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ABSTRACT

Background: Decades ago, documentation of forensics evidences such as bitemarks, bloodstains and others which required
sophisticated photographic techniques and equipments such as infrared (IR) and ultraviolet (UV) photography, became a problem
since they only use film that must be developed. Therefore, direct evaluation of the photographic result could not be directly visualized.
The equipments prices were relatively high. Moreover, most of the equipments were still not available and relatively expensive; and
converted IR digital camera could not use for regular photography. Recently, digital camera made image documentation and editing
easier. Purpose: This review was aimed to explore the different characteristics and benefits of regular digital camera in IR forensic
photography as well as to simplify the equipments needed. Reviews: IR photography becomes easier since certain digital cameras could
capture the IR image by using IR filters or to be switched to IR camera. The regular non-SLR digital camera had certain advantages
compared to SLRs, such in focusing. However, since not every digital camera has the ability to capture IR light, laser pointer or TV
remote could be used as a tester. Conclusion: Knowledge about IR Bite mark photography, characteristics of regular digital camera
and its accesories could reduce the budget for an ideal standard forensic photographic equipments by modifications.
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ABSTRAK

Latar belakang: Puluhan tahun silam, dokumentasi bukti forensik seperti teraan gigit, bercak darah dan sebagainya yang
memerlukan teknik dan peralatan yang canggih seperti fotografi infra merah (IR) dan ultraviolet (UV) merupakan masalah karena
memakai film yang harus diproses terlebih dahulu untuk mengetahui hasilnya. Akibatnya, hasil pemotretan tidak bisa langsung
dievaluasi, selain itu harganya relatif mahal, kamera digital yang diubah menjadi kamera IR tidak bisa untuk pemotretan biasa. Saat
ini kamera digital dan program komputer mempermudah dokumentasi dan penyuntingan. Tujuan: Tujuan dari tulisan ini adalah
untuk menjabarkan sifat dan keuntungan kamera digital dalam fotografi IR forensik dan menyederhanakan peralatan yang dibutuhkan.
Tinjauan pustaka: Fotografi IR dipermudah karena kamera digital tertentu dapat menangkap gambar IR dengan menggunakan filter
IR atau diubah menjadi kamera digital IR. Kamera biasa non-SLR mempunyai beberapa keuntungan dibandingkan SLR antara lain
dalam memfokuskan obyek. Walaupun demikian, karena tidak semua kamera digital biasa dapat menangkap sinar IR, dapat dilakukan
pengujian dengan penunjuk laser atau pengatur jarak jauh televisi. Kesimpulan: Pengetahuan tentang fotografi IR, kamera digital
biasa dan peralatan tambahannya dapat mengurangi biaya peralatan fotografi IR standar forensik dengan cara modifikasi.

Kata kunci: Fotografi dijital, infra merah, teraan gigit, forensik
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INTRODUCTION

Photography often represents the best method to collect
and preserve evidence in forensic cases. This is especially
true in forensic odontology with cases involving dental
identification, human abuse and, perhaps most significantly,
bitemark cases. Basic visible light photography is adequate
in most dental identification cases; however, full spectrum
digital photography is best utilized to collect all available
evidence in cases of human abuse and Bite marks. It captures
the forensic injuries using special techniques recording the
injuries in each of the four resultant events that occur when
light strikes skin.! However, decades ago when developed
acetate film were used, direct visualization of the image
was impossible, thus “trial and error” photography such
as bracketing exposures to get the best image. Therefore,
a lot of films were needed as well as difficulties in film
developing.'?

