Pitfalls and Artifacts in the Neck at Autopsy

Michael S. Pollanen

ABSTRACT

The diagnosis of strangulation at autopsy is a persistent challenge for the forensic pathologist. The main difficulty is interpreting the
observations made at the postmortem table and deciding whether the observations are a sufficient basis to render an expert opinion that
death was caused by external compression of the neck. This may have considerable importance to the criminal justice system and may
lead to a conviction for murder. There are five main pitfalls and artifacts encountered in the neck at postmortem examination. These five
areas provide the majority of the interpretative difficulties experienced by the pathologist. These challenges include: 1) developmental
anatomy of the hyoid bone; 2) triticeous cartilages; 3) Prinsloo-Gordon hemorrhage; 4) postmortem hypostatic hemorrhage; and 5) re-
suscitation-related neck injury. This review explores these five areas. Awareness of the pitfalls and artifacts in the neck is essential for a
satisfactory and evidence-based approach to interpreting observations of the neck at autopsy. Acad Forensic Pathol. 2016 6(1): 45-62
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INTRODUCTION

One of the elementary challenges at autopsy is the
correct interpretation of observations made on exter-
nal and internal examination of the neck. The neck
poses considerable difficulties to the forensic pathol-
ogist for two main reasons. First, the structures of the
anterior neck have anatomical variations and charac-
teristics that make differentiating artifacts from real
pathologic findings challenging. Second, the diagno-
sis of strangulation (and other forms of external neck
compression) can be vexing due to the wide spectrum
of variation in the injuries associated with pressure
applied to the neck (1). Specifically, the range of hem-
orrhagic lesions associated with neck compression
can overlap with artifacts, thus frustrating the forensic
pathologist’s diagnosis of injury in the neck. In some
cases, the artifacts in the neck, variant anatomy of
internal neck structures, and the only partially devel-
oped pathologic features of strangulation make inter-
pretation of postmortem findings in the neck difficult
or impossible even in true cases of neck compression.

However, based upon systematic examination and
study of the anterior neck over many years, certain
trends have become apparent. The five main pitfalls
and artifacts encountered in the neck at autopsy can
be classified as follows: 1) development of the hyoid
bone; 2) triticeous cartilage; 3) Prinsloo-Gordon hem-
orrhage; 4) postmortem hypostatic hemorrhage; and
5) resuscitation-related neck injury. These entities ac-
count for the majority of the interpretative difficulties
experienced at autopsy.

To mitigate the practical difficulties in interpreting au-
topsy findings in the neck there are two important fac-
tors to consider. First, it is essential to dissect the neck
properly at postmortem examination. This entails the
layer by layer dissection of the anterior neck follow-
ing vascular decompression of the neck by removal
of the brain and the viscera (2). The dissection of
the neck is best achieved by a series of incisions that
provide for maximal exposure of the ventral, lateral
and submental portions of the neck. This dissection
can often be extended to involve the face. Second, it
is vitally important to proactively recognize the pit-
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falls and artifacts that may be apparent based upon
the history, scene and circumstances surrounding the
case. The prepared mind will be unlikely to fall into
diagnostic traps related to misinterpretation of obser-
vations of no significance.

DISCUSSION
Developmental Segments of the Hyoid Bone

The hyoid bone is a U-shaped bone in the superior
anterior neck situated between the larynx and the
tongue. The hyoid is part of the hyoid-laryngeal com-
plex which forms the internal hard structures of the
throat. One of the persistent difficulties encountered
at autopsy is the proper interpretation of the anatom-
ical variations in the hyoid bone. It is known that the
hyoid bone may be unilaterally or bilaterally fractured
in cases of strangulation. On this basis, discontinu-
ities of hyoid may be rightly or wrongly interpreted
as fractures. The main pitfall related to the diagnosis
of hyoid fracture is the fact that the hyoid develops in
a segmented fashion such that the mature continuous
hyoid bone found in adulthood may not be found in
all adults, and certainly not found in infants, children,
and youths (3). The hyoid is divided up into a horizon-
tal component known as the body of the hyoid, which
is present in the ventral aspect of the neck, and two
greater cornua, which project posteriorly and slightly
superiorly in the neck. The two lesser cornua (which
are often very poorly visualized at autopsy) emerge
from the body of the hyoid bone and project inferiorly.
The greater cornua and the body of the hyoid bone in
early development are three separate bony structures
which are connected by two synchondrotic joints (4).
The synchondrotic joints are composed of fibrous con-
nective tissue, which is heavily collagenized. During
the developmental progression of the hyoid bone in
adulthood, the synchondrotic joints are progressive-
ly ossified. This transforms the three separate bones
of the hyoid into one continuous structure. However,
the developmental progression is variable in timing,
and may not be symmetrical in all people (5, 6). On
this basis, the synchondrotic joints may be unfused or
partially unfused on one or the other side of the hy-
oid bone. This can result in mobility and flexibility
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of the greater cornu at the junction point between the
greater cornu and the body of the hyoid. This can be
misdiagnosed as a fracture unless the developmental
anatomy of the synchondrotic joint is known by the
prosector. An important clue in diagnosing a fractured
hyoid bone is discontinuity of the bone itself with the
presence of hemorrhage. In the case where a flexible
synchondrotic joint is encountered, hemorrhage will
seldom be present without an explanation such as
trauma. This is typically sufficient to differentiate a
truly fractured hyoid compared to a flexible and un-
fused synchondrotic joint.

