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Post mortem techniques in the evaluation of neck
injury

P Vanezis

Introduction
For the purposes of detailed post mortem
examination, the neck region should be
regarded as two separate compartments
(anterior and posterior) which are conve-
niently separated by the prevertebral fascia.
Although neck trauma is not restricted by
boundaries, certain categories of trauma are
predominantly found in one or other of the
compartments. For example, compressive
neck injuries involve the anterior structures
such as the larynx; cervical spine injuries
resulting from excessive neck movements,
such as hyperextension, are rarely accompa-
nied by anterior neck injury unless direct
severe impact to the neck is sustained. The
technique of examination will depend, to
some extent, on the type of suspected injury.
A great deal of valuable evidence can be lost
or obscured by inexpert dissection if the
mode of injury is not considered.
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External examination
In assessing any form of neck injury it is
important not just to examine the neck but to
bear in mind other possible signs elsewhere
that will facilitate a full appreciation of the
extent, type, and mode of injury.
The primary requisite when dealing with

any form of trauma, and particularly so when
confronted with a suspicious death, is to
record and photograph all findings. All
injuries should be photographed in colour
and with a scale both for the benefit of the
court and for when a further opinion is
requested. Occasionally, reflective ultraviolet
photography' 2 is useful for enhancing a faint
ligature mark or bruising, or indeed in reveal-
ing a mark not seen with visual light rays (fig-
ures 1 A and B).

In certain circumstances, radiography
should be carried out before dissection.
These include all firearm and other penetrat-
ing injuries where we need to search for mis-
siles, the broken tip of a weapon, or other
foreign bodies. In practice radiographic
examination of the neck forms part of a more

general radiographic skeletal survey in these
cases.

Surface artefacts may occasionally be mis-
taken for true injuries. A neck fold in an
infant, particularly if obese, may resemble a
ligature mark. Only careful examination and
dissection of the mark may reveal its true
nature. Tight clothing may also produce simi-
lar artefacts and it is therefore important to
ascertain the type of clothing that was close to
the deceased's neck at the time of death, or
afterwards (particularly if for whatever rea-
son, the deceased was dressed after death). It
should not be forgotten, however, that often
when someone is held in this region, clothing
may either intervene or be pulled around the
neck. Therefore, scarves, collars, etc., should
be examined to note whether the material had
been stretched, torn, or possibly contami-
nated with blood.

Internal examination: anterior compart-
ment
Before the neck itself is dissected and exam-
ined in detail, it should be appreciated that
because of the possibility of producing post
mortem artefactual haemorrhage, the initial
procedure should be to remove the brain so
as to drain the blood from the neck vessels
(except in the investigation of traumatic sub-
arachnoid haemorrhage). It has also been
advocated that further preliminary procedures
should be carried out, such as division of the
superior vena cava or division of the trachea
and removal of the chest organs.3 From the
author's own experience, however, drainage
of blood from the head alone is satisfactory.

EXAMINATION FOR AIR EMBOLISM
A further precaution which must be observed
is examination for air embolism in penetrat-
ing injuries involving the neck. Cervical veins
subjected to penetrating trauma may take in
air which then embolises to the right ventricle
of the heart, pulmonary trunk, and arteries
and may have fatal consequences. Detection
of air embolism, however, requires the pros-
ector to be aware of the possibility of dissec-
tion, because introduction of gas into veins is
almost invariable once they have been
incised. It is therefore essential, if the circum-
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Figure 1 A) Area ofskin photographed by exposure to normal visual rays. B) Same
area ofskin with ligature mark enhanced after photography using reflective ultraviolet
light.

stances point to the possibility of a fatal air
embolism, that a chest radiograph be taken
before beginning the necropsy.45 It is recom-
mended that the thoracic cavity is opened by
lifting out the sternum and attachments,
clamping the internal mammary vessels below
the sternoclavicular joints, then cutting across
the sternum distal to these clamped vessels,
so that the sternoclavicular joint area remains
intact.6 The pericardial sac is then carefully
opened. If a large pulmonary air embolism is
present, it should be apparent. The right
atrium and ventricle are distended with fine
frothy bright red blood. It is important to
conduct the necropsy as soon after death as
possible: delay may result in gases caused by
putrefaction mimicking an embolism.

