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ABSTRACT

Introduction: Several clinical trials have
demonstrated that low-level light therapy
(LLLT), a method of photobiomodulation, is an
effective analgetic treatment. However, the
mechanism of action has not yet been finally
clarified. In particular, unanswered questions
include whether it only affects peripheral or
whether it also affects the spinal or supraspinal
level. This study aimed to evaluate the effect of
low-level light therapy on primary and sec-
ondary hyperalgesia in a human pain model.
Methods: This study was planned as a ran-
domized, sham-controlled, and double-blinded
trial with repeated measures within subject

design. Capsaicin was applied on both forearms
of ten healthy volunteers to induce peripheral
and central sensitization. One forearm was
treated with low-level light therapy; the other
served as sham control.
Results: Low-level light therapy significantly
increased the mechanical pain threshold, heat
pain threshold, and decreased pain intensity.
Conclusions: Our data indicate that low-level
light therapy is effective at reducing the heat
and mechanical pain threshold in a human
pain model, pointing to a significant modulat-
ing effect on peripheral and central sensitiza-
tion. These effects—especially in the absence of
reported side effects—make low-level light
therapy a promising tool in pain management.
The application of low-level light therapy to
treat chronic pain should be considered for
further clinical trials.

Keywords: Hyperalgesia; Low-level light
therapy; Pain sensitization; Photobiomod-
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Significance We present the first data from a human
pain model indicating that low-level light therapy
effectively modulates both peripheral and central
sensitization, making it a promising tool in the
management of acute as well as chronic pain.
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Key Summary Points

Peripheral and central sensitization are
pivotal mechanisms in pain physiology.

Peripheral sensitization is often linked to
inflammation and acute pain.

Central sensitization is regarded as a key
domain in the chronification of pain.

We have shown that low-level light
therapy (LLLT) reduces both central and
peripheral sensitization.

The effect size of the central effect was
even larger than the effect on pain
intensity.

Our findings encourage further clinical
trials with LLLT in chronic pain.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.12999494.

INTRODUCTION

Low-level light therapy (LLLT), a method of
photobiomodulation, is well established in
various fields of medicine. In general, LLLT is
the clinical application of light with wave-
lengths usually in the range of 600 to 1100 nm
and a typical power density from 5 mWcm-2 to
5 Wcm-2 [1]. Indications for LLLT are the
improvement of wound healing and tissue
regeneration, scarring, and perfusion, as well as
pain therapy.

In the last few decades, the phenomenon of
sensitization has been increasingly studied for
its fundamental role in pain medicine [2, 3].

Sensitization is generally regarded as a physio-
logical, adaptive, and self-limiting process
caused by nociceptive stimuli to facilitate heal-
ing of an injury. However, prolonged sensitiza-
tion is maladaptive and represents a major
contribution to the development of pain
chronification. Systematically, sensitization can
be grouped into central and peripheral
mechanisms.

Peripheral sensitization causes the so-called
primary hyperalgesia at the nociceptor level due
to an excessive stimulus response by decreasing
the threshold for nociception in the peripheral
nervous system [4]. The heat pain threshold
(HPT) is generally regarded as a marker of pri-
mary hyperalgesia [5]. In contrast, central sen-
sitization causes secondary hyperalgesia, which
is quantified by the mechanical pain threshold
(MPT). Central sensitization is determined by
the neuroplastic changes occurring at the spinal
or supraspinal level [6].

The distinction between these two mecha-
nisms is relevant because peripheral and central
sensitization responds to different therapeutic
approaches [7]. Clinically, the two are likely to
coexist in the majority of patients experiencing
pain; in pain chronification, however, the cen-
tral processes reach major relevance [3]. They
play a pivotal role in the development and
maintenance of various chronic pain conditions
[8]. For example, central sensitization con-
tributes to the transition process from acute to
chronic pain and the development of persistent
postoperative pain [9].

Despite convincing results in some clinical
trials [10–14], the mechanism of action by
which LLLT relieves pain has not yet been
clarified. In particular, unanswered questions
include whether LLLT only takes effect periph-
erally or whether it also effects the neuroplastic
changes on the spinal or supraspinal level.

To provide an answer to these questions, we
use a human pain model developed to mimic
different aspects of clinical pain and to study
pain mechanisms in order to examine whether
peripheral or central mechanisms contribute to
the analgetic effect of LLLT.
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METHODS

Study Design and Ethics Statement

This study was designed as a randomized, sham-
controlled, and double-blinded trial with repe-
ated measures within subject design at the
Medical University of Graz, Austria. After
receiving approval from the ethics committee
(EK 30-270 ex 17/18), healthy male and female
subjects aged 20–60 willing to participate were
included. Exclusion criteria were defined as:
known allergies or hypersensitivity to capsaicin,
history of skin diseases, neurological diseases,
diabetes mellitus, pregnancy, and consumma-
tion of analgetic or psychotropic drugs taken
within 1 month before study participation.

