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The datasets generated during and/or analyzed during the current study are not publicly 

available, but are available from the corresponding author on reasonable request. 
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ABSTRACT 

Objective: The purpose of this study was to research the clinical effectiveness of high-

intensity laser therapy (HILT) combined with exercise (EX) on pain, quality of life, and 

disability in patients with cervical radiculopathy (CR) and compared it with that of placebo 

(PL) and EX alone. 

Design: Ninety participants with CR were randomized into three groups: HILT + EX (n = 

30), PL + EX (n = 30), and EX only (n = 30). Pain, cervical range of motion (ROM), 

disability, and quality of life (SF-36 short form) were assessed at baseline and weeks 4 and 

12. 

Results: The mean age of the patients (66.7% female) was 48.9 ± 9.3 years. Pain intensity in 

the arm and neck, neuropathic and radicular pain levels, disability, and several parameters of 

SF-36 showed an improvement in the short and medium-term in all three groups. These 

improvements were greater in the HILT + EX group than in the other two groups.  

Conclusion: HILT + EX was much more effective in improving medium-term radicular pain, 

quality of life, and functionality in patients with CR. Thus, HILT should be considered for the 

management of CR. 

Keywords: High-intensity laser, Neck pain, Radiculopathy, Cervical 
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What is known? 

- Compression-related neuroinflammation of the cervical spinal nerves and roots is the main 

problem in CR. 

- Recent clinical and experimental studies contain evidence that lasers can enhance neuronal 

regenerative processes. 

 

What is new? 

- HILT reduced radicular pain and increased compliance with therapeutic exercise, improving 

functionality and quality of life. 

- Coadministration of HILT with exercise can be used as an effective treatment for patients 

with chronic CR symptoms. 

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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INTRODUCTION 

Cervical radiculopathy (CR) is a disease process that involves inflammation in the 

cervical spinal roots.
1
 It is a disabling disease with major negative effects on mental and 

physical functionality and social participation.
2,3

 CR has an annual incidence of 83 cases per 

100,000 people, and its prevalence increases in the fifth decade of life.
3 

 

CR is most commonly caused by cervical spondylosis and disc herniation; less 

common causes are trauma, tumors, synovial cysts, meningeal cysts, dural arteriovenous 

fistulas, and tortuous vertebral arteries. According to previous research, 97–99% of patients 

with CR experience arm pain, and 56–80% experience neck pain.
1 

 

Radicular pain in CR is a mixture of nociceptive and neuropathic pain, and the 

neuropathic component is related to the disease burden.
3
 Several conservative treatments are 

available to treat CR: immobilization, collars, laser therapy, physical therapy, cervical 

traction, anti-inflammatory drugs, and epidural steroid injections.
4,5

 The efficacy of 

individual treatments is controversial; a multimodal approach is recommended because it is 

more effective. However, little high-quality evidence supports the use of conservative 

treatment.
5 

 

Laser therapy is a non-invasive and painless method that has been effectively used to 

reduce pain in neuropathic diseases, such as trigeminal neuralgia, neuropathy, sciatic pain, 

and herpes zoster.
6,7

 Laser therapy has both local and systemic effects that can improve nerve 

regeneration.
4,8

 Tissue stimulation, the main mechanism of action of laser 

(photobiostimulation), affects the vascular structure, interstitial tissue, cells, and immune 

system.
9
 The advantages of laser therapy are attributable to its analgesic, anti-edema, and 
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anti-inflammatory mechanisms.
10

 Moreover, recent clinical and experimental studies have 

provided evidence that lasers can enhance neuronal regeneration.
11

 High-intensity laser 

therapy (HILT) is an innovative, painless treatment; it is superior to low-intensity laser 

therapy because the energy transfer is more intense and it can impact a larger and deeper 

tissue domain. Therefore, some disease groups can be treated more effectively with HILT 

than with other laser types.
8,9 

 

Previous studies have demonstrated the efficacy of laser therapy for neuropathic pain, 

but evidence of its efficacy in CR with a high neuropathic pain burden is insufficient. This is 

the first study to investigate the effects of HILT with those of placebo on radicular symptoms, 

neuropathic pain, disability, and quality of life in patients with CR. 

 

METHODS 

Ethics approval 

Participants were given information about the stages of the study process, and their 

written consent for participation was asked. This study was approved by the local ethics 

board of the university (Approval Number: 2020/529). All procedures were performed 

appropriately with the institution’s ethical standards and with the 1964 Helsinki declaration 

and its later amendments. The present study was approved by the research ethics committee 

of the institution where this study was conducted, following the World Medical Association 

Declaration. This study complies with all CONSORT guidelines and reports the needful 

information accordingly (see Supplementary Checklist, Supplemental Digital Content 1, 

http://links.lww.com/PHM/C56, and Supplemental Digital Content 2, 

http://links.lww.com/PHM/C57). 
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Participants 

This study was a prospective, randomized, placebo-controlled trial to test the 

efficiency of HILT in people with CR. Ninety patients who presented at our outpatient clinic 

with unilateral arm and/or neck pain and were diagnosed with CR after clinical assessment 

were enrolled. The patients were evaluated three times (baseline: T0, week 4: T1, and week 

12: T2) by an investigator who was blinded to the treatment groups. The following 

parameters were assessed: cervical joint range of motion (ROM), pain intensity in the neck 

and arms, neuropathic pain and symptom levels, and the effect of radiculopathy on disability 

and quality of life. 

