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Abstract
When conservative treatments fail, hip osteoarthritis (OA), a chronic degenerative disease characterized by cartilage wear,
progressive joint deformity, and loss of function, can result in the need for a total hip arthroplasty (THA). Surgical procedures induced tissue trauma and incite an immune response. Photobiomodulation therapy (PBMt) using low-level laser
therapy (LLLT) and/or light-emitting diode therapy (LEDT) has proven effective in tissue repair by modulating the inflammatory process and promoting pain relief. Therefore, the aim of this study was to analyze the immediate effect of PBMt on
inflammation and pain of patients undergoing total hip arthroplasty. The study consisted of 18 post-surgical hip arthroplasty
patients divided into two groups (n = 9 each) placebo and active PBMt who received one of the treatments in a period from 8
to 12 h following THA surgery. PBMt (active or placebo) was applied using a device consisting of nine diodes (one superpulsed laser of 905 nm, four infrared LEDs of 875 nm, and four red LEDs 640 nm, 40.3 J per point) applied to 5 points along
the incision. Visual analog scale (VAS) and blood samples for analysis of the levels of the cytokines TNF-α, IL-6, and IL-8
were recorded before and after PBMt application. The values for the visual analog scale as well as those in the analysis of
TNF-α and IL-8 serum levels decreased in the active PBMt group compared to placebo-control group (p < 0.05). No
decrease was observed for IL-6 levels. We conclude that PBMt is effective in decreasing pain intensity and post-surgery
inflammation in patients receiving total hip arthroplasty.
Keywords Phototherapy . Low-level laser therapy . Light-emitting diodes . Total hip arthroplasty (THA)

Introduction
* Ernesto Cesar Pinto Leal-Junior
ernesto.leal.junior@gmail.com
1

Laboratory of Phototherapy in Sports and Exercise, Universidade
Nove de Julho (UNINOVE), Rua Vergueiro 235, São
Paulo, SP 01504-001, Brazil

2

Postgraduate Program in Rehabilitation Sciences, Universidade
Nove de Julho (UNINOVE), São Paulo, SP, Brazil

3

Masters and Doctoral Programs in Physical Therapy, Universidade
Cidade de São Paulo, São Paulo, SP, Brazil

4

Multi Radiance Medical, Solon, OH, USA

5

Federal University of São Paulo (UNIFESP), São José dos
Campos, SP, Brazil

6

Postgraduate Program in Biophotonics Applied to Health Sciences,
Universidade Nove de Julho (UNINOVE), São Paulo, SP, Brazil

Osteoarthritis (OA) is a degenerative joint disease characterized by the wear of articular cartilage, marginal osteophyte
formation, ligament, synovial and meniscal changes, and
damages of the subchondral bone [1, 2]. During early stages
of the disease, the degenerative process is slow but progresses
over time. In advanced stages of OA, abnormal remodeling of
cartilage and formation of osteophytes irreversibly destroy the
affected joint [3]. Activities of daily living (ADLs) involving
load bearing at the hip joint become compromised due to pain,
and prognosis is often poor [4] directly interfering with quality
of life of patients [1–4].
Conservative treatment is often no longer effective in later
stage of OA, and total hip arthroplasty (THA) is an alternative
often used in these cases [5] to relieve symptoms [6, 7].
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Although known as a surgical extreme procedure, postsurgical quality of life (QoL) improves and many patients
often return to work [6, 7]. Even knowing that THA surgery
can be successful, there are issues that need to be addressed
related to postoperative pain management. Inadequate postoperative pain management is a worldwide problem, and the
need to improve its management is well documented [5].
However, the tissue trauma leads to an inflammatory reaction
and immune response with release of some mediators such as
cytokines [8–11]; therefore, the surgical procedure can cause
significant postoperative pain [12]. Postoperative pain is associated with increased hospital length of stay, delayed ambulation, and long-term functional impairment [13]. A more focused effort is needed to develop postoperative pain management, particularly during the first few days after surgery [14].
Postoperative pain management following THA is a major
concern for both patients and their caregivers particularly during the first few days after surgery [14]. The rise of inflammation dominates the initial phase of repair and a postoperative
pain management will likely include the use of NSAIDs for
analgesia. Published studies show that most NSAIDs have an
adverse effect on osteoblast growth by cell cycle arrest and
apoptosis induction [15]. Also, the potential risk of heart attacks and strokes has been known for years, and it applies to
even short-term use of the medication for people with or without heart disease [16].
Photobiomodulation therapy (PBMt), using low-level laser therapy (LLLT) and light-emitting diode therapy
(LEDT), has been shown to be an effective in pain reduction, modulation of inflammation, and promoting repair of
tissue [3, 17–20]. Additional studies have demonstrated
positive effects of PBMt in cell proliferation, microcirculation, vascular neoformation, collagen production from fibroblasts, and bone repair [21–23]. PBMt is virtually without side effects and has minimal contraindications for use.
Comparisons with non-steroidal anti-inflammatory drugs
(NSAIDs) in animal studies found optimal doses of PBMt
and NSAIDs to be equally effective in treatment of different
musculoskeletal disorders [24–35]. PBMt offers a better
risk-benefit profile compared to NSAIDs and is a safe,
non-pharmacological adjunct therapy in the management
of acute pain.
However, there is a lack of information regarding the use of
non-pharmacological complementary therapies that offer less
risk of side effects, since the use of non-steroidal anti-inflammatory drugs (NSAIDs) are commonly associated with these
effects [36, 37]. In addition, although NSAIDs are widely
prescribed, they have been shown to have limited efficacy in
pain relief [36, 37]. In this perspective, the aim of this study
was to evaluate the effect of PBMt that combines multiple
light sources, power outputs, and wavelengths on acute pain
and serum levels of inflammatory markers in patients following postoperative hip arthroplasty.

