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Abstract

Background: Parkinson’s disease is a well-known neurological disorder with distinct motor signs and non-
motor symptoms.
Objective: We report on six patients with Parkinson’s disease that used in-house built photobiomodulation
(PBM) helmets.
Methods: We used ‘‘buckets’’ lined with light-emitting diodes (LEDs) of wavelengths across the red to near-
infrared range (i.e., 670, 810, and 850 nm; n = 5) or an homemade intranasal LED device (660 nm; n = 1).
Progress was assessed by the patients themselves, their spouse, or their attending medical practitioners.
Results: We found that 55% of the initial signs and symptoms of the six patients showed overall improvement,
whereas 43% stayed the same and only 2% got worse. We also found that PBM did not target a specific sign or
symptom, with both motor and nonmotor ones being affected, depending on the patient.
Conclusions: In summary, our early observations are the first to note the impact of PBM on patients’ signs and
symptoms over an extended period, up to 24 months, and lays the groundwork for further development to clinical trial.
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Introduction

The application of red to near-infrared light (k = 600–
1070 nm) to body tissues, known also as photobio-

modulation (PBM), has been used to treat many neurological
conditions in humans, including Parkinson’s disease,1–5

Alzheimer’s disease,6 depression,7,8 traumatic brain inju-
ry,9,10 age-related macular degeneration,11 stroke,12 and
lower back pain.13,14 In each of these explorations, as in all
those involving experimental animals,15 PBM leads to bene-
ficial outcomes, including improved cognition, mood, sight,
memory, and movement.

A key feature of PBM, at least from animal models of
Parkinson’s and Alzheimer’s disease, is that it can be neu-
roprotective, being able to slow the degenerative process.15–17

This feature makes the treatment most appealing for use in
humans, mainly because all of the current treatments for both
diseases are symptomatic and not neuroprotective.

In this study, we document six Parkinson’s disease pa-
tients who used PBM therapy. Five patients used in-house
built helmets, buckets lined with light-emitting diode (LED)
devices of wavelengths across the red to near-infrared range
(i.e., 670, 810, and 850 nm), whereas one patient used an

homemade intranasal LED device (660 nm). Two of these
patients were reported on previously,5 but in this study, we
provide updates on their progress; the other four were en-
tirely new cases. This report, as with our previous one,5 was
not part of any systematic research study nor randomized
clinical trial with placebo controls, it was simply a series of
observations made by the patients, carers and, in particular,
their attending medical practitioners. In fact, the first bucket
helmets were made by one of medical practitioners (C.H.)
to potentially help the patients alleviate their signs and
symptoms, many of whom, were referred to by a specialist
(F.N.). Even though we had a relatively small number of
cases (n = 6), the early findings were most encouraging. Our
report serves to alert others with similar conditions of the
potential benefits of PBM therapy and forms a template for
future clinical trials.18,19

Case Descriptions

In the section below, the impact of PBM will be described
separately for each patient. The use of PBM was voluntary
and progress was assessed by the patients themselves, their
carer, and in particular their attending medical practitioners
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(general practitioner and geriatrician). In fact, the medical
practitioners (C.H. and F.N.) were in a position to monitor
all six patients, hence providing some consistency in the
overall assessment. All patients consented for their case to
be included in this report.

Tables 1 and 2 show various features of the bucket hel-
mets constructed for each patient, their main signs and
symptoms, together with the impact of PBM. As is evident
from Table 1, the different patients had a range of different
signs and symptoms, reflective of the heterogeneous nature
of the disease.20,21 Further, there were some variations in the
construct of the bucket helmets in the different cases, be-
cause each was built as each new patient came on board to
try them out. Some of the details of power and energy for
the bucket helmets were not known, but what we did know
is noted in Tables 1 and 2. The one, major factor that the
different bucket helmets did have in common, and in fact
made them unique, was that they all incorporated two
wavelengths, in the red (e.g., 670 nm) and near-infrared
(e.g., 810 and 850 nm) ranges. The use of the two wave-
lengths was because animal experiments have shown that
using two wavelengths, sequentially, offers more beneficial
outcomes than just the one wavelength alone.22

Patient PN

PN, a 63-year-old male, was diagnosed two and a half
years previously. His major signs and symptoms included:
resting tremor, akinesia, gait change, impaired fine motor
skills and facial movement, trouble sleeping and swallow-
ing, persistent cough, fatigue, low self-esteem, and depres-
sion (Table 1). His daily medications included levodopa/
carbidopa and benztropine.

