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Abstract

Objective. The objective of the study was to inves-
tigate clinical effects of low-level laser therapy
(LLLT) in patients with acute neck pain with
radiculopathy.

Design. Double-blind, randomized, placebo-
controlled study.

Setting. The study was carried out between January
2005 and September 2007 at the Clinic for Rehabili-
tation at the Medical School, University of Belgrade,
Serbia.

Patients and Intervention. Sixty subjects received a
course of 15 treatments over 3 weeks with active or
an inactivated laser as a placebo procedure. LLLT
was applied to the skin projection at the anatomical
site of the spinal segment involved with the follow-
ing parameters: wavelength 905 nm, frequency
5,000 Hz, power density of 12 mW/cm2, and dose of
2 J/cm2, treatment time 120 seconds, at whole doses
12 J/cm2.

Outcome measures. The primary outcome measure
was pain intensity as measured by a visual analog

scale. Secondary outcome measures were neck
movement, neck disability index, and quality of life.
Measurements were taken before treatment and at
the end of the 3-week treatment period.

Results. Statistically significant differences
between groups were found for intensity of arm pain
(P = 0.003, with high effect size d = 0.92) and for
neck extension (P = 0.003 with high effect size
d = 0.94).

Conclusion. LLLT gave more effective short-term
relief of arm pain and increased range of neck exten-
sion in patients with acute neck pain with radicul-
opathy in comparison to the placebo procedure.

Key Words. Low-Level Laser Therapy (LLLT); Acute
Neck Pain

Introduction

Acute neck pain with cervical radiculopathy is a common
condition with a reported annual incidence of approxi-
mately 83 per 100,000 and an increased prevalence in
the fifth decade of life (203 per 100,000) [1,2]. The most
common causes of compression of the cervical level nerve
root are stenosis of the lateral canal secondary to spondy-
larthrosis [3] and a prolapsed intervertebral disk (PID) [1].
However, nerve root pain can occur in the absence of
visible compression [4,5]. The main clinical features of the
condition are pain and functional disability, which have a
considerable impact on overall health [6]. Clinical diagno-
sis of cervical radiculopathy is hindered by a lack of
well-defined clinical criteria [7–9]. The scientific evidence
supports the use of manual provocative tests in patients
with neck pain and suspected radiculopathy and together
with a combination of patient history, physical examina-
tion, imaging techniques, and needle electromyography
(EMG) to diagnose the cause and site of cervical radicul-
opathy. Patient self-reported assessment is useful to
evaluate perceived pain, function, disability, and psycho-
social status [10]. The natural course of spondylotic and
discogenic cervical radiculopathy is generally favorable;
however, the percentage of spontaneous recovery is
unknown [11,12]. Several intervention strategies are com-
monly used in the management of cervical radiculopathy.
These range from conservative approaches to surgical
intervention [13]. Conservative treatments have shown
positive results in patients with severe pain and neurolo-
gical lesions [14]. However, it was found that a lower
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percentage of patients underwent conservative treatment
as compared to surgery [15], in spite of the fact that no
advantage of surgery has been demonstrated [16]. For
many of the treatment modalities that are used widely in
practice, insufficient evidence supports their use [17,18].

Increasing evidence suggests that inflammation alone or in
association with root compression is the main pathological
factor that is responsible for radiculopathy that is associ-
ated with disk herniation [19]. Disk herniation may cause
pain by mechanical compression of the nerve root. Cervical
nerve roots can also be at risk of injury due to foraminal
impingement and mechanical compression, which lead to
endoneurial edema, neuronal damage, and decreased
axonal conduction velocity, and these in turn are strongly
related to pain [20,21]. Data strongly support the role of
proinflammatory cytokines in pain that is associated with
herniated disks. Cytokines, such as interleukin 3 (IL-3),
IL-6, and IL-8, cause hyperalgesia in animals [22] and
may play a role in the physiopathology of radiculopathy. The
interactions of axons with proinflammatory cytokines could
increase electrical conductivity. Recently, a study demon-
strated the effect of cyclic mechanical stress on the pro-
duction of inflammatory agents and postulated a possible
synergistic effect of simultaneous mechanical and chemi-
cal irritation of the annulus fibrosus cells on the production
of pain mediators, such as prostaglandin E2 [23].