In most forensic odontology cases, evidence collection
and preservation using photography is a crucial aspect in
the management of cases as they move forward to become
part of a future legal proceeding.®> Full spectrum (infra
red, visible light and ultra violet) forensic photography
is very important in cases involving dental identification,
human abuse and Bite marks. By understanding the
individual techniques associated with full spectrum digital
photography, complete evidence collection becomes routine
when a forensic dentist is faced with the collection and
preservation of the evidence.>®

In dental identification, it may be necessary to take
ultraviolet (UV) photographs of loose teeth found >
indicating a non-natural avulsion. Similarly, in human abuse
or bitemark cases it may be advantageous to use alternate
light imaging (ALI) photography to document injuries to
the skin that are not visible to the naked eye. Infrared (IR)
photographs can be useful to locate and document bleeding
below the surface of the skin or to enhance detail of tattoos
in decomposing or mummified skin.*’ In all cases, the
investigator should take typical visible light photographs, as
well as employ special non-visible spectrum photographic
techniques, so that the images are captured using the full
spectrum of light.! Nevertheless, these techniques needed
relatively expensive equipments such as special camera,
filters as well as special light source.

This review was aimed to explore the different
characteristics and benefits of regular digital camera in
infra red forensic photography as well as to simplify the
equipments needed.

Standard photographic technique

Ensuring accuracy during the process of photographing
evidence such as Bite mark injuries requires a thorough
understanding of the basic principles of image capture,
including a familiarization with the camera’s features,
limitations, and other equipment necessary for the task.
Attempting to achieve success without first comprehending
the fundamentals of photography is just like playing golf
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Figure 1. Bite marks on victim body with ABFO #2 scale.'

in the dark.! Familiarization with the essentials should
occur long before the photographer ever finds him/herself
employed in a real-time situation so that he/she knows
exactly what camera settings, filters, and light sources
are appropriate for each different protocol. A standard
technique for crime scene photo-documentation includes
proper orientation shots, close-up (macro) photography,
correct angulation of the lens of the camera to the plane
of injury, and inclusion of a scale with identifiers for each
case.’

Orientation photos

Orientation shots are for the purpose of showing the
location of the Bite mark. These are usually captured from
three to five feet from the subject and include enough
information in the frame to see exactly where on the body
the bite occurred (Figure 1)."® Inclusion of a scale is not
mandatory; however, it is a good idea to acquire a few
images with a scale in place from this distance for data
reference which can be included on a label attached to the
scale. One recommended scale that is readily accepted by
the forensic scientific community is the American Board
of Forensic Odontologist (ABFO) #2 scale available from
Lightning Powder Corporation.!

ABFO #2 scale is an L- shaped scale with two arms
perpendicular to each other. It includes millimeter indices,
neutral grey color blocks, and perfect circles placed at the
ends and intersection of each arm. The inclusion of the
scale allows the user to determine photographic distortion
if any, the ability to correct it later with imaging software
such as Adobe Photoshop, and facilitates enlargement of
the injury to life-sized proportion. The protocol for image
handling could be read in Digital Analysis of Bite mark
Evidence published in 2002.°

Electromagnetic radiation and skin

The full spectrum of electromagnetic radiation ranges
from extremely short wave lengths (200-375 nm), which
is ultraviolet light, through the visible spectrum (400-700
nm) to the longer infrared wavelengths of 700-900 nm
(Figure 2). Regular camera is incapable of seeing outside
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Figure 2. Penetration of different wavelengths of electromagnetic
radiation to the skin.’

the visible light spectrum; therefore, special photographic
techniques are utilized to create images in the non-visible
zones of electromagnetic radiation such that they can be
seen with the human eye.>!°

When light strikes skin, there are four simultaneous
events that occur: reflection; absorption, fluorescence,
and scattering of the light within the skin (also known as
diffusion). Reflection occurs as the shorter wavelengths of
light strike the surface of the skin. Depending on the racial
characteristics of an individual, the incident angle, and
concentration of radiation, up to 50% of shortwave lengths
do not penetrate the surface of the skin and are reflected
back. Conversely, the longer wavelengths of light (700-900
nm) can penetrate the skin up to 3mm. Other wavelengths
of light strike the skin and diffuse throughout the layers of
the skin such that they dissipate without being absorbed
or reflected.!>-1

One final event that occurs when light strikes skin is
a molecular-level excitation within the skin that increases
the resting state energy of the molecules within the skin,
which is known as biofluoresence. Almost anything can
be made to fluorescence.” However, the laws of physics
require objects to maintain a resting state (neutral) energy
level or risk being destroyed. Therefore, when light energy
is applied to skin, the molecules must get rid of the extra
energy. The skin removes the energy of the molecular
excitation by re-emitting the energy at a lower wave
fluorescent level glow that lasts only 10 s. Skin reaches
peak fluorescence at 450 nm incident light, but it is such a
lower energy event that lasts such a short time, it cannot be
seen without employing special photographic techniques
such as ALI illumination.>!'!"1?