One approach to further elucidating whether a gross
flexibility in the hyoid bone is related to fracture or
development of the hyoid is the use of radiography.
Specifically, plain radiographs of the hyoid bone after
excision from the neck can be used to determine if a
fracture is present or if a synchondrotic joint explains
the apparent discontinuity in the bone. The hyoid bone
from a controversial and notable case that was misdi-
agnosed as strangulation is shown in Image 1. Image
1 shows the hyoid bone of an adult man with obvious
segmentation of the greater cornu and the body and
two obvious synchondrotic joints at the point of junc-

Image 1: Plain radiograph of excised hyoid bone shows synchondrotic joints prior to fusion.
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tion between the greater cornu and the body of the hy-
oid. The synchondrotic joint is more apparent on the
right side compared to the left side. This discontinui-
ty, explained by normal developmental variation, was
misdiagnosed as a fracture. The radiograph, however,
clearly shows the presence of an anatomical joint in
the appropriate anatomic location.

In rare cases, it may be difficult to differentiate be-
tween a synchondrotic joint and a fracture. In these
cases, histological examination following decalci-
fication of the hyoid bone is often helpful. Further-
more, there is emerging experience with postmortem
imaging which will enlarge the arsenal of techniques
available to study the hyoid bone in situ prior to neck
dissection.

Triticeous Cartilage of the Larynx

The other main forensically-relevant component of the
hyoid-laryngeal complex are the triticeous cartilages
(7,8). Specifically, triticeous cartilages are small piec-
es of fibrocartilage that are linear or round, in the mil-
limeter-size range. These cartilages are present in the
fibrous connective tissues that link the superior horns
of the thyroid cartilage to the suspensory ligaments
and soft tissues of the superior anterior neck, adjacent
to the hyoid bone (Figure 1). In practice, triticeous
cartilages are often very closely associated with the
tip of the superior cornu of the thyroid cartilage. The
triticeous cartilages are commonly bilateral although
they may be asymmetrical. The main pitfall associ-
ated with triticeous cartilages is the misdiagnosis of
fractures of the superior cornu of the thyroid cartilage.
This is of great practical relevance because the most
common fracture associated with strangulation is
fracture of the superior cornu of the thyroid cartilage.
Usually such fractures are present at the base of the
superior cornua (the junction point of the superior cor-
nu to the lamina); however, sometimes the tips or dis-
tal one-third of the superior cornu are fractured in cas-
es of strangulation. Thus, triticeous cartilages present
the same pitfall as the synchondrotic joint of the hyoid
bone. The apparent discontinuity in the fibrocartilage
emanating from the superior cornu of the thyroid car-
tilage can mimic fracture. This is a common basis for

Figure 1: Diagram of the hyoid-larynx complex showing triticeous
cartilages (arrows). Drawn under contract with professional medi-
cal illustrator Diana Kryski.
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misdiagnosis of laryngeal fractures in cases where
strangulation is considered but is not obvious. One of
the main mainstays of differentiating laryngeal frac-
ture from triticeous cartilages is the presence of hem-
orrhage. However, if interpretative difficulties persist
after careful macroscopic examination, histological
examination is often helpful. Histologically, triticeous
cartilages are characterized by fibro-cartilaginous is-
lands that are completely surrounded by perichondri-
um. On this basis, histological examination is usually
definitive evidence that can be used to differentiate
a fracture from a triticeous cartilage. Specifically, in
the case of a fracture, the actual fracture line will pass
through the cartilage itself and there will be no ev-
idence of perichondrium surrounding the apparently
fractured edge of the cartilage.

