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Abstract
Fabric fibers are an important type of trace evidence that can be used to establish connections among individuals, crime
scenes, and objects. In addition to the identification of fabric fibers, the examination of fabric damage also plays an important
role in forensic investigation as to reconstruct an assaulting incident. Optical microscopy and scanning electron microscopy (SEM)
are often used to determine the distinct morphology of fiber ends caused by different forms of mechanical damage. However,
the price of SEM is not affordable to the local forensic science departments. Thus, a polarized light microscope (PLM), which
is relatively inexpensive and accessible to local police laboratories, was used in this study in order to differentiate the fabric
damages caused by cutting with scissors, slicing with scalpel blade, puncturing with screwdriver and discharged bullet, and
ripping with hands.
The results revealed that the examination procedure used in this study was able to identify the distinct characteristics in
fiber ends broken by bullet, scissors, scalpel blade, Philips screwdriver, and ripping. Fabric damage caused by sharp-edged
instruments produced neat fiber ends and localized interference color change under PLM. Damage created by puncturing
the fabric by non-cutting means, producing irregular holes, which also resulted in rough and elongated broken fiber ends.
Interference color change and bright transverse stripes were observed in these uneven fiber ends under PLM due to the change of
birefringence property, stress state, and thickness. Whereas uneven fractured fiber ends without interference color change were
observed when fabric yarns were pulled apart by ripping.
Because characteristic features of damaged fiber ends are affected not only by varied forms of mechanical damage but also
the fiber type, yarn structure, and fabric construction and orientation, it is recommended to carry out simulation experiment on
the same type of fabric as that found in the forensic case to reconstruct the incident.
Keywords: forensic science, trace evidence, forensic fiber examination, mechanical damage of fabric, polarized light
microscopy (PLM)

Introduction
Humans have utilized various types of fabric fibers
in daily life for several thousand years. In modern
society, fabric fibers can be found in apparel, household
textiles, curtains, carpets, and furniture coverings. They
are most commonly classified into two basic categories:
natural fibers and manufactured fibers. Natural fibers
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are completely derived from plant, animal or mineral
sources. Manufactured fibers can be further classified
into three sub-categories: chemically synthesized fibers,
regenerated natural fibers, and chemically modified
natural fibers.
The prevalence of fabric fibers has led them to be
an important type of trace evidence that can be used
to establish connections between different individuals,
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between individuals and crime scenes, and between
individuals and objects. An experienced forensic scientist
can presumptively identify a fiber using microscopic
techniques such as visible light, polarized light, and
fluorescence microscopy. These findings can be
confirmed and extended using FTIR [1] or Raman [2]
spectrometer to obtain the infrared or Raman spectrum of
the fiber.
In addition to the identification of fabric fibers, the
examination of fabric damage also plays an important
role in forensic investigation as to determine the
instrument used. There are various forms of mechanical
damage which may be found on fabric after the fabric
has come into contact with another object. However,
the examination of fabric damage is largely confined to
those caused by tearing; cutting with scissors; slashing or
stabbing with knives; and puncturing with screwdrivers
or the discharge of a firearm [3].
Forensic examination of fabric damage is commonly
carried out at the fabric, yarn, and fiber levels. Most of
the information that can assist in determining the cause
of damage lies in the morphology of the fabric, yarns and
fibers at and near the damaged edge of fabric [4-6]. The
observation of fiber end morphology is most frequently
conducted to estimate the mechanical damage to fabric.
Information on this morphology is usually obtained by
observation at magnifications between 20x and 100x
using optical microscope and at a higher magnification
using scanning electron microscope (SEM) [4,7,8].
However SEM is an expensive instrument which cannot
be afforded by the forensic science section of local
police departments. Polarized light microscopy (PLM)
is a useful method to observe the inner structure and the
state of tensile and compressive stress at various points
in the fiber [9]. In addition to the morphological change,
the inner structure and stress state are often affected by
mechanical damage at the fiber end. This will result in
the change of the birefringence property of the damaged
fiber end. Thus, PLM would be a relatively inexpensive
and handy technique that can be used to determine the
cause of mechanical damage to fabric fibers.
The aim of the present study is to employ
optical microscopy and polarized light microscopy to
differentiate the fabric damage caused by cutting with
scissors, slicing with scalpel blade, puncturing with

screwdriver and discharged bullet, and ripping with
hands. It is anticipated that this simple and convenient
procedure would enable the local forensic science
sections to rapidly examine the damaged fabric fibers
and to determine the cause of the damage.

