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Synthetic Wig Fibers: Analysis & Differentiation from Human Hairs
ABSTRACT
Due to their transferability, synthetic wig fibers have been encountered in forensic
casework samples. Such samples may be submitted to laboratories as suspected human
hairs, fibers, or known “head hair” samples.

When submitted to the laboratory as

suspected ‘hairs’, DNA suitability examinations and/or hair comparisons may be
requested on these evidentiary samples. Therefore, this fiber evidence may find its way
onto the bench of examiners with different backgrounds and training.

This study

explored the utility of analytical techniques to distinguish human hairs and wig fibers
for examiners not trained in the recognition of fibers. This study also investigated an
analytical scheme likely to be used by a fiber examiner analyzing wig fiber evidence.
Different techniques were applied to a sample set of 62 wig fibers. At the conclusion of
analysis, it was found that aspects of the analysis scheme could be used effectively by
an examiner not trained in the recognition of fibers and that all but a few groups of the
62 wig fibers were distinguishable using the analytical scheme employed.
Keywords: Wigs, Wig fibers, Hairs, MSP, FTIR, Cross-sections, Scale casts, PLM,
Microscopy
INTRODUCTION
Casework at the Minnesota Bureau of Criminal Apprehension (BCA) has indicated a rising
occurrence of potential wig fibers submitted as “apparent hairs” for DNA testing and/or
hair comparisons. Wigs have gained considerable popularity in the fashion and beauty
market and remain very important for medically related reasons. Significant

improvements in materials during the past decade have helped create synthetic hair with
a more natural look and feel with some commercially available wigs able to withstand

heat styling (1,2). Due to these improvements in wig manufacturing, it is likely that an

increase in the number and variability of wig fibers will continue to appear in casework.
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Few studies have focused on the characterization of wig fibers (1,3,4). Based on the
increased incidence of wig fibers submitted as evidence and the paucity of research
regarding these fibers, the aim of this study was to examine the utility of different

techniques used in hair and fiber examinations for the analysis of wig fibers with the

intent of evaluating whether some of these techniques could be useful in distinguishing
a human hair from a wig fiber for scientists not trained in the recognition of fibers.

At the BCA Forensic Lab, this evidence is submitted to the Trace Evidence section for
examination, but in other laboratories the “apparent hairs” could be examined by a
biologist assessing the hair for DNA suitability. This research was conducted with

consideration for the different training levels of the scientists possibly involved in such

examinations. If a wig fiber is ‘screened’ for nuclear DNA suitability by an examiner not
trained in the recognition of fibers, the fiber may be deemed not suitable for DNA
analysis resulting in a loss of evidential value and potential fiber examinations.

Furthermore, this study evaluated the discriminating power of the following techniques
when applied during a fiber examination: Polarized Light Microscopy (PLM), crosssections, Fourier Transform Infrared Spectroscopy (FTIR) and Visible

Microspectrophotometry (MSP). PLM, FTIR and visible MSP are recognized instrumental

techniques used for the analysis of textile fibers (3,4,5,6). Employing a combination of
these techniques has been found to discriminate between textile fibers.

The results of this study showed that for a non-fiber examiner, some of the analytical

techniques used could increase their ability to distinguish a hair from a wig fiber. This
is particularly useful for cases in which the submitting agency has requested that the

“hairs” be examined for DNA testing and/or microscopically compared. Furthermore, all
but a few groups of fibers were distinguishable from each other using the techniques
listed above.

