Paulis & Ali 135

ANTEMORTEM, PERIMORTEM AND POSTMORTEM BONE
FRACTURE: COULD HISTOPATHOLOGY DIFFERENTIATE

BETWEEN?
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ABSTRACT

One of the important duties of the forensic experts is to differentiate between antemortem,

perimortem, and postmortem bone fracture to estimate the postmortem interval. This study aimed
to differentiate between antemortem, perimortem and postmortem bone fracture in late
postmortem interval by histopathological technique. Sixty rats were equally divided into 6
groups. The first, second, third, and fourth groups involved rats that their left femora were
fractured and left alive for 6, 3, 1 days and 12 hr. before scarification respectively. The fifth and
sixth groups included rats that their left femora were fractured just before death and 2 hours
postmortem respectively. Bone fracture was examined 3 and 6 days postmortem. Bone samples
were stained with hematoxylin and eosin stain (H&E), trichrome stain, and Prussian blue (iron
stain). Hemorrhage, the number of osteocyte nuclei, the number of bone marrow nuclei, and the
degree of bone marrow dehydration were assessed. Our results revealed that hemorrhage was
more evidenced in 1-day fracture, then 3 days and 12 hours, while, less in 6 days and at time of
death. It was absent in postmortem fracture. There were significant decreases in the number of
osteocytes and bone marrow nuclei, bone marrow hydration, and Prussian blue when examined
at 6 days postmortem in comparing with 3 days postmortem. This study concluded that H&E and
trichrome stain succeeded in estimation of the age of the long bone fracture and differentiation
between antemortem, perimortem and postmortem fracture, while Prussian blue stain showed

insignificant changes in fracture produced just before death.
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INTRODUCTION
It is a vital task for forensic experts

to determine the vitality (whether
antemortem or postmortem) and age of
tissues injury. This mission is crucial in
determining the manner and cause of
death (Ishida et al., 2018). Histological,
immunohistochemical and  different
chemical methods were employed to
achieve this task (Dettmeyer, 2018,
Nosaka et al., 2017, El-Noor et al.,
2017). The skin had the lion's share of
this work in comparing to other tissues
as muscles (Sun et al., 2017a), and bone
(Boer et al., 2015). In addition, most of
the research examined wound vitality at
death or shortly postmortem (within 24 h
postmortem) (Sun et al., 2017b). There
Is a lack regarding the effect of
postmortem decomposition on this
healing process, and whether it could be
estimated in late postmortem interval or
not.

A mainly critical subject in this
sense is the study of bone trauma and
determining the time of bone fracture
regarding the time of death.

Anthropologists classified the timing of

trauma to antemortem, perimortem, and
postmortem. Antemortem trauma that
occurs before death and characterized by
signs of healing at the site of trauma
(Wedel and Galloway, 2013). The
perimortem that occurs at death.
Postmortem fractures that occur after
death and are mostly associated with
autolytic processes (George et al.,
2016).

Antemortem trauma has a big value
for forensic pathologists as it is easily
identified due to signs of healing
(Galloway et al., 2014). On the other
hand, both perimortem and postmortem
trauma is difficult to be differentiated
(Christensen et al., 2014). Moreover,
there are many environmental factors can
alter the characters of bone injuries, such
as temperature, soil, moisture, fire and
plants (Karr and Outram, 2015, Karr
and Outram, 2012).

It has been reported that the
morphology, color changes and texture
of edges of the bone fracture can
distinguish between the perimortem and
postmortem fracture, while, this is still

query for forensic experts, particularly
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with fresh bones. (Scheirs et al., 2017)
have revealed that the macroscopic
pattern of bone fractures is only helpful
in the diagnosis of perimortem and
antemortem fracture only after 10 to 14
days. Cattaneo et al., (2010) have
reported that forensic traditional methods
cannot resolve this problem; while,
forensic histopathology may be helpful
to reveal some vital reactions in bone
fracture. The histopathology techniques
could develop the forensic diagnostic
efficiency.

This study aimed to distinguish
between the antemortem, perimortem
and postmortem bone fracture in rat
femora in late postmortem interval and
determine the effect of duration of the
postmortem on the bone fracture by

histopathological techniques.