 

The inclusion criteria were as follows: an age of 20–65 years; a history of arm pain 

and/or neck pain for over 1 month; and clinical features of radicular involvement with a 

dermatomal and/or myotomal distribution and/or decreased reflexes in the upper extremities. 

Cervical MRI was performed on all patients whose history and physical examination 

indicated CR. Patients whose cervical MRI revealed disc herniation (foraminal stenosis, 

protrusion, or extrusion) resulting in pressure on the cervical spinal nerve/root were included. 

Electromyography (EMG) was applied to the patients in terms of chronicity, localization, the 

severity of the lesion, and other differential diagnoses (such as plexopathy and TOS). 

 

Patients were excluded if they had received regional injection treatment in the past 

month; had previous surgery on or infection of the cervical spine; presented with entrapment 

neuropathies in the upper extremities, cervical myelopathy, malignancy, pregnancy, or 

shoulder or elbow pathologies; had been diagnosed with rheumatic, neurological, or 

demyelinating diseases; or did not agree to participate. In addition, the use of medical 

treatments (analgesic, anti-inflammatory, and neuropathic pain drugs) was prohibited during 

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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the study. None of the enrolled patients had been treated with any physical modality (TENS, 

traction, etc.) in the cervical region in the past month. 

 

Randomization 

Patients were randomly distributed into three groups: HILT + exercise (EX) (n = 30); 

PL + EX (n = 30); and only EX (n = 30). Each patient was assigned an identification number, 

and the numbers were randomized with Randomizer.org software. Figure 1 provides a 

flowchart of the study process. The patients did not know which group they were assigned to, 

which treatment they received, or whether they received real or sham HILT. The same 

physiotherapist administered all laser treatments, and the physiotherapist who provided 

exercise therapy was blinded to which treatment group the patients were in. Furthermore, the 

investigator who evaluated the patients at baseline and in the follow-ups did not know which 

treatment group the patients were in. 

 

Interventions 

Patients received pulse neodymium-doped yttrium aluminum garnet (Nd: YAG) laser 

therapy (HIRO 3. 0; ASA laser, Arcugnano, Italy). The appliance
10

 has a pulse emission 

(1064 nm), high-level fluency or energy intensity (360–1.780 mJ/cm), a short period (120–

150 μs), a very high peak power (3 kW), a mean power of 10.5 W, a low frequency (10–40 

Hz), a probe diameter of 5 mm, and a spot size of 0.2 cm
2
. HILT was applied to each patient 

in a sitting position with the probe perpendicular to the treated area. Scanning was performed 

circularly, transversely, and longitudinally from the C4 to T4 posterior neck in the paraspinal 

region; the interscapular domain; and the scalene, trapezius, and rhomboid muscles. Each 

session included three stages. 

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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In the first stage, the manual scanning of the bilateral paravertebral region; the 

interscapular area; and the scalene, trapezius, and rhomboid muscles was performed rapidly. 

This consisted of three substages: 360 mJ/cm
2
 (208 J), 410 mJ/cm

2
 (208 J), and 510 mJ/cm

2
 

(209 J), for a total of 625 J (1250 J bilaterally). In the second stage, 33 J of energy was given 

to each of four tender/trigger points (two points on each side); a total of 132 J was delivered 

in this stage (the trigger point inactivation stage). This stage had four substages for 6 seconds 

each: 360 mJ/cm
2
 (6.3 J), 510 mJ/cm

2
 (9 J), 610 mJ/cm

2
 (10.1 J), and 360 mJ/cm

2
 (7.8 J). The 

first point was between C7 and the acromion, and the second point was in the interscapular 

region. The third stage was similar to the first stage, but it was implemented more slowly, and 

the total energy dose was 1250 J. One session lasted 20 minutes, and a total of 2632 J energy 

was applied during each session. HILT was performed for 20 sessions (five sessions a week 

for 4 weeks). 

 

In the PL group, laser probe scanning was applied to the same areas as that applied in 

the HILT procedure. After the device was turned on, PL was applied while the lights of the 

device were on, with no current flowing through the device. Placebo therapy was applied at 

the same frequency as HILT (five sessions a week for 4 weeks for a total of 20 sessions; one 

session lasted 20 minutes). The same physiotherapist performed all laser treatments. 

