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Biomechanics of Blunt TraumaABSTRACT: There are several similarities found in blunt trauma
injuries to humans sustained as a result of vertical deceleration There are numerous factors that affect the severity, extent, and(falling) and those sustained as a result of deceleration in a horizon-

appearance of injuries due to blunt trauma. Some of these factorstal plane (automobile accidents). However, examination of the pat-
include the amount of force delivered to the body, the time overterns of traumatic skeletal injuries can distinguish those injuries

associated with falling from heights from those associated with which the force is delivered, the area struck, the extent of body
automobile accidents. While there is considerable variation within surface over which the force is delivered, and the nature of impact
each type of blunt trauma injury dependent on the angle at which

(1). When an external force is applied to the body, the nature andone falls or is struck, there are several characteristic skeletal features
extent of injury is produced by the interaction between the physicalassociated which each type of trauma. In this study we review both

the current literature and human skeletal remains from the Univer- factors of the force and the biomechanical factors of the body (2).
sity of New Mexico’s Documented Collection known to have been For instance, when a moving body strikes a stationary rigid surface,
subjected to blunt trauma. This collection is used to characterize the extent of injury is associated with the ability of the stationaryand differentiate the pattern of skeletal injuries to various parts of

object to cease forward motion of that body. Therefore, the injury-the body for each type of trauma. These assessments are applied
producing potential of a body in motion is a ‘‘function of theto investigate the traumatic skeletal lesions observed in a forensic

case where the manner of death is unknown. Analyses suggest two dissipation of kinetic energy and the tendency upon impact to dis-
possible scenarios that would explain the death of the individual place the tissues in the direction of the motion, while the movement
investigated, with death most likely related to a vehicular-pedestrian

of the body itself is arrested’’ (2).accident.
Also, when the force of impact is distributed over a greater area,

the force is dissipated, thereby resulting in less severe injury thanKEYWORDS: forensic sciences, forensic anthropology, blunt
would occur if the force was delivered over a smaller area (1,2).trauma, horizontal deceleration injuries, vertical deceleration inju-

ries This is evidenced in the more severe injuries that result when
deceleration forces are applied to the body in the vertical axis
compared with the transverse axis (2). For example, a force deliv-

The discovery of a partially decomposed human body in rural ered to a rounded region of the body, such as the top of the head,
Illinois has resulted in questions concerning the manner of death will produce a more severe injury than the same force delivered
of the individual. The remains of a 26-year-old, 5 ft-6 in.-tall male to a flat region of the body (i.e., back), where there is a greater
were found in a wooded area in the fall of 1994. This individual area of contact and greater dispersion of force (1). Additionally,
sustained extensive trauma at or around the time of death to the depending on the angle at which one falls, or the angle at which
thoracic region, including right ribs 1, 2, and 9, and left ribs 1, one gets struck, the nature of injuries sustained varies.
6–12. There were also fractures to the thoracic vertebrae (T4, T7-
T12) and the first lumbar vertebra, as well as the right scapula and Biomechanics of Falls
the left clavicle. Because of the location in which the individual
was discovered, death as a result of falling from a tree, whether Injuries evinced from falls are often due to direct impact or
accidental or suicidal, has been hypothesized. However, the inju- transmitted force of impact (3). However, injuries resulting from
ries sustained by this individual were extensive and consistent with direct impact are commonly more severe, while injuries resulting
injuries often sustained from vehicular-pedestrian accidents. While from transmitted force are less severe, as the energy transferred
the remains were found in a wooded area, initially suggesting that by the counterforce is absorbed by the most external tissues (3).
death most likely occurred in this area, it is possible that the body Because of the effects of direct impact, the parts of the body that
was transported after death. The position of the body with respect hit the ground initially experience the greatest injury. ‘‘At the
to the injuries sustained is therefore of critical importance in assess- moment of impact, a falling body undergoes deceleration and the
ing the manner of death. Therefore, our goal in this study is to amount of the kinetic energy transferred to the ground reacts with
examine the injuries with respect to both types of most likely an equal amount against the body itself’’ (3). Injuries result from

the resorption of lost energy.
Factors that influence the magnitude of injury in vertical deceler-1 Graduate Student and Distinguished Professor, respectively, Anthro- ation accidents include mass, acceleration, and deceleration of thepology Department, University of New Mexico, Albuquerque, NM 87131.

body, as well as duration and area of application of the force (2).Received 16 June 1998; and in revised form 20 Aug. 1998; accepted
21 Aug. 1998. For example, in deceleration forces, ‘‘the slower the application
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of the force, the greater the distance through which the body is forms of blunt trauma (9). In particular, this distinct form of blunt
trauma varies considerably from horizontal deceleration injuriesdecelerated, the slower the release of kinetic energy’’ (2). There-

fore, the extent of injury is less than would occur if the application attributed to vehicles (9). There are some regions of the body that
are usually injured because of the ‘‘natural orientation of the bodyof force was faster.
along its center of gravity during the fall’’ (3). However, the planes
of orientation of the body are related to height. For example, withBiomechanics of Vehicular-Pedestrian Accidents
heights up to 40 ft (12 m), head injury usually results (3).

