


Mechanism of Injury
Understanding the Kinematics of Trauma



Objectives

At the conclusion of this presentation the 
participant will be able to:

• State how the fundamental principles of physics apply to 
various types of injuries

• Given a specific mechanism of injury, predict injury patterns
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Trauma



Kinematics
• The study of basic physics concepts that dictate how 

energy affects the human body

• Allows prediction of injuries based on motion involved



Mechanism of Injury

Mechanism of injury (MOI) is the way in 
which traumatic injuries occur

Different MOIs produce injuries that may 
be isolated or occur in many body 
systems



Forms of Energy



Oaie, (2018). Available via license: CC BY-NC

Burn Injury Mechanism
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Electrical



Chemical



Items in the Home 
that Cause Chemical 

Burns
• Ammonia
• Bleach
• Mold and mildew cleaner
• Drano and other drain 

cleaners
• Furniture polish
• Laundry detergent
• Toilet bowl cleansers
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Other Chemical Items
Around the Home

• Fertilizers
• Hydrofluoric acid
• Concrete mix
• Fireworks
• Pool cleaners
• Paint thinners

https://www.slideserve.com/demetra/working-around-concrete-safety-101



Kinetic Energy



Newton’s First Law of Motion
• Objects tend to 

stay at rest or in 
motion unless 
acted upon by 
some force

• Velocity is 
constant

http://ffden-2.phys.uaf.edu/webproj/211_fall_2016/Juan_Acevedo/Juan_Acevedo/Newtons%20Laws%20Of%20Motion.html



Newton’s Second Law

Defines the 
relationship 
between 
acceleration, force, 
and mass

https://slidetodoc.com/newtons-second-law-but-first-review-newtons-first



Newton’s Third Law

• For every action 
(force), there is 
an equal and 
opposite reaction

• Energy cannot be 
created or 
destroyed

• Energy can only 
change from one 
form to another



Kinetic Energy

Energy 
contained in 
moving body

Mass 
(weight)Velocity



• Head on collision
• The kinetic energy of 

two moving bodies 
that collide are 
combined.





Speed 30 à 42 mph
EXAMPLE:

• 180 lb person moving at 30 mph

• 80 kg person at 13.41 meters per 
second

• KE = ½ m v2

• KE = 80 (13.41 x 13.41) / 2

• KE = 7.193 kJ

EXAMPLE:
• 180 lb person moving at 42 mph

• 80 kg person at 18.774 meters 
per second

• KE = ½ m v2

• KE = 80 (18.774x18.774) / 2

• KE = 14.098kJ

Increase speed from 30 to 42 mph, DOUBLES KE



∆ V 



Bahouth et al., 2014



Factors to Consider

Mass

Velocity

Resistance to damage

Surface characteristics



Resistance to Damage

Tissue characteristics
Preexisting health conditions



Kinematics in Prevention
Alter host and environment

Development of devices to reduce 
injury

Automotive safety research

Special population considerations



Trauma

Blunt

PenetratingDeceleration



Motor vehicles

Falls

Bicycles

Blunt assault

Objects

Machinery

Blunt Trauma



All Leading Causes of Death, US, 2019



Top 10 Preventable Injuries, US, 2019



Motor Vehicle Fatality Trends



Motor Vehicle Collision

Body

Internal 
Organs

Vehicle

Three Collisions



Types of MVC
• Frontal
• Rear-end
• Lateral
• Rotational
• Rollovers





Frontal Impact
• Cervicothoracic vascular injury
• Cervicolaryngeal tracheal injury
• Spinal flexion-distraction injury
• C7 T1 TP fractures
• Sternal and rib fractures
• Bowel and mesenteric injuries
• Pelvic ring fractures/injuries
• Lower extremity injuries

• Hip
• Knee
• Ankle
• Midfoot

Fadl, S, Sandstrom, C. Mechanism-based 
Approach to Injury Detection after Motor 
Vehicle Collisions. Published under a 
Creative Commons Attribution 4.0 
International License (CC BY)



Red Flags

http://emergencywebnotes.blogspot.com/2012/01/life-saving-information-on-hollow.html





Lateral Impact

• Head
• Neck strains and sprains
• Spine

• C2 body/odontoid fractures
• C3-C4 thru C7-T1

• Rib fx, pulmonary contusions/ 
lacerations 

• Diaphragmatic injuries may 
accompany pelvic and solid organ 
injuries

Fadl, S, Sandstrom, C. Mechanism-based Approach to Injury Detection after Motor Vehicle Collisions. 
Published under a Creative Commons Attribution 4.0 International License (CC BY)



https://slideplayer.com/slide/4151019/
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Rear End Collision





