of LLLT in repairing FSS and SSS values is mediated by the existence of various studies which
have shown that LLLT has a significant effect on tendon repair by first activating cytochrome C oxidase and thereby
carrying out the photon absorption process, secondly acting in all three phases of tendon repair, and finally repair
tendons. recovery. The mechanism of LLLT repair differs in the three phases of tendon repair. In the inflammatory
phase, LLLT especially activates large amounts of VEGF and promotes angiogenesis under hypoxia. During the
proliferative phase, LLLT increases the amount of type 111 collagen by promoting fibroblast proliferation. Throughout
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the remodeling phase, LLLT primarily activates M2 macrophages and downregulates inflammatory factors, thereby
reducing the inflammatory response. The anti-inflammatory effect possessed by LLLT allows repair of damage that
has occurred in CTS [26]. Faster improvement will reduce the symptoms experienced by the patient so that the SSS
score also improves. The anatomical and biochemical improvements that occur lead to an improved functional status
of the wrist [27]. Maximum wrist function will support more optimal daily activities as well. Therefore, LLLT through
this mechanism also improved the FSS score better than the control group or GaAlAs laser therapy [28].

3.5 Side Effects of Using Laser Therapy in Overcoming CTS

In all inclusion studies, side effects of using laser therapy in treating CTS were not reported as side effects in
CTS patients. This shows that the use of laser therapy in treating CTS is classified as safe with a better level of
effectiveness than control therapy with placebo or conventional therapy [29].

Table 1. Effects of Laser Therapy on Various Outcomes of CTS Patients

Authors Population Intervention Outcomes Side effects
(Year)
Laser 830-1064nm (250
Casale et al. 20 _ J25 Watt) for 100 VAS score change:
(2013) Symptomatic ~ seconds -2.2 VS -0.4DML score change: - Not reported
CTS VSTENS 100Hz for 30 0.3 VS +0.1
minutes
66 cTS Galligm-aluminum- VAS score change:
Fusakul et moderate  to arsenide laser (18H x 15 -2.81 VS -2.35 SSS score change:- Not reported
al. (2014) severe sessions) VS placebo 0.61 VS -0.33FSS score change:-
laser 0.54 VS -0.4
Lazovic et 79 CTS GaAlAs diode Ilaser DML score change: No side effects
al. (2014) moderate  to  780nm -0.015 VS -0.000MNSCV score have been
' severe VSPlacebo Laser change:+6.222 VS +1.265 reported
Low-Level Laser No side effects
Pratelli et al. 42 CTS Therapy (LLLT) VAS score change: have been
(2015) VSFascial Manipulation -0.48 VS -5.29
reported
(FM)
Day VNS score change:
Low-power laser -5 VS -5 VS 0 Night VNS score
Guner et al. 38_ CTS (12 therapy _ VS change:-6 VS -7 VS 0 mSNCV No side effects
(2018) umlateral, 26 Kkinesiotaping + low- score change:+0.04 VS +0.20 VS have been
bilateral) power laser therapy VS +0.32 mMDL score change:-0.22  reported
sham laser therapy VS -0.06 VS -0.46 Score change
mSDL:-7.50 VS -10.10 VS -8.70
Change in DML  score:
-0.03 VS +0.14 Change in DSL .
Juan et al. 84 CTS Ia;s/er 5&ffp\lfvr£ﬁ"ef$xi score:-0.08VS+0.04 Change in hNa?/eS'de ef{)tzc;ts
(2019) Weéks) VS placébo MNCV score:+0.31 VS -0.06 reported
Change in WP SNCV score:+1.27
VS +0.37
VAS score change: .
Akgol G o re #ﬁ‘év:o""ei/s thzzf; -4.43 VS 2.9 Boston-SSS score hNa?/es'de ef{)zcets
(2021) ~rapy change: -1.12 VS -0.49 Boston-
taping reported

FSS score change: -0.89 VS -0.31

VAS: visual analogical scale; mSNCV: Median Sensory Nerve Conduction Velocity ; MNCV: Median Nerve
Conduction Velocity ; SNCV: Sensory Nerve Conduction Velocity ; MDL: Motor Distal Latency ; DSL: Distal
Sensory Latency ; WP SNCV: Wrist -Palm Sensory Nerve Conduction Velocity ; FSS: The Functional Status Scale ;
SSS: Symptomps Severity Scale ; VNS: Visual Numeric Scale ; HGS: Handgrip Strength ; mMDL: median motor
nerve distal latency [30].

4. CONCLUSION

In this literature review, the effects of laser therapy shown in various inclusion studies show that various types
of laser therapy can improve outcomes in CTS patients starting from reducing pain, reducing motor and sensory
latency, increasing median nerve conduction velocity, and improving FSS and SSS scores. Faster improvement will
reduce the symptoms experienced by the patient so that the SSS score also improves. The anatomical and biochemical
improvements that occur lead to an improved functional status of the wrist. The mechanism of GaAlAs laser therapy
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as the best in increasing the conduction velocity of the median nerve is due to its effect on increasing myelin cells.
However, another reason that can explain this repair effect is the increased energy transport and distribution of calcium
in the cytoplasm which will create an increase in functional cellular potential, accelerated injury repair, and increased
scar tissue resistance, pro-inflammatory activity, as an acceleration of tissue regeneration and increased blood
circulation. In addition, no side effects were reported in all inclusion studies, so it can be concluded that laser therapy
is an innovative type of therapy that is effective with minimal side effects in overcoming CTS by improving various
outcomes of CTS patients.
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