Many experimental and clinical studies have shown anal-
gesic and anti-inflammatory potential of low-level laser
therapy (LLLT) in a dose-dependent manner [24,25]. It has
been shown to be a low risk and safe treatment, but its
true efficacy is controversial. LLLT was demonstrated to
modulate the inflammatory, proliferative, and remodeling
phases of the healing process [26,27]. Important addi-
tional effects appear to include a direct influence on neural
structures that are damaged by compression or inflam-
mation, and this significantly improves nerve recovery
[28–30].

The aim of this study was to investigate the clinical effects
of LLLT in patients with acute neck pain with radiculopa-
thy. We hypothesize that LLLT would provide a clinically
and statistically significant benefit over a placebo for
patients with acute neck pain with radiculopathy.

Materials and Methods

Patients

The study was carried out between January 2005 and
September 2007 at the Clinic for Rehabilitation at the
Medical School, University of Belgrade, Serbia. During this
period, 285 patients with acute neck pain with radiating
arm pain were admitted to the clinic. The prospective
double-blind randomized study included 60 patients with
acute neck pain with unilateral radiculopathy (Figure 1).
Clinical characteristics for inclusion in the study were: neck
and/or unilateral arm pain; clinical signs of radicular lesion
in a dermatomal distribution and/or myotomal muscle

weakness (graded less than 4/5) and/or diminished
reflexes in the upper extremities; disability evaluated as
moderate to severe; absence of symptoms and signs of
myelopathy; duration of symptoms less than 4 weeks;
absence of symptoms or signs of other similar neck and
arm diseases; no more than three previous episodes [31];
and evidence from magnetic resonance imaging (MRI) of a
PID or spondylotic degenerative changes. In the study, 225
patients were not included because they failed to meet
inclusion criteria, were unresponsive to initial contact, or
had red flag symptoms [32], such as neck trauma, diabe-
tes mellitus, inflammatory arthritis, neurological disease, or
cancer disease. In addition, pregnant patients and patients
that had been treated surgically for the same problem or
treated with oral corticosteroids and steroid injections for
any reason in the previous month were not included [33].

Diagnosis was made by a combination of clinical muscu-
loskeletal and neurological examinations of the neck and
upper extremities [34]; provocative tests: upper limb
tension test and Spurling’s test [35]; and additional neu-
roradiological and neurophysiological examinations. MRI
was done before the treatment and was a requirement for
inclusion the trial. Conventional needle myography (EMG)
was performed after 3 to 4 weeks from the beginning of
symptoms; only observations of signs of acute denerva-
tion were considered to be consistent findings, but the
observation of acute denervation was not required for
inclusion in the study.

During the study, two patients dropped out; one due to
nausea and the other due to an increase in blood pres-
sure. However, the last recorded parameters for these
patients were included in the analysis. Withdrawal of the
subjects was not registered.

All patients gave informed written consent to participate
in the study. The study was approved by the Ethics
Committee of the Clinic for Rehabilitation at the Medical
School, University of Belgrade.

Blinding

The patients were allocated randomly into two groups
using 60 sequentially numbered, opaque, sealed enve-
lopes that had been prepared earlier, using a computer-
ized table of random numbers and balanced to ensure
equal numbers in each group. The allocations were con-
cealed from the statistician (GH) until the statistical analy-
sis had been completed.

Treatment

The patients were allocated randomly to one of two treat-
ment groups: Group A (n = 30) was treated with local
active LLLT and group B (n = 30) was treated with local
placebo LLLT. Laser units were manufactured by Enraf
Nonius. The devices for LLLT were assigned as device A
for active LLLT and device B for placebo LLLT. The
patients did not know which unit was active. Patients were
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treated five times weekly for a total of 15 treatments. All
patients were instructed to perform restricted and allowed
activity (low aerobic activity). Both treatments were applied
by the same therapist, who was also unaware which unit
was active.