Initial incisions, dissection of anterior muscula-
ture, and in situ inspection
Dissection of the neck region should begin
with a "Y" or modified raquet incision (fig 2).
The incision should begin behind both ears,
continued down to the lateral third of the
clavicle, then down and across to the midline
at about mid-sternal level. This type of inci-

Figure 2 "Y" shaped incision recommendedfor exposure
of the neck structures.

sion permits good exposure of anterior struc-
tures (fig 3).

It is important to reflect the skin of the
neck back carefully, for it is in the subcuta-
neous connective tissue and platysma muscle
that superficial bruising can be detected. This
might not be present elsewhere, particularly
in cases of ligature and manual strangulation.
The initial dissection should be superficial to
the sternomastoid muscle (invested by the
deep cervical fascia) to identify and inspect
the external jugular vein before examination
and dissection of the major muscle masses.
The anterior neck muscles should be

examined layer by layer, documenting the
dimensions, distribution, and character of any
injuries and particularly their relation to any
surface trauma. The sternal head of the ster-
nomastoid should be identified, cut away
from the manubrium and reflected back. The
clavicular head can then be released. This
attachment is more lateral, of variable width,
and is situated along the middle third of the
upper surface of the clavicle. The main belly
of the sternomastoid can then be reflected off
the underlying structures up towards its
attachment to the mastoid process. The
underlying musculature will then become
more visible and accessible. Both the
suprahyoid and infrahyoid muscle groups
should be identified and inspected. In doing
so, and in order to avoid the production of
dissection artefacts, care should be taken not
to cut through any major vessels until the pre-
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Figure 3 Anterior neck structures exposedfor inspection.

vertebral fascia has been inspected for bruis-
ing.
The larynx and associated structures, hyoid

bone, tongue, pharynx and upper oesophagus
are normally examined once they have been
excised. The contents of the carotid sheath
the carotid arteries, internal jugular vein, and
nerves (principally the vagus)-can be
inspected in situ once they have been exposed
anteriorly after reflection of the sternomastoid
and division and reflection of the omohyoid
muscle. The vessels and nerves should be
mobilised by careful dissection with a scalpel
(not blunt dissection) before the laryngeal
structures are removed. In cases of neck com-
pression it is important to identify bruises
particularly near the carotid bifurcation;
before removal of the larynx it is easy to pro-
duce haemorrhage from small vessels on dis-
section which may be mistaken for
antemortem bruising. It is important to
remember, however, that antemortem bruis-
ing of the carotid artery is not a common

finding following compression of the neck.

Figure 4 Diagrammatic representation of anterior neck structures. Dotted lines indicate
where incisions should be made for exposure and removal of the tongue, hyoid bone, larynx
and related structures.

After the initial inspection the vessels and
nerves can be dissected in more detail in situ
after removal of the larynx and other struc-
tures as described below.

Excision of the anterior structures
The next step is to excise the tongue, hyoid
bone, larynx and related structures. At this
stage of the examination there should be a
clear view of the laryngeal strap muscles, thy-
rohyoid membrane, and mylohyoid muscle. A
scalpel should be used to incise through the
suprahyoid, lingual, and other muscles
attached to the inferior surface of the
mandible and its internal anterior (post-men-
tal) surface, thus gaining access to the oral
cavity, and keeping as close as possible to the
inferior margin of the mandible (fig 4). A
sweep of the scalpel blade is then made along
both sides, keeping as close as possible to the
mandible. In doing so, the submandibular
and parotid glands should be identified and
inspected. The tongue can therefore be freed
and dissected away from the mouth. While
gripping the tongue and pulling it forward
beneath the mandible, care should be taken
to divide the stylohyoid ligaments as close to
the cranial end as possible. Occasionally, par-
ticularly in the elderly, these structures are
calcified, and it may be difficult to free the
hyoid bone from them. The tongue must also
be freed from the styloglossus muscle by
dividing this muscle as high as possible. With
the tongue gripped in this manner and par-
tially mobilised, a horizontal incision should
be made with a scalpel in the soft palate just
above the uvula and into the oropharynx. The
incision is then continued through the
mucosa and musculature surrounding the
oropharynx, down to the prevertebral fascia.
The hyoid bone, laryngeal structures, phar-
ynx and upper oesophagus can then be care-
fully dissected off the prevertebral fascia and
either removed with the thoracic organs, or
divided at the thoracic inlet. If these struc-
tures are being examined to assess a penetrat-
ing injury, it is advisable to demonstrate the
direction and length of a track of such a
wound with a probe before dissection.
Detailed examination of sites of injury can be
carried out after excision.