The role of dentists in forensic denstry

Forensic odontology involves the management,
examination, evaluation and presentation of dental evidence
in criminal or civil proceedings, all in the interest of
justice. The forensic odontologist assists legal authorities
by examining dental evidence in different situations.
The subject can be divided roughly into 3 major fields of
activity: civil or noncriminal, criminal and research, 1319

Eventhough general dentists do not involved directly
to forensic dentistry, each practitioner has a responsibility
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to understand the forensic implications associated with
the practice of his or her profession. Appreciation of the
forensic field should give the dental clinician another
reason to maintain legible and legally acceptable records,
and assist legal authorities in the identification of victims
and suspects.'®!” The dental record is a legal document
owned by the dentist, and contains subjective and objective
information about the patient. Results of the physical
examination of the dentition and supporting oral and
surrounding structures must be recorded. In addition, the
results of clinical laboratory tests, study casts, photographs
and radiographs become components of the record, and
should be kept for 7 to 10 years.'8!”

All entries should be signed or initialled by recording
personnel. Changes in the record should not be erased, but
corrected with a single line drawn through the incorrect
material. This method permits the original entry to remain
readable and removes any questions about fraudulent
intent to alter recorded information. Recently, computer-
generated dental records are becoming more common for
dental records. The obvious advantage of the electronic
record is that it can be easily networked and transferred for
routine professional consultation or forensic cases requiring
dental records for identification.*!*1®

Bite mark

A Bite mark can be generally defined as a pattern made
by teeth in a substrate. Since the teeth can be of human or
animal origin and the substrate can be skin, food, or a firm
but compressible substance, more specific definitions are
needed. Most Bite marks of forensic interest involve the
contact between human teeth and skin.?’?> The American
Board of Forensic Odontology defines the human cutaneous
bitemark as follows: “An injury in skin caused by contacting
teeth (with or without the lips or tongue) which shows the
representational pattern of the oral structures”. The definition
excludes other nonpatterned injuries made by teeth contacting
skin such as might be encountered by a fist to the mouth.
It also excludes the closing action of jaws during intended
biting if a recognizable pattern is not produced.?**2® These
other tooth-to-skin interactions are still important even if not
distinguished by the term “Bite mark™ because they can be
responsible for infection, tissue destruction, or transmissible
diseases, and they can transfer DNA in saliva.!' However,
by convention, the term “Bite mark” signifies to the forensic
odontologist an injury that, by its pattern, helps establish its
origin from teeth.!'! 2627

Therefore, not all of these marks should be called Bite
marks. Those marks that occur as a result of objects or
surfaces striking the teeth are more accurately called teeth
marks. Bitemarks are created by the dynamic actions of the
mouth and jaw complex of a person or animal. In human
interactions, biting is known to occur in situations ranging
from play to lovemaking and, more malevolently, in
violent interchanges, such as fights and frays, and criminal
activities from assaults to homicides.?%?*%3

In a pathologist perspective, a patterned injury such as a
Bite mark is made visible not by a transfer of material and
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not often by indentations, but rather by a vital response of
the bitten tissue. It may include the superficial scraping of
epithelium by the contacting teeth (abrasion), the bleeding
within skin by the pressure of the teeth (contusion), or the
tearing of skin by teeth (laceration) that renders the Bite
mark visible.?’ Bleeding or scraping of skin under assault
is not obliged to conform precisely to the anatomy of the
object that produced it. The bleeding can extend beyond
the tooth marks. Conversely, bitten skin may not have been
sufficiently damaged to react at all.?>>® The Bite mark is
not an imprint or impression, but rather a reactive response
generated by injured skin that is invariably less precise than
a direct recording.2%-26-27

Since Bite mark will fade or changes its color with
time, standardized forensic photography should be done as
soon as possible. The use of UV and/or IR photographic
equipments are able to enhance the captured image of “old”
Bite mark. Decades ago, conventional camera which used
films, special filters and lighting were the main tools."?’