 

A total of 20 sessions (30 minutes each) of a therapeutic exercise program were 

provided to all three treatment groups by a trained physiotherapist. The sessions involved 

active and passive ROM exercises; cervical isometric and progressive (self-training with 

TheraBand) muscle-strengthening exercises; gentle stretching of the scalene, trapezius, 

rhomboid, levator scapulae, and pectoral muscles; and scapular stabilization exercises. The 

participants were asked to perform the exercises in three sets (with one set performed in the 
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hospital, supervised by a physiotherapist who was blinded to the treatment groups), with 10 

repetitions in each set, three times a day; the participants performed five sessions a week for 

4 weeks. The patients receive telephone calls once a week during the treatment program; the 

patients were asked to report their compliance with the exercises, their level of pain, and their 

use of analgesics, and they were provided with information to strengthen their understanding 

of the importance and benefits of exercise. The phone calls lasted 5–10 minutes on average, 

and all telephone calls were conducted by a blinded investigator. 

 

Outcome measures 

The outcome measures were performed 3 times; before treatment (T0), during 

treatment (T1: week 4), and at the end of the 12th treatment week (T2).  

 

Primary Outcome Measure of the Study 

Pain intensity assessment: In the neck and arm pain (at rest, movement, and night) 

intensity assessment, a 100-mm horizontal visual analog scale (VAS; 100, worst pain; 0, no 

pain) was used for all participants.
10 

 

Secondary Outcomes 

Neuropathic pain assessment: The PainDETECT questionnaire (PD-Q) was used to 

establish neuropathic pain features in CR. A higher score indicates a worse result (minimum: 

0, maximum: 38).
12 

 

Radicular pain assessment: The Cervical Radiculopathy Impact Scale (CRIS) is a 

scale that assesses symptoms and limitations in cervical radicular pain. It consists of 3 sub-

parameters (symptoms, energy&posture, and activities&actions) and contains a total of 21 
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items. Each sub-parameter has a score scale from 0 to 100. A higher score indicates a worse 

result.
13 

 

Cervical range of motion assessment: Cervical ROM was measured with a universal 

goniometer according to fixed anatomical landmarks. All patients were seated in an upright 

position, and the cervical ROM measurements were made with reference to anatomical 

landmarks: the tragus for the sagittal plane (flexion and extension), the nostrils for the 

coronal plane (right and left lateral bending), and the vertex point on the head for the 

transverse plane (right and left rotation) as neutral 0º.
14 

 

Functional activity assessment: The Neck Disability Index (NDI) is frequently used to 

determine neck disability. It contains 10 items in total. Each item is evaluated on a scale of 0 

to 5. The higher score indicates a worse result.
2 

 

Health-related quality of life assessment: The 36-item Short Form Health Survey (SF-

36) is widely used to evaluate the quality of life. The scale contains 36 items of 7 subgroups. 

Each subgroup has a score between 0 and 100. A higher score means a better outcome.
10 

 

Power analysis 

The sample size was calculated with G*power 3.1.9.4 software (Germany). The 

following combination was used for sample calculation: a priori repeated measures analysis 

of variance (ANOVA) power analysis (between factors), an alpha level of 0.05, and a power 

(1-β) of 95% with three groups and three measurements. The main variable utilized for 

sample size calculation was neck and arm pain intensity (visual analog scale (VAS) scores). 

The effect size was based on Fritz et al.’s study.
15

 The required sample size was estimated at 
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25 participants in each group. However, considering the possible loss during follow-up, each 

group was planned to have 30 participants. 

 

Statistical analysis 

Statistical analysis used SPSS software, version 25.0 (IBM Corp., Armonk, NY, 

USA). Descriptive data were identified with mean and standard deviation (SD) for each 

continuous variable, and the frequency and number were used for each categorical variable. 

The Pearson chi-square test was utilized when conditions were provided to compare 

categorical variables; the Monte Carlo chi-square test was used when the conditions were not 

provided. The Shapiro–Wilk test was used to analyze a normal distribution of data (p > 0.05). 

One-way ANOVA was used for normally distributed data in between-group comparisons 

(rotation and lateral flexion ROM measurements, SF-36 parameters with physical function 

and vitality, NDI level, all CRIS sub-parameters); the Tukey test was used as post hoc 

analysis. Kruskal-Wallis test was used for non-normally distributed data in between-group 

comparisons (VAS scores, degrees of flexion and extension, sub-parameters of SF-36 

parameters except physical function and vitality, PD-Q); the Dunn test was used as post hoc 

analysis. 

 

The Friedman test was used for non-normally distributed data to compare repeated 

measurements within each group; the Wilcoxon signed-rank test with Bonferroni correction 

(a : 0,016) was used for pairwise comparisons when a significant difference existed between 

the 3 measurements. Repeated-measures ANOVA was used for normally distributed data. 

