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Economic cost of fatal 
and nonfatal injuries in 
the US in 20193

$4.2 Trillion

Road traffic injury death rates5

in the African region

• Lowest in the European region

Injuries and violence
are responsible for an
estimated
of all years lived with
disability4
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Traumatic injuries account for  

over 41 million emergency

visits in the US each year6
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RISK FACTORS2

• Falls
• Road traffic collision

• Violent crime
• Child abuse

• Highest

Disclaimer:
This publication on the traumatic injury pathway
framework was updated on 29.09.2022. 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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PAINPOINTPAINPOINT

Prehospital 
communication platform

PAINPOINTPAINPOINT

The patient shows 
symptoms after suffering 

from a traumatic injury

STAKEHOLDERS

An extensive research-based analysis
from 40+ scientific articles and
journals in combination with hospital
workflow experience allowed the
identification of painpoints 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

35
painpoints

40
solutions

connected to

different stakeholders
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PREVENTION
Scenario: At home, having a meal

STAKEHOLDERS

SYMPTOMS
Scenario: Patient has been in an accident

STAKEHOLDERS

DIAGNOSIS
Scenario: Patient getting examined at 
the hospital

STAKEHOLDERS

TREATMENT
Scenario: Patient in the operating room

STAKEHOLDERS

REHABILITATION
Scenario: Patient at the rehab center

STAKEHOLDERS

FOLLOW-UP
Scenario: Patient in the doctor’s office
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TRAUMATIC INJURY

Patient is following a nutritious diet and is physically fit. This can help

prevent stress fractures and reduce the severity of trauma incidents.

STAKEHOLDERS

After treatment, patient undergoes rehabilitation to regain physical

strength.

SOLUTION

Digitalization

PAINPOINT

Traumatic injuries, such as

traumatic injury to the brain, can

cause psychological disorders

such as post traumatic stress

disorder (PTSD).

The patient returns to normal life but will probably need to make life changes

due to the injury.

STAKEHOLDERS

2

Disease pathway analysis with painpoints and solution examples

OUT-PATIENT
Scenario: Patient trying to socialize at a 
public place

Patient

Lifestyle choices of the 
patient have an impact on 

the risk of potential 
traumatic sports injuries, 

traffic or household 
accidents.

.

PAINPOINT

Certain vitamin and mineral

deficiencies can cause muscle and

bone weakness, thereby

increasing the probability of falls

and fractures.

SOLUTION

Clinical innovation

Paper based sensors 

2

Patient has been in a car accident and is being shifted to the ambulance by

the paramedics.

Smart injury 
detection

SOLUTION

Digitalization

First aid drone/ 5G 
first aid call

PAINPOINT

2

3

PAINPOINT

Internal injuries like bleeding,

pneumothorax or ruptures are

hard to locate and detect in the

field if the patient doesn’t show

any other symptoms than

unconsciousness.

Due to lack of medical knowledge

and emergency equipment, it is

often difficult for the bystanders

to provide first aid to the patients

who underwent traumatic injury.

SOLUTION

Sensing

After the initial assessment in the emergency room, patient is taken to the

radiology department where he undergoes CT scan to assess the extent of

his injuries.

Patient is shifted to the operating room where he undergoes surgical

treatment for his injuries.

Patient goes back to the doctor's office for follow up appointments.

 
 

  

  

  

 

Automated X-Ray post-
processing and reporting

PAINPOINT

Doctors have to evaluate many X-

ray images during a day, which

gives them a short time frame to

assess them. This might lead to

errors in diagnosis.
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SOLUTION

Digitalization

 
 

  

  

  

 

PAINPOINT

Most patients face a lack of

tailored rehabilitation plans.

Personalized 
rehabilitation

3

SOLUTION

Digitalization

 
 

  

  

  

 

1

A lot of time is needed to evaluate

the patient’s condition in the

emergency room as the staff is not

informed about the patient

condition before arrival.

SOLUTION

Digitalization

 
 

  

  

  

 

 
 

  

  

  

 

Powered exoskeleton

SOLUTION

Clinical innovation

PAINPOINT

Patients with spinal cord injury

may have partial or total

paralysis which makes it difficult

for them to lead a normal life.

1

Automated medical 
documentation

PAINPOINT

It is sometimes difficult for the

patients to get access to their

medical records when needed e.g.,

results of imaging or other

examinations that are often just

saved locally.
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SOLUTION

Automation

SOLUTION

Digitalization

Educational campaigns 
using AR/VR

1

Patients are not educated on how

to avoid trauma.

 
 

  

  

  

 

SOLUTION

Digitalization

IoT enabled smart vehicle

PAINPOINT

1

Patient meets with a car accident

and is unable to call the

ambulance or friends/family for

support.

