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ABSTRACT
Introduction: Forensic pathologists are the only medical specialists who routinely testify in courts of law as part of their occupation. As
such, one element of their training involves learning how to testify responsibly and competently. Individuals qualified as experts are per-
mitted to offer opinions in order to assist the triers of fact. Results: We review the forensic pathologist’s primary role as an expert witness
which is to lay out concepts clearly, methodically, and objectively, in medicine, pathophysiology, toxicology, and injury, to convey these
concepts with understandable, plain language, and to explain how certain evidence, physical, medical, and historical, supports their con-
clusions and/or presents limitations. Discussion: We discuss various components about testifying in court, some common expert ques-
tions posed to the forensic pathologist, and what concepts and facts they might consider when answering them. We do not offer a
prescription as to how one should answer these questions specifically, but rather we provide a single resource that summarizes
some of the key issues that may arise in court for the forensic pathologist.
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INTRODUCTION

Forensic pathologists are the only medical specialists
who routinely testify in courts of law as part of their
occupation. Most job descriptions for forensic pathol-
ogists include this requirement. Unlike lay witnesses
(“fact witnesses”), who can testify only to facts and
observations, forensic pathologists (FPs) are permitted
to offer expert opinions, the most common of which
are those involving cause and manner of death. Still,
there are other opinions that may be of interest to the
attorneys involved in a given case. These other opin-
ions are based on a myriad of concepts, separate and
apart from the cause of death alone, concepts learned
over time through medical and forensic training, expe-
rience, and by watching other experts testify. In that
vein, the forensic pathologist’s primary role as an
expert witness is to lay out these concepts clearly,
methodically, and objectively, in medicine, patho-
physiology, toxicology, and injury, to convey them
with understandable, plain language, and to explain
how certain evidence, physical and historical, supports
their conclusions and/or presents limitations. They do
this in the posture of a physician teacher and a neutral
arbiter of the facts. Due to the adversarial nature of
judicial systems, FPs are called to court typically by
only one party involved in a legal action. The forensic
pathologist, however, speaks for the decedents more
than anyone else in the courtroom regarding the cir-
cumstances and sequelae surrounding their death and
dying, as opposed to being a witness for an attorney,
per se. Even though typically called by the prosecu-
tion, medical examiner forensic pathologists are
neither advocates for the prosecution nor adversaries
of the defense. Rather, forensic pathologists are inde-
pendent expert witnesses whose opinions are the
same regardless of the party calling them to testify.
As such, the FP’s primary role surrounds education
and communication, not advocacy or displays of
emotion. Ideally, they represent a voice of reason
and science, and above all, they tell the truth and
admit to their limitations when necessary.

We discuss here common expert questions posed to
the forensic pathologist and what to consider when
answering them. We do not specifically propose how
someone should answer these questions, but rather

provide a single resource that summarizes the key
issues (with support from the legal and forensic pathol-
ogy literature) that arise in court for the forensic
pathologist. Novice forensic pathologists typically
have an expected degree of trepidation around testify-
ing and it may even deter some students from pursuing
a career in forensic pathology. While not intended to
be comprehensive, we hope that this resource will
help to allay some of those concerns and provide a
general understanding of what questions may be
asked in court and what considerations might be
taken into account when providing answers to those
questions under oath.

We are aware of the potential to use this publication to
impeach witness testimony. We can foresee the possi-
bility of it being misunderstood, misused, or even
weaponized at a trial. Therefore, as a preemptive
strike, we add this caveat: We cannot anticipate
every variable and contingency that may exist in a spe-
cific case, one or more of which could reasonably
contradict some of the proceeding points. Forensic
pathologists are rarely able to be 100% certain of
an opinion, as doing so implies that there are no
other (reasonable or unreasonable) possibilities.
With that in mind, the use of the following is best tem-
pered by viewing it through the prism of experience,
the recognition of nuance and context, physical and
investigative, the expectation of occasional outliers,
and the specifics of each case. There is rarely a
one-size-fits-all paradigm that applies to forensic
pathology practice.

DISCUSSION

Qualification of Expert Witnesses: What to Know

In some jurisdictions, a judge must qualify an expert
witness to give opinion testimony. Although the
judge’s sanction is not required in all jurisdictions, a
process of expert qualification usually takes place. In
some instances, the legal parties may “stipulate” to
the expert status in order to make the process more
efficient or do so for strategic reasons. Often, the attor-
ney calling the expert wants to demonstrate to the jury
why they (the jurors) should consider this person an
expert. There is no standard list of requirements for
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experts. In general, however, there are three compo-
nents to being deemed an expert witness: the subject
matter is of a scientific or professional matter that is
beyond the scope of the average juror, the field itself
is one that is generally accepted as reliable within
the relevant scientific or medical community, and the
witness has sufficient skill, knowledge, and/or exper-
tise in that field to appear to be helpful to the jury in
its search for the truth. Common qualification ques-
tions for forensic pathologists include:

What is your occupation?

By whom are you employed?

How long have you been so employed?

What are the duties of the Medical Examiner/Coroner?

What is your education and training in this field?

What is pathology?

What is forensic pathology?

Are you licensed to practice medicine? In which states?

Are you certified by a specialty medical board to practice foren-
sic pathology?

What is an autopsy?

Approximately how many autopsies have you performed,
observed, or supervised?

Approximately how many autopsies of (firearm, sharp, thermal
injury) have you performed, observed, or supervised?

Have you been qualified before as an expert in the field of
forensic pathology in a court of law?

Approximately how often and in what courts?

Have you ever been denied qualification as an expert in forensic
pathology?

What material did you review in conjunction with this case?

Having clear answers and appropriate definitions for-
mulated in advance of these questions being asked is

a reasonable expectation and responsibility of any
forensic pathologist preparing to testify. Similarly,
like any other matter involving potentially high
stakes, excellent preparation, in general, with a thor-
ough review of the relevant case materials, is consid-
ered standard practice, and thoughtful consideration
and anticipation of the issues and questions that may
arise from both sides is strongly advised.

FIREARMS

Courtroom questions related to gunshot wound deaths
typically involve range of fire, the lethality of a given
wound (eg, was it potentially fatal by itself?), the like-
lihood of activity and/or consciousness after having
sustained a wound, the direction of the bullet track
in the body, the potential positions of the shooter rel-
ative to the decedent, and the sequence of gunshot
wounds, if there are more than one.

A specific range of fire may be provided if the wound
has soot, stippling, a muzzle stamp, etc Forensic
pathologists do not themselves typically test fire fire-
arms in cases where the firearms are available (in
homicides, they are often not recovered), and so phys-
ical evidence on the body and/or clothing are generally
accepted as the basis of such estimates. If the entrance
wound or clothing has none of these gross markers, the
range of fire is best deemed as indeterminate or as “no
evidence of close or intermediate range of fire.” Some
may call all such indeterminate wounds “distant,” but
this does not consider the possibility that there may
have been intermediate targets (eg, a pillow) that fil-
tered out the gunshot residue. In addition, subsequent
chemical and microscopic analysis of the clothing may
further clarify the range of fire. One must be careful
not to testify to a greater certainty than there really is
and be mindful of the potential variations in one’s
determinations.

