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Photobiomodulation in Parkinson's disease: A randomized
controlled trial
To the Editor

Photobiomodulation, which uses non-thermal and non-ionizing
light in the visible and infrared spectrum, has been proposed as a
potential strategy for improving the symptoms of patients with Par-
kinson's disease (PD) [1], but this has not been tested in a random-
ized controlled trial (RCT). We thus sought to assess whether
photobiomodulation can ameliorate the cardinal motor symptoms
of PD using an RCT design.

The present RCT (NCT03811613) was conducted from
January 29theApril 6th, 2018. Patients were randomly assigned
(http://www.graphpad.com/quickcalcs/randomize1.cfm-) to a
photobiomodulation or sham (control) group. Researchers in
charge of the sessions and endpoint assessment were blinded
to participants’ allocation. The study complied with the Consol-
idated Standards of Reporting Trials (CONSORT) statement and
was approved by the local Ethics Committee (reference #08/
18).

All participants gave their written informed consent to take part
in the study. They were recruited from a local PD patients associa-
tion (Asturias, Spain), where all study procedures were performed.
Eligibility criteria were: diagnosis of idiopathic PD; stage 1e2 on
the Hoehn and Yahr Scale; no neurological condition other than
PD; able to stand for 2min and walk 10m without assistance; and
no severe dyskinesias or “ON-OFF” phases. Participants were
instructed to maintain their medication and usual activity routine
during the study. They received 18 photobiomodulation or sham
sessions for 9wks. During the sessions they were blindfolded, so
that the light signal was not perceivable (the device emits no
sound). Sessions lasted 9min and were administered twice weekly
on non-consecutive days.

Photobiomodulation was administered using red light-emitting
diodes (LEDs) with awavelength of 670nm (which has been proven
to penetrate the skull) [2] in six 1-min blocks, alternating the LEDs
between the right and left temples and with a 30-sec rest between
blocks. This LED location aimed to reach one of the substantia nigra
pars compacta, with death of dopamine-producing neurons in this
area being a proposed major pathological substrate associated
with PD motor symptom [1,3].

The LED unit we used (WARP 10, Quantum Devices; Barneveld,
WI) produces J/cm2 of energy at its highest intensity (60mW/cm2).
When 8J/cm2 of energy are applied to the head, approximately
2e3% of the near-infrared photons reach the brain cortex at depths
of 1cm from the skin or scalp surface, and 0.2e0.3% are estimated
to reach depths of 2cm (and thus to reach the white matter) [3].
Accordingly, transcranial application of J/cm2 is estimated to
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deliver 0.09375 J/cm2 (1.9%) and 0.009375J/cm2 (0.19%) to the
brain cortex and white matter, respectively. Based on these con-
siderations, we estimated that 0.009375J/cm2 of LED (0.19%) could
be delivered to the substantia nigra pars compacta. The laser wave
was continuous with a uniform circular beam area during all the
sessions. Procedures for the sham group were identical except
that patients received photobiomodulation for only 5sec followed
by 55sec with no treatment (¼1/12th of the energy used for the
intervention group). Although there are no prior studies using
this sham protocol in PD, it has proven ineffective for cognitive
improvement in healthy adults [4]. Thus, we considered it might
be used as a control in the present patient population as it could
equate to a subjective experience (e.g., feeling a brief sensation
of heat at the start of a treatment session) without producing
benefits.

Endpoint assessment was conducted by the same researchers
the week prior to (i.e., baseline) and after the 9wk intervention.
Post-intervention tests were performed 72e96h after the last ther-
apy session. Baseline and post-intervention tests were conducted
while patients were in the medication ON-state (i.e., 1e2h hours af-
ter taking their morning or evening dose). The primary endpoint
was assessment of movement alterations with the Spanish-
validated version of the motor portion of the Movement Disorders
Society-Unified PD Rating Scale (MDS-UPDRS) [5]. Secondary end-
points were: motor function (Spanish-validated version of the
Short Parkinson's Evaluation Scale/Scales for Outcomes in PD) [6];
static posturography [7]; walking speed, assessed with the ten-
meter walk test (TMWT), which was performed at two different
rhythms, the preferred and fastest-possible rhythm, respectively
[8]; and the timed up and go (TUG) test [9].