Conventional vs. digital camera for UV and IR photography

Prior to the introduction of UVIR digital cameras, all
images were film based. Special IR film is still available for
purchase, however there are specific handling, developing,
and focusing requirements that must be employed for
successful image capture. Unfortunately most digital
cameras are designed for capturing images using visible
light only.! Their manufacturing process includes software
designed for only the visible part of the light spectrum and
a special filter in front of the electronic sensor that blocks
the UV and IR ends of the spectrum.'-?7 28

Therefore, in order to acquire IR images with a digital
camera, one must either have a camera that has been
produced specifically for UV and IR capture, or modified to
accomplish the task. Fujifilm of North America was the first
company to produce a digital camera with these capabilities.
Nevertheless, these cameras are no longer being produced.
Many a fine art photographer has modified an older, retired
digital camera and resurrected it for use specifically for
IR imaging.?’ The same modification allows the forensic
photographer to shoot images in IR and UV."3 Since UV
photography needs more sophisticated equipments, this
article limits only on infrared photography.

Infrared (IR) photography

Digital infrared photography can be tricky when it
comes to record Bite mark in that one must adjust for a
focal shift due to the longer wavelength of light reflecting
back to the sensor. Focal shift changes can be eliminated
with a quartz lens, a subject that will be discussed in the
UV section of this paper. An IR filter must also be placed
over the lens so that only the IR part of the spectrum is
transmitted through the lens to the sensor. There are several
types of IR filters to choose from, however a #87glass or
gelatin filter will suffice for this application.! Lighting for
IR is generally not an issue, as most ambient or room light
will be adequate for exposures. Infrared photography also
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Figure 3. Infrared reflected photography setup.®

requires the use of a full spectrum or modified IR digital
camera and lens. Additional armamentarium necessary
includes an IR band pass filter.!>

In Bite mark photography, the IR range of the spectrum
shows the viewer the deepest part of the bruise pattern, well
into the dermis and underlying vascular tissue. Results are
often mixed, with IR photos showing less detail than ALI
and visible techniques.?®* However, one very useful area
where IR application outperforms visible light techniques
is in tattoo documentation when the original tattoo is either
occluded or has faded considerably. IR also has the ability
to see through blood.'%?”?® With practice, the forensic
photographer should be able to repeatedly get good results
using the IR technique.

Finally, there must be an IR light source illuminating the
patterned injury. There are several types of IR light sources
on the market, ranging from typical flash units modified
to emit IR light to specialized IR LED light sources. One
of the simplest way in lighting setup for IR photography
is using overhead fluorescent and tungsten room lights
which create adequate illumination under normal room
lighting (Figure 3).°

Single lens reflex (SLR) vs non-SLR in IR digital photography

For newcomers in digital IR photography it should be
a prime question why an expert said that the digital SLR
camera was not the best choice for IR, that is for two main
reasons. First, the light metering in digital SLRs is not done
by the image sensor itself (like in non-SLR models), but
by a separate set of sensors, which may have a different
response to IR. One cannot rely on camera’s autoexposure,
although it may be able to correct a given camera/filter
combination. Second, many cameras in lower type of SLR
camera do not offer real-time electronic preview, because
the light from the lens reaches the sensor only during the
actual exposure.'>?° This means that you have to put the
camera on a tripod, compose the picture without the IR
filter, then put it on and shoot blind; most camera makers
offer now models with the Live View. This is why it may
be easier to do IR photography using an advanced non-SLR
model, or an electronic-finder camera. "2
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Simplified digital infrared (IR) photography