The least significant difference test (LSD) was used to determine the group that created the 

difference as a result of the ANOVA in repeated-measurement schemes. The outcomes were 

assessed with a 95% confidence interval, and statistical significance was set as p<0.05. 
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RESULTS 

A total of 90 patients completed the study. The patients had a mean (SD) age of 

48.9±9.3 years; 60 (66.7%) of them were women, and 30 (33.3%) were men. No notable 

difference existed between the groups in terms of demographic features before treatment 

(Table 1). However, differences were found in cervical flexion ROM measurement, PD-Q 

score, and some SF-36 sub-parameters among the pretreatment measurements (Table 2, 3 and 

4). 

 

Tables 2, 3, and 4 show the change over time in outcome measures between treatment 

groups. Pain intensity in the arm and neck (VAS), neuropathic (PD-Q) and radicular pain 

levels (CRIS), and neck functional disability level (NDI) showed a significant improvement 

in both the short and medium term in all 3 groups (p<0.05). These improvements were 

remarkably higher in the HILT group in the short and medium term (p<0.05; Table 2 and 3). 

 

In the HILT and PL groups, a significant recovery occurred in the cervical ROM in 

the sagittal, coronal, and transverse planes in the short and medium term (p<0.05; Figs. 2, 3 

and 4). In the EX-only group, a considerable recovery was detected in the measurement of 

cervical right and left rotation in the short term, as well as extension and left rotation in the 

medium term (p<0.05). HILT + EX showed remarkable superiority over the other groups in 

the medium term in degrees of extension (p=0.005), right rotation (p=0.013), and right lateral 

flexion (p=0.000; Table 3). 

 

In both the short and medium term, all sub-parameters of the quality of life scale 

improved in the HILT and PL groups. The emotional role limitation, social functionality, and 

bodily pain sub-parameters showed significant improvement in the EX-only group (p<0.05). 
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The HILT + EX group showed a remarkable improvement in all SF-36 sub-parameters 

compared to the other 2 groups (p<0.05; Table 4). 

 

No adverse effects were established with HILT, placebo therapy, or exercise therapy 

throughout the treatment and follow-up. 

 

DISCUSSION 

In patients with CR, exercise therapy combined with HILT significantly improved 

radicular pain, functional disability, and quality of life compared with exercise alone and 

placebo plus exercise. Therefore, we concluded that HILT reduces the inflammation of neural 

structures in patients with CR, regulates the release of neuromodulatory markers, and 

prevents conduction blockage. These effects reduce radicular pain, increase compliance with 

therapeutic exercise, and improve functionality and quality of life. 

 

The main pathomechanism of CR is neural inflammation rather than mechanical 

compression. Ischemia and neuron damage due to compression lead to a decrease in axonal 

conduction velocity and neuroinflammation, which causes pain.
4
 Even without mechanical 

compression, substances produced by a herniated nucleus pulposus can cause neural 

inflammation and structural nerve root abnormalities, such as chronic fibrosis.
16

 

Neuroinflammation involves an increase in inflammatory mediators and vascular 

permeability, leukocyte infiltration, and glial cell activation. Specifically, nerve damage 

causes substantial glial cell activation in the spinal cord.
17

 Permanent glial cell activation is 

responsible for sustained neuroinflammation and continued neuropathic pain.
17,18

 When the 

mixed pain pattern in patients with CR is not adequately controlled, the neuropathic pain 
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component becomes dominant, leading to increased disability and a deterioration in quality of 

life.
3 

 

In diseases with neuropathic pain components, nonpharmacological methods are 

preferred for pain management because of the adverse effects of medical treatments.
19

 One of 

these methods is laser therapy, and studies have shown that this method improves neuropathic 

pain control.
7,20,21

 Laser therapy modulates microglial activity and neuronal energy 

metabolism, regulates blood flow, and reduces the inflammatory response and oxidant 

activity; thus, it has a neuroprotective effect.
20,22

 According to the results of a systematic 

review evaluating the effect of laser therapy on the peripheral nerves, this method can reduce 

acute pain by acting directly on peripheral nociceptors. In patients with chronic pain, laser 

application can cause changes at the spinal cord level, providing long-term pain reduction.
21

 

Many preclinical animal studies have shown that the application of laser therapy to spinal 

cord injuries reduces the expression of glycogen synthase kinase-3 beta (GSK3-β), which 

inhibits the regrowth of axons and causes neuropathic pain; in addition, it provides functional 

repair.
23 

 

Because HILT provides more intense energy to deeper tissues than low-intensity laser 

therapy, its ability to repair damaged tissues and eliminate painful stimuli is more obvious.
8
 A 

comprehensive meta-analysis reported that spinal disorders can be effectively treated with a 

high-intensity 1064 nm laser.
24

 In a study on patients with chronic neck pain, Alayat et al. 

determined that HILT + EX increased the cervical ROM and significantly reduced VAS and 

the neck disability index (NDI) compared with PL + EX.
25

 In another study on patients with 

chronic low back pain, HILT + EX was superior to HILT alone and PL + EX regarding pain 

and functionality.
26

 Furthermore, a study involving 174 patients with cervical spondylosis 
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with radicular symptoms reported a significant decrease in medium-term VAS scores in the 

HILT group compared with the traction group.
27

 The present study evaluated the efficacy of 

HILT treatment with both the VAS and the PainDETECT questionnaire; we observed a 

significant improvement in both assessment criteria in the short and medium term. We 

postulate that HILT achieved this positive effect by reducing neuronal inflammation. 

