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Summary

Background: Persons injured in traffic accidents may have injuries
of characteristic types that are of significance for the complex re-
construction of the accident and whose medicolegally sound clinical
documentation is highly important. This is of particular relevance for
the approximately 55 000 persons who are severely injured in traffic
accidents in Germany each year. Gaps in documentation are often
disadvantageous for the injured persons.

Methods: This review is based on pertinent publications retrieved
by a selective literature review, with additional consideration of
relevant textbooks in traffic medicine and legal medicine, as well as
the guidelines of the AWMF (Association of the Scientific Medi-

cal Societies in Germany).

Results: Injuries in traffic accidents typically differ depending on
the mode of participation of the injured person in traffic. They must
be examined with a view toward the sequence of events of the acci-
dent and documented in medicolegally sound fashion. In particular,
because of the different mechanical forces involved, it is important

to document the seat that the injured person occu-
pied in the automobile, the nature of the collision
(pedestrian vs. automobile; bicycle, e-bike,
e-scooter, and motorcycle accidents), and the
protective devices that were in use.

Conclusion: The precise documentation of injuries
and examination findings, with critical consideration
of their plausibility in relation to the sequence of
events of the accident as far as it is known, is an
important duty of the physician. This documentation
serves as the basis for further judicial steps leading
to compensation when legally appropriate.
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here were approximately 2.3 million traffic accidents in

Germany in 2021, according to police records. Some
325000 people were injured, 55 000 of them seriously, and
2562 people died. Persons riding in cars accounted for
most of the injured (N = 161 497), followed by cyclists (N =
83 753) and pedestrians (N = 22 652) (1).

In 2018, approximately 716 000 sentences were handed
down by German criminal courts. A sizeable fraction of
these, approximately 22%, were for road traffic offenses,
including drunk driving (Section 316 StGB), negligent
homicide (Section 222 StGB), negligent bodily injury (Sec-
tion 229 StGB), and endangering road traffic (Section 315 ¢
StGB) (2). Clearly, the medicolegally sound documen-
tation of injuries sustained in road traffic accidents by
physicians is an important matter for routine clinical
practice, so that the patient can demonstrate the injury

sustained in the accident and prove its
causality to the court in order to obtain due
compensation; this is aside from the further
consequences of road accidents in civil law.
Mechanisms of injury are harder to recon-
struct with incomplete documentation.

In general, although there are some
differences across countries owing to local
conditions, the most frequently injured body
regions in road traffic accidents are the limbs,
followed by the head and neck. Serious in-
juries most commonly involve the head,
followed by the chest. There is more than one
injury in approximately 40% of cases (3).

The site and severity of an injury depend
on a range of intrinsic and extrinsic factors,

Incidence
In Germany in 2021, some 325 000 people were injured in traffic
accidents, 55 000 of them seriously, and 2,562 people died.
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Injured regions of the body

The most frequently injured body regions in road traffic
accidents are the limbs, followed by the head and
neck. Serious injuries most commonly involve the
head, followed by the chest. There is more than one
injury in approximately 40% of cases.
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Table of indication criteria for alerting the schock room (S3 guideline) (7)

Criteria for alerting the shock room

Pathological findings after trauma

Injuries or measures taken after trauma Additional criteria for elderly trauma patients

A/B problem

- respiratory insufficiency (Sp02 < 90 %)/
need for airway protection
-RR<100r>29

C problem
- systolic blood pressure < 90 mm Hg
- heart rate > 120/min

- unstable chest

- mechanically unstable pelvic injury

- penetrating injuries of the trunk and neck

- amputating injury proximal to the hands/feet

- sensorimotor deficit after spinal injury

- pre-hospital intervention (need for securing the airway,
chest decompression procedure, catecholamine adminis-
tration, pericardiocentesis, or placement of a tourniquet)

- systolic blood pressure < 100 mmHg

- known or suspected traumatic brain injury and GCS
<14

-2 or more injured regions of the body

- traffic accident with fracture of one or more long tubular
bones

- Shock index > 0.9

- positive eFAST - burns > 20% and degree = 2b

— fall from more than 3 meters of height
D problem - traffic accident with ejection from vehicle or fracture of a
-GCS <12 long tubular bone

- expanded indication for notifying the shock room if the
E problem patient is elderly

- hypothermia < 35.0 °C

— fractures of 2 or more proximal large tubular bones

eFAST, extended focused assessment with sonography in trauma; GCS, Glasgow Coma Scale; RR, respiratory rate;SpO, oxygen saturation measured by pulse oximetry

including the type of transport involved (including the use
or non-use of safety devices), the cause of the accident,
and the particular vulnerability of the injured person (age,
medical history, substance use). Improvements in safety
devices have led to a change in injury patterns in recent
decades. Nonetheless, the mechanism of the accident is
not the sole predictor of the nature of the injury that will
result (4).