Those eligible were informed about the study
details by the principal investigator and, after
giving written consent, were included in the
study. During the first visit, demographic
information, including Fitzpatrick classification
of skin color, was obtained from all patients
[15].

A-Priori Sample-Size Calculation

No previously published data were available as a
source for an a-priori sample-size calculation.
Thus, we powered the study to meet the fol-
lowing parameters: the significance level of 0.05
and beta was 0.2. In a two-sided paired t test, a
sample of ten participants is suitable for
detecting an effect size of C 1.

Setting

The trial took place in a quiet room with an
average temperature of * 24 �C over the whole
duration of the capsaicin application and irra-
diation procedure. Probands were situated in
the room for at least 30 min to allow
acclimatization.

Capsaicin Pain Model

We used a human pain model capable of
inducing the central and peripheral

mechanisms. Capsaicin application rapidly
produces local neurogenic inflammation (char-
acterized by edema and erythema) when locally
administered to human skin by stimulating the
TRPV1 receptors on dermal sensory nerve end-
ings [5, 16–20]. In this pain model, heat
hyperalgesia (i.e., the increased sensitivity to
heat stimulation at the site of application of
capsaicin) has been found to be due to periph-
eral sensitization, whereas mechanical hyperal-
gesia (i.e., increased sensitivity to mechanical
stimulation beyond the area of capsaicin) is due
to central sensitization [21].

Before the capsaicin application, skin tem-
perature was measured using an infrared ther-
mometer. In the case of skin temperature below
30 �C, the area was covered by a blanket until
the required skin temperature was reached. A
30 mm 9 30 mm cutaneous capsaicin patch 8%
(Qutenza, Grünenthal, Aachen, Germany) with
640 mg of capsaicin per cm2 (corresponding to
5.76 mg of capsaicin in total) was applied in the
volar side in the middle of both distal forearms
of the participants. The patches were loosely
fixed with bandages. After 60 min, the patches
were removed, and the exposed skin areas were
treated with the appropriate cleansing gel
(supplied with Qutenza and intended for
removal) according to the manufacturer’s
recommendations.

Randomization and Blinding

During the capsaicin application, patients were
randomized to determine which arm was trea-
ted with LLLT. The other arm received the same
treatment with an unactivated device and
served as sham-control. Randomization was
carried out by a coin toss (left or right) by a
nurse, who had no further involvement in the
study except for the irradiation procedure. The
observer was not present during the random-
ization and intervention. The nurse was
instructed not to share any information about
the allocation of the side of irradiation with the
volunteers and observers.

The volunteers were blinded with opaque
goggles. In addition, they wore earplugs to
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prevent them from hearing the ventilator noise
of the LLLT system.

Intervention

Immediately after removing the capsaicin
patch, the two forearms were positioned in the
same way on a base divided by an opaque screen
to avoid scattered radiation (Fig. 2). The nurse,
who was also responsible for the randomiza-
tion, positioned two identical LLLT devices
(Repuls7, Repuls Lichtmedizintechnik GmbH,
Vienna, Austria) simultaneously with a 7 cm-
distance ring in direct contact with the skin.
According to the randomization procedure, one
LLLT device remained turned off. The other
forearm was irradiated with pulsating and cold
red light of 640 nm. The intensity was 175
mWcm-2, which corresponds to a power den-
sity of 4100 mW. The pulse frequency was set to
2.5 Hz. A duration of 12 min was chosen based
on the manufacture’s recommendations.

Measurement

Measurement was performed directly after
intervention. Pain intensity was quantified
using a numeric rating scale (NRS 0–10) imme-
diately after intervention on the irradiated and
non-treated forearms. Assessment of the sensory
thresholds was based on the specifications of
the German Research Association for Neuro-
pathic Pain [22, 23].

HPT was assessed on both the LLLT irradiated
forearm and non-treated forearm (= control). It
was evaluated using a computer-controlled Pel-
tier element, the TSA-II Quantitative Neu-
roSensory Analyzer (Medoc Ltd., Ramat Yishai,
Israel), with a 30 mm 9 30 mm thermode. As
heat hyperalgesia is only present in the area of
primary hyperalgesia [24], the probe of the TSA
was exactly positioned to match the marked
edges of the capsaicin patch. The baseline tem-
perature of the probe was 32 �C. The ramp for
the temperature increase of the probe was set to
1 �C/s. The volunteers were instructed to press a
button as soon as they felt a sensation that was
not only warm but also accompanied by a
burning, stinging, drilling, or dragging feeling.