Material and Methods
Fabric
One common manufactured apparel fabric (rayon
75D, woven fabric) was used. Specimens were mounted
in front of an aluminum foil and a 30 mm block of
modeling clay. The combination of aluminum foil and
modeling clay block was used as a simulant of human
body. No impacts, with the exception of scissoring, were
applied to the fabric within 50 mm of the manufactured
edge.

Fabric Impacted by A Pistol Bullet
One Beretta M92FS 9 mm Luger pistol was used to
discharge a 9 mm cartridge with full-metal-jacket bullet
to perforate one fabric specimen. The head stamps of the
fired cartridge were NPA 97. The shooting distance was
10 cm and the fabric specimen was perpendicular to the
line of flight of the bullet. The fibers at the edge of the
bullet hole were examined for their distinct features.

Fabric Impacted by Other Instruments
One fabric specimen each was directly cut by a
pair scissors, sliced by a scalpel blade, or punctured by
an 8-mm Philips screwdriver. Fabric specimens were
cut or sliced with the warp or wale direction aligned
with the impact. All impacts were carried out by human
participants. Characteristics of damaged fibers were
examined by optical microscopy and PLM.

Fabric Yarn Ripped by Hands
The yarns were firstly separated from the fabric.
A fabric yarn was then pulled apart by hands until
breakage to cause a fracture in the middle part. Distinct
characteristics of torn fibers were compared with those of
fibers severed by the other forms of mechanical damage.

PLM Examination of Damaged Fibers

21

Optical Microscopic Examination
The mechanical damages caused by various methods
were firstly examined using a Leica FSC comparison
microscope at magnifications between 10x and 100x. The
severed fiber ends were then examined using a Dino-Lite
AM7515MT4A digital microscope at a magnification
of 450x. The relative positions and morphology of fiber
ends within damaged yarns were observed.

Polarized Light Microscopic Examination
A Nikon Eclipse E400 biological microscope,
including a polarizer placed below the specimen and
an analyzer placed above the specimen, was used at a
magnification of 100x in this study. A Nikon D90 digital
camera was used to capture the magnified images. The
morphology and interference colors of damaged fiber
ends were observed and compared with those of the
undamaged fiber points.

Fig. 1 The fabric damage caused by the impact of
unburned propellant.

Results and Discussion
Fiber Damage Caused by Gunshot
Unburned and partially burned propellant particles
and soot were found around the entrance bullet hole by
means of direct viewing without magnification. Some of
the high-velocity unburned propellant particles penetrated
into the fabric without perforating it. The damage of
fabric fibers caused by the impact of propellant was
easily identified under optical microscopic observation
(Fig. 1). Further inspection of the fabric edge around the
bullet hole revealed that some fiber ends changed from
transparent to translucent. Some fiber endpoints were
found to be curly and elongated (Fig. 2).
One reason for the fiber breakage near the bullet
hole is elongating deformation, and another reason is
the melting caused by the heat produced by the friction
between the high-velocity bullet and fibers. Because
the penetrating process of the bullet is very fast, there
is insufficient time for the dispersion of the frictional
heat generated in the local area. At the resultant high
temperature, the fibers are melted to breakage and
mushroom ends would be developed (see Fig. 3).

Fig. 2 Some fiber ends near the bullet hole are translucent,
with curly and elongated morphology.