 
 

  

  

  

 

PAINPOINT

3

Patient falls are common in

hospitals and can lead to serious

injuries or even patient death, in

addition to extending hospital

stays and raising costs.

SOLUTION

Sensing & Digitalization
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PAINPOINT

2

SOLUTION

Digitalization & Process innovation

It is challenging to develop

treatment algorithms suitable for

each case, given the range of

clinical manifestations seen in

polytrauma patients.

Clinical decision support 

system (CDSS) 

Athletes are frequently prone to
injuries either due to trauma or
overuse of muscles or joints.

PAINPOINT

1

SOLUTION

Process innovation

Oftentimes in remote or rural

areas, patients who suffer

traumatic injury do not have

access to proper care by a

multidisciplinary team.

.

Geographic Information 

System (GIS) analysis

PAINPOINT

Patients are often not motivated

enough to indulge in

rehabilitation therapy after a

traumatic injury.

Gamified exercises
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SOLUTION

Digitalization

 
 

  

  

  

 

SOLUTION

Digitalization

3

 
 

  

  

  

 

Cross-consultations and patient

shifting from the ER to other

departments like radiology, OR or

ICU for further management is

often delayed due to

overcrowding and unavailability

of resources.

SOLUTION

Sensing

Sensor-induced airbag 
system

PAINPOINT

Surgeries, especially for critical

injuries like internal organ

injuries or crush injury are highly

dependent on the skill and

experience of the surgeon.
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SOLUTION

Digitalization

VR based medical simulation 

technology
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SOLUTION

Process innovation

Whole body CT scan 

SOLUTION

Digitalization

 
 

  

  

  

 

Digital music therapy

SOLUTION

Digitalization

 
 

  

  

  

 

Mental health 
(tracking) apps

SOLUTION

Digitalization

Online consultation 
platform

4

Patients with minor traumatic

injuries often avoid going to the

hospital due to risk of COVID-19

infection.

SOLUTION

Digitalization

2

 
 

  

  

  

 

Triage assistant

 
 

  

  

  

 

PANDEMICCOVID-19

Wearable infection 
detectors

Open wounds following trauma

are prone to infection. The setting

in which an open fracture occurs

will affect the degree of

contamination.

PAINPOINT

SOLUTION

Sensing

1

Specialized rehab approach

PAINPOINT

After severe injury to various

parts of the body, it is often

difficult for the patients to restore

their functional capabilities back

to normal.

SOLUTION

Digitalization & Process innovation

 
 

  

  

  

 

Patient education and 
appointment scheduling

PAINPOINT

Patients often do not go for

follow-up appointments due to

unawareness or improper

schedule.

1

SOLUTION

Digitalization & Process innovation

Teleconsultation

SOLUTION

Digitalization

PAINPOINT

3

The COVID-19 pandemic is

negatively impacting the

recovery of traumatic injury

survivors due to less in-person

services.39

PANDEMICCOVID-19

Robotic assistance

SOLUTION

Automation

Robots can help in reducing the staff
workload by supporting in routine
logistic tasks, documentation,
cleaning, monitoring patient vitals,
and aiding in minimally invasive
procedures, thereby enhancing
patient care, streamlining clinical
workflows and maintaining a safe
work environment.26

PAINPOINT

6

Shortage of nursing staff or

other healthcare professionals

due to the pandemic can lead to

improper/ insufficient care

delivery to the patients.

PANDEMICCOVID-19

Care robots

SOLUTION

Automation

PAINPOINT

Limited mobility in some patients

restricts them from doing

household chores and other

outdoor activities.

2

SOLUTION

Process innovation

PAINPOINT

When treating severe traumatic

injuries, blood transfusions are

frequently necessary, but the

availability of blood and blood

products is often scarce.
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Family

Helps the patient to live 
healthy and avoid trauma 

as much as possible.

Provides care relating to 
general medical problems 

and informs about measures 
for preventing injuries and 

trauma.

General practitioner Patient

The family is notified that 
the patient has suffered 
from a traumatic injury.

Family

Paramedics are the first to 
analyze the patient’s 

symptoms and extent of injury.

Paramedics

The patient is getting 
diagnosed at the ER and 

severity of the injuries is being 
assessed.

Patient

The patient’s family is 
notified about the patient 

status and diagnosis.

Family

Evaluates and diagnoses 
the patient.

Emergency physician

The patient undergoes 
treatment for the injuries 

suffered.

Patient

Decides the course of  
treatment for the patient.

Emergency physician

Takes care of the patient 
in the intensive care unit.

Intensivist

The patient must attend 

rehabilitation appointments

and stay motivated to 
regain mobility.