It is also worth mentioning that additional anatomic
variations of the larynx are frequently encountered at
autopsy. The most common developmental variation
in the larynx, beyond triticeous cartilages, is aplasia of
the superior cornu of the thyroid cartilage, which can
be unilateral or bilateral.

Prinsloo-Gordon Hemorrhage

One of the most frequent hemorrhagic artifacts pres-
ent at routine medicolegal autopsies is the so-called
Prinsloo-Gordon hemorrhage. These hemorrhages
were the topic of intensive study by the South Afri-
can forensic pathologists, Prinsloo and Gordon, which
culminated in their landmark paper on the subject (2).
Further contributions on extending the concept of the
Prinsloo-Gordon hemorrhage was provided by two
British forensic pathologists, Camps and Hunt, in
their important paper in 1959 (9).

Prinsloo and Gordon called attention to the misinter-
pretation of extravasation of blood into the soft tissues
of the neck, entirely due to dissection, as a mimic of
bruising related to trauma. Essentially, handling (blunt
dissection) and incising congested blood vessels
(sharp dissection) can cause blood to track between
and within the strap muscles. These authors showed
that by dissecting the neck after vascular decompres-
sion, such “hemorrhages” could be avoided. Thus, the
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layered dissection of the neck was introduced to med-
icolegal autopsy work in the 1950s.

Camps and Hunt extended this concept by general-
izing it to include hemorrhages that emerge from
congested blood vessels in the perimortem periods;
specifically, posterior pharyngeal hemorrhage. This
hemorrhage is present in the adventitia of the pos-
terior pharyngeal wall and sometimes may involve
the intramural components of the posterior pharynx
(Image 2). These hemorrhages may be only localized
to the upper posterior pharynx or may extend exten-
sively along the posterior pharyngeal wall and spread
into the posterior mediastinum. Such hemorrhages are
perimortem or postmortem in origin and are related
to the nearly unique venous anatomy of the posterior
pharyngeal wall. The veins of the posterior pharynx
are organized in an extensive anastomosing array of
small, thin-walled channels known as the laryngo-pha-
ryngeal venous plexus. In the agonal period, if there
is congestion of the veins cephalad to the heart, the
engorgement of the laryngeo-pharyngeal plexus can
result in rupture. This results in hemorrhagic infiltra-
tion of the posterior pharyngeal tissues. This is often
present in cases of sudden cardiac death where there
is florid congestion of the head and neck, particularly
in large men. The main pitfall with the Prinsloo-Gor-
don hemorrhage has been to confuse this artifact with
hemorrhages that may occur with strangulation.

Furthermore, the Prinsloo-Gordon hemorrhage and
the associated laryngeal pharyngeal venous plexus
has proven to be an excellent model to understand
other hydrostatic-related hemorrhagic phenomenon,
such as the postmortem hypostatic hemorrhage, which
is discussed below. Interestingly, a Prinsloo-Gordon-
type mechanism also explains the artifactual hemor-
rhages that occur in the spinal epidural space, typi-
cally in infants and children. Specifically, postmortem
distension and rupture of the meningo-rachidian ve-
nous plexus (the complex series of venous channels in
the spinal epidural space) leads to artifactual epidural
hemorrhage that must not be misdiagnosed as trau-
matic epidural hemorrhage (10).
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Postmortem Hypostatic Hemorrhage

The postmortem hypostatic hemorrhage is the extrav-
asation of blood into the interstitium when two condi-
tions are met (11). First, a congested venous plexus is
distended with blood due to the gravitational effects
of livor mortis. Second, there is loss of vascular integ-
rity of the venous channels due to autolysis or decom-
position. When these two factors operate together, the
combined effect is the formation of focal perivascular
extravasation of blood or extensive interstitial infiltra-
tion of blood. The most commonly encountered and
trivial examples of this phenomenon are the small,
postmortem hemorrhages that occur in the skin in cas-
es of hanging with pronounced lividity in the lower
extremities. These postmortem hypostatic petechial

T T OO T U gUIUL
wn'l |z |e |v "8 iy

) T | P

hemorrhages (often known as Tardieu spots) are a typ-
ical example of postmortem hypostatic hemorrhages.

