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Disclaimer:
This publication on the Parkinson’s disease
pathway framework was updated on 14.09.2022. It
cannot be taken as a recommendation for the
readers, especially not as a guideline for treatment,
and it is not a medical document. There is no
guarantee for completeness or global correctness,
the various pain points, solutions, and statistical
data are examples only. Sources are multiple, such
as public statistics, expert opinions, open
innovation workshops, research, own data and
many more (see references).
The products and features mentioned may not be
available in all countries and their future
availability cannot be guaranteed. Some products
mentioned are planned and under development.

Website: https://www.siemens-healthineers.com/careers/innovation-think-tank
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BRADYKINESIA
RIGIDITY

POSTURAL DISTURBANCE
TREMOR

CHANGES IN SPEECH AND WRITING

COGNITIVE IMPAIRMENT
SLEEP DISORDERS

SYMPTOMS INCLUDE1
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Approximately 60,000
Americans are diagnosed
with PD each year3

Projected economic burden of Parkinson’s disease in the US by
2037 (Billions $)6
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Year of projection

2nd most common 
Neurodegenerative 
disorder globally2

More than 10 million 
people worldwide
are living with PD3

DALYs per 

100,000 people 

for Parkinson’s 

Disease in the world

20198

Prevalence of PD 
in US would be 
1,238,800 by 20305

In 2019, PD resulted in

5.8 M DALYs and
329,000 global deaths,
an increase of 81% and
over 100% respectively,
since 20007

*PD – Parkinson’s Disease
DALYs – Disability Adjusted Life Years

Men are
1.5x

more likely 
to have
PD than 
women4
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An extensive research-based
analysis from 40+ scientific articles
and journals in combination with
hospital workflow experience
allowed the identification of pain
points and solutions.

These solutions were proposed based
on AI, IoMT, AR/VR, biosensors,
nanorobotics and smart wearable
technologies.

THROUGH THIS CAREPLAN WE 
HIGHLIGHT DATA FROM

A COLLECTION OF

53
painpoints

76
solutions

connected to

different stakeholders

10

PREVENTION
Scenario: Patient at home gardening

DIAGNOSIS
Scenario: Patient visiting neurologist at hospital

TREATMENT
Scenario: Patient at home taking medicines 

REHABILITATION
Scenario: Patient re-visiting hospital

OUT-PATIENT
Scenario: Out-patient taking medicine

PARKINSON’S DISEASE

The patient is showing the first motor symptoms of the disease: tremor or
shaking, slow movement, balance problems and frequent falls, usually
starting on one side of the body.

PAINPOINT

Impaired balance and constricted

muscle movement in patients with

Parkinson’s disease significantly

increases the risk of falls.19

Wearable sensor

5

The patient visits a neurologist to get examined. The neurologist asks the
patient to lift himself up from the chair without using his arms and looks for
signs like shrinkage of handwriting, problems with buttons, feet feeling stuck
to the floor or having slurred speech.

Patient aims to reduce symptoms by taking L-dopa, MAO inhibitors, or

anticholinergics as advised.

The patient returns to the hospital to receive frequent check-ups and
adjustment of therapies. He is also receiving physical therapy to ease
symptoms.

Patient takes medication at home from a pill dispenser.

Automated pill 
dispenser

PAINPOINT

40% of PD patients feel reluctant to
take their medications. This can be
caused by fear of side effects, non-
acceptance of diagnosis or simply by
being overwhelmed by coordinating
the intake of several different
medications.52

1

STAKEHOLDERS

Disease pathway analysis with pain points and solution examples

Patient
The patient develops 

symptoms of Parkinson’s 
Disease (PD) and seeks 

medical advice.

Family 
The family supports the 

patient and encourages him 
to seek help.

STAKEHOLDERS STAKEHOLDERS STAKEHOLDERS STAKEHOLDERS

Patient
Patient makes an 

appointment to see a 
neurologist.

Family
Family members assist the 

patient with making and 
going to the appointment.

Patient
The patient receives 

treatment and ensures 
regular intake of 

medication.

Family
Family members 

encourage the patient to 
comply to the therapy.

Neurologist
Ensures correct dosage of 

the medications and 
monitors disease progress.

Physiotherapist
Physiotherapist helps patient 

with adequate physical training 
to live a normal life.

Patient
The patient is adhering to the 
physical therapies prescribed 

by the doctor and learns to 
handle the consequences of PD. 

Family
Family members 

encourage the patient to 
comply to the 

rehabilitation regime.