Eventhough the best digital IR photography is a”true”
IR camera followed by IR conversion camera, there are
several ways to make regular digital camera to produce
IR imaging, such as using IR filter, creates simple IR light
source from IR or regular flashlight covered with thin
plastics; and IR computer software such Adobe Photoshop
and special IR conversion softwares. These simple steps
could be done to regular digital camera to capture IR
images; a better way than digital IR conversion cameras
which cannot make regular pictures.!> >!2

Infrared photography with regular digital camera

Regular digital camera is able to catch infrared spectrum
by attaching infrared filter and replacing the IR blocking
filter with a visible light blocking filter. However, this
kind of camera needs long exposure if using infrared filter.
Therefore, the second choice is more practical, because
unconverted cameras need long exposures, thus tripod
use was mandatory; or strong infrared light source that
sometimes not easily found. Replacing IR blocking filter
can be done by experts in this techniques. Simple test to
reveal that a digital camera is sensitive to infrared spectrum
is just by pointing TV remote control towards camera lens
and see in the LCD panel.!”

Simple infrared light source

The “True” IR light source in Figure 4 is relatively
expensive. Other IR light source is SureFire™ illuminator
that is aroung USD 160.%° A brilliant idea by creating
simple IR source using regular LED flashlight or IR LEDs
is cheaper. The more or the bigger LED’s will give more
illumination; however, the simple IR light source bt using
black plastic disk from 3.5” computer disk on the front
of LED flashlight was considered adequate to illuminate
limited area of skin (Figure 4). Nevertheless, the darker the
environment light may help enhancing the illumination.
Other light source such as halogen bulb or light white bulb
could be used, but these thin disk may not withstand the
heat produced by these light sources. Therefore, making
LED light source from special LED’s which emit infrared
light is a better idea.’!

Figure 4. IR illumination with LED flashlight covered with
floppy disk.
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To the human eye, the 950 nm IR LEDs looked
completely black, even when held up to a bright light source,
but when viewed by a video camera, appear perfectly clear,
even when not powered. The reason the camera can see
right through the LEDs is because the plastic is made up
of materials that only pass infrared light, creating a band
pass filter that blocks most of the light that is not within the
specified wavelength. So, if this LED emits light between
800 and 1000 nms, the band pass filter may help cut all
unwanted light except for the output close to 950 nms as
specified in the datasheet. Other LEDs are perfectly clear,
or have slightly blue tinted plastic bodies.>!

Other difficulty in IR photography with non-converted
IR camera, that is by attaching IR filter is in focusing.
Firstly because autofocus will not work well in attached
IR filter, because of IR filter is very dark. Secondly, if the
photographic object is not well illuminated, some digital
camera that doesn’t have preflash illuminator and through
the lens (TTL) flash metering may not have a problem in
autofocusing. Nevertheless, it could be solved by fixing
the camera on the tripod use manual focus and attach the
filter after sharp focus is accomplished. If you have a ring
flash, just attaches it on the flash unit screw in and bring it
tightly closed to the lens after focusing, but it must be sure
that no visible light enters.%

DISCUSSION

Difficulties in infrared film photography, according to
Schneider,'? who quote Chuck McKern, an experienced
IR expert, “It’s difficult getting the film, difficult shooting
with it, and difficult processing it.” Infrared film must be
handled and processed in total darkness, is susceptible
to static markings in low humidity, and requires a series
of tests using heavy filtration such as a no. 87, 87C, or
89B filter that blocks all UV radiation and visible light to
determine the best exposure.

In forensic photography, photographing evidence
using full spectrum digital camera was still complicated,
mostly because the UV/IR camera and special lens such
as Nikon UV 105 mm were discontinued. Additionally, it
was quite expensive for newcomers, approximately USD
2000-3000 used.' Therefore, some modifications or “simple
inventions” should be found to fulfill the requirements.