An opinion may be given about the degree of potential
lethality and how long a person may have been able to
remain conscious and/or purposefully mobile (the
latter to be differentiated from involuntary move-
ments, such as those associated with seizure activity)
following an injury. Survival, including length of con-
sciousness and/or physical activity, will vary with the
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location and the extent of the injury, and sometimes,
with the health of the decedent. In fact, most people
who sustain a gunshot wound injury, do not die from
it.1 In reality, specific injuries seldom cooperate fully
with attempts to determine their survival interval
with precise reliability. Vasospasm, attempts at exter-
nal compression and therapeutic interventions, internal
tamponade, elevated blood pressure (eg, from fear,
pain, stimulant drugs), the morphology of the injury,
the extent of the injury, and the health of the decedent
all may vary from case to case and affect the survival
intervals disparately. It is generally accepted, however,
that gunshot wounds that damage the spinal cord,
brainstem, or both cerebral lobes of the brain will
cause a person to immediately collapse, even if they
remain transiently conscious (eg, lower spinal cord
injuries). There are also instances of low velocity
gunshot wounds to one cerebral lobe in which the
person remained conscious.2 Similarly, there are well-
documented instances of people sustaining a perforat-
ing gunshot wound of the heart in which the person
is still able to run half a city block or more before
collapsing. This is explained by the fact that the
brain is capable of about 6–10 s of potential conscious-
ness after cardiac standstill, during which time a
person may be able to maintain enough blood pres-
sure/oxygenation to remain conscious and execute
substantial and purposeful movement, even after a
gunshot wound of the heart leads to myocardial
fragmentation.3

The direction of a wound track in the body is given
with reference to the standard anatomic position (the
body standing straight up with the arms at the side
and the palms facing forward). Unless there is a rico-
chet or deflection, the entrance, exit/lodgment, and
firearm will be connected by a straight line. Stated dif-
ferently, the direction of the bullet track in the body
gives the relative position of the gun to the body.
This description may be misinterpreted to mean that
the body was in the standard anatomic position when
shot. This is not usually the case and, in fact, in
most circumstances, the position is not known. This
construct tends to work better for torso injuries
because its motion is more restricted, unlike the head
and extremities, which are less limited in their poten-
tial positions, movement, and locations relative to

the torso. Moreover, when multiple gunshot wounds
are involved, the actual position of the body may
change between shots fired. In some instances, such
as when the torso was twisted or flexed at the waist
when the shot was fired, it may be difficult or impos-
sible to establish a straight line through the body in the
standard anatomic position.

One is not able to determine the decedent’s body posi-
tion and location without an additional reference point.
For example, if an exited bullet is found lodged in the
floor directly under the exit wound on the back, one
may then reasonably conclude that the decedent was
lying supine on the floor when shot. A shored exit
also may support this conclusion.4

One cannot estimate the height of the shooter as people
may hold and fire a gun in a variety of positions rela-
tive to their own body. Furthermore, the person being
shot may be crouching, bending, falling, etc., or may
be in a location that is physically above or below the
shooter (eg, in a stairwell). Reaction times may also
vary. Studies have shown that a body can turn 180°
in as little as 0.53 s.5 In these instances, investigative
details may further inform answers to hypothetical
questions regarding body positions. Finally, steep
bullet tracks in the body may reflect several possible
scenarios. Examples include shooting up or down in
a stairwell or the injury being sustained when the dece-
dent was falling to or on the ground.

“Consistent with” is a term commonly used by foren-
sic pathologists when they are being presented with a
hypothetical question in court, one that is based on
introduced evidence or testimony on record (the foren-
sic pathologist’s or other witnesses’). It essentially
means that something is reasonably possible, only
with reference to the specific hypothetical scenario
presented. It does not, however, indicate that the said
scenario is how the events definitively occurred.
Although “possibilities” usually carry less weight in
court, these opinions may be used to help corroborate
or refute witness statements. For example, if a
close-range wound was identified at autopsy, a
witness statement indicating that the shooter was
across the street when the gun was fired would be
inconsistent with the physical findings. By contrast,
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a probability indicates more likely than not (see Part 2
of this series).

Finally, rarely may the sequence of gunshot wounds
be deduced. One such example where it can be is
when there is a specific fracture pattern of the skull
resulting from two gunshot wounds. Known as
Puppe’s rule, if there is a radiating fracture of
gunshot wound A that terminates at a linear fracture
caused by gunshot wound B, one may reasonably con-
clude that gunshot wound B preceded gunshot wound
A.6,7 Assessing the amount of hemorrhage in a wound
track to opine as to the sequence of gunshot wounds
has limitations, depending on the case.

Sharp Force

The force needed to cause a sharp injury is a common
subject of inquiry in court. The extent of sharp injury
will depend upon the sharpness/pointedness of the
object, the force of the cutting or stabbing movement,
and the object and/or structures penetrated (eg, cotton
blouse, leather jacket, skin, bone).8–15 It would take
less force to penetrate the skin with a razor-sharp
chef’s knife, for example, than with a butter knife.

Sharp injuries that are potentially rapidly fatal include
those that penetrate major blood vessels, vital organs,
or body cavities. Due to their vascularity, numerous
sharp injuries of the scalp and/or face can also be
fatal, including open wounds of the oral cavity and
nose, both of which can lead to respiratory compro-
mise through hemoaspiration.16,17

One phrase commonly described in textbook discus-
sions of sharp wounds is “defense injuries”.18–24
When consciously aware, most people will reflexively
sacrifice their hands and arms in order to protect more
vital structures during a violent encounter with a sharp
object. Therefore, it is not unusual to see sharp injuries
of the hands and/or forearms or arms in a decedent
dying from sharp force injury inflicted by another.18–24

At trial, these typically nonfatal injuries should not
be referred to as “defense” injuries any more than
the decedent should be referred to as the “victim,”
both terms associated with implicit judgment.
Identifying the offender versus the defender is a

question for the jury to consider and ultimately
answer. Alternatively, one could refer to such
wounds as sharp injuries consistent with the decedent
grabbing at a knife, if applicable, or of the upper (and/
or lower) extremities becoming injured in the setting
of a violent encounter during which a knife was
being wielded. Notably, and importantly, however,
the very nature of these wounds most supports con-
sciousness/purposeful movement by the decedent at
the time that they were sustained, an understanding
that may have bearing on the interpretation of the cir-
cumstances of the death.