MATERIALS AND METHODS

Fiber Collection
Wig fiber selection included collecting 62 fibers from 33 non-costume synthetic wigs
from a local Merle Norman store. Information regarding brand/manufacturer was
obtained from the wigs label during collection. All samples are listed in Table 1.
Multiple wig fiber samples were collected to account for variation in macroscopic color.
Wig fibers that exhibited color variation within the sample were further designated
alphabetically. For example, sample 22 contained three different colored fibers
designated 22A, 22B, and 22C.
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Table 1. Wig Fiber Samples

*All prices are in US $

Stereomicroscopy/Polarized Light Microscopy (PLM)
Fibers from each sample were examined and photographed under low magnification
(10X) using a Leica MZ16 Stereomicroscope. Samples were also mounted on clean
microscope slides in Permount (refractive index 1.525). An Olympus BX51 PLM (100X –
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400X magnification) was used to examine the microscopic characteristics of the wig
fibers. These characteristics were documented using a PLM worksheet (Table 2).
Table 2. PLM Worksheet

Sample Macroscopic Exterior Diameter
Number
Shape
Appearance

Straight 
Wavy 
Curly 

Smooth 
Disrupted

Color

Black 
Brown 
Blonde 
Colorless

Red 

Middle
Section

Other
Retardation
internal
colors
featuresDelustrant,
fish eyes,
pigment,
etc.

Consistent Present 
Inconsistent Abundance/
Not present
appearance

Not present


bright 
dull 
Gray/white

None
observed 

The macroscopic and microscopic characteristics used to describe each sample were
also useful in categorizing the samples into distinguishable groups for the fiber
discrimination portion of this study.

Scale Casting
Scale casts, not generally used for forensic fiber examinations, are a rudimentary
method used primarily by hair examiners for visualizing hair scale patterns. Scale casts
were made of selected fibers by placing a few thin layers of clear nail polish on a
microscope slide followed by positioning the fiber flat in the nail polish. The nail polish
was allowed to dry, after which the fiber was slowly removed, leaving an impression of
the exterior of the fiber (7). The scale casts created from the wig fibers and a single
human hair scale cast were examined side by side with 200X magnification and
photographed using a SONY camera on an Olympus BX51 comparison microscope.

Cross -Sections
Cross-sectioning is a technique that is applicable in both textile examinations (5) and
hair examinations, for determination of racial characteristics (8,9). Fibers were crosssectioned in order to determine their shape. Cross-sections were made by placing the
fiber into a small pipette tip with an appropriate amount of Norland Optical Adhesive
65. The adhesive was cured by exposing the pipette tip to ultraviolet light. While
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viewing with a Leica MZ16 stereomicroscope, a razor blade was used to cut small
sections of the pipette tip portion including the fiber and adhesive. With each section,
the surrounding pipette plastic was removed and the cross-sections were placed on
microscope slides, photographed and examined by PLM.

Spectroscopy
Following cross-sections, FTIR spectroscopy was performed to examine the chemical
composition of the fibers. A portion of each fiber was flattened on a microscope slide,
transferred to a sodium chloride (NaCl) disk and analyzed in transmission mode using
an Autoimage microscope attached to a Perkin Elmer Spectrum One spectrometer with a
mercury cadmium telluride (MCT/A) detector (4000 cm-1 to 650 cm-1). Sixteen scans
were acquired at a resolution of 4 cm-1 with a 2 cm-1 interval. The above operating
conditions are the BCA laboratory standard operating conditions for this instrument.
MSP was used to analyze the dyes in the sample set. A SEE 2100 Microspectrophotomer
with a charge-coupled device (CCD) array detector, 15X objective, a 75 watt xenon light
source for transmission in the visible range (400-750 nm), and a spectral bandwidth of
0.32 nm was used. A total of 10 scans were collected along the length of each fiber,
including color variations that occurred within the fiber. The same mounted fibers
examined by PLM were used for this analysis. MSP was not performed on colorless
fibers as these do not provide an absorbance spectrum.
RESULTS AND DISCUSSION