Nine months after diagnosis, PN started using a PBM
helmet, a modified bucket lined internally with strips of 670
and 810 nm LEDs (e.g., Fig. 1A, B; redlightsonthebrain
.blog; Table 1). His exposure was 10 min for each wave-
length twice daily. Four weeks after first use, there was a
noticeable reduction in his tremor. After 8 weeks, he was
walking faster, sleeping better, had more facial animation,
more energy, coughed less, swallowed more easily, and felt
more confident and less depressed. Over the next few
months, all of these improvements stabilized, and PN and
his family felt that PBM had restored many features of his
previous day-to-day activities and self-confidence. His
overall fine motor function had improved also and he re-
sumed home renovations.

For a more objective analysis, we measured PN’s writing
by using ImageJ software. Figure 2A shows a sample of a
seven-word sentence that he wrote before PBM therapy
began (time point 1) and after 24 months (time point 5). This
last time point was a new addition to our analysis; our
previous analysis of PN’s writing spanned only 10 months.5

The words were outlined (red lines, Fig. 2A) and the pro-
gram calculated the area (Fig. 3A) and the perimeter of
distance (Fig. 3B) of each word. Our analysis indicated that,
although there was a reduction at time point 5, this change
did not reach significance for either area (Fig. 3A; ANOVA
one-way: F = 0.7, p = 0.61) or perimeter of distance (Fig. 3B;
ANOVA one-way: F = 0.6, p = 0.68) of each word (n = 7).
Hence, over this extensive 2-year period, there was no clear
deterioration in his writing, it still being very legible.

In summary, of PN’s 12 initial signs and symptoms, in-
cluding writing, eleven improved (90%) after PBM, while
one stayed the same (10%) and none deteriorated (Fig. 4;
Table 1). His medication during this period did not change.
In recent times, PN has started using a ‘‘Well Red Coronet’’
(e.g., Fig. 1C, D), made from thin aluminium sheets lined
with red (670 nm) and near-infrared (810 nm) LEDs (www
.wellred.com.au).

Patient MH

MH, a 61-year-old male, was diagnosed 6 years previ-
ously. His major signs and symptoms included: resting
tremor, impaired fine motor skills and facial movement, gait
change (reduced stride), fatigue, apathy, difficulty main-
taining thoughts, low self-esteem, hesitant speech, and
trouble sleeping. His daily medications included levodopa/
carbidopa.

Three and half years after diagnosis, MH started using a
670 and 810 nm LED bucket (redlightsonthebrain.blog). His
exposure time was 10 min for each wavelength twice daily
(Table 1). After a month, MH reported that he had resumed
his usual activities, was more confident, socially interactive,
and could think more clearly. Over the next few months,
improvements in his sleep, speech, and gait became evi-
dent, together with his face being more animated. Further,
MH reported that he had much more energy and reduced
tremor. Over the next 2 years, these improvements have
been maintained and he enjoys an active lifestyle. About
12 months previously, he developed dystonia in this right
foot, together with a sleep disturbance (dream enactment).
These have not however, deteriorated any further over the
last 12 months. His fine motor skills have improved also; he
recently resumed being able to tie a fly onto a fishing line
and he now requires little help doing up his shirt buttons.

Figure 2B shows a sample of a 13-word sentence that MH
wrote before PBM therapy began (time point 1) and after
24 months (time point 5). The graphs in Fig. 3 indicate
no differences in either area (Fig. 3A; ANOVA one-way:
F = 0.4, p = 0.71) or perimeter of distance (Fig. 3B; ANOVA
one-way: F = 0.3, p = 0.77) of each word analyzed (n = 13).
Hence, although no improvements were evident, there was
no deterioration over this extensive period. It should be
noted that our original analysis of MH’s writing—that
spanned only 3 months—indicated an improvement in area
and perimeter of words.5 Our current, more extensive
analysis of his writing spanning 24 months, showed that his
writing stabilized and, most importantly, did not get worse.

