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Low Velocity Impact: Recognizing and Analysing Blunt Force Trauma in the Human Skeleton 
Elyse Lemoine 

 
In the field of forensic science, trauma analysis plays a key and frequent role in not only 

forensic science, but forensic anthropology as well.  Typically defined as “injury to living tissue 

caused by force,” or physical trauma caused by impact, injury, or physical attack, trauma comes 

in many different forms, all of which require different methods of execution and methods of 

examination.    The most common types of trauma are blunt force, sharp force, projectile, and 

burn, and it takes a very skilled forensic anthropologist to recognize them on a skeletal level.  

Though many of these methods of execution leave very tangible evidence on flesh, it is up to the 

forensic anthropologist to examine the damage to the bone in order to ascertain information 

relating to damage caused, weapon used, and events surrounding time of death.  In the case of 

blunt force trauma, a forensic anthropologist may use his or her expertise and knowledge in order 

to pull information from the bone and use it in a pathological analysis in order to piece together 

events surrounding death, potential cause of death, and life history. 

The most common type of trauma seen in forensic and medical cases is blunt force, 

which is defined as physical injury caused by low-velocity impact from a blunt object or 

surface.1  This definition encompasses a wide variety of injuries, from being hit by a car to being 

bludgeoned with a heavy blunted object, such as a baseball bat.  Any injury resulting from a low 

velocity impact can fall under the category of blunt force trauma, but not all of them are 

forensically significant or relevant.  The weapon or object involved in blunt force trauma cases 

plays an important part; its weight, size, and shape combine with the force applied in order to 

break the bone.  The impact is low-velocity, measured in miles per hour, and the weapons are 

general blunt, flat, or hard.  Typically, the blow will land on the initial site of impact and the 
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energy will follow along the path of least resistance, carried through the bone by sutures or 

buttressing, as seen in the Le Fort fractures of the cranium.  

Blunt force trauma is most commonly indicated, on a skeletal level, by changes in the 

bone due to impact.  Plastic deformation and delamination typically occur and the fracture 

pattern will be consistent with one caused by low-velocity impact.  Breakage in the bone at the 

point of impact will display impressions indicating the initial site and may show characteristics 

of known clinical fractures (such as radiating fracture lines, patterning consistent with falling 

from large heights, Colles or Le Fort fractures, etc.).2  Whereas sharp force trauma would show 

evidence of beveling or cut marks on the bone, blunt force trauma leaves its own mark through 

damage to the bone on a fractural level.  It is through the assessment of these bone fractures that 

a forensic anthropologist can analyze them, drawing conclusions from the application of force 

and type of fracture present. 

In blunt force trauma, it is the damage to the bone that is the main identifier and 

concentration of analysis.  Knowing the type of injury the specimen or victim suffered and how 

it was caused is key to understanding and analyzing it.  Descriptions of biomechanical processes, 

for example, may detail how a fracture might have occurred.  There are four types of injury 

typically associated with blunt force trauma: monotonic injury, resulting from a single traumatic 

event, such as a single blow; polytonic event, damage from multiple traumatic events; repeated 

loading, fractures resulting produced by repetitive motion; and pathological fractures, occurring 

in weakened or diseased bone, from age, brittle bone, osteoporosis, or cancer.3  In practice, 

knowing the type of event that caused the fracture, or seeing patterning from known events in the 

skeleton can help piece together events surrounding time of death or life history. 

                                                
2 “Trauma Analysis,”Scientific Working Group for Foresnic Anthropology, 1 April 2012. 
3 Debra A. Komar and Jane E.Buikstra, Forensic Anthropology: Contemporary Theory and Practice (New York: 
Oxford University Press, 2008), 171. 
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Knowing the type of trauma event, however, is only so useful without the knowledge of 

force and fractures.  It is the application of force on the bone that creates a fracture, and how 

skeletal elements react to force is determined by the bone’s “energy absorption capacity, density, 

and fatigue strength.”4  This is called “Young’s modulus of elasticity.”  As described by Young, 

the modulus describes the stiffness of a material during the “elastic stage” of its stress along a 

strain curve.  The slope of the curve is the factor of elasticity, and the loading rate is the speed at 

which stress occurred.  There are two types of loading rates: slow and rapid.  In slow loading, the 

bone does not fracture until it passes through the elastic curve, resulting in simple or linear 

fractures.  Rapid loading occurs at when enormous stress and energy is delivered to the bone for 

a short duration, causing it to “respond like brittle material.”  As a result, fracture patterns are 

complex and comminuted.  This type of loading is typically seen in gunshot wounds.5 