The holder of the knife also may sustain sharp injuries
on their hands (sometimes referred to as so-called
“offense wounds”).24,25 These may occur during a
struggle over the knife or when their hand slips
down the handle of the knife, causing it to come into
contact with the sharp edge of the blade, sometimes
creating a characteristic incised wound to the lateral
index or medial fifth (pinkie) fingers, depending on
the grip type. This may also occur with knives that
do not have a guard/hilt, when the knife is forcefully
thrust into the body and contacts a hard surface
(such as the scapula), and/or when the knife is partic-
ularly bloody/slippery. This abrupt stoppage of the
knife may result in the grasping hand sliding down
onto the blade.24,25

Similar to gunshot wounds, the sequence of sharp inju-
ries can rarely be definitively determined from the
physical findings alone. It is also difficult (if not
impossible) to definitively ascertain the handedness
of the holder of the knife based on the location/distri-
bution of the wounds on the decedent alone. For
example, there may be a temptation to conclude that
the stabber is right-handed if the decedent has stab
wounds of the left chest, but this conclusion requires
numerous assumptions. This same pattern may be
caused by a left-handed person if they are thrusting
the blade in a backhanded motion or if they are on
top of the person facing the decedent’s feet and stab-
bing downward, among other scenarios.26,27 Finally,
the direction of the movement of the blade that pro-
duces a typical incised wound similarly cannot be
determined based on the morphology of the wound.
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Unless the knife (or its broken tip) is still in the body,
the forensic pathologist does not typically assert from
the autopsy findings alone that a specific knife defini-
tively caused a particular wound. Forensic patholo-
gists do, however, commonly testify that a particular
knife, based on its physical characteristics, was
capable or incapable of causing the wound (ie, “con-
sistent with” or “inconsistent with” the wounding
pattern). This reasoning takes into account the under-
standing that the length of a stab wound defect on
the skin surface may be longer than the blade is
wide (due to a combination of stabbing and cutting
and/or the relative movement of the body and/or
knife while the knife is still in the body, such as may
occur during a violent struggle) and that the depth of
the stab wound may be shorter (blade is not inserted
to its full length) or longer (due to the compressibility
of certain tissues) than the blade is long. When the
sharp edge of a serrated knife blade is scraped across
the skin, it may result in numerous fine, linear, parallel
superficial incised wounds/linear abrasions that may
be generally compared in pattern and periodicity
with the putative serrated knife. That said, when not
scraped across the skin, a serrated knife usually
creates discrete cut or stab wounds that are indistin-
guishable from a non-serrated knife.

One may be able to distinguish a singled-edged knife
from a double-edged knife based on the morphology
of the wound.28–30 One sharp angle and one
“blunted” end may be seen on opposite ends of a
stab wound defect on the skin surface or in some sub-
jacent organs (eg, the liver) as a result of stab injury
with a single-edged knife. Some knives may have
blades that have two sharp edges (double-edged
knives) for a portion of its length, a single sharp
edge for another portion, and no sharp edge for a
third portion. Therefore, the same knife may be
capable of producing one or more defects with the
morphology of a single-edged knife, a double-edged
knife, and/or a non-sharp-edged weapon depending
upon the depth of penetration of each wound.

One area of inquiry that may arise in court involves the
hypothetical question asking about the likelihood of a
single, deep stab wound of the anterior torso having
resulted from the decedent running into the

knife.18,31 If the blade has a considerable upward or
downward track in the body, one may be able to
answer this hypothetical with a “no.” For example,
to explain a stab wound having a steep downward
track in the body through a “collision” mechanism,
the decedent would have to have run up/moved or
jumped upward into the knife to sustain this injury,
provided they were standing on the same surface and
facing the holder of the knife. If the track of the
wound is roughly horizontal, however, then running
into a blade may be physically possible, but depends
on the specifics of the case, the morphology and
depth of the wound, and the structures penetrated.8–15

Due to its structure and elasticity, the skin is second
only to teeth, bone, and cartilage with regard to the
amount of force required to breach it.32,33 The
surface area of a knife tip is so tiny that unless
contact is made with enough inward force and stabil-
ity, the tip may be deflected, creating only a superficial
wound. When there are multiple stab wounds, the
question of inadvertent injury/falling onto the knife
is not as likely to arise or even be relevant. Finally,
while there are studies that quantitate such forces,
when asked about how much force would have been
necessary to cause a given stab wound, a qualitative
(eg, “considerable force,” “enough force to pene-
trate…”) rather than a quantitative answer, based on
the concepts outlined above and depending on the spe-
cificwound,maybe themost accurate one to offer.8–15,34

Incised wounds are caused by the movement of a sharp
object across the body, not into it, tip first, as is the
case with stab wounds. In terms of wound morphology
and distribution, a multiplicity of sharp, sometimes
gaping wounds (incised and stabbed) distributed
widely and sometimes haphazardly are consistent
with relative movement of the body to the knife, typ-
ically denoting consciousness and a struggle. A tight
cluster of homicidal stab wounds with a similar orien-
tation (ie, horizontal, vertical, oblique) and direction,
by contrast, may indicate incapacitation at the time
of their infliction (eg, unconsciousness, restraint,
death).

Finally, it is common for the forensic pathologist to be
faced with questions regarding the mechanism of
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death in sharp force fatalities (or any other fatality), to
which they may opine about both the length of the
potential survival interval and of purposeful activity.
The most common mechanism by which sharp force
trauma causes death is through hemorrhage, whether
exsanguination, hemoaspiration, tamponade, tension
hemopneumothorax, or some combination of these.
Rarely, cardiac air embolism contributes, particularly
with deep incised wounds of the neck involving
venous injury. The forensic pathologist should be pre-
pared to define certain concepts, such as exsanguina-
tion and total blood volume, to describe evidence of
hypovolemic shock and to convey that most deaths
resulting from untreated acute, substantial blood loss
typically ensue in minutes, rather than in hours or
days (see “Mechanisms of Death” in Part 2 of this
series).

Asphyxia

Criminal asphyxial deaths commonly include, but are
not limited to, smotherings and/or neck compressions
(strangulations). Since a dominant mechanism of
death in neck compression is an interruption in the
cerebral circulation due to sustained and considerable
vascular compressive forces, the death may not result
solely from (systemic) asphyxia per se, but rather from
local (cerebral) ischemia and stasis. Facial, conjuncti-
val, and mucosal petechiae, injuries of the skin of the
neck, lower face, anterior and/or posterior strap muscle
and soft tissue hemorrhage(s), and fracture(s) of the
skeletal structures of the anterior neck may be seen
in some combination with neck compression deaths.
These findings are not uniformly found in all cases
and are not, in sum, required to make a diagnosis.35–37

Petechiae do not result from hypoxia/hypoxemia per
se, nor are they invariable in all asphyxial deaths.
Certain asphyxial modalities (eg, neck and chest com-
pression) are more commonly associated with their
development, however, predicated on their mechanical
vascular pathogenesis. This is in contrast to other
homicidal asphyxial deaths (eg, smotherings), which
do not usually involve sustained vascular compres-
sion, so are not expected to be associated with pete-
chiae as a typical sequela. In other words, petechiae,
as an isolated finding, are nonspecific and, therefore,

their interpretation requires contextualization, as do
many findings in forensic practice.38

Inquiry related to the necessary duration of fatal neck
compression and the length of the conscious interval
that precedes unconsciousness and death often arises
in court. Compression of the neck is expected to lead
to unconsciousness in several seconds if both carotid
arteries are simultaneously and fully compressed.
Compression of both carotid arteries will usually
result in loss of consciousness in approximately 10
to 15 s.37,39 If, on the other hand, only the jugular
veins are compressed (requiring less applied force
than that for carotid artery occlusion), consciousness
may be maintained for a minute or so prior to the
supervening unconsciousness, and the eruption of
facial and conjunctival petechiae is more likely.38

The latter represents a common scenario in homicidal
strangulations, given the typical struggle and move-
ment that often take place during the conscious inter-
val, with the resultant difficulty in maintaining
complete occlusion of both carotid arteries during
that time.