Active LLLT Treatment

The parameters of the laser beams are shown in Table 1.
The parameters were chosen on the basis of preliminary
results and previous studies [18,19]. The optical output
was tested before and after the end of the trial.

Placebo LLLT Treatment

Placebo LLLT was applied in the same manner, but using
a unit that had been deactivated by a member of the
Institute for Physics, Belgrade. The physicians and the
patients were unable to distinguish between the active
and placebo units.

Figure 1 Flowchart of patients
recruitment. LLLT = low-level
laser therapy.

285 assessed for eligibility

225 excluded 
Reasons:
Not meeting inclusion criteria 
(n=95)
Refused to participate (n=30) 
Meeting excluding criteria (n=105) 

Intention to treat analysis (n=30) 

Lost to follow-up (n=0) 
Discontinued intervention (n= 2) 
Drop out (n=2) 

Allocated to active LLLT group (A) 
(n=30)
Received allocated intervention 
(n=30)

Lost to follow-up  (n=0) 
Discontinued intervention (n=0) 
Drop out (n=0) 

Allocated to placebo LLLT group (B) 
(n= 30) 
Received allocated intervention 
(n= 30) 

Intention to treat analysis (n=30) 

60 randomized  

Table 1 Characteristics of the laser beams

Parameters Value used

Wavelength 905 nm (red)
Laser frequency 5,000 Hz
Maximum power output 25 mW
Diode surface 1 cm2

Power density 12 mW/cm2

Energy 2 J/point
Energy density 2 J/cm2 at each point
Treatment time 120 seconds at each point
Number of points 6
Daily energy delivered 12 J
Total energy delivered 180 J
Application mode Probe held stationary in

contact with skin
Anatomical site Local transforaminal*

* 2.5 cm and 3.5 cm laterally from process spinosus of
involved (C6, C7, or C8) and the two next distal spinal segment.
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Outcomes

The primary outcome measure was intensity of pain.
The secondary outcome measures were: neck mobility,
neck disability index (NDI), and a 12-item short-form
health survey (SF-12). Intensity of pain was measured
using a visual analog scale (VAS), either for neck (VAS-
neck) or for arm (VAS-arm) pain. The VAS corresponded
to a 100-mm horizontal scale, that was graded from
zero, which represented no pain, to 100, which repre-
sented the worst imaginable pain [36,37]. We classified
the changes in VAS scores into bands and analyzed the
resulting data as an ordinal response. Severity of pain
was graded into four groups according to the range
of VAS scores: none to mild (0–30 mm); moderate
(30–60 mm); moderately severe (60–80 mm); and severe
(80–100 mm) [38]. Neck mobility was measured by
assessment of flexion and extension. Flexion was
expressed as the distance in millimeters from the mid-
point of the chin to the apex of the sternal manubrium.
Extension range was evaluated as the distance in milli-
meters from the occipital tuberosities to the spinous
process of C7. NDI consists of a 10-item questionnaire
that assesses the impact of pain on daily activities using
a score from 0 to 5 for each section, with higher values
indicating more severe impact [39]. NDI was represented
as percentage disability, which was calculated from the
measured values (measured sum/50 ¥ 100). The SF-12
consists of 12 questions that concern general health and
can be divided into two aggregate summary measures:
the physical component summary (PCS) and the mental
component summary [40].

Subjects were evaluated before and at 3 weeks after by
independent physicians, who performed the diagnostic
assessment and were blind to the type of treatment.

To identify any adverse effects of treatment in a
systematic manner, subjects were asked to record any
new symptoms.

