Post Mortem Protocol for the Skeleton, Joints and Muscle
Skeletal System
The skeletal system is frequently not reviewed and much detail at post mortem
examination and therefore, many skeletal disorders are likely to be missed, unless
there is clear indication of a skeletal abnormality in the history. A level of balance
needs to be achieved as complete examination of the skeletal system is both
impractical and unnecessary. The minimum requirement for post mortal examination
of the skeleton should include Assessment of shape/conformation, flexibility and
breaking strength of target bones (ribs, cranium, key limb bones). Longitudinal
sectioning of long bones to examine growth plates, thickness of the cortex, amount
and density of trabecular bone in metaphyseal and epiphyseal regions and assessment
of the bone marrow. Assess for evidence of neoplasia, osteomyelitis and necrosis.

Figure 1. Hemivertebrae with lordosis - distorted conformation/shape (arrows).

Figure 2. Hemivertebrae with distorted vertebral shape (arrow).

Figure 3. Longitudinal section of long bone facilitating assessment of bone thickness,
bone density, growth plates and bone marrow.
Examination of growth plates is pivotal in the assessment for indicators of metabolic
bone disease (rickets, fibrous osteodystrophy), growth arrest lines (infectious, noninfectious) plus osteo and chondrodystrophy’s.

Figure 4. Bovine fetus exhibiting growth arrest lines (arrow) in the growth plate of the
humerus.
Growth arrest lines in long bones: these lesions develop as a consequence of stop
start growth due to some in utero incident, whether that be infectious or noninfectious (micronutrient imbalance, mycotoxins), that stalls the growth of the fetus.
In the bovine fetus. Bovine viral diarrhea virus actually infects osteoclasts initiating
growth arrest and growth plate abnormalities.

Figure 5. Osteomyelitis with trabecular bone necrosis and pseudocyst formation.
The success and usefulness of histopathology for bone evaluation relies heavily on
close communication between the clinician, radiologist and pathologist.
Bone Biopsy Procedure.
•

•
•
•

In cases where a skeletal order is suspected, ante-mortal radiographs are an
extremely valuable component of the gross examination, highlighting areas for
further examination and possible sampling.
The biopsy site should be selected from radiographs, preferably at least two
radiographs taken at right angles i.e. dorso-ventral and lateral views.
Superficial biopsies contain little diagnostic material and are often very
misleading.
Biopsies including cortical bone, medullary bone and lesion are considered
ideal.

Figure 6. Bone core tumor biopsy including cortical bone, tumor tissue and medullary
bone.

•

For histopathology fix bone biopsies for 24 hours in 10% buffered formalin,
after which the biopsy is demineralised in formic acid, at the laboratory, prior
to sectioning.

Bone Marrow Biopsy Procedure.
•
•
•

At post mortem both bone marrow impression smears as well as bone core
biopsies into 10% buffered formalin can be collected.
Collection of bone marrow involves opening any large bone of young animals
or the end of long bones of mature animals.
Impression smears involve touch preparations by touching the glass slide to
the red marrow at 3 or 4 contact areas (figure 6). It is important to just touch
the slide do not smear out. Slide is then air dried prior to staining and
examination.

Figure 7. Stained bone marrow touch impression smears.
•

In addition to 2-5 bone marrow touch impression smears include a peripheral
blood smear to facilitate the critical evaluation of the bone marrow cytology.
These smears must be packed in a separate container to the formalin fixed
tissues, to avoid formalin fume contamination.

Figure 8. Histology cassette containing a biopsy capsule composed of fine mesh to
avoid loss of small bone marrow core biopsies prior to processing.
•

•

Bone marrow cores should be collected separately to the bone biopsies. Some
cores are placed in Cell-Safe® biopsy capsule, sealed in a tissue cassette and
the sealed cassette placed in 10% buffered formalin.
Bone marrow is a useful fresh tissue sample for microbiological culture and
carcasses which have advanced putrefactive post mortal change.

Joints
Histological changes observed in joint structures can be related to 4 major pathological
processes namely physical injury, reparative and reactive changes, arthritis (infectious
/ immune mediated) and neoplastic.
Procedure
•

•
•

•

Ante-mortal arthroscopy and radiography are important ancillary procedures
for identifying relevant joints for examination as well as sites for specimen
collection.
Joint fluid is collected for cytology (EDTA blood tube – lavender stopper) and
culture (serum tube without clot activator - red stopper).
5 joints should be routinely checked (post mortem performed in right lateral
recumbency), and these include left hip, left and right stifle, left shoulder,
atlantooccipital joint and right and left hock joints in young animals.
Structures important for histological evaluation include the synovial
membrane (black circle), articular cartilage (black square) and adjacent bone
which is placed in 10% buffered formalin (figure 8).