MATERIALS AND METHODS
All  experimental design and

procedures were ap proved by the ethical
committee of Faculty of Medicine, Minia
University. Adult male waster rats
weighting 180-200 g were purchased

from the faculty of Veterinary, Minia

University. Rats were left for one week
in the same experimental conditions
before starting the study for acclimation.
Animals were kept in standard living
conditions (temperature (253 C), and
12-h light/dark cycles). Rats were
allowed free access to tap water and
standard rodent chow.

Fracture of the left rat femur was
induced by a plier according to
(Handool et al., 2018). The fracture was
done under general anesthesia using
(70mg/kg) and

intraperitoneal. The

ketamine
(5mk/kg)

compressing surface was applied the

xylazine

mid-shaft of the left femur. Pressure was
applied gradually until the cracking
sound of bone fracture was heard. A
small bandage was applied to the
fractured limb to facilitate the free
mobility of the rats. Ketoprofen
(Ketofan®, Amriya Pharma, Egypt) was
given as an analgesic for groups that left
for 6, 3, and 1 days and 12h before
scarification  (5mg/kg  subcutaneous
/day).

Sixty rats were equally divided into

6 groups. The first, second, and third
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groups involved rats that their left
femora were fractured and left alive for
6, 3, and 1 days before scarification. The
fourth group involved rats that their left
femora were fractured and left for 12
The fifth

group involved rats that their left femora

hours before scarification.

were fractured just before death. The
sixth group included rats that their left
femora were fractured 2 hours after
death. This group was considered, as a
control group as there was no
hemorrhage or  tissue reaction
postmortem. All rats were sacrificed by
decapitation. Rats were buried in soil to a
depth of 20 cm. The soil type at this site
is sandy loam with an average pH of 5.5.
The experiments occurred during spring
(March). Three days after death, 5 rats
from each group were excavated. Six
days after death, the remaining 5 rats
were exhumed. After excavation, the left
leg was removed and washed thoroughly
with tap water. Femora were carefully
dissected and placed in sealed plastic
containers and stored at -20°C to prevent
further degradation until the time of

histological staining.

Bone was fixed in 10% neutral
buffered formalin for 48 h, and then
decalcified in 10% ethylene diamine
(EDTA).  Tissue
dehydration,

tetra-acetic  acid
processing, including
clearing, impregnation, and embedding,
was done through graded ethanol, xylol,
and paraffin.

Histologic sections with a thickness
of 6 um were prepared and then the
samples were routinely stained with
hematoxylin and eosin staining method
(H&E) is a standard staining procedure
widely used in the field of pathology.
Nine sections were prepared from each
sample (3 for each used stain). Samples
were stained with a blue basophilic stain,
which stains nuclei and counter stained
with a red eosinophilic stain that stains
the extracellular matrix and other tissue
structures. Trichrome stain is a staining
method comprised of three stains that
differentially stain types of connective
tissue. Collagen and connective tissues
are stained blue, nuclei are stained dark
blue or purple, and muscle and red blood

cells are stained red. Prussian blue is an
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iron stain indicate hemorrhage (Suvarna
et al., 2018).

Sections were observed by Olympus
light microscope (Japan). Images were
captured using a digital camera mounted
on the microscope and connected to a
computer. Different histological
parameters were evaluated using free
Image analysis software ImageJ.

For  comparative  analysis  of
histological changes in different groups,
variable scoring systems were used for
each histopathological parameter. This
scoring system was used according to
2015)  with

modifications. In H&E and trichrome

Powel (Powell, some

stains, 4 parameters were assessed
namely hemorrhage, the number of
osteocyte nuclei, the number of bone
marrow nuclei, and the degree of bone
marrow dehydration. Hemorrhage was
noticed around the fracture site. If there
was no noticeable hemorrhage, it was
given a score “1”. If there were mild,
moderate, or marked hemorrhage, it was
score ‘27, “3”, or “4”

given a

respectively. The number of osteocyte

nuclei was expressed as a percentage
using the following formula:

Percentage of osteocyte nuclei =
the number of lacunue with osteocyte nuclei

the total number of lacunae

According to  the  obtained
percentage of osteocyte nuclei, four
scales were classified. A score “1”, “2”,
“3”, or “4” if approximately 0-25%, 26-
50%, 51-75%, or 76-100% of osteocyte
nuclei were visible respectively.