For persons riding in cars, a collision with a narrow
object, such as a tree, is especially dangerous. For pedes-
trians and cyclists, the most dangerous aspects of acci-
dents involving automobiles are the impact on the hood
(usually with the chest) and the impact on the windshield
and A pillars (usually with the head) (5). (The A pillars are
the pillars to either side of the windshield.) Injured pedes-
trians and cyclists are, on the average, markedly older
than injured car occupants. Accidents with motorized
two-wheel vehicles are mainly sustained by men and
usually cause the most serious injuries (6).

It is recommended in the current German S3 guideline
on the treatment of patients with severe trauma and poly-
trauma (7) that a shock room team should be alerted
whenever a traffic accident involves ejection from a ve-
hicle or a fracture of long tubular bones (Table).

The Abbreviated Injury Scale (AIS) is used to classify the
severity of injury. It was issued in 1969 and has been re-
peatedly revised since then; the AIS15 code is the latest ver-
sion (8). Individual injuries are assigned codes based on
their anatomical site, nature, and relative severity. The

stated relative severity and probability of survival always
refer to the individual injury, i.e., to an otherwise healthy
adult with only this particular injury. The AIS code is time-
independent: the relative severity does not change over
time and is not affected by the consequences of the injury,
such as time spent in rehabilitation or inability to work. The
coded severity of injury is a useful datum for trauma re-
search; for example, trends in coded severities of injury can
be used to document the benefit of a protective measure.

The AO classification is an alphanumeric coding
system for fractures and dislocations (9). The codes are
generally hierarchically arranged, starting with simple
fractures and progressing to comminuted fractures. Each
code contains information about the site and morphology
of the fracture.

The proper forensic documentation of skin injuries
after traffic accidents corresponds in its basic features to
their documentation after other types of physical violence
(10-13). There are many types of injury in road traffic
accidents that are of crucial importance for the complex
reconstruction of the accident and whose proper forensic
documentation is, therefore, essential.

We point out for completeness that, aside from physical
injuries, material evidence from the scene of the accident,
including damage to vehicles and clothing, is obviously
also important for its reconstruction (14). In this article,
however, we are concerned only with the characteristic in-
juries. Damaged clothing should never be discarded, but
should remain with the patient.

Abbreviated Injury Scale (AIS)

The Abbreviated Injury Scale (AlIS) is used to classify the severity of
injury; the AIS15 code is its latest version. Individual injuries are
assigned codes based on their anatomical site, nature, and relative
severity.

AO classification

The AO classification is used to classify fractures and dislocations.
The codes are generally hierarchically arranged, starting with simple
fractures and progressing to comminuted fractures. Each code con-
tains information about the site and morphology of the fracture.
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Proper medicolegal documentation is needed so that
the causal relationship between the accident and the in-
jury can be proved by reconstruction of the accident. If
this is not established, the injured party cannot be com-
pensated (11).

Learning objetives
In this article, we present the nature and the proper
documentation of typical external and internal injuries
resulting from various types of accident, as well as their
relevance to biomechanical analyses.
The topic is subdivided into the main modes of partici-
pation in road traffic.
This article should enable the reader to:
® document injuries sustained in road accidents in
proper medicolegal fashion;
® know the typical injuries depending on the mode of
participation in traffic;
® be aware of the importance of particular injuries for
accident reconstruction.

Methods

This review is based on relevant publications retrieved by
a selective search in English and German periodicals and
books, including the pertinent AWMF guidelines.

Results

General procedure for the documentation of external
injuries

The (at least) informal consent of the injured person is
required for the documentation of injuries. If consent is
withheld for the taking of photographs, this is to be
documented as well, and the injured person should be in-
formed of the potential adverse consequences of purely
verbal and thus potentially imprecise documentation (13).
If the injured person is unconscious, there can be a pre-
sumption of consent, because proper documentation is
obviously in his or her best interest (15).

The entire body should be examined (11). In conscious
patients, different regions of the body are generally
examined in sequence so that full disrobing at one time is
unnecessary (10).

Photographic documentation should begin with an in-
contestably identifiable image of the face. Additional
video documentation is sometimes helpful for the visual-
ization of the spatial relationship between injuries (12).

The affected part of the body should be photographed
first in its entirety, ideally including a visible anatomical
reference point, and then a detailed image of the abnor-
mal finding should be taken, including a scale for
distances, a color chart, and the patient’s identifying data.
The image should be taken at right angles as far as
possible. The reconstruction of the accident is greatly fa-

cilitated by the documentation of injuries before they are
cared for in any way, and by the at least written documen-
tation of findings that only become evident in the course
of care, e.g., tissue bridges, the state of the wound edges,
wound depth, and wound cavities (10).