Radiography of anterior structures
When dealing with suspected neck compres-
sion injuries, the following technique should
be used: first, it is advisable take lateral,
antero-posterior, and oblique views immedi-
ately after excision of the anterior neck struc-
tures. Macroradiography, in particular, may
reveal undisplaced or partial fractures which
are frequently missed with routine views (fig
5).7 In addition to fractures, good soft tissue
detail may show substantial narrowing of the
airway in strangulation cases.
Where radiological facilities are not readily

available, the excised structures can be trans-
ferred intact to a radiography department, or
they can be dissected within the mortuary
before radiography. The author has found
that in practice careful dissection of the laryn-
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Figure 5 Anterioposterior
macroradiograph of excised
larynx and hyoid bone
showingfractures to both
superior cornua (arrows).

Figure 6 Posterior view oflaryngeal structures after
excision. The dotted lines indicated where incisions should
be made for exposure of the hyoid bone and both superior
cornua.

geal structures is acceptable, and indeed, fre-
quently shows fractures which may be diffi-
cult to see radiologically. There is, however,
another important reason for carrying out
radiography-namely, that the degree of cal-
cification can be assessed within the larynx-
enabling the pathologist to assess the degree
of force that may have been used to cause
fractures. It is much easier to fracture the
more calcified larynx of an elderly person
than the more pliable, largely cartilaginous
larynx of a young adult.

Dissection of the larynx and hyoid bone
Detailed dissection of the larynx should start
with inspection of the strap muscles for bruis-
ing or other injury. Each muscle should then
be reflected away from the laryngeal skeleton
to expose the thyroid and cricoid cartilages.
The superior cornua are best dissected poste-
riorly, through the pharyngeal mucosa cover-
ing their posterior surface. A longitudinally
incision is made on either side so that the
length of each cornu may be exposed and
undisplaced fractures may thus be seen (fig 6).
When examining the laryngeal cartilages,

the possibility of previous fractures of the thy-
roid cornua with consequent deformities of
these structures should be considered. Care
should also be taken not to mistake the
triticeous cartilage, present in 66% of laryn-
ges in one study,8 for a fracture of the tip of
the superior cornu. This cartilage is present
in the thyrohyoid ligament, beyond the tip of
the cornu.
The hyoid bone is examined by a trans-

verse incision through the pharyngeal part of
the tongue (fig 6), continued forward through

the hyoglossus muscle thus exposing the
superior surface of the hyoid bone.
Incomplete fusion of the greater horn of the
hyoid bone with the body is common and
variable9 and may sometimes be mistaken for
a fracture, hence the necessity for a careful
dissection to expose the surface of the bone.

Examination of the carotid sheath contents
The vessels should be opened from below:
the internal jugular veins, from their point of
drainage near the junction of the subclavian
and brachiocephalic veins; and the common
carotid arteries at their origins from the arch
of the aorta on the left side and brachio-
cephalic artery on the right side. A small pair
of scissors with a blunt point should be used
for this purpose. The possibility of finding
small intimal tears which are not apparent
from an external view of the vessels, as well as
thrombus formation, both intraluminal and
intramural, which may occasionally be pre-
sent following injury, should be considered.

Internal examination: posterior com-
partment
Examination of this region is closely interre-
lated to the examination of the anterior struc-
tures as described above. The suspected
mode of injury will dictate the extent and
type of dissection required. Clearly, it is only
realistic to carry out the more radical dissec-
tions in cases where trauma is suspected
because skilful and time consuming recon-
struction by the mortuary technician will have
to be done after the pathologist has com-
pleted his or her examination.

Inspection ofparavertebral muscles and related
soft tissues
Initially, the prevertebral region should be
inspected for evidence of injury, including the
anterior and lateral prevertebral muscles. In
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doing so, the prevertebral fascia will have to be
incised and reflected. Before dissection it might
be possible to see air bubbles and elicit crepitus
if there has been a penetrating injury to the
posterior compartment or extensive cervical
spine injury due to blunt trauma, either direct
or indirect. After inspection of these muscle
groups and other related structures, the
cadaver should be turned over to the prone
position with a block under the chest, thus
flexing the neck. The skin can then be reflected
off the occipital protuberance and extended
downwards to expose the sides and base of the
neck. It is essential to reflect the skin and
superficial fascia, including the ligamentaum
nuchae, taking care not to cut through the
underlying musculature. The subcutaneous tis-
sue and surface of the trapezius and upper and
posterior part of the sternomastoid can now be
inspected. Careful inspection of the back of the
neck at this stage may well yield vital clues as
to the mode of injury. For example, a broad
band of deep bruising, not seen on the surface,
may indicate that the head had been held down
by pressure on the back of the neck. Deep
bruising to the upper part of the side of the
neck in the sternomastoid muscle, near the
mastoid process, may indicate a punch or kick
to this region, with the possibility of injury to
the upper part of the vertebral artery.