Statistics

The analysis was conducted on an “intention to treat”
basis. SPSS 11.5 (SPSS Inc., Chicago, IL) was used
for analysis. The results were expressed as the
mean � standard deviation (SD) for data that had a
normal distribution, or as median (25% and 75% percen-
tiles) for data that were not distributed normally. We
present two types of comparison: 1) comparison of means
obtained prior to therapy and at the end of therapy for
each measured outcome in both groups; and 2) compari-
son between groups of differences in scores obtained
prior therapy and at the end of therapy for each measured
outcome. For (1), statistically significant differences were
tested using both the paired t-test and the Wilcoxon
signed-ranks test for paired observations. For (2), statisti-
cally significant differences were tested using the inde-
pendent t-test or Wilcoxon–Mann–Whitney test for two
independent groups or the chi-square test, depending on

type of outcome variable. The level of statistical signifi-
cance was set at a two-tailed alpha level of 0.05. Post hoc
power analysis was used to analyze the effect size in order
to evaluate the importance of measured changes. An
ordinal regression analysis was performed for changes in
pain severity.

Results

Baseline characteristics are presented in Table 2. Inter-
group baseline statistics were determined with respect
to sex by the chi-square test and t-test and with respect
to age and duration by the independent sample
t-test. A statistically significant difference between the
groups was only verified for duration of symptoms
(t = –2.016, P = 0.048); however, this was without clinical
significance in relation to duration of the acute phase.
Most of the other characteristics were evaluated as out-
comes, and some of those presented are only descriptive.

In Table 3, the mean values � SD for outcomes are pre-
sented, except for the PCS before therapy and after

Table 2 Baseline characteristics

Characteristics
Group A
(n = 30)

Group B
(n = 30)

Age 41.71 � 8.63 38.55 � 7.86
Male 43.33 40.63
Female 56.67 59.3
Duration of symptoms

(days)
17.27 � 4.04 19.13 � 3.14

Pain in arm and neck 16/30 18/30
Pain in arm 28/30 27/30
Number of tender

points
3.2 � 1.4 2.5 � 1.8

Site of tender points
Neck 16/30 17/30
Shoulder 21/30 20/30
Scapula 24/30 21/30

Decreased neck ROM 30/30 30/30
Sensitive signs 11/30 12/30
Paresthesias 27/30 25/30
Weakness 23/30 21/30
Diminished reflexes 11/30 9/30
Root level C6 18/30 19/30
Root level C7 16/30 14/30
Decreased daily

activities and quality
of life

30/30 30/30

MRI findings
Protrusion of disk 18/30 16/30
Extrusion of disk 2/30 3/30
Foraminal stenosis 14/30 16/30

EMG consistent
findings

19/30 18/30
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therapy in group B, which is shown as the median [25%,
75%]. Both groups showed statistically significant values
obtained after therapy in comparison with the baseline
values for all investigated parameters (P < 0.001).

Differences between the baseline values obtained prior to
therapy and those obtained at the end of the therapy for
each measured outcome are compared between the two
groups in Table 4. Between groups is represented on
Table 4. Statistical analyses show greater improvement in
group A than in group B for all measured outcomes
except neck pain, with a high effect size on VAS-arm
(d = 0.98) and range of extension in neck (d = 1.09).

Table 5 represents the distribution of improvement in pain
scores at the end of therapy. These were defined as
greatly improved (<-50 mm), much improved (-50 to
-30 mm), somewhat improved (-30 to -10 mm), about
the same (-10 to 1 mm), and worse (>1 mm).

Ordinal regression analyses for pain intensity in the arm
and neck are presented in Table 6. The analyses show a
significant relationship between the level of pain in the arm
and the treatment group. After treatment, patients in
group A were more likely to have lower levels of arm pain
that those in group B (Odds ratio = 5.8). No effect of group
was seen on pain intensity in the neck at the end of
treatment (P = 0.09).

Systematic monitoring of adverse effects showed transi-
tional worsening of pain in 6/30 (20%) patients, persistent
nausea in 1/30 (3.33%), and an increase blood pressure in
1/30 (3.33%). All adverse effects occurred in the active
laser group (group A). Transitional worsening of pain was
registered immediately after the first three sessions of
treatment and had a maximum duration of 6 hours.
Patients with nausea or increased blood pressure were
excluded from the study. The results of the monitoring of
side effects show the low-risk nature of LLLT.