 

Increasing evidence suggests that HILT improves the quality of life in patients with 

spinal radicular syndrome.
28

 Three recent studies (two examining the cervical region and one 

examining the lumbar region) comparing HILT with sham laser therapy (both combined with 

exercise) found that HILT improved quality of life scores (assessed by the SF-36) more than 

sham therapy.
10,25,26

 The results of the current study revealed that HILT + EX was superior to 

both placebo and exercise alone in all subparameters of the SF-36. These results are 

compatible with those found in the literature. 

 

Exercise is a crucial intervention for patients with CR. Stolzman et al. established that 

exercise could provide conditional modulation and reduction of pain via the activation of 

inhibitory pathways.
29

 In a randomized controlled trial involving 75 patients with CR, 

Halvorsen et al. suggested that 14 weeks of neck-specific training and physical activity aimed 

at improving sensory and motor function could reduce the intensity of neuropathic pain.
30

 

The results of our study support the evidence that exercise can reduce pain levels and neck 

disability and improve functionality in patients with CR. 

 

Study limitations 

The main limitations of this study are that it had a small sample size,  lacked long-

term (>3 months up to 1 year) follow-up results, was performed at a single center, did not use 
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an algometer-like device to gather quantitative data to evaluate pain, and did not evaluate 

serum biomarker levels to observe the changes in radicular pain in response to treatment. 

Another limitation of the study it did not include an older age group. Older patients likely 

have a significantly higher disease burden than younger adults. Older patients (over 65 years) 

were not included in this study because of their higher rate of degenerative findings, 

economic constraints, lack of insurance, and communication issues (e.g., hearing difficulties 

interfering with telephone interviews). Finally, the physiotherapist who provided the 

HILT/PL intervention was not blinded to the treatment. 

 

Conclusions 

Co-administration of HILT with exercise was more effective than placebo or exercise 

alone in reducing radicular pain and improving functionality and quality of life in patients 

with CR. These effects persisted in the medium term.  
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Figure legends 

 

Figure 1 Flowchart of the study 

Figure 2 Change over time between groups in cervical flexion/extension 

Figure 3 Change over time between groups in cervical right/left lateral bending 

Figure 4 Change over time between groups in cervical right/left rotation. 
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Table legends 

 

Table 1: Demographic features and baseline values for evaluation parameters of each 3 

groups. 

Table 2: Change over time in VAS, PD-Q, CRIS between treatment groups. 

Table 3: Change over time in cervical active ROM and NDI between treatment groups. 

Table 4: Change over time in SF-36 sub-parameters between treatment groups. 
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Table 1: Demographic and clinical features of each three groups. 

 
 HILT+EX(n=30) 

      (mean±SD)                             

  PL+EX(n=30) 

   (mean±SD)             

Only EX(n=30) 

   (mean±SD) 

 

P 

Age,years  47,1±10,3 49,1±7,3 50,4±10,2 0,395 

Gender  

    Female  

    Male   

 

17(%56,7) 

13(%43,3) 

 

22(%73,3) 

8(%26,7) 

 

21(%70) 

9(%30) 

 

0,350 

Dominant side 

   Right   

   Left  

 

26(%86,7) 

4(%13,3) 

 

26(%86,7) 

4(%13,3) 

 

27(%90) 

3(%10) 

 

0,902 

Affected side 

    Dominant  

    Non-dominant  

 

17(%56,7) 

13(%43,3) 

 

14(%46,7) 

16(%53,3) 

 

18(%60) 

12(%40) 

 

0,646 

Duration of symptoms 

    1-3 months 

    3-6 months 

    >6 months 

 

13(%43,3) 

4(%13,3) 

13(%43,3) 

 

15(%50) 

5(%16,7) 

10(%33,3) 

 

8(%26,7) 

8(%26,7) 

14(%46,7) 

 

 

0,355 

Cervical MRI  

   Disc protrusion 

   Disc extrusion 

   Foraminal stenosis 

 

13(%43,3) 

0(%0) 

17(%56,7) 

 

11(%36,7) 

0(%0) 

19(%63,3) 

 

8(%26,7) 

1(%3,3) 