Compromise of the airway and normal respiration,
either by compression of the trachea, forceful
gagging, water submersion, posterior and upward
pressure on the tongue base (with occlusion of the pos-
terior pharynx in a neck compression or gagging),
inversion and various forms of inflicted positional
asphyxia, and/or concomitant smothering and/or
chest compression, typically result in unconsciousness
in minutes. As an analogy, consider how long an
average person can hold their breath before losing con-
sciousness. In general, the body can tolerate hypoxia
better than ischemia. Consider also that, during this
time, a person may be involved in a violent exertional
struggle, be under the influence of one or more sub-
stances, and/or be experiencing a sympathetic fight
or flight reaction, all of which may affect oxygen
reserve and stamina and/or their ability to robustly
fight against their perpetrator, the latter particularly
relevant when depressant drugs are involved.

So, how long must the compression be maintained on
the neck in order to cause death? When faced with this
common question, it is advisable, and likely the most
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accurate, to respond with units rather than with spe-
cific numbers (is it 3 min? 4 min? 5 min?), as asserting
a definitive number can quickly move into arbitrary
and capricious territory. Rather, it is fair to say that
considerable pressure typically needs to be maintained
and uninterrupted for some time (a number of minutes)
after the victim becomes unconscious and prior to the
death supervening.

If death were contemporaneous with the loss of con-
sciousness, no one would be successfully resuscitated
after a potentially fatal cardiac arrhythmia. Death is
defined as the irreversible stoppage of the heart and
lungs or functioning of the entire brain, including the
brainstem. A study in 1943 revealed that with com-
plete cessation of cerebral circulation, the participants
lost consciousness in 4–10 s.3 All the subjects had
regained consciousness within 30 to 40 s after restora-
tion of circulation. In 11 subjects, the periods of acute
arrest of cerebral circulation were for as long as 100 s.
All of these were “well tolerated” and followed by
“rapid and uneventful recovery” once the compression
was released. Therefore, in order to cause death by
neck compression, in most instances, it is fair to say
that the compressive forces are reasonably expected
to be maintained for greater than 100 s after loss of
consciousness, on average. When they exist and are
not reasonably explained by the body’s postmortem
position, facial, conjunctival, and mucosal petechiae,
confluent hemorrhages, and plethora provide objective
and measurable physical evidence in support of con-
tinued circulation during sustained venous only com-
pression, even in the setting of moderate to advance
coronary artery disease. To be clear, however, these
findings are not uniformly observed and depend
upon the specific application of force, whether there
was a continuous or intermittent application, and the
forcefulness of the compression (eg, complete and
forceful fatal bilateral carotid occlusion often results
in a relatively pale-faced victim).40

A carotid sinus mechanism has been proposed in court
to explain death by neck compression (with rough
sexual intercourse, for example). In reality, it is a van-
ishingly rare mechanism/cause of death in a healthy
person and is more theoretical than factual. Pressure
on the carotid sinus is even a common medical

technique to treat certain tachyarrhythmias.41 With
facial/conjunctival petechiae and plethora in a dece-
dent left in a supine position (proof of continued circu-
lation to the head), one can effectively rule out the
theory of a sudden arrhythmic death due to a carotid
sinus mechanism. Blood pressure/circulation to the
head during sustained chest or neck pressure is
needed to produce petechiae. The carotid sinus
hypothesis infers a stoppage of the heart, which, in
turn, stops circulation and, in doing so, would preclude
the development of petechiae and plethora.

Forensic pathologists also may be asked to testify in a
criminal case involving the survivor of a strangulation
attempt.42,43 This usually involves the forensic pathol-
ogist’s familiarity of the range of signs and symptoms
an individual might experience following such an
encounter, including hoarseness and neck pain, and
an explanation to the jury about the pathophysiology
of neck compression, including a discussion of the
various risks of forcefully compressing a person’s
neck (eg, stroke, vascular and/or airway injury or
occlusion, compressive hematomas, etc).44–46

As a final note, on occasion, particularly with decom-
posed bodies, the forensic pathologist is faced with
both explaining the meaning and defending the diag-
nosis of “asphyxia, not otherwise specified” or “homi-
cidal asphyxia” as a cause of death in a homicide. The
cause and manner of death in such fatalities are typi-
cally determined as a diagnosis of both exclusion
(autopsy) and inclusion (investigative circumstances).
That is to say that, even in the absence of structurally
demonstrable fatal asphyxial injury (as may be absent
in a smothering with a soft object or bag), all other rea-
sonable causes have been effectively excluded by
autopsy (ie, the death is insufficiently explained by
autopsy alone); moreover, the compelling circum-
stances and/or the condition in which the decedent
was found are clearly suspicious, if not overtly crimi-
nal (eg, bound, gagged, dismembered, wrapped in a
bag, buried, etc), leading the forensic pathologist to
only one reasonable conclusion.47,48 Still others of
these clearly criminal deaths may need to be certified
as “homicidal violence of undetermined type” if the
remains have been altered (burned, dismembered,
etc) or are otherwise limited or incomplete
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(skeletonized, decomposed, animal predation, etc).
Some forensic pathologists may prefer to certify the
cause of death in such cases as “undetermined.” The
certification of the cause of death is part of the art of
medicine and not a pure scientific process. That said,
we believe that one should not deny reality in the
name of objectivity. In rare instances, a case with com-
pelling circumstantial information may even be certi-
fied as a homicide without a body or with only scant
remains (eg, burnt or skeletonized remains).49

Intoxications

Forensic pathologists may be asked to testify in crim-
inal proceedings against sellers of illicit drugs that
result in a death even when certified as an accidental
drug intoxication.50,51 Drug and alcohol-related testi-
mony, however, is more commonly elicited in trau-
matic homicides, when it surrounds issues of the
potential antemortem effects of various substances
on behavior or abilities, rather than in their lethality,
per se.16,52

Forensic pathologists often testify about the common
effects of certain classes of drugs but cannot predict
with precision how in a particular person, a drug, at
a specific concentration, would have affected them.
A myriad of often unknowable variables intervenes,
including, but not limited to, drug tolerance, host enzy-
matic efficacy, liver and renal function, gastric con-
tents, drug interactions, and the time course over
which drugs were used and metabolized relative to
the death, including the survival interval. These and
other potential variables make such specific individual
behavioral and physiologic assertions fraught with
inaccuracy.