Material and methods
Study design and ethics statement
A randomized, triple-blinded (patients, therapists, and outcome assessors), placebo-controlled trial was performed.
The present study was submitted and approved by the research
ethics committee (process number 066490). All patients voluntarily agreed to participate and signed the informed consent
statement. The study was conducted at, between July and
August of 2015.

Characterization of sample
The sample size calculation was performed based on a pilot
study performed by our research group. For sample size
calculation, we considered the β value of 20% and α of
5%. In pilot study used as reference for sample size calculation, it was observed that PBMt led to decreased pain (our
primary outcome) using visual analog scale (VAS) to
53.90 mm (± 11.50) immediately after PBMt irradiation
compared to baseline (68.80 ± 13.30). Thus, the calculation
resulted in a sample of 9 volunteers per group, 18 volunteers
in total.
Eighteen post-surgical THA patients participated in the
study. Each patient underwent the same surgical procedure
and technique performed by the same surgeon. During surgery, the head and part of the neck of the femur were
resected; the acetabulum was prepared to receive highdensity polyethylene that fits into a metal hemi-sphere to
replace the femoral head which was then connected to a
rod inserted in the medullary canal of the femur. The fixing
of the femoral head may or may not be cemented. The surgeon used an acrylic plastic polymethylmethacrylate, and
the rod was fixed under pressure [38]. The consolidated
standard of reporting trials (CONSORT) flowchart summarizing experimental procedures and subjects are shown in
Fig. 1.

Inclusion criteria and exclusion criteria
Inclusion criteria:
–

–

Patients that were in immediate postoperative period from
8 to 12 h after total hip arthroplasty, due to diagnosis of
OA. The diagnosis of OA was conducted by an orthopedic surgeon, based on the previous history of OA in these
patients. In addition, the surgeon evaluated radiological
images in the anteroposterior profile of the hip of these
patients. The surgeon used Dejour’s classification [39] to
describe the severity of hip OA;
Both genders.
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Fig. 1 CONSORT flowchart

Exclusion criteria:
–
–
–

–

Any hip surgery that was not due to OA;
Any hip surgery other than total arthroplasty;
Neurological and cognitive problems, as dementia, mental retardation, communicative deficit, or any other condition that would make it impossible to understand the
study procedures;
Postoperative complications such as deep vein thrombosis and infections.

or B) performed by a participating researcher not involved with
the recruitment or evaluation of patients. This same researcher
was responsible for programming the PBMt device according to
the result of the randomization and was instructed to not disclose
the identity of the devices to anyone involved in the study. The
PBMt device used displayed the same setting and emitted the
same sounds regardless of the programmed dose and mode (active PBMt or placebo PBMt). Patient and therapist were blinded
throughout the treatment. Randomization labels were created
using a randomization table at a central office. Concealed allocation was achieved through the use of sequentially numbered,
sealed, and opaque envelopes.

