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ABSTRACT

Background: Parkinson’s disease is an increasingly common
neurodegenerative disease that has a substantial personal, social and
economic cost. Although the cardinal symptoms of the disease are motor
impairment, non-motor symptoms are arguably just as important for their
effect on quality of life. Parkinson’s disease also has a highly
heterogeneous symptom presentation. The mainstay of treatment has for
many years been levodopa, and more recently dopamine agonists, which
can alleviate some of the motor symptoms, but can have severe side-
effects, can lose effectiveness over time and do not have an effect on non-
motor symptoms. Thus, new treatment modalities are required for
management of this disease.

Objective: To describe the effect of a multidisciplinary approach for the
treatment of the symptoms of Parkinson’s disease, incorporating
photobiomodulation (PBM), exercise, diet and careful control of medication.
Methods: Participants presented to either a Parkinson'’s clinic in Sydney,
Australia or to a Parkinson’s rehabilitation centre in Hamilton, Canada.
Participants were self-referred, referred by a neurologist, or had been
enrolled in a clinical trial and had continued with treatment for two additional
years. All participants received PBM therapy to the abdomen and neck
and participated in a targeted Parkinson’s specific exercise program.
Results: All participants reported improvements in some of their
Parkinson’s symptoms, both motor and non-motor, including mobility and
gait, balance, fine motor control, cognition, quality of life, and sense of
smell. These improvements were maintained over a number of years.
Conclusion: A multidisciplinary and individual approach to the treatment
of the symptoms of Parkinson’s disease may be an effective way to

improve some symptoms and to potentially delay disease progression.

Keywords: Parkinson’s disease, photobiomodulation, exercise, motor

symptoms, non-motor symptoms, multidisciplinary.
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Introduction

Parkinson’s disease is the second most prevalent
neurodegenerative disease worldwide and is also
the most rapidly increasing’, with an enormous
social and economic cost. It is a complex disease
that is characterised by both motor signs and non-
motor symptoms and is highly heterogeneous in
both symptomology and disease trajectory. In
terms of pathology, the hallmarks of Parkinson’s
disease are the loss of dopaminergic neurons and

the aggregation of alphasynuclein.

The motor disorders of Parkinson’s disease have
historically received more attention than the non-
motor symptoms. The major therapeutic medication
for Parkinson’s disease over many years has been
dopamine replacement therapy with levodopa (L-
dopa) combined with medications, such as carbidopa,
which counters the premature conversion of the L-
dopa to dopamine. L-dopa can improve motor
symptoms such as tremors, rigidity and
bradykinesia, although people with Parkinson’s
disease (PwP) experience “off” periods where
symptoms return. The effectiveness of L-dopa also
gradually reduces with time due to disease
progression, leading to increases in the “off” times
and less effect during the “on” times, requiring
dose adjustment or switching to other medications.
In addition, L-dopa can have debilitating side
effects. The majority of PwP using L-dopa will
exhibit
symptoms or loss of efficacy after five years of use?.

dyskinesis, toxicity, fluctuations in
Other medications include dopamine agonists,
monoamine oxidase B (MAO-B) inhibitors and
catechol-O-methyl transferase (COMT) inhibitors
as well as various medications to counter the side

effects of the L-dopa and other medications.

Levodopa and dopamine agonists have little or no
effect on non-motor symptoms®. Non-motor
symptoms such as declining cognition, reduced
sleep quality, constipation, urinary dysfunction,
anxiety and depression, apathy, fatigue, and loss
of sense of smell, have the potential to have a
major impact on health-related quality of life

(HRQol)*. Treatment of non-motor symptoms is

highly individual and depends on the presenting

symptoms  and includes many individual

medications for the range of symptoms®.

Current medication options rely on treatment of
symptoms and no medication can, at this time,
slow, halt, or reverse the progression of the
disease, or provide neuroprotection. Additional
therapeutic interventions are required to address
disease progression, as well as adverse side-effects
of current medications and their reduced
effectiveness over time. While there is some
potential for repurposed medications, such as anti
alpha-synuclein  agents® and glucagon-like
peptide 1 (GLP-1) receptor agonists’, these may
take some time to be generally available. Several
non-pharmaceutical interventions, however, have
shown merit in  potentially slowing the
deterioration in HRQoL of PwP and in some cases
have shown improvement in the clinical motor
signs and non-motor symptoms of the disease.
Interventions such as exercise, improved nutrition,
social activity and light therapy, known as
photobiomodulation (PBM) have this potential.
Photobiomodulation in particular has recently
been shown to be a promising avenue for the

treatment of the symptoms of Parkinson’s disease® ™.

Photobiomodulation is the use of non-thermal light
radiation of specific wavelengths to bring about
changes to the metabolism of cells and
mitochondria™. Since its beginnings in 1967 with
Endre Mester, who demonstrated that laser light
accelerated wound healing and hair regrowth in
mice'™ ', PBM, both laser and LED, has been used
to treat wounds and burns, to heal tissues such as
tendon and cartilage, to reduce inflammation and

17-19

to relieve pain'""”. More recently PBM has been used
to target neurodegenerative, neurodevelopmental,
neuropsychiatric and brain injury conditions, such
as traumatic brain injury, concussion and chronic
traumatic encephalopathy, stroke, depression and
anxiety, Alzheimer’'s disease, autism spectrum
disorder, post-traumatic stress disorder, and opioid
addiction?*. Photobiomodulation is remarkably

safe, with few adverse effects being reported in
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over 50 years of PBM use, including for cancers®
and for PBM to the brain®***. Any reported side-

effects are invariably minor and transient®.