Procedure for suspected vertebral artery trauma
resulting in subarachnoid haemorrhage
When there is a history of sudden collapse
shortly after a blow to the side of the head or
neck, the possibility of a fatal basal subarach-
noid haemorrhage following vertebral artery
trauma should be considered. Once the vault
of the skull is removed and subarachnoid
haemorrhage discovered, angiography should
be carried out followed by excision of the cer-
vical spine with a portion of the base of the
skull.10 "I

Vertebral angiography
The anterior neck structures are reflected

-w -E;^W-B!'tl' -V.!-

Figure 7 Curved needle passed beneath basilar arteiy for ligation prior to vertebral
angiography.

forward and the ribs incised antero-laterally
to facilitate access to the origins of the
vertebral arteries. The brain is then gently
pulled back so as to reveal the arteries of the
circle of Willis. The basilar artery, which will
then readily come into view, is ligated. This
can be done by passing a curved needle
directly beneath it, as close as possible to the
fusion of the vertebral arteries (fig 7). The
vault of the skull is then replaced, the skin of
the head secured (a safety pin will suffice for
this purpose). The head can thus be placed
safely in the ventral or slightly extended
position, found to be the most suitable for
post mortem vertebral angiography."2

Several preparations can be used, but I
have found a mixture of barium sulphate,
gelatine, and gum arabic to be satisfactory."3
The mixture should be prepared in the
following proportions: 200 ml of barium
sulphate suspension (0-6 g/ml), gelatine
(15 g), together with 2-3 g of gum arabic
(acacia). The addition of gum arabic
increases the elasticity of the gelatine and
allows smaller vessels to be shown. The
mixture is then placed in a hot water bath
and mixed until it is liquefied and homo-
genous. About 10 ml is then drawn up into a
disposable syringe fitted with a small PVC
catheter (4 mm/3 mm in diameter). Usually,
about 5 ml of the mixture is sufficient to fill
both vertebral arteries. The remainder, which
solidifies at room temperature, can be stored
for future use. Once cooled after injection,
the specimen can be retained for subsequent
radiological examinations without the risk of
contrast medium leaking from it.

Before injection, both vertebral arteries are
identified near their origins at the subclavian
arteries and divided. One of the vertebral
arteries is then injected (usually the larger);
because the basilar artery had been ligated,
the contrast medium is directed back down
the other artery, emerging at its cut end (fig
8). If the mixture does not appear as
expected, either there has been some form of
obstruction of the artery, usually due to
incorrect positioning of the head, or occasion-
ally secondary to trauma. It should be
emphasised, however, that even severe verte-
bral artery trauma frequently does not affect
the flow through both arteries, although a
leak may still be seen when the angiographic
pattern is examined.

If radiological facilities are available on site
then the cervical spine and base of the skull
may be radiographed in situ; otherwise, the
structures are radiographed after excision (see
below) in a radiology department. Antero-
posterior, lateral, and oblique views should be
taken. In my experience radiographic views
obtained of the excised cervical spine together
with the base of the skull are of greater clar-
ity, mainly because of the greater ease in posi-
tioning the specimen to obtain the desired
views (fig 9).

Detailed examination of the vertebral arteries
There are a number of techniques for exam-
ining the vertebral arteries. The technique
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Figure 8 Injection of radiopaque mixture into left vertebral artery. Note the appearance
of the mixture at the proximal end of the opposite vessel.

which I have found the most useful and least
destructive to surrounding structures is as fol-
lows: adequate decalcification of the excised
specimen is first carried out. It is frequently
only necessary to decalcify the upper two cer-
vical vertebrae and the excised portion of the
base of the skull. The neck structures are
fixed in a 4% saline formaldehyde solution for
three to five days, depending on the size of
the specimen. Decalcification is then carried
out in 10% formic acid in 4% saline
formaldehyde, with frequent changes of the