Figure 9. Opened ball and socket joint identifying the preferred specimen types for
histopathology.

Muscle System
Artefactual changes can be problematic particularly with surgical muscle biopsies and
muscle biopsies collected at post mortem, due to asynchronous contraction of muscle.
It is important that these contraction artifacts are avoided and for this reason muscle
should always be fixed in an extended state.
Procedure
•
•

Slices of skeletal muscle (no more than 1 cm thick) are collected at post
mortem.
After collection biopsy should be extended and placed on a piece of
cardboard, in this extended state, and allowed to dry for 5 – 10minutes (figure
9). This helps minimize artefactual changes with myofibres being aligned in
an extended parallel arrangement in histological sections, allowing for more
critical examination of pathological changes.

Figure 10. Skeletal muscle biopsy slice placed in an extended state on a piece of
cardboard and allowed to dry.

•

The piece of cardboard together with the attached muscle biopsy is then
inverted with muscle facing down and floated (immersed) in 10% buffered
formalin for fixation (figure 10).

Figure 11. Skeletal muscle stuck in the extended state to cardboard inverted and
floated in formalin.

•
•
•

•

•

•

Histological appearance of muscle is usually well maintained long after death.
A complete history including estimated time after death when samples were
collected enables assessment of early degenerative changes.
Biopsy should be representative of the disease process, i.e. if symptoms
involve hindquarters rather than forequarters then biopsy should be obtained
from muscle of the hindquarters.
Site where the disease process is active and emerging should be selected.
Advanced conditions often only produce end stage lesions which are difficult
to interpret.
Muscles subjected to prior trauma i.e. injection sites, should not be selected,
pathology induced by injection may well mimic that of other specific disease
entities.
Biopsy specimen should be removed from the belly of the muscle, as normal
histology from the tendinous insertions may be misinterpreted as pathological.

Clostridial Myositis Syndromes in Ruminants
The clostridial myositis syndromes are sub classified into two distinct disease entities
based on their pathological features and include the blackleg/quarter evil and the
malignant oedema syndromes.
Blackleg/Quarter Evil .
Pathology is characterized by muscle necrosis with emphysema. Anatomical
distribution pattern usually involves the large muscle groups of the fore and
hindquarters (pectoral and pelvic girdles), diaphragm, heart and tongue. The main
role-players involved are the histiotoxic clostridia Clostridium chauvoei and
Clostridium septicum, with Clostridium perfringens and Clostridium sordelli less
frequently involved.
Affected muscles exhibit central red-black areas of necrosis with a porous appearance
due to emphysema. Peripherally there is usually dark red discoloration with or
without edema. Intermuscular septal emphysema frequently accompanies these
changes.
Beware of animals dying of something else with anaerobic post mortal proliferation of
spores to vegetative cells. Dormant intra-muscular spores of Clostridium chauvoei
may proliferate up to a large population prior to post mortal invaders such as
Clostridium septicum reaching the muscle site from the gut. This is 1 of the reasons
why one should never read the Clostridial fluorescent antibody test (FAT) smears in
isolation.

Malignant oedema
Pathogenesis of malignant oedema is associated with wound infection and so
distribution of lesions is very variable. This syndrome is characterized by muscle
necrosis and severe subcutaneous and inter-muscular oedema. Clostridium novyi is
the primary culprit, whose toxins act directly on endothelial cells resulting in impaired

vascular permeability. Clostridium perfringens and Clostridium septicum are less
commonly involved in this syndrome.
Gross pathology consistently involves oedema and cellulitis, while muscle necrosis
with black discoloration may or may not be present.