That said, ethanol is the relative exception to this rule
in that one may offer some opinions about the potential
extent of intoxication, given the existence of extensive
data on this specific substance. A helpful and often
used testimony approach compares the blood alcohol
concentration (BAC) of the decedent with a reference
point of 0.08 gm%, which is the legal upper limit for
operating a motor vehicle in most jurisdictions. For a
BAC of 0.16 gm%, for example, one could say, as a
general comparison, that it is “twice the legal limit

for operating a motor vehicle.” One could also make
specific ethanol calculations to offer an approximation
of the number of “drinks” (ethanol equivalents) that
would have needed to have been consumed over a
given time frame to achieve a certain blood alcohol
concentration (eg, one equivalent of ethanol will
raise the BAC 0.02 gm% in a 70 kg man and it will
be metabolized at a rate of 0.015 gm% per hour).
Comparison of the BAC with the vitreous alcohol con-
centration also provides information about whether the
individual was pre- or postabsorptive at the time of
death.53–56 All this said, while one may testify as to
the extent of the potential intoxication in general
terms, one cannot describe with precision how it
would have affected a specific individual, given host
variability. A blood alcohol concentration may help,
however, to corroborate or refute a witness’s descrip-
tion of the person before death.

Concentrations of licit drugs may be described as sub-
therapeutic, therapeutic, or potentially toxic/fatal, but
it is generally advisable to avoid the term “fatal con-
centration.” Separate from the many host variables,
such as individual tolerance, there are a variety of
other factors related to the postmortem milieu (eg,
postmortem redistribution, putrefaction, etc.) that
need to be considered when interpreting drug and
alcohol concentrations.57–65 For this reason, it is
important not to view postmortem concentrations as
equivalent a priori to the antemortem/clinical concen-
trations listed in reference books and scientific articles,
unless one is referring to the antemortem (hospital)
blood that was tested.

Forensic pathologists are commonly asked questions
reasonably related to toxicology training when they
appear in legal proceedings as expert witnesses. At a
minimum, forensic pathologists receive interpretive
(and limited methodologic) toxicology training
during their fellowship training year. They are
further tested on such material as part of the board cer-
tification process in order to be deemed an expert in
their field. Forensic pathologists may, however, still
feel compelled to defer to a forensic toxicologist for
certain toxicological questions that they deem
outside of their knowledge base (such as questions
about analytical methods).
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TheAmerican Academy of Forensic Science Standards
Board (ASB) is an ANSI-accredited Standards
Developing Organization with the purpose of provid-
ing accessible, high-quality, science-based, consensus
forensic standards. In 2019, ANSI/ASB published the
best practice recommendations for forensic toxicolo-
gists, “Guidelines for Opinions and Testimony in
Forensic Toxicology”.52 Some of these apply to the
practice of forensic pathology. For example, they
state that one should not perform extrapolation calcula-
tions for drugs other than ethanol and should not calcu-
late the dose of a drug based on a postmortem blood
concentration. They go on to assert that an expert
should not address behavioral manifestations based
solely upon a drug concentration and that they should
also not opine as to the effects of a drug or combination
of drugs in a specific individual without knowledge of
the contextual evidence in a given case.52

National forensic pathology guidelines advise that all
drugs having a similar or synergistic role in causing
death be included in the cause of death statement.66

Per the Burrage decision, prosecutors who try drug
dealers for deaths caused by their product need to
prove “but for” causation. This can be challenging in
certain deaths that are caused by a multi-drug intoxica-
tion.50 It may appear arbitrary to select only fentanyl
as the cause of death when the decedent also had
alprazolam, ethanol, and oxycodone in their blood.
Fentanyl may be (and likely is), in fact, the domi-
nant/most potent drug in certain instances and may,
of course, cause death by itself, but in a given case,
can one state to a reasonable degree of medical/scien-
tific certainty that the fentanyl would have caused
death without the additional or synergistic effects of
the other drugs? In addition, the expert should be
aware of the potential pitfalls of relying upon the post-
mortem concentration alone to offer an opinion on the
putative role of fentanyl in a given death. For example,
one study reported a fentanyl blood concentration of
over 300 ug/L in a living man who was arrested for
operating a motor vehicle while impaired.67 Context
and exclusion of a more compelling causes come
into play in most deaths that are deemed drug-related.

For persons dying from trauma, but in whom intoxicants
are detected, the intoxication is usually not included on

the death certificate. With rare exceptions, forensic
pathologists do not try to explain why people are shot
or accidentally crash a car for death certification pur-
poses, unless otherwise necessary. A person may have
been under the influence of alcohol or cocaine when
they died from the gunshot wound of the head (or the
blunt injury from the motor vehicle collision), and this
information may be of interest to certain stakeholders
and even have relevance in future legal proceedings,
but the alcohol and cocaine, per se, played no physio-
logic role in the death; in other words, in such traumatic
deaths, the decedent would have died from their injuries
whether intoxicated or not.68

Head Injury (General)

Questions about lucid intervals and mechanisms of
injury may arise with deaths from blunt injury of the
head. Ultimately, fatal head injuries may cause imme-
diate incapacitation via diffuse axonal injury/concus-
sive effects or brainstem injury, or be associated
with a lucid interval from an expanding extra-axial
hemorrhage (eg, subdural or epidural hemorrhage) or
from malignant brain swelling.69,70 Depending on its
length, a lucid interval may present a hypothetical sce-
nario in which there could have been more than one
potential circumstance involving other people who
may have had an opportunity to cause the injury.

A depressed skull fracture is evidence of a focal appli-
cation of force that is inconsistent with a simple fall to a
flat, resistant surface, which, by contrast, would be
expected to cause a linear skull fracture, if any.
Contrecoup cerebral contusions typically occur with a
moving head impact to a stable, resistant surface, as
may be seen with a fall or a push to the ground,
whereas coup cerebral contusions are caused by a
blow to themobile head.A true coup cerebral contusion
does not have an immediately overlying skull fracture;
when such an underlying fracture exits, the contusion is
more accurately identified as a fracture contusion.69,71

Infant Head Injury

The complexity of infant head injury and its associated
testimony exceeds our scope, however, a few points
will be highlighted.72–75
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The diagnosis of abusive head trauma (AHT) is not
based solely on the so-called “triad,” which includes
retinal hemorrhages, extra-axial intracranial hemor-
rhage, and brain injury. These findings may be seen
in instances of non-abusive trauma as well.72,76 This
is a situation in which the forensic pathologist uses
contextual information to further clarify the injury
and interpret how it likely occurred.77 In some
instances, there are numerous additional, often nonfa-
tal, but clearly inflicted patterned injuries, such as grab
mark contusions or an excessive or unusual distribu-
tion of wounds, sometimes of varying ages, that
place the head injury in a clearer context, viewing
the head injury within the larger backdrop of “the
company (of injury) it keeps.”

The more challenging cases are those involving iso-
lated head findings (eg, a small, non-space-occupying
subdural hemorrhage, retinal hemorrhages, and/or
encephalopathy), where the infant became unrespon-
sive in the presence of a single caregiver. In these sce-
narios, the forensic pathologist must be able to
recognize “anatomic-anamnestic disharmony,” in
which the history of events provided by the caregiver
does not fit with the autopsy findings and their
expected pathophysiology and symptomatology, and
there is no other reasonable explanation other than
inflicted trauma.