In this article, the discussion is limited to simplified
IR bitemark photography using mostly available digital
camera and simple IR light source. It is interesting that on
the contrary with UV light source, which could be found
as fake money detector, finding simple “true” infrared light
source is more challenging. “True” infra red light source
such as produced for the military, Surefire™ is the best
choice but it is also expensive.’* Capturing Bite marks
and teeth marks in considered “new” or “old” ones was
different. A new Bite mark, which happened within hours is
best captured with UV because it produced sharper images;
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neverttheless, Bite mark up to two weeks is best captured
with IR since it could reach deeper tissue *°

Concerning the difference of SLR and non-SLR regular
digital cameras for IR photography, several characteristics,
eventhough the non-SLR cameras seems smaller than SLR,
are superior than SLRs such as in easier autofocusing for
IR photography. Autofocus (AF) is performed in the image
sensor plane, by contrast detection. This means the circuitry
will properly detect when the image is in focus, regardless
of the light type. There may be a problem with the amount
of light available for the job, especially if IR filter is used,
but not with its kind; the AF action may be slower and
less reliable, but there will be no systematic shift. If your
camera is capable of autofocusing in low light down to
exposure compensation O (EVO0) or not much above, you’ll
be just fine.!>

Other inferiority of digital SLRs in IR photography
in autofocusing is because the AF is done by dedicated
sensors behind a system of mirrors. These sensors are at
the same effective distance from the lens as the imager.
This should, in principle, functional, as both the AF
sensors and the imager are getting IR light only. There
may be, however, some inaccuracy caused by the fact that
both sensors are receiving somewhat different kind of IR,
so both focus planes will be shifted with respect to each
other: what the AF sensor will see as in focus, the imager
may see somewhat out-of-focus. Nevertheless, it does not
mean that non-SLR digital camera always more superior,
because the lens quality as well as the camera type, which
should not a “point and shoot”, or the very basic non-SLR
digital camera that has poor image quality.'>0-3

For the concluding remarks, knowledge about IR
Bite mark photography, characteristics of regular digital
camera and its accesories could reduce the budget for
an ideal standard forensic photographic equipments by
modifications.

REFERENCES

1. Wright FD, Golden GS. The use of full spectrum digital photography
for evidence collection and preservation in cases involving forensic
odontology. Forens Sci Int 2010; 201: 59-67.

2. Sanders MA. History of forensic imaging. In: Robinson EM, editor.
Crime scene photography. 2" ed. Burlington, MA, USA: Elsevier;
2010. p. 1-16.

3. Robinson EM. Legal issues related to photograph and digital
images. In: Robinson EM, editor. Crime scene photography. 2" ed.
Burlington, MA, USA: Elsevier; 2010. p. 584.

4. Avon SL. Forensic odontology: The roles and responsibilities of the
dentist. J] Can Dent Assoc 2004; 70(7): 453-8.

5. Wright FD, Golden GS. Forensic dental photography. In: Senn D,
Stimson PG, editors. Forensic dentistry. 2™ ed. Boca Raton FL: CRC
Press Taylor & Francis Group; 2010. p. 206, 212.

6. Davidhazy A. Overview of infrared and ultraviolet photography
theory, techniques and practice. New York: CRC Press Taylor and
Franas; 2005. p. 199-211

7. Robinson EM. Ultra violet, infrared and fluorescence. In: Robinson
EM, editor. Crime scene photography. 2 ed. 2010. Burlington, MA,
USA: Elsevier; p. 368-87.

8.

17.
18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Metcalf RD. Yet another method for marking incisal edges of teeth
for bitemark analysis. J Forens Sci 2008; 53(2): 426-9.

Bowers CM, Johansen JD, Johansen RJ. Photographic evidence
protocol: The use of digital imaging methods to rectify angular
distortion and create life size reproductions of bite mark evidence.
J Forens Sci 2002; 47(1): 178-85.

. Farrar A, Porter G, Renshaw A. Detection of latent bloodstains

beneath painted surfaces using reflected infrared photography. J
Forensic Sci 2012 Sep; 57(5): 11507

. Stavrianos C, Vasiliadis L, Papadopoulos C, Pantazis A, Petalotis.