Gross Examination of Muscle
The standard approach prior to skinning of the carcass should include
• Assessment of the degree of autolysis – is post mortal bloat present/absent?
On blood smear is erythrocyte integrity retained (minimal autolysis) or are
erythrocytes haemolysed (significant autolysis)?
• Subcutaneous crepitation – is it present (gas producing clostridial species) or
absent (oedema producing clostridial species)?
• Visible swelling of musculature – present (due to gas or fluid or necrosis) or
absent?
• Describe the distribution of lesions (schematic representation).
• Are there any haemorrhagic exudates from body cavities?
• Blood smear to exclude anthrax and assess degree of post mortal autolysis.
After skinning the carcass
• Evaluate subcutaneous tissues for – oedema / emphysema / haemorrhage.
• Odour - “rancid butter” smell.
• Cut into affected site – emphysema vs oedema syndrome
• Evidence of myositis / necrosis?
• Select site for smears / fluid / tissue collection.
• Collect batches of samples from the same site. This is extremely important as
it enables more critical comparison of gross pathology to cytology to
fluorescent antibody test (FAT) to culture to histopathology.
• Role of Clostridium perfringens in clostridial myositis syndromes is not to be
ignored.
• Consider differentials (anthrax, necrotizing fasciitis)
Clostridial Fluorescent Antibody Test (FAT)
Smear preparation
• Minimum of 6 smears allows for individual smear FAT (preferred), DiffQuick® another special stain (Giemsa, Gram etc).
• All smears collected should be from the same site to ensure uniformity in the
examination process (figure 11).

Figure 12. Six anatomical site labelled impression smears are collected from the
same area of muscle.
•

•
•
•

Following glass slide impression from muscle, smear onto a second slide to
avoid thick smears (this is most important for the two non-FAT smears used
for cytological examination and special stains)
Allow adequate time for smears. To dry prior to packing for the laboratory.
Smears packed before they are adequately dry, have artefactual changes which
can interfere with interpretation of the cytology and FAT.
After drying wrap each smear in paper-towel using a continuous wrap, this
avoids the slides sticking to one another. Then fold over ends and strap with
tape.

Figure 13. Dried impression smears are wrapped individually in a continuous wrap
with paper towel to avoid slides sticking to one another.

•

Label each set of slides for the particular site or animal.

•

Place wrapped slides in a sealed sample envelope to avoid formalin-fume
contamination. Formalin-fume contamination severely compromises the
efficacy of the FAT as formalin bonds mask clostridial antigens..

Smear Examination
• Examine Diff-Quick stain first to determine if any clostridial-like organisms
our present and if so estimate numbers. Evaluate erythrocytes to determine if
they are intact or hemolyzed, as a yardstick to assess the degree of post mortal
autolysis.
• Only 4 species of clostridia are available in the fluorescent antibody test
(FAT) assay (Clostridium chauvoei, Clostridium septicum, Clostridium novyi,
Clostridium septicum). Remember Clostridium perfringens is associated with
a significant number of clostridial myositis cases.
• Always correlate FAT results to all the other assays performed (cytology,
histopathology, anaerobic culture).
• Avoid basing your diagnosis solely on the FAT result.
• False negative FAT results may be encountered with
o Poor bacterial recovery (this is the reason why we examine the DiffQuick slide 1st)
o Low bacterial load at sample site, as much of the pathology is initiated
by clostridial toxins.
o Clostridium perfringens myositis.
• False positive results
o Post mortal proliferation of putrefactive clostridia (FAT frequently
positive for multiple Clostridium species).
o Poor packaging and transport conditions with breaking of the cold
chain, resulting in bacterial proliferation during transit to the
laboratory.

Anaerobic culture
•

•
•

•
•

A block of subcutaneous and/or muscle tissue / fluid / charcoal swab is
collected from the site where the impression smears where prepared.
*Charcoal swabs are the preferred sample for anaerobic culture as the media
promotes prolonged survival of the bacteria.
All other samples need to have oxygen excluded as soon as possible
For subcutaneous / muscle tissues, the block sample should be a minimum of
4cm3, as this favours the maintenance of anaerobic conditions at the centre of
the block.
Place tissue block in a sample envelope which is then folded to exclude
oxygen and sealed.
Fluid samples are collected into a sterile syringe and then transferred to a
screw cap sealable tube. Avoid sending fluid in syringe with air expelled and
the needle bent back on itself or plugged, as these tend to auto-express and no
fluid remains at receipt in the laboratory. In addition, needles pose a threat to
laboratory staff safety.

Histopathology
•
•

•

Collection procedure as above.
Seal formalin container lid with sealing tape, wrap in paper towel and place
elastic band over, to absorb any leakage, and reduce the risk of formalin
contamination of other samples.
Place container in a sealed envelope, separate to the FAT and culture samples,
to avoid release of formalin fumes.
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