Bone marrow nuclei were calculated
using the following formula:

Percentage of bone marrow nuclei =
the area occupied by bone marrow nuclei

the total bone marrow area

According to the  obtained
percentage of marrow nuclei, four
categories were classified. A score “1” if
approximately 0-25% of marrow nuclei
were visible. A score “2”, “3”, or “4” if
approximately 26-50%, 51-75%, or 76-
100% of marrow nuclei were visible
respectively.

Bone marrow dehydration this was
determined by the density of marrow and
the area covered by the extracellular

matrix. It was given a score “1”, “2”, or

x 100
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“3” if there were no, moderate, or
pronounced dehydration respectively.

Categorical classification of Prussian
blue staining was expressed as “1” if no
Prussian blue was noticed and “2”, “3”,
or “4” if it was present in the examined
field in mild, moderate, pronounced
amount respectively.

Three non-overlapping visual filed
were examined from each slide. The
average score for each animal was
obtained for each parameter in the
examined fields in the 3 slides.

Statistical analysis:

Data were expressed as mean + SD.
As data did not show normal
distribution, non-parametric tests, Mann-
Whitney U test with Bonferroni
correction. All P values <0.05 were
considered statistically significant. All
statistical procedures were conducted
using SPSS 22 software on a personal
computer.

RESULTS

Histopathological examination of
group 1 that exhumed 3 days after rat
scarification showed well-evidenced

fracture healing in the form of a

provisional fibrous callus. In addition,
blood vessels in the bone marrow spaces
and musculature showed severe damage
(figl-a). Bone tissue section revealed
well-preserved  numbers of  both
osteocytes and marrow nuclei. There was
slight marrow dehydration (fig.1-b).
Hemosiderosis was seen in-between
bone fragment and accompanied by few
hemorrhagic red blood cells score (fig.1-
C).

On the other hand, group 1 that
dissected 6 days after burial, a reduction
of bone fragments resorption was seen.
Sloughing of periosteal outer fibrous
layer and autolysis of inner osteogenic
layers that represented empty lacunar
spaces (fig.2-a). Bone tissue section
revealed decreased numbers of both
osteocytes and marrow nuclei (fig.2-b).
There was a moderate amount of marrow
dehydration. Hemosiderosis was seen in-
between bone fragment and the small

hemorrhagic area was seen (fig.2-c).

Histopathological examination of
group 2 showed that the bone tissue

section at the point of fracture has
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fibroblasts proliferation and angiogenesis
and development of granulation tissue
within the 3 days of dissection (fig.3-a).
Bone tissue section revealed there are
still. numerous both osteocytes and
marrow nuclei (but less than that of
group 1). There was minimal marrow
dehydration  (fig.3-b). Hemosiderosis
was absent in-between bone fragment
and several congested capillaries and
hemorrhage (fig.3-c).

The same group that dissected 6 days
after burial, revealed autolytic alterations
of the bone adjacent to the fracture line.
It is evident by empty some lacunar
spaces due to death of osteocytes. A
numerous number of bone fragments
scatted in the surrounding autolysis
fascia were noticed. The disappearance
of granulation tissues and roughness of
fracture bone surfaces were shown
(fig.4-a). Bone tissue section revealed a
decreased number of both osteocytes and
marrow nuclei. Presence of marrow
dehydration represented as empty bone
marrow spaces from cells (fig.4-b). Few
hemosiderin depositions between bone

fragment minimal hemorrhages (fig.4-c).

Examination of bone fractures 1 day
before rat scarification showed acute
hemorrhage at the point of fracture
secondary to vascular injury with the
accumulation of a fusiform hematoma. In
addition, deposited fibrin in the
hematoma with edema was observed at 3
days of dissection (fig.5-a). Bone tissue
section revealed numerous osteocytes
and marrow nuclei. There was minimal
amount of marrow dehydration (fig.5-b).
Hemosiderosis was clearly demonstrated
in-between bone fragment with a
massive area of hemorrhage (fig.5-c).
After 6 days of dissection of rats from
group 3, autolytic changes of bone
marrow and empty of some lacunar
spaces of osteolytic cells were seen
(fig.6-a). Bone tissue section revealed
decreased both osteocytes and marrow
nuclei. Increased marrow dehydration
represented as empty bone marrow
(fig.6-b).

