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Health @ Empa

Maintaining health and accelerating recovery

Materials at heart

 Understand the interactions between materials

and biological systems
in different environments, from the molecular to the macro-scale
(organs, tissues)

« Develop, design & engineer novel
« diagnostics tools (devices & techniques),
* innovative implants (e.g. active surfaces and
interfaces),
* materials-based therapeutic concepts (e.g.: drug Health
carriers, wearables)

 Translation to clinics m




Human Health @ Empa

We maintain health and accelerate recovery

Materials streams

DELIVERING INTERFACING
Nanoscale delivery Implantable
systems and materials and
precision targeting biointerfaces
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SENSING
Wearable sensors

Multiparametric
monitoring

IMAGING

Biomedical imaging
technologies

Multiscale morphology
and composition

MODELLING

Organ and body
modelling

E.g.: Digital twins,
human manikins



Human Health @ Empa

MATERIAL STREAM

DELIVERING INTERFACING SENSING IMAGING MODELLING
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Oncology

Infections
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Musculoskeletal

Women's Health

Dementia

Ophthalmology
One Health
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Infections — Anti-microbial resistance (AMR)
Connecting materials engineering and microbiology to tackle AMR

5 60. 130

USS billion
million annual health costs million
deaths associated due to AMR, projected AMR infections each year,
with AMR infections to rise to US$ 160 billion with an estimated annual
per year. by 2050. increase of 20-30%.
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Infections — Anti-microbial resistance (AMR) °

Connecting materials engineering and microbiology to tackle AMR

Prevention Sensing/Diagnosis Treatment

Point-of-care

diagnostics Delivery materials
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infections

Bio-responsive \3‘

materials

In vitro models & controls Understanding bacteria - living/non-living materials interactions
= Probzottcs host cell interactions Biofilm-materials interactions
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www.empa.ch/web/amr

Contact: Dr. Qun Ren et al.

+metal ions




Chronic Wounds (CW) °

Integrated Wound Management Initiative

Chronic wounds
Platform 1 Platform 2 affect 1-2%

population

label-free analytics

* Pain, discomfort
* Increased
mortality risks

* Up to 4% of
healthcare
expenses

Need for

* individualized
treatments

* Understanding,

} ; monitoring and
s modeling
3D models active drug delivery advanced dressing material beyond simple
- — e " arameters (pH,
= ST P S T e e S e P P
temperature)
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Chronic Wounds (CW) o7

Integrated Wound Management Initiative

Transdermal patch

: .
Platform 1 or drug delivery

In vitro & in silico

Modeling of drug
absorption, transport
& metabolization

» Comprehensive understanding of the
| critical phases in the wound healing
process

W Protel | -\ oation of physiologically relevant skin

Digital twin

models for

* Creation of a digital twin for precision
therapy transdermal
Dr. Marija Buljan, Prof. Dr. Katharina pain therapy
Maniura et al. “ \

Feedback

-

i i . .
B T s e w—— Pain relief,

respiratory depression
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Chronic Wounds (CW)

Integrated Wound Management Initiative

Concentration (mg/ml)
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DOI: org/10.1111/].1524-475X.2009.00564.x

Dimitrievska, Guo et al.

Platform 2

DFU = Diabetic Foot Ulcer
VLU = Venous Leg Ulcer

PU = pressure ulcer

Self-Care Wearables

Real-time tracking of multiple
biomarkers with spatiotemporal detection
system

Dynamic response to CW evolution via
adaptive, multifunctional composites
On-demand active delivery system for
precise, spatiotemporal, feedback-controlled
therapeutic release

Dr. Luciano Boesel, Prof. Dr. René Rossi et al.

Time and spatially-
resolved Raman
fingerprinting

g dellvery ) £~

advanced dressmg material
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Chronic Wounds (CW)

Integrated Wound Management Initiative

Platform 1 Platform 2

label-free analytics

WwWw.empa. ch/web/wound

17 Pis, 4 clinical partners
Contacts: Dr. Luciano Boesel, Dr. Marija Buljan, Prof. Dr.
René Rossi, Prof. Dr. Katharina Maniura

3D models active drug delivery advanced dressing material
3’#—-’7-— """"-“-‘:‘23’.‘ e C AT vt e e
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Clinical
Validation

¢ Collection of wound
exudates for P1 and
P2

* Pilot study to validate
both platforms

Prof. Dr. Jirg Hafner et
al. (USZ),

Prof. Dr. Antonio
Cozzio et al. (KSSG)

P UniversityHospital
2] Zurich
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Dementia

Multimodal Analytics in Dementia Diagnosis

. Amyloid plaque
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Alzheimer's
biomarkers ATOMIC FORCE
MICROSCOPE
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AFM imaging: size, shape & prevalence of pathological
proteins on surface of RBCs and in spinal fluid

Nirmalraj et al.