Rotational Impact



Acceleration and Deceleration
• Acceleration

• Rate at which body in motion increases its speed
• Deceleration

• Rate at which a body in motion decreases its speed









Child Restraints



Pedestrian vs MVC



Direct Strike
• Lower arm
• Pelvis
• Abdominal organs
• Hip
• Femur
• Knee

Thrown
• Head
• Face
• Neck
• Skin (road rash)















Feet-First Falls 

• Compression fractures
• Calcaneus fractures
• Fractures of the wrist 
• Injury to internal organs
• Injuries to head, back, and 

pelvis



Head-First Falls 

• Brain injury
• Hyperextension of the 

head/neck
• Compression of the 

cervical spine
• Chest, lower spine and 

pelvic injuries are also 
common





Falls - Critical Factors

Height

Surface

Objects struck during fall

Body part of first impact



Important Heights

20 feet: Adult

2- 3 x height of the child 
(10 feet)

35 feet: 50% mortality



Blunt Assault
With weapon, fists, 

or kicking & 
stomping



Penetrating Trauma



Impalements



Ballistics



KE = ½ m v2













Tumble & Yaw

Cavitation

Deformation

Fragmentation

Other Ballistic Characteristics…



Tumble (end-over-end)

Yaw (back-and-forth, side-to-side)



Cavitation







An x-ray 
illustrating 
fragmentation 
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• High-powered 
shotgun blast

• Close range







KE = ½ m v2



Entrance vs. Exit Wounds

• Exit wounds are not always larger
• Avoid labeling wounds entrance or exit
• Include anatomic location, shape, size and any 

additional finding such as powder burns 
• Preserve evidence

• Cut around not through bullet holes in clothing
• Handle any bullet carefully
• Preserve chain of custody



Blast



Injury Phases of an Explosion

Quaternary injury

Tertiary injury

Secondary injury

Primary injury



Injury patterns and severity are predictable, based 
on knowledge about mechanism of injury,
especially mass and velocity.

Summary and Conclusions



Mechanism of Injury  

 
1. An 86-year-old female is brought into ED after being struck in parking lot by very slow-

moving vehicle. She complains of pain to bilateral hips. Vital signs are as follows: BP 
105/60 HR 110 RR 28, patient appears very anxious. Upon exam, the patient yells out in 
pain when her pelvis is palpated, and the bones feel "loose”. The next steps for the 
provider would be: 

a. Ask another team member to assess the pelvis. 
b. Wait for an x-ray and radiologist report. If broken, stabilize the pelvis. 

c. Start an IV with NSS at keep vein open. 

d. Assist the resident/attending in placing a sheet or T-pod to wrap/stabilize      

the pelvis.  

 
2. You are dispatched to a scene for a 46-year-old female patient who was involved in 

an MVC. She was struck in her driver’s side door by another vehicle, who was running 
a red light in an intersection (“T-bone” crash). Approximate speed of both vehicles 
was 40 mph. Which of the following anticipates her injuries based on the energy of 
the crash? 

a. Neck hyper-flexion with T-8 compression fracture, right open tib-fib fracture, 
and ruptured small bowel 

b. Multiple left rib fractures with pneumothorax, lung contusion, pelvis 
fracture,      epidural hematoma 

c. Bilateral hip fracture-dislocations, anterior-posterior pelvis fracture, 
and a liver    laceration 

d. Neck hyper-extension with cervical fracture and possible cord injury, with 
bilateral patella fractures, and bilateral lung contusions 

 
3. Which of the following is the best answer to describe the types of energy which can 

cause trauma? 
a. Kinetic, thermal, electrical, chemical, and radiological 
b. Gravity, blast, and quantum-physical 
c. Nano-kinetic, friction-traction, and hypoxic 
d. Crush, acceleration, and deceleration forces  

 
4. A 22-year-old male soldier sustained injuries due to a blast injury from an improvised 

explosive device (IED). The nurse knows that the soldier will sustain injuries due to:  
a. The effects of the blast wave itself on solid organs 
b. The effects of radiation may have a delayed presentation 
c. The difficulty in making the diagnosis of bowel perforation 

d. The blast-wave itself, combined with blunt injury, penetrating injury, and burns 

 

 



5. Prehospital report relays that two trauma patients due to arrive shortly are a mother 
and a 5-year-old child who were struck by     an SUV in a crosswalk. The provider can 
predict which of the following injuries based on this information:  

a. The speed at which they were struck is a good predictor of the severity of 
injuries. 

b. The mother would be likely to have severe tib-fib fractures, while the child 
is   more likely to have major head injuries. 

c. If the vehicle that struck both was moving at a high rate of speed, both are 
likely to have a lot of road rash from sliding   along the pavement. 

d. All of the above 
 

6. Which of the following are the best predictors of severity of injury in an MVC? 
a. Age and type of vehicle 
b. Rollover and position in vehicle 
c. Speed and unrestrained 
d. Size of vehicle and number of passengers  
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