In summary, of MH’s eleven initial signs and symptoms,
including his writing, seven improved (*90%) after PBM,
while one stayed the same (*10%) and none deteriorated
(Fig. 4; Table 1). His medication during this period did
not change. MH developed dystonia and dream enactment
12 months ago and they have not deteriorated any further
since then. Recently, MH has started using a coronet also
(e.g., Fig. 1C and D).

Patient CB

CB, a 64-year-old male, was diagnosed 12 years previ-
ously. His daily medications were an apomorphine pump,
apomorphine hydrochloride, levodopa, and benserazide. His
major signs and symptoms were: slow gait, muscle spasms
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and stiffness, trouble swallowing, soft voice, bladder ur-
gency, itchy feet, difficulty sleeping, and stress. He suffered
from ‘‘lockouts,’’ during which he would feel ‘‘frozen with
stiffness.’’ These occurred in the periods when the apo-
morphine pump was switched off, every 2 h. During these
lockouts, CB used a rescue dose of apomorphine. His con-
dition had made social interaction very difficult, he had poor
tolerance to change in daily routine, his enjoyment of life
was limited, and his confidence was low.

Some 11 years after diagnosis, CB started using a 670 nm
LED bucket; 4 months later, 850 nm LEDs were added and
he used the two wavelengths forthwith (redlightsonthebrain
.blog). His exposure time was 20 min/day (Table 1). After 8
months, CB and his wife noted some subtle but distinct
changes. They found that his daily number of lockouts had
reduced; on most days, where he would suffer three a day, he
now suffered none. He still had the occasional lockout
however, and on these ‘‘bad’’ days, they tended to be more
intense than before. Nevertheless, their frequency was lower.
CB also measured the amount of time between his levodopa
medication. Before PBM therapy, he would medicate every
75 min, while with PBM, this had increased to 90 min.
A small, yet consistent difference. His speech had more
volume and was a little quicker than before. His gait im-
proved also, being quicker and with more arm movement.
CB’s anxiety improved and with it, his ability to tolerate
routine changes and social interactions. His wife commented
that he was now able to do more and they ‘‘have more of a
life now.’’

Figure 3 shows an analysis of CB’s writing over a period
of 12 months. There was little change in either area
(Fig. 3A; ANOVA one-way: F = 0.3, p = 0.89) or perimeter
of distance (Fig. 3B; ANOVA one-way: F = 1.2, p = 0.32) of
each word analyzed (n = 11). Hence, although no improve-
ments were evident, there was no deterioration over this 12-
month period.

In summary, of CB’s 14 initial signs and symptoms, in-
cluding his writing, 7 improved (*50%) after PBM, while
7 stayed the same (*50%) and none deteriorated (Fig. 4;

Table 2. Table to Report Bucket Parameters in Patients

Manufacturer C & D Hamilton
Model identifier Eliza
Year produced 2016
No. and type of emitters (laser or LED) 670 nm and 810 (n = 150); 850 nm (n = 120)

All as LED strips
Wavelength and bandwidth (nm) 670 nm, 810 nm, 850 nm; bandwidth unknown
Pulse mode (CW or Hz, duty cycle) Continuous wave
Beam spot size at target (cm2) N/a
Irradiance at target (mW/cm2) N/a
If pulsed peak irradiance (mW/cm2) N/a
Exposure duration (sec) 670 nm, 810 nm, 850 nm; 600–900 sec
Radiant exposure ( J/cm2) 670 nm = 6.96 W used, efficiency unknown

810 nm = 26.4 W used, efficiency unknown
850 nm = 6 W used, efficiency unknown

Radiant energy ( J) Variable, range unknown
No. of points irradiated N/a
Area irradiated (cm2) Head
Application technique Transcranial
No. and frequency of treatment sessions 1–2 Daily
Total radiant energy over entire treatment course ( J) Ongoing

LED, light-emitting diode.