Patient
Tries to manage symptoms 

with therapy and live a 
healthy life.

Pharmacist
Pharmacist provides the 

medications prescribed by the 
neurologist.

Tech. startups
Start-ups are actively 

working on new products 
that help to reduce the 

impact of PD symptoms in 
everyday life.

PAINPOINT

43

PAINPOINT

PD has similar symptoms to other
diseases such as progressive supra-
nuclear palsy or multiple system
atrophy.

The onset of symptoms in PD differs
from person to person. It can even
look like normal signs of aging
because the symptoms appear
gradually.

SOLUTION

Digitalization

Symptom checker application 
programming interfaces

Fall detectors with GPS Automated fall 
protection

SOLUTION

Automation

General practitioner
Provides care relating to general 

medical problems, initiates 
transfer of the patient to 
specialists if necessary.

Neurologist
Specialist of the disease. The 
neurologist is responsible for 

diagnosis & treatment.

Smartwatch in 
combination with neural 

networks 

SOLUTION

Sensing

2

PAINPOINT

To this day, PD remains a clinically
defined disease. Diagnostic
approaches may be subjective as
they rely on the evaluation of
movements that are sometimes
subtle to human eyes.24

PAINPOINT

Treating PD, like many neurological

disorders, is complicated by the need

of medications to pass the blood-

brain barrier (BBB). Additionally, PD

patients are faced with the effects of

their therapeutics to “wear-off” with

time.

1

SOLUTION

Digitalization

3D printed drug
delivery implant

PAINPOINT

Deep brain stimulation (DBS) is an
established treatment of PD if
medication cannot control the motor
symptoms adequately. However,
side effects may occur, and
improvement is only about 30 to
60%.37

4

PAINPOINT

There is no well-established in vivo

marker of nigral degeneration in

Parkinson's disease.

Visualization of 
nigrosome-1

4

SOLUTION

Clinical innovation

Intra-operative 
imaging  guidance

Hospital
Defines workflows and 

provides high-quality care 
across all patient services.

Medical device companies
Manufacture and develop 

devices and systems to correctly 
diagnose Parkinson’s disease.

Neurologist
Ensures correct dosage of 

the medications and 
monitors disease progress.

Physiotherapist
Physiotherapist helps patient 

with adequate physical training 
to live a normal life.

Pharmacist
Pharmacist provides the 

medications prescribed by the 
neurologist.

Family
Family members 

encourage the patient to 
stick to a healthy lifestyle.

Physiotherapist
Physiotherapist helps patient 

with adequate physical training 
to live a normal life.

Neurologist
Ensures correct dosage of 

the medications and 
monitors disease progress.

Pharmacist
Pharmacist must provide the 

medications prescribed by 
the neurologist.

Medical device companies
Manufacture and develop 

devices and systems to treat 
patients with Parkinson’s 

disease.

 
 

  

  

  

 

SOLUTION

Sensing

PAINPOINT

In advanced stages of Parkinson's

disease, a patient may experience a

sudden inability to step forward (gait

freeze).

2

SOLUTION

Sensing

SYMPTOMS
Scenario: Patient having trouble walking in the park

STAKEHOLDERS

Patient
Wants to take care of 

himself to live a healthy life 
and reduce the risk of 
developing a neuro-

degenerative disease. 

Family 
The family supports the 

patient and encourages him 
to adhere to a healthy 

lifestyle.

General practitioner
Provides care relating to general 

medical problems and informs 
about preventive measures 
regarding various diseases.

The patient frequently engages in farm activities and is exposed to pesticides
and herbicides.

PAINPOINT

The risk of developing PD is likely to

be increased by a frequent exposure

to herbicides (e.g., Paraquat) and

pesticides. Farmers have a higher risk

of developing PD than the general

public.1, 2

1

SOLUTION

Automation

PAINPOINT

Air pollution from traffic and other

sources potentially increases the risk

of developing PD later in life.6, 7

2

SOLUTION

Digitalization & Sensing

Smart mask

 
 

  

  

  

 

PAINPOINT

Patient follows an unhealthy diet

with excess consumption of heavily

processed foods like processed red

meat, butter, refined grains etc. Diet

has a relevant impact on the risk of

developing PD.