While the extent and nature of injuries resulting from decelera- Lewis et al. (7) examined the extent and type of injuries sus-
tion in a horizontal plane (vehicular accidents) are influenced by tained in 53 individuals who jumped from a height of greater than
several of the same factors that influence vertical deceleration inju- three stories onto concrete. The most common injury was to the
ries (i.e., mass, acceleration, deceleration of the body, and duration skull (n 4 19/53, 35.8%), followed by the spine (n 4 12/53,
and area of application of the force), body displacement needs to 22.6%) and the face (n 4 9/53, 17.0%). In a similar study, Scalea
be considered. For instance, if the body moves with the impact, et al. (9) analyzed 161 falls from heights. Fractures were the most
the period of time over which the energy is delivered is increased. common injury sustained, with 79% of the individuals suffering
As a result, the severity of the injury decreases (1). from at least one major fracture (i.e., long bone, spine, pelvis).

Thirty-eight (23.6%) individuals suffered spine fractures, most
The Skeletal System commonly at the thoracolumbar junction, with 74% of them sus-

taining a major compression or burst fracture (9, p. 708). TheAs already discussed, the extent, severity, and nature of blunt
thoracolumbar junction is more susceptible to injury than othertrauma injuries sustained from vertical deceleration and horizontal
areas of the spine because of the decrease in rib restraint and thedeceleration accidents are a result of varying factors. While the
changes in disc size and shape that occur relatively acutely intypes of blunt trauma injury include abrasions, contusions, lacera-
the transitional area between the upper thoracic and midlumbartions, and fractures of the skeletal system, only the last type of
vertebrae (10). Other studies of injuries produced by falls alsoinjury is of importance in this study.
emphasize the prevalence of skull fractures and spine fracturesFractures of the skeletal system result from either direct or indi-
(8,11).rect application of force to a bone. Fractures occur when stress

As mentioned earlier, the angle of the body at impact also influ-from the force increases, producing ‘‘minute imperfections in the
ences the nature of injuries sustained. Compression fractures oftenmaterial’’ (4). Depending upon the amount of force applied to the
occur in the lower region of the spine as a result of primary feetbone and the area to which the force is applied, the type of fracture
or buttocks impact in vertical deceleration accidents (2,11). By(i.e., focal, crushing, penetrating) is determined (1,5). Also, the
contrast, angulation fractures of the spine often occur from primaryage of the individual is an important factor in whether the bone
side impact. Both compression and/or angulation fractures can alsofractures at all. Because of the plasticity of bones in children, ado-
result from primary head impact (11). Angulation fractures of thelescents, and young adults, severe trauma to the chest may cause
spine are also associated with sternal fractures (11). Other commonextensive compression to the flexible thoracic cage without fractur-
skeletal fractures associated with falls include the ribs, the pelvis,ing the sternum, ribs, and/or costal cartilage. However, in adults
and the lower extremities (11,12).the same crushing force will often fracture the sternum, ribs, and

Because the planes of orientation of the body are related tocostal cartilage (1). Additionally, older individuals and individuals
various heights, the injured regions are directly related to the heightsuffering from certain maladies, such as osteopenia, may be more
of the fall (3). For falls up to 40 ft (12 m), head injuries are mostsusceptible to trauma.
common. However, with the increase in height, the probability ofThere are several biomechanical factors that determine whether
chest and abdominal injuries increases, while head injuriesa bone will fracture, including the force applied and the mechanical
decrease (3). Lower limb and pelvic fractures also increase withproperties of bone (6). When local stresses or strains exceed the
an increase in height, while forearm fractures are more commonultimate strength of a bone, fractures occur (6). As mentioned ear-
in low falls. Height of the fall also differentially affects the distribu-lier, the region of the body subjected to force influences the extent
tion of vertebral fractures. Fractures to the cervical vertebrae areof injury. Therefore, a long bone that is subjected to axial loads
more common in low falls, while fractures to the thoracic vertebraeis more resistant to fracture because the forces are distributed over
are associated with severe vertical impact often resulting froma larger surface area which dissipates the force (6).
higher falls (3). Therefore, while the probability of fractures to the
skull, forearm, and cervical vertebrae is greater in low falls, theVertical Deceleration Injuries
probability of fractures to the chest, pelvis, and thoracic spine is
greater in higher falls.Vertical deceleration injuries are often associated with falling

or jumping from heights. Acceleration of a falling body contributes
to the severity and nature of injuries sustained, as discussed earlier. Horizontal Deceleration Injuries
Acceleration in free fall is independent of mass and depends mainly
upon the distance fallen (7). Other factors that influence accelera- Injuries resulting from abrupt acceleration/deceleration in a hori-

zontal plane are often associated with vehicular accidents. In thistion include air drag of clothes (if the altitude is high enough),
position of the body, and humidity (7). The velocity at body impact study, vehicular-pedestrian accidents are emphasized. Type and

severity of injury are influenced primarily by the speed and thedepends primarily upon the position of the body; it is faster in a
vertical position and slower in a horizontal position (8). Height of size of the automobile and the position of the body during impact.