External factors on the bone also play an important role in blunt force.  The magnitude of 

stress refers to the amount of force applied to the bone being transferred from the blunt object to 

the body, while duration is the length of time the energy is applied.  The loading rate 

encompasses the bone; high magnitude over a short duration creates complex fractures, while 

low magnitude over a long duration results in more simple fractures.  Direction is the source of 

the force relative to the body, and pulse shape describes the area over which the force is applied; 

essentially, the size of the object.  Load type is direct or indirect – whether the energy is 

transferred or diffused.6  This combination of internal and external forces acting upon the bone 

causes the bone to break, or fracture, following the path of least resistance.  

There are five forces of trauma, which, when applied to bone, help to create fractures 

                                                
4 Debra A. Komar and Jane E.Buikstra, Forensic Anthropology: Contemporary Theory and Practice (New York: 
Oxford University Press, 2008), 172. 
5 Ibid, 172 
6 Ibid, 172. 
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through the application of internal and external force.  Knowing them and their resulting 

fractures can aid in analysis of fractural damage in regards to blunt force trauma.  The five forces 

of trauma are tension, compression, torsion, bending, and shearing.  When force is exerted away 

from the bone, it is typically known as “torsion.”  These types of wounds are typically associated 

with tendinous attachments to the bone, and are most commonly seen in dislocations and other 

non-violent injuries.7  Compression occurs when excessive force is placed on the bone, and is 

most commonly seen in the skull and in the vertebral column along fractures of the vertebral 

body.  Compression injuries are the most commonly seen in cases involving the application of 

blunt force.8  When force is directed in a spiral direction, wherein one end of the limb is fixed 

while the other rotates, it is known as “torsion,” or twisting.  This type of injury is most often 

seen in car or skiing accidents, and in abuse within juveniles, resulting from excessive grabbing 

or twisting from a parent of guardian.9  Bending is the most common type of bone separation, 

and occurs when the bone is bent as the result of a fall, or “parry.”  In adults, these fractures 

would be considered “complete.”  In juveniles, however, a “greenstick” fracture would occur, 

wherein the bone bends and cracks, but does not break completely.10  Finally, shearing is the 

force resulting when opposite forces are applied to the bone in different planes.  It is very similar 

to bending and occurs when one end of the bone is held in place while the other is moving 

relative to it.  The most typical example of shearing is a Colles’ fracture, seen most often when 

one extends the arms in order to minimalize damage from a fall; the dynamic force of the falling 

body meets the static force of the ground, causing a crack in the distal radius.11 

                                                
7 Donald J. Ortner, Identification of Pathological Conditions in Human Skeletal Remains (Academic Press, 2003), 
120. 
8 Ibid, 121. 
9 Ibid, 122. 
10 Ibid, 122. 
11 Ibid, 124. 
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There are several types of fractures relevant to blunt force trauma as well.  Recognizing 

them and their relevance to the forces of trauma can help distinguish the type of injury as well as 

point of impact. The quantity and direction of the force, coupled with the health and robusticity 

of the subject are most important when examining fractures.12  Though, medically, there are 

many different names and classifications for fractures, the following are the most common: 

simple, transverse, oblique, greenstick, spiral, comminuted, and compound.  A simple fracture is 

typically defined as a “clean” break with no skin penetration.  Included under  “simple” fractures 

are transverse and oblique fractures, which occur when fractured straight across the bone or at an 

angle, respectively.  Mentioned previously, a “greenstick fracture” is an incomplete break with 

one side bent inward and the other broken outward, most commonly seen in juveniles.  A spiral 

fracture is broken at a twisted angle, often caused by excessive twisting.  Comminuted fractures 

are complete fractures where the bone is broken into several fragments, and usually the result of 

a severe injury.  Compound fractures occur when the broken end of the bone pierces the skin, 

and is unrecognizable without soft tissue present.13  Knowing these fractures because useful 

when analyzing traumatic injuries to bone; being able to distinguish greenstick fractures from 

spiral fractures allows the forensic anthropologist to make assessments about the application of 

force, initial site of impact, and any external factors acted upon the bone to cause it to break.  