21(%70) 

 

 

0,472 

Cervical MRI, total 

affected root level (n) 

 C4/C5/C6/C7/C8-T1 

 

 

5/15/30/21/2 

 

 

7/11/28/25/1 

 

 

11/18/27/25/5 

 

 

0,124 
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EMG consistent findings 

   Yes  

   No  

 

17(%56,7) 

13(%43,3) 

 

14(%46,7) 

16(%53,3) 

 

16(%53,3) 

14(%46,7) 

 

0,623 

EMG, total affected root 

level (n) 

  no/C5/C6/C7/C8/T1 

 

 

13/3/5/10/8/7 

 

 

16/4/6/7/3/2 

 

 

14/2/7/9/4/3 

 

 

0,622 

Paresthesias 

    Yes  

    No      

 

27(%90) 

3(%10) 

 

28 (%93,3) 

2(%6,7) 

 

27(%90) 

3(%10) 

 

0,872 

Weakness 

   Yes  

   No  

 

8(%26,7) 

22(%73,3) 

 

9(%30) 

21(%70) 

 

9(%30) 

21(%70) 

 

0,947 

EX exercise, HILT High-Intensity Laser Therapy, PL Placebo, SD Standart deviation, 

MRI Magnetic resonance imaging, EMG Conventional needle myography,  

*P value is significant < 0.05, confidence interval %95 

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

ACCEPTED

D
ow

nloaded from
 http://journals.lw

w
.com

/ajpm
r by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 09/22/2023



33 
 

Table 2: Change over time in VAS, PD-Q, CRIS between treatment groups. 

 

 

HILT+EX(n=30) 

      (mean±SD)                             

   PL+EX(n=30) 

     (mean±SD) 

    Only EX(n=30) 

       (mean±SD) 

                     

P
2 

   VAS (mm)         

AP at rest T0 63,67   ±16,29 66,33   ±16,71 64,67   ±12,24 0,771 

 T1 19,00   ±11,85
Aa 

30,00   ±13,90
Bb 

42,33   ±18,13
C 

0,000* 

 T2 14,67   ±11,67
Aa 

35,33   ±20,63
B 

40,33   ±23,56
C 

0,000* 

 P
1 

0,000*  0,000*  0,000*   

AP at movement T0 78,67   ±12,24 78,67   ±16,34 81,67   ±10,20 0,739 

 T1 25,67   ±14,31
Aa 

39,67   ±20,08
Bb 

55,00   ±19,78
C 

0,000* 

 T2 21,33   ±12,24
Aa 

46,33  ±23,12
B 

50,67   ±24,06
C 

0,000* 

 P
1 

0,000*  0,000*  0,000*   

AP at night T0 76,33   ±19,74 74,33   ±17,94 77,33   ±12,02 0,663 

 T1 22,00   ±16,06
Aa 

34,00   ±19,93
Bb 

52,00   ±19,37
C 

0,000* 

 T2 16,00   ±11,92
Aa 

42,33  ±23,44
B 

46,00   ±29,08
C 

0,000* 

 P
1 

0,000*  0,000*  0,000*   

NP at rest T0 62,33   ±17,75 68,00   ±18,64 61,00  ±11,55 0,207 

 T1 23,00   ±13,43
Aa 

37,00   ±18,78
B 

39,67   ±15,42
C 

0,000* 

 T2 17,33   ±12,58
Aa 

38,00   ±22,35
B 

40,33   ±22,20
C 

0,000* 

 P
1 

0,000*  0,000*  0,000*   

NP at movement T0 74,33   ±12,51 78,67   ±16,34 77,00   ±10,22 0,325 

 T1 29,00   ±12,69
Aa 

44,00   ±21,75
B 

52,67   ±18,93
C 

0,000* 

 T2 26,00   ±12,48
Aa 

47,33   ±24,49
B 

54,67   ±22,85
C 

0,000* 

 P
1 

0,000*  0,000*  0,000*   

NP at night T0 72,67   ±19,29 76,67   ±17,88 72,00   ±14,48 0,395 
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 T1 23,67   ±14,74
Aa 