Randomization
Interventions
Prior to initiation of treatment, the 18 patients were randomized
into two experimental groups (nine patients per group).
Randomization was carried out by a simple drawing of lots (A

A single application of PBMt (active or placebo) was performed within postoperative period from 8 to 12 h, immediately
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after the baseline evaluation. The active and placebo PBMt
were performed using the same device and the irradiated sites
were the same in both therapies. To ensure blinding for patients
and therapists, the device emitted the same sounds and the same
information on the display regardless of the programmed mode
(active or placebo). The device in the placebo mode and in the
active mode had the brightness of the red light source, but in the
placebo mode, the emitted light had only 0.5 mW of power
output for each red diode, and both super-pulsed laser, infrared
LEDs, and magnetic field were turned off. This amount of
power used in placebo mode is negligible but ensures the
brightness of the red light without therapeutic effects. In this
way, it is impossible to discern between the two PBMt modes
(placebo and active). The device was previously coded as active
or placebo modes, and only one researcher not involved in the
randomization, treatment, and evaluation was aware of these
codes. The intervention specifications were as follows:
1. PBMt group: PBMt was applied using a cordless, portable
PainAway/PainCure™ device (manufactured by Multi
Radiance Medical, Solon-OH, USA) at five sites/points
over the full extent of the surgical scar, with a distance of
2 cm between sites (Fig. 2). The cluster style emitter contains 9 diodes comprising 1 super-pulsed laser diode
(905 nm, 2.7 mW average power, 8.5 W peak power,
and 0.81 J dose for each diode), 4 red LEDs (640 nm,
15 mW average power, and 4.5 J dose for each diode),
and 4 infrared LEDs (875 nm, 17.5 mW average power,
and 5.25 J dose for each diode). The total irradiation time
per site was 300 s and the total energy delivered was
39.8 J. The choice of these parameters was based on a
previous study using the same technology [40]. The optical power of the device was checked before irradiation (in
each patient) by a researcher that was not involved in data
collection and analysis. For such, it was employed a
Thorlabs® thermal power meter (Model S322C,
Thorlabs®, Newton-NJ, USA). The full description of
PBMt parameters is provided in Table 1.
2. Placebo-control group: The placebo PBMt was delivered
using the same device that active PBMt but without any
emission of therapeutic dose (placebo mode). Patients

received a total negligible dose of 0.6 J per point/site in
placebo mode. Furthermore, the sources of infrared light
and superpulsed are off and the electromagnetic field is
inactive.

Outcomes
The outcomes were pain intensity and levels of cytokines
(interleukin [IL]-6, IL-8, and tumor necrosis factor alpha
[TNF-α]) obtained at baseline (pre-treatment) and immediately (within 10 min) after irradiation with PBMt (posttreatment). These outcomes were collected by an assessor
who was not aware of patient allocation to their treatment
groups.
The primary outcome of the study was pain intensity measured by visual analog scale (VAS). Visual analog scale (VAS)
evaluates pain intensity levels perceived by the patient, with
assistance of an assessor, on a scale ranging from 0 to
100 mm, with 0 being Bno pain^ and 100 being Bthe worst
possible pain^.
The secondary outcome of the study was the cytokine
levels measured by enzyme-linked immunosorbent assay
(ELISA) method. For such, blood samples were collected
by a qualified nurse blinded to group allocation and were
obtained from the antecubital vein. One hour after collection, each sample was centrifuged at 3000 rpm for 20 min.
Pipettes were used to transfer the serum to Eppendorf ®
tubes, which were stored at − 80 °C until analysis. The
levels of IL-6, IL-8, and TNF-α in the blood samples were
determined by enzyme-linked immunosorbent assays, using
a commercial kit and following the manufacturer’s instructions (BD Biosciences®, USA). Spectrophotometric readings were performed in a SpectraMax® Plus 384
Absorbance Plate Reader (Sunnyvale, CA, USA) with
450-nm wavelength and correction to 570 nm. The results
were expressed in pg/ml.