MPT was assessed on both sides 1 cm proxi-
mal to the marked area using pinpricks with a
calibrated force of 8, 16, 32, 64, 128, 256, and
512 mN and a flat contact area 0.2 mm in
diameter (MRC Systems GmbH, Heidelberg,
Germany). The pinpricks were applied with a
stepwise which increased force. The volunteers
were instructed to indicate the force where they
first perceived a sharp sensation. They were
then asked about any side effects at the end of
the irradiation and the end of the measurement.

Statistical Analysis

The data were analyzed for normality by the
Shapiro–Wilk test. Accordingly, a comparison of
the sides was calculated using a paired t test or
Wilcoxon signed-rank test, as appropriate. The
significance level a was set to 0.05. To quantify
the magnitude of the effect size, Cohen’s d for
repeated measurement was calculated with their
corresponding 95% confidence interval (95%
CI). The effect sizes were summarized in three
categories: small (0.2\ d\ 0.5), medium
(0.5\ d\0.8), and large (d[0.8) [25].

The force measurements of the mechanical
pain sensitivity were transformed into decadic
logarithms. Before the logarithmic transforma-
tion, a constant of 0.1 was added to all zero and
non-zero raw data in order to avoid a loss of
zero values [26]. The data were summarized as
mean and standard deviations.

All analyses were conducted with NCSS
[NCSS 12 Statistical Software (2018); NCSS, LLC.
Kaysville, UT, USA]. Data analyses were per-
formed by an independent researcher blinded
to the group assignment.

Table 1 Demographic data

Sex (female/male) 7/3

Age (years) 41.2 ± 9.9

Weight (kg) 70.1 ± .8.3

Height (cm) 174.7 ± 8.5
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This manuscript was prepared according to
the Consort guidelines. All procedures were in
accordance with the Helsinki Declaration.

RESULTS

In July and August 2019, seven females and
three males were assessed for eligibility and
included in the trial. Patient demographics are
presented in Table 1. The age of the probands
ranged from 27 to 58 years. Eight subjects were
right-handed and two were left-handed. All
participants were Caucasian and had dark white
skin, according to skin type 3 of the Fitzpatrick
classification. The treatment side was randomly
allocated to the right side in five subjects and to
the left side in five subjects. Skin temperature
was in the range of 32 ± 1 �C before the cap-
saicin application for all probands without the
need for external warming.

A schematic diagram of the time-course of
the study is presented in Fig. 1.

NRS pain values differed significantly
between the LLLT-treated side and control side
(3.6 ± 1.2 vs. 4.4 ± 1.1, p = 0.0107). Likewise,
HPT (40.2 ± 2.5 �C vs. 36.9 ± 1.8 �C,

Fig. 1 Study flowchart

Fig. 2 Setup of the intervention. Both forearms were
positioned in the same way on a base divided by an opaque
screen to avoid scattered radiation. One side was irradiated
and the other side received a sham intervention (not
displayed). The red area marks the neurogenic inflamma-
tion caused by the capsaicin application
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p = 0.0026) and the mechanical pain sensitivity
(MPS) [2.19 ± 0.43 log10 (mN) vs. 1.89 ± 0.45
log10 (mN), p = 0.0084] differed significantly.

The effect size was 0.682 (95% CI 0.385–1.03)
for the NRS pain values, 1.037 (95% CI
0.103–1.97) for MPS and 1.54 (95% CI
0.544–2.541) for HPT.

All the participants completed the study.
There were no unexpected side effects reported
(Fig. 2).

DISCUSSION

Our study shows that LLLT reduces pain inten-
sity, as well as both peripheral and central sen-
sitization in a human pain model.

Effect on Pain Intensity

A few clinical trials have demonstrated that
LLLT alleviates pain. Most of these studies were
carried out in postoperative scenarios. LLLT was
shown to be effective in decreasing mean pain
intensity in patients undergoing hip arthro-
plasty [11], coronary bypass surgery [13], and
orthodontic tooth movement [10]. Likewise, in
a non-surgical acute pain setting, pre-treatment
with LLLT before radiotherapy in breast cancer
patients had a dual beneficial effect in reducing
the severity of radiodermatitis and ameliorating
pain intensity due to radiation-induced skin
toxicity.

There are very few studies that concentrate
on LLLT and chronic pain. In patients with
nonspecific chronic knee pain, treatment with
LLLT decreased pain and improved quality of
life [12].

The results of our trial are in line with the
findings of the above-mentioned small number
of clinical studies. The pain intensity our pro-
bands experienced on the irradiated forearm
was reduced by nearly one-quarter compared
with the intensity on the sham-treated forearm,
representing a medium effect size.

Proposed mechanisms of analgetic action
include local release of serotonin, endorphins,
and anti-inflammatory effects [13]. Addition-
ally, activation of peripheral opioid receptors
may contribute [27].

Effect on Peripheral Sensitization

Our data have shown that HPT experienced a
statistically significant increase in the LLLT-
treated forearm compared with the sham-trea-
ted forearm. This corresponds to a reduction in
peripheral sensitization.