38,67   ±22,55
B 

45,33   ±18,89
C 

0,000* 

 T2 19,67   ±12,99
Aa 

45,00   ±24,74
B 

46,00   ±25,27
C 

0,000* 

 P
1 

0,000*  0,000*  0,000*   

 PD-Q 
T0 16,60   ±7,28 18,70   ±6,62 13,93   ±4,18 0,030* 

 
T1 7,70   ±3,91

Aa
 10,90   ±5,03

B
 10,93   ±3,90

C
 0,007* 

 
T2 5,43   ±3,24

Aa
 9,73   ±5,19

B
 10,63   ±4,91

C
 0,000* 

 
P

1 
0,000*  0,000*  0,000*   

  CRIS-S  T0 67,73   ±12,26 68,54   ±11,76 67,73   ±8,75 0,948 

 T1 28,18   ±8,87
Aa

 37,54   ±14,20
Bb

 50,42   ±14,24
C
 0,000* 

 T2 22,65   ±8,36
Aa

 40,71   ±19,05
Bb

 51,45   ±18,70
C
 0,000* 

 P
1 

0,000*  0,000*  0,000*   

  CRIS-EP T0 72,44   ±18,43 76,62   ±17,78 68,58   ±17,23 0,223 

 T1 29,53   ±17,60
Aa

 43,16   ±18,81
B
 53,12   ±19,49

C
 0,000* 

 T2 18,42   ±12,65
Aa

 40,25   ±22,61
B
 47,01   ±22,75

C
 0,000* 

 P
1 

0,000*  0,000*  0,000*   

 CRIS-AA T0 54,33   ±28,16 55,66   ±26,29 52,10   ±17,50 0,787 

 T1 17,47   ±16,90
Aa

 32,25   ±20,70
B
 37,22   ±20,64

C
 0,001* 

 T2 9,34   ±11,12
Aa

 27,00   ±20,62
B
 38,15   ±25,66

C
 0,000* 

 P
1 

0,000*  0,000*  0,000*   

EX exercise, HILT High-Intensity Laser Therapy, PL placebo, SD Standart deviation, 

VAS Visuel analog scala, AP Arm pain, NP Neck pain, ROM Range of motion, PD-Q Pain 

detect questionnare, CRIS Cervical radiculopathy impact scale, CRIS-S Symptoms, CRIS-EP 

Energy/postures, CRIS-AA Actions/activities. *P value is significant < 0.05, confidence 

interval %95. A, B, C and P
1
 show within-group comparison statistically significant (p<0.05); 

a, b, c and P
2
 show between-group comparison statistically significant (p<0.05). 
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Table 3: Change over time in cervical active ROM and NDI between treatment groups. 

 

 

HILT+EX (n=30)           

      (mean±SD)                             

   PL+EX (n=30)  

     (mean±SD)                             

 Only EX(n=30) 

     (mean±SD)                             

                    

P
2 

   NDI T0 23,90   ±6,12 25,67   ±7,63 22,80 ±4,09 0,193 

 T1 9,97   ±4,65
Aa

 15,30   ±6,61
B
 17,97 ±5,52

C
 0,000* 

 T2 8,03   ±4,50
Aa

 16,77   ±7,70
B
 17,60 ±7,49

C
 0,000* 

 P
1 

0,000*  0,000*  0,000*  

   ROM (°)         

Flexion T0 44,67   ±4,88 44,70   ±5,07 42,20   ±3,67 0,011* 

 T1 47,43   ±4,21
Aa

 47,37   ±3,96
Bb

 43,00   ±3,84 0,000* 

 T2 48,57   ±3,98
Aa

 47,07   ±4,65
Bb

 43,30   ±4,03 0,000* 

 P
1 

0,000*  0,000*  0,136   

Extension T0 47,30   ±7,78 45,77   ±7,56 45,13   ±6,12 0,089 

 T1 51,13   ±4,51
Aa

 49,30   ±5,84
B
 46,80   ±5,44 0,003* 

 T2 52,50   ±4,49
Aa

 50,13   ±6,24
B
 47,30   ±6,62

C
 0,005* 

 P
1 

0,000*  0,000*  0,050*   

Right rotation T0 59,03   ±10,17 59,53   ±6,38 58,80   ±9,53 0,948 

 T1 65,17   ±8,94
A
 64,87   ±7,19

B
 63,53   ±9,47

C
 0,736 

 T2 67,57   ±8,68
Aa

 64,67   ±8,66
B
 61,30   ±8,71 0,013* 

 P
1 

0,000*  0,000*  0,002*   

Left rotation T0 56,83   ±10,92 57,83   ±6,57 58,37   ±6,76 0,770 

 T1 64,33  ±10,54
A
 64,83   ±8,43

B
 61,30   ±7,22

C
 0,658 

 T2 65,60   ±8,36
A
 64,13   ±9,49

B
 62,33   ±7,10

C
 0,269 

 P
1 

0,000*  0,000*  0,007*   
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Right bending T0 32,27   ±6,93 29,13   ±6,83 30,10   ±6,54 0,191 

 T1 36,73   ±5,90
Aa

 35,47   ±6,65
Bb

 31,37   ±6,18 0,003* 

 T2 37,43   ±6,42
Aa

 34,00   ±6,69
B
 30,30   ±5,69 0,000* 

 P
1 

0,000*  0,000*  0,279   

Left bending T0 31,20   ±6,38 29,53   ±8,04 29,20   ±6,01 0,485 

 T1 35,40   ±6,16
Aa

 35,73   ±7,17
Bb

 30,13   ±5,76 0,001* 

 T2 37,27   ±6,16
Aa

 34,10   ±7,39
Bb

 29,57   ±5,61 0,000* 

 P
1 

0,000*  0,000*  0,542   

EX exercise, HILT High-Intensity Laser Therapy, PL placebo, SD Standart deviation, ROM 

Range of motion, NDI Neck disability index. *P value is significant < 0.05, confidence 

interval %95. A, B, C and P
1
 show within-group comparison statistically significant (p<0.05); 

a, b, c and P
2
 show between-group comparison statistically significant (p<0.05). 
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Table 4: Change over time in SF-36 sub-parameters between treatment groups. 