Fire/Smoke

Questions may arise about whether a person was
alive before the start of a fire (ie, was the fire the
cause or a consequence of the death). Detecting
soot deep in the airways (not just on the tongue)
and/or an elevated blood carboxyhemoglobin satu-
ration supports a diagnosis of life/breathing and
circulation, even if not consciousness per se,
during the fire. There are instances of flash fires,
in which a person may have a “normal” or very
low carboxyhemoglobin saturation, even though
they were documented to be alive when the fire
started.78,79 In addition, medical resuscitation that
includes oxygen therapy can lower the carboxyhe-
moglobin saturation by decreasing its half-life.
Typically, a 50% to 60% carboxyhemoglobin satu-
ration is enough to result in the death of an

otherwise healthy person. By contrast, an individ-
ual with advanced heart or lung disease may
succumb to a carboxyhemoglobin saturation of
30% or less.80

Such cases also may remind us of the importance of
considering natural co-morbidities in violent deaths
that are inadequately explained by the extent/severity
of the injury. In general, if an injury is sufficient to
explain the death and can stand alone on the death cer-
tificate without invoking a contributory natural condi-
tion, then it should remain so. If the disease merely
hastens the certain death expected from an injury, it
generally should not be included as a contributory
cause. If, however, a physical altercation, for
example, is insufficient to explain death without
invoking an underlying disease, then the disease is
best included.

Associated thermal injuries are usually less rapidly
fatal by themselves, unless an immolation scenario
applies, homicidal, self-inflicted, or accidental. More
commonly, thermal injuries do cause death, but more
typically through infection, acidosis, dramatic fluid
shifts and losses, electrolyte derangements, shock,
and attendant complications during hospitalization.
Age, inhalational injury, and the extent of thermal
injury all may affect the survival prognosis of these
patients.

Blunt Injury

For blunt injuries, it is important to define for the
jurors the terms lacerations, contusions, and abrasions.
It is not unusual for clinicians to erroneously use the
term “laceration” to describe any injury defect that
needs to be sutured, including not just lacerations,
but also stab and incised wounds, among others.
Some blunt injuries may take on a pattern produced
by a specific object (a patterned injury) and other
times, the individual injuries, in isolation, have no spe-
cific recognizable pattern, but their distribution or rela-
tionship to one another tells a story about how they
were most likely sustained (patterns of injury).81,82

For example, numerous scalp lacerations of every
aspect of the head (ie, nonplanar) are indicative of
inflicted blows rather than a fall.
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Time of Death

Time of death/postmortem interval estimates is
common investigative and courtroom issues that
arise in the questioning of a forensic pathologist.
Nowhere in FP practice is the television crime scene
investigation (the so-called “CSI-effect”) more trou-
blesome in its setting up of unreasonable expectations
than it is with those surrounding our ability to deter-
mine, with exacting precision, the time of death,
absent a credible eyewitness, video surveillance, or
the observations of a medical professional.16,77

Moreover, the further in time the discovery of a
body is from its death, the less accurate the time of
death estimate becomes. The clearest demonstration
of the variation of these estimates is the disparity in
estimates one may encounter (hours differences),
depending upon which reference article or text is
consulted.

The forensic pathologist does their best to consider all
data points and answer questions about time of death
as accurately as possible, but is advised to do so
usually only in terms of likelihoods (when not cap-
tured on video, reliably witnessed, etc., in which
case, this line of questioning will likely be moot). It
is imperative to be prepared to answer these questions
under oath and to know, before taking the stand as an
expert witness, what ranges of time one deems consis-
tent or inconsistent with the physical and investigative
evidence of the case.

The first data point that should be established and con-
sidered is when the decedent was last (reliably or
objectively) known to be alive. This is the start point
in the time of death estimation process. Beyond that,
the FP typically speaks in terms of ranges/units
(hours, days, weeks, etc.) more than in discrete
numbers, per se. Similarly, as with range of fire ques-
tions, the forensic pathologist can more easily answer
questions posed to them about whether a specific
hypothetical time of death is “consistent” or “inconsis-
tent” with the forensic evidence, physical and/or
circumstantial. Answering in the affirmative that
something is consistent with a proposed time simply
means that it is reasonably possible, but not necessar-
ily definitive or the only possibility. Conversely,

answering that a time is inconsistent means that it is
not reasonably possible, given the evidence presented.
Because criminal proceedings are predicated on the
exclusion of reasonable doubt, this terminology has
significance and relevance to the triers of fact.16

CONCLUSION

We describe common questions and considerations
faced by the forensic pathologist at trial. We cannot
anticipate every variable and contingency that may
exist in a specific case and forensic pathologists are
rarely able to be 100% certain. Therefore, one must
always be mindful of experience, nuance and
context, the role of physical and investigative findings,
the occasional outliers, and the specifics of each case.
No two cases are identical.

REFERENCES

1) Beaman V, Annest JL, Mercy JA, et al. Lethality of firearm-related
injuries in the United States population. Ann Emerg Med.
2000;35(3):258–266.

2) Selden BS, Goodman JM, Cordell W, et al. Outcome of self-inflicted
gunshot wounds of the brain. Ann Emerg Med. 1988;17(3):247–253.

3) Rossen R, Kabat H, Andersen J. Acute arrest of cerebral circulation in
man. Arch Neurol Psychiatry. 1943;50(5):510–528.

4) DiMaio VJM. Gunshot wounds. CRC Press, Boca Raton; 2016.
5) Tobin E, Fackler M. Officer reaction-response times in firing a

handgun. Wound Ballistics Review. 2001;3(2):6–12.
6) Viel G, Gehl A, Sperhake JP. Intersecting fractures of the skull and

gunshot wounds. Case report and literature review. Forensic Sci
Med Pathol. 2008;5(1):22–27.

7) Necas P, Hejna P. Eponyms in forensic pathology. Forensic Sci Med
Pathol. 2012;8(4):395–401.

8) O’Callaghan PT, Jones MD, James DS, et al. Dynamics of stab
wounds: Force required for penetration of various cadaveric human
tissues. Forensic Sci Int. 1999;104(2–3):173–178.

9) Chadwick EK, Nicol AC, Lane JV, et al. Biomechanics of knife stab
attacks. Forensic Sci Int. 1999;105(1):35–44.

10) Prahlow JA, Ross KF, Lene WJ, et al. Accidental sharp force injury
fatalities. Am J Forensic Med Pathol. 2001;22(4):358–366.

11) Bolliger SA, Kneubuehl BP, Thali MJ, et al. Stabbing energy and
force required for pocket-knives to pierce ribs. Forensic Sci Med
Pathol. 2016;12:394–398.

12) Weber W, Milz U. Dynamics of manual stabbing tests. Zeitschrift fur
Rechtsmedizin. 1975;75(24):285–292.

13) Humphrey C, Kumaratilake J, Henneberg M. Characteristics of bone
injuries resulting from knife wounds incised with different forces. J
Forensic Sci. 2017;62(6):1445–1451.

14) Nolan G, Hainsworth SV, Rutty GN. Forces required for a knife to
penetrate a variety of clothing types. J Forensic Sci.
2013;58(2):372–379.