Microscopy
The Stereomicroscope and Polarized Light Microscope were the first instruments used in
the analytical scheme because, regardless of the level of training, some form of
microscopy should be the first tool an examiner uses when a suspected “hair” is
submitted as evidence (8,10,11). Using the PLM worksheet (Table 2) as a guideline, the
macroscopic shape was examined with most fibers exhibiting a straight or wavy
appearance. Under low power magnification, some samples exhibited hair-like
characteristics and if in fragment form could possibly be mistaken as hairs. For the
mounted samples, the external appearance or edges of the fiber were examined. Some
fibers presented a rough exterior texture that could be confused with imbricate scale
structure found in hairs. Diameter measurements were also made on the mounted
samples. For human head hairs, the diameter variation has been reported to be
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between 55 µm and 100 µm (12) and the mean diameter reported to be 80 µm (13).
Eighty-nine percent of the wig fiber samples had a diameter within the range of 55-100
microns. Eleven percent of the wig fiber samples had a diameter greater than 100 µm.
The retardation colors were examined and most of the fibers exhibited gray/white
colors under crossed polars, with two fibers having no observable retardation colors.
These two fibers were not isotropic but were simply too dark in color for the observer to
characterize the colors while using the PLM worksheet (Table 2). Some fibers contained
a middle section that could be misconstrued as a medulla, as well as a rough exterior
texture and clear margins that resembled a cuticle. These are features which, if
considered singularly, could contribute to a misclassification of a fiber as a hair.
Internal features, such as delustrant and fish eyes, were also noted (Figure 1).

Delustrant

Fish eyes

400X
Figure 1 Photomicrograph which illustrates internal features of some fibers

Although delustrant is an internal feature which should be noted, it may be confused
with ovoid bodies and/or cortical fusi observed in hair, to a non-fiber examiner.
Therefore, the presence of fish eyes is more important in the discrimination between a
fiber and a hair for non-fiber examiners. Fish eyes are created in the manufacturing
process of synthetic fibers when undissolved polymer, pigment and other compounds
are present during the drawing process (4).
The characteristics examined macroscopically and microscopically and recorded on the
PLM worksheet (Table 2) were basic features that an examiner, regardless of training,
could describe. To confirm the assertion that these features are generally recognizable,
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a student intern utilized the PLM worksheet during this project with only a brief
explanation of hair and fiber characteristics. The intern was successful at using the
worksheet as a guideline for recognizing the features which distinguish a human hair
from a wig fiber.

Scale Casting
For the fibers in this study that lacked fish eyes, scale casts were made. Although
limited by fiber length, a simple technique such as scale casting was chosen to aid in the
discrimination of hairs and fibers and can be used by non-fiber examiners who do not
observe fish eyes in an evidentiary sample (indicating a fiber). In all of the fiber scale
casts, longitudinal lines were observed microscopically. Longitudinal lines were not
present in the hair cast taken (Figure 2). Caution should be taken when examining the
scale casts of highly processed hairs since they may be excessively damaged and lack a
cuticle (14).

Figure 2 Hair vs. fiber magnified scale casts

Cross-Sectional Analysis
Within the test group of 62 fibers, 10 different cross-sectional shapes were observed.
The cross-sectional shapes were defined as round, lobular (6 lobes), irregular lobular,
ribbon, bean, horseshoe, U-shaped, plumped dogbone, folded ribbon, and plumped
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dogbone/bean (Figure 3). Hairs possess cross-sectional shapes that are typically oval,
round, or flattened. Although limited by fiber length, the analysis of cross-sectional
shape adds another distinguishing layer to fiber examinations and may also help an
examiner distinguish fibers from hairs if they choose to employ this technique. Crosssectional shapes are created during the manufacturing process and may be for aesthetic
purposes, such as luster, dimension, and volume. The fiber cross-sectional shape may
be intentional or a by-product of the spinning process. Spinning is the technique used
to force the polymer through holes in a spinneret producing strands that are allowed to
solidify. The dogbone cross-section of some acrylics, for example, is created during dry
spinning when the round fiber collapses as the solvent is being evaporated in dry air (6).