The knowledge of the mechanisms of blunt force trauma is only one part of blunt force trauma 

analysis, however.  Recognizing blunt force trauma is only the first step to the process.  The next 

is being able to analyze it. 

It is the job of the forensic anthropologist to assist in the recreation of events surrounding 

death using the information “in the bones.”  As stated previously, knowledge of forces of trauma 

                                                
12 Karen Ramey Burns, Forensic Anthropology Training Manual (New Jersey: Pearson Education, Inc, 2007), 214. 
13 Ibid, 214. 
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and their resulting fractures can assist in informing the anthropologist of what might have 

happened to the victim and how.  Further insight into the matter can also reveal when the injuries 

occurred as well.  There are three stages to the “death” period: antemortem, perimortem, and 

postmortem.  Defining these three stages alone does not fully enable a forensic anthropologist to 

classify the events surrounding death; it is knowing the timing of the injuries that is important, 

evidence of which is “in the bones.”  Timing of these injuries plays an important rule in piecing 

together the identity, life history, and clues for cause of death, as well as the events surrounding 

it.  Knowing and differentiating the three stages to this period is an important part to 

accomplishing this. 

The antemortem period is generally the longest and more vague stage, and is comprised 

of the injuries received prior to death.  It begins at birth and ends at the beginning of the 

perimortem period.14   Bones damaged during this stage will show, at death, evidence of healing 

and remodeling, as they were not fresh; the edges are rounded and the surfaces are characteristic 

of bony remodeling.15  There are six stages to bone healing, and, unless the injury was fully 

healed at time of death, the stage in which the healing bone was in can provide evidence as to 

when the wound was made. 

Within hours of injury, a clot begins to form near the break; this is stage one.  Within a 

matter of days, vessels begin to bridge the ends of the broken bone to provide a conduit for the 

nutrients.  Throughout the process of healing, there is an infusion of cells, where bone resorption 

and deposition begins.  Within weeks of the injury, osteoblasts begin to build a soft callus where 

the minerals can be deposited, buttressing the damaged area.  In one to two months, osteoblasts 

continue to build up minerals until it has formed a bony callus, buttressed by woven bone.  Once 

                                                
14 Debra A. Komar and Jane E.Buikstra, Forensic Anthropology: Contemporary Theory and Practice (New York: 
Oxford University Press, 2008), 26. 
15 Karen Ramey Burns, Forensic Anthropology Training Manual (New Jersey: Pearson Education, Inc, 2007), 208. 
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the bone is stabilized inside the callus, remodeling can begin.  This process takes years to 

complete and, in an adult bone, the bony callus can remain after, despite any remodeling.16  Bone 

remodeling and antemortem injuries can also play a key role in identification of the victim 

through medical records and x-rays, as well as visual identification and testimony against family 

members. 

The trickiest period to master through identification is the “perimortem” period, which 

encompasses the events surrounding death, but does not always end in death (perimortem 

technically ends with the killer’s involvement with the victim, as dismemberment will prolong 

this period).17  This stage, however, is the most forensically significant period, as it is the job of 

the forensic anthropologist to assist in piecing together the events surrounding the time of death.  