FIG. 1. The light ‘‘bucket’’ helmets, lined with red
(670 nm) and near-infrared (810 and 850 nm) LED lights.
The original helmets were constructed from either buckets
(A); patient CB or lampshades (B); patient MH. Some
patients—CB (C), PN (D), MH, SS—have recently started
using the ‘‘coronets,’’ made from thin aluminium sheets
lined with red (670 nm) and near-infrared (810 nm) LEDs
(www.wellred.com.au). (E, F) A homemade intranasal de-
vice of 660 nm LED used by one of the patients (ML). LED,
light-emitting diode.

4 HAMILTON ET AL.

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Sy
dn

ey
 f

ro
m

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

9/
24

/1
9.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 

https://www.liebertpub.com/action/showImage?doi=10.1089/photob.2019.4663&iName=master.img-000.jpg&w=238&h=295


Table 1). His medication during this period did, in fact,
reduced slightly. Recently, CB has started using a coronet
(e.g., Fig. 1C and D).

Patient SS

SS, a 64-year-old male, was diagnosed 4 years previously.
His medications were levodopa and carbidopa twice daily.
His major signs and symptoms were: resting tremor, gait
change, muscle cramps and stiffness, constipation, profuse
sweating on exertion, and difficulty swallowing.

Two years after diagnosis, SS started using a 670 nm LED
bucket (redlightsonthebrain.blog) for 30 min daily (Table 1).
After 3 months, SS and his wife reported faster times for his
daily run. This was followed at 8 months by improvements
in his walking, being much quicker and with more arm
movement. At about this time, SS added 810 nm LEDs to
his bucket, and used the two wavelengths sequentially for
15 min daily. He also noted improvements in sweating,
muscle cramps, and stiffness. His tremor however, fluctu-
ated on a day-to-day basis. At 5 months after first use of
PBM therapy, his medication was increased from two to
three times per day, in response to his tremor fluctuations.
The improvements in SS’s running, sweating, muscle
cramps, and stiffness were evident before this increase oc-
curred.

Figure 3 shows an analysis of SS’s writing over a period
of 12 months. There was little change in either area
(Fig. 3A; ANOVA one-way: F = 0.4, p = 0.8) or perimeter
of distance (Fig. 3B; ANOVA one-way: F = 0.2, p = 0.91) of
each word analyzed (n = 12). Hence, although no improve-
ments were evident, there was no deterioration over this
period.

In summary, of SS’s eight initial major signs and symp-
toms, including his writing, four improved (*55%) after
PBM, while three stayed the same (*35%) and one dete-
riorated (10%; Fig. 4; Table 1). Although his medication did
increase during this period, many of SS’s improvements
were evident before this increase occurred. Recently, SS has
started using a coronet (e.g., Fig. 1C and D).

Patient TU

TU, a 73-year-old male, was diagnosed over 14 months
previously, having developed a resting tremor in his right
hand. He also, on occasion, suffered from dream enactment.
Otherwise, he was free of the usual Parkinsonian signs and
symptoms, for example, akinesia and postural instability.
Levodopa was tolerated poorly and discontinued quickly.

Soon after diagnosis, TU started using a 670 and 810 nm
LED bucket (redlightsonthebrain.blog), 15 min each wave-
length daily (Table 1). After 14 months, TU’s tremor was
observed by his attending medical practitioners to be no
worse than at diagnosis and, on some occasions, not evident
at all. The frequency of his dream enactments had not
changed also, still being ‘‘occasional.’’ Further, even after
this extended time period, he had not developed any other
Parkinsonian sign or symptom.

Figure 3 shows an analysis of TU’s writing over a period
of 14 months. There was little change in either area
(Fig. 3A; ANOVA one-way: F = 0.3, p = 0.88) or perimeter of
distance (Fig. 3B; ANOVA one-way: F = 0.2, p = 0.91) of each
word analyzed (n = 9). Hence, although no improvements were
evident, there was no deterioration over this period.

In summary, although there was no clear improvement in
TU’s two initial signs and symptoms after PBM, they, in-
cluding his writing, all stabilized and did not get any worse
(Fig. 4; Table 1). He is still not on any medication. Recently,
TU has started using a coronet (e.g., Fig. 1C and D).