15) Gitto L, Serinelli S, Werner FW, et al. Determination of the force
required to produce stab “wounds” in fruit compared with cadaveric
chest tissue. Am J Forensic Med Pathol. 2022;43(4):311–314.

16) Ely S, Gill J. Principles of forensic pathology from investigation to
certification. Elsevier; 2022.

REVIEW ARTICLE

Page 12

Gill and Ely • Forensic Pathologist Testimony, Part 1: Common Questions and Considerations
ACADEMIC FORENSIC PATHOLOGY: THE PUBLICATION OF THE NATIONAL ASSOCIATION OF MEDICAL EXAMINERS FOUNDATION

© The Author(s) 2024
Downloaded from www.afpjournal.com by an AFP Journal subscriber

This article is for personal use only and may not be shared or distributed in any fashion



17) Nikolic S, Cvetkovic D, Zivkovic V. Suffocation by massive blood
aspiration due to intraoral gun-shot injury -the oldest museum speci-
men in the Institute of Forensic Medicine in Belgrade. Forensic Sci
Med Pathol. 2020;17(2):367–372.

18) Gill JR, Catanese C. Sharp injury fatalities in New York city. J
Forensic Sci. 2002;47(3):554–557.

19) O’Donovan S, Langlois NEI, Byard RW. “Defense” type wounds in
suicide. Forensic Sci Med Pathol. 2018;14(3):402–405.

20) Thomsen AH, Hougen HP, Villesen P, et al. Sharp force homicide in
Denmark 1992–2016. J Forensic Sci. 2020;65(3):833–839.

21) Karakasi MV, Nastoulis E, Kapetanakis S, et al. Hesitation wounds
and sharp force injuries in forensic pathology and psychiatry:
Multidisciplinary review of the literature and study of two cases. J
Forensic Sci. 2016;61(6):1515–1523.

22) Vassalini M, Verzeletti A, De Ferrari F. Sharp force injury fatalities:
A retrospective study (1982–2012) in Brescia (Italy). J Forensic Sci.
2014;59(6):1568–1574.

23) Racette S, Kremer C, Desjarlais A, et al. Suicidal and homicidal sharp
force injury: A 5-year retrospective comparative study of hesitation
marks and defense wounds. Forensic Sci Med Pathol.
2008;4(4):221–227.

24) Schmidt U, Pollak S. Sharp force injuries in clinical forensic medi-
cine–findings in victims and perpetrators. Forensic Sci Int.
2006;159(2–3):113–118.

25) Schmidt U, Faller-Marquardt M, Tatschner T, et al. Cuts to the
offender’s own hand–unintentional self-infliction in the course of
knife attacks. Int J Legal Med. 2004;118(6):348–354.

26) Annett M. The binomial distribution of right, mixed and left handed-
ness. Q J Exp Psychol. 1967;19(4):327–333.

27) Hardyck C, Petrinovich LF. Left-handedness. Psychol Bull.
1977;84(3):385–404.

28) Boymanov FK, Kushbakov А, Rashidov F. Morphological features
of stab–cut wounds of the skin of the trunk and limbs inflicted by
kitchen knives. Reports of Morphology. 2023;29(2):32–37.

29) Avdeev A, Chernyshov K. Dependence of the morphological and
metric properties of stab wounds on the localization of injuries on
the human body. Far Eastern Medical Journal. 2007;3:94–96.

30) Byard RW, Gehl A, Tsokos M. Skin tension and cleavage lines
(langer’s lines) causing distortion of ante- and postmortem wound
morphology. Int J Legal Med. 2005;119(4):226–230.

31) Burke MP, Baber Y, Cheung Z, et al. Single stab injuries. Forensic
Sci Med Pathol. 2018;14(3):295–300.

32) O’Callaghan PT, Jones MD, James DS, et al. Dynamics of stab
wounds: Force required for penetration of various cadaveric human
tissues. Forensic Sci Int. 1999;104(2–3):173–178.

33) Gilchrist MD, Keenan S, Curtis M, et al. Measuring knife stab pene-
tration into skin simulant using a novel biaxial tension device.
Forensic Sci Int. 2008;177(1):52–65.

34) Love JC. Sharp force trauma analysis in bone and cartilage: A liter-
ature review. Forensic Sci Int. 2019;299:119–127.

35) Pollanen MS, Chiasson DA. Fracture of the hyoid bone in strangula-
tion: Comparison of fractured and unfractured hyoids from victims of
strangulation. J Forensic Sci. 1996;41(1):110–113.

36) Pollanen MS. Subtle fatal manual neck compression. Med Sci Law.
2001;41(2):135–140.

37) Spitz WU, Diaz FJ. Spitz and Fisher’s medicolegal investigation of
death. Charles C Thomas; 2020.

38) Ely SF, Hirsch CS. Asphyxial deaths and petechiae: A review. J
Forensic Sci. 2000;45(6):1274–1277.

39) Reay DT, Holloway GA. Changes in carotid blood flow produced by
neck compression. Am J Forensic Med Pathol. 1982;3(3):199–202.

40) Sauvageau A, LaHarpe R, Geberth VJ, et al. Agonal sequences in
eight filmed hangings: Analysis of respiratory and movement
responses to asphyxia by hanging. J Forensic Sci.
2010;55(5):1278–1281.

41) Pasquier M, Clair M, Pruvot E, et al. Carotid Sinus massage. N Engl J
Med. 2017;377(15):e21.

42) Plattner T, Bolliger S, Zollinger U. Forensic assessment of survived
strangulation. Forensic Sci Int. 2005;153(2–3):202–207.

43) Shields LB, Corey TS, Weakley-Jones B, et al. Living victims of
strangulation: A 10-year review of cases in a metropolitan commu-
nity. Am J Forensic Med Pathol. 2010;31(4):320–325.

44) Matshes EW, Joseph J. Pathologic evaluation of the cervical spine
following surgical and chiropractic interventions. J Forensic Sci.
2012;57(1):113–119.

45) Davidson KC, Weiford EC, Dixon GD. Traumatic vertebral artery
pseudoaneurysm following chiropractic manipulation. Radiology.
1975;115(3):651–652.

46) Le Blanc-Louvry I, Papin F, Vaz E, et al. Cervical arterial injury after
strangulation–different types of arterial lesions. J Forensic Sci.
2013;58(6):1640–1643.

47) Matshes EW, Lew EO. Homicide by unspecified means. Am J
Forensic Med Pathol. 2010;31(2):174–177.

48) Krywanczyk A, Gilson T. Homicide by unspecified means:
Cleveland 2008 to 2019. Am J Forensic Med Pathol.
2021;42(3):211–215.

49) Gill JR. 9/11 And the New York city medical examiner’s office.
Forensic Sci Med Pathol. 2006;2(1):29–32.

50) Gilson TP, Rendon C, Pinjuh J. Rules for establishing causation in
opiate/opioid overdose prosecutions - the burrage decision. Acad
Forensic Pathol. 2017;7(1):87–90.