While the effect of PBM on cells and sub-cellular
structures has been the subject of research for over
50 years, the full mechanisms have not yet been
elucidated. The most widely accepted mechanism
is the absorption of photons by cytochrome-C-
oxidase in the electron transport chain of
mitochondria, which causes the release of reactive
oxygen species (ROS) and increases the binding of
oxygen, which in turn increases the mitochondrial
membrane potential, increases ATP production,
and modulates cellular signalling and gene
transcription via cAMP, nitric oxide and ROS™.
Photons also directly react with ion channels, such
as transient transient receptor potential vanillin
(TRPV) channels, as well as potentially triggering a
number  of  other  photophysical  and
mechanotransduction events within the cells and
tissues®™3¢. The actions of PBM on molecular and
cellular structures explains the wide range of
therapeutic effects that are seen with PBM therapy.
One of the central effects of PBM is anti-
inflammatory®’, which has profound effects on
many body processes, including in reducing
neuroinflammation in various brain disorders®.

The major cellular targets of PBM (mitochondrial,
inflammatory processes, pain) are also hallmarks of
Parkinson’s pathology. The potential of PBM to
treat Parkinson’s disease has been demonstrated
using in vitro models, where the effects of
(MPP*,

rotenone) can be reversed when PBM is applied
41,42

Parkinson’s disease inducing toxins

either before or after toxin administration

There have also been numerous in vivo models of

Parkinson’s disease, using the MPTP model in

43-49 47,50-53

rodents and in non-human primates as
well as in a genetic model of Parkinson's disease in
mice®. These models have demonstrated that PBM
can not only reverse the signs of Parkinson’s
disease in vivo but can protect and regenerate

43-46,53,54

neurons . Animal models (mice and non-

human primates) have also demonstrated the

effectiveness of delivering PBM to an area remote
from the brain such as the tibia or abdomen®~’
when the head is shielded. This remote or systemic
effect of PBM has also been shown in other
instances, such as using PBM to treat the tibia in an
animal model of cardiac infarction®®. The
mechanism of action of this systemic effect of PBM
has been suggested to be cytokines or other
chemical messengers or activation of stem cells in
the bone marrow or abdominal adipose tissure® 8.
It is also possible that in Parkinson’s disease, which
has such a profound microbiome-gut-brain axis
connection®, a potential mechanism is alteration of
the gut microbiome®® or stimulation of the vagus
nerve. Remote PBM treatment in both mice and
non-human primates not only improved the signs
of Parkinson’s disease, but also gave neuroprotection

to the neurons of the substantia nigra®.

The level of pre-clinical evidence suggests that
clinical trials are justified®. A number of small
clinical studies have investigated PBM therapy as a
treatment for Parkinson’s disease clinical signs and

symptoms’'?

, with encouraging improvements in
both motor and non-motor symptoms. PBM
therapy directed to the abdomen has shown
benefits to clinical trial participants, both when
used alone™ and in combination with PBM
targeting the brain'". The remote PBM mode of
treatment may be especially important in
Parkinson's disease, where the neurons of the
substantia nigra are well beyond the distance that

light could penetrate into the brain.

Exercise is known anecdotally to help with the
symptoms of Parkinson’s disease and is advocated
by many Parkinson’s disease groups, movement
disorder specialists, rehabilitation providers and
clinics. Exercise is often attributed as having the
greatest overall effect on HRQolL and progression
of the disease

(https://www.hopkinsmedicine.org/health/conditio

ns-and-diseases/parkinsons-disease/fighting-

parkinson-disease-with-exercise-and-diet). In animal

studies, exercise has been shown to be

neuroprotective and to slow the progression of
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Parkinson’s disease or even reverse the disease®>%*.

Epidemiological studies suggest that mid-life
exercise can reduce the risk of Parkinson’s disease
later in life®>%¢. There is an increasing number of
clinical studies using exercise to treat disease
symptoms, with moderately large numbers of
participants. A meta-analysis of 18 studies®
concluded that exercise therapies were effective in
improving motor symptoms of Parkinson’s disease,
with a high degree of heterogeneity but with no
improvement in non-motor symptoms. Another
meta-analysis with 51 studies found that resistance
training, endurance training and other exercises
were safe, feasible and effective for strength, gait,
and HRQol, but "inconsistencies across these
findings warrant cautious conclusions” ¢, A further
meta-analysis of 20 studies of aerobic exercise®
found that tests of balance and mobility, including
the unified Parkinson’s disease rating scale
(UPDRS) part Il (motor) were significantly increased
with exercise but quality of life was not.

Exercise can include many formats, including
aerobic exercise, treadmills, balance training,
progressive resistance training, and complementary
exercise such as dance, Tai Chi, and yoga.
However, the optimum mode, frequency, and
intensity of the exercise required to best alleviate
Parkinson’s symptoms are not yet entirely clear.
Some studies have suggested that high-intensity
exercise can improve motor symptoms, but it is
unknown as yet whether exercise can modify
disease trajectory and any neuroprotective effect in
humans has not yet been clearly reported. A
comparison of three forms of exercise (high
intensity treadmill, lower intensity treadmill, and
stretching/resistance) for three months found
improvements in all groups, including gait speed,
strength and fitness’®, while a study that compared
progressive resistance exercise to a stretch,
balance and strength program found that the
progressive resistance group had a greater
improvement in UPDRS motor scores than did non-
specific exercise over a two year period’’. In a
phase 2 clinical trial (Study in Parkinson Disease of
SPARX)’2

Exercise - 128 participants  with

Parkinson’s disease were assigned to six months of

high intensity treadmill exercise, moderate
intensity treadmill exercise, or wait-list (control)
groups. The mean increase in UPDRS was lower
(0.3) in high intensity exercise than the control
group (3.2), indicating a retardation of Parkinson’s

disease progression.