However, when postmortem hypostatic hemorrhages
occur in the anterior neck, their presence may wrongly
signal the possibility of strangulation. Specifically, if a
case of sudden and unexpected death occurs with the
body in the prone position (or the head down position)
there may be extensive livor mortis (postmortem hy-
postasis) involving the face and neck which may re-
sult in hypostatic hemorrhages within the soft tissues
of the neck. Most experienced forensic pathologists
have encountered such cases and are familiar with the
range of hemorrhagic artifacts that can occur in the
neck. Images 3 through 6 show a range of postmor-
tem cases of hypostatic hemorrhages involving the

'S

Image 2: Prinsloo-Gordon hemorrhage in the posterior wall of the pharynx.
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Image 3: Postmortem hypostatic hemorrhages in a 36-year-old female who died of multiple drug intoxication and was found in the prone
position. A) Left side of neck and face with extensive postmortem hypostasis (lividity). B) Marked diffuse subconjunctival hemorrhage.
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Image 3 (continued): Postmortem hypostatic hemorrhages in a 36-year-old female who died of multiple drug intoxication and was
found in the prone position. C) Hypostatic hemorrhages in the subcutaneous tissues of the left side of the face. D) Hypostatic hemor-
rhages in the subcutaneous tissues of the left upper neck.
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Image 4: Postmortem hypostatic hemorrhages in an adult male who died of multiple drug intoxication and was found in the prone posi-
tion. A) Marked hypostasis and petechial hypostatic hemorrhage in the upper chest and neck. B) Marked subconjunctival hemorrhage.
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Image 4 (continued): Postmortem hypostatic hemorrhages in an adult male who died of multiple drug intoxication and was found in the
prone position. C) Hypostatic hemorrhages in the tissues of the right neck.
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Image 5: Postmortem hypostatic hemorrhages in a 48-year-old male who died of bronchopneumonia due to chronic alcoholism and was
found in the prone position. A) Marked hypostasis and petechial hypostatic hemorrhage in the upper chest and neck. B) Marked diffuse
subconjunctival hemorrhage.
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Image 5 (continued): Postmortem hypostatic hemorrhages in a 48-year-old male who died of bronchopneumonia due to chronic alco-
holism and was found in the prone position. C) Hypostatic hemorrhages in the tissues of the right neck, mostly in the carotid sheath. D)
Hypostatic hemorrhage of the posterior periscleral tissues and the retrobulbar optic nerve sheath.
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Image 6: Postmortem hypostatic hemorrhages in a 52-year-old male who died of diphenhydramine intoxication and was found in the
prone position in a moderately advanced state of decomposition. A) Decomposition and lividity of the chest. B) Decomposition and
lividity of the face and neck.
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Image 6 (continued): Postmortem hypostatic hemorrhages in a 52-year-old male who died of diphenhydramine intoxication and was
found in the prone position, in a moderately advanced state of decomposition. C and D) Hypostatic hemorrhage in the neck.
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scalp, face, eye, and neck and reveal the remarkable
spectrum of the postmortem hypostatic hemorrhage.
The most extensive postmortem hypostatic hemor-
rhages are present in the fibrous connective tissue be-
tween strap muscles, within the endomyomesium of
the strap muscles, within the galea of the scalp, and
within the subconjunctival connective tissues. The
phenomenon can even cause retrobulbar perioptic
nerve sheath hemorrhage.

It can be difficult to differentiate the hemorrhages as-
sociated with postmortem hypostasis from true bruis-
ing caused by strangulation. However, the diagnosis
of strangulation can usually be correctly ascertained
by careful examination of the other structures of the
neck, as well as the presence of external injuries on
the neck. Despite this assertion, miscarriages in jus-
tice related to over interpretation of these pseudo-in-
juries have been documented (12).

Our understanding of the nature of postmortem hypo-
static hemorrhages in the neck has been facilitated by
an experimental cadaveric model that allows for the
controlled induction of hypostatic neck hemorrhages
(11). Briefly, in a series of experiments with donated
cadavers, the postmortem hypostatic hemorrhage was
created through the combination of body position and
autolysis. In the experimental protocol, bodies donat-
ed for medical research were placed in the prone po-
sition for a period of 48 hours shortly after death. The
position was used to concentrate the development of
lividity in the ventral neck. Subsequent dissection of
the neck using the layer by layer technique revealed
a range of subcutaneous and intramuscular hemor-
rhages that were, in some cases, surprisingly similar
to those present in strangulation (Image 7). On the ba-
sis of these results, there is both practical case-based
evidence and experimental evidence that postmortem
hypostatic hemorrhage is a robust phenomenon in
medicolegal casework.