Hemosiderosis was minimally found in-

spaces from cells

between bone fragment and little amount
of hemorrhage (fig.6-c).

Tissue section of bone fracture area
at 12 h before rats’ death (group 4) and
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dissected 3 days after burial revealed a
marked separation of two fracture bone
ends by bone marrow cells and
fragmented bony trabeculae (fig.7-a).
Bone tissue section revealed score
numerous Visible osteocytes and marrow
nuclei. Slight marrow dehydration was
noticed (fig.7-b). There was a moderate
amount of hemosiderin particles in-
between bone fragment with varied sizes
hemorrhagic areas (fig.8-c). On other
side, after 6 days of dissection of the
same group, complete damage of bony
tissue at the site of fracture which
characterized by fragmentation of bony
tissue with empty of some lacunar spaces
of osteolytic cells (fig.8-a). Bone tissue
section revealed score decreased a
number of both osteocytes and marrow
nuclei. Presence of marrow dehydration
represented as empty bone marrow
spaces from cells (fig.8-b). There was a
minimal amount of hemosiderin pigment
and hemorrhage in-between bone
fragment (fig8-c).

In group 5 (fracture induced just
before rats’ death) that examined 3 days

after death, fracture bony tissue showed

complete separation of two ends of
fractured bone by a homogeneous
eosinophilic material mainly clotted
blood cells (fig.9-a). Autolyzed bone
marrow cells and a numerous number of
bone fragments were seen. Bone tissue
section numerous both osteocytes and
marrow nuclei. There was a minimal
amount of marrow dehydration (fig.9-b).
Hemosiderosis was minimally in-
between bone fragment score, on other
side, a hemorrhagic area in form of free
red blood cells was also noticed (fig.9-c).
Six days after exhumation of rats of the
same group, the fractured bone ends
showed autolytic changes characterized
by complete damage of endosteum,
which appeared as the rough irregular
surface. The osteocytes represented as
deep eosinophilic nuclei without clear
lacunar spaces after (fig.10-a). Bone
tissue section revealed a decreased
number of both osteocytes and marrow
nuclei. Presence of marrow dehydration
represented as empty bone marrow
(fig.10-b).
Hemosiderosis was clearly demonstrated

spaces from cells
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in-between bone fragment and free red
blood cells was seen (fig.10-c).

The histological findings of bone
fracture induced 2 h postmortem showed
autolytic changes of osteocytes and
empty of some lacunae, which scattered
in bone tissue section at 3 days of
dissection (fig.11-a). Bone tissue section
revealed numerous both osteocytes and
marrow nuclei. Slight marrow
dehydration was noticed (fig.11-b).
Absent of hemosiderin particles in-
between bone fragment was recorded
and no hemorrhagic spots were seen
(fig.11-c). In addition, 6 days after
dissection, complete damage of bone
tissue and disappearance of both some
osteocytes and their lacunae were seen
(fig.12-a). Bone tissue section revealed
decreased both osteocytes and marrow
nuclei. Marked marrow dehydration was
seen (fig.12-b). No hemosiderin particles
or hemorrhage was detected (fig.12-c).

As regard as the results of the
scoring system of different examined
histopathological parameters, the number
of visible osteocyte nuclei decreased

significantly in case of bone fracture 3

and 1 day before scarification. In
contrast, in 6 days, 12 h and just before
death, it showed insignificant changes
when compared with their number in
case of postmortem fracture. These
changes were evident in both H&E (table
1) and trichrome (table 2) stained
slides.in addition, these findings were
true in the examination of bone 3 and 6
days postmortem.

Bone marrow nuclei examined by
H&E and trichrome stains were
significantly different all groups when
compared with postmortem fracture.
This was true in bone examined 3 days
postmortem but not in case of
examination of bone 6 days after
exhumation. These findings were evident
in H&E and trichrome stained slides
(table 1 & 2).