3

SOLUTION

Digitalization

 
 

  

  

  

 

PAINPOINT

Little to no physical activity is

associated with a higher risk of

developing PD.11

4

SOLUTION

Sensing & Digitalization

Wearables and apps

 
 

  

  

  

 

Dietary apps

SOLUTION

Sensing

SOLUTION

Digitalization

Web-based family health 
history collection and risk 

stratification tool

 
 

  

  

  

 

Telemedicine

Ministry of Health
Formulates and legislates 

health policies and 
controls health facilities.

Neurologist
The neurologist examines the 

patient, advises tests and 
diagnoses the disease.

Smart protective gear Educative campaigns

Closed-loop system DBS

SOLUTION

Clinical innovation

PAINPOINT

While PD is best diagnosed by

specialists with expertise in

movement disorders, very few such

specialists exist in rural areas

around the world.

Special trainings for non-
experts

1

SOLUTION

Process innovation

SOLUTION

Digitalization & Process innovation 

 
 

  

  

  

 

Premixing in-line 
injection systems

Neuron-derived α-
synuclein in blood test

SOLUTION

Clinical innovation

Opicapone

PAINPOINT

Levodopa is the most common
medication to increase dopamine
concentrations in the treatment of PD.
Unfortunately, as the disease
progresses, patients begin to
experience “off episodes” as the effects
of levodopa wane between doses.

2

SOLUTION

Clinical innovation

Exablate neuro Smartphone apps

SOLUTION

Digitalization

VR for Parkinson's 
patients

 
 

  

  

  

 

PAINPOINT

Even with appropriate therapy,

some motor-symptoms such as

tremor or muscle rigidity might

persist. Therefore, normally simple

tasks become increasingly difficult,

affecting the patient’s quality of life

negatively.42

1

SOLUTION

Sensing

Gyro glove

SOLUTION

Digitalization

Sensor enhanced 
spoon

Intelligent personal 
assistants

 
 

  

  

  

 

Smartphone-based self-
management 
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PAINPOINT

In order to assess the impact of

medication in PD patients, mostly

their memory or diary entries are

used. Considering the gaps between

doctor visits, these are neither

objective nor very reliable.

SOLUTION

Digitalization

Whole body kinematics
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PAINPOINT

The progression of PD can be very

different between patients. A

comprehensive understanding of

this process and its underlying

influencing factors has not been

achieved yet.

SOLUTION

Digitalization

PD progress tracker

 
 

  

  

  

 

Lung?

PAINPOINT

Many people with PD and their

families are unaware of the disease

and its symptoms and do not seek

appropriate care.

1

SOLUTION

Digitalization

Educational campaigns 
using new media

 
 

  

  

  

 

PAINPOINT

The earliest symptoms of PD e.g., loss

of smell and gastrointestinal

symptoms like constipation begin up

to 10 years before any motor

symptoms and are not commonly

understood as a potential precursor to

PD, delaying the diagnosis.15, 16

2

PAINPOINT

By the time of diagnosis, the disease

is often already in middle or later

stages since PD diagnosis is mainly

based on medical history and

physical examination.

3

SOLUTION

Clinical innovation

Hybrid PET MRI for early 
detection

SOLUTION

Digitalization

CNN based spiral drawings 
analysis

 
 

  

  

  

 

7T MRI technology

PAINPOINT

Noradrenaline boosting and
rebalancing medications are
currently studied as a treatment for
non-motor symptoms in PD patients.
However, only a certain group of
patients benefit from such treatment
and therefore need to be identified.

3

PAINPOINT

A PD patient should adhere to an

active lifestyle and regularly

exercise. However, committing to an

appropriate exercise plan might be

challenging.

3

SOLUTION

Digitalization

Gamified aerobic 
exercise

 
 

  

  

  

 

Mental health (tracking) 
apps

PAINPOINT

PD patients often suffer from
depression (around 35%) and/or
anxiety (20-50%). Both conditions
affect the quality of life in patients
negatively, in addition to the already
prevalent symptoms of PD.49,50

4

SOLUTION

Digitalization

 
 

  

  

  

 

SOLUTION

Clinical innovation

SOLUTION

Sensing

SOLUTION

Digitalization

SOLUTION

Automation

A smartwatch embedded with
triaxial accelerometers and
neural networks can provide
objective information about
tremor from the early stages
of the disease. This technology
can contribute to the
improvement of clinical
evaluation, and continuous
monitoring.27

Sensors can help to measure
postural instability, gait or
balance impairment. Continuous,
3-D recorded representation of
movements occurring while
performing tasks will help to
characterize the deficits of
Parkinson’s disease in the
specific patient.25,26