Photographic documentation of (possibly unexpected)
negative findings, e.g., lack of a seatbelt mark, and of
clothing can also be helpful. The photographs should be
stored safely so that they cannot be tampered with by
others; there must be no doubt regarding the origin of the
dataset. A body diagram can be a useful aid in the presen-
tation of complex or multiple injuries (12).

Documentation of this type, like other medical find-
ings, is subject to the medical confidentiality rule. It may
not be shared with the legal authorities or third parties
without the patient’s permission (13).

The meticulous documentation of injuries may be
helpful or essential for the reconstruction of the road acci-
dent that caused them. When examining the patient, the
physician should already have the reconstruction of the
accident in mind, in order to confirm or refute hypotheses
about the predictable direct or indirect effects of the as-
sumed type of accident. The presence of paint, textiles, or
material fragments on the patient’s body does not consti-
tute an injury in itself but can also be very important for
the reconstruction (16). The wearing of protective clothing
or a protective helmet should be documented as well.

Proper medicolegal documentation is not, of course,
restricted to the skin and mucous membranes, but con-
cerns the internal organs as well. Internal injuries that
are detected by imaging studies or at surgery should also
be sufficiently documented (to the extent permitted by
the clinical situation) to provide optimal answers to
questions that may be asked later about the site of the in-
jury, the edges and base of the wound, and its length,
depth, and age. Measurements that are approximate
rather than precise, as in an operative note describing an
emergency procedure, should be designated as such
(e.g., with the abbreviation “ca.”).

The general classification of externally evident
consequences of blunt trauma
Traffic accidents other than those involving shrapnel
injuries and automobile fires generally cause blunt or
blunt-edged trauma, i.e., the transmission of energy to
the body over a broad surface rather than at a point.
Patterns of injury on the skin are classified into five types
16, 17):
® abrasive injuries due to tangential forces, sometimes
with epithelial scratches that indicate the direction of
the abrasion;
@ indirect overstretching of the skin, e.g., in the groin of
a pedestrian struck from behind;

MEDICINE

Informal consent

The (at least) informal consent of the injured person is required for
the documentation of injuries. If consent is withheld for the taking of
photographs, this is to be documented as well, and the injured person
should be informed of the potential adverse consequences of purely
verbal and thus potentially imprecise documentation.
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Meticulous documentation

The meticulous documentation of injuries may be helpful or essential
for the reconstruction of the road accident that caused them. Proper
medicolegal documentation is not restricted to the skin and mucous

membranes, but concerns the internal organs as well.
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® hematomas whose shape may reflect that of the sur-
face that struck the patient, generally in the form of a
negative impression (Figure 1a);

® lacerations, in which initial compression over a broad
surface leads to tearing of the skin and to the classic
findings of irregular wound edges, epithelial damage
in the immediate vicinity, and tissue bridges in the in-
terior of the wound;

® detachment injuries with ultrasonographically demon-
strable wound pockets after separation of the skin from
the subcutis or fascia, generally seen in rollover injuries
on the side of the collision; these can be present with-
out any externally visible structural correlate and can
cause marked blood loss.

The main fracture types
Fractures can be classified as closed or open, as intra-
articular, metaphyseal, and diaphyseal, and as either with
or without comminution or dislocation. Long-bone frac-
tures can be classified according to the causative trauma
(direct, indirect, penetrating, repetitive). Direct and indi-
rect stress are the main mechanisms of fracture in road
accidents and can cause various types of fracture (18).
® Bending (flexural) fractures can be caused by either
direct or indirect stress on a long bone. Direct stress
involves compression on the side of the bone that re-
ceives the impact and distention on the opposite
side; the bone breaks first on the distended side,
often causing a wedge-shaped fracture, also known

Figure 1 (a) negative impression of a tire profile
on the patient’s lateral right arm after a rollover
injury; (b) tibial Messerer wedge; (c) CT angiogram
of a ruptured thoracic aorta after deceleration
trauma (* on rupture site); (d) dried seatbelt mark
from the shoulder harness of a three-point
seatbelt, seen post mortem in a woman killed in
an automobile accident; (e) spider web fracture,
with focal point overlying the right temporal bone.

as a Messerer wedge fracture (Figure 1b). Direct and
indirect bending fractures can often also be distin-
guished on the basis of the accompanying soft-tissue
injury that is found at the fracture site in direct
fractures only (19).

® Spiral (twist, torsional) fractures arise when the
pedestrian turns around the limb in question at the mo-
ment of the collision. This is a type of indirect fracture.