The perimortem period be brief, if the victim was shot with a gun, or can last for years, as in 

slow death from disease or remote injury.  Distinguishing this period can be tricky, especially in 

in regards to blunt force trauma.  Against postmortem, it becomes incredibly tricky 

distinguishing when the damage was made.  Was it during death, or after?  Perimortem injuries 

were made at the time of death, and while these injuries did not have time to heal, the healing 

process might have begun on a histological or microscopic level, as the process begins within a 

matter of hours.  Perimortem damage also shows no signs of staining on the bone or weathering 

from exposure to air.  The edges of the bone are sharp, as the trauma was made when the bone 

was still fresh and the victim was likely alive or recently deceased.  The best, and easiest way, to 

determine “perimortem” damage is through the process of elimination.18 

Last is the postmortem period, or the events occurring “after death.”  It begins after the 

                                                
16 Karen Ramey Burns, Forensic Anthropology Training Manual (New Jersey: Pearson Education, Inc, 2007), 211. 
17 Debra A. Komar and Jane E.Buikstra, Forensic Anthropology: Contemporary Theory and Practice (New York: 
Oxford University Press, 2008), 26. 
18 Karen Ramey Burns, Forensic Anthropology Training Manual (New Jersey: Pearson Education, Inc, 2007), 209. 
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perimortem period ends and is complete when the body is discovered.19  The postmortem period 

is not forensically significant nor can it help with identification of the victim, but recognizing 

postmortem damage is important to eliminating possible causes of death and the events 

surrounding death.  Postmortem trauma will usually display no signs of healing, even at a 

histological level, as the wounds were made long after the victim had passed.  Exposure to the air 

causes the bone to become brittle and staining will occur.  This exposed outer area is generally a 

different colour from the inner surface that was, for at least for a time, protected.20  Any damage 

to the bone was likely caused by natural damage, poor excavation, or by scavengers. 

Knowing whether or not a fracture occurred ante-, peri-, or postmortem is incredibly 

important to analyzing the wound and recreating the events surrounding death, and it takes a very 

skilled forensic anthropologist to be able to differentiate between these stages of death.  In the 

process of analysis, recognizing when and how a wound was made plays a very significant role, 

even in the antemortem period.  In the case of abuse, being able to recognize repeated and poorly 

healed fractures can help determine the “life history” of the victim.  Recognizing patterns of 

abuse in adolescent and adult skeletons alike become important in assessing said life history and 

may even lead to answers in regards to the current case.  Differentiating patterns of abuse versus 

average non-violent fractures takes skill, but is, ultimately, useful in blunt force trauma analysis.  

Analysis of the hyoid bone in the case of asphyxiation also falls into this category.  Being able to 

recognize forces of trauma, fractures, and time of injury is paramount in blunt force trauma 

analysis, and knowing the signs and patterns of recognition is what enables the forensic 

anthropologist to make a proper assessment of blunt force trauma. 

As an ever-evolving field, the study of trauma is one based on practice and knowledge of 

                                                
19 Debra A. Komar and Jane E.Buikstra, Forensic Anthropology: Contemporary Theory and Practice (New York: 
Oxford University Press, 2008), 26. 
20 Karen Ramey Burns, Forensic Anthropology Training Manual (New Jersey: Pearson Education, Inc, 2007), 210. 
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the human skeleton, and is not above developing new methods of analysis.  Due to the research 

and scientific-based nature of forensic anthropology, concepts and analyses are constantly being 

challenged in favor of newer or better methods.  In an article published by Célia Kramer and 

Anny Sauvageau in the Journal of Forensic Science, they look at the “hat brim line rule” in 

assessment of blunt force trauma application to the skull in order to determine an differentiate 

homicidal blows versus falls.  The “hat brim line” in question is defined as the “area located 

between two lines parallel to the line inspired by the Frankfort horizontal plane.” 21  According to 

the hat brim line rule (HBL), an injury located above the HBL is more likely the result of a blow, 

while a wound at the level of HBL is more likely produced by a fall. The article found issue with 

the HBL rule in that it is vague, at best, and is a “poor standardization of the anatomical 

landmarks of the HBL,” and not completely valid in its assessments.22  The authors propose 

another criterion of the discrimination of falls: a left skull fracture is more often related to a 

blow, while a right favors a fall.23  Though imperfect in its assessment of the human skull in 

relation to blunt force trauma, refinement of this technique may yield surprising results in 

analysis of the skeleton in regards to blunt force trauma. 