Clinical diagnosis of PD by
trained, non-specialized health-
care workers and simplified
treatment guidelines could offer
better management in primary
care where specialists are
unavailable.23

Integrated media and public education
campaigns could help to avoid
stigmatizing perceptions of PD and to
create awareness. Additionally, VR could
connect with large audiences. By creating
innovative and shareable content that
resonates with risk groups for PD, a
broader understanding of the early
symptoms can be fostered.17

Public health training
programs can help farmers
choose the right PPE and
advice the use of non-
chemical methods or help in
selecting less hazardous
products. For these
campaigns, modern formats
such as tele-communication
or AR/VR trainings could be
used.5

Smart personal protective
equipment like helmets,
goggles, suits or gloves not
only provide protection
against pesticides, but also
help to make the work more
comfortable. E.g., using 3D
gesture detection technology,
smart gesture controlled
intelligent workwear allows
the operation of devices
without touching them.4

A microcontroller powered
system automatically pumps
the right amounts of water
and chemicals into a static
mixer. Thereby, no manual
effort by the farmer is needed
and direct contact can be
avoided.3

A 3D printed titanium transcutaneous
bone-anchored port is implanted
behind the patient’s ear. This port
connects the catheters implanted into
target areas within the brain to the
external administration kit. This
technology has several benefits:
medication does not need to pass the
BBB, novel drugs usually requiring
infusion can be administered at home
instead of a hospital setting and
wearing-off effects can be reduced by
a constant flow of drugs.33

Opicapone is taken once daily
to prolong the “on” time of
levodopa. It blocks the enzyme
catechol-O-methyltransferase
(COMT) selectively and
reversibly, increasing the
concentration of levodopa in
the bloodstream.34,35

Patients are more likely to
benefit from noradrenaline
boosting therapy if they have
damage to the locus coeruleus.
The ultra-powerful 7T scanner
may help identify such
patients.36

A software agent that performs
tasks or services for the patient,
based on user input, location
awareness, and accessing
information from online
sources. Using voice control
systems, patients can use
phones or desktop computers
more easily.43

A wearable glove for patients
that utilizes a gyroscope to
stabilize tremors and thereby
brings relief to its users and
support them in their daily
activities.44

This type of stabilizing cutlery
is wider and heavier than
normal kitchen utensils. With
integrated sensors it can off-set
up to 85% unwanted tremor
from the intended movement of
one's hand.45

A tracker app to report one’s
medication intake improves
treatment adherence of PD
patients. Additionally, it
improves the patient’s
perception of the quality of his
clinical care, possibly as a
result of feeling more involved
and in control of his care.53

This device will provide the
right medication at pre-set
specified times. It thereby helps
the patient to take medication
on time, without skipping or
forgetting any of them.54

Shoes with laser device 

SOLUTION

Clinical innovation

 
 

  

  

  

 

Such systems allow to isolate,
track and analyze the patient’s
brain responses to DBS in real-
time. Based on the results, the
DBS system can adjust itself to
the needs of the individual
patient in various situations.39,40

The laser projects a line when
the foot touches the ground
serving as a visual cue for the
wearer, which helps the brain
initiate movement. That way the
patient continues to keep
walking in a more normal
manner.46,47

This research approach uses a
full body wireless inertial
sensing-based motion capture
system which is worn by PD
patients while doing physical
tasks at home. This way,
clinically meaningful reports
from kinematic data that show
changes after drug adjustments
can be made.55

This app serves research
purposes: after the consenting of
the patient that his or her data
can be used, the patient will be
asked to document his disease
progression and other specifics.
With time, a powerful dataset
will be created that help
scientists to find patterns and
improve PD treatment.56

Traditionally, patients are
awake during DBS surgery.
However, it has been found that
surgery on an asleep patient
with imaging guidance shows
greater improvements in
cognition, communication,
speech, and dyskinesia and less
difficulties with speech
fluency.38

Convolutional neural networks
that analyze images of spirals that
are drawn by the patients can
detect Parkinson's disease. The
neural network completes the
image processing, and the data
gets compared to the dataset;
which indicates if the patient has
Parkinson's or not.29

Besides use of PET/ SPECT for PD
diagnosis, hybrid PET-MRI can do
the simultaneous detection of
various elements of brain
abnormalities for early diagnosis
of PD patient’s molecular changes
and dopaminergic system
microstructural deterioration.28

This software can be used for patient
triage, preliminary health
assessment, and decision support.
Upon receiving basic patient data
like symptoms, demographics, and
lab test results, smart algorithms
can analyze the information and
return a list of possible conditions
and relevant recommendations.18