Fractures of the lower extremities are common and most oftenthe fall also influences severity of fractures, with a high correlation
between presence and severity of fractures and height fallen (9). a result of direct impact to that region. Trauma to the cervical

spine, in particular the lower cervical spine, is also common inVertical deceleration injuries produce a distinct pattern of blunt
trauma that is predictably different from injuries seen with other motor-vehicle-related injuries (13). Hyperextension of the spine
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can result from force resonating through the body after impact, while m. serratus anterior attaches the upper eight ribs to the sca-
pula (17). These three muscles support the vertebral column inthereby causing fracture-dislocation of the spine. A sudden acceler-

ation applied to the lower body and inertia of the relatively large the neck and raise the rib cage during sharp inspiration. Severe
contraction of these muscles may be important in the productionhead can produce hyperextension of the spine (13). With severe

extension, a symmetric break may occur across the lateral masses, of combined clavicular and first-rib injuries.
There are four postulated mechanisms of injury to the first-rib:pedicles, and laminae (13).

Blunt trauma to the chest is also common with motor vehicle (1) indirect violence, with the force transmitted through the clavi-
cle, (2) direct violence, with the force applied from behind, (3)accidents, which is manifested in rib fractures. Similar to a fall,

during motor vehicle accidents sudden horizontal acceleration or indirect violence, with the force transmitted through the manu-
brium, and (4) avulsion fracture produced by m. scalenus anteriordeceleration forces are applied to the thorax (13).

Tonge et al. (14) examined 1004 traffic-crash fatalities, 306 of (16).
First-rib fractures have also been associated with brachial plexuswhich were pedestrians. Among the pedestrians, skull fractures

were most frequent, occurring in 59.3% of the sample. Spinal injuries. Brachial plexus is usually formed from the ventral primary
rami of C5-C8 nerves and most of T1. Roots of the brachial plexusfractures/dislocations were also common, with 20.9% displaying

cervical injuries and 9.1% displaying thoracic injuries. Fractures emerge into the neck between the middle and anterior scalene mus-
cles and the C8 root passes between the first-rib and the clavicleof the pelvis (37.9%) and lower extremities were also frequent

(12.7 to 25.4%). (18,19). Therefore, fractures of the first-rib near the neck are often
associated with brachial plexus injuries. Narakas (20) and Millesi

Mechanisms of Injury (21) attribute the greatest frequency of brachial plexus injuries to
motorcycle accidents (76% and 70%, respectively), followed byRibs
auto accidents (6% and 11%, respectively), and auto-pedestrian
accidents (4% and 9%, respectively). In addition to first-rib frac-Rib fractures are most frequently associated with blunt chest

trauma and are more common in the lower ribs (15). The upper tures, fractures to the clavicle and humerus have been related to
brachial plexus injuries (19). In particular, associated injuriesribs have a smaller radius of curvature due to their circular shape

and they are protected by the overlying muscles and scapula (15). include rib fractures, skull fractures, and upper extremity fractures.
In one case the individual displayed fractures of the scapular bodyTherefore, fracture-producing forces are greater for the upper ribs

compared to the lower ribs. Fractures of the upper ribs (R1-R3) and the first and second ribs (22). The significance of brachial
plexus injuries will be discussed later.are often associated with extreme force (1,15).

Multiple rib fractures are often associated with vehicle accidents.
However, different modes of injuries will produce varying patterns Scapula
of rib fractures. Severe anteroposterior compression of the chest,
such as associated with a fall from a height, may result in fractures Similar to first-rib fractures, fractures of the scapula are rela-

tively rare (22–26), due to the great force required to disrupt theof the ribs most often on their curved lateral portions. If the force
is from the dorsal aspect of the body, the ribs tend to fracture near scapula. Fractures of the scapula are often associated with consid-

erable violence (26), severe force (27–29), and violent trauma (25).the spine. If the force is from the sides of the chest, the ribs tend
to fracture near the spine and the sternum (1). Therefore, by exam- Scapular fractures are therefore associated with wide impact

trauma and often result from direct impact (25,27,28).ining the pattern of rib fractures, the nature of the impact may be
ascertained. Overall, the greatest frequency of scapular fractures is associated

with vehicular accidents. Thompson et al. (23) examined 58 scapu-While rib fractures are a common type of injury associated with
both vertical and horizontal deceleration injuries, fractures of the lar fractures in 56 individuals and found the most common mode of

injury to be from motor vehicles (53.6%), followed by motorcyclesfirst-rib are not common and are considered a hallmark of extreme
force (15). In fact, in a study of over 60 individuals who suffered (16.1%), auto-pedestrian accidents (14.3%), crushes (7.1%), and

falls (5.3%). McGahan et al. (22) found a similar pattern with 52%chest trauma due to vehicular accidents, fractures of the first-rib
were not seen ‘‘unless massive force was applied to the upper resulting from automobile accidents, 18% from auto-pedestrian,

12% from falls, and 11% from motorcycle accidents. Armstrongtorso, such as occurs during ejection from the vehicle’’ (15).
Fractures of the first-rib have also been associated with fractures and van der Spuy (29) examined 62 individuals with 64 fractures

and found motor vehicle accidents to be the most prevalent,of the clavicle (16). In a study of 17 cases with both injuries,
Weiner and O’Dell (16) found that all injuries occurred from vio- accounting for 32.3% of the injuries, followed by auto-pedestrian

(24.2%), assault (14.5%), motorcycle-bicycle (8.1%), and trainlent traumatic incidents. There are two areas of the clavicle in
particular that appear to have considerable weight on the forces (8.1%).