Recently, a small trial of 17 early Parkinson's
disease participants who completed a ten week
‘PDWarrior’ (PDW) exercise program showed
significant improvements in the MDS-UPDRS
motor score, the six and ten metre walk test,
bradykinesia, and the Parkinson's disease
questionnaire (PDQ-39) quality of life survey . A
second recent study compared aerobic exercise
(Park-in-Shape) with stretching over 21 months and
found a mean difference in the MDS-UPDRS-Motor
score of 4.2 in favour of the aerobic exercise’. In a
subset of the participants from this trial it was found
that aerobic exercise (but not stretching) lead to
greater functional connectivity as measured by
resting-state functional and structural magnetic
resonance imaging (MRI), as well as cognitive
performance’. Intense exercise using the ‘Beat
Parkinson’s Today’ program for six months resulted
in a significant increase in dopamine transporter
availability and neuromelanin levels in the
substantia nigra when a decrease would normally

be expected’®.

Diet is another lifestyle factor that Parkinson’s
groups often advise can help with the symptoms of
the disease. Lifelong consumption of coffee and
polyunsaturated fatty acids is connected with a
reduced risk of Parkinson’'s disease and
consumption of dairy products and saturated fatty
acids is connected with an increased risk’’. Certain
diets such as a Mediterranean diet, a traditional
Japanese diet, or a vegetarian/vegan diet can also
reduce the risk of later development of
neurodegenerative diseases such as Parkinson’s
disease’®. It is much less clear, however, that changing

diet for PwP will alter the trajectory of the disease’”.

In our clinics, we have, over several years, used
PBM, both to the abdomen and to the head to treat
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the clinical signs and non-motor symptoms of
Parkinson’s disease. We collaborate with neurologists,
family  physicians, physiotherapists, nurse
practitioners, dieticians, speech pathologists, and
exercise physiologists to provide a personalised
therapy regimen for Parkinson’s disease patients,
whose specific needs are met in a multidisciplinary

therapeutic alliance.

Here we present a case series of seven patients
from three different countries (Canada, Germany,
Australia) at various stages in their Parkinson’s
disease journey who have received this
multidisciplinary approach based around PBM
therapy, to treat Parkinson’s disease symptoms.
Two of these case studies are part of a previously
published clinical trial, with the remainder
attending one of our clinics, either in person or
remotely. All have used an at-home PBM laser to
irradiate the abdomen and neck, all participate in
specific exercise interventions, and all are under
the supervision of medical doctors (gerontologists

or neurologists).

Aim:
The aim of this study was to report the individual

symptomatic responses to a combination of
abdominal photobiomodulation therapy, exercise

specific for Parkinson’s disease and other

interventions in Parkinson’s patients.

Methods:

All participants gave written informed consent
during the studies for their data to be used,
following Declaration of Helsinki guidelines for
clinical patients or as part of the Sydney Adventist
Healthcare Ltd Human Research Ethics Committee
(HREC) approval (2019/32) and Clinical Trial
Registration number: U1111-1205-2035 (Australian
New Zealand Clinical Trials Registry).

PHOTOBIOMODULATION INTERVENTION

Abdominal and neck PBM was administered at
home by the participants themselves, three time
per week using a SYMBYX branded PDCare laser.
This is a 2 diode, class 1 laser device (with no need
for safety glasses), with a wavelength of 904 nm
and a power output of 30 mW per diode. The laser
is pressed against nine points on the abdomen
(Figure 1) with a force of 5 N to activate the laser
and held in place at each point for two minutes to
deliver an energy of 7.2 J and a fluence of 5.64
J/em?per point. This is repeated on the neck at the
C1/C2 junction also for two minutes. The total

energy delivered is 72 J at each treatment session.

Figure 1. Positioning of the laser device for abdominal and neck treatment

TARGETED EXERCISE

PDWarrior

The PDW program consists of two or three sessions
with a trained instructor for assessment, followed
by a one-hour class each week as well as a home
program. The program includes ten core exercises

(Table 1) that cover posture, strength and whole-

body movement plus additional exercises such as
stationary bike, shadow boxing, and balance

exercises.

Gaitway Neurophysio
The Gaitway program is similar to PDW and
consists of high amplitude and neuroactive

exercise in a social setting, including Rock Steady
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Boxing classes, Parkinson’s Wellness Recovery
Moves (PWR!Moves), as well as forced amplitude
training with functional goals and physiotherapy

tailored to individuals.

MEDICAL OVERSIGHT
Participants were overseen by their own
neurologists or gerontologists with careful
monitoring of medication. Broad recommendations
were given for diet. Participants were assessed for
outcomes by their own neurologist and

physiotherapists.
Table 1 PDWarrior core exercises

Core exercise

OUTCOME MEASURES

Outcome measures for objective measures of
motor signs, cognition and sense of smell for C4
and C5 are presented in Table 2.

Results

Individual improvements in the clinical signs and
symptoms of Parkinson’s disease are summarized
in Table 3 and remarks by the participants and their
neurologists in Table 4.

Exercise focus

Sky reach

movements.