A case report of facial bitemarks: reference of methods of analysis.
Res J Med Sci 2011; 5(3): 126-32.

. Baker BW, Reinholz AD, Espinoza EO. Digital near-infrared

photography as a tool in forensic snake skin identification. Herpetol
J2012; 22(2): 79-82

. Shamim T, Varughese V, Shameena PM, Sudha P. Forensicodontology

—anew perspective. Medico-Legal Update 2006; 6(1): 8—12.

. Stavrianos C, Kokkas A, Eliades A, Andreopoulos E. Applications

of forensic dentistry: part I. Res J Med Sci 2010; 4(3): 179-86.

. Stavrianos C, Kokkas A, Eliades A, Andreopoulos E. Applications

of forensic dentistry: part II. Res J Med Sci 2010; 4(3): 187-94.

. American Society of Forensic Odontology. Introduction to forensic

odontology. In: Herschaft, Alder, Ord, Rawson & Smith, editors.
Manual of forensic odontology. 4" ed. New York: Impress Printing
& Graphics; 2007. p. 1-6.

Al Amad SH. Forensic odontology. Smile Dent J 2009; 4(1): 2-5.
Adams BJ. Establishing personal identification based on specific
patterns of missing, filled, and unrestored teeth. J Forens Sci 2003;
48(3): 487-96.

. Kavitha B, Einstein A, Sivapathasundharam B, Saraswathi TR.

Limitations in forensic odontology. J Forens Dent Sci 2009; 1(1):
8-11.

Bernstein ML. The nature of bitemarks. In: Dorion BJ, editor.
Bitemark evidence a color atlas and text. 1** ed. New York: CRC
Press Taylor and Francis; 2011. p. 53-5.

Sorin H, Cristian CG, Dan D, Mugurel R. Bitemark analysis in legal
medicine-literature review. Rom J Leg Med 2008; 16(4): 289-98.
Aggarwal A. Bite marks as evidence in crime investigation. J Indo-
Pacific Acad Forens Odontol 2011; 2(1): 27-30.

Freeman AJ, Senn DR, Arendt DM. Seven hundred seventy
eight bite mark: analysis by anatomic location, victim, and biter
demographics, type of crime, and legal disposition. J Forens Sci
2005; 50: 1436-43.

Miller RG, Bush PJ, Dorion RBJ, Bush MA. Uniqueness of the
dentition as impressed in human skin: a cadaver model. J Forens
Sci 2009; 54: 909-14.

Bush MA, Miller RG, Bush PJ, Dorion RBJ. Biomechanical factors
in human dermal bite marks in a cadaver model. J Forens Sci 2009;
54: 167-76.

Shamim T, Varghese VI, Shameena PM, Sudha S. Human bite marks:
the tool marks of the oral cavity. JIAFM 2006; 28(2): 0971-3.
Wright FD, Golden GS. Photography. In: Dorion BJ, editor. Bitemark
evidence a color atlas and text. 1* ed. New York: CRC Press Taylor
and Francis; 2011. p. 74-98.

Golden GS. Standards and practices for bite mark photography. J
Forens Odonto-Stomatol 2011; 29(2): 13-20.

Mesloh C, Henych M, Wolf R., Gallatin K. Infrared beacon
evaluation: applications for law enforcement. 1% ed. Florida: National
Institute of Justice; 2008. p. 20.

Graham B, McGowan K. How to make infrared light source.
Available online at URL http:/www.lucidscience.com/pro-simple
%?20infrared%?20illuminator-2.aspx. Accessed June 20, 2012.
Rowan P, Hill M, Gresham GA, Goodall E, Moore T. The use of
infrared aided photography in identification of sites of bruises after
evidence of the bruise is absent to the naked eye. J Forensic Leg Med
20105 17(6): 293-7.

Andrew Farrar A. Detection of latent bloodstains beneath painted
surfaces using reflected infrared photography. J Forens Sci 2012:
57(5): 1190-8.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




