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ABSTRACT This paper reviews the mechanisms of injury and the types of
fractures that most commonly affect the human skeleton, presents descriptive
protocols for cranial and postcranial fractures adapted from clinical and
forensic medicine, and summarizes anatomically the injuries most likely to be
found in archaeological skeletons along with their most common causes and
complications. Mechanisms of injury are categorized as direct and indirect
trauma, stress, and fracture that occurs secondary to pathology. These are
considered to be the proximate, or most direct, causes of injury and they are
influenced by intrinsic biological factors such as age and sex, and extrinsic
environmental factors, both physical and sociocultural, that may be thought
of as the ultimate, or remote, causes of injury. Interpersonal conflict may be
one of those causes but the skeletal evidence itself is rarely conclusive and
must therefore be evaluated in its individual, populational, sociocultural, and
physical context. A cautionary tale regarding parry fractures is presented as
an illustration. Yrbk Phys Anthropol 40:139–170, 1997. r 1997 Wiley-Liss, Inc.

Trauma may be defined many ways but
conventionally is understood to refer to an
injury to living tissue that is caused by a
force or mechanism extrinsic to the body.
The anatomical importance and sociocul-
tural implications of trauma in antiquity
long have been recognized and the descrip-
tion of trauma in human skeletal remains
and the identification and comparison of
trauma patterns among ancient populations
therefore have a lengthy history. As the
discipline of palaeopathology has developed,
the objectives of traumatic injury analysis
have shifted from a focus on the identifica-
tion and description of the earliest and the
most unusual pathological specimens to the
interpretation of the social, cultural, or envi-
ronmental causes of traumatic injury; their
relationship to biological variables, such as
sex and age, that may have social or cultural
relevance; and their temporal and spatial
variation. Thus, interpretations of the cause
of trauma in antiquity range from inter- and
intragroup conflict (e.g., Angel, 1974; Ham-
perl, 1967; Janssens, 1970; Jurmain, 1991;

Liston and Baker, 1996; Shermis, 1984;
Stewart, 1974; Walker, 1989; Wood-Jones,
1910; Zivanovic, 1982; and others) to environ-
mentally or occupationally facilitated mis-
adventure and accident (e.g., Angel, 1974;
Burrell et al., 1986; Cybulski, 1992; Grauer
and Roberts, 1996; Kelley and Angel, 1987;
Lovejoy and Heiple, 1981; Wells, 1964; and
others). Although great advances have been
made in paleopathological diagnosis and
interpretation in recent years, inconsisten-
cies in descriptions and interpretations of
trauma in the literature, particularly as
they affect our understanding of the nature
and extent of interpersonal violence in antiq-
uity, have made it difficult to compare the
results of different studies and to accept
with confidence some conclusions. The pur-
pose of this paper, therefore, is to review
types of fractures and the mechanisms of
injury, critique protocols for fracture descrip-
tion, and consider the problems of interpret-
ing the causes of injury. Although an impor-
tant source of data for the study of the
history of medicine, a discussion of skeletal
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indicators of surgical practice and other
medical intervention is beyond the scope of
this paper.

Scholars have categorized traumatic inju-
ries in a variety of ways (Table 1), but
generally refer to both accidental and inten-
tional trauma, the former usually including
most fractures and dislocations and the lat-
ter usually including examples of surgical
intervention and weapon wounds. It may be
more prudent, however, to first sort injuries
according to their predominant characteris-
tic, either fracture1 (any break in the conti-
nuity of a bone) or dislocation (the displace-
ment of one or more bones at a joint), rather
than to classify injuries in a manner that
implies causation or intent.

DISLOCATIONS

Traumatic injuries to joints may result in
partial or complete dislocations. A disloca-
tion, or luxation, occurs when the articular
surfaces of a joint are totally displaced from
one another. A subluxation results when the
articular surfaces are partially displaced
but do retain some contact.Although disloca-
tions and subluxations may be congenital or
spontaneous in origin, they are most com-
monly caused by trauma and in such cases it
is not uncommon for the joint displacement

to be associated with a fracture. Since dis-
placement cannot occur without damage to
the joint capsule and ligaments, complica-
tions such as the ossification of membrane,
ligament, and tendon attachments to bone
may ensue. Persistent instability of the joint
also may result, particularly in the shoulder
and ankle, although this complication can-
not be easily identified in archaeological
skeletal remains. Osteoarthritis is one of the
more common, and recognizable, complica-
tions and results from damage to the articu-
lar cartilage itself or from prolonged incon-
gruence of the joint surfaces.

For joint displacements to be recognizable
in dry bone the injury must have occurred
some time before the death of an individual
and remained unreduced (i.e., not ‘‘set’’) long
enough for bone modifications to take place.
Some dislocations, such as of the digits,
usually can be relatively quickly and easily
reduced (but see Dreier, 1992), while others,
such as of the vertebrae, may cause immedi-
ate death. In either case no evidence of the
injury will be observable in archaeological
skeletons.

Dislocations tend to be more frequent in
young and middle-aged adults, since in sub-
adults a similar force instead causes epiphy-
seal separation and in older adults causes
fracture of osteoporotic bones. The glenohu-
meral joint is a common site of dislocation,
the shallowness of the shoulder joint mak-
ing it particularly susceptible to displace-
ment. Traumatic dislocation of the femoral
head from the acetabulum, in contrast, re-
quires considerable force and this site is

1‘‘Infracture’’ and ‘‘infraction’’ are alternative terms for ‘‘frac-
ture,’’ particularly undisplaced fractures, according to medical
dictionaries (e.g., Stedman, 1982). Although rarely used in
paleopathology, these terms may be seen in the literature with a
different meaning: ‘‘infraction,’’ for example, has been defined as
an incomplete fracture. In the interests of developing clear and
standard terminology, these alternative terms are not used in
this review.

TABLE 1. Variation in the categorization of traumatic injuries by different authors

Knowles (1983) Merbs (1989a)
Ortner and

Putschar (1981) Steinbock (1976)
Roberts and

Manchester (1995) This study

Fractures Fractures Fractures Fractures Fractures3 Fractures4

Dislocations Dislocations Dislocations Dislocations Dislocations Dislocations
Trephination and

amputation
Surgery Trephination Sharp Instruments2 Osteochondritis

dissecans
Weapon wounds Weapon wounds Weapon wounds Growth arrest lines
Exostoses Scalping Scalping Crushing injuries
Schmorl’s nodes Dental trauma1 Deformation1

Osteochondritis
dissecans

Pregnancy-related

1Includes cranial deformation, filing of teeth, and other modifications performed for aesthetic purposes.
2Includes surgery and weapon wounds.
3Includes piercing injuries caused by knife and sword cuts, scalping, and projectile points (i.e., surgery and weapon wounds).
4Includes piercing injuries caused by knife and sword cuts, scalping, and projectile points (i.e., surgery and weapon wounds), and crush
fractures caused by foot binding and by cranial binding and flattening.
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more commonly associated with congenital
dislocations.

FRACTURES

A fracture consists of an incomplete or
complete break in the continuity of a bone.
The most common types of fractures, such as
transverse, spiral, oblique, and crush frac-
tures, result from direct or indirect trauma.
Two additional types of fractures, those re-
sulting from stress and those secondary to
pathology, are less common and have dis-
tinct etiologies. Fracture types and their
associated mechanisms of injury are re-
viewed below (and summarized in Table 2),
followed by discussions of fracture healing
and complications.2

Mechanisms of injury and types
of fractures

Direct trauma. When a break occurs at
the point of impact it is referred to as a
direct trauma injury (Miller and Miller, 1979)
and the resulting fracture may be trans-
verse, penetrating, comminuted, or crush
(Fig. 1). A transverse fracture results from
force applied in, and appears as, a line
perpendicular to the longitudinal axis of the
bone. Clinically, this injury often results

from a hard kick to the shin and is often seen
among soccer players. Typically, transverse
fractures are caused by a relatively small
force delivered to a small area.

Partial or complete penetration of the
bone cortex by cutting, piercing, drilling, or
scraping, such as the excision of pieces of
cranial vault bones in the practice of trephi-
nation, or the amputation of a limb segment
is classed as a direct trauma injury. Penetrat-
ing fractures typically are caused by applica-
tion of a large force to a small area. In
archaeological contexts, penetration could
be caused by a projectile point, the blade of
an axe or sword, or a musket ball (Blair,
1983; Butler, 1971). Wounds from arrow or
spear points often can be identified with
certainty only if the point remains embed-
ded in the bone and healing would not be
evident if such wounds were linked to the
death of the individual. The human remains
in many historic cemeteries show the trau-
matic results of conflicts with bullets and
other projectiles (e.g., Gill, 1994; Larsen et
al., 1996; Owsley et al., 1991). Early cases of
penetrating projectile wounds can be ex-
pected to show subsequent infection and/or
pronounced deformity in the absence of sta-
bilization or rest of the injured part. Some
penetrating fractures may also be commi-
nuted, which occurs when the bone is broken
in more than two pieces. In clinical cases,

2The information provided here has been compiled from a
variety of sources, including Adams (1987), Apley and Solomon
(1992), Gustilo (1991), Harkess and Ramsey (1991), and Schultz
(1990).

TABLE 2. Summary of mechanisms of injury and associated types of fractures

Mechanism of Injury Type of fracture Comments

Direct trauma Penetrating Partial or complete penetration of bone cortex
Comminuted Bone is broken in more than two pieces; most common in long

bone diaphyses
Transverse Force applied in a line perpendicular to long axis of the bone
Crush Most common in cancellous bone

Depression Crushing force on one side of the bone
Compression Crushing force on both sides
Pressure Force applied to growing bone

Indirect trauma Spiral Rotational and longitudinal stress on long axis; often confused
with oblique fracture

Oblique Rotational and angular stress on long axis; often confused with
spiral fracture

Torus/greenstick Bending of the bone due to longitudinal compression; common in
children

Impacted Bone ends are driven into each other
Burst Found in the spine due to vertical compression
Comminuted Force splits in several directions and forms a ‘‘T’’ or ‘‘Y’’ shape
Avulsion Fracture due to tension at ligament or tendon attachment

Stress Due to repetitive force, usually perpendicular to long axis
May be confused with direct trauma transverse fracture

Secondary to pathology Secondary to localized or systemic disease that has weakened the
bone
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high velocity bullets and blunt force trauma
to the cranium typically cause comminuted
fractures.

Crush fractures most commonly occur in
cancellous bone and result from the applica-
tion of a direct force to the bone, which
collapses on itself. Three types of crush
fractures are recognized: depression, com-
pression, and pressure. The first refers to
crushing on one side of the bone (especially
common on the ectocranium) while the sec-
ond refers to a crushing force that originates
on both sides of the bone. The incomplete
penetration of a bone by a low velocity
projectile may result in a crush fracture,
such as depressed fractures caused by the
impact of musket balls (Liston and Baker,
1996) or shotgun pellets (Swan and Swan,
1989). Blunt trauma, such as that produced
by a bludgeon, fist, or hammer, or when an
object is dropped on the hand or foot, results
in crush fractures. The third type of crush-
ing injury results when developing bone
responds to the application of direct force.
Examples of this last type are culturally
mandated bone alterations, such as the shap-
ing of immature cranial and foot bones by
various types of binding for beautification.