Trunk rotation and big shoulder and arm

Elicit force and power from upper limbs. Good for

Overhead ball throw

those who experience bradykinesia and those

who are tremor dominant. Also has an element of

balance control.

007 Trunk rotation and balance.

Arm swing and ballistic, powerful movements.

Scarf snatch

Good if main symptom is bradykinesia. Speed

and timing in upper limbs with some balance

component.

Penguin waddle

Weight shift and stepping. Helpful if experiencing

mild episodes of freezing.

Banded side-step

Posture, coordination and upper-limb resistance.

Shoulder extension, stepping and exaggerated

Ta-Dahs

arm movement, with an added balance and

coordination component.

Power squatting to strengthen legs and lower

Squat and stop

back and generate full extension and power in

arms and hands.

Over the river

Coordinating big strides and powerful arm swings

and stepping. Also helps with 180° turns.

Box step

Coordination, balance and timing.

© 2024 European Society of Medicine 6



Table 2. Clinical study outcome measures for participants C4 and C5

Outcome o
test description
measure
Assessors measured the time taken for a participant to
TUG stand from a chair, walk 3m, turn around a marker, return
to chair and sit down®
As for TUG except that the participant was carrying a cu
TUG manual P P P ying P
of water®°
Gait As for TUG except that the participant was asked to count

TUG iti
cognitive backwards from 40 by twos®

Participants walked a 10m track. After walking 2m, assessol
10MWT speed .
measured the time taken to walk a further ém?®’

) During the 1T0MWT, assessors also counted the number of
10MWT stride length .
strides taken to walk the same 6m?®'

Participants stood with feet together, 10 cm from a 10 cm
, high step. Assessors counted the number of times that a
Dynamic balance  Step test . , .

participant placed their foot repeatedly on the step in 15

seconds. Both legs were tested®.

The time taken to draw between the lines of a printed
, . Archimedean spiral. A time penalty of 3sec and 5sec were
Fine motor control  Spiral test ) : ] ] ) i

given for touching a line or crossing a line respectively. The

dominant hand was tested®.

The time that a participant could stand with one foot in
front of the other (heel to toe) until a step was taken, or the
TS participant used a hand to steady themselves. The
assessment was terminated at 30 seconds. The test was
repeated with eyes open and closed and both legs were

Static balance tested®.
The time that a participant could stand with one foot raised
in the air a step was taken, or the participant used a hand
SLS to steady themselves. The assessment was terminated at
30 seconds. The test was repeated with eyes open and

closed and both legs were tested®.

N Participants completed the MoCA test version 8.1
Cognition MoCA .
(www.mocatest.org), which was scored by an assessor®.

Participants completed the PDQ-39 to assess QoL across
eight domains. Scores for each domain were divided by the
Quality of Life PDQ-39 highest possible score for that domain and converted to a
percentage. The PDQ summary index (PDSI) was the sum

of dimension scores divided by eight®.

_ Participants completed the PDSS (original version) with 15
Sleep quality PDSS , ,
items to assess sleep quality?.

10MWT = 10 metre walk test; CSB = combined static balance; MoCA = Montreal cognitive assessment; QoL = quality of life PDQ-
39 = Parkinson's disease questionnaire 39; Parkinson’s disease Summary Index = PDSI; PDSS = Parkinson'’s disease sleep scale; SLS
= single leg stance; TS = tandem stance; TUG = timed up-and-go;

© 2024 European Society of Medicine 7
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Table 3 Summary of reported individual changes in Parkinson’s disease symptoms

CASE (treatment . Fine motor | Sense of . . .
. tremor mobility balance Cognition Sleep Quality of life
period) control smell
C1 (6 weeks) _ ) _ improved
improved improved improved
H&Y stage 2 MMSE
26 ) improved
weeks
reduced improved mood/
H&Y stage 2 -
motivation
C3 (3 years) no .
L regained
H&Y stage 1 deterioration
marginal marginal
C4 (3 years) ) . no . . ] )
improved improved L regained MoCA improved improvement in
H&Y stage 1.5 deterioration .
improvement PDQ39
light
C5 (3 years) _ ; no improved slight S 9 -
improved improved i ) ; : deterioration in
H&Y stage 1.5 deterioration MoCA deterioration
PDQ39
Cé (2 I d
(2 years) r\o ) improved improved improved improved improved improved mprove
H&Y stage 2 deterioration outlook
C7 (2 years) no no no no no no

H&Y stage 1

deterioration

deterioration

deterioration

deterioration

deterioration

deterioration

H&Y = Hoehn & Yahr

© 2024 European Society of Medicine




Case Summaries

CASE 1

Photobiomodulation and PDWarrior: C1 is an
Australian male, aged 72 at referral who had been
diagnosed ten years previously. He was referred by
a consultant neurologist to the Sydney Parkinson’s
disease clinic. His medication at that time was

Karvea 300mg, Zanidip 10mg, and Staleva 150mg.

Neurologist Assessment: 23/10/2021. Compared
to his assessment one year previously he was frailer
and had more fatigue. He had significant
extrapyramidal dysfunction with rigidity, reduced
hand/fingers performance, dystonic twisting of his
right foot, and postural orthostatic tachycardia
(POTS). The
assessment (MoCA) and the mini-mental state

syndrome Montreal cognitive

exam (MMSE) were administered.

Treatment: C1 began the abdominal and neck
PBM therapy at a low dose in the clinic, which was
gradually increased until the full regimen was
administered at home. He began targeted exercise
(PDW). He received physiotherapy and additional
PBM for back pain.