Patient

Supports patient mentally 
and physically whenever 

needed and tries to keep him 
motivated when needed. 

Family

Pharmacist provides the 
medications prescribed by 

the doctor.

Pharmacist

Has to frequently visit the 
doctor for check-ups and 

continue an active lifestyle.

Patient

Supports and reminds 
patient for routine 

follow-up.

Family

Continues to work with the 
patient to improve mobility.

Rehabilitation therapist

Has to adapt to a life with 
disabilities or limitations 

due to injury.

Patient

Monitors patient health and 
progress after treatment.

General practitioner

Supports the patient with 
rehabilitation as the patient 

might need to continue 
rehabilitation for many 
years after the incident.

Rehabilitation therapist

Manufacture and develop 
devices and systems to help 

the patient reach the best 
physical outcome after injury.

Medical device companies

The rehabilitation therapist 
helps the patient recover and 

regain mobility.

Rehabilitation therapist

Checks the patient’s progress 
regularly and supports with 

all medical questions the 
patient might have.

General practitioner

Manufacture and develop 
devices and systems to treat 

patients more effectively.

Medical device companies

Pharmacist provides the 
medications prescribed by the 

doctor.

Pharmacist

Plans and performs the 
surgery based on the patient 

injury.

Trauma surgeon

Manufacture and develop 
devices and systems to 

diagnose traumatic injury 
patients precisely and 

effectively.

Medical device companies

Ensures proper patient care 
and manages the patient 

health data.

Hospital administration

Radiologist conducts and 
analyzes X-ray, CT or MRI 

examinations. 

Radiologist

Manufacture and develop 
devices and systems to help 

patients with their symptoms.

Medical device companies

Examines the patient either 
already at the scene of the 

injury or upon arrival at the 
emergency department.

Emergency physician

Formulates and legislates 
health policies, conducts 

information campaigns to 
educate the society on trauma 

prevention.

Ministry of Health

SOLUTION

Automation

Social companion robot

PAINPOINT

Lockdown & social distancing can

aggravate the effects of trauma

resulting in increased anxiety and

stress.

3 PANDEMICCOVID-19

Using AR/VR, periodic workshops
can be conducted to educate
people about types of traumatic
injuries, their mechanisms,
trauma prevention (e.g., fall
prevention, violence prevention,
motor vehicle safety) and first-
aid, with an aim to reduce death
and disability due to trauma.1,2

With specific analytes that can
detect & measure the nutrient
(vitamin, minerals etc.) levels,
these sensors can be used as a
point-of-care system; they
consume less time & sample
volume. Additionally, an alert
can be sent to the patient and
physician, and a modified diet
plan can be created based on the
measured values.3

An alert message can be
automatically sent to the cloud
by the car's accelerometer and
GPS sensor, and from there it is
sent to the emergency personnel
and friends/family. This signal
provides information about
severity of the accident and GPS
location, which the ambulance
uses to get to the scene quickly.6

A cloud-based real-time data
sharing platform that enables
automated streaming of all
collected prehospital data (e.g.,
patient details, vitals, lactate,
ECG) to the hospital before
ambulance arrival, providing a
complete picture of the incoming
patient. Parameters like lactate
can be a prognostic help to
prioritize and find the right
treatment.12,13

PAINPOINT

If multiple patients with

traumatic injuries arrive at the

emergency room at once, patient

triaging can be difficult, time

consuming and prone to errors.

Based on the patient
presentation, chief complaints
and vital signs, an automated
system with triage decision
making algorithm can be used to
prioritize and categorize the
patients into accurate triage
levels instantly, thereby saving
time, providing specific triage
output and aiding in resource
optimization.14

GIS can be used to identify

patterns in traumatic injuries and

barriers to trauma care access in

rural areas, which can help to

place trauma centers at optimal

locations. Besides, rural public

health professionals can conduct

system optimization, identify

training and resource needs,

assess prevention priorities, and

advocate for trauma system

support.19

Based on the collected patient

data such as the general medical

condition, fracture patterns,

associated injuries, laboratory

and radiology investigation

results, a CDSS integrated with

genetic algorithm (GA) and

support vector machine (SVM)

can be used to classify the

traumatic injury patients into

stable, borderline, unstable, and

in extremis and determine the

appropriate treatment

approach.20,21,22

A multidisciplinary team and advanced

technologies like VR, wearable sensors,

AI, IoT etc. can be used to tailor

individual rehabilitation plans for

multitrauma patients and aid in

improving or restoring the functional

capabilities by providing a combination

of physical therapy, occupational

therapy, speech and cognitive therapy.