Rarely, direct trauma injury that bruises
a joint may fracture articular cartilage, and

sometimes the subchondral bone as well,
causing separation of a fragment from the
margin of the articular surface. This result-
ing lesion may be confused with osteochon-
dritis dissecans, which is caused by aseptic
necrosis and is usually seen as the complete
or incomplete separation of a portion of joint
cartilage and subchondral bone, most com-
monly on the femoral condyles. Osteochon-
dritis dissecans is usually recognized in dry
bone as a pit, often 2 to 5 mm in diameter, in
the subchondral bone, although new bone
formation may partially or completely fill
the defect or may produce a deposit that
exceeds the level of the normal articular
surface. The etiology of osteochondritis disse-
cans is uncertain but indirect trauma is
thought to play at least a contributory role.

Indirect trauma. When a fracture occurs
in a place other than the point of impact it is
said to result from indirect trauma (Miller
and Miller, 1972). Oblique, spiral, green-
stick, impacted, burst, and avulsion frac-
tures are consequences of indirect trauma
(Fig. 2). An oblique fracture, where the line
angles across the longitudinal axis, is indica-
tive of a combined angulated/rotated force
(Harkess and Ramsey, 1991). If the fracture
is well healed, this break is easily confused

Fig. 1. Fractures caused by direct trauma. From left to right: transverse, penetrating, comminuted,
and crush.

142 YEARBOOK OF PHYSICAL ANTHROPOLOGY [Vol. 40, 1997



with a spiral line. A spiral fracture line
winds down around a long bone shaft due to
a rotational and downward loading stress on
the longitudinal axis. In some cases, such a
force applied to the tibia results in a fracture-
dislocation of the ankle rather than a spiral
fracture (Harkess and Ramsey, 1991); at
other times, the force results in an associ-
ated proximal fibular fracture.

Torus or greenstick fractures result from
bending or buckling of bone when stress is
applied. These often are due to indirect
trauma and are most commonly seen in
children, whose bones are still pliable and
hence less likely to break, instead producing
a localized bulging on the bone. An example
is a greenstick fracture of the clavicle that
results during childbirth when the child’s
biacromial breadth is too large to pass easily
through the mother’s pelvic outlet. Green-
stick fractures are also characterized by an
incomplete fracture involving only the con-
vex side of a bone that has been subjected to
bending stress. In adults the ribs are com-
monly affected.

Less common fractures resulting from in-
direct trauma are impacted, avulsion, and
burst fractures. An impacted fracture occurs
when the bone ends at a fracture site are
driven into each other by the force of injury.

Clinically, this is often seen in the proximal
humerus as the result of a fall onto an
outstretched hand, and in the metacarpals
as a result of trauma to the fist when
punching. An avulsion fracture is caused
when a joint capsule, ligament, or tendon is
strained and pulls away from its attachment
to the bone, tearing a piece of bone with it. A
particular type of avulsion fracture leaves a
transverse fracture line: a transverse frac-
ture may occur to the ulnar olecranon pro-
cess or the patella if the extensor muscles
contract forcefully while the joint is flexed,
and in extreme cases the bone fragments
will separate and may heal without uniting.

A burst fracture is located in the spine. It
results from a vertical compression that
ruptures the intervertebral disc through the
vertebral end plate, forcing disc tissue into
the vertebral body (Fig. 3). A mild form of
this injury is often seen in archaeological
specimens as a small, localized, typically
circular, depression in the end plate that is
usually called a ‘‘Schmorl’s node.’’

Comminuted fractures may be due to indi-
rect trauma as well as to direct trauma. The
indirect comminuted fracture is patterned
like a ‘‘T’’ or ‘‘Y,’’ and is produced by a force
that passes through the bone, splitting it in
several directions (Perkins, 1958). Crush

Fig. 2. Fractures caused by indirect trauma. From left to right: oblique, spiral, greenstick due to
angular force, greenstick due to compression, impaction, and avulsion.
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fractures also can be found as a result of
indirect trauma, such as in the calcaneus
after a person has jumped from a height.

Stress fractures. Repetitive force can re-
sult in a stress or fatigue fracture. The usual
areas of occurrence are the metatarsal, calca-
neus, and tibia (Wilson and Katz, 1969).
Stress fractures in the metatarsals are some-
times referred to as ‘‘marching’’ fractures,
since they are often diagnosed in military
cadets. Those in the tibia have been known
for some time to affect dancers, while the
increased interest in jogging and aerobic
dancing in recent decades as well as the
adoption of alternative religious practices
has led to their higher prevalence in other
segments of western society (Burrows, 1956;
Cohen et al., 1974). The fracture line is
usually perpendicular to the longitudinal
axis, therefore problems may arise in trying
to distinguish between stress and direct

trauma transverse injuries. Commonly a
stress fracture will be visible as a nondis-
placed line or crack in the bone, called a
hairline fracture, which is not detectable
radiologically until a bony callus has formed
over the break.

Fractures secondary to pathology. Frac-
tures often occur secondarily to a disease
already present in the body. Systemic dis-
eases such as metabolic disturbances and
nutritional deficiencies leave bone vulner-
able to spontaneous fracture or to fracture
from minor trauma. For example, postmeno-
pausal females may suffer fractures if their
bones have been weakened by osteoporosis.
Other skeletal markers of specific disease
may aid in attributing cause to the fracture:
neoplastic fractures are seen when the break
is through or adjacent to a tumor that is in,
or of, bone, and the collapse of vertebral
bodies is not an uncommon consequence of
tuberculosis in the spine (Pott’s disease).

Fracture healing

Duration of healing. Fractures begin to
heal immediately after the bone is broken,
but the process differs for cancellous and
tubular bone. Most investigators identify
five overlapping stages in tubular bone heal-
ing (Adams, 1987; Apley and Solomon, 1992;
Paton, 1984). Table 3 summarizes the activi-
ties of these stages and the approximate
time after injury that each is observed.
Healing normally is not visible on radio-
graphs until approximately 2 to 3 weeks
after the injury, when a callus of woven
bone, the result of cell proliferation from the
periosteum, marrow cavity, and surround-
ing connective tissue, appears around the
site of injury. The callus internally and
externally bridges the gap caused by the
fracture and stabilizes the fractured ends.
Consolidation of this woven bone into ma-
ture lamellar bone occurs subsequently, but
the duration of the process depends upon the
nature of the fracture and the type of bone
involved. In a phalanx, a solidly united
fracture may develop in less than 1 month,
while the same transformation may take up
to 6 months in a tibia or femur. Bones of the

Fig. 3. Burst fractures of the lumbar vertebrae in a
young adult male from the historic Fur Trade period in
Alberta.
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upper limb tend to heal faster than do those
of the lower limbs, and spiral and oblique
fractures heal faster than do transverse
fractures.

In contrast to compact tubular bone, can-
cellous bone has a meshlike structure with
no medullary canal. This provides a much
larger area of contact between fracture frag-
ments, which facilitates healing. In addi-
tion, this mesh can be more easily pen-
etrated by bone-forming tissue than can
compact bone, so the union occurs directly
between bone fragments instead of indi-
rectly via the periosteal and endosteal cal-
lus. The initial haematoma is penetrated by
proliferating bone cells which grow from
opposing fracture surfaces. The developing
tissues fuse when they meet and subse-
quently calcify to form woven bone. Healing
is thus simpler and faster in cancellous bone
than in compact bone.

Because there is a delay before healing is
visible macroscopically or radiographically,
it may be difficult to distinguish some post-
mortem breaks from unhealed premortem
fractures. Perimortem fractures is the term
given to such injuries, which may have
occurred in the recent antemortem period
(i.e., up to 3 weeks before death) and are
therefore unhealed, or that alternatively
may have occurred in a postmortem period
that is of indeterminate length (perhaps
weeks or months) but during which the bone
is still relatively fresh and its organic compo-
nents not yet deteriorated. Otherwise, distin-
guishing between antemortem/perimortem
trauma and that which clearly occurred

after death is predicated upon the different
fracture properties associated with bone that
retains its viscoelastic nature and bone that
does not, and upon the different appear-
ances of bone surfaces after various postmor-
tem intervals (Buikstra and Ubelaker, 1994;
Maples, 1986; Mann and Murphy, 1990;
Ubelaker and Adams, 1995). Antemortem or
perimortem fractures can be identified by 1)
any evidence of healing or inflammation; 2)
the uniform presence of stains from water,
soil, or vegetation on broken and adjacent
bone surfaces; 3) the presence of greenstick
fractures, incomplete fractures, spiral frac-
tures, and depressed or compressed frac-
tures; 4) oblique angles on fracture edges;
and/or 5) a pattern of concentric circular,
radiating, or stellate fracture lines. Post-
mortem fractures, in contrast, tend to be
characterized by 1) smaller fragments; 2)
nonuniform coloration of the fracture ends
and the adjacent bone surface, especially
light-colored edges; 3) squared fracture
edges; and 4) absence of fracture patterning
due to the increased tendency of dry, brittle,
bone to shatter on impact.

Complications of healing. Complica-
tions should be assessed when examining
fractures because they may provide informa-
tion regarding mobility, morbidity, mortal-
ity, and medical treatment or the lack
thereof. In addition to the fracture types
described above, the relationship of the frac-
ture to surrounding tissue is referred to as
‘‘closed’’ or ‘‘open.’’ When the fractured bone
does not come into contact with the outer

TABLE 3. The process and duration of fracture healing in tubular bones
(Adams, 1987, Apley and Solomon, 1993, and Paton, 1984)

Healing stage Healing processes Duration

Haematoma formation Blood from torn vessels seeps out and forms a haematoma 24 hours
Fractured bone ends die due to lack of blood supply

Cellular proliferation Osteoid is deposited around each fragment by osteoblasts of
periosteum and endosteum and pushes haematoma aside

3 weeks

Fracture is bridged; visible in dry bone
Callus formation Callus of woven bone forms from mineralization of osteoid and

acts as a splint for periosteal and endosteal surfaces
3 to 9 weeks

Visible radiologically
Consolidation Mature lamellar bone forms from callus precursor and results

in a solidly united fracture area
Varies by skeletal ele-

ment from a few weeks
to a few months

Remodelling Gradual remodelling of bone to its original form, strength-
ening along lines of mechanical stress

6 to 9 years

Increased density on radiographs marks the fracture site on
adult bones
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surface of the skin, the fracture is termed
closed. An open fracture, also known as a
compound fracture, is when the bone pro-
trudes through the skin or the skin is broken
to the level of the bone, as in a crushing or
penetrating wound. Open fractures are prone
to infection, which hinders the union of the
fracture and creates instability. A pathogen,
Staphylococcus aureus in about 90% of clini-
cal cases (Ortner and Putschar, 1981), may
be introduced to the body through an open
fracture from surface contamination or from
a penetrating instrument or contaminant.
Although there is a tendency to regard local-
ized infections as related to observed frac-
tures, but to interpret nonlocalized infec-
tions as unrelated to fracture, posttraumatic
infection may in fact be present either as a
localized condition or, due to hematogenous
dissemination of the pathogen, as a systemic
infection. Whether localized or systemic, if
the body’s immune system is unable to com-
bat the infection successfully bony response
is usually visible in the form of periostitis
(an inflammation of the periosteum) or osteo-
myelitis (a more severe bone infection that
involves the medullary cavity). Periostitis is
usually characterized by focal periosteal bone
deposition that may eventually form a
plaquelike sheet over the cortex. Osteomyeli-
tis is identified by a thickened contour in the
area of the fracture and the bone may feel
heavier. Pathognomonic evidence of osteomy-
elitis results from the development of sub-
periosteal abscesses that deprive the bone of
its blood supply and lead to necrosis (the
dead bone forms a sequestrum). The perios-
teum continues to produce new, hypervascu-
lar bone around the sequestrum, forming a
shell of bone called involucrum. The subperi-
osteal pus must escape through the involu-
crum to the skin surface, however, and in
doing so forms one or more sinuses (cloacae)
in the involucrum for pus drainage. In dry
bone the sequestrum, lying under the involu-
crum, may be visible through a cloacal open-
ing. Posttraumatic osteomyelitis is most com-
monly observed in the cranium and long
bones of archaeological skeletons.