The pattern of scapular fractures is unique in that the fracturedthat affect the first-rib: the attachment for the costo-clavicular liga-
ment and the attachment for the subclavius muscle. The costo- scapula is often associated with other injuries, especially ipsilateral

clavicle and rib fractures (22,23,28). Miller and Ada (27) found aclavicular ligament originates on the superior surface of the first
costal cartilage and inserts on the inferior surface of the medial high association of scapular injuries and upper thoracic rib frac-

tures (96% concordance); however, McGahan et al. (22) only foundpart of the clavicle. The subclavius muscle arises from the first-
rib and its cartilage and inserts on the inferior surface of the clavi- associated rib fractures 44% of the time. Both studies found a 25

to 26% association with ipsilateral clavicular fractures. McGahancle. Injury to these areas of the clavicle often produce first-rib
injuries. Additionally, m. scalenus anterior, m. scalenus medius, et al. (22) also found a 24% association with fractures to the skull.

There are three classes of scapular fractures: coracoid/acromion,and m. serratus anterior may be important in the production of
associated injuries of the clavicle and the first-rib (16). The two glenoid, and major body, with injuries to the body being most

common (22,23,27). Injuries of the glenoid neck are believed toscalene muscles originate on the transverse processes of the cervi-
cal vertebrae and insert on the superior surface of the first-rib, result from the impact of the humeral head into the glenoid fossa
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(23). Transmission of this force to the clavicle has been used to Case #1: Pedestrian Struck by Train
explain the high incidence of associated ipsilateral clavicular frac-

This individual was a male in his twenties. He was struck by atures. Additionally, most types of scapular fractures are caused by
train from the front. It is believed that the initial impact was froma crushing injury (26), while avulsion fractures are very rare (24).
the metal framework on the front of the train to his head. InjuriesHowever, fractures of the inferior and superior angle are believed
sustained include extensive fracturing of the skull, including theto be an avulsion type of injury (28).
frontal, parietals, and occipital, both tibiae and fibulae, and the
left humerus, radius, and ulna. Additionally, the right scapula was

Clavicle
fractured at the spine, body, and inferior and superior angles (Fig.
1). Fracture of the scapula is consistent with an injury sustainedInjury to the clavicle is most likely a result of direct trauma
from great force and wide impact. While most scapular injuries(4,27,30,31). A posteriorly directed force on the shoulder, or the
are a result of a crushing force, fractures to the inferior and superiorscapula itself, may cause the clavicle to bend and break over the
angles, as well as the spine, suggest an avulsion type injury.fulcrum of the first-rib, that is when the sternoclavicular joint is

As suggested in the literature, scapular injuries are often associ-intact (27,32). The critical force that causes the clavicle to fracture
ated with ipsilateral rib fractures. There were numerous rib frac-depends on the speed at which the body impacts, as well as the
tures to the right side, as well as the left. In fact, with the exceptionweight of the body (4).
of the left third rib, both sides displayed fractures of the firstThe pattern of clavicular fractures can be used to assess the
through the ninth ribs. Areas of fracture included the sternal end,nature of the injury. Fractures of the middle third have been attrib-
midshaft, and vertebral end, with the majority of fractures occur-uted to falling on an outstretched hand or point of the shoulder,
ring at the vertebral end. While there were numerous rib fractures,where a fall on the point of the shoulder transmits the body’s
the most notable were the fractures of both the first and secondweight through the clavicle (31). Fractures of the proximal end
ribs near the vertebral end on both sides. Similar to fractures ofhave been attributed to direct violence applied at an angle from
the scapula, fractures to the first-ribs indicate extreme force, whichthe lateral side (4). Finally, fractures distal to the costo-clavicular
is consistent with impact from a train.ligament are a result of force on the point of the shoulder driving

Additionally, the left clavicle was fractured distal to the attach-the humerus and scapula downward (4).
ment for the costo-clavicular ligament, thereby suggesting that this
fracture was the result of a force on the point of the shoulderVertebrae
driving the humerus and scapula down. Fractures of the clavicle

The most common cause of injuries to the spine is motor vehicle are also associated with first-rib fractures.
accidents (45%), followed by falls (20%) (33), with vertebral body There were also numerous fractures of the vertebral column. The
fractures most frequently occurring from T11 to L2 (∼50%) (10). first cervical vertebra suffered a fracture to the superior, anterior
As mentioned earlier, this is partially a result of the decrease in surface. Several thoracic vertebrae displayed fractured spinous pro-
rib restraint. With auto-pedestrian accidents, pedestrians had a high cesses (T2-T10), while several lumbar vertebrae displayed frac-
frequency of thoracic injuries (34). tured transverse processes (L1-L4). Additionally, L5 displayed