Table 3 Mean and median values for outcomes

Group Group A (n = 30) Group B (n = 30)

Outcomes Pre-therapy Post-therapy Statistics* Pre-therapy Post-therapy Statistics*
VAS-arm† 74.06 � 4.91 44.29 � 5.44 t = 38.12 72.52 � 5.98 47.84 � 7.37 t = 20.22
VAS-neck‡ 56.84 � 12.61 33.35 � 8.73 t = 10.03 58.45 � 11.01 39.45 � 11.03 t = 12.67
NDI§ 67.65 � 6.0 37.81 � 7.05 t = 21.28 66.87 � 5.07 41.74 � 4.25 t = 23.09
Flexion¶ 31.87 � 3.82 20.29 � 3.44 t = 20.68 30.61 � 4.65 21.29 � 4.29 t = 14.17
Extension** 39.58 � 5.11 37.68 � 4.56 t = 18.87 26.58 � 4.54 27.74 � 4.16 t = 23.25
PCS†† 11.09 � 1.76 16.09 � 1.58 t = -16.44 11.03 � 1.14 15.13 � 1.09 t = -26.22
MCS‡‡ 10.03 � 1.45 13.84 � 1.19 t = -18.17 9.0 [9.0, 9.0] 12.0 [12.0, 13.0] Z = -5.05

* P < 0.001 for all measured outcomes.
Values represented the mean values � SD except for the MCS of group B, where the values represent the median [25%, 75%];
† VAS arm; ‡ VAS neck; § The NDI; ¶ flexion of neck; ** extension of neck; †† PCS; ‡‡ MCS.
VAS = visual analog scale; NDI = neck disability index; PCS = physical component summary; MCS = mental component summary.

Table 4 Statistical analyses of measured changes

Group

Outcomes

A B A–B

Mean � SD
Mean (SD) or median
(25% 75%) t or Z P d†

VAS-arm 29.77 � 4.35 26.68 � 6.79 3.518 0.001* 0.98
VAS-neck 23.35 � 11.3 19.0 � 7.21 1.806 0.077 No
NDI 29.84 � 7.81 25.13 � 6.06 2.654 0.01* 0.69
flexion 11.58 � 3.12 9.32 � 3.66 2.613 0.011* 0.68
extension 13.06 � 3.86 9.94 � 2.38 3.845 0.000* 1.09
PCS 5.0 � 1.69 4.0 [4.0, 5.0]‡ -3.17‡ 0.002* 0.40
MCS 3.81 � 1.17 3.0 [3.0, 3.0]‡ -2.28‡ 0.023* 0.29

* Statistically significant values (P > 0.05); abbreviations of outcomes are explained in Table 3.
† d (Cohen effect size: d < 0.2 = low, 0.2 < d < 0.8 = medium, d > 0.8 = high).
‡ For outcome data that were not distributed normally (PCS and MCS group B), the median (25% 75%) and Z value are shown.
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Discussion

The lack of evidence with regard to diagnostic procedures
and treatment interventions for a condition that occurs as
frequently as degenerative cervical radiculopathy is very
distressing. The main characteristics of published trials are
imprecise selection of patients with cervical radiculopathy
non-confirmed with additional MRI and EMG investiga-
tions, with different clinical characteristics, undefined clini-
cal stage, and usually lacking description of treatment.