Fractures inevitably result in the rupture
of minor blood vessels but this is not usually
a serious complication. In some cases, how-
ever, bone displacement can compress or

twist blood vessels and lead to ischemia.
This will delay the healing process and could
lead to bone death if unrelieved. Avascular
necrosis normally occurs near the articular
ends of bones where the blood supply to
subchondral bone is limited. Death of the
tissue begins a week after the nutrient
supply is reduced and may continue for up to
4 years. During this time the bone loses its
trabecular structure, becomes granular, and
begins to disintegrate due to muscle stress
or body weight. The adjacent articular carti-
lage also dies as a result of deficient nourish-
ment, usually resulting in osteoarthritis.

Nerve injuries also may be associated
with fractures. Three types of nerve injuries
are generally recognized. Damage is slight
in neurapraxia and results in temporary
impairment that corrects itself within a few
weeks. In contrast, the internal nerve archi-
tecture is preserved but axons are badly
damaged in axonotmesis, resulting in periph-
eral degeneration that may take many
months to heal. Such a lesion may result
from pinching, crushing, or prolonged pres-
sure. The most serious type of nerve injury,
neurotmesis, involves complete division of a
nerve, either through severing or severe
scarring, and requires surgical repair. The
consequences of these types of nerve injuries
range from loss of sensation to loss of func-
tion. Usually the loss is temporary, but
muscle atrophy may result and if the nerve
loss is prolonged or permanent the bones
will display signs of disuse atrophy as well.
This sequel would be most likely in archaeo-
logical cases of neurotmesis. In addition, if
there is loss of innervation to the fracture
site, the individual will not feel pain and
may therefore continue to use the broken
bone, impairing healing. Fracture of the
vertebral column may result in damage to
the spinal cord or spinal nerves, with paraly-
sis below the level of the injury a possible
outcome. Depressed skull fractures with en-
docranial displacement are usually associ-
ated with significant brain injury, which
must also be considered in cases of linear
fractures of the cranial vault.

Another complication is posttraumatic os-
sification of a haematoma, which results
when absorption of the haematoma is pre-
vented by excessive stress placed on the

146 YEARBOOK OF PHYSICAL ANTHROPOLOGY [Vol. 40, 1997



periosteum. A smooth mass of bone is macro-
scopically visible after 2 months, with calci-
fication being visible radiologically a few
weeks after the injury. Although usually
benign, movement may be restricted if there
is joint involvement.

If joint function is affected by traumatic
injury, osteoarthritis may develop as a com-
plication. Stiffness caused by fibrous adhe-
sions or joint swelling may lead to prolonged
disuse of the joint or limb. Shortening or
angulation may result in some loss of nor-
mal function in the affected limb or in the
joints directly above and below the fracture;
this may be difficult to interpret since un-
usual biomechanical stress at a joint in
which a fractured bone participates may
cause osteoarthritis, but it is also possible
for a joint on an uninjured limb to be af-
fected. The latter might occur, for example,
if weight bearing was shifted in order to
favor the injured leg. Premature deteriora-
tion of articular cartilage and subsequent
deterioration of subchondral bone are com-
mon complications of breaks affecting the
joint surface itself, since cartilage repair is a
very slow process. Such fractures also can
result in ankylosis of the joint.

Three final complications of fractures are
delayed union, nonunion, and malunion. In
clinical settings the union of a fracture is
defined as delayed if it has not occurred in
the time expected for that skeletal element,
age, and sex of the individual, and it may
eventually be classed as a nonunion. In dry
bone specimens, of course, delayed but even-
tually successful union cannot be distin-
guished from undelayed union. Several fac-
tors may impede the process of healing, but
overall poor health and/or nutrition in an-
cient populations may be a largely unrecog-
nized contributor (Grauer and Roberts,
1996).

The diagnosis of nonunion is applied when
the fracture fragments fail to unite and the
marrow cavity seals. Radiologically, non-
union may be identified by sclerosis at the
bone ends. After a prolonged period of time,
the fragments take on a rounded appear-
ance at their ends, which are connected by
fibrous tissue. Nonunion may result from
inadequate bone healing due to infection,
inadequate blood supply, insufficiency of vi-

tamin D or C or of calcium, excessive move-
ment between bone fragments during heal-
ing, soft tissue being caught between the
fragment ends, inadequate contact between
the fragments, presence of foreign material,
or from the destruction of bone due to pathol-
ogy or the injury itself (Altner et al., 1975;
Karlstrom and Olerud, 1974; Sevitt, 1981;
Stewart, 1974; Urist et al., 1954; Yamigashi
and Yoshimura, 1955). If there is persistent
movement between the ununited ends, a
pseudarthrosis, or false joint, may form,
although this complication is relatively rare
(Stewart, 1974). Studies of modern human
populations indicate a frequency of pseudar-
throsis of less than 5% (Heppenstall, 1980;
Urist et al., 1954), while an examination of
data from temporally, geographically, and
cultural diverse archaeological populations
reveals an average frequency of 2% (Burrell
et al., 1986; Jimenez, 1994; Lovejoy et al.,
1981; Stewart, 1974). Among alloprimates,
data from Bramblett (1967), Jurmain (1989),
Lovell (1990), and Schultz (1937, 1939) also
give an average pseudarthrosis frequency of
approximately 2%.

A malunion consists of a fracture that
heals leaving a deformity. This may occur
when a fracture has not been reduced or
when reduction was not maintained, leaving
the fragments to heal grossly angulated or
excessively shortened. Shortening is caused
by overlap, substantial angulation, crush-
ing, or gross bone loss. Injuries to growing
bone that affect the epiphyses and lead to
premature fusion of the growth plate may
result in shortening, as may bone infarction
resulting from sickle cell disease, which
most often affects the epiphyses of the grow-
ing skeleton, especially those of the proxi-
mal femur. The presence of a shortened bone
is most detrimental to the lower, weight-
bearing limbs, although a difference of up to
20 mm is considered by clinical practitioners
to be tolerable. A greater loss in length can
lead to backache from pelvis tilting and
lateral and rotational spinal deviation. Re-
cent studies have interpreted minimal defor-
mity in bones that are likely to be severely
affected when fractured as evidence for im-
mobilization of the injured part and possible
medical treatment (Grauer and Roberts,
1996).
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DESCRIPTIVE PROTOCOLS FOR
FRACTURES

Proper description of an injury is the first
step in trauma analysis (Ortner and Putschar,
1981; Steinbock, 1976) and is the basis for
determining the mechanism, or proximate
cause, of the injury. In turn, an understand-
ing of the proximate cause is crucial for the
identification of the ultimate cause of
trauma, usually behavior. Proper descrip-
tion of observed lesions also provides other
scholars with an opportunity to agree or
disagree with the diagnosis and/or infer-
ences that are made about the sociocultural
or environmental context of the injury. Al-
though several models proposed recently
have made great strides in standardizing
descriptive protocols (e.g., Buikstra and
Ubelaker, 1994; Dastugue and Gervais, 1992;
Grauer and Roberts, 1996; Roberts, 1991),
paleopathologists have not yet reached a
consensus on descriptive standards for
trauma and many are not always familiar
with the underlying mechanisms of injury.
Ideally, any method of fracture description
will recognize two main sources of confusion
in interpretation: the variation in appear-
ance expressed by fractures caused by the
same mechanism of injury, as well as the
similarities in appearance displayed by frac-
tures caused by different mechanisms of
injury. Ultimately, proper fracture descrip-
tion should seek to improve the accuracy
and reliability of interpretation without ex-
ceeding the limits of inference that are set
by the descriptive data themselves.

Although fracture types are here sub-
sumed under their proximate cause, when
describing and interpreting injury the frac-
ture type is usually recognized first. Identifi-
cation of the mechanism of injury then fol-
lows logically, and the third step in trauma
analysis involves interpretation of the ulti-
mate cause of the injury. For example, an
impacted fracture of the distal radius with
posterior displacement of the distal frag-
ment may be recognized as a Colles’ fracture
due to its characteristic location and defor-
mity. The proximate cause of the injury may
then be identified as indirect trauma. Inter-
preting the ultimate cause may be difficult,
but a fall onto the outstretched hand would

be a logical conclusion. If the fracture was
observed in an older female, the possibility
of the fracture occurring secondary to osteo-
porosis could also be considered.

The principal aim of most protocols has
been to establish standardized descriptions
for fractures observed in dry bone, although
additional objectives, such as the evaluation
of evidence for treatment of traumatic inju-
ries are sometimes also stated (e.g., Grauer
and Roberts, 1996; Roberts, 1991). Three
recently developed protocols are outlined
here.

The repatriation of Native American pre-
historic and historic skeletal remains drove
the development of standards for data collec-
tion that includes procedures for document-
ing fractures (Buikstra and Ubelaker, 1994).
These procedures recognize nine types of
fractures and eight varieties of shape charac-
teristics. All types and varieties are not
mutually exclusive, but may have restricted
application. Shape characteristics, for ex-
ample, describe lesions caused by blunt or
sharp force and by projectiles, as well as
radiating fractures and amputations. Peri-
mortem fractures are identified at a third
level of description, followed by sequelae
such as healing status and various complica-
tions. Dislocations are classed separately.
The recommended data collection forms and
descriptive protocol do not provide for mal-
union as a component of fracture description
specifically, but rather under the pathology
category of ‘‘abnormality of shape,’’ in which
malunion would be identified as either barely
discernable or clearly discernable angulation.

A second method was designed specifically
to describe fractures in a way that would
provide the information necessary to exam-
ine the technology and knowledge of treat-
ments in past societies (Grauer and Roberts,
1996; Roberts, 1991). The method describes
the location and type of fracture and empha-
sizes evaluation of the success of long bone
healing. Macroscopic and radiographic
means are employed to assess complications
of shortening and deformity, and sequelae
such as infection and osteoarthritis. Skull
fractures are described as resulting from
blunt or sharp force and are evaluated in
terms of healing as well as evidence for
trepanation. The need for radiographic
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evaluation of fractures in order to determine
the amount of healing and the particulars of
deformity and/or displacement is stressed,
as is the importance of radiography for
detecting and interpreting well-remodelled
fractures (Grauer and Roberts, 1996; Rob-
erts, 1991). Unfortunately, radiographic
equipment is not always available, espe-
cially in field settings, and the interpreta-
tion of radiographs may be made difficult by
postmortem alterations common in archaeo-
logical contexts, such as soil inclusions that
affect density or the differential identifica-
tion of osteoporosis versus diagenetic bone
loss (Roberts, 1991).