There are several types of vertebral injury patterns, including spondylolisthesis of the left side. Fractures of the spinous pro-
lateral compression, shear force, flexion-distraction, and extension cesses, laminae, and facets are consistent with an extension injury
(10,35). Injury resulting from lateral compression is often limited from the posterior thrust of the head, such as one would expect
to vertebral body fractures. As a result of shear force, traumatic from an individual getting struck by a train from the front.
anterior spondylolisthesis is more common. Shear force injuries Fractures of the clavicle, humerus, and first-rib are also consis-
are caused by a violent force directed across the long axis of the tent with a brachial plexus injury, in which the C8 root runs over
trunk. the neck of the first-rib. Other associated injuries include the ribs,

Flexion-distraction injuries may occur as a result of ejection skull, and upper extremity, all of which are observed in this individ-
from a motor vehicle or a fall from height. These injuries cause ual. The numerous injuries sustained by this individual are
tearing or avulsion of the bony vertebral elements, as well as discs expected considering the high speed and great force of the impact.
and ligaments. The vertebral injury ‘‘involves a horizontal fracture
beginning in the spinous process and progressing through the lami- Case #2: Pedestrian Struck by Truck
nae, transverse processes and pedicles and extending into the verte-

This was a 77-year-old male who was struck by a truck on hisbral body’’ (10). Extension injuries are caused by the posterior
right side while attempting to cross the highway. He was displacedthrust of the head or upper trunk and may result in facet, laminae,
16 ft (5 m) after impact, which probably resulted in less severeand spinous process fractures (10).
injuries because of the dissipation of energy after impact. Because
of this individual’s age, there was significant fusion of bones,Case Studies
including the right os coxae and sacrum, several vertebrae, as well
as several ribs to the vertebrae, and the first right rib to the manu-In order to understand the mechanisms of injury associated with

particular skeletal injuries, a sample of seven skeletons who suf- brium. This individual did not suffer any cranial trauma. However,
there were fractures to the right os coxae at the ischio-pubic ridgefered injuries related to being struck by a vehicle (n 4 6) and

falling from a height (n 4 1) in the Documented Collection at the and the iliac blade.
The majority of injuries sustained by this individual were con-University of New Mexico was examined. Four individuals were

struck by cars, one was struck by a truck, one was struck by a centrated in the thoracic region. The right clavicle was fractured
at the sternal end. Fractures of the sternal end have been attributedtrain, and one fell from a vehicle. Knowledge of the nature of

injury for these individuals is used to assess whether there are to direct violence applied at an angle from the lateral side (4). This
is consistent with being struck on the right side. There was also acharacteristic patterns of injuries associated with a particular type

of trauma. possible fracture to the left first-rib near the sternal end. There were
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FIG. 1—Fractured right scapula from Case #1. Fractures of the superior and inferior angles, as seen here, indicate an avulsion type of injury.

additional fractures to five adjacent right middle ribs. However, lar body, near the lateral/inferior border. Fracture to the scapula
therefore implies a severe force was applied to this individual.because of the fragmentary nature of the remains, specific numbers
Because of the high incidence of scapular fractures in vehicular-could not be determined. The fractures occurred in the mid to
pedestrian accidents, this is not unexpected.mid/posterior shaft, with two of the ribs displaying at least two

Additionally, there were numerous fractures to ipsilateral ribs,fractures. Multiple fractures to the mid to mid/posterior shaft of a
as well as contralateral ribs. The majority of rib fractures occurredrib indicate the application of a laterally directed force. The fact
at the vertebral ends, which is consistent with direct impact to thethat these were adjacent ribs is consistent with a direct impact to
back. Both first-ribs were also fractured at the vertebral end, withthe right side. Finally, there was a possible spinous process fracture
the right first-rib also fractured at the sternal end.to the twelfth thoracic vertebra. However, because of extensive

There were also numerous vertebral fractures concentrated indestruction to the bone, a definitive conclusion is not possible.
the thoracic and lumbar region. Within the thoracic vertebrae there
were fractures of the transverse processes (T1, T2, T3, T12) andCase #3: Pedestrian Struck by Car
compression fractures of the superior bodies (T4-T6). Additionally,

This individual was an adult male who was struck from behind there was a puncture wound on T2, just to the left of the spinous
by a car. This individual suffered fractures to both os coxae, fem- process. The first lumbar vertebra displayed a fracture of the spi-
ora, tibiae, and fibulae. The right humerus and ulna were also nous process and transverse processes, as well as the left superior

articular facet. Additionally, the transverse processes of L2, L4,fractured at the elbow joint. There was a fracture to the right scapu-
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and L5 were fractured. These injuries are consistent with extension Results
injuries caused by the posterior thrust of the head or upper trunk