The degree of bone marrow
dehydration showed insignificant
changes in examined bone fracture when
produced antemortem and that produced
postmortem. These were the same results
in both H&E and trichrome stained slides

(table 1 & 2).
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There were pronounced hemorrhage
in fracture produced 3, 1 days, and 12 h
antemortem (group 2, 3, and 4). There
was mild hemorrhage in 6 days
antemortem and just before death
fractures. All groups give significant
changes in comparing with the
hemorrhage score produced postmortem.
These changes were true for both H&E
and trichrome stained slides. In addition,
hemorrhage was more evident in bone
examined 3 days postmortem than that
examined 6 days postmortem (table 1 &
2). Prussian blue gave similar findings
except that that for fracture induced just
before death; it was insignificant from
postmortem fracture (table 1).

All  histopathological parameters
showed significant changes in comparing
between 3 and 6 days postmortem
discussion (table 1 &2).
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Table 1: Quantitative assessment of different histopathological parameters in slides stained with
H&E and Prussian blue stains.

Time of Stain Affinity Score
g' bone H&E Prussian blue
35 fracture Osteocyte Marrow Nuclei Marrow Hemorrhage
2 Nuclei Dehydration
£ Time of Dissection
< 3days | 6days | 3days | 6days | 3days |6 3 6 3 days | 6 days
days | days | days
Gl 6 days 3.62+1 | 1.43x0| 3.89+1 | 1.87£0 | 0.64+ | 2.13+ | 2.26x | 1.45+ | 2.35+ | 1.87%
before .32 .38* S4@ | .28@*| 0.02 | 0.74*]| 1.07 | 0.34 | 1.21@| 0.33
death @ @* @*
G2 3 days 2.27+1 | 1.21+0] 2.19+1 | 1.02+0 | 0.54+ | 2.01+ | 3.34+ | 1.77+ | 3.43+ | 1.89+
before 21@ | 52@* | .06@ .05* 0.03 | 0.43*| 1.18 | 053 |1.04@ | 0.32
death @ @ @*
G3 1 days 1.3240 | 0.92+0 | 2.43x0 | 0.93+x0 | 0.73+ | 2.78+ | 3.95+ | 1.89+ | 3.87+ | 2.13¢
before 09@ | .63@*| .87@ | .07@*| 0.05 | 0.77*| 1.21 | 0.63 | 1.02@ | 0.78
death @ @* @*
G4 12 hrs 3.32+. | 1.40+0 | 3.02+1 | 1.35+0 | 0.45+ | 2.64+ | 3.84+ | 1.65+ | 3.68+ | 2.11+
before 1.61 23* 4@ | .03@*| 0.04 | 0.68*| 153 | 0.34 | 1.04@ | 0.52
death @ @* @*
G5 | Just before | 3.25+. | 1.42+0 | 2.67+1 | 1.07+0 | 0.32+ | 2.62+ | 2.87+ | 1.01+ | 0.65+ | 0.36*
death 1.03 A41* 07@ .03* 0.03 | 0.89*| 1.05 | 043 0.94 | 0.63*
@ @*
G6 | 2hrsafter | 3.37+1 | 1.45+0 | 2.03+0 | 1.03+0 | 0.35+ | 2.11+| 0.13+ | 0.11+ | 0.54+ | 0.21+
death 52 31* .64 .04* 0.04 | 0.77*| 0.04 | 0.03 0.05 | 0.06*

For each animal, the score was calculated as the average of results from the examined 3 visual

fields for the 3 slides. For each subgroup, data were expressed as mean + SD.

Score key: for osteocytes and bone marrow nuclei: “1” indicates 0-25% visible nuclei, “2”
indicates 25-50% visible nuclei, “3” indicates 50-75%, and “4” indicates 75-100% visible nuclei.
For marrow dehydration: “1” indicates no dehydration, “2” indicates moderate dehydration, and
“3” indicates pronounced dehydration.
For hemorrhage: “1” indicates no hemorrhage, “2” indicates mild hemorrhage, “3” indicates

moderate hemorrhage, and “4” indicates marked hemorrhage.