Finally, a third system concerns cranial
vault injuries, categorizing them as pierc-
ings, depressions, gashes, cuts, and slices
(Filer, 1992). The first category is described
as consistent with a penetrating injury, the
second with blunt force trauma, and the last
three as resulting from edged/bladed imple-
ments, including sharp projectiles. The ma-
jority of these lesions were interpreted as
resulting from interpersonal violence, an
assessment not inconsistent with the appar-
ent culture-historical context of the remains.

It is likely that no one system of fracture
description will suit all investigators, since
some will be more or less concerned with the
affected body part, specific complications, or
possible causative behaviors. Most proto-
cols, however, share similar basic categories
of description. The method for fracture de-
scription that is presented below incorpo-
rates these categories in a system adapted
from clinical and forensic medicine. It is
predicated on identification of the skeletal
element(s) involved and the type of injury, as

well as detailed descriptions of deformation
and of any associated nontraumatic lesions
that may indicate causality or postinjury
complications. The information thus ob-
tained then serves as a basis for inferences
about the mechanism of injury, which can in
turn provide clues as to the social, cultural,
or environmental associations of the injury.
The method outlines descriptive features for
cranial and long bone fractures since these
predominate in the paleopathological litera-
ture.

Description of cranial fractures

The interpretation of the mechanism of
injury of cranial fractures relies on a variety
of characteristics of the fracture, such as the
bones involved, patterning of fracture lines,
and presence of deformation (Gurdjian,
1975; Gustilo, 1991; Hooper, 1969; for a
comprehensive discussion of lesions of the
calvarium, see Kaufman et al., 1997). Stress
fractures and fractures secondary to pathol-
ogy are uncommon in the cranium. The most
common fractures of the cranium affect the
vault and are caused by direct trauma.
These can be described according to their
basic type, usually linear, crush, or penetrat-
ing (Fig. 4), which are not necessarily mutu-
ally exclusive. Although vault fractures are
most common, the base, maxillae, nasal
bones, orbits, and/or zygomae may be frac-
tured alternatively or additionally, and the
temporomandibular joint may be traumati-
cally dislocated.

Low velocity, blunt trauma to the head
may result in simple linear fractures or
depressed (crush) fractures. The kinetics
involved may relate to acceleration injuries,

Fig. 4. Common fractures of the cranial vault. From left to right: simple linear fracture due to blunt
trauma, comminuted depressed fracture due to blunt trauma, and comminuted penetrating fracture from
a high velocity projectile.
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in which the head is struck by an object and
set in motion, or deceleration injuries, in
which the moving head suddenly comes to a
halt. In either case, the curve of the skull at
the point of impact tends to flatten out, and
as a result the force of the impact is distrib-
uted over a relatively large area. The bone
surrounding the area of impact bends out-
ward, and, if the deformity of the cranium is
great enough, fracture lines begin, usually
in the areas subjected to bending outward.
The areas of bending are not uniformly
circular, since the degree and direction to
which the fracture lines extend depends
upon both the magnitude of the applied force
and the local bony architecture.

Penetrating injuries of the cranium are
characterized by a small area of impact with
a localized area of distortion and are usually
caused by sharp-edged objects or projectiles.
With higher velocity impact, the inbending
of the skull remains localized but the depth
of penetration increased. As a general rule,
when the area of impact decreases the
stresses are more localized but greater in
magnitude and the stresses in surrounding
areas diminish. The severity of impact in
direct cranial trauma is usually determined
from the extent and separation of linear
fractures, by the extent of comminution of a
localized fracture, or by the displacement of
bone fragments in penetrating wounds.

Indirect trauma injuries are relatively
rare, but may result from vertical loading
forces transmitted from the feet or buttocks
when a person falls from a height. A basilar
‘‘ring’’ fracture around the foramen magnum
is an example of such an injury; it reflects
impact forces transmitted up through the
cervical spine and occipital condyles. Basilar
fractures through the petrous bones and
fractures of the mandibular condyles have
been observed to result from impact to the
chin (Harvey and Jones, 1980).

Description of long bone fractures

In contrast to fractures of flat and irregu-
lar bones, fractures of appendicular long
bones (and, by extension, short bones) often
require more comprehensive description
since their positions in the skeleton and
their functions make them more susceptible
to a variety of forces. Long bone fractures

from archaeological contexts can be de-
scribed in a manner adapted from that used
in clinical orthopedics (e.g., Gustilo, 1991;
Harkess and Ramsey, 1991; Schultz, 1990)
and can be first classified as intraarticular
(involving a joint, including the metaphys-
eal region) or extraarticular. Intraarticular
fractures are described as either linear, com-
minuted, or impacted. Extraarticular frac-
tures are described as linear, comminuted,
or segmental.

Linear fractures fall into three subtypes,
transverse, oblique, and spiral, all of which
have been previously described. Commi-
nuted fractures are categorized according to
the size of the fragments (multiple or ‘‘butter-
fly’’) and the percentage of the shaft (,50%
or .50%) that is involved. A butterfly frac-
ture is formed from a combination of com-
pression and tension stresses that result in
the separation of a triangular fragment of
bone. Segmental fractures are identified by
the multiple fracture lines that divide the
bone into at least two segments along a
longitudinal axis. The location of the frac-
ture should be noted as occurring at the
proximal end, distal end, or shaft (either the
proximal, middle, or distal third of the shaft
or one of the junctions thereof).

The final components of long bone frac-
ture description are length, apposition (shift),
rotation, and angulation (alignment), identi-
fied by the acronym, LARA. Convention
decrees that when describing the four compo-
nents the distal fragment is measured in
relation to the proximal fragment. The prin-
cipal aims here are to describe fractures so
that the mechanism of injury can be de-
duced, and to distinguish fractures with no
or slight deformity from those with marked
deformity.

Length of the bone is measured with an
osteometric board and the maximum length
is recorded (per Bass, 1987). Length is re-
corded as normal, distracted, or shortened,
and is determined by comparing the injured
bone to its counterpart, if possible. Distrac-
tion is a lengthening of the bone and is
caused by the separation of bone fragments,
often due to muscular forces. Bones them-
selves may distract a fracture, however,
such as when an intact ulna pulls apart the
fragment ends of a fractured radius or when
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a fractured tibia is associated with an intact
fibula. Distraction also may be caused when
tissue is caught between fragment ends. In
contrast, shortening results when muscular
forces pull the fragments over each other.
This typically occurs when broken bones
have not been set, often due to severe pain or
muscle spasm, or if a fracture reduction
failed because of instability.

Apposition is the percentage of bony con-
tact between fragment ends in fresh injuries
and is measured on radiographs. Apposition
from an x-ray is measured using a ruler and
is expressed as a percentage, the horizontal
displacement being a function of the surface
area of bone. Therefore, if there is no horizon-
tal displacement between the fractured bone
ends when healed, that is, the bone ends are
in perfect alignment, the bone is 100% ap-
posed. In dry bone, however, shifting of the
distal fragment in relation to the proximal
end can be recorded in the absence of radio-
graphs. If the bone is viewed in anatomical
position, a medial or lateral shift may be
seen; if viewed in a lateral position, anterior
or posterior displacement may be observed.
The shift in both the anteroposterior (AP)
and lateral planes should be noted, as the
bone can be displaced in both directions.

Rotation occurs when the distal fragment
has turned relative to the proximal frag-
ment. There is no measurement, but the
distal portion is recorded as being internally
or externally rotated. This is usually easily
identifiable in dry bone, especially if the
affected bone can be compared to the contra-
lateral element. If rotation is observed, the
adjacent joint surfaces should be examined
since rotation may result in osteoarthritis,
or in ankylosis of a joint if ligaments were
torn in the injury.

Angulation at the fracture site is mea-
sured in degrees with a goniometer. This
measurement is easily obtained from a radio-
graph but also may be obtained from the
bone. One end of the goniometer is placed on
the midline of the proximal fragment’s longi-
tudinal axis, the other end on the axis of the
distal fragment with the center of the goni-
ometer directly over the fracture site. The
number of degrees the distal fragment has
displaced in relation to the midline of the
proximal fragment is the angulation. The

direction of movement must also be noted.
In the AP view, the distal portion of the
distal fragment will move medially (varus)
or laterally (valgus). In the lateral view,
anterior angulation refers to the distal por-
tion of the distal fragment moving anteri-
orly so that the fracture site appears posteri-
orly bowed. Posterior angulation refers to
the distal portion of the distal fragment
moving posteriorly; the fracture site appears
anteriorly bowed. Degree and direction of
angulation should be measured in the AP
and lateral positions as both planes are
often affected.

Examples of long bone fractures

The value and application of standardized
fracture descriptions is illustrated here with
the description of radiographs from four
clinical cases at the University of Alberta
Hospital in Edmonton. With known mecha-
nisms of injury, treatment, and follow-up,
these cases unambiguously illustrate the
skeletal effects of trauma and their variabil-
ity of expression. For each set of radio-
graphs, fractures were noted for their type,
the bone(s) involved, area of involvement,
degree of healing, length, apposition, rota-
tion, and angulation. Apposition data are
reported to 65%. The measurement of angu-
lation was found to be the most problematic
and consequently all angulation data are
presented to 62°.3 The sex and age of each
patient were recorded although other per-
sonal, identifying information was not re-
vealed. Although the degree of deformity is
sometimes used to assess the existence
and/or quality of medical treatment in the
past, these examples reinforce the observa-
tion that the association is not always direct
(Grauer and Roberts, 1996). Fracture inju-
ries often improve with time but conversely
they may deteriorate and individual re-
sponses to fracture vary widely.

A direct trauma transverse fracture re-
sulted when a 20-year-old male was kicked
in the shin while playing soccer. Figure 5a is
a lateral view radiograph taken immedi-

3In order to evaluate interobserver error all clinical cases were
independently scored by N. Lovell and C. Prins. The error in
measured length as 61 mm; in apposition 65%; and in angula-
tion 62°; all adequate for distinguishing between none, slight,
and marked deformity.
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ately postinjury that shows a transverse,
midshaft tibial fracture with no fibular in-
volvement. The bone was perfectly aligned
on both the initial x-rays and those taken
more than 5 months later (Fig. 5b). The
degree of callus formation may appear to
those who are inexperienced with clinical
cases to be excessive, given the apparent
lack of angular deformity, displacement, or
comminution, but this example is fairly typi-
cal of such injury. Not all transverse frac-
tures heal as nicely, however, and nonunion,
despite good alignment, may often occur in
the tibia and/or fibula due to their inherent
instability when supporting the body’s
weight in locomotion.