Dementia

Multimodal Analytics in Dementia Diagnosis

1004

75

Prevalence of fibrilar aggregates [%]

P. Nirmalraj et al., ACS Omega (2025), Brain
Communications (2024), Science Advances (2024)
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25

Prevalence of protein fibrils
on RBCs increases with

disease stages
On-going: >200 patients, growing evidence
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Major
neurocognitive
disorder
Different types and

P — levels of dementia
50 60 70 8 9 50 60 70 8 90 50 60 70 8 9 S50 60 70 80 90
age
B Dementia @ Mid cognitive impaiment due to AD 8 Probabie AD dementia 51 Subjective cognitive decline
8 Healthy Blood Donor BB Parkinson disease dementia 51 Probable AD dementia with evidence of the AD pathophysiolcgical process
£ Lewy Body Dementia B Posterior Cortical Atrephy Probable vascular dementia
3 mid cognitive impaiment [ Primary Progressive Aphasia 71 Rapid progressive dementia of unciear etiology

Nirmalraj et al.



Dementia °

Multimodal Analytics in Dementia Diagnosis

AFM Automation
to meet clinical needs

AFM / Nanoscale microscopy
Visualizes protein aggregates

(amyloid, tau) at nanoscale
;o
g1~ [E-E

Sample Automated Analysis Clinical
Preparation Imaging Result Report
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Dementia

Multimodal Analytics in Dementia Diagnosis

1. NANOSCALE IMAGING

AFM / Nanoscale microscopy
Visualizes protein aggregates
(amyloid, tau) at nanoscale

2. CHEMICAL SPECTROSCOPY

NI

800 1200 1600 2000
Raman Shift (cm™)

Raman / IR / Mass Spectroscopy

Identifies molecular signatures

in biofluids (blood, CSF, saliva)

3. WEARABLES & DIGITAL BIOMARKERS

A Activity & Mobility
€ Sleep Patterns

ﬂs Cognitive Performance

Continuous, real-world data on
behavior, sleep, activity & cognition
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Molecular scale analytics +
behavioral & cognitive performance

“TEXITLE INTEGRATID
COGHTIVE HEALTH

MEMORY

085 ®
@ ©

MONITIEY
ATEILTION

Annaheim et al.

Tailored wearables, software
NB: broader applicability (e.g.: extereme
conditions)

Gartmann, Kupferschmid, Scheidegger et al.




Dementia
Multimodal Analytics in Dementia Diagnosis

1. NANOSCALE IMAGING

AFM / Nanoscale microscopy
Visualizes protein aggregates
(amyloid, tau) at nanoscale

2. CHEMICAL SPECTROSCOPY

J

NN

800 1200 1600
Raman Shift (cm™')

Raman / IR / Mass Spectroscopy
Identifies molecular signatures
in biofluids (blood, CSF, saliva)

3. WEARABLES & DIGITAL BIOMARKERS

A& Activity & Mobility
c Sleep Patterns

@B Cognitive Performance

Continuous, real-world data on

2000

behavior, sleep, activity & cognition

)

-
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4. INTEGRATED ANALYTICS

Al / Machine Learning
Integration

Combines structural, molecular
and behavioral data

>

Detects early pathological
changes

B

Estimates risk & predicts
progression

Bo

5. CLINICAL IMPACT

- ©

©

Earlier Detection
Identify dementia risk
before symptom onset

Personalized Care

Tailor interventions
based on individual
biomarker profile

Monitoring & Prognosis
Track disease progression
and treatment response
over time

Better Outcomes
Timely decisions,
improved quality of life

&
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UniversityHospital
z
Y Zurich

Health
Ostschweiz

WINSELSPITAL

UNIVERSITATSSPITAL BERN
HOPITAL UNIVERSITAIRE DE BERNE

www.empa.ch/web/dementia

Contacts: Dr. Peter Nirmalraj, Dr. Simon Annaheim
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Engineering solutions to improve healthcare ....
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Array of e
redox-NPs |8

Detection
(redox-NP sensing chip)

(L)

< 75nm‘
ZOrim Sio, ' :

2 10nm Pt
| 10nm SiO,

membrane

< 50nm 100nm

Nanopore devices for single-

molecule analytics

For e.g.: DNA translocation, protein analytics
Mermoud, M.C. et al., Empa & OST

ETH Domain Health Day, 20 Aug. 2026 | Michel Calame

J Electrode array — Waveform generator
“. ¢, — Digital control Stimulation module
<+ =1 Electrophysiology module
= Impedance spectroscopy module
= Electrochemical sensing module

Integration of CMOS microelectrode

array in a microfluidic system

For e.g.: electrophysiology, impedance spectroscopy,
electrochemical sensing.

Hierlemann et al., Lab. Chip (2025)



Engineering solutions to improve healthcare .... °

Swiss Chip
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Empa — The Place where
Innovation Starts

www.empa.ch/health

Contacts

Prof. Dr. René Rossi
Tel. +41 58 765 7765
rene.rossi@empa.ch

Prof. Dr. Katharina Maniura
Tel. +41 58 765 7447
katharina.maniura@empa.ch

Prof. Dr. Michel Calame
Tel.: +41 58 765 42 60
Michel.calame@empa.ch

Thank you
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