For Prussian blue: “1” indicates absent stain, “2” indicates mild amount of stained area, “3”
indicates moderate amount, and “4” indicates pronounced stained area.
@ Significant in comparing with 2 h postmortem fracture group.
* Significant in comparing with 3 days postmortem dissection of the same time of fracture.
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Table 2: quantitative assessment of different histopathological parameters in slides stained with
Masson Trichrome stains.

Animal | Time of Stain Affinity Score
S bone Osteocyte Marrow Marrow Hemorrhage
Group | fracture Nuclei Nuclei Dehydration
Time of Dissection
3 6 days | 3 6 3 6 days | 3days | 6 days
days days | days | days

Gl 6 days 3.45 | 1.76x | 3.77+ | 1.98+ | 0.76% | 2.65+0 | 2.33+1. | 1.46+0.5
before +1.4 | 0.68* | 1.54 | 056 | 0.33 | .87* 4@ 4@*
death 3 @ @*

G2 3 days 2.43 | 1.25+ | 2.34+ | 1.44+ | 0.53+ | 2.76+0 | 3.65+1. | 1.52+0.5
before +15 |1 0.76@ | 1.54 | 0.14 | 0.07 16* 65@ l@*
death 4@ * @

G3 1 days 1.65 | 1.22+ | 254+ | 0.99+ | 0.85+ | 2.73+0 | 3.76+1. | 1.84+0.6
before +0.2 | 0.66@ | 099 | 0.16 | 0.12 | .45@* | 34@ T@*
death 1@ @ @*

G4 12 hrs 3.43 | 1.76+ | 3.65+ | 1.65+ | 0.64+ | 2.75+0 | 3.54+1. | 1.65+0.3
before +17) 043 | 154 | 0.34 | 0.05 | .87* 43@ 6@*
death 6 @ @*

G5 | Justbefore | 3.67 | 1.83+ | 2.87+ | 1.65+ | 0.35+ | 2.34+0 | 2.88+1. | 1.61+0.4
death +1.2) 053* | 154 | 023 | 0.02 | .71* 22@ 6@*

2 @ @*

G6 2 hrs after | 3.43 | 1.66x | 2.44+ | 1.44+ | 0.36+ | 2.65+0 | 0.43+0. | 0.16+0.0

death +1.6 | 0.53* | 0.67 | 0.54*| 0.07 | .83* 06 6*
4

For each animal, the score was calculated as the average of results from the examined 3 visual
fields for the 3 slides. For each subgroup, data were expressed as mean + SD.
Score key: for osteocytes and bone marrow nuclei: “1” indicates 0-25% visible nuclei, “2”
indicates 25-50% visible nuclei, “3” indicates 50-75%, and “4” indicates 75-100% visible nuclei.
For marrow dehydration: “1” indicates no dehydration, “2” indicates moderate dehydration, and
“3” indicates pronounced dehydration.
For hemorrhage: “1” indicates no hemorrhage, “2” indicates mild hemorrhage, “3” indicates
moderate hemorrhage, and “4” indicates marked hemorrhage.

@ Significant in comparing with 2 h postmortem fracture group.
* Significant in comparing with 3 days postmortem dissection of the same time of fracture.
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Fig. (1) Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 6 days
antemortem and examined 3 days postmortem showing: (a) fibrous callus tissue (black
arrow) and marked bone marrow cells (red arrow) (H&E) (b) visible osteocyte (black arrow)

and bone marrow nuclei (red arrow) (trichrome stain) (c) bluish hemosiderin deposits
(Prussian blue) (arrow) (x200).

Fig. (2) Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 6 days
antemortem and examined 6 days postmortem showing: (a) (H&E) & (b) (trichrome stain)
autolysis of an inner osteogenic layers that represented as empty lacunar spaces (black arrow)

and clear marrow space ( red arrow). (c) Bluish hemosiderin deposits (Prussian blue) (arrow) (X
200).
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Fig. (3): Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 3 days
antemortem and examined 3 days postmortem showing (a) development of granulation
tissue (arrow) (H&E) (b some visible (white arrow) and empty (black arrow) osteocyte
nuclei and empty bone marrow nuclei (red arrow) (trichrome) (c) visible few hemosiderin

deposits (black arrow) (Prussian blue) (X 200).