                                 HILT+EX (n=30)                      

                                      (mean±SD)                             

    PL+EX (n=30)           

      (mean±SD)                             

  Only EX(n=30)           

    (mean±SD)                              

                                      

        P
2
 

   SF-36         

PF T0 42,67   ±18,18 38,67  ±23,41 41,17 ±11,87     0,698 

 T1 54,83   ±17,29
Aa

 44,00    ±21,83
B
 45,00 ±12,25 0,030* 

 T2 

P
1 

58,67 

0,000* 

  ±18,10
Aa

 

 

46,00 

0,000* 

   ±22,30
B
 45,83 

0,038* 

  ±15,54 

 

0,013* 

RL T0 21,67 ±25,20 6,67   ±13,02 18,33   ±21,71 0,024* 

 T1 67,50 ±30,90
Aa

 40,00   ±31,89
B
 25,00   ±33,48 0,000* 

 T2 

P
1 

81,67 

0,000* 

±24,51
Aa

 50,00 

0,000* 

±34,11
B
 

 

35,00 

0,021* 

±29,07
C 

0,000* 

RLEP T0 37,74 ±32,41 14,43 ±24,24 37,74 ±29,96 0,003* 

 T1 86,65 ±25,68
A
 72,20 ±30,44

B
 72,21 ±36,19

C
    0,117 

 T2 

P
1 

93,32 

0,000* 

±16,16
Aa

 

 

72,20 

0,000* 

±29,15
B
 

 

81,10 

0,000* 

  ±29,93
C
 

 

0,007* 

V T0 37,00 ±17,84 29,33 ±16,12 36,17   ±16,17     0,156 

 T1 55,00 ±16,61
Aa

 45,50 ±18,35
B
 39,67   ±16,34   0,003* 

 T2 

P
1 

59,50 

0,000* 

±17,58
Aa

 

 

39,33 

0,000* 

±16,54
B
 

 

38,67 

0,049* 

  ±18,89 

 

0,000* 

GMH T0 46,27 ±16,13 40,93 ±14,47 48,27   ±12,60     0,134 

 T1 63,87 ±13,47
Aa

 55,87 ±14,76
B
 53,33   ±11,71 0,005* 
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 T2 

P
1 

66,60 

0,000* 

±12,38
Aa

 

 

55,59 

0,000* 

±14,16
B
 

 

51,73 

    0,070 

  ±14,40 

 

0,000* 

SF T0 41,33 ±21,87 32,50 ±15,26 41,83   ±14,93      0,102 

 T1 72,50 ±18,10
Aa

 59,58 ±18,48
B
 52,08   ±17,70

C
 0,000* 

 T2 

P
1 

80,00 

0,000* 

±18,74
Aa 

 

59,75 

0,000* 

±18,22
B 

 

52,92 

0,008* 

  ±22,19
C 

 

0,000* 

BP T0 27,00 ±14,88 20,83 ±10,14 29,17   ±10,03 0,028* 

 T1 65,67 ±14,25
Aa

 54,33 ±16,46
Bb

 42,25   ±13,68
C
 0,000* 

 T2 

P
1 

71,58 

0,000* 

±14,61
Aa 

 

51,42 

0,000* 

±19,02
B 

 

41,75 

0,000* 

  ±17,10
C
 

 

0,000* 

GH T0 39,83 ±10,95 39,17 ±12,46 42,33   ±9,07     0,584 

 T1 52,67 ±10,89
Aa

 50,00 ±12,59
B
 43,50   ±11,53 0,023* 

 T2 

P
1 

55,75 

0,000* 

±11,05
Aa 

46,67 

0,001* 

±12,89
B 

44,33 

0,329 

  ±16,07 0,005* 

EX exercise, HILT High-Intensity Laser Therapy, PL placebo, SD Standart deviation, SF36 

short-form 36 health survey, PF physical function, RL role limitations due to physical 

functioning, BP bodily pain, GH general health, V vitality, SF social functioning, RLEP role 

limitations due to emotional problems, GMH general mental health. P value is significant < 

0.05, confidence interval %95. A, B, C and P
1
 show within-group comparison statistically 

significant (p<0.05); a, b, c and P
2
 show between-group comparison statistically significant 

(p<0.05). 
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