51) Burrage v. United States. 2014. 134 S.Ct. 881.
52) Guidelines for Opinions and Testimony in Forensic Toxicology,

ANSI/ASB Best Practice Recommendation 037, 2019. 2019.
53) Kugelberg FC, Jones AW. Interpreting results of ethanol analysis in

postmortem specimens: A review of the literature. Forensic Sci Int.
2007;165(1):10–29.

54) Felby S, Olsen J. Comparative studies of postmortem ethyl alcohol in
vitreous humor, blood, and muscle. J Forensic Sci. 1969;14(1):93–101.

55) Coe JI, Sherman RE. Comparative study of postmortem vitreous
humor and blood alcohol. J Forensic Sci. 1970;15(2):185–190.

56) Kraut A. Vitreous alcohol. Forensic Sci Int. 1995;73(2):157–
158, author reply 159–160.

57) Anderson WH, Prouty RW. Postmortem redistribution of drugs. In:
Baselt RC, ed. Advances in analytical toxicology (baselt, RC, ed).
YearBook Medical; 1989:70–102.

58) Pounder DJ, Jones GR. Post-mortem drug redistribution–a toxicolog-
ical nightmare. Forensic Sci Int. 1990;45(3):253–263.

59) Moriya F, Hashimoto Y. Redistribution of basic drugs into cardiac
blood from surrounding tissues during early-stages postmortem. J
Forensic Sci. 1999;44(1):10–16.

60) Cook DS, Braithwaite RA, Hale KA. Estimating antemortem drug
concentrations from postmortem blood samples: The influence of
postmortem redistribution. J Clin Pathol. 2000;53(4):282–285.

61) Gagajewski A, Apple FS. Methadone-related deaths in hennepin
county, Minnesota: 1992–2002. J Forensic Sci. 2003;48(3):668–671.

62) Pelissier-Alicot AL, Gaulier JM, Champsaur P, et al. Mechanisms
underlying postmortem redistribution of drugs: A review. J Anal
Toxicol. 2003;27(8):533–544.

63) Yarema MC, Becker CE. Key concepts in postmortem drug redistri-
bution. Clin Toxicol (Phila). 2005;43(4):235–241.

64) Olson KN, Luckenbill K, Thompson J, et al. Postmortem
redistribution of fentanyl in blood. Am J Clin Pathol. 2010;
133(3):447–453.

65) Gerostamoulos D, Beyer J, Staikos V, et al. The effect of the postmor-
tem interval on the redistribution of drugs: A comparison of mortuary
admission and autopsy blood specimens. Forensic Sci Med Pathol.
2012;8(4):373–379.

66) Davis GG, Cadwallader AB, Fligner CL, et al. Position paper:
Recommendations for the investigation, diagnosis, and certification
of deaths related to opioid and other drugs. Am J Forensic Med
Pathol. 2020;41(3):152–159.

67) Mata DC, Coleman D. Unusually high concentration of fentanyl in a
driver: A case report. J Anal Toxicol. 2021;45(8):847–850.

REVIEW ARTICLE

Page 13

Gill and Ely • Forensic Pathologist Testimony, Part 1: Common Questions and Considerations
ACADEMIC FORENSIC PATHOLOGY: THE PUBLICATION OF THE NATIONAL ASSOCIATION OF MEDICAL EXAMINERS FOUNDATION

© The Author(s) 2024
Downloaded from www.afpjournal.com by an AFP Journal subscriber

This article is for personal use only and may not be shared or distributed in any fashion



68) Milovanovic AV, DiMaio VJ. Death due to concussion and alcohol.
Am J Forensic Med Pathol. 1999;20(1):6–9.

69) Spitz WU, Spitz DJ. Spitz and Fisher’s Medicolegal Investigation of
Death. Charles C Thomas; 2004.

70) Lobato RD, Rivas JJ, Gomez PA, et al. Head-injured patients who
talk and deteriorate into coma. Analysis of 211 cases studied with
computerized tomography. J Neurosurg. 1991;75(2):256–261.

71) Dawson SL, Hirsch CS, Lucas FV, et al. The contrecoup phenome-
non. Reappraisal of a classic problem. Hum Pathol.
1980;11(2):155–166.

72) Case ME, Graham MA, Handy TC, et al. Position paper on fatal
abusive head injuries in infants and young children. National
Association of Medical Examiners ad hoc Committee on shaken
baby syndrome. Am J Forensic Med Pathol. 2001;22(2):112–122.

73) Dolinak D, Reichard R. An overview of inflicted head injury in
infants and young children, with a review of beta-amyloid precursor
protein immunohistochemistry. Arch Pathol Lab Med. 2006;
130(5):712–717.

74) Case ME. Distinguishing accidental from inflicted head trauma at
autopsy. Pediatr Radiol. 2014;44(Suppl 4):632–640.

75) Gill JR, Goldfeder LB, Armbrustmacher V, et al. Fatal head injury in
children younger than 2 years in New York City and an overview of

the shaken baby syndrome. Arch Pathol Lab Med. 2009;133(4):619–
627.

76) Lantz PE, Couture DE. Fatal acute intracranial injury, subdural hema-
toma, and retinal hemorrhages caused by stairway fall. J Forensic Sci.
2011;56(6):1648–1653.

77) Gill JR. Adelson’s the pathology of homicide: A guide for forensic
pathologists and homicide investigators. Charles C Thomas
Publisher; 2022.

78) Hirsch CS, Adelson L. Absence of carboxyhemoglobin in flash fire
victims. JAMA. 1969;210(12):2279–2280.

79) Hirsch CS, Bost RO, Gerber SR, et al. Carboxyhemoglobin concen-
trations in flash fire victims: Report of six simultaneous fire fatalities
without elevated carboxyhemoglobin. Am J Clin Pathol. 1977;
68(3):317–320.

80) Gill JR, Goldfeder LB, Stajic M. The happy land homicides: 87
deaths due to smoke inhalation. J Forensic Sci. 2003;48(1):161–163.

81) Oliver WR. Reasons for lack of consensus in forensic pathologist
interpretation of photographs of patterns of injury of the skin. J
Forensic Sci. 2017;62(3):674–680.

82) Oliver WR, Fang X. Forensic pathologist consensus in the interpreta-
tion of photographs of patterned injuries of the skin. J Forensic Sci.
2016;61(4):972–978.

REVIEW ARTICLE

Page 14

Gill and Ely • Forensic Pathologist Testimony, Part 1: Common Questions and Considerations
ACADEMIC FORENSIC PATHOLOGY: THE PUBLICATION OF THE NATIONAL ASSOCIATION OF MEDICAL EXAMINERS FOUNDATION

© The Author(s) 2024
Downloaded from www.afpjournal.com by an AFP Journal subscriber

This article is for personal use only and may not be shared or distributed in any fashion


	 Introduction
	 Discussion
	 Qualification of Expert Witnesses: What to Know

	 Firearms
	 Sharp Force
	 Asphyxia
	 Intoxications
	 Head Injury (General)
	 Infant Head Injury
	 Fire/Smoke
	 Blunt Injury
	 Time of Death

	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