This study included patients with severe pain, moderate
disability, and discomfort during daily activities that were
associated with acute radicular lesion caused by disk
herniation or degenerative changes confirmed with MRI.
Baseline demographic characteristics (Table 2) were
similar to published data and showed an increased preva-
lence in females. Clinical examination prior to treatment
revealed that lesions were predominantly at the level of the
C6 root and that the patients presented frequently with
tender points behind the medial border of the scapula on
the involved side. These findings were particulary incon-
sistent with the published data [41]. The diagnoses in this
study were made mainly on clinical grounds with high
levels of support from consistent MRI findings. However, in
the majority of cases, the neurophysiological examination
did not provide consistent supporting evidence. The
results showed a statistically significant improvement in
the VAS score for arm pain, the parameters for neck
movement, and the PCS score (Table 5) in group A in
comparison with group B. Ordinal regression analyses of
categorized pain intensity showed very clear differences
between the groups, with greater improvement in the
active laser group with respect to arm pain (odds
ratio = 5.8). In a study of acute pain, the minimum clinically
relevant change in pain intensity was found to be 13 mm
on the VAS [42,43], and in this study, the changes in VAS

for both the arm and neck were greater than this threshold
value in the majority of patients in both groups (Table 5).
The intensity of neck pain decreased in a statistically sig-
nificant manner in both groups with no intergroup differ-
ences. Statistically significant decreases were measured
for the NDI. This decrease was larger for group A, in which
disability improved from moderate severe to moderate.
The placebo response in this study was similar for the
parameters investigated; for pain in the arm and NDI, it
was approximately 30% (calculated as the difference
between the values obtained prior to treatment and those
obtained at the end of therapy).

The main problem in comparing the results of this study
with the results of other studies of conservative treatment,
particularly LLLT studies, are the differences in included
patients and applied treatments [25]. The study of Soriano
et al. [44], which examined the effectiveness of 10 laser
treatments (wavelength 904 nm, average power 40 mW,
frequency 10,000 Hz, and energy density 4 J/cm2) was
similar in design to this study and showed significant
improvement in 71 patients at the end of treatment and 6
months later. Many other clinical studies have used LLLT
for nonspecific chronic neck pain and myofascial neck
pain [45–49]. The group of patients with nonspecific
chronic neck pain is very heterogeneous, and the genesis
of their pain is caused not only by pathological changes
in spinal and paraspinal structures but also by complex
neurophysiological and psychosocial mechanisms. In
addition, well-designed trials on other conservative treat-
ments of cervical radiculopathy have not been performed.
Persson et al. [16] conducted a randomized clinical trial
that compared three modes of treatment. Patients with
long-lasting cervical radiculopathy were randomized for
surgery, physiotherapy, or use of a cervical collar. Surgery
provided superior pain relief on follow-up at 4 months.
However, on follow-up at 16 months, the three groups
were not different with regard to pain, muscular strength,
or sensory loss. In 1966, the British Association of Physi-
cal Medicine conducted a randomized clinical trial that
included 493 patients with cervical root symptoms. They
were treated with traction, placebo traction, collar,
placebo tablets, or placebo heat treatment [31]. Seventy-

Table 5 Overall change in pain levels for
VAS-arm and VAS-neck

Change in
pain level

Group A
(n = 30)

Group B
(n = 30)

Overall change in pain level in arm
Greatly improved 0/30 (0%) 0/30 (0%)
Much improved 18/30 (60%) 6/30 (20%)
Somewhat

improved
11/30 (36.66%) 22/30 (73.33%)

About the same 0/30 (0%) 2/30 (6.66%)
Worse 1/30 (3.33%) 0/30 (0%)

Overall change in pain level in neck
Greatly improved 1/30 (3.33%) 3/30 (10%)
Much improved 9/30 (30%) 0/30 (0%)
Somewhat

improved
18/30 (60%) 26/30 (86.66%)

About the same 2/30 (6.66%) 1/30 (3.33%)
Worse 0/30 (0%) 0/30 (0%)