Fig. (4): Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 3 days
antemortem and examined 6 days postmortem showing(a) (H&E) & (b) (trichrome stain)
autolysis of an inner osteogenic layers that represented as empty lacunar spaces (black arrow)
and clear marrow space (red arrow) Trichrome (c) Some few hemosiderin deposits (Prussian
blue) (X 200).
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Fig. (5): Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 1 day
antemortem and examined 3 days postmortem showing (a) hemorrhage (black arrow) and fibrin
deposition (red arrow) (H&E) (b) clear marrow (red arrow) and osteocytic cells (black arrow)

(trichrome stain) (c) Presence of an increased number of hemosiderin deposits (arrow) (Prussian
blue) (X 200).

Fig. (6): Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 1 day
antemortem and examined 6 days postmortem showing (a) autolytic changes of bone marrow
and empty of some lacunar spaces (arrow) (H&E) (b) Slight marrow dehydration (arrow)
(trichrome stain) (c) very few hemosiderin deposits were seen (arrow) (Prussian blue) (X 200).
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Fig. (7): Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 12h
antemortem and examined 3 days postmortem showing (a) hemorrhage (black arrow), visible
(white arrow), and non-visible (red arrow ) osteocyte nuclei (H&E) (b) Slight marrow
dehydration (arrow) Trichrome (c) Few hemosiderin deposits (arrow) (Prussian blue) (X 200).

Fig. (8): Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 12h
antemortem and examined 6 days postmortem showing: (a) (H&E) & (b) (trichrome stain)
autolysis of an inner osteogenic layers that represented as empty lacunar spaces(black arrow) and
clear marrow space (red arrow) (c) Minimal hemosiderin deposits were noticed (black arrow)
(Prussian blue) (X 200).
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Fig. (9): Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 2h
antemortem and examined 3 days postmortem showing: (a) fracture line (black arrow) and
hemorrhage (red arrow) (H&E) (b) Empty some lacunar spaces (black arrow) and clear marrow
space (red arrow) (trichrome satin) (c) Absent of hemosiderin deposits (Prussian blue) (X 200).
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Fig. (10): Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 2h
antemortem and examined 6 days postmortem showing: (a) (H&E) & (b) (trichrome satin)
autolysis of an inner osteogenic layers that represented as empty lacunar spaces (black arrow)
and clear marrow space (red arrow) (c) Absence of hemosiderin deposits (Prussian blue) (X
200).
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Fig. (11): Photomicrograph of a longitudinal section of bone tissue of rat femora fractured 2h
postmortem and examined 3 days postmortem showing: (a) Absent hemorrhage, non-visible
(black arrows) and visible (white arrow) osteocyte nuclei, and empty bone marrow spaces (red
arrow) (H&E) (b) Slight marrow dehydration (arrow) (trichrome stain) (c) Absent of
hemosiderin deposits (Prussian blue) (X 200).

Fig. (12): Photomicrograph of a longitudinal section of bone tissue rat femora fractured 2h
postmortem and examined 6 days postmortem showing: (a) autolytic changes of bone marrow
(arrow) (H&E) (b) Slight marrow dehydration (red arrow) and empty lacunar spaces (black
arrow) (trichrome stain) (c) Absent of hemosiderin deposit (Prussian blue) (X 200).
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DISCUSSION

The diagnosis and differentiation

between antemortem or postmortem skin
wound and estimation of the wound age
have been thoroughly investigated with
accurate results have been obtained
regarding this context (Ishida et al.,
2018). In contrast, skeletal trauma is just
classified as healing or healed fracture
without much detailed. Accurate dating
of antemortem injury is of great value for
forensic anthropologists (Boer et al.,
2015).

Furthermore, the differentiation
between antemortem, perimortem and
postmortem bone fracture is difficult to
perform (Cappella et al., 2014, Jordana
et al., 2013). Mostly, it depends on
macro-morphological characters of the
fracture such as fracture angle and
fracture surface or edge. While these
morphological characters may be altered
by several environmental factors which
make the process of differentiation more
difficult and complicated (Pechnikova et

al., 2011).