Neurologist Reassessment: 04/12/2021. Since
beginning PBM therapy and PDW exercises, C1
showed significant objective improvement in his
appearance, his posture (less stooping; less POTS),
and his walking. He could sustain finger and hand
motor tasks. His cognition improved on MMSE
from 28 to 30.

Neurologist comment: “Patient seemed unaware

of the improvements”

Physiotherapy Assessment: C1 had improved his

walking speed and hand function.
CASE 2

Photobiomodulation and PDWarrior: C2 is an
Australian male, aged 68 at referral who had been
diagnosed five years previously. He was referred to
the Sydney Parkinson'’s disease clinic in July 2021
by a consultant neurologist. His current medication

was Sifrol 375mg, Xadago 100mg, and Staleva

200mg. He had previously used a red-light helmet
for two years.

Neurologist Assessment: 06/07/2021. C2 was
tired with a lack of energy and impaired mood and
motivation. He had a tremor, dystonia in his calf
and leg.

Treatment: Introduction of abdominal and neck
PBM therapy, initially in the clinic, then at home
after four weeks. Continued with PDW.
17/08/2021. C2

showed objective improvement to assessments six

Neurologist Reassessment:
weeks and one year previously with improvements
in gait, tremor, walking speed, mood, and
motivation. He no longer was considering deep
brain stimulation.

Neurologist comment: “His improvements
coincided with his commencement of abdominal

laser”

CASE 3

Photobiomodulation, non-specific exercise and
diet: C3 is an Australian male, aged 61 at referral.
He self-diagnosed in February 2021 with mild “pill-
rolling” symptoms, and the diagnosis was
confirmed in August 2021. He self-referred to the
Sydney clinic on advice of a friend.

Treatment: C3 began using the abdominal PBM
therapy protocol in September 2021 with the
SYMBYX PDCare laser after seeing a television
news story. The laser is used three times per week.
He began using the SYMBYX Neuro helmet in
August 2023. He also decided to reduce his
carbohydrate and sugar intake and to eliminated
gluten from his diet, following a modified keto diet
and practised intermittent fasting. He began bike
riding at the beginning of 2022 (more than 5 km
per day) and walks up to 17 km each weekend and
takes stairs when possible. He attends a gym twice
per week. He monitors his exercise and sleep with
a smart watch.

Response to treatment: C3 lost some weight on
this diet and now has a BMI of 20. At the beginning
of 2022, C3 noticed that he could now smell some

strong offensive odours (such as pig farms, roadkill)

© 2024 European Society of Medicine 9



after having profound loss of sense of smell. Over
time his sense of smell increased, and more
pleasant odours were detected (roses, jasmine,

cooking smells). Eating has become more enjoyable.

Reflections: “I believe these combined protocols
have helped restore my sense of smell and
hopetully slowed my PD progression. ... We only
get 5 senses to experience the world, so to lose
one of them is very stressful and hard to put into
words, but to get that sense back is remarkable and
something | truly cherish.... able to smell nature,
farms, fields flowers and food again is a revelation
and | can ONLY attribute this to PDCare."”

CASE 4

Photobiomodulation and PDWarrior — clinical
trial: C4 is an Australian male who was 72 years of
age when he enrolled in the clinical study in
September 2019 (participant S3) and he had been
diagnosed eight years previously by a neurologist.
This study used abdominal and neck treatment
with a 904 nm laser (the precursor to the SYMBYX
PDCare) three times per week in the clinic for 12
weeks followed by at home use initially for one year
and extended to three years.

Treatment: C4 has continued to use the same
protocol for three years and beyond as well as
attending PDW once per week.

Assessment: C4 was assessed for objective
changes in a range of motor signs (mobility,
balance, fine motor control), cognition (MoCA),
sense of smell (University of Pennsylvania Smell
|dentification Test - UPSIT), subjective changes in
HRQoL (PDQ-39 questionnaire), and Parkinson’s
disease sleep scale (PDSS) questionnaire before
any treatment began and again after one year and

three years.

Motor outcomes: Table 5. C4 improved his
mobility over three years of PBM therapy. His
walking speed improved from 2.07 m/s at baseline
to 2.18 m/s in one year and further improved over
three years to 3.13 m/s and his stride length
remained the same (approximately one metre) over

this time. His timed up-and-go (TUG) test worsened

over three years from 4.2 seconds to 5.1 seconds,
although the TUG (manual) and TUG (cognitive)
both improved from 6.1 to 5.2 seconds and from
5.8 to 5.4 seconds respectively. C4 walks every day
and completes a (walking) full marathon of 42 km
each year with the Parkinson’s NSW Walking
Marathon. The spiral test was essentially unchanged
over three years (26.1 and 26.4 seconds).

Balance: Dynamic balance (number of steps in 15
seconds) improved from 21 to 23 while standing on
his unaffected leg and 20 to 23 steps while
standing on his affected leg. Static balance, as
measured by tandem stance (TS) with eyes closed,
improved from 3.0 to 17.0 seconds (for affected leg
behind) and from 7.4 to 17.5 seconds for unaffected
leg behind. Similarly, single leg stance (SLS) with
eyes closed improved from 2.4 to 5.0 seconds
when standing on his affected leg. However, SLS
with eyes closed standing on his unaffected leg
worsened over three years (8.7 to 6.2 seconds).