In some cases fractured bones heal well in
one dimension, only to deteriorate in an-
other. Initial radiographs of a 24-year-old
male injured in a motor vehicle accident
showed a transverse fracture at the junction
of the mid and distal thirds of the left tibia,
with two fibular fractures, one at the same

level as in the tibia and another at the
proximal end of the shaft. Both tibia and
fibula were in perfect alignment when viewed
anteroposteriorly immediately after the in-
jury, although 3° of posterior angulation of
the tibia was noted in the lateral view.
Figures 6a and 6b were taken more than 4
months after the injury and the fracture
lines are still visible. In the AP view, the
tibia has now shifted laterally by about the
width of the bone cortex, and shows 4° of
valgus angulation. The midshaft fibular frac-
ture also displays 4° of valgus in the AP
plane. The lateral view, however, now shows
the tibia in good alignment. Although the
effects of high velocity vehicular accidents
may appear to have little relevance to ar-
chaeological remains, multiple fractures of
this type have been noted in historic cases of
injury in horse-drawn cart and carriage
accidents, and this case has obvious rel-
evance for modern forensic investigations of
dry bone lesions.

Fig. 5. Transverse fracture due to direct trauma. a: Radiograph taken immediately postinjury,
showing a transverse midshaft fracture without fibular involvement. b: Radiograph taken more than 5
months later, showing callus around the fracture site.

152 YEARBOOK OF PHYSICAL ANTHROPOLOGY [Vol. 40, 1997



Figure 7a is an immediate postinjury x-
ray of a 54-year-old male who fell and suf-
fered oblique, midshaft fractures of the right
tibia and fibula. In the AP view there is 11°
of valgus angulation in the tibia and 13° of
valgus angulation in the fibula. The lateral
view shows 10 mm of shortening in both the
tibia and fibula and 1° of posterior angula-
tion in the tibia. Both bones have shifted
anteriorly about the width of the bone cor-
tex. Figures 7b and 7c were taken 6 months
later. The fracture lines are still very evi-
dent, little callus is seen, and the fragment
ends are rounded, suggesting nonunion in
both bones. Shortening has lessened to 6
mm in both the tibia and fibula. On the AP
view the tibia retains 11° of valgus angula-
tion but the fibula now displays only 4° of
valgus. In the lateral view, posterior angula-
tion in the tibia has increased to 4°, 1° of
posterior angulation is seen in the fibula,
and both bones retain their anterior shifting.

A good example of a rotation injury with
no fibular involvement is a spiral fracture of
the distal third of the right tibia in a 12-year-
old male who fell off his bicycle (Fig. 8).
Callus is evident since the radiographs were

taken about 2 months postinjury, and on the
AP view there is 5° of valgus angulation. The
tibia is not shortened, probably because the
intact fibula helped it maintain normal
length. On the lateral view, there is 6° of
anterior angulation in the tibia.

ANATOMICAL SUMMARY OF
FRACTURES AND DISLOCATIONS

COMMONLY SEEN IN
ARCHAEOLOGICAL BONE

To aid the diagnosis of trauma according
to the mechanism of injury, this section is
organized as an atlas and describes those
fractures and dislocations commonly seen in
archaeological bone according to their ana-
tomical location. The possible complications
of the injury and their affects on healing also
are described.

Cranium

Fractures of the bones of the cranium vary
considerably, but perhaps the most com-
monly described are those involving the flat
bones of the vault. Typically, the patterning
of fracture lines on the cranium is correlated
with the severity of the force: whether a

Fig. 6. Single tibial fracture with double fibular fracture. These radiographs were taken more than 4
months postinjury and the fracture lines are still visible. a: Anterior view. b: Lateral view.
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blow lands on the frontal, occipital, or pari-
etal region, a single linear fracture line
indicates less force than does a pattern of
concentric and radiating stellate fracture
lines (Gurdjian et al., 1950). The position of
fracture lines can sometimes be used to
identify the point of impact. Stellate, or

star-shaped, fracture lines form at the point
of impact, for example, and radiating frac-
ture lines run laterally, away from the point
of impact. Concentric heaving fractures are
caused by shearing forces and have charac-
teristics, such as bevel angle, that can distin-
guish between high velocity and blunt

Fig. 7. Oblique, midshaft fractures of the right tibia
and fibula. a: Immediately postinjury. Anterior view (b)
and lateral view (c) 6 months postinjury. Nonunion is
evident in both bones.
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trauma injury (Berryman and Haun, 1996).
With blunt trauma the concentric fractures
are caused by force from outside the cra-
nium, which leads to beveling on the inner
table, whereas with high velocity projectile
trauma the fractures are caused by pressure
from within the cranium, which produces
beveling on the outer table. Identification of
the point of impact and the direction of the
force becomes increasingly difficult with
more severe trauma but the sequence of
multiple impacts usually can be determined
since a subsequently produced fracture will
not cross a preexisting one.

Direct trauma injuries to the cranium
often occur when the head is struck by a
moving object. Trauma from high velocity
objects, such as bullets and motorized ve-
hicles, is seen commonly in clinical cases,
but that from lower velocity objects (e.g.,
bricks, rocks, bludgeons, push carts, wag-
ons) is also observed today and undoubtedly
occurred in the past. Direct trauma to the
cranium also occurs if the head strikes the
ground after a fall or jump from a height or

when balance is lost after landing on the
feet. These low velocity impacts usually
result in linear fractures. Linear fracture
lines tend to sweep around the thick, bony
buttresses of the cranium (i.e., the petrous
bones, mastoid process, etc.) unless they
approach these areas perpendicularly. Since
the structurally weak areas of the cranium
are most prone to develop fracture lines, the
unfused cranial sutures in children will
readily separate to accommodate the forces
of impact. Alternatively, in very young chil-
dren the cranial bones may bend inward
without fracturing and the depressed defor-
mity may persist.

Clinically, blunt trauma injuries to the
cranium usually cause linear fractures of
the vault and the appearance of these frac-
ture lines may help identify the point of
impact and the mechanism of injury. Blunt
trauma to the frontal bone, for example,
produces fracture lines that radiate through
the frontal sinus, the cribriform plate, and
the orbital roofs, although transverse frac-
ture lines affecting the temporal regions
may also appear. Anterior temporal impact
leads to fracture lines that radiate down,
across either the orbital plate or the sphe-
noid-temporal region. In contrast, lateral or
posterior temporal impact produces fracture
lines that radiate downwards either in front
of or behind the petrous portion of the
temporal bone and extend across the cranial
base. Impact to the occipital bone usually
produces fracture lines that radiate down to
the foramen magnum or the jugular fora-
men, and that may extend anteriorly across
the cranial base. Trauma to the cranial base
must be severe in order to cause a fracture,
since the bone here is heavily buttressed. A
base fracture is therefore considered to rep-
resent a severe injury.

After vault fractures, sphenoid fractures
are the most common clinical result of blunt
trauma to the cranium (Unger et al., 1990).
Unfortunately, sphenoidal structures are
very fragile and thus prone to postmortem
damage as well as to fatal consequences of
fracture and therefore it may be difficult to
identify sphenoid fractures in archaeologi-
cal skeletons. Facial fractures, either due to
direct or indirect trauma, are often very
complex but commonly heal adequately with-

Fig. 8. Spiral fracture, 2 months postinjury. Anterior
view is on the left and lateral view is on the right.
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out medical treatment. Since the zygoma,
maxilla, and orbital margin are mutually
supportive, a fracture of one of these bones
usually involves a fracture of at least one of
the others. Fractures of the nasal bones,
while usually not severe, are not uncommon.
These are often called depressed fractures
(e.g., Filer, 1992) although this description
refers to the observed deformity of the nasal
bridge, not the type of injury. Clinically,
interpersonal violence often produces small
fractures of the nasal and zygomatic bones.

Crush fractures of the cranial vault are
commonly seen in archaeological human
remains and are caused by low velocity
direct trauma (Fig. 9). Lesser force is indi-
cated by the lack of displacement of bone
fragments, while greater force is character-
ized by inward displacement. A portion of
bone might be completely detached if great
force is applied, particularly if the object has
a small striking surface, but more often seen
in archaeological remains is the incomplete
detachment of the bone (Fig. 10). The frac-
ture line on the ectocranium is usually ir-
regular and may be comminuted, producing
a cobweb or mosaic pattern. The depressed
area indicates the point of impact, from
which linear fractures radiate. Clinically,
blows from hammers, fireplace pokers, and

the butt ends of axes are commonly respon-
sible for incompletely detached depression
fractures, as are falls onto the sharp edge of
furniture or concrete steps (Polson et al.,
1985).

Penetrating injuries of the cranium are
caused by pointed and edged objects (e.g.,
knives, swords) or by bullets. Heavy cutting-
edged weapons that are used in a chopping
manner will produce crush injuries in addi-
tion to penetration, and further injury may
be caused if the embedded weapon is re-
moved with a twisting motion. This damage
is often indicated by splintering of the bone
with outward displacement near the initial
impact site. The type and size of wound
produced by a projectile depends upon the
size of the projectile, the speed at which it
strikes the bone, and the distance it travels.
Historical skeletons may exhibit evidence of
gunshot trauma, although these injuries
would be less severe in terms of bone frag-
mentation and destruction than those typi-
cally found in a metropolitan trauma center
today. Early musket balls, for example, had
low velocity characteristics due to their
spherical shape and the poor quality of gun
powder (Butler, 1971). High velocity bullets
(.3,000 ft/sec) were not developed until
almost 1900, a date that usually places

Fig. 9. Well-healed, crush fracture of the right parieto-temporal region.
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human remains in a forensic rather than
archaeological context. Details of the inter-
pretation of modern gunshot wounds can be
found in many textbooks on forensic medi-
cine.

Possible complications of cranial fractures
include displacement of bone fragments (mal-
union), indirect trauma injuries elsewhere
on the cranium due to the transmission of
impact force, and soft tissue damage. The
location of the impact determines the subse-
quent consequences of the injury due to the
different anatomical structures in the cra-
nium. Linear fractures usually involve both
the inner and outer tables of the cranium
but do not involve displacement or depres-
sion of the bone and thus are often not
considered as serious as those injuries result-
ing from greater force. Complications can
arise, however, due to transmission of the

force of impact, such as when direct trauma
to the back of the cranium produces indirect
effects on the orbital plates. The conse-
quences of cranial fractures can be fatal if
the blood vessels running along the inner
tables of the cranium (e.g., middle menin-
geal arteries) are torn, although this compli-
cation is unlikely to be detected with cer-
tainty in archaeological remains.

Mandible

The mandible forms what is essentially
part of a ‘‘ring’’ structure, and therefore a
fracture on one side is commonly accompa-
nied by a balancing fracture on the other
side. Usually the fracture affects the horizon-
tal ramus or angle on one side and the
condyle on the opposite side. Fractures at
the angle very often communicate with the

Fig. 10. Depression fracture of the cranial vault, showing radiating and concentric fracture lines.
Probably due to low velocity blunt trauma.

157TRAUMA ANALYSISLovell]



roots of the distal molars. Very few mandibu-
lar fractures in ancient skulls have been
described but fractures of the ascending
ramus, mandibular angle, and condylar pro-
cesses have been reported (Alexandersen,
1967). Asymmetrical tooth wear and osteoar-
thritis at the temporomandibular joint are
possible complications of jaw fractures.