In the present study,

histopathological techniques  with
multiple stains were used for enhanced
clarification of different microscopic
structures of the bone fracture to estimate
the age of injury at different postmortem
intervals. Our results revealed that
hemorrhage was more evidenced in 1-
day fracture, followed by 3 days and 12
hours, while, less in 6 days and at time of
death. It was absent in postmortem
fracture. These findings appeared from
H&E, trichrome, and Prussian blue
stains. Prussian blue stain of hemosiderin
was more evident at 6 days postmortem
autopsy than H&E and trichrome. These
findings are in agreement with (Powell,
2015) who revealed that the amount of
hemorrhage appeared at 1-day survival
time was more than at the time of death.
McKinley et al., (2014) reported that the
amount of hemorrhage is directly
proportional to the time in the first day
after the injury. Cattaneo et al., (2010)
found a blood clot in bone fracture that

occurred 34 min. before death.

Fibrous callous formation was

evident at 6 days before death and
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fibroblasts  proliferation ~ with  the
development of granulation tissue
appeared at 3 days before death. These
findings are consistent with the process
of healing proved by Dettmeyer
(Dettmeyer, 2018). Two factors affect
changes in the cellular components at the
fracture site. The first is the vital
reactions that the bone does to heal
fracture. The second is the postmortem
autolytic changes occur in the tissues
after death (Goff, 2010). Both should be
taken into account in looking at the
changes that occur at different healing
stages in the two chosen postmortem

periods.

Bone marrow nuclei and the degree
of bone marrow dehydration were more
affected by the time of autopsy. Rapid
autolysis occurred when comparing these
parameters at 6 days postmortem
examination with the same group at 3
days analysis. Sorg and Haglund,
(2002) proved that bone marrow cells
have a high metabolic rate as the same as
erythrocytes, hence, they undergo rapid

degradation.

Usually, in bone healing (2-3 days
post fracture), empty lacunar spaces are
evident due to death of osteocytes; the
clear line between dead bone (empty
lacunae) and live bone appeared
(Dettmeyer, 2018). Most of the
examined bone  sections  showed
significant decreases in the number of
osteocyte and bone marrow nuclei, bone
marrow hydration, and Prussian blue
when examined at 6 days postmortem in
comparing with 3 days postmortem.
Powell (2015) revealed that the number
of visible nuclei decreased gradually
over time. These changes result from the
normal autolytic changes occur after
cellular death. These changes could be of
a value in the estimation of postmortem
interval from histopathological
examination of bone tissue. Although the
examined bone sections in this study
were limited to that close to the fracture
site, Powell (2015) found that fracture
and non-fracture bone tissues decompose

in a similar manner.

H&E and trichrome stain were
beneficial in the estimation of the age of

the long bone fracture and differentiation
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between antemortem, perimortem and
postmortem fracture, while Prussian blue
stain showed insignificant changes in
fracture produced just before death. This
could be explained as the hemoglobin,
which is released from ingested
erythrocytes by phagocytosis, undergoes
degradation into hemosiderin which is
condensed in and around the phagocytic
cell. The Prussian blue stained remote
hemorrhage that undergone a phagocytic
process which did not have time to occur
in injuries inflicted shortly before
circulatory cessation (Dettmeyer, 2018).
These changes could be seen in putrefied
bone in late postmortem interval (3 and 6

days postmortem in hot weather).

Several biomechanical and
pathological factors could disturb healing
of bone fracture; for example, the type
and site of fracture and, the presence or
absence of therapeutic intervention
(immobilization). Other general factors
include the age of the victim, general
diseases, and nutritional condition
(Mirhadi et al., 2013). In this study,
immobilized non-displaced fracture only

was studied.

CONCLUSION

The present study succeeded in the

estimation of the age of the long bone
fracture and differentiation of events that
occurred antemortem from perimortem
and postmortem fracture. Further work is
needed to clarify more information about
the degree of bone autolysis over more
repeated periods with a larger sample
size under different environmental
conditions. Other factors (biomechanical
and pathological) are needed to elucidate
in further work (the difference between
rat and human). More advanced stains
are recommended for more specific
structures.
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