Non-motor symptoms: C4 had excellent cognition
(MoCA) at baseline (29/30), which showed marginal
improvement to 29.3 after three years of PBM
therapy (Table 5). His subjective quality-of-life
assessment score (PDSI) improved marginally from
5.7/100 to 4.5/100, which are low scores indicating
a good HRQolL. The PDQ-39 domains of mobility,
activities of daily living and cognition improved
while the domain of communication deteriorated,
and the other four domains remained unchanged.
Sleep quality, as measured by the PDSS, improved
from a score of 99/150 to 127/150 which is an
improvement above the cut-off (100) thought to
indicate troublesome sleep problems 8. C4
showed an objective sense of smell improvement
after 12 weeks of PBM therapy, going from
complete anosmia to severe hyposomia as
determined by the UPSIT. C4 has reported that his
sense of smell has continued to improve over three

years.
CASE 5

Photobiomodulation and PDWarrior — clinical

trial: C5 is an Australian male who was 69 years of
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age when he enrolled in the clinical study in
September 2019 ' (participant S4) and he had
been diagnosed 5.5 years previously by two
neurologists. This study used abdominal and neck
treatment with 904 nm laser (precursor to the
SYMBYX PDCare) three times per week in the clinic
for 12 weeks followed by at home use initially for

one year and extended to three years.

Treatment: C5 has continued to use the same
protocol for three years and beyond, as well as

attending PDW once per week.

Assessment: He was assessed for objective
changes in a range of motor signs (mobility,
balance, fine motor control), and cognition
(MoCA), as well as subjective changes in HRQoL
(using PDQ-39) and sleep quality (using PDSS)
before any treatment began and again after one
year and three years.

Motor Outcomes: Table 5. C5 initially improved
his walking speed from 0.75 m/s at baseline to 1.85
m/s at one year but this deteriorated at three years
to 0.58 m/s. Similarly, his stride length has
deteriorated from 1.4 to 0.75 metres over three
years. In contrast, his three TUG tests have all
improved over three years from 8.6 to 5.9 seconds,
8.4 t0 6.9 seconds and 8.9 to 6.9 seconds for TUG,
TUG (manual) and TUG (cognitive) respectively. His
spiral test remained essentially unchanged over
three years (28.9 and 30.5 seconds).

Balance: Table 5. Dynamic balance improved over
three years from 14 to 20 steps in 15 seconds when
standing on his unaffected leg and 15 to 21 steps
when standing on his affected leg. Static balance
improved with SLS with eyes closed from 23.5
seconds on his affected leg and 19.6 seconds on
his unaffected leg to the pass value of 30 seconds
for both legs. SLS with eyes closed improved from
2.2 to 3.5 seconds when standing on his unaffected
leg and 2.3 to 2.9 seconds when standing on his
unaffected leg. TS with eyes closed improved from
3.0 to 9.0 seconds with the unaffected leg behind
but deteriorated from 10.9 to 3.4 with the affected
leg behind.

Non-motor symptoms: C5 improved his cognition
(MoCA) from 27/30 to 29.3/30 (Table 5). His PDSI
deteriorated slightly from 3.2/100 to 3.8/100,
none-the-less indicating a good HRQolL. He
showed an improvement in his emotional domain
(4.2 to 0) and a deterioration in the mobility (2.5 to
5) and Stigma (0 to 6.3) domains, with all other sub-
scores unchanged. Sleep quality (PDSS score)
deteriorated from a score of 124/100 to 109/100
but remained above the cut-off (100) for

troublesome sleep problems.

CASE 6

Photobiomodulation and diet:_Cé is a 62-year-old
German female at the time of her initial virtual
assessment in 2023, who was diagnosed by a
neurologist ten years previously, although
symptoms had been present one year previous to
this. She felt no “normalcy” in her life. She had
tremors in her right leg, had right foot drag and
had micrographia. Neurology testing revealed
reduced auditory processing and her MDS-UPDRS
score was 24. She had been on L-dopa medication
for the first two years. Since then, she has
undergone metal detox, had switched to a
vegetarian diet with periods of vegan diet with
initial significant improvement. This had stabilized
symptoms for eight vyears, with improved
“normalcy” and reduced tremors. Since 2020 she
has felt that her cognition was declining, she was
beginning to frequently misplace things, her note
taking had slowed, and her sleep had deteriorated

to less than six hours per night.

Assessment: with a local and internet conferencing
multi-disciplinary team.

Treatment: Began PBM therapy in 2023 to the
abdomen and neck with a SYMBYX PDCare, with
no additional change in diet.

Outcome: Cé6 found an immediate and dramatic
improvement, with all of her symptoms
disappearing in the first week, which she called a
“miracle cure”. Her sleep improved, her limp
disappeared, her gait improved with an
unconscious longer stride and greater arm swing,

and she began dancing again. Her sense of smell,
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which had declined on objective testing since

being diagnosed with Parkinson’s disease,
improved to the same level as before diagnosis.
Her memory improved with improvement in being
able to think of words, improved short term
memory, not misplacing objects and functioning at
her clinical practice more effectively. As a result of
these improvements she completely discontinued
her Ongentys medication with the result of
returning symptoms, worsening sleep,
deterioration in balance and gait and inability to
concentrate. When she restarted Ongentys she
began to regain the improvements after three
weeks and had regained all previous
improvements by six weeks. Cé continues to
improve and can see improvements in writing, she
has a more positive outlook, has reduced “off”
periods, and has less need for rests during walks.
She has restarted crocheting and can continue for

longer periods of time.

Reflection: “/t would seem that the things that
improved have stayed imiproved, sometimes
even getting slowly better over time. In particular,
my memory and my sleep quality, both of which
add to my quality of life. ... the last thing - quality
of life - is better than | ever thought it could be. It
is strange, but | have the feeling that | am somehow
healing. ...sometimes a feeling of freedom and
joy overtakes me so suddenly | have to cry.”