Dietary apps are a powerful tool for
public health promotion. These apps
can suggest Mediterranean diet-
based food choices, associated with
a lower incidence of PD.9,10

A smart mask with an
interchangeable HEPA filter through
which the small fans pull the air in
and give about 99.9% purified air &
comfort to users. An app along with
it can provide filter health
information and an air quality
sensor on the mask ranks the quality
index of the neighborhood air.8

PAINPOINT

A complex system of genetic and

environmental effects seem to

influence the development of PD. Yet,

the connections are not well

understood.13, 14

5

SOLUTION

Sensing & Digitalization

 
 

  

  

  

 

SOLUTION

Clinical innovation

SOLUTION

Digitalization

SOLUTION

Digitalization

PAINPOINT
To treat PD sufficiently, frequent
doctor and therapist visits are
necessary. However, on one hand low-
income countries lack resources and
access to qualified PD specialists; on
the other hand, patients might have
physical difficulties to leave the house.

4

PAINPOINT

DBS requires anesthesia, surgical

incisions, and brain implants. It

therefore carries surgical risks such

as the risk for infections.

5

 
 

  

  

  

 

 
 

  

  

  

 

A patient’s family history,
genetic profile and
environmental risk factors can
be used in a tool to provide
individualized information and
prevention strategies on
diseases the person has a higher
risk for.

A physically active lifestyle is
associated with a reduced risk for
PD. A smart watch that helps to
count daily steps and monitor
physical activity, in combination
with a smartphone app that can
be used to collect and analyze the
data, may help patients to stay
active.12

Wearables with sensors
(accelerometers and gyroscopes)
for reliable fall detection will
trigger an emergency call and
share the location of the patient
in case of a fall. In future, fall
risk estimation might also be
possible.20, 21

Smart airbag technology
equipped with sensors will be
able to detect falls and can be
deployed in critical areas such as
the hips in order to minimize the
harm due to falls.22,

Poor visualization of nigrosome-1
(a dopaminergic neuron-rich
region in the substantial nigra) is
observed in patients with PD as
compared to non-PD patients. It
has potential diagnostic
properties as a neuroimaging
biomarker in PD if assessed with
at least 3T MRI technology.30,31

Pathologically folded α-
synuclein accumulates in the
brain of PD patients. A new test
detects this protein also in
neuronal extracellular vesicles
contained in the patient’s blood.
In future, this may help to
distinguish between PD patients
and healthy individuals.32

This technology that can be used
as an alternative to DBS, uses
non-invasive MR-guided ultra-
sound to precisely target, heat
and ablate parts of the globus
pallidus which is overactive in PD
patients. Thereby, motor
symptoms such as rigor and
tremor are reduced. Infection risk
is also lower with this method.41

Aerobic exercise attenuates
motor symptoms. By delivering
exercise regimes in a gamified at-
home format, that is supervised
remotely, adherence can be
fostered.48

Mental health mobile apps can
act as a supporting tool to offer
mindfulness resources or ways of
coping with anxiety as well as
enabling the formation of online
support groups. Also, some apps
can detect a mental health crisis
and inform a professional.51

Telemedicine such as real-time,
synchronous video-conferencing
combined with wearables enables
geographically isolated or
homebound patients to receive
improved and restructured PD
care.57,58

PD patients need specific training
to combat their motor and non-
motor symptoms. There are
several apps supporting this
effort providing speech training
or physical activity plans and
instructions tailored to PD
patients needs.59

VR is a powerful tool to help PD
patients enhance motivation and
repetition of exercises and
provide precise feedback that has
an additional positive effect on
the motor abilities of patients.60

Website: 
https://www.siemens-healthineers.com/careers/innovation-think-tank

Solution categories

Existing in healthcare 
sector

Ongoing research in 
healthcare 

Futuristic solution 
(may or may not be 
implemented) 

Disclaimer:
This publication on the Parkinson’s disease
pathway framework was updated
on 14.09.2022. It cannot be taken as a
recommendation for the readers, especially
not as a guideline for treatment, and it is not
a medical document. There is no guarantee
for completeness or global correctness,
the various pain points, solutions, and
statistical data are examples only. Sources
are multiple, such as public statistics, expert
opinions, open innovation workshops,
research, own data and many more (see
references).
The products and features mentioned may
not be available in all countries and their
future availability cannot be
guaranteed. Some products mentioned are
planned and under development.
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