Figure 9 Anterioposterior
vertebral angiogram taken
after excision of the neck
structures together with a
substantial part of the base
of the skull. Although
vertebral artery trauma
was suspectedfollowing the
gunshot wound (bullet just
below left mastoid),
angiography did not reveal
any leakage of the mixture
from these vessels.

decalcifying fluid. The length of time neces-
sary for decalcification for smaller specimens
can be about two weeks, and up to five weeks
for the complete cervical spine. Formic acid is
preferred to nitric acid because it causes less
tissue damage, although the period for decal-
cification in the former is longer. When decal-
cification is complete, transverse slices of the
specimen are made of 5 mm thickness (in
most cases upper cervical spine and a portion
of base of skull). The sections may then be
inspected with the naked eye or with the aid
of a dissecting microscope and then followed
by histological examination of suspected areas
of trauma. By adopting such a procedure,
transverse sections of the cervical spine at all
levels can be examined and the full extent of
injury to other related structures can be fully
appreciated.

Selective excision of the vertebral vessels
may be carried out. It should be appreciated,
however, that removal of the vertebral arteries
by local excision, whilst quick and relatively
easy with a little practice, can produce arte-
factual damage which may complicate the
assessment of some injuries, such as trans-
verse process fractures or venous plexus
injuries. One procedure involves cutting
through the anterior aspect of the tranverse
processes using a pair of universal wire cut-
ters and revealing the vertebral artery along
its cervical course. A Swann Morton No 5
scalpel handle with a No 11 blade and a
Swann Morton No 3 scalpel with a No 12
blade are then used to sever the basilar artery.
The vessels are mobilised together with a cuff
of dura and pulled through the foramen mag-
num and removed in their entirety.'4

Excision of the posterior neck structures
It is impossible to carry out a comprehensive
examination of the cervical spine and related
structures by gross inspection in situ. Indeed,
attempts to relate the degree of mobility of
the less accessible higher part of the cervical
spine with injury are often misleading.
Accurate assessment of the extent of trauma
can be made only after excision, and with a
portion of the base of the skull where verte-
bral artery trauma is suspected. Not only is it
then possible to evaluate the relation and
integrity of the vertebrae and their joints, but
the vertebral vessels and cord can also be
examined.
To effect excision of the posterior struc-

tures I use an anterior approach. A block is
placed between both scapulae to place the
head into an extended position. The cervical
spine is then sawn through anteriorly between
C7 and Ti. A scalpel is then used to trim off
any excessive neck musculature. If vertebral
artery trauma is suspected then a portion of
the base of the skull (at least the width of the
atlas vertebra) is sawn off the skull and
removed together with the cervical spine.

If examination of the cervical spine is
required but high vertebral artery trauma is
not suspected, then a slightly less radical exci-
sion is recommended which does not include
the base of the skull. The lower cervical spine
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is sawn through as before but the upper part
is released from the skull by incising through
the posterior atlanto-occipital membrane
(taking care to avoid the vertebral artery at
this point), the tectorial membrane, cruci-
form ligament, apical or alar ligaments cover-
ing the dens and the atlanto-occipital
membrane.
The cervical vertebrae can now be

inspected together with ligaments and joints
for any evidence of trauma. Before further
dissection of the cervical spine, it is essential
to radiograph the specimen (anteroposterior,
lateral, and oblique views). Chronic degener-
ative changes such as cervical spondylosis or
ankylosing spondylitis should be noted and
assessed in relation to trauma. It should be
appreciated that under such circumstances
fractures may occur with a relatively trivial
amount of force.

Examination of the cervical cord is usually
carried out after removal of the entire cord
either from the anterior or posterior approach
as described in standard texts. When the cer-
vical spine has been removed as described
above, however, then clearly exposure of the
cervical cord can only be carried out after
examination of the vertebrae and related
structures. This can be achieved by sawing
through the laminae of the excised vertebrae
as close to the transverse processes as pos-
sible, gently lifting the spinous processes and
laminae up and dividing the extradural
nerves, thus exposing the dura and cord.
Where it is essential to assess the cranio-

cervical junction of the cord for evidence of
trauma, it is recommended'5 that the base of
the skull (2 cm either side of the foramen

magnum) should be removed with the cervi-
cal spine and the brain divided at the pon-
tomedullary junction rather than below the
medulla.

I thank Butterworths and Co for permission to publish figures
1 (A and B), 2, 5, and 6, and Mrs R Layne for secretarial
assistance.
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