Round

Ribbon

Horseshoe

Folded ribbon

Lobular-6
lobes

U-shaped

Irregular
lobular

Plumped
dogbone

Bean

Plumped
dogbone/bean

Figure 3 Photomicrographs of cross-sectional shapes magnified at 400X

Instrumentation
FTIR and MSP were utilized to investigate their discriminating power when applied to the
wig fiber sample set for application by a fiber examiner. FTIR spectroscopy identified
four fiber types within the sample set: polyester (polyethylene terephthalate (PET)),
vinyon (polyvinyl chloride), modacrylic (polyacrylonitrile/vinyl chloride (PAN/VC)), and
modacrylic (PAN/VC) with a solvent peak (acetone) at 1708-1710 cm-1 (4). The
polyester FTIR spectrum had peaks at 1720 cm-1, 1410 cm-1, 1250 cm-1, 1100 cm-1,
1020 cm-1, 730 cm-1, and an important peak at 1340 cm-1. The 1340 cm-1 peak helps
identify the polyester type as PET, from other polyester types (Figure 4). For example,
this peak is absent in polybutylene terephthalate (PBT) polyester.
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The PAN/VC FTIR spectra showed a large 2242 cm-1 peak, a 1735 cm-1 peak that was
50% of the size of the 2242 cm-1 peak, and vinyl chloride co-polymer peaks at 1326
cm-1, 1239 cm-1, and 695 cm-1 (Figure 5). The other type of PAN/VC spectra included
an additional peak at 1708 cm-1 (Figure 6). According to literature, this peak is acetone
which is used as a solvent in the manufacturing process (4).
The vinyon FTIR spectrum had peaks at 2918 cm-1 and 1429 cm-1 and lacked the large
2242 cm-1 peak indicative of a carbon-nitrogen triple bond, C≡N (Figure 7).
Interestingly, some wigs contained multiple fibers with different chemical compositions.
For example, sample 28 was found to contain both vinyon and PAN/VC fibers although
it was obtained from a wig with a label indicating the material was 100% modacrylic.
Kanekalon, a major wig manufacturer, explained that this blend is created for aesthetic
purposes, style and color (personal communication with Kanekalon representative).

Figure 4 Polyester (polyethylene terephthalate) spectrum
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Vinyl chloride
co-polymer

Figure 5 Modacrylic (polyacrylonitrile/vinyl chloride) spectrum

Figure 6 Modacrylic (polyacrylonitrile/vinyl chloride) spectrum with solvent peak
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Figure 7 Vinyon

Fibers were distinguished by MSP based on differences in peak position, peak width, and
slope. Although not all of the fibers were distinguishable by MSP, the results did
provide support for the discriminating power of this technique when used for textile
color analysis.

Discrimination of Fibers using Analytical Scheme
The data as a whole was evaluated to see if all the wig fibers in the sample set could be
distinguished from each other based on the techniques utilized during this study and
without the use of side-by-side comparison microscopy. Overall, out of the 62 fibers
sampled, 36 (58%) fibers were distinguishable from all other wig fibers in this study.
Figure 8 explains which fibers were indistinguishable after consideration of color,
presence/absence of fish eyes, cross-sectional shape, infrared spectra, and visible
spectra.
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Figure 8 Data evaluation after full analytical scheme

Within the brown category, which included both ‘black’ and ‘brown’ samples, group 1
represented eight indistinguishable fibers (samples 11A, 15B, 19A, 20A, 22C, 23A, 24A
and 26B) due to the presence of fish eyes, horseshoe cross-sections, and similar
infrared (PAN/VC with solvent) and visible spectroscopy data. The MSP data for Group 1
brown fibers is represented in Figure 9. Group 2 represented two indistinguishable
fibers, samples 22A and 31A, with similar microscopic characteristics, horseshoe crosssectional shapes, infrared spectra (PAN/VC with solvent) and visible spectroscopy data.
Group 2 differs from Group 1 in absorbance features in the visible spectrum. Group 2
fibers had minimal peak shape and absorbance curves (Figure 10) compared to Group 1.
The fibers in Group 3, samples 26A and 13, were similar to each other with fish eyes,
horseshoe cross-sections, similar infrared spectra (PAN/VC) and visible spectroscopy
data, but were different from groups 1 and 2 in infrared data. Figure 11 represents the
MSP data for Group 3.
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Figure 9 Mean spectra of 8 brown fibers - Group 1