For a more effective response,

rehabilitation can be initiated at an

early-stage post-trauma in certain cases.
27,28

In addition to educating the patient on
the post-surgical complications of
traumatic injury, side effects of
medications and the importance of
follow-up appointments during
discharge, mobile apps can be used to
manage the follow-up schedules and
send reminders to the patient.35,36

Universal medical documentation via
the cloud and IoT can provide a
managed solution for storing and
accessing healthcare data in the
cloud, providing a critical bridge
between existing care systems and
applications hosted on cloud.37,38

Powered exoskeleton can improve the

mobility in patients with movement

deficits by providing mechanical

support and facilitating gait

training.41

Care robots assist the patients with

daily activities at home e.g., support

in walking, lifting & moving things,

and continuously monitor & update

the patient vitals to a patient record

database from where the hospital

staff can track patient condition.42

The sensor can identify a
patient in a fall condition and
transmit the data to an airbag
deployment device that
releases the airbag, and thus
prevents injuries if the patient
falls. This device can be
mounted in various high-risk
areas in the hospital like a
bathroom or patient room.4

A tight top under a player's
jersey, equipped with GPS, an
accelerometer, a gyroscope & a
digital compass can be used to
track the player’s heart rate,
speed & distance covered
during training sessions. Based
on this data, an ML model can
be used to detect patterns &
predict injury probability.5

Sports injury prediction 
algorithm

PAINPOINT

Sensors in clothes, helmets or
the seat belt in cars can
measure the applied force/
pressure and aid in detection &
evaluation of injury.10,11

Video consultations can be
used for such patients and
appropriate treatment can be
advised.

Smart hospital resource 
management platform a

Real-time location service (RTLS),
radiofrequency identification (RFID),
and near-field communication (NFC)
are some technologies that can be
used for asset tracking and resource
management. When connected to an
IoT platform, data collected from
these systems can be visualized to
track and manage the availability of
resources in the hospital.15

AI algorithms can be used to
automate routine imaging
workflows by providing
radiologists with pre-screened
images, identified features, and
image interpretation for reporting,
resulting in reduced errors,
increased efficiency and more
accurate diagnosis.16,17

Virtual reality (VR)

simulation provides users with

an immersive, 3D experience

that can be used by surgical

trainees to practice skills and

operations in a safe yet

realistic environment.23

VR exposure therapyDrone delivery

Drones can facilitate faster
blood unit transportation
from one location to
another in cases of
emergency.24

VR can help in overcoming

the anxiety in patients by

creating an individualized,

gradual, controlled, and

immersive exposure to the

traumatic incident

encountered by the patient.29

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,
thereby enabling timely
intervention.30

Music therapy is an effective

tool to help with trauma.

While not yet established for

patients suffering from PTSD

and related disorders, for

other diseases digital music

therapy options are already

available.31,32

Virtual platform for online
video consultations with
specialists during follow-up.40

An interactive social companion

robot can be utilized to recognize

the patient's unique needs and

emotions and respond in

accordance with those needs.43

PAINPOINT

In seriously injured multitrauma

patients, selected CT approach

(body region specific) is time

consuming and prone to

misdiagnosis.

This approach consists of contrast-

enhanced chest, abdomen, and

pelvis CTs, in addition to plain head

and cervical scans. This

comprehensive examination enables

a quick and accurate diagnosis that

supports immediate therapy

relevant decisions.18

5

Wound dressings can be
incorporated with wearable
biosensors that can help to
detect infected wounds earlier
by identifying specific
biomarkers associated with
the presence of wound
infection. Early initiation of an
antibiotic regimen can thus be
made possible, and
complications can be
prevented.25

AI can aid to create personalized

rehabilitation exercises. Moreover,

along with a motion detection

system that continuously tracks the

patient performance, AI can be used

to update the exercise regime

accordingly.33

A software platform that turns
physical and cognitive exercises into
clinical exergames (fitness games),
making therapy more interesting
and convenient to follow. This tool
uses motion tracking sensors to
engage patients in their therapy,
while assessing and reporting
patient compliance.34

Emergency video call system
using 5G can provide real time
first aid instructions to the
bystanders while drones can be
used for fast delivery of
emergency medical supplies.7,8,9

 
 

  

  

  

 

Website: 
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Solution categories

Existing in healthcare 
sector

Ongoing research in 
healthcare 

Futuristic solution 
(may or may not be 
implemented) 

Disclaimer:
This publication on the traumatic injury
pathway framework was updated
on 29.09.2022. 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.

aRTLS to locate patients and staff (SHS): This service is
under development and not commercially available. Its
future availability cannot be ensured.

Offers follow-up 
appointments to ensure 

effective healing.

General practitioner
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