® Plastic deformity (20): limbs that are run over may
not just be fractured, but may also manifest a plastic
deformity, meaning that the fracture ends no longer
fit together (20). Direct collisions with automobile
bumpers do not cause plastic deformities; in such
cases, the fracture ends fit together.

Particular road-accident injury types depending on the
mode of participation in traffic, and their special
relevance in documentation

Aside from the concrete circumstances of the accident
and the particular details of the vehicle involved (21), the
type of injury can also depend on the particular seat oc-
cupied by the injured person in the automobile. The
driver’s seat predisposes to trapping of the injured per-
son in place and to thoracic trauma from the blunt im-
pact of the steering wheel on the chest. Approximately
7% of persons riding in cars who are injured in road
accidents were not wearing a seat belt; the figure is ap-
preciably higher among those who are fatally injured.
Side collisions are more likely to cause severe and

Recognizable consequences of blunt trauma
e abrasions

e indirect overstretching of the skin

® hematomas

e |acerations

® detachment injuries

The main fracture types

Fractures can be classified as closed or open, as intra-articular,
metaphyseal, and diaphyseal, and as either with or without comminu-
tion or dislocation.
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multiple trauma than frontal and rear-end collisions (22,
23), because the safety systems of automobiles provide
less protection against them. The reconstruction of a
traffic accident often requires interdisciplinary collabo-
ration. Further variations in injury patterns arise from
the position of the seat and the passenger’s body posture
while sitting in it.

Typical injuries by which the seating position can be identified
The question of who was sitting where in the car arises in
particular when multiple passengers refuse to communi-
cate this information, or when a person who has been
killed in an accident is falsely said to have been the driver
in order to absolve the survivors of responsibility. It may be
difficult or impossible to answer this question solely from
photographs of the injuries sustained if one or more per-
sons were ejected from the vehicle, if the vehicle rolled
over, or, in general, if the accident involved multiple
phases. In severe rear-end collisions, the forces acting in
equivalent ways on the driver and the passengers may
cause very similar injuries that cannot be differentiated
(24). The interactions of multiple automobile occupants,
at least one of whom is unrestrained, additionally
increases the complexity of injury patterns (17).

In general, both the driver and the passengers tend to
be injured on the side nearer the door; superficial
glass-fragment injuries on the sides of the face, caused by
shattering of the side windows, should be considered in the
overall assessment as well (25). Severe craniofacial injuries
are usually due to the impact of the face on the steering
wheel and are very unusual in restrained passengers (16).

Dashboard injuries can only be sustained by the driver
and the front-seat passenger(s). The patella and acetabu-
lum are the most frequently injured bones, although
certain portions of the femur can be injured as well. Tall in-
dividuals are disproportionately injured (26). Persons with
dashboard injuries are less likely to have severe intra-
abdominal injuries, presumably because the major
portion of the force impact has been absorbed by other
regions of the body: odds ratio (OR) 0.25, 95% confidence
interval [0.10; 0.62] (27).

In frontal and lateral collisions where the protective ef-
fect of the airbags does not suffice, deceleration injuries of
the thoracic aorta (Figure I¢) can arise, often in the region
of the isthmus (28).

Frontal collisions in which the driver has already initi-
ated a braking response are particularly likely to cause
midfoot or ankle dislocations and fractures as well as axial
compression injuries of the tibial condyles, usually in the
right leg (29, 30). Feet positioned next to the pedals are
subject to typical abrasions and degloving injuries in the
ankle region. The retarding force of the pedal on the shoe
can leave visible traces on the sole of the shoe (24, 16).

The cervical sprains often resulting from unforeseen
rear-end collisions are more common in persons who are
not protected by headrests, i.e., in rear-seat passengers,
but they can be seen in persons sitting anywhere in the car
if the headrest was poorly positioned, or as a consequence
of “out-of-position” posture of the head.

Demonstration of the use and deployment of safety devices
The introduction of seatbelts is thought to have lessened
the risk of dying in an automobile accident by 50% to 60%
(32). The importance of seatbelt injuries in insurance law
is obvious. There is no implication, however, that safety
devices themselves never cause any injuries.

Seatbelt injuries (Figure 1d) are most commonly seen in
frontal collisions; clearly, a seatbelt injury can also yield
information about where the injured person was sitting,
given a known manner of suspension of the shoulder
strap (but keep in mind the possibility a seat belt suspen-
sion in the middle of the car). These injuries can involve
skin marks, subcutaneous hematoma, and intra-
abdominal and spinal injuries (Chance fractures of the
thoracolumbar junction). Fractures of the clavicle, ster-
num, or ribs distributed along the course of the seatbelt
shoulder strap are seen mainly in elderly persons with
osteoporosis (16).