CASE 7

Photobiomodulation and Gaitway exercise

program: C7 is a Canadian male aged 73 years at

the beginning of PBM therapy, diagnosed by a
neurologist eight years previously, although his
symptoms had been noted by his family doctor two
or three years before this. For the previous 30 years
he had undertaken regular vigorous exercise, yoga

and meditation.

Assessed: in Gaitway clinic in April 2020. His MDS-
UPDRS score was 19 out of a maximum of 119. He
was categorized as Hoehn & Yahr stage 1. He had
good balance, with only mild postural changes and

slight left-hand tremors when he felt stressed.

Treatment: C7 has been attending targeted
exercise classes and exercising at home three times
per week, including PWRIMoves, Smovey Class
and Rock Steady Boxing. He has been advised as
to the timing of his protein intake and tweaking of
his diet for Parkinson’s disease. He also has regular
massage and uses naturopathy. C7 added the
abdominal and neck laser PBM therapy in 2020,
which was initially helpful for pain associated with
the exercises.

Outcome: His symptoms have remained stable for
over 2 years.

Neurologist Comment: “it is highly unusual for a
person with Parkinson’s to be on the ‘baby dose’ of
Prolopa and Levodopa/Benserazide for the past
eight years, particularly with his symptoms noted
by his GP 10-11 years ago.” The neurologist also
commented on the diet and exercise routine but
asked: “if there was anything else he was doing.”

Table 4 Neurologists comments and participant reflections

CASE no.
. Remarks
(treatment period)
C1 (6 weeks) ) ) )
Neurologist: Patient seemed unaware of the improvements
H&Y stage 2
C2 (6 weeks) Neurologist: His improvements coincided with his commencement of
H&Y stage 2 abdominal laser
Participant: | believe these combined protocols have helped restore my sense
of smell and hopefully slowed my PD progression. ... We only get 5 senses to
C3 (3 years) experience the world, so to lose one of them is very stressful and hard to put
H&Y stage 1 into words, but to get that sense back is remarkable and something | truly

cherish.... able to smell nature, farms, fields flowers and food again is a
revelation and | can ONLY attribute this to PDCare
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CASE no.

. Remarks
(treatment period)

Participant: /t would seem that the things that improved have stayed
imiproved, sometimes even getting slowly better over time. In particular, my
Cé6 (2 years) memory and my sleep quality, both of which add to my quality of life. ... the
H&Y stage 2 last thing - quality of life - is better than | ever thought it could be. It is
strange, but | have the feeling that | am somehow healing. ...sometimes a

feeling of freedom and joy overtakes me so suddenly | have to cry

Neurologist: /t is highly unusual for a person with Parkinson’s to be on the
C7 (2 years) ‘baby dose’ of Prolopa and Levodopa/Benserazide for the past eight years,
H&Y stage 1 particularly with his symptoms noted by his GP 10-11 years ago. (also asked)

if there was anything else he was doing

H&Y = Hoehn & Yahr

Table 5. Baseline and 3-year results for PBM therapy for C4 and C5.

C4 C5
. 3-years . 3-years
baseline . baseline .
(% improvement) (% improvement)

Mobility tests
10MWT walk speed (m/s) 2.1 3.1 (70%) 0.8 0.6 (-25%)
10MWT stride length (m) 1.0 1.0 (0%) 1.4 0.8 (-42%)
TUG (s) 4.2 5.1 (-21%) 8.6 5.9 (31%)
TUG manual (s) 7.3 5.4 (26%) 6.1 5.2 (15%)
TUG cognitive (s) 5.8 5.4 (14%) 8.9 6.9 (22%)
Fine Motor Control test
Spiral test - dominant hand (s) 26.1 26.4 28.9 30.5
Dynamic Balance test (n)
step test standing on unaffected leg 21 23 (10%) 15 21 (40%)
step test standing on affected leg 20 23 (15%) 14 20 43%)
Static Balance tests (s)
TS affected leg behind eyes open 30 30 30 30
TS unaffected leg behind eyes open 30 30 30 30
SLS on affected leg eyes open 30 30 23.5 30 (28%)
SLS on unaffected leg raised eyes open 4.2 16.2 (300%) 19.6 30 (53%)
TS affected leg behind eyes closed 3.0 17.0 (467%) 10.9 3.4 (-69%)
TS unaffected leg behind eyes closed 7.4 17.5 (136%) 3.0 9.0 (200%)
SLS on affected leg eyes closed 8.7 6.2 (-29%) 2.3 3.5 (52%)
SLS on unaffected leg eyes closed 2.4 5.0 (-108%) 2.2 2.9 (32%)
Cognition test
MoCA 29.0 29.3 27.0 29.3
Quality of Life
PDQ-39 score (PDSI) 6.09 4.03 3.18 2.97
Sleep quality
PDSS score 99 127 124 109
Sense of smell 16 19 (at12 weeks) nd nd

*= significant improvement in outcome measure at five years compared to before commencement of PBM therapy
(p<0.05); TOMWT = 10 metre walk test; TUG = timed up-and-go; TS = tandem stance; SLS = single leg stance; MoCA
= Montreal Cognitive Assessment; PDQ-39 = Parkinson’s disease questionnaire-39; PDSI = PDQ summary index; PDSS

= Parkinson’s disease sleep scale; n = number; s = seconds; m = metres; m/s = metres per second
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Discussion

All case studies described here showed an
improvement in some symptoms of Parkinson’s
disease, as assessed by themselves, their own
neurologists, or by objective measures. These
improvements were heterogeneous and individual
to the participant and were seen over weeks (six
weeks for C1 and C2) and years (2 years for Cé;
three years for C3, C4, C5; 4 years for C7). Most
importantly there were very few symptoms that
showed a deterioration in any participant. While it
is known that there is a large placebo effect in
clinical trials and especially in clinical trials of
Parkinson's disease® due to increases in dopamine

release in the striatum”

, placebo effects might
be expected to persist for weeks or possibly
months™, but not the years seen in five of these

case studies.