Patient ML

ML, a 75-year-old male, was diagnosed 14 years previously.
His major signs and symptoms were: tremor, cogwheel rigid-
ity, impaired facial movements and gait, diminished sense
of smell, fatigue, anxiety, slowed thinking, mild urinary fre-
quency and constipation, memory impairment, depression,
troubled sleep, restless leg, and dream enactment. His daily
medications included levodopa/carbidopa, rasagiline and pra-
mipexole. He was also using an antidepressant (venlafaxine) at
the time and had trialed isradipine (a calcium channel blocker).

ML is a retired general surgeon and an amateur elec-
tronics buff. Rather than make a bucket, he developed an
intranasal red light (660 nm) device that he could insert a
fair distance through the nasal cavity (*7 cm; Fig. 1E, F),
placing the PBM source tip close to the bone that covers the
brainstem (i.e., sphenoid). His thinking was to get the PBM
source as close to the diseased brainstem dopaminergic
neurons as possible. With some skepticism, ML commenced
treatment with his intranasal device, for 20 min/day, about
8 months ago (Table 1).

Soon thereafter the first use of his device, ML started feeling
much better. His wife (who also has a medical degree), and
attending medical practitioner, concurred with his much im-
proved status, noting his better mood, improved facial move-
ments, and energy. ML’s urinary frequency and constipation
resolved, his sleep was much improved, and there was less
dream enactment. Over the next few months these improve-
ments continued, so much so that ML felt ‘‘on top of the world.’’

Figure 3 shows an analysis of ML’s writing from two
sentence samples; one spans a period of about 2 years
(ML1), while the other spans a period of 11 years (ML2).
The two samples were different sentences, each from time
points well before and during PBM therapy. There was little

FIG. 2. Analysis of writing from patient PN (A) and MH
(B): analysis from before light (time point 1) and during its
course (time point 5), 24 months after commencement of
therapy. Each word of their sample was outlined (red lines)
and the program calculated the area and perimeter of dis-
tance of the words.
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change in either area (Fig. 3A; t-test, two-tailed, unpaired:
ML1 p = 0.98, ML2 p = 0.65) or perimeter of distance
(Fig. 3B; t-test, two tailed, unpaired: ML1 p = 0.70, ML2
p = 0.77) of each word analyzed (ML1 n = 28; ML2 n = 25).
Hence, although no improvements were evident, there was
no deterioration over these extended periods.

In summary, of ML’s 16 major signs and symptoms, in-
cluding his writing, 7 improved (*45%) after PBM, while
9 stayed the same (*55%) and none deteriorated (Fig. 4;
Table 1). His medication did not increase during this period.

Discussion

This study follows on from our previous exploration into
the impact of PBM on four movement disorder patients
using PBM buckets.5 In this study, we describe six cases of
Parkinson’s disease patients, five using buckets and one, an
intranasal device. Two of these patients were cases that we
have reported on previously,5 but we provide further updates
on their progress, while the other four were entirely new
case reports. Our report is the first to document the impact of

FIG. 3. Graphs show
means and SEMs: (A) shows
changes in area if words
while (B) shows changes in
perimeter of words for each
patient. The data for each
patient are represented with a
different color and/or symbol
(see key). The blue shading
represents the analysis before
onset of light (time point 1),
whereas the red shading rep-
resents the period during
light therapy (time points 2–
5). In most cases, the period
of light therapy was rather
extensive up to 14 months.
Note for the patients that we
have provided updates for
(RP and MH), their data were
either reanalyzed (e.g., new
words) or data from new
samples were added. SEM,
standard error of the mean.
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PBM on patients over an extended period, at 8 (n = 1), 12
(n = 2), 14 (n = 1), and 24 (n = 2) months.