The intracellular mechanisms of sensitiza-
tion of nociceptors—the structure where the
peripheral sensitization mainly takes place—are
not yet fully understood. The complex pro-
cesses of immunology, however, which have
recently been well studied, should attract par-
ticular attention. Several studies have shown
that pronociceptive cytokines like tumor
necrosis factor a (TNF-a), IL-1b, and IL-6, as well
as antinociceptive cytokines like IL-10 con-
tribute to balanced nociceptor sensitivity. LLLT
contributes to a decrease in the pro-inflamma-
tory cytokines IL-1b and IL-6 as well as an
increase in the anti-inflammatory cytokine IL-
10 [28, 29]. In clinical trials, TNF-a and IL-6
showed decreased serum levels after hip
arthroplasties were treated with LLLT [11, 30].
The effect of LLLT on pro-inflammatory TNF-a
was studied in a sciatic nerve crush model in
mice, but the results were controversial [29, 31].

The release of opioid peptides by immune
cells is another peripheral endogenous
antinociceptive mechanism involved in coun-
teracting inflammatory hyperalgesia [32]. In
this context, the LLLT-related activation of
peripheral opioid receptors, which involve the
recruitment of opioid-containing leukocytes,
are certainly of great relevance [27].

Central Sensitization

Mechanical pain sensitivity differed signifi-
cantly between the irradiated and non-irradi-
ated forearms, pointing to an influence of LLLT
on central sensitization. Although these results
may appear counterintuitive at first glance,
there are some possible explanations for how
changes at the spinal and supraspinal level can
be caused by topical treatment. However, as our
study was not designed to elucidate the under-
lying mechanisms, we can only speculate on the
potential explanations for our observed
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antihyperalgetic effect. Nitric oxide (NO) is
regarded as an important element in central
sensitization of nociceptive posterior horn
neurons [33–35]. There are references that show
the involvement of NO in cellular mechanisms
of low-level light therapy [36, 37].

Glutamergic calcium conducting ion chan-
nels, in particular, NMDA receptor channels, as
well as the activation of TRPV1 receptors, are
essential for central sensitization processes (i.e.,
long-term potentiation) [6]. Pigatto et al.
demonstrated in a very recent study the
involvement of both TRPV1 and glutamate on
the analgetic effect of LLLT [38]. One could
therefore speculate that these mechanisms may
also represent a potential rational for our
findings.

Clinical Perspective

Peripheral and central sensitization are two
pivotal mechanisms in our current under-
standing of pain physiology. While peripheral
sensitization is often linked to inflammation,
which is a typical component of various acute
pain scenarios, central sensitization is regarded
as a key domain in the chronification of pain
[2, 3].

Previous clinical studies on the effectiveness
of LLLT have been conducted primarily for the
treatment of acute pain [10, 11, 13, 14]. These
convincing results can be explained by the
effect on peripheral sensitization, which we
showed in the present study. Our results pro-
vide the mechanistic background of the effect of
LLLT on acute pain disorders.

What surprised us was the central effect of
LLLT. The effect size of these results was even
larger than the effect on pain intensity. Until
now, the application of LLLT in chronic pain
scenarios has only been evaluated in a single
clinical trial, which suggested it as an effective
treatment option [12]. Our findings encourage
further clinical trials on chronic pain.

Limitations

The present study has limitations that need to
be addressed. First, the duration of the LLLT

application was chosen arbitrarily. As no previ-
ously published evidence was available, we fol-
lowed the manufacturer’s recommendations.

Another limitation is that we applied only a
single LLLT treatment. Repeating the LLLT
therapy several times would not have been
reasonable due to the temporal dynamics of the
chosen pain model [39]. However, even our
single treatment resulted in medium to strong
effects. Evaluation of repeated applications in a
prolonged human pain model would thus be
theoretically interesting but would raise major
ethical issues. Therefore, the effectiveness of
different treatment durations should be further
studied in clinical scenarios related to chronic
pain.

Another interesting parameter would have
been the size of the flare area, which occurs as a
result of neurogenic inflammation. Unfortu-
nately, we did not have access to the necessary
measurement systems for a valid assessment,
such as a laser Doppler flowmeter.

Finally, we have to emphasize that this study
was not designed for elucidating background
mechanisms but to assign the analgetic effect to
clinically relevant modes of action. All
assumptions on potential underlying causes
and contributors are speculative.

CONCLUSIONS

Our data indicate that LLLT is effective in
reducing HPT and MPT in a human pain model,
pointing to a significant modulating effect on
peripheral and central sensitization. These
effects—especially in the absence of reported
side effects—make LLLT a promising tool in
pain management. The application of LLLT to
treat chronic pain should be considered for
further clinical trials.
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