Slipping out from under the seatbelt (“submarining”) in-
creases the risk of injury. This occurs more commonly with
obese individuals, soft seats, loosely fastened belts, and
markedly reclined position of the seat (34, 35). The absence
of a seatbelt mark does not rule out the injured person’s
having worn a seat belt (e.g., because of thick clothing) (16).

The introduction of airbags lessened the frequency of
AIS level 2 or higher injuries of the head and face by 40% to
70% (36). Airbag-specific injuries include ocular injuries
(corneal abrasion, anterior chamber hemorrhage,
chemical keratitis, other), injuries of the teeth and tempo-
romandibular joints, and barotrauma (37, 38). Airbags
pose particular dangers for persons of small stature,
wearers of eyeglasses, and persons sitting out of position
(e.g., a child seat in backwards position in front of an
airbag) (39, 40).

Pedestrian-against-automobile injuries
Injuries sustained in this type of accident can be classified
according to the various accident phases (14, 17), which
will be discussed here in temporal sequence:

® Impact injuries: this refers to the initial contact of the
moving vehicle with the pedestrian, usually in the form of
a bumper-lower leg contact (full or partial impact). The
so-called Messerer wedge is a bending fracture that indi-
cates the direction of the force applied (the wedge base is
on the side of the impact; Figure 1b). The tip of the wedge
points in the direction of the vehicle’s velocity vector (el,

MEDICINE

The determination of seating position

The question of who was sitting where in the car arises in particular
when multiple passengers refuse to give this information, or when a
person who has been killed in an accident is falsely said to have
been the driver in order to absolve the survivors of responsibility.
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Severe craniofacial injuries

Severe craniofacial injuries are usually the result of the impact of the
face on the steering wheel and are very unusual in restrained pas-
sengers




MEDICINE

a) E-scooter injuries

« rib contusion/fracture
* pneumothorax
 abdominal contusion

* patellar fracture
* internal knee damage
« tibial plateau fracture
« tarsal/toe fracture

* lower limb contusion/abrasion

* base fracture

* acute/traumatic EDH/SAH/
SDH

* open TBI

* skull injury

° concussion

* head laceration

* midface fracture

* lip laceration

* tooth fracture

ture

* upper limb contusion/abrasion

* clavicular fracture

* radial head/radial neck
fracture

« distal radius fracture

« distal ulnar fracture

* hand fracture

* hip contusion

b) E-bike/pedelec injuries

* rib contusion/fracture
* pneumothorax

* renal laceration
« thoracic or lumbar spinal fr

* spinal contusion

« femur fracture
* lower limb contusion/
abrasion

¢ Acute/traumatic EDH/SAH/
SDH

« cranial injury

° concussion

* head laceration

* midface fracture

* scapular fracture

« clavicular fracture

* humeral fracture

* upper limb contusion/abrasion
* olecranon fracture

* radial head fracture

« distal radius fracture

* hip contusion

c) Bicycle injuries

* perirenal hematoma
« thoracic or lumbar spinal

fracture

« thoracic or lumbar spipal

contusion

* pelvic/hip contusion
« pelvic fracture
* perineal/ geni
* groin strain

« femur fracture

* internal knee damage

* patellar fracture

« tibial/fibular/ankle fracture

« foot/toe fracture

* lower limb contusion/abrasion

« skull base fracture

* acute/traumatic EDH/SAH/SDH
* open TBI

* cranial injury

* concussion

* head laceration

* midface fracture

* tooth fracture

« cervical sprain

« cervical spine fracture

* rib contusion/fracture

* pneumothorax/hemothorax

* upper limb contusion/abrasion

* shoulder dislocation

* scapular fracture

« acromioclavicular joint dislo-
cation

* acromial fracture

« clavicular fracture

* humeral fracture

« elbow dislocation/fracture

« olecranon fracture

* radial head/radial neck
fracture

« distal radius fracture

« forearm fracture

* hand fractures

Non-exhaustive presentation and list of injuries
a) e-scooter accident, b) e-bike/pedelec accident, c) bicycle accident, d) motorcycle accident; more commonly injured body regions are shown in brown; injuries highlighted
in bold are more common in the body region in question (e11-e29). For greater clarity, only one limb is labeled in each case.