When taken all together, we found that 55% of the initial
signs and symptoms of the six patients showed overall im-
provement, whereas 43% stayed the same and only 2% wors-
ened (Fig. 4). These values assume considerable significance in
view of the long-term nature of our analysis and observations,
from 8 to 24 months. These findings indicated a stabilization of
signs and symptoms that only one sign from all of the six
patients (2% of total) worsened during PBM therapy. This
feature is highlighted by our objective analysis of their writing,
where no patient suffered a major decline in the area and pe-
rimeter of words, together with overall writing legibility. Given
the progressive nature of the disease,21,22 this stabilization of
writing (and other signs and symptoms) over such a consid-
erable period, was striking. Although one cannot predict the
precise time course of the different signs and symptoms of the
disease in different individuals, with the disease often not
progressing in a straight line,21,22 the fact that the majority of
the signs and symptoms across our six patients did not worsen
during PBM was very encouraging. We should note also that
many of these PBM-induced changes were not typical of the
placebo phenomenon, in that they were slow in onset and
sustained. Further, they were often observed by the carer or, in
particular, the medical practitioners (general practitioner and
geriatrician) rather than the patient themselves.4

As with our previous study,5 we found that PBM did not
target a specific sign or symptom, but rather it impacted on
both motor signs and nonmotor symptoms, depending on the
patient. Indeed, from our experience, Parkinson’s disease
patients consistently report that among their signs or
symptoms, the ones that they most want to improve are the
nonmotor symptoms and that these are the ones that very much
reduce their quality of life.21,23 Most patients using PBM ex-
perience improvement in nonmotor symptoms, especially
mood, anxiety, sleep, confidence, apathy, and fatigue.

We were confident that our findings in the six patients
were due to their use of PBM and not to anything else, such
as changes in medication. Indeed, during their period of PBM

therapy, two patients had no changes in medication (PN,
ML), while two had reductions (MH, CB). Patient SS had an
increase in medication, but many of his improvements (see
Results section), were evident before this increase, suggestive
that the improvements were PBM- rather than drug induced.

The factors that generated these stabilizations and improve-
ments are not known, but we suggest the following. For the
buckets, the PBM can penetrate to the cerebral cortex and could
have influenced the functional activity of its resident neurons
directly,4 by stimulating mitochondrial activity and the ex-
pression of various stimulatory genes.15 Indeed, PBM has been
shown to change the activity of seemingly ‘‘normal’’ neu-
rons.24,25 This mechanism may have underpinned some of the
improvements, for example in movement, mood, and confi-
dence, seen in our patients. The buckets covered most of the
cranium and hence PBM was in a position to influence a range
of functionally distinct cortical areas, from prefrontal to motor.4

Such a mechanism would however, be more symptomatic, than
neuroprotective. The transcranial PBM therapy from the
buckets cannot reach the diseased dopaminergic neurons in the
brainstem and hence not in a position to influence their survival
by direct stimulation.15–17 PBM from the buckets could, how-
ever, have a neuroprotective effect by an indirect stimulation,
through the circulation. PBM has been shown to stimulate cir-
culatory cells, for example those of the immune system26 that
may then swarm to the distressed brainstem neurons and helps
them survive. We know that in animal models, such a mecha-
nism—the abscopal effect—can be neuroprotective.15–17,27 It
should be noted that for patient ML, who used an intranasal
device, PBM would have been much closer to the brainstem
than when delivered from the buckets. In his case, PBM may
well have penetrated to the brainstem and influenced the dis-
eased neurons directly, stimulating their mitochondria and ex-
pression of genes associated with survival,15 thence being
neuroprotective by a direct stimulation.

In conclusion, it is clear that considerably more research,
at both basic science and clinical levels, is required to un-
derstand better the impact of PBM in Parkinson’s disease.
For now, our explorations into the PBM-induced effects on

FIG. 4. Graphs showing the % change in
overall signs and symptoms of each patient
after light therapy. Of the initial signs and
symptoms in each patient, the majority showed
overall improvement (green regions), a minor-
ity stayed the same (yellow), and none got
worse (red). Any changes in medication during
this time period for each patient is indicated
also (see legend). The numbers on top of each
column represent the time period (in months)
each patient was using during light therapy.
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patients were most encouraging (this study5) and lay the
template for the further development to clinical trial and as a
viable therapeutic option.19,20
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