In another article by Margaret A. Judd published in the Journal of Archaeological 

Science, “The Parry Problem,” she breaks down the problem with assessment and recognition of 

“parry fractures,” which is generally the result of a direct blow to the forearm when raised, 

usually for personal defense.24  The presence of the parry fracture is an important indicator of 

violence during the perimortem period; being able to recognize this fracture becomes key in the 

interpretation of trauma patterning.  The parry criteria Judd provides is: “the absence of radial 

                                                
21 Célia Kremer and Anny Sauvageau, “Discrimination of Falls and Blows in Blunt Head Trauma: Assessment of 
Predictability Through Combined Criteria,” Journal of Forensic Science 54 (2009), 923. 
22 Ibid, 925. 
23 Ibid, 926. 
24 Margaret A. Judd, “The Parry Problem,” Journal of Archaeological Science 35 (2008).   
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involvement, a fracture line less than or equal to forty-five degrees, a location below the 

midshaft, and either minor unalignment (less than or equal to ten degrees)” in any lane or 

horizontal apposition from the diaphysis.”25  The addition of this information to parry fracture 

analysis enables a more reliable assessment of damage to the forearm on a skeletal level, 

producing better and more accurate results. 

As blunt force trauma is no new invention, it plays an important role in the analysis of 

skeletal remains in a bioarchaeological or archaeological context as well.  In assessing individual 

finds or populations, recognizing blunt force trauma in skeletons can help with evaluation of 

cause of death and life history, as well as a populations medical history.  In the analysis of a 

medieval cemetery in St. Mary Spital, London, it was found that cranial injuries there were well 

healed, suggesting some degree of post-traumatic care.26  Fracture analysis of an old male 

skeleton showing signs of severe trauma, however, also shows that he received no medical 

attention to his wounds, despite living during the twentieth century.  It looks as though he was 

“laid in bed for the time needed for fracture healing….”  It is implied that he received some 

elementary nursing care in order to stay alive.27  Assessment of these wounds provides some 

insight into health care at the time; these methods, however, are also highly controversial and 

dependent on the preservation and interpretation of the population.  Evidence of bone healing has 

often been interpreted as “care,” when there is no evidence to support the claim. 

Bioarchaeological analysis can also give insight into life history, and analysis of bone 

trauma plays an important part of population analysis.  Determining parry fractures versus 

normal fracturing of the forearm, for example, becomes important in population interpretation 

                                                
25 Margaret A. Judd, “The Parry Problem,” Journal of Archaeological Science 35 (2008). 
26 N. Powers, “CranialTrauma and Treatment: A Case Study from the MedievalCemetary of St. Mary Spital, 
London,” International Journal of Osteoarchaeology, (2005). 
27 R. Neri and L. Lancellotti, “Fractures of the Lower Limbs and their Secondary Skeletal Adaptations: a 20th 
Century Example of Pre-Modern Healing,” International Journal of Osteoarchaeology 14 (2004). 
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and how one perceives familiar and interpersonal relationships in ancient societies.28  Warfare 

and violence analysis allows the anthropologist to draw conclusions about the role of violence in 

a population. In the Wari Empire of the Peruvian Andes, cranial trauma frequency of the samples 

taken for the study showed a significantly greater number of traumatic injuries than other 

Andean populations.  From this analysis, it is possible that this population displayed a greater 

level of violence relative to other prehispanic groups in the Andes.29 

Trauma analysis, either sharp force or blunt force, penetrative or burnt, serves an 

important purpose both forensically and within the realm of pathology.  Using knowledge of 

both medical terminology and osteology, a forensic anthropologist can assess traumatic wounds 

and skeletal remains in order to tease out the information they provide.  By knowing the forces of 

trauma, patterns in fracturing, and differentiating time of death, one may be able to analyze a 

traumatic wound in order to assess cause of death and events surrounding death, as well as tease 

out information regarding life history and personal identification.  When applied to 

paleopathology and bioarchaeology, the results are procured on a much larger scale.  It is only 

through the recognition, analysis, and interpretation of blunt force trauma that these results can 

be achieved. 
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29 Tiffiny A. Tung, “Trauma and Violence in the Wari Empire of the Peruvian Andes: Warfare, Raids, and Ritual 
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