Hyoid

Although the hyoid bone is not always
recovered during archaeological excavations,
a perimortem hyoid fracture is considered
strongly suggestive of interpersonal vio-
lence through strangulation (Maples, 1986).

Vertebrae

The most common fractures of the verte-
brae are due to indirect trauma, preexisting
disease, or stress. A very distinctive verte-
bral fracture is the traumatic separation of
the neural arch from the vertebral body at
the pars interarticularis (known as spondy-
lolysis; Fig. 11), which appears to be a
common consequence of habitual physical
stress (Jimenez, 1994; Merbs, 1989a, 1989b,
1995, 1996). Although the spondylolysis seen
most often in clinical settings is complete
separation, comprehensive surveys of ar-
chaeological skeletons indicate that the con-
dition begins as incomplete stress fractures
in adolescents that may heal or, conversely,
may progress to complete lysis by young
adulthood (Merbs, 1995). The condition may
be initiated by an acute overload event that
causes microfractures, but it is generally
agreed that the determining factor is chronic
trauma, with repeated stressing promoting
nonunion of the microfractures. These fa-
tigue fractures appear to have the greatest
populational frequency (approaching 50%)
among arctic-adapted peoples following tra-
ditional lifeways, but clinically they are
most often observed among athletes and
laborers whose activities involve frequent
and large stress reversals between lumbar
hyperextension and lumbar flexion (Merbs,
1989b, 1996). Reported sex differences in the
prevalence of the condition may be activity-
related (Merbs, 1989b). Spondylolysis may
be unilateral or bilateral in expression, but
predominates in the lumbosacral region,
particularly L5 and, to a lesser degree, L4

(Merbs, 1996). Complete separation is fre-
quently accompanied by anterior slippage of
the vertebral body (spondylolisthesis), but
functional complications of this are rare
(Merbs, 1989b). A fracture with possibly a
similar origin is the traumatic separation of
the tip of the spinous process of the seventh
cervical or first thoracic vertebra. Referred
to as ‘‘clay-shoveller’s fracture’’ (Roberts and
Manchester, 1995), it may result from the
strenuous muscle action associated with
shovelling clay, cement, or rocks.

More common in archaeological vertebrae
than stress fractures are indirect trauma
injuries, such as Schmorl’s nodes. These
result from bulging of the disc’s nucleus
pulposus, which puts pressure on the verte-
bral end plate and leads to bone resorption
in the affected area. Herniation of the disc
tends to occur gradually in adults because
the nucleus has lost resiliency, whereas it
may occur suddenly in younger individuals

Fig. 11. Lumbar spondylolysis. This separation of
the neural arch and the body at the pars interarticularis
is usually attributed to a fatigue fracture.
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in whom the nucleus still quite gelatinous
(Bullough and Boachie-Adjei, 1988). Indi-
rect vertebral damage also can occur in a fall
or jump onto the feet, since the force of
impact is carried up from the lower limbs
through the spine.

Fractures secondary to pathology are also
common in the vertebral column. The best
known clinical example is that of biconcave
vertebrae, which result when intervertebral
disks expand into the superior or inferior
surfaces of vertebral bodies that have been
weakened by osteoporosis.4 Similarly, com-
pression flattening of vertebral end plates
due to sparse, coarse trabeculation in the
vertebral body is a classic feature of sickle
cell disease. Due to the greater strength of
the rims of the vertebral end plates, they
may be spared even when the vertebral body
is compressed.

Although direct trauma injuries to the
vertebrae are rare, hairline transverse frac-
tures on, or posterior to, the superior articu-
lar processes of the second cervical vertebra
are worth noting since they can result from
strangulation (Maples, 1986).

Ribs and sternum

Ribs are known to incur stress fractures,
usually as a result of occupational or simi-
larly habitual labor but sometimes as a
consequence of persistent coughing or vomit-
ing. Most often, however, rib fractures result
from direct trauma, such as a blow or a fall
against a hard object (Adams, 1987). Clini-
cally, rib fractures are the most common
type of thoracic injury and are observed in
60 to 70% of individuals admitted to hospital
with blunt chest trauma (Carrero and
Wayne, 1989). The direction of the impact
usually can be determined from the location
of the fracture, i.e., ribs are usually frac-
tured near the angle if the force is applied
from the front; beside the spine if the force is
applied from the back; and beside both the
spine and the sternum if the force is applied
from the sides.

The fifth to ninth ribs are most often
fractured (Fig. 12). Fracture of the first to
third ribs and/or the sternum indicates that

the mechanism of injury was a high kinetic
force. Due to the flexibility of the rib cage,
particularly in the anteroposterior dimen-
sion, the degree of inward displacement at
impact may have been much greater than
that discernable postinjury, and thus soft
tissue damage may have been more severe
than might be inferred from the damage to
the bones themselves. Such soft tissue dam-
age includes laceration of the pleura, lungs,
or intercostal vessels, which would have
been largely untreatable in earlier times
and thus may point to a possible cause of
death. Pneumothorax (the presence of air in
the pleural cavity) and hemothorax (the
presence of blood in the pleural cavity) may
be caused by rib fractures at any level in the
thoracic cage and may be similarly life-
threatening. Another serious complication
of rib fracture occurs when there are at least
two breaks in one rib. This produces a
free-floating fragment and thus a risk of

4A biconcave vertebra should not be confused with a ‘‘butterfly
vertebra,’’ which is a congenital malformation.

Fig. 12. Multiple healed fractures of the left ribs.
The location of the fractures, near the angle, suggests
that the force was applied from the front.
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internal damage, referred to as ‘‘flail’’ injury.
Unfortunately, if the soft tissue damage
caused by rib fractures is serious enough to
cause death, the bony injuries observed in
the archaeological skeleton would be identi-
fiable only as perimortem fractures. Healed
rib fractures in the archaeological record
thus probably represent non-life-threaten-
ing trauma.

Clavicle

Clavicular fractures are most often caused
by a fall onto the shoulder but occasionally
result from a fall onto an outstretched hand.
The break tends to occur at the junction of
the middle and lateral thirds, with down-
ward and medial displacement of the lateral
fragment being a common complication.
Since clinical treatment of clavicular frac-
tures is usually limited to the use of a sling
for 1 or 2 weeks for pain relief, healed
fractures often exhibit some deformity. Mal-
aligned clavicular fractures in archaeologi-
cal skeletons therefore do not necessarily
point to an absence of medical treatment.

Scapula

Scapular fractures are uncommon but are
usually the result of direct trauma. Both the
flat and irregular portions of the scapula
may be involved. Four types are commonly
described in the clinical literature: 1) frac-
ture of the scapular body, which may be
comminuted but rarely displaced because of
the large muscles holding the bone in place;
2) fracture of the neck, which may lead to
downward displacement of the glenoid; 3)
and 4) fractures of the acromion and cora-
coid processes, respectively, which range
from simple cracks to comminution and
which may be associated with downward
displacement. Although none of these inju-
ries is usually considered serious, a possible
complication of scapular fracture, especially
if the injury occurs on the left side, is
pneumothorax (Carrero and Wayne, 1989).

Humerus

The most common humeral fractures in
adults affect the neck, greater tuberosity,
and shaft. Neck fractures are most common
in older women in whom osteoporosis has
weakened the bone. Indirect trauma from a

fall onto an outstretched hand is the usual
cause and in more than 50% of these cases
the fracture is self-stabilized through impac-
tion. Direct trauma, in the form of a fall onto
the shoulder or a blow, may cause fracture of
the greater tuberosity. Shaft fractures are
most common in the middle third of the bone
and may be due to direct or indirect trauma.
The proximal half of the shaft is a common
site of fracture secondary to pathology, such
as when the bone has been invaded by
metastatic disease. Complications of hu-
meral shaft fractures include displacement,
nonunion, and injury to the radial nerve.

In contrast to the pattern observed in
adults and described above, humeral frac-
tures in children tend to occur at the distal
end, affecting the supracondylar, epicondy-
lar, and condylar regions. Supracondylar
fractures are indirect trauma injuries caused
by a fall onto an outstretched arm, with
displacement occurring posteriorly. Compli-
cations include malunion, damage to the
brachial artery, and tearing of the joint
capsule with hemorrhage into the joint and
surrounding tissues. Epicondylar fractures
are usually medial and may result from
direct trauma but more often from avulsion
by flexor muscles in a fall. If the avulsed
fragment enters the joint, which occurs fre-
quently in children, complications in terms
of reduced function and osteoarthritis usu-
ally ensue. This injury may also cause dam-
age to the ulnar nerve. Condylar fractures
are uncommon but also tend to result from a
fall. In contrast to the medial involvement in
epicondylar fractures, the lateral portion, or
capitulum, is usually involved in condylar
fractures. Displacement is not uncommon
and this injury is often complicated by defor-
mity, nonunion, and osteoarthritis.

Ulna

Ulnar fractures are not especially com-
mon clinically, but when they occur they
usually affect the olecranon or the shaft.
Olecranon fractures are more common in
adults and result from the direct trauma of a
fall onto the point of the elbow. Severity
ranges from a simple crack to comminution
and the injury may be complicated by non-
union and osteoarthritis. Diaphyseal frac-
tures can result from either direct or indi-
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rect trauma (Fig. 13). They are prone to
severe displacement, malunion, nonunion,
and to infection because of the bone’s proxim-
ity to the surface of the skin. Fracture of the
proximal shaft of the ulna is often associated
with the dislocation of the radial head. This
injury is referred to as a Monteggia fracture-
dislocation. It is usually caused by a fall onto
an outstretched hand with forced pronation,
but it may also be caused by a blow to the
back of the upper forearm (i.e., a ‘‘parry’’
fracture). Deformity commonly character-
izes this injury in archaeological skeletons
since the fracture cannot be properly re-
duced without surgery.

Radius

Another forearm injury, the Galeazzi frac-
ture-dislocation of the radius, is more com-
mon clinically than is the Monteggia frac-
ture-dislocation. It is also usually caused by
a fall onto the hand, and similarly it is
difficult to realign without surgical interven-
tion. The fracture occurs near the junction of
the middle and distal thirds of the radial
shaft and is accompanied by dislocation of
the inferior radio-ulnar joint. The most com-
mon radius fracture occurs at the distal
shaft and is called the Colles’ fracture. Clini-
cally, it is the most common of all fractures
in adults over the age of 40, especially
females, and is nearly always caused by the
indirect trauma of a fall onto the hand. The
break usually occurs about 2 cm above the
distal articular surface of the radius, and

the distal fragment is posteriorly displaced
and usually impacted. This injury may be
associated with fracture of the styloid pro-
cess of the ulna. Although fractures of the
distal radius, such as this, are one hundred-
fold more frequent than are fractures of the
proximal radius (Knowelden et al., 1964),
fracture of the radial head also can result
from a fall on an outstretched hand. Ob-
served mainly in young adults, it usually
appears as a crack without displacement.
Comminution is possible, however, and in
such cases the injury may be complicated by
osteoarthritis. In contrast to these indirect
trauma injuries, a simple fracture of the
radial shaft, somewhat less common than
the fracture-dislocation injuries, usually re-
sults from direct trauma.