The symptoms of Parkinson’s disease would
normally be expected to show a deterioration over
time and with aging”™. For example, motor
symptoms would be expected to worsen as
evidenced by an increasing MDS-UPDRS-IIIl (motor)
score, which has been variously estimated to
increase anywhere from 0.6 to 8.9 points per year’™
7. Similarly, both TUG and walk speed/stride
length would be expected to deteriorate as
Parkinson’s disease progresses™?, as would
balance”. In our study, five of the seven case
studies self-reported or were assessed as having
improved mobility, with increased walking speed
and stride length and/or reduced time to perform
the TUG. The other two case studies did not report
a deterioration in their motor symptoms. Balance
also was measured or reported to be improved for
four participants, with the remaining three not
reporting a decline.

The TUG test in particular is an objective and useful
test for PwP®.1%  since it measures functional
mobility incorporating standing, initiation of
walking, walking speed and balance. TUG can track

9" and has

102,103
ko210,

subtle changes in Parkinson’s disease
been shown to be correlated with falls ris
has the 10MWT®. While L-dopa can help with

as

motor symptoms and improve TUG times during
“on” periods, medication has little effect on
balance”. The improvement in TUG times and walk
speed, as well as the improvement in balance seen
in the case studies reported here, may diminish the
risk of falls for these PwP. Falls are a major concern
in PwP, with up to 60% having at least one fall per

04 Falls can

year and 39% having multiple falls
have an enduring impact on mobility and

continuing quality of life.

Fine motor control improved in two participants,
one of whom was assessed by a neurologist (C1)
and one who self-assessed (Cé) returning to doing
crochet. Objective measures in fine motor control
in C4 and C5 using a spiral test showed no
improvement but also no deterioration in three
years. Although often overshadowed by the focus
on the changes of larger movements, the
deterioration of fine motor control can have a
disproportionate impact on quality of life including
the inability to fasten buttons and use eating
utensils. The deterioration in fine motor control has
been suggested as a marker for disease
progression with dexterity to fasten buttons
significantly correlated with cognitive decline, and
dexterity in knot tying significantly associated with

the progression of functional disability'®.

One of the participants in the study (C5) showed an
improvement in MoCA over three years, one
participant (C1) demonstrated improved MMSE
over six weeks and one (C6) self-assessed as having
improved cognition. Cognitive dysfunction is a
major symptom of Parkinson’s disease as the
disease progresses, greatly affecting quality of life
and ability to self-care’®. Although more marked in
latter stages of Parkinson’s disease, cognition
would none-the-less be expected to deteriorate
with time, estimated to be 1.1 points per year in
the MMSE'” and between 0.1 and 3.7 points per
year in the MoCA"%,

Health-related quality of life, as subjectively
measured by PDSI, showed little change for C4 and
C5 over three years. Both had a very low score

indicating a good HRQolL, and importantly this did
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not deteriorate markedly over three years. C2 was
reported by his neurologist as having improved
mood and Cé also self-reported an improvement

in mood.

Sense of smell returned or improved in three of our
participants. C3 reported the gradual return of his
sense of smell and C4 showed objective improvement
from total anosmia to severe hyposmia with UPSIT
score of 16 increasing to 19 over a period of 12
weeks. He reported continued improvement over
the three years of PBM therapy. Olfactory dysfunction
is a common non-motor symptom for PwP and one
that does not respond to medication' nor can be

related to a placebo effect.

The responses of the participants in these case
studies to the multidisciplinary treatment approach
was highly individual, as indeed are symptoms of
Parkinson’s disease. All participants showed
improvement in some, although not all symptoms.
Importantly there was improvement not only in
motor but also non-motor symptoms and no
participant felt that their Parkinson’s symptoms
deteriorated during the weeks or years of the

treatment.

People with Parkinson’s disease have a substantial
increase in the rate of physical decline and also in
quality of life compared to non-Parkinson’s women

and men of the same age'"”

and this decline begins
well before their neurological diagnosis. Any
treatment modality that can improve or even
maintain  physical function and non-motor
symptoms of Parkinson’s disease, is worthy of
further exploration. Such a treatment regimen
would play a potentially vital role in slowing the
progression of symptoms of Parkinson’s disease,

reducing falls and maintaining quality of life.

An integrative approach utilising precision
medication as required in response to symptom
change, combined with photobiomodulation
treatment, dietary advice and targeted exercise
would appear to be best practice. This approach
could result in optimal precision medicine to
potentially slow the progression of symptoms in

Parkinson’s disease.

We have presented here clinical evidence that
PBM, when combined with other therapies such as
diet and targeted exercise, can improve some
symptoms of Parkinson’s disease, including motor
and non-motor symptoms. These improvements
have not only been observed by the participants,
but also independently confirmed by researchers
and the persons’ own doctors and neurologists.
Importantly, these improvements are clinically
meaningful for each participant and have lasted for

up to a number of years.
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