As observed in these seven cases, fractures to the skull are com-(i.e., getting struck from behind).
mon (5/7), with three out of the four individuals involved in pedes-
trian-car accidents displaying cranial fractures. While the first six

Case #4: Pedestrian Struck by a Car cases represent horizontal deceleration injuries with all individuals
displaying characteristic vertebrae and rib fractures, there appearsThis was a 36-year-old male said to have been struck from the
to be a pattern with respect to the type of vehicle involved. Forfront by a car. This individual suffered extensive cranial trauma,
example, three out of the four individuals struck by cars sufferedwith fractures to the right frontal, parietal, temporal, sphenoid,
cranial fractures, and all four individuals suffered fractures to theand both zygomatics. Both tibiae and fibulae displayed multiple
lower extremities. However, the individual struck by the truck didfractures, while the left femur displayed a hairline fracture on the
not suffer any cranial trauma or lower extremity injuries.distal, posterior surface of the shaft. There was a fracture of the

All scapular injuries were unilateral, with four of the seven indi-right scapular body, thereby suggesting severe force. There were
viduals displaying such fractures. Three out of the four pedestriansalso several fractures of the vertebrae, including fractures of articu-
struck by cars suffered scapular fractures. Three of the four individ-lar facets (C1, C7) and transverse processes (C7, T1, L4, L5). The
uals that displayed scapular injuries also displayed ipsilateral first-spinous process of T11 was fractured and the sacrum was fractured.
rib fractures. However, in two of the three cases first-rib fracturesFractures of the facets, laminae, and spinous processes are consis-
were bilateral. Additionally, two of the three individuals with bothtent with extension injuries, which implies that this individual was
scapula and first-rib fractures displayed fractures of the clavicle.struck from behind. Additionally, there were fractures to the right
The distribution of these injuries is presented in Table 1.ribs (R10, R12) near the vertebral ends, also suggesting that this

As evidenced in Table 1, there is no clear pattern found withinindividual may have been struck from the rear instead of from the
this sample. However, there are numerous factors that contributefront.
to this variation, including the direct area of impact and type of
vehicle. While some individuals were struck from the side, others

Case #5: Pedestrian Struck by a Car were impacted from the front or back. Another factor influencing
the extent and nature of injury is the speed of the vehicle at impact.This individual was an adult male. The bones for this individual
Despite the fact that the speed at impact is unknown for thesewere severely weathered, thereby making the assessment of frac-
cases, it is known to influence the extent and severity of injuriestures more difficult. There were multiple cranial fractures and mul-
sustained. This overview supports the association of certain injuriestiple fractures of both tibiae and fibulae, as well as fractures on both
with the position of the body to the vehicle at impact.femora and os coxae. The left humerus also displayed a fracture on

the proximal shaft. The transverse processes of T4 were fractured,
Examination of Case Studyas well as other thoracic vertebrae. One right middle rib (R4-R10)

was fractured at the vertebral end of the shaft, thereby indicating Now that an understanding of some of the associated injuries
that this individual was possibly struck from the rear. with particular blunt trauma is attained, a thorough examination

of the unknown case is undertaken. As mentioned earlier, this adult
Case #6: Pedestrian Struck by a Car male suffered extensive injury to the thoracic region. The right

scapula was fractured at the base of the spine, separating the supra-
This individual was an adult male who was struck from behind spinous fossa from the remainder of the bone. There was also

by a car. Similar to the other individuals struck by cars, this individ- beveling of the fracture which indicates that the superior portion
ual also suffered cranial trauma, including a fractured right tem- had either been pulled forward or the remainder of the scapula
poral and zygomatic arch. The right femur and tibia displayed pulled away from this upper section (36), suggesting an avulsion
fractures along the shaft, while the right tibial plateaus were also fracture, which is very rare (24). This injury can most probably
fractured. In addition, both the right and left fibulae were fractured. be attributed to contraction of the lower fibers of m. serratus ante-
The left scapular body and clavicle were fractured. The clavicle rior. As mentioned earlier, m. serratus anterior arises from the
was fractured at the sternal end suggesting a direct force applied upper eight ribs, passes between the rib cage and the scapula and
at an angle from the lateral side. The first cervical vertebra was inserts along the entire length of the vertebral margin of the scapula
fractured near the anterior facet for the dens and along the posterior (17). Contraction of the lower fibers of this muscle rotates the
arch. There were also several rib fractures, including fractures near scapula upwards. However, a quick, severe contraction may result
the sternal end for the first three right ribs. There were several in the fracture at the areas of insertion. Therefore, it is possible
other middle ribs fractured on both sides, as well as the vertebral that the contraction or displacement of m. serratus anterior may
ends of R11 and R12. The pattern of rib fractures is consistent
with getting hit from behind.