Fig. 3 The mushroom end of a fiber broken by localized
melting due to bullet penetration.
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The fiber ends around the edge of the bullet hole
were further examined using polarized light microscope.
A crossed polars mode of the PLM, in which the
vibration directions of polarizer and analyzer were
perpendicular to one another so that the field of view
appeared dark, was then used to observe the extensive
deformation of the fiber ends and examine the condition
of the melted fracture. The translucent part of the fiber
ends becomes dark and opaque under bright-field
microscope because the light cannot penetrate it (Fig. 4).
The use of a PLM to observe the fiber ends reveal that
the melted fiber ends and the extensively deformed fibers
have exhibited a tremendous interference color change,
and especially at the end of the curly portion (Fig. 5).
The change of the internal structure and stress state of

the fiber and the change of the fiber thickness would be
the reason for this change in external appearance and the
interference color change in the curly portion. Given that
a high-velocity bullet impacts a fiber, compressive waves
propagate into the fiber. When the compressive waves
reach the back surface of the fiber, they are reflected as
tensile waves [10]. These stress waves will change the
stress state in the affected portion of the fiber.
Although the appearance of elongated fibers does
not seem to exhibit any changes under general light (Fig.
6), it shows significant interference color change and
some bright transverse stripes under PLM examination
(Fig. 7). This change is likely caused by the dislocation
of the internal fiber structure resulted from the excessive
stress produced by the impact of the bullet.

Fig. 4 The end of the fiber broken after the gunshot is opaque.

Fig. 5 The interference color of the fiber end (for the same shown in Fig. 4)
exhibits a substantial change when viewed with a PLM.

Fig. 6 The fiber is elongated and broken after the gunshot, but the end remains transparent.

Fig. 7 Under the examination of a PLM, the end of the fiber (for the same shown in Fig. 6)
shows interference color change and some bright transverse stripes.

PLM Examination of Damaged Fibers
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Fiber Damage Caused by Scissors
An optical microscopic examination of the fabric
yarn after cutting the fabric with scissors shows that most
fibers appear straight and transparent, without any curls.
The shape and the color of the fibers do not show obvious
changes, and the cuts of the fiber ends are neat (Fig. 8).
Fig. 10 The interference color change of the fiber ends
(for the same fibers shown in Fig. 9) under
observation with a PLM.

Fiber Damage Caused by A Scalpel Blade

Fig. 8 A microscopic image of the fiber ends of the yarn
cut with scissors.
The fiber ends resulted from scissor cut show
symmetric pinched morphology as well as lateral
distortion under bright-field microscope. Although the
direction of the cut was perpendicular to the axis of
the fiber yarn, some sections of the fiber ends were not
orthogonal to the fiber axis, but oblique to it (Fig. 9).
This is most likely because the scissor blades squeezed
the fibers and caused some of them to slide when they
were cut. A PLM examination shows that only the
fiber end exhibits interference color change. The cross
section of fiber ends changes from a round shape to an
oval shape after they are cut, whereas the uncut portion
retained the same structure and appearance. The reason
for the color change of the fiber endpoints is the change
of the thickness and stress state (Fig. 10).

Fig. 9 The morphology of fiber ends after being cut by
scissors.

The fiber ends of the fabric yarn after slicing by a
scalpel blade remains transparent without any change.
The cut of the fiber ends is neat. The reason for these
neat ends is that the sharp blade of the scalpel neatly cuts
the fibers as it travels through the fabric, with only minor
fiber distortion. The comparison of fiber end morphology
under optical microscope revealed few distinctions
between the fabric yarns cut with a scalpel blade and
those cut with scissors (Fig. 11).

Fig. 11 A fabric yarn cut with a scalpel blade under
microscopic observation.
The fiber ends were further observed under a brightfield microscope. Results show that the cross-section of
fiber ends is smoother than that caused by a scissor cut
(Fig. 12). A PLM examination result shows that only the
cut portion has changed. The portion of a fiber end that
exhibits interference color change is smaller than that of
a fiber end cut by scissors (Fig. 13). The fiber endpoints
do not expand obviously and the remaining portions of
the fiber remain unchanged. The reason for this change
is that a scalpel blade is sharper and its inclusive angle is
smaller, so it produces less damage near the fiber ends.
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Fig. 12 The fiber ends cut with a scalpel blade showing
that the cut and the cross-sections are smooth.