EDH, epidural hematoma; SAH, subarachnoid hemorrhage; SDH, subdural hematoma; TBI, traumatic brain injury.

d) Motorcycle injuries

* spinal contusion

* rib contusion/fracture

* lung contusion

* pneumothorax

* visceral injurie

« thoracic or lumbar
spinal fracture

* lower limb contusion/
abrasion/laceration

« femur fracture

* patellar fracture

* open leg fracture

* amputation injury

* helmet contact injuries

* skull base fracture

* acute/traumatic EDH/SAH/
SDH

* open TBI

« cranial injury

* concussion

* midface fracture

* head laceration

* tooth fracture

* cervical sprain

« cervical spinal fracture

* upper limb contusion/abrasion
* scapular fracture

« clavicular fracture

* humerus fracture

* elbow fracture

« distal radius fracture

« forearm shaft fracture
 amputation injury

* pelvis/ hip contusion
* pelvic fracture

lllustration: MaskaRad/stock.adobe.com [m]

Injuries related to two-wheelers

Accidents involving a human-powered or motorized two-wheeled
vehicle (e-scooter, bicycle, pedelec, motorcycle, etc.) relatively often
cause injuries with an ISS = 16, because such vehicles lack compre-
hensive protection systems such as a crumple zone, seatbelts, or
airbags.

No legal requirement for protective clothing

In Germany at present, the law does not require persons riding
bicycles/pedelecs or even e-scooters to wear a helmet or special
protective clothing (German Road Traffic Regulations, §21a).
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e2). To distinguish direct from indirect fractures, any soft
tissue injury at the fracture site should be documented, as
itindicates the directly applied force by the involved auto-
mobile part. The alignment of the Messer wedge tip
should be precisely documented, as should the fracture
height (measured from the calcaneus), as this may indi-
cate the height of the bumper of the vehicle involved in
the accident (e3). Characteristic knee joint injuries may
indicate valgus or varus flexion, enabling conclusions to
be drawn about the direction of impact. The following
types of bone injury should be documented: bone con-
tusions in the central areas of the condyle or under the
capsular surface, subsidence of the condyle, condyle frac-
tures. It can generally be assumed that fractures arise on
the side facing the impact through compression, while
ligament injuries arise on the side opposite to the impact
through distension (e4). Skin injuries, too, are usually
seen on the side facing the impact. The impact of the
bumper against the lower leg can also injure the ankle,
aiding in the determination of the underlying mechanism
of injury. Injury to the medial malleolus and its ligaments
imply pronation and indicate a lateral impact, while
lateral injuries imply supination and indicate a medial im-
pact. Transection of the posterior part of the joint capsule
and injuries to the anterior edge of the distal tibial epiphy-
sis imply dorsiflexion and indicate an anterior impact;
transection of the anterior part of the joint capsule and in-
juries to the posterior edge of the distal tibial diaphysis
imply plantar flexion and indicate a posterior impact (e5).
Moreover, fractures of the sacroiliac joint occur on the
side facing the impact in lateral collisions, with only rare
exceptions (e6). If the front of the vehicle has a large
surface area, it may not be possible to delimit the point of
impact (e7). The struck pedestrian can easily fall onto the
hood secondarily, leading in particular to chest injuries
and to head injuries arising from impact of the head
against the windshield or an A pillar (Figure e). Fractures
of ribs 8-12 commonly result from traffic accidents, but
not from cardiopulmonary resuscitation (e8). In countries
where driving is on the right side of the road, drivers are
less able to react quickly to a pedestrian coming onto the
road from the right; thus, the left side of the body is more
commonly hit.

® Rollover (runover) injuries: impact with a tire is called
a runover (Figure la) and generally involves shearing
forces that cause severe detachment of tissue layers
(degloving injury). Fractures and injuries to internal or-
gans are obviously possible depending on the part of the
body that is run over. There may also be plastic deformity
of the fracture. An individual who lands under a moving
automobile without being hit by a tire can also sustain se-
vere injury from the undersurface of the vehicle or from
being dragged by it. The pedestrian is more likely to land

on top of the automobile in high-speed collisions, and
when the impact is below the iliac crest; this depends, in
turn, on the size of the individual (more likely in tall per-
sons) and on the configuration of the front of the car.

® Injuries resulting from being thrown after a collision
with an automobile: this is the final phase of the accident and
can cause serious blunt trauma, e.g., in a further collision
with road infrastructure (the so-called tertiary accident).

The impact injuries, in particular, are important for re-
construction of the accident, as the subsequent phases
are unpredictable owing to the many kinematic degrees of
freedom (16).

Injuries of persons riding two-wheeled vehicles

Accidents involving a human-powered or motorized two-
wheeled vehicle (e-scooter, bicycle, pedelec, motorcycle,
etc.) cause serious injury to the rider relatively often (e9),
because such vehicles, unlike an automobile, lack compre-
hensive protection systems such as a crumple zone,
seatbelts, or airbags. As two-wheelers can lower their
energy by tipping sideways, they are considered to be in-
herently unstable around their longitudinal axis (17). Their
riders can easily be thrown off of them, and not just in colli-
sions with much heavier automobiles. Thrown riders suffer
not only the consequences of the initial impact but also
those of the subsequent impact with the ground, a crash
barrier, a lamppost, or another object. Accidents involving
two-wheelers often cause injuries with an ISS > 16 (el0)
despite the use of protective equipment such as protectors
and safety clothing. In Germany at present, the law does
not require persons riding bicycles/pedelecs or even
e-scooters to wear a helmet or special protective clothing
(German Road Traffic Regulations, §21a). The injuries
sustained may be of unspecific types, but there are also
specific injury patterns for each type of vehicle; see Figure
2a-d, eSupplement.