TABLE 1—Distribution of injuries sustained in the documented
collection at the University of New Mexico.Case #7: Fell from a Vehicle

Case Case Case Case Case Case CaseThis was a 39-year-old male who sustained severe head injuries
#1 #2 #3 #4 #5 #6 #7

after falling from a vehicle. There were several cranial fractures,
including both temporals, parietals and the right zygomatic. Addi- Scapula right no right right no left no

1st Rib both left both no no right lefttionally, there was a fracture of the first left rib, near the mid-shaft
Clavicle left right no no no left noto the sternal end. There was also a fracture of a middle right rib
Skull yes no no yes yes yes yes(R4-R10) at the mid/vertebral end of the shaft. As stated earlier,
Vertebrae yes yes yes yes yes yes no

in falls less than 40 ft (12 m), cranial trauma is most prevalent.
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have led to the fracture of the superior aspect of the body of the produced a fracture similar to the one observed. The fracture to
the right first-rib may be associated with the scapula fracture andscapula. Because of the associated fracture to the area of attach-

ment, the first-rib, contraction of m. serratus anterior seems the the contraction of m. serratus anterior. Ipsilateral scapula and first-
rib fractures are also observed in Cases #1 (hit by a train), #3, andmost probable cause for this injury. This type of scapular fracture,

occurring at the base of the spine, was also observed in the individ- #6 (hit from behind by cars). As mentioned earlier, the serratus
anterior muscle arises from the upper eight ribs, including the supe-ual who was struck by a train (Case #1), thereby suggesting the

probable severity of impact. rior surface of the posterior one-third of the first-rib. Therefore,
the contraction or displacement of m. serratus anterior may haveThe left clavicle of this individual was fractured 1/3 of the dis-

tance to the sternal extremity near the attachment for m. subclavius led to the fracture of the superior aspect of the body of the scapula,
as well as the fracture of the right first-rib. It should also be noted(36) (Fig. 2). Fractures of the middle third have been attributed to

falling on an outstretched hand or point of the shoulder, where that injuries that lead to acromio-clavicular separation may result
in the subclavius muscle transmitting an indirect force to the costalpressure on the point of the shoulder transmits the body’s weight

through the clavicle (31). However, fractures of the proximal end cartilage and the anterior portion of the first-rib, thereby producing
a fracture of the posterior portion of the first-rib (36), as is observedhave also been attributed to direct violence applied at an angle

from the lateral side (4). As stated earlier, a posteriorly directed on the right side.
Fractures to the first and second ribs on both sides support thisforce on the shoulder or the scapula itself may cause the clavicle

to bend and break over the fulcrum of the first-rib, that is when individual having experienced a severe force. Several of the indi-
viduals in this study also displayed first-rib fractures, includingthe sternoclavicular joint is intact (27,32).

A fracture of the left clavicle is consistent with the fracture to Cases #1 (hit by a train), #2 (hit by a truck), #3 and #6 (hit from
behind by cars).the left first-rib; a similar pattern to that observed in the individual

struck from behind by a car (Case #6). The left first-rib was frac- In addition to fractures of the first-ribs, there are fractures to
left ribs 3–12 at the vertebral ends. Additionally, the sternal endstured at the neck. Fracture of the posterior portion of the first-rib

has been attributed to four different causes, including, (1) an indi- of left ribs 5–9 are fractured. Rib fractures near the spine and
sternum have been associated with forces applied from the side.rect force transmitted through the clavicle, (2) a direct force deliv-

ered from behind, (3) transmission of force along the subclavius Because of the fractures of adjacent ribs on the left side, the injuries
sustained are consistent with a single episode of trauma to the leftmuscle to the anterior aspect of the first-rib, and (4) an indirect

force transmitted through the manubrium (16). Because of the frac- side.
There are also numerous fractures within the lower thoracic ver-ture to the ipsilateral clavicle at the attachment for m. subclavius,

the first and third causes seem most probable. Also of import is tebrae (T7-T12), as well as fractures of T4 and L1. Fractures of
articular facets are found in T4, T7, T8, T10, and L1. There is alsothat fractures of the first-rib near the neck are often associated with

brachial plexus injuries. Traumatic injury to the brachial plexus wedge-shaped separation of the superior-anterior aspects of T7-T8
vertebral bodies. This patterning, as well as articular facet fracturesmay produce ‘‘lethal hemorrhage from the subclavian artery or do

serious harm to the roots of the brachial plexus’’ (18). Therefore, imply rotation and forward-directed pressure (36). Additionally,
fractures of the spinous processes (T7-T10), transverse processesit is possible that this individual died shortly after the incident, or

was incapacitated from the injuries sustained. (T8-L1), and portions of the vertebral bodies (T8, T9, L1) indicate
avulsion fractures (Fig. 3). Fractures of the spinous processes, lami-Additionally, there is a fracture to the body of the right first-

rib, just posterior to the dorsal subclavian groove in the region of nae, and transverse processes may also indicate rotation, as these
areas of fracture are sites of attachment for the main rotators ofattachment for the m. scalenus medius and m. serratus anterior

(36). The scalenus medius muscle originates from the transverse the back, the transversospinalis muscles. These muscles include
m. semispinalis, m. multifidus, and m. rotatores and run from theprocesses of cervical vertebrae 5 through 7. Contraction of this

muscle is associated with a lateral thrust of the neck and may have transverse processes and laminae to the spinous processes of supe-

FIG. 2—Fracture of the left clavicle in the case study.
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sive trauma suffered by this individual: (1) This individual fell
backwards from a treehouse (∼20 ft (6 m) aloft) onto a soft substrate
in the wooded area, walked approximately 100 yd (91 m) (37) and
lay down under a fallen tree in a ‘‘face-down’’ position (Fig. 4).
Or (2), this individual was struck by larger vehicle, like a truck,
and transported to the area where the body was hidden under a
tree.