Table 6 Ordinal regression for VAS-arm and
VAS-neck

Group
Estimate
coefficient

Odds
ratio Wald

P
value

95% CI
for odds
ratio

VAS-arm
A -1.753 5.77 9.056 0.003 (0.06, 0.54)
B* 0 1 — — —

VAS-neck
A -1.033 2.81 2.828 0.093 (0.11, 1.19)
B* 0 1 — — —

* Reference group for this parameter.
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five percent of patients in all treatment groups reported
pain relief on follow-up at 4 weeks, and no significant
difference was observed in pain or in ability to work
between the five groups. A recent systematic review on
exercise for patients with neck pain (with or without
radicular arm pain) included specific exercises that may
only be effective for mechanical neck disorders [50]. A
systematic review that examined the effect of manipula-
tion and mobilization techniques in patients with mechani-
cal neck disorders [51] showed that manual therapy
probably results in greater short-term pain relief than exer-
cise therapy or the usual medical care that is given for
atypical neck pain without radiculopathy. However, insuf-
ficient evidence was found for the beneficial effect of
manipulative techniques in the subgroup with cervical
radiculopathy [52]. Moreover, cervical spine manipulation
carries a risk of complications, such as vertebral artery
dissection and spinal cord compression due to massive
disk herniation [53].

Hypothetically, the biological actions of LLLT are multiple.
Studies have documented changes in biochemical
markers of inflammation [54], the distribution of inflam-
matory cells, and a reduction in the occurrence of
edema, hemorrhage, and necrosis after local laser irra-
diation with different sources of laser beams (wave-
lengths of 660 and 684 nm [55], 780 nm [56], and
904 nm [57]) in experimentally induced models of inflam-
mation. The reduction in inflammatory infiltration (appro-
ximately 30–50%) is greatest after 3 to 4 hours and
correlates positively with a dose-dependent reduction in
tumor necrosis factor alpha (TNFa) [58]. Effects on anti-
oxidative enzymes could also be part of the modulation
mechanism in view of the role of these enzymes in
increasing the nonspecific resistance of cells to different
types of damages [59]. Comparison of LLLT with anti-
inflammatory drugs, such as meloxicam and indome-
thacin, has shown that the laser treatment has similar
anti-inflammatory effects to the drugs [60]. Important
additional effects may include a direct influence on neural
structures that are damaged by compression or inflam-
mation [28]. Laser phototherapy of injured peripheral
nerves significantly improves nerve recovery in rat [29]
and in clinical studies [30]. LLLT may have a direct effect
on nerve structures, which could increase the speed of
recovery of the conductive block or inhibit A-d and C
fiber transmission [61,62]. It is possible that laser-induced
neural blockade may then lead to a long-term alteration
in nociception [63], analogous to the prolonged analgesia
seen in some patients after the administration of local
anesthetics [64] and changes at the endorphin level [65].
However, the neuromodulation effects of LLLT are
dependent on many conditions in relation to timing and
mode of irradiation and rarely have been observed for
904 nm laser sources.

The results of this study must be considered in the light
of several limitations. Patients with relatively strictly
defined clinical forms of the condition (severe levels of
pain and moderate severe levels of disability) were
selected due to the typical flow of patients to clinical

treatment (selection bias). Randomization did not include
initial level of disability, MRI and EMG findings, duration of
symptoms, or other psychosocial characteristics that
could influence the therapeutic response. The results of
this study suggest only short-term effects. The identifica-
tion of true positive effects and a placebo response
under conditions of this study is controversial given that
we had no untreated group, especially when the history,
level, and percentage of spontaneous recovery were
unknown.

Future studies could include patients that are randomized
by levels for baseline disability, duration of symptoms, and
other physical and psychosocial characteristics that could
influence the response to treatment. In addition, further
long-term studies could be designed that compare the
use of a single type of therapy with a combined therapy
approach. Further understanding of the mechanisms of
the effects of LLLT could be very important for clinical
recommendation.

Conclusions

The suitability of LLLT (wavelength of 905 nm and dose of
2 J per point) as a monotherapy for the treatment of acute
neck pain with radiculopathy was examined. Patients
treated with LLLT showed a greater improvement in local
neck movements, a more significant reduction of pain
intensity and related disability, and a greater improvement
in quality of life, in comparison with patients treated with a
placebo LLLT procedure. In addition, no major side effects
were observed.
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