Statistical analysis

Fig. 2 Sites of PBMt and placebo irradiation (white circles) on the
surgical scar

The statistical analysis was conducted following the principles
of intention-to-treat analysis [41]. Initially, the data was tabulated and evaluated for normality using the Shapiro-Wilk test.
As a normal distribution was verified, unpaired, two-tailed,
Student’s t test was used to detect difference among groups.
The significance level was set at p < 0.05. The data in the
graphs are presented as mean and standard error of the mean
(±SEM). The researcher that completed the statistical analysis
was blinded to randomization and allocation of patients in
experimental groups.
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Parameters for PBMt

Number of lasers

One super-pulsed infrared

Wavelength (nm)

905 (± 1)

Frequency (Hz)
Peak power (W)

3000
8.5

Average optical output (mW)
Power density (mW/cm2)

2.7
9.66

Energy density (J/cm2)

2.9

Dose (J)
Spot size of laser (cm2)
Number of red LEDs
Wavelength of red LEDs (nm)

0.81
0.4
4 Red
640 (± 10)

Frequency (Hz)

2

Fig. 3 Change in pain assessed using 100 mm VAS. Values are mean and
error bars are SEM. Asterisk indicates significant difference between
placebo/control and PBMt groups (p < 0.05)

Average optical output (mW)—each 15
16.66
Power density (mW/cm2)—each
2
5
Energy density (J/cm )—each
Dose (J)—each
Spot size of red LED (cm2)—each
Number of infrared LEDs

4.5
0.9
4 Infrared

Wavelength of infrared LEDs (nm)
Frequency (Hz)
Average optical output (mW)—each
Power density (mW/cm2)—each
Energy density (J/cm2)—each
Dose (J)—each

875 (± 10)
16
17.5
19.44
5.83
5.25

Spot size of LED (cm2)—each
Magnetic field (mT)

0.9
35

Irradiation time per site (s)
Total energy delivered (J)
Aperture of device (cm2)
Application mode

300
39.8
4
Cluster probe held stationary
with slight contact with patient
skin with a 90-degree angle.

Results
Eighteen acute postoperative arthroplasty patients were recruited for this study and completed all procedures with no
dropouts. The average age in PBMt group was 69 (± 5.6),
height of 165.00 cm (± 11.00), and body weight of 70 (±
9.56), 55.5% were male and 44.4% female. In the placebocontrol group, average age was 67 (± 6.4), height of
169.00 cm (± 5.00), and body weight of 79 kg (± 11.00),
33.3% were male and 66.6% female. There was no difference
between experimental groups for demographics’ characteristics (p > 0.05).
Figure 3 demonstrates that PBMt significantly decreased
(p < 0.05) pain compared to placebo-control. At baseline (before treatment), placebo-control group showed 56.70 mm (±
10.00) at VAS scale, while PBMt group showed 65.60 (±

12.40), without difference between groups. Immediately following treatment, PBMt group decreases pain intensity when
compared to placebo-control group (p < 0,05), as shown in
Fig. 3.
As shown in Fig. 4, the levels of IL-6 showed no statistically significant difference between the placebo-control (pretreatment 361.67 ± 29.89 pg/ml and post-treatment 352.88 ±
18.32 pg/ml) and PBMt groups (pre-treatment 350.30 ±
33.38 pg/ml and post-treatment 338.19 ± 28.60 pg/ml) at none
time points tested.
The levels of IL-8 in placebo-control and PBMt groups
were 191.29 pg/ml (± 15.52) and 190.28 pg/ml (± 15.99), respectively, showing homogeneity between groups at baseline
evaluation. At post-treatment evaluation, there was a statistically significant decrease in IL-8 in favor of PBMt group
compared to placebo-control group (p < 0,05), as showed in
Fig. 5.
The levels of TNF-α in placebo-control and PBMt groups
were 467.73 pg/ml (± 24.47) and 469.88 pg/ml (± 26.50), respectively, showing again homogeneity between groups at
baseline evaluation. At post-treatment evaluation, there was
a statistically significant decrease in TNF-α in favor of PBMt
group compared to placebo-control group (p < 0,05), as
shown in Fig. 6.