Malunion is the most common complica-
tion of radius fractures, and absence of
medical treatment cannot be presumed if
deformity is observed since redisplacement
is very common clinically within a week of
fracture reduction. In archaeological speci-
mens, at least one study has reported that
radius fractures rarely healed without defor-
mity (Grauer and Roberts, 1996).

Pelvis

Isolated fractures of the pelvic bones most
commonly appear on the superior and/or
inferior ischio-pubic ramus and the wing of
the ilium. These fractures are quite benign
unless displacement occurs. More serious
pelvic fractures are those that disrupt the

Fig. 13. Healed oblique fracture of the ulnar shaft. This type of fracture suggests that the mechanism
of injury was indirect trauma (e.g., falling onto an outstretched hand) rather than direct trauma (e.g.,
parrying a blow).
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pelvic ring through the rami or at the pubic
symphysis, with associated dislocation of
the sacroiliac joint. The mechanism of injury
in these cases tends to be anterior-posterior
crushing, lateral compression, or vertical
shearing force. Complications are usually
serious and would likely be life-threatening
in the absence of modern medical treatment.
A fracture-dislocation of the hip occurs when
the head of the femur is driven through the
floor of the acetabulum. This is usually the
result of a heavy blow upon the lateral
femur, due to a serious fall or a similar
impact (e.g., vehicular trauma in clinical
cases). The injury tends to comminution and
serious complications. A poorly understood
lesion that may result from the incomplete
and temporary dislocation of the hip is the
acetabular flange lesion, which appears as a
flattening of the superoposterior rim of the
acetabulum (Knowles, 1983). Osteoarthritis
is a common sequel to any injury that in-
volves the acetabulum.

Femur

Clinical data indicate that fractures of the
femoral neck and trochanteric region are
very common in the elderly and are seri-
ously disabling. Femoral neck fractures are
often a consequence of osteoporosis and
therefore appear most often among older
females, although physical activity during
the reproductive years (i.e., age 15 to 45)
diminishes significantly the long-term risk
of femoral neck fractures (Åström et al.,
1987). When secondary to osteoporosis, femo-
ral neck fractures may result from very mild
trauma, such as a stumble. They usually are
due to rotational force and cause lateral
rotation and upward displacement of the
shaft. Avascular necrosis is a serious compli-
cation of femoral neck fracture and is caused
by damage to vessels in the neck that supply
the femoral head. The result is that the
blood supply to the head may rely overly on
vessels in the ligamentum teres, which is
only one of three routes of blood supply and
which is usually inadequate on its own.
Necrosis is usually sufficiently advanced
within 2 to 6 months postinjury that the
head collapses. Unless rigidly immobilized,
femoral neck fractures are prone to non-
union, with avascular necrosis being the

most important contributor. Osteoarthritis
is another common sequel and may be due to
mechanical damage at the time of injury,
impairment of blood supply to the basal
layer of articular cartilage, and/or to mal-
alignment of a united fracture. An impacted
abduction fracture of the femoral neck oc-
curs less commonly, but it usually unites
without surgical intervention and may be
complicated only by slight shortening of the
limb and possibly by arthritis.

Fractures of the trochanteric region (i.e.,
roughly between the greater and lesser tro-
chanters) are common clinically but are not
likely to be observed in archaeological popu-
lations because they are almost always seen
in adults over 75 years of age. Decreased
physical activity among older individuals is
likely a contributing factor (Nilsson et al.,
1991), further limiting their occurrence in
past populations who followed traditional,
nonmechanized, lifeways.

Femoral shaft fractures are often due to
severe direct or indirect trauma. They may
occur at any location on the shaft and may
be of any fracture type. They are compli-
cated by simultaneous hip dislocation; arte-
rial damage that can compromise the viabil-
ity of the limb; nerve damage, especially to
the sciatic nerve; and delayed, mal-, or non-
union. Four months is considered the aver-
age healing time in clinical cases of shaft
fractures. Associated deformity of shaft frac-
tures tends to be shortening or angulation,
the latter having a tendency to facilitate
development of osteoarthritis at the knee.

Supracondylar fractures of the femur are
more or less transverse and located just
above the epicondylar region. Malunion is
not a common sequel in clinical cases where
there has been proper medical treatment
but is a possible complication in earlier
times if the knee could not be kept immobi-
lized for 2 to 3 weeks. Condylar fractures are
uncommon, but when these do occur they
are almost always due to direct trauma. The
severity of the fracture can range from an
undisplaced crack to complete separation of
a condyle with marked upward displace-
ment. In the absence of treatment, a dis-
placed fracture is likely to heal out of align-
ment and osteoarthritis of the knee joint is a
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probable consequence. Occasionally a trans-
verse supracondylar fracture combines with
a condylar fracture and forms a T-shaped
fracture line that splits apart the two con-
dyles.

Patella

Fractures of the patella may be caused by
direct or indirect trauma. Indirect trauma
causes an avulsion fracture, usually a clean,
transverse separation of the bone, due to the
sudden and violent contraction of the quadri-
ceps muscle. In contrast, direct trauma from
a fall or a blow onto the patella tends to
cause a crack fracture or a comminuted
fracture. Undisplaced crack fractures tend
to heal without complication because the
fragments are held in position by the aponeu-
rosis of the quadriceps muscle, but fractures
that involve separation of the fragments and
those that are comminuted will produce an
irregular articular surface unless surgically
repaired, and osteoarthritis is then an obvi-
ous sequel.

Tibia and fibula

Injuries to the knee joint most commonly
involve the menisci and ligaments, not bones,
and therefore there may be no evidence of
trauma other than soft tissue ossification
after ligament strain or tear, or avulsion of
the tibial spine from injury to the cruciate
ligaments. When fractures do occur around
lower limb joints they tend to affect the
ankle, not the knee. Clinically, the bones
forming the ankle are injured more often
than any other bone except the distal radius.
Isolated fractures of the malleolus of the
tibia or fibula are especially common, and
occur with or without dislocation of the
talus. The usual mechanism of injury for
these is either abduction and/or lateral rota-
tion for fractures of the lateral malleolus of
the fibula; and adduction for fractures of the
medial malleolus of the tibia. Simultaneous
fractures of both malleoli are less common.
Vertical compression forces can lead to frac-
ture of the anterior margin of the distal
tibia, or, if severe, fragmentation of the
distal tibial articular surface, the latter in-
jury being prone to osteoarthritis. Fractures
and dislocations at the ankle are often com-
plicated by ligament damage, which could

be identifiable in archaeological skeletons
due to soft tissue ossification.

Most diaphyseal fractures of the leg in-
volve both the tibia and fibula. If the mecha-
nism of injury is an angular force, it will lead
to transverse or short oblique fractures of
the shafts at roughly the same level. If the
injury is due to a rotational force, spiral
fractures will result and will occur at differ-
ent levels in the two bones. Distal tibial
shaft fractures, i.e., above the medial malleo-
lus, are commonly accompanied by proximal
fibular shaft fractures. Conservative treat-
ment of tibial shaft fractures is to manually
reduce the fracture and to minimize weight-
bearing on the limb. Immobilization for 2 to
3 weeks is recommended in cases of stable
fractures, but for up to 6 weeks if the injury
is likely to be displaced; full union may take
as long as 4 months. Malunion is rare in
clinical cases but common archaeologically
because of the greater likelihood of fractures
remaining unreduced and the difficulty of
immobilizing the leg. Because it is so close to
the surface of the skin, the tibial shaft is the
most common site of an open (compound)
fracture and hence infection from contamina-
tion. Infection can also lead to nonunion. A
fibular shaft fracture is not considered seri-
ous by most clinical practitioners because it
unites readily and is of such little functional
importance that surgical removal of a por-
tion of the shaft is not only tolerable but is
advocated when the bone acts as a strut,
distracting the fragment ends of a tibial
fracture and promoting nonunion. Thus, fibu-
lar shaft fractures are expected to be rare in
the archaeological record but when observed
they may be healed with deformity.

Fractures of the tibia at the knee joint are
uncommon. Clinically, the most common is
fracture of the lateral tibial condyle, caused
by a lateral force against the knee such as
experienced by football players or by pedes-
trians struck by a vehicle bumper. If the
articular surface is fragmented in the injury
then osteoarthritis is a predictable sequel.

Hand, wrist, foot, and ankle

According to clinical evidence, the irregu-
lar bones most commonly fractured are the
scaphoid and triquetral in the hand, and the
calcaneus in the foot (Adams, 1987). Frac-
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ture of the scaphoid tends to occur in young
adults, usually due to indirect trauma from
a fall onto an outstretched hand. The typical
injury is a transverse break through the
‘‘waist’’ of the bone, and should not be con-
fused with a congenitally bipartite scaphoid.
Scaphoid fractures are accompanied by a
high frequency of complications, including
delayed union, nonunion, avascular necro-
sis, and osteoarthritis. Injury to the trique-
tral also usually results from a fall, but
causes a chip fracture on the dorsal surface
of the bone. Almost all calcaneal fractures
are caused by a fall from a height onto the
heels, such as occurs as an occupational
hazard among builders and window clean-
ers (Wells, 1976) and a result of misadven-
ture among parachutists, hikers, and rock
climbers, for example. A fall from a tree, cliff,
or roof of a dwelling is a possible cause of
such injury in past populations, although it
has been suggested that these injuries would
be uncommon in falls of less than 4 m (Wells,
1976). The fracture may be observed as a
split or crack in the subtalar tuberosity, but
more often the articular surface of the calca-
neus fails to withstand the stress and re-
sults in a crush injury. Fracture lines may
radiate to the front and appear also on the
calcaneo-cuboid joint. Associated crush frac-
ture of lower thoracic or upper lumbar verte-
brae may be noted. The usual complication
of calcaneal fracture is osteoarthritis. Frac-
tures of the talus are relatively uncommon.

Metacarpals, metatarsals, and phalanges
are common sites of traumatic injury. Meta-
carpals are often fractured due to longitudi-
nal compression impact such as from boxing.
If the fracture line enters the joint then
osteoarthritis is a likely complication. The
neck and distal shaft of metacarpals also are
prone to transverse or oblique fractures,
often complicated by displacement. Manual
phalanges tend to exhibit spiral or trans-
verse fractures of the shaft or oblique frac-
tures of the base. Comminution is most
likely in the distal phalanges. Dislocations
of phalanges are mainly due to forced hyper-
extension, but at least one archaeological
example appears to result from forced adduc-
tion with associated tearing of the medial
collateral ligament of the interphalangeal
joint that made reduction impossible and led

to malalignment of the joint and subsequent
ankylosis (Drier, 1992). Metatarsal shafts
may exhibit transverse or oblique fractures
(Fig. 14). The base of the fifth metatarsal is a
common site of avulsion fracture caused by a
twisting injury. The pedal phalanges, par-
ticularly that of the great toe, often suffer
comminuted crushing injuries from direct
trauma.