Discussion

The injuries discussed here are among the main ones
ensuing from typical collisions affecting automobile occu-
pants, riders of two-wheeled vehicles, and pedestrians.
Detecting these injuries and documenting them in a way
that will stand up in court is important not only for the
health of the injured, but also for just and proper conse-
quences under the law.

Like the obtaining of informed consent for a medical
procedure, the documentation of injuries after a traffic
accident is harder to carry out (and less rigorously de-
manded) in the immediate emergency situation than later
on, once the danger to life has been eliminated (10).
Nonetheless, the untreated skin wound in particular is an
important source of information about the accident, pro-
vided it is not completely covered in blood.

MEDICINE

Seatbelt injuries

The introduction of seatbelts is thought to have lessened the risk of
dying in an automobile accident by 50% to 60% (32). The importance
of seatbelt injuries in insurance law is obvious. There is no impli-
cation, however, that safety devices themselves never cause any
injuries.
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Airbag-related injuries

Airbag-specific injuries include ocular injuries (corneal abrasion,
anterior chamber hemorrhage, chemical keratitis, other), injuries of
the teeth and temporomandibular joints, and barotrauma
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The findings should be critically examined for plausi-
bility in relation to the supposed course of the accident
and, if necessary, supplemented by further examinations
(16), as long as these are medically feasible.

Accident reconstruction is an interdisciplinary task (17)
that requires knowledge of medicine and biomechanics as
well as an analysis of the accident based on the damage
found at the scene and on the vehicle(s) involved.

Reconstructing the accident that caused the injuries of a
person who has already been treated in the hospital is
much harder if the need for reconstruction was not con-
sidered at the outset, for example, if a Messerer wedge was
not designated as such or the direction in which it is point-
ing was not described.
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Questions on this article

Participation is possible at cme.aerzteblatt.de.
The submission deadline is 11 January 2025.

Only one answer is possible per question. Please select the answer that is most appropriate.

Question 1

Which of the following statements about seat belt injuries to car

occupants is true?

a) The absence of a seatbelt mark implies no seatbelt was worn.

b) Obese people are at increased risk of submarining.

c) Seatbelts never cause direct, fatal injuries.

d) Chance fractures of the spine are typically found at the lumbosac-
ral junction.

e) Seatbelt injuries do not enable any inferences about the seating
position in the vehicle.

Question 2

Which of the following findings after trauma is pathological and
should prompt a shock room alert?

a) systolic blood pressure = 100 mmHg

b) respiratory rate = 25/min

c) heart rate = 110/min

d) oxygen saturation < 90% by pulse oximetry

e) body temperature = 35.8 °C

Question 3

Which of the following statements about photographic documen-

tation of injuries after traffic accidents is correct?

a) Documentation of injuries before they are treated can be especially
useful for accident reconstruction.

b) Negative findings should not be documented.

c) Patient consent is not needed for medicolegally valid documen-
tation.

d) The legal presumption of innocence implies that any doubts arising
from a lack of documentation are judged for the benefit of the in-
jured party.

e) The documentation of paint, glass splinters, and textile fragments
on the injured person’s body is a matter for the police, rather than
the physician.

Question 4

Which injury is typical of an accident in which an airbag is
deployed?

a) Messerer wedge

b) rib fracture

c) clavicle fracture

d) pneumothorax

e) barotrauma

Question 5

A pedestrian is hit by a car from the front and suffers injuries to
the medial malleolus and its ligaments. What is the most likely
mechanism of injury?

a) supination trauma

b) plantar flexion trauma

c) pronation trauma

d) internal rotation trauma

e) dorsiflexion trauma

Question 6

According to the current guideline, when should a shock room

team be alerted after a traffic accident?

a) in the event of a frontal collision resulting in deformation of the
hood by less than 50 cm

b) in the event of a change in speed by more than 20 km/h

c) in the event of a traffic accident with ejection from the vehicle

d) after airbag deployment

e) if two or more persons are involved in the accident

Question 7

In which type of fracture do the fracture ends often not match?
a) bending fracture

b) plastic deformity

c) spiral fracture

d) multi-fragment fracture

e) transverse fracture

Question 8

Which body region is most frequently injured in traffic acci-
dents?