Resuscitation-Related Neck Injuries
There are three main resuscitation-related neck inju-

ries that can lead to observations that overlap with
strangulation (13-15). The most common is injury to
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the sternomastoid muscle associated with the place-
ment of a cannula in the internal jugular vein. Often
during resuscitation, a central line is placed in the in-
ternal jugular vein through a puncture in the lateral
aspect of the neck. The course of the cannula may
perforate the main body of the sternomastoid muscle.
This may lead to intramuscular hemorrhage within the
belly of the sternomastoid muscle, which often dis-
sects between muscle bundles causing a hematoma. In
some cases it is necessary to clearly differentiate this
intramuscular hemorrhage from bruising sustained
from neck compression. This can usually be ascer-
tained by careful examination of the overlying skin
which will show needle puncture. However, in some
cases, a needle puncture may not be readily apparent.
On this basis, a careful layer by layer dissection of the
neck with exposure of the internal jugular vein often
will provide conclusive evidence that an attempt to
place a cannula has occurred. Specifically, there will
be a needle puncture in the wall of the internal jugular
vein with focal perivascular hemorrhage.

Another frequent resuscitative artifact encountered in
the neck is laryngeal mucosal hemorrhage and ede-
ma which is related to endotracheal intubation (13).
Furthermore, if there is a difficult intubation, there
may be edema and hemorrhage involving the entire
glottis and extending into the epiglottis with maximal
involvement of the aryepiglottic folds. The mucosal
hemorrhages caused by intubation overlap in nature
with hemorrhages that are frequently observed in the
laryngeal mucosa in cases of strangulation. However,
this seldom gives rise to practical difficulties because
when laryngeal hemorrhages are present in strangula-
tion, usually there are other indicators of external neck
compression.

The third most frequent (but comparative rare) injury
associated with resuscitation is laryngeal fracture as
a consequence of cricoid pressure. Cricoid fractures
are rarely encountered at medicolegal autopsy and are
most frequently due to strangulation. However, in the
case of resuscitation with difficult intubation it may be
necessary for the resuscitator to manually stabilize the
larynx by digital pressure applied to the cricoid. This
may give rise to paralaryngeal hemorrhage or frac-
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ture. On a practical basis, if laryngeal injuries from
resuscitation are a possible consideration in a case, it
is frequently necessary to obtain a detailed history of
the precise resuscitative measures attempted by para-
medics and emergency room personnel. This is usu-
ally sufficient to resolve the issue of whether cricoid
pressure was a factor in causing the laryngeal injuries.

Other Entities

There are other causes of strap muscle hemorrhage
that may not relate to external neck compression. Per-
haps the best described alternative cause is drowning
(16-18). In some cases of drowning, there is exten-
sive acute hemorrhage within the strap muscles of the

neck, often involving the platysma. The hemorrhages
are often symmetrical and streaky and run along the
longitudinal bundles of the strap muscles. The precise
mechanism for how these hemorrhages occur is not
known, but it has been suggested that violent strug-
gling with contraction of the neck musculature during
drowning may be responsible for this form of intra-
muscular hemorrhage. These hemorrhages are usually
more extensive than the hemorrhages observed with
strangulation and are always associated with a history
of immersion in water and drowning.

Finally, blunt impact trauma to the neck can produce
the same range of injuries in the soft and hard tissues
of the neck as are encountered in strangulation. These

Image 7: Experimentally induced postmortem hypostatic hemorrhages in the neck, in the model described in reference 10.
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injuries are either produced by hitting the neck or
thrusting the neck against an unyielding surface (19).
The medicolegal issue in such cases is to differentiate
between injuries produced by impact rather than com-
pression. The main guide is the presence of petechial
hemorrhages in the eyes and face. Compression of the
neck gives rise to petechiae, whereas a simple impact
to the neck does not cause jugular venous compression
with increased intravenous pressure that is required to
rupture blood vessels and cause petechial hemorrhag-
es (Image 8).
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CONCLUSIONS

Awareness of the anatomical variations, postmortem
artifacts and other pitfalls in the neck is essential for
forensic pathologists. The neck represents a critically
important anatomical structure in forensic pathology
due to the persistent diagnostic challenges associated
with strangulation and other forms of neck compres-
sion. It is essential that increased awareness be devel-
oped in this area of forensic pathology through the
publication of case reports and case series that doc-
ument the spectrum of variation associated with the

Image 8: Bruising in the central anterior neck likely related to blunt impact neck trauma in a toddler who died under criminally suspi-

cious circumstances.
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various categories that are described in this review.
Only through the systematic analysis of these obser-
vations can we develop a satisfactory and evidence-
based approach to interpreting observations of the
neck made at autopsy.
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