INTERPRETING THE ULTIMATE CAUSE
OF INJURY

Once the injury has been described, its
proximate cause determined, and any com-
plications identified, the ultimate cause of
the trauma can be evaluated. This evalua-
tion must consider three types of informa-
tion: 1) the characteristics of the fracture
itself; 2) the skeletal pattern of trauma in
the individual and the population; and 3) the

Fig. 14. Healed fracture of the left fifth metatarsal,
with the unaffected contralateral element for compari-
son. Although the fracture line is not clear, the rotation
of the head indicates a spiral fracture, probably due to a
combined angular/rotational force.
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social, culture historical, and/or environmen-
tal context of the human remains, including
the presence of artifacts. Clinical research
has considered the role of many variables in
trauma causation (e.g., Agarwal, 1980;
Åström et al., 1987; Barber, 1973; Björnstig
et al., 1991; Buhr and Cooke, 1959; Busch et
al., 1986; Cogbill et al., 1991; Donaldson
et al., 1990; Fife and Barancik, 1985; Fife et
al., 1984; Garraway et al., 1979; Grimm,
1980; Johansson et al., 1991; Jónsson et al.,
1992; Jones, 1990; Knowelden et al., 1964;
Madhock et al., 1993; Nilsson et al., 1991;
Prince et al., 1993; Ralis, 1986; Sahlin, 1990;
Shaheen et al., 1990; Zylke, 1990) and pro-
vides valuable aids for the interpretation of
fractures in antiquity, particularly with re-
gard to skeletal patterning and the contexts
of injury.

The use of the characteristics of the frac-
ture itself to identify the mechanism of
injury and point to logical causes of fracture
can be illustrated by reference to a particu-
larly problematic interpretation of trauma,
that of the ‘‘parry’’ fracture. Although this
injury has been described variously as a
simple midshaft fracture (Lovejoy and
Heiple, 1981), the result of a blow to an
upraised arm during a fight (Janssens, 1970),
or the fracture of both radius and ulna
(Wells, 1964), the term is interpreted by
many scholars to identify the involved bone
(the ulna), indicate the location of the injury
(on the shaft), and imply specific social and
cultural circumstances, i.e., interpersonal
conflict. A true parry fracture would indeed
be caused by a direct blow to the forearm,
but a proper diagnosis must rely on descrip-
tions of the fracture location, fracture type,
bones involved, apparent direction of force,
and evidence of any complications. Although
simple transverse fractures of the ulna are
conventionally viewed as parry fractures, a
consideration of fracture types and mecha-
nisms of injury indicates that a parry frac-
ture could be indicated by either a trans-
verse line or a comminution; the fracture
could be closed or open; and the radius could
be affected in addition to the ulna. The term
‘‘parry fracture’’ does not appear in the clini-
cal literature on fracture description, etiol-
ogy, and treatment (e.g., Adams, 1987), and
other terms commonly used in orthopedic

medicine should therefore be used to de-
scribe relevant injuries. An example is the
Monteggia fracture of the ulna with associ-
ated dislocation of the proximal radius, de-
scribed previously in this paper. Although
this term describes the type of fracture, it
does not specify a cause. In fact, this injury
can be caused by a direct blow to the poste-
rior ulnar shaft or by the indirect trauma of
a forced pronation injury. A fatigue fracture
might also manifest as a simple transverse
break, as illustrated by the case of a mid-
shaft ulnar fracture caused by the repeated
physical stress of forking manure (Kitchin,
1948). Thus, although the prevalence of
‘‘parry fractures’’ is often reported in paleo-
pathological studies it is not always clear
whether all or any of the injuries actually
resulted from parrying a blow.

These problems with the diagnosis of parry
fractures are compounded in paleopathologi-
cal interpretations of social order, particu-
larly vis á vis gender relations (for a cri-
tique, see Mafart, 1991). Without other
supporting evidence, Wood-Jones (1910) as-
cribed female sex to ancient Nubian skel-
etons that displayed forearm fractures since
he thought the cause of the fractures was
spousal abuse by Nubian men armed with
heavy staffs. Wells referred to forearm frac-
tures among the ancient Nubians as indicat-
ing ‘‘short tempers and aggressive conduct’’
that implied wife beating or a generally low
status of women (Wells 1964). His accompa-
nying fracture descriptions, however, refer
only to the fact that the injury appeared in
the mid- or lower shaft of the ulna, or
affected the ulna and the radius. Ulnar
fractures among the Cro-Magnon were simi-
larly interpreted to indicate an aggressive
nature (Zivanovic, 1982); however, the ac-
companying photograph and x-ray of one
such injury shows a spiral fracture, with
rotation in the distal aspect. Spiral frac-
tures, in particular, are unlikely to result
from a direct blow, but rather from a twist-
ing, forced pronation injury, such as in a fall.

While features of the fracture itself may
identify the mechanism of injury, the skel-
etal pattern of fractures in an individual
may also help to clarify the probable causes
of trauma. Clinically, the ulna and radius
are fractured more commonly than are any
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other skeletal elements, but the cause of
injury varies and rarely is due to assault. A
comprehensive study of long bone fractures
in Medieval Britain also indicates that the
radius and ulna are the bones most com-
monly affected, likely due to falls and other
mishaps rather than violence (Grauer and
Roberts, 1996). Indeed, fractures of the cra-
nium, ribs, or hands are more likely to
indicate trauma due to interpersonal vio-
lence than are fractures to the forearm.
Injuries that are considered to have a high
specificity for a clinical diagnosis of assault
are fractures of the skull (especially the
nasal and zygomatic bones and the man-
dible); and posterior rib fractures, vertebral
spinous process fractures, and fractures of
hand and foot bones, which can result from
the direct trauma of punches or kicks. Occa-
sionally the palmar surfaces of the manual
phalanges will exhibit healed or unhealed
cutmarks, originating as defensive wounds
incurred as a victim of a knife or sword
attack. Although fractures that pass along
suture lines are common on subadult skulls,
the exposure of diploë in intersutural perfo-
rations is a key indicator of antemortem
trauma. In addition, metaphyseal lesions,
transverse fractures of the scapular acro-
mion, and sternal fractures are considered
indicative of child abuse in clinical cases and
may result from shaking forces rather than
direct blows (Appleton, 1980; Brismar and
Tuner, 1982; Fisher et al., 1990; Fonseka,
1974; Gayford, 1979; Kleinman, 1987; Shep-
herd et al., 1990). According to clinical prac-
titioners, the most specific finding of physi-
cal abuse in both adults and children is
multiple injuries at different stages of heal-
ing (Maples, 1986; Walker et al., 1997;
Wilkinson and Van Wagenen, 1993).5 Mul-
tiple but simultaneous fractures, in con-
trast, may represent accidental trauma, as
demonstrated by the case of a Neolithic flint
miner in Belgium who suffered numerous
fractures and apparently died of his injuries
when the roof of the mine collapsed on top of
him (Knowles, 1983).

Patterns of fractures within a population
may also be informative. Clinically, older,
postmenopausal females have more frac-
tures than do any other age/sex group due to
the influence of osteoporosis as a predispos-
ing factor in fracture from minor, often
indirect, trauma, and this pattern is paral-
leled in an early 20th century skeletal collec-
tion (Mensforth and Latimer, 1989). When
older females are excluded, clinical fracture
rates are greatest among individuals youn-
ger than 26 years of age and tend to be
determined by their activities.Age also influ-
ences the skeletal pattern of involvement.
Femoral neck fractures, for example, occur
commonly in older adults but rarely in chil-
dren.

Features of the physical environment also
have been shown to influence the frequency
and nature of trauma. For example, adverse
weather conditions (e.g., snow and ice) and
irregular landscapes increase fracture risk
from falls, while reduced winter daylight
hours in northern latitudes increase frac-
ture risk from mishaps due to limited visibil-
ity. Decreased sunlight also may impair
calcium absorption and lead to fractures
secondary to osteoporosis or rickets, and
dietary inadequacies of vitamin C or calcium
may increase the risk of pathological frac-
tures.

The sociocultural context of injuries must
also be considered. Clinical evidence over-
whelmingly indicates, for example, that most
fractures are due to daily activity rather
than interpersonal violence or unusual
events. Traditionally, most fractures in fe-
males occur in the home while most frac-
tures in males occur at work or during
sports, although this trend varies according
to country, income level, occupation, and
age. High fracture risks exist in occupations
that have been generally restricted to men,
such as agriculture, mining, forestry, and
construction. In developing nations, house-
hold work such as carrying water and loads
of firewood pose high fracture risks for
women, as do many farming activities en-
gaged in by both sexes. Technology-based
transportation, either mechanized (e.g., au-
tomobiles) or unmechanized (e.g., bicycles
and horse-drawn wagons), also carries its
own fracture risk. Given circumstances such

5For further descriptions and discussions of the skeletal evi-
dence for interpersonal conflict, the reader is referred to Troubled
Times: Osteological and Archaeological Evidence of Violence,
edited by D. Martin and D. Frayer and forthcoming from Gordon
and Breach publishers.
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as these, the trauma caused by activity or
occupation may be indistinguishable from
that due to interpersonal violence (Smith,
1996; Wakely, 1996).

Finally, historical records and an under-
standing of the sociocultural context of the
injuries can benefit their interpretation, such
as the explanation of fractures due to occupa-
tional accident during the 1856 construction
of the Grand Trunk Railroad in Canada
(Jimenez, 1994). Several cases of interpreta-
tion have successfully relied on such informa-
tion, such as the identification of strangula-
tion from hyoid fractures and of hanging and
decapitation from vertebral injuries (Angel
and Caldwell, 1984; Waldron, 1996), and the
comprehensive analyses of trauma etiology
in an aboriginal population of the Canadian
northwest coast (Cybulski, 1992), in prehis-
toric populations of the American midwest
(Milner, 1995), and among soldiers of the
14th century battle of Visby (Ingelmark,
1939; Knowles, 1983). Often the most com-
pelling evidence for interpersonal violence
lies in the presence of artifacts or other
physical evidence of violence. Projectile
points embedded in bone or recovered from
the abdominal cavity are diagnostic of at
least some traumatic events, and may point
logically to the cause of other injuries as well
(e.g., Bennike, 1985; Jurmain, 1991; Smith,
1996; Walker, 1989; and several papers in
Owsley and Jantz, 1994).

CONCLUSIONS

This review of fracture types and of the
proximate and ultimate causes of injury
indicates that standardized descriptive pro-
tocols can be used to improve paleopathologi-
cal analysis and interpretation of trauma.
These protocols should include identifica-
tion of the skeletal element(s) involved; the
location of the injury; its appearance; and
any evidence for complications of the injury.
These descriptions thus serve as a basis for
inferences about the mechanism of injury,
from which social, cultural, or environmen-
tal associations may then be examined. At-
tention to skeletal patterns, biological fac-
tors such as age and sex, and variables such
as physical and sociocultural environments
also improves the diagnostic accuracy of any
interpretations. In particular, the traumatic

effects of violence may be difficult to distin-
guish from those of high-risk activities or
occupations solely on the basis of skeletal
evidence. Although the actual cause of
trauma displayed by an archaeological skel-
eton may remain unknown, a quantifiable
description based on specific terminology,
supplemented by photographic and radio-
graphic images of the fracture, and clearly
placed in an individual, populational, socio-
cultural, and physical context will enable
others to evaluate a researcher’s interpreta-
tion of the injury.
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Nilsson R, Löfman O, Berglund K, Larsson L, and Toss
G (1991) Increased hip-fracture incidence in the county
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