The absence of cranial, upper vertebral, and upper extremity
trauma, as well as the position of the body, do not support the
scenario that this individual fell from a height. Because of the
prevalence of injuries to the skull, forearm, and cervical vertebrae
in vertical deceleration injuries less that 40 ft (12 m), the injuries
sustained by this individual cannot be attributed to a low fall. While
the probability of fractures to the chest, pelvis, and thoracic verte-
brae increases with higher falls (over 40 ft (12 m)), the probability
of injuries to the lower extremities also increases. Because of the
absence of fractures to the pelvis and lower extremities, as well
as the improbability of this individual falling from a height exceed-
ing 40 ft (12 m) in a wooded area, it seems unlikely that the injuries
sustained by this individual, at or around the time of death, are
directly related to a fall from a height.

Also, the position of the body upon discovery (face down, par-
tially under a fallen tree) suggests that this individual would have
either fallen face down, or moved to that position after the fall.
Because a natural response when falling is to extend one’s arms
to ‘‘break’’ a fall, fractures of the upper extremity are expected.
The absence of such injuries suggests that this individual probably
did not fall face down, which would be consistent with the position
in which the body was found. Additionally, the position of theFIG. 3—Fractures of spinous process, transverse processes, and articu-
body upon discovery is not consistent with any other type of falllar facets in the case study. These injuries suggest avulsion fractures.
(i.e., backward fall).

The location of the treehouse, the only place this individual
could have fallen from, in relation to the body upon discoveryrior vertebrae. Each muscle acts to rotate the back, but vary in
(approximately 100 yd (91 m)), removes the possibility that thisnumber of vertebrae they cross before insertion and area of greatest
individual fell to his death at the location of where the body wasdevelopment. For example, m. rotatores is most developed in the
discovered. Additionally, movement by this individual after thethoracic region where rotation is the principal movement of the
fall to the discovered position is unlikely due to the nature of hisspine (17) and where most of the injuries occurred in this individ-
injuries. The nature of his fractures most likely resulted in injuryual. Therefore, rotation and forward-directed pressure from the left
to the brachial plexus and the subclavian artery. Such injuriesside may have caused violent contraction of these muscles, thereby
would have severely limited movement after the fall, if not resultedexplaining the fracture pattern observed. The pattern of vertebral
in death soon after.fracture indicates that a force was applied from the rear.

The absence of cranial and lower extremity trauma is inconsis-
tent with being struck by a smaller vehicle. However, this individ-Discussion
ual displayed similar fracture patterns to individuals struck from
behind. This individual suffered extensive trauma to the thoracicThe pattern of injuries sustained by this individual is consistent

with a direct impact from the rear, focused on the left side. This region, consistent with a severe impact applied to the left side of
the back. These injuries are consistent with Case #2, where theconclusion is supported by the similar fracture patterns observed

in individuals struck from behind by vehicles examined in this pedestrian was struck by a larger vehicle, a truck. While fractures
to the skull and lower extremities were not observed, injuries tostudy. Avulsion fractures of the spinous processes, transverse pro-

cesses, and articular surfaces suggest an extension injury caused the thoracic region were characteristic.
Although the first scenario may seem more parsimonious, con-by the posterior thrust of the head or upper trunk, which would

result from an impact from behind. However, fractures of several sidering the body was discovered in the wooded area, the injuries
are more characteristic of a horizontal deceleration injury. Addi-adjacent left ribs, the left clavicle, and left first-rib suggest that

the impact was directed from the left side. In addition, this extreme tionally, the position of the body under the tree suggests that the
body was placed there, rather than falling there or self-generatedforce to the left side may have produced the avulsion fracture of

the right scapula. Contraction of m. serratus anterior and acromio- movement to the location.
clavicular separation, therefore, could have produced the fracture
to the vertebral portion of the first right rib. Therefore, the pattern Conclusion
of injuries to the thoracic region of this individual is most consistent
with a severe impact applied from the left side of the back. The presence of injuries to relatively rarely fractured bones (sca-

pula and first-ribs) suggests a wide, blunt trauma of extreme force.The nature of the injuries sustained and the location of the body
upon discovery suggest two possible scenarios to explain the exten- The pattern of fracture seen in the vertebral column suggests that
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FIG. 4—Position of body upon discovery in wooded area.

the area of impact was the mid-back region, focused on the left side. their assistance with the photographs and Dr. Lisa Hoshower for
her assistance during the initial maceration of the materials.This is consistent with avulsion fractures of the spinous processes,

transverse processes, and articular surfaces, as well as fractures to
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