Figure 10 Mean spectra of 2 brown fibers - Group 2
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Figure 11 Mean spectra of 2 brown fibers - Group 3

The blonde category contained two indistinguishable groups. Both groups included
PAN/VC fibers with fish eyes and horseshoe cross-sections but the Group 1 fibers
(samples 20B and 25A) were distinguishable from the Group 2 fibers (samples 14B and
19B) by their absorbance features in the visible range. The MSP data for these blonde
fibers is represented in Figure 12.
The red category contained two indistinguishable fibers, samples 18 and 19C, with fish
eyes, horseshoe cross-sections, similar infrared spectra (PAN/VC) and similar visible
spectroscopy (Figure 13). Eight indistinguishable colorless fibers with fish eyes,
horseshoe cross-sections, and PAN/VC chemical composition remained.
Although the sample set in this study was small, variation did exist among the samples.
The observable features documented did provide discrimination among fibers and
infrared and MSP analysis provided further discrimination. Discrimination among the
samples could have increased if additional techniques were used such as comparative
microscopy and fluorescence.
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Figure 12 Mean spectra of blonde fibers

Figure 13 Mean spectra of 2 red fibers - Group 1
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Intra-wig Variation
There were some interesting findings in the data relating to intra-wig variation. The
sample 22 wig, manufactured by Hair U Wear under the brand name Gabor, contained
three different fibers grouped into the brown category based on initial macroscopic
observation (Table 3). Two of the fibers, samples 22A and 22C, were similar (based on
the PLM worksheet microscopic features, cross-sectional shape and chemical
composition) but differed in visible spectra (Figures 14-16) which would be expected
based on the photographs below. The third fiber, sample 22B, was different in all
aspects (Table 3).
Table 3. Intra variation in sample 22

Sample

Color

Fish Eyes

22A

Brown

Yes

Photomicrograph

Cross Section

IR Data

Horseshoe

PAN/VC with
solvent

Lobular-6 Lobes

Vinyon

Horseshoe

PAN/VC with
solvent

100X
22B

Brown

No

200X
22C

Brown

Yes

200X
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Figure 14 Sample 22A

Figure 15 Sample 22B
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Figure 16 Sample 22C

Intra-wig variation was also found within Sample 11. Sample 11, manufactured by
Revlon under the brand name Simply Beautiful, contained two fibers that were different
in macroscopic color (brown and red) as well as microscopic features (absence vs.
presence of fish eyes), cross-sectional shape (horseshoe vs. plumped dogbone/bean),
etc. The findings of this study as a whole highlight the importance of obtaining a large
representative sample of known fibers (if not the whole wig) for comparison with
questioned samples as inter- and intra-wig variation may be present.
CONCLUSIONS
For those examiners with little or no training in hairs and/or fibers, the recognition of
fish eyes, scale casts and/or cross-sections are all useful, yet simple techniques for
determining whether a suspected hair is actually a fiber. If characteristics such as fish
eyes, the absence of scales, and irregular cross-sections are observed, an examiner not
trained in fiber examinations will know to forward the fiber to a fiber examiner for
continued analysis which may include techniques such as FTIR and MSP. The
discrimination power of the analytical scheme utilized during this study was effective
when applied to the wig fiber sample set and should be a continued analytical scheme
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used by fiber examiners. Inter- and intra- variation in wig fiber samples should be
considered during casework comparisons.
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