A bright-field microscope was then used to observe
the fiber ends damaged by a screwdriver. The ends of most
broken fibers are rough and elongated which indicate that
the damage was caused by a blunt instrument where the
fibers were pulled, elongated and distorted before being
broken (Fig. 15). Minor interference color change was
found at the elongated fiber ends under PLM examination
and some bright transverse stripes were also observed.
However, the amount and the brightness of the transverse
stripes are much less than those of fibers damaged by a
gunshot (Fig. 16). The reason for the less significance of
interference color change is that the screwdriver impacts
the fabric in a much lower velocity than a bullet does, and
thus the change of the stress state in the fiber resulted from
stress waves is insignificant.

Fig. 13 The portions of fiber ends that exhibit interference
color change (for the same fibers shown in Fig.
12) appear smaller under PLM inspection.

Fiber Damage Caused by A Screwdriver
An irregular hole was created in the fabric by
the penetration of the screwdriver. The diameter of
the punctured hole is similar to the diameter of the
screwdriver. However, only a part of the fabric yarns
are broken, and most of the yarns are displaced without
any fractures. The ends of fibers damaged by the Philips
screwdriver are transparent and have curly and elongated
morphology (Fig. 14).

Fig. 15 The fiber ends damaged by a screwdriver
puncturing are rough and elongated.

Fig. 16 The elongated fiber ends (for the same fibers
shown in Fig. 17) show minor interference
color change and transverse stripes under PLM
examination.

Fiber Damaged by Ripping
Fig.14 The fiber ends damaged by the Philips screwdriver
have curly and elongated morphology.

Optical microscopic examination of the torn fibers
shows that the fibers remain transparent, but become
slightly distorted, and thus the broken ends of the fibers

PLM Examination of Damaged Fibers

in a yarn are uneven (Fig. 17). The breakage of these
fibers is mainly resulted from tensile failure during the
ripping process.

Fig. 17 The transparent ends of the broken fiber caused
by ripping are uneven.
The cross-sections of most fiber endpoints are
uneven under a bright-field microscope (Fig. 18). A PLM
shows that the color of the broken fiber ends is different
from those of the fiber ends caused by the impact of
various instruments. There are no obvious interference
color change and transverse stripes observed in the end
portion of the broken fibers (Fig. 19). This is due to the
lack of stress waves during the ripping process, and thus
no stress state change is produced in the fiber.

Fig. 18 The uneven end of a fiber broken by ripping.

Fig. 19 No obvious interference color change and
transverse stripes are observed in the end of the
broken fiber (for the same fiber as shown in Fig.
18) under PLM.
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Conclusion
In conclusive, fabric damage caused by a sharpedged instrument (e.g. scalpel blade and scissors) will
produce neat fiber ends and localized interference color
change under PLM. Damage created by perforating the
fabric by a non-cutting means (e.g. screwdriver and
bullet), producing an irregular hole, which will also result
in rough and elongated broken fiber ends. Interference
color change and bright transverse stripes are observed
in these uneven fiber ends under PLM due to the change
of internal structure, stress state, and thickness. Pure
tensile failure occurs when fabric yarns are pulled apart
by ripping which results in uneven fractured fiber ends
without interference color change.
When examining a mechanically damaged textile
item, an optical microscopic observation should be
carried out first to determine if there is any transfer
of trace evidence. Then, use a higher magnification to
observe the morphological features of damaged fiber
ends. Finally, observe the damaged fiber ends with a PLM
to determine their distinct interference color changes.
This optical microscopic and PLM observation
is able to differentiate the distinct features in damaged
rayon fiber ends caused by bullets, scissors, scalpel
blades, Philips screwdrivers, and ripping. Thus, this
combined approach can be used to examine the distinct
morphological features and interference color change
resulted from the change of internal structure, stress
state, and thickness of broken fibers caused by various
mechanical means.
However, characteristics of damaged fiber ends
depend not only on the means of damage but also the
fiber type, yarn structure, fabric construction, and fabric
orientation. Because of the great variety of possibilities,
it is recommended to carry out a controlled simulation
experiment on the same type of fabric as that found in
the crime scene to reproduce the damage observed in
forensic cases.
Great care must be taken when handling the
damaged fabrics, so as not to disturb the fabric structures
in the vicinity of the damage where most of the
information that can assist in determining the cause of
severance is presented. Because handling can change the
relative positions of fibers and yarns, it is very important
to photographically record the damaged regions in detail,
before collecting and packing the fabrics.
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