Discussion
The results of this study support the hypothesis that
photobiomodulation therapy applied to the surgical incision
in the postoperative period reduces acute pain and inflammation in patients after hip arthroplasty. Previous studies using
laser therapy and the visual analog scale as a means of evaluation also reported less pain in the post-surgical period, corroborating the results of this study [42–44].
Photobiomodulation therapy has been identified as an
effective, safe, and non-invasive modality able to modulate the inflammatory process [17, 18, 20, 36]. The current study adds to this collective body of evidence. It is
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Fig. 4 Change in IL-6 levels measured by ELISA immunoenzymatic
assay. Values are mean and error bars are SEM

known that surgical injuries in the hip joint induce immune response mediated by inflammatory cytokines
[8–11].
There was modulation of the inflammatory process in the
arthroplasty postoperative period in the group treated with the
active phototherapy. These results are in accordance with previous studies in the literature in which authors demonstrated
decreased in pain scores and inflammatory markers in patients
treated with laser therapy over the surgical incision in tibial
fractures postoperative [45]. Decrease in pain and reduced
administration of analgesic drugs was also observed in patients treated with laser therapy in distal radius fracture in
the immediate postoperative period [46].
In order to observe the action of PBMt on serum levels of
proinflammatory citokynes IL-6, IL-8, and TNF- α, mediators
released during acute inflammation, we performed an analysis
using the immunoenzymatic test. In this study, we chose not to
perform blood tests before the surgery, since there is a prior
consensus in the scientific literature regarding the increase of
cytokines and their kinetic behavior, which occur after postsurgical hip arthroplasty, highlighting the acute inflammatory
character [9, 11, 47].
Our results show reduced IL-6 levels in the group treated
with effective PBMt, although this reduction was not statistically significant. The results are consistent with previous
studies that investigated the effects of PBMt in decreased
IL-6 release [17, 21]. This reduction in IL-6 release may not

Fig. 5 Change in IL-8 levels measured by ELISA immunoenzymatic
assay. Values are mean and error bars are SEM. Asterisk indicates
significant difference between placebo-control and PBMt groups
(p < 0.05)

Fig. 6 Change in TNF-α levels measured by ELISA immunoenzymatic
assay. Values are mean and error bars are SEM. Asterisk indicates
significant difference between placebo-control and PBMt groups (p <
0.05)

be significant because of the short time interval chosen between the end of surgery and the application (8 to 12 h after
surgery). Several authors report that an increase in peak
concentrations occurs on the first day and remains until
the third day post-surgery [10, 11].
Regarding the release of IL-8, our results show a statistically significant decrease in serum levels of this cytokine
in the group treated with effective PBMt. This allows us to
infer that PBMt attenuates the levels of this cytokine. A
previous study showed increased IL-8 at the end of surgery
with peaks in 6 h and decrease on the first day, indicating its
chemotactic character and short duration [11]. The findings
of this study also indicate a statistically significant decrease
in serum levels of proinflammatory cytokine TNF-α. Since
in the early stages of inflammation, an increased presence
of TNF-α stimulates IL-6 and IL-8 synthesis attributing the
acute inflammatory process in surgical trauma [8, 10, 11],
modulation of this cytokine minimizes this process. Thus,
once the action of these mediators is controlled, the patient
has a less aggressive inflammatory process due to the surgical procedure [11]. Acute inflammation can lead to functional impairment to the patient. Therefore, modulation, not
elimination, of the inflammatory process and its subsequent
signs and symptoms is paramount to the success of the
tissue repair and quality.
Our results provide us with evidence that a single application of PBMt added to postoperative treatment attenuates inflammation and significantly reduces acute inflammatory
pain. These results point to a possible decrease in the administration of analgesic drugs, which besides having high cost
for health systems and have adverse or side effects [36, 37].
Improving pain control may decrease length of stay, decrease
costs, enhance functional recovery, and improve long-term
functional outcomes [13].
The results also provide a better understanding of the role
of PBMt with the parameters used on the modulation of inflammatory mediators, as well as in the decrease of pain, being
of great value, since it may guide future therapeutic interventions. However, it is important to highlight that the parameters
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used in the present study were chosen according to previous
study [40] and according to instructions provided by the manufacturer. Further studies are important to substantiate the
findings described in this study and to investigate if the parameters used are the most adequate for pain control in patients submitted to THA.
This study has some limitations such as the lack of assessment of cytokines prior to surgery in order to have more
data to ensure the homogeneity of groups, which happened
due to our full access to patients only after the surgery,
making impossible to analyze the inflammatory markers
before the surgery. However, it is important to highlight that
the analysis of these mediators after the surgery (before
treatments) showed homogeneity between the groups.
Finally, it is important to report that magnetic therapy may
have an effect of reducing pain, and this aspect warrants
further investigation.
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