We used the intention-to-treat approach (missing individual
data imputed with the baseline-observation-carried forward
approach). Data normality and homoscedasticity were evaluated
using Shapiro-Wilks and Levene's tests, respectively. Paired Stu-
dent's t-test was used to determine the endpoint changes within
each group during the intervention. The mean difference (post-
intervention minus baseline) was compared between groups with
unpaired Student's t-test. The magnitude of the differences was
assessed with standardized effect sizes (ES, Hedges' g). The a as
set 0.05.

Seventeen and 18 patients were randomly assigned to the inter-
vention and sham group, respectively (age 72±7yrs and 70±8yrs,
respectively; 7 and 8 women; time since diagnosis 9±4yrs and
8±4yrs; Hoehn and Yahr stage 1.5± 0.6 and 1.5± 0.5; MDS-UPDRS
score [motor part] 11± 6 and 9± 5; levodopa dosage 644± 160
mg/day and 596± 162mg/day) (Supplementary file 1).
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Table 1
Effects of photobiomodulation or sham therapy on study endpoints.

Endpoint Group Baseline Post-intervention Post minus baseline (mean [95% CI]) P-value within groups P-value between groups

MDS-UPDRS, motor part PBM 11± 5 10± 4 �1 (�2, 4) 0.571 0.470
Sham 9± 5 9± 4 0 (�3, 3) 0.973

SPES/SCOPA PBM 11± 10 10± 8 �1 (�6, 8) 0.787 0.188
Sham 9± 5 9± 5 0 (�4, 4) 0.930

CoP Length (mm) PBM 108± 37 116± 46 8 (�42, 15) 0.351 0.721
Sham 107± 24 112± 26 5 (�23, 12) 0.531

CoP Area (mm2) PBM 230± 110 278± 112 48 (�136, 30) 0.203 0.540
Sham 216± 110 234± 116 18 (�94, 59) 0.647

CoP Speed (mm/s) PBM 3.3± 1 3.7± 1.1 0.4 (�1, 0.2) 0.212 0.362
Sham 3.0± 0.7 3.2± 0.9 0.2 (�1, 0.4) 0.513

TMWT (preferred rhythm) (s) PBM 6.0± 1.1 6.1± 1.0 0.0 (�1.0, 0.8) 0.915 0.215
Sham 6.5± 1.0 6.4± 1.0 �0.1 (�7.9, 2.9) 0.349

TMWT (fast rhythm) (s) PBM 4.9± 0.9 4.3± 0.7 �0.6 (0.0, 1.1) 0.045* 0.001*
Sham 5.0± 1.03 5.0± 1.0 �0.0 (�0.7, 0.7) 0.891

TUG test (s) PBM 11.0± 2.6 10.6± 2.5 �0.4 (�3.2, 10.3) 0.298 0.094
Sham 12.6± 5.1 12.8± 5.4 0.2 (�3.7, 3.4) 0.920

Values are presented as mean± standard deviation. Differences between groups correspond to the comparison of the change (post-intervention minus baseline) observed in
each group. Abbreviations: CI, confidence interval; CoP, center of pressure (static posturography); MDS-UPDRS, motor part of the Movement Disorders Society-Unified Par-
kinson's Disease Rating Scale; PBM, photobiomodulation; SPES/SCOPA, Short Parkinson's Evaluation Scale/Scales for Outcomes in Parkinson's Disease; TMWT, ten-meter walk
test; TUG, timed up and go.
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Baseline scores were used for two (intervention group) and
three patients (sham) who were not available for post-
intervention assessment. No adverse events were noted.

We found no changes over the 9-wk period in the sham group
(all p> 0.1). Yet, the photobiomodulation group showed gait im-
provements (i.e., TMWT, fast rhythm; p¼ 0.045, ES¼ 0.73), and a
significant between-group difference was found for the mean
change (post-intervention minus baseline) in this endpoint
(p¼ 0.001, ES¼ 1.17, Table 1). No other intervention effect was
noted, although there was trend towards greater benefits in the
TUG test after photobiomodulation (p¼ 0.094, ES¼ 0.54).

Photobiomodulation improved gait speed in the fast rythm of
the TMWT by 0.33m/second on average, which is of potential clin-
ical relevance as 0.23m/second has been identified as the minimal
detectable change [8]. Our findings are in agreement with those of a
previous study that reported gait improvements in PD patients af-
ter transcranial photobiomodulation [10], as well as with other pre-
clinical studies that suggest that photobiomodulation could be a
potential strategy against neurodegenerative diseases [1].

The present study is preliminary in essence and further corrob-
oration is needed in larger cohorts. Yet, our findings are encour-
aging and might provide useful information for PD management.
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