a) the limbs

b) the head and neck

c) the spine

d) the internal organs

e) the face

Question 9

By what amount did the introduction of seat belts lower the risk
of death after a traffic accident?

a) 10-20%

b) 20-30%
c) 30-40%
d) 40-50%
e) 50-60%

Question 10

Which injury is unlikely in an e-scooter accident?
a) Rib contusion

b) Radial head fracture

c) Distal ulnar fracture

d) Open fracture of the lower leg

e) Internal knee injury
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E-scooter-related injuries

Injuries in e-scooter accidents mainly involve the head, fol-
lowed by the upper and lower limbs. The most common types of
injury are contusions and sprains, followed by fractures. Upper
limb injuries usually involve the elbow (radial head/radial neck
fractures) and the distal radius (contusions/fractures). The
main types of head injury are cranial and midface fractures and
intracranial hemorrhages (subdural hematoma, epidural hema-
toma, and subarachnoid hemorrhage), which may be life-
threatening (ell). According to the Federal Statistical Office,
there were five deaths from e-scooter accidents in Germany in
2020 (el12). Most e-scooter accidents involve young men in their
mid-30s who have drunk alcohol (ell, el3, el4). Collision with
the curb is a common accident mechanism (ell).

Bicycle- and pedelec-related injuries

The upper limbs are most commonly injured in bicycle acci-
dents, followed by the head. Fractures of the clavicle, radial
head, and radial neck are especially common (ell, el5).

Pedelec riders are a special risk group compared to cyclists
and tend to be more severely injured in accidents; the reason, at
least in part, is thought to be that they are older on average and
thus have a greater burden of medical problems. The head is
most commonly injured in pedelec accidents, followed by the
upper limbs. The head injuries are mainly intracranial hemor-
rhages, skull contusions, and concussions; the upper limb
injuries are mostly clavicular fractures (el2, el6).

The clavicle is fractured by direct impact in a fall, often over
the handlebars. Falls onto the outstretched forearm usually
cause radial head and radial neck fractures. Fractures of the
lower limbs are less common (el5). Abrasions, lacerations, and
contusions are the most common traumatic injuries. Head in-
juries account for most fatal accidents among cyclists (el7).

Cycling is the most common sport-related activity causing
injuries in children aged 5 to 14. In this age group, too, clavicu-
lar fracture is the most common injury. Intra-abdominal
trauma is regularly observed in children and is caused by falls
over the handlebars: organs including the liver, spleen and
kidneys can be injured. Chest injuries can include rib con-
tusions/fractures, lung injury, and pneumothorax (el5, el8).

Perineal and genital injuries can be caused by the bicycle
frame. The spectrum of injuries ranges from anogenital con-

tusions or lacerations to compression injuries of the genitals
(el9).

Another typical bicycle-related injury is foot and ankle trau-
ma caused by bicycle spokes, especially in children. This
usually involves an isolated lacerations of the heel with
possible involvement of the Achilles tendon or an associated
fracture of the distal fibula or tibia (e20).

Injuries related to motorized two-wheeled vehicles
Motorcycle accidents generally cause the most serious
two-wheeler-related injuries, mainly in men aged 20 to 30. Most
motorcyclists involved in accidents have multiple injuries (e21).
These are usually fractures and abrasions but can be much
more severe, up to amputation (e22).

The injured rider’s having worn a helmet may be reflected by
either non-specific or distinctly shaped scratches, hematomas,
or areas of dryness located mainly at the helmet pressure points
in the cheek or lower jaw area (so-called helmet contact
injuries) or in the strap area (floor of the mouth) (16).

The lower limbs are often injured in motorcycle accidents,
with open tibia fractures playing a prominent role. The most
common upper limb injury is a distal radial fracture (e23, e24).
The abdominal viscera often sustain blunt trauma (e24).
Although most motorcyclists wear a helmet as required by law,
head injuries also occur and can be fatal (e23, e25). Head
injuries with a helmet can resemble those without a helmet, but
are much less severe with comparable trauma. The types of
head injury range from cranial contusions, concussions, and
intracerebral hemorrhages to decapitation (e22, e24, 28, e29).

The pattern and severity of the injury depend on the mecha-
nism of the accident. Collision accidents lead to more severe
injuries than single-vehicle accidents due to loss of control (e26).

Motorcyclists can be injured by collisions with objects at the
side of the road, or with the road surface. Collisions with road-
side objects are more likely to be fatal than collisions with the
ground or another motor vehicle. In fatal collisions with road-
side object, the chest is the most commonly injured region of
the body, followed by the head. Annular skull base fractures are
usually due to axial compression but are also seen as a traction
injury in motorcyclists, e.g., when they are thrown against a tree
(e27). Decapitation injuries can also occur. In all other types of
collision, head injuries predominate (e28, €29).
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