
Impressive Evidence
Continued...

Can you tell the difference of these bite marks?



• The shape or curvature 
• No. of tooth marks
• Horizontal diameter
• Vertical diameter
• Depth of depression
• Distances between two  teeth
• Orientation of each tooth
• Other reasonable answers

What can these bites 
tell us?

Dentitions of Humans and Animals
Dentition refers to the number and 
arrangement of different types of teeth in a 
mammal.



Teeth on each side of the jaw

Dentition can be 
represented by a dental 
formula, which shows the 
numbers and types of teeth 
on each side of the upper 
and lower jaws. For 
example, the dental 
formula of a human adult 
is:



Try to do the following calculation with the dental formula!
Total number of teeth on each side 

= _________________________

Total number of teeth of adult human

= _________________________

Dentition of different animals

The dentitions of different animals vary according to their diets. 
In other word, biologists can predict whether an animal is: 

by studying the dentition of an animal. Similarly, forensic 
scientists can make use of an animal bite to determine the 
identity of an animal. 

• meat­eating (carnivores),
• plant­eating (herbivores), or 
• all­eating (omnivores)



1. Carnivores
Carnivores feed mainly upon 
meat, their dentitions are 
characterized by well­developed 
sharp canines for catching preys 
and shearing meat. The 
premolars and molar are strong 
and blade­like to perform cutting 
and chewing actions. 

The previous diagrams show the dentition of a cat.  Try to work 
out its dental formula.

Using this formula how many teeth would a cat 
have?



2. Herbivores
Herbivores feed mainly on plant 
matter. Most herbivores have no or 
very small canines but they usually 
have a big diastema (gap) between 
incisors and premolars for easy 
manipulation of plant matter during 
chewing. The premolars and molar 
are ridged for grinding and crushing 
fibrous plant materials. 

The previous diagrams show the dentition of a sheep. Try to 
work out its dental formula.

Using this formula how many teeth would a sheep 
have?



3. Omnivores
Omnivores have very distinctive teeth 
that help with the digestion of their 
varied diets. They often have long, 
sharp, pointed teeth to rip and cut meat 
and flat molars to crush plant material. 

The previous diagram was for a dog. What is the dental 
formula for a dog?

Using this formula how many teeth would a dog 
have?



Which one is an Omnivoire?
Humans are described as omnivores whose primary food sources include both plants and 
animals. Which of the following dentitions belongs to an omnivore? Explain your answer.

Black Bear's Jaw

C. 
• Canines are pointed for tearing meat;
• A diastema between incisors and premolars for manipulating plant;
• Premolars and molars have relatively flat surface for grinding plant;
• Possessing features for eating both plant and meat.



Animal Attack!!!!

On Sunday, Jenny went on a picnic in the 
countryside.  She was attacked by an animal with 
the bite mark shown below.

• The diameter is about ½ point finger, 
bigger than the bite mark of fruit bat;

• Canine marks are not very deep and 
prominent, not a dog or a cat;

• The curvature is similar to that of 
human bites. Monkeys and humans 
are primates and the curvatures of 
their bites are similar.

Which animal caused the bite?



The Most Famous Bite Mark Case of 
the Twentieth Century

http://www.forensic.to/webhome/bitemarks1/

F30 Article ­ How Forensic Dentistry Works.docx

http://www.forensic.to/webhome/bitemarks1/
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How Forensic Dentistry Works

In January 1978, a manhunt was underway for one of the most notorious serial killers in the history of the United States. Ted Bundy was being held in a small jail in Glenwood Springs, Colo., while awaiting trial for the murder of Caryn Campbell. He escaped by sawing through a metal plate in the ceiling, going through the crawlspace above and walking out through the apartment of the jailer, who happened to be out for the night.

After traveling through Illinois, Michigan and Georgia, Bundy ended up in Tallahassee, Fla. On Jan. 15, 1978, he went into the Chi Omega sorority house at Florida State University. He bludgeoned four students with a club and strangled them. Lisa Levy and Margaret Bowman were killed. Bundy also sexually assaulted Levy and bit her, leaving clear bite marks.

Bundy was recaptured in February 1978 and eventually went on trial for the murders he committed in the Chi Omega house. The bite mark was the only piece of physical evidence that he left at the scene. Investigators took plaster casts of Bundy's teeth, which showed that his teeth were unevenly aligned and that several of them were chipped. A forensic dentist was able to show that these casts matched with photographs of the bite mark from the body of Lisa Levy. This evidence was instrumental in his conviction; if Bundy hadn't bitten Lisa Levy while assaulting her, he may not have been found guilty.

The Bundy case is just one example of how our teeth can uniquely identify us. Forensic dentists (also known as forensic odontologists) have two different tasks: to identify the dead by their teeth and to determine who (or what) did the biting when bite marks are found. Let's start by looking at the system that all dentists use to distinguish one tooth from another.

Types of Teeth

Teeth aren't fingerprints; they aren't inherently unique from birth. When teeth grow in, or erupt, they do so differently in each person. Teeth grow an average of 4 micrometers per day, so it's possible to give a rough age estimate based on teeth. It can also be possible to distinguish ethnicity from the teeth. Some Asians and Native Americans have incisors with scooped-out backs.

The patterns of tooth wear also vary and can change over time. Not only can people be identified by their teeth, you can also learn a lot about their lifestyles and habits by the state of their teeth.

Although each type of tooth has a different name, we have multiples of some types of teeth. For example, a full set of adult teeth includes two upper central incisors and two upper lateral incisors. Therefore, each individual tooth needs its own designation. There are dozens of methods for labeling teeth in use, but the three most popular methods are the Universal System, the Palmer Method and the FDI (Fédération Dentaire Internationale) World Dental Federation notation. 

In the United States, most dentists use the Universal System. In this system, each of the 32 adult teeth is assigned a number. Number one is the upper right third molar, while number 32 is the lower right third molar. The 20 deciduous, or baby teeth, are designated by the letters A through K or the number-letter combination of 1d through 20d.

Some teeth, like molars, have multiple surfaces too. Each of these surfaces has a name. The center of the tooth is the biting surface, known as the occlusal. This surface has two elements: the cusps, or raised parts, and the grooves, or indentions. The mesial surface of the tooth is toward the front of the mouth, while the distal is toward the back. The side toward the inside of the mouth is the palatal surface on the upper jaw (lingual on the lower jaw). The tooth surface facing the cheek is the buccal. So if you get a filling on the distal of number 15, you'll know that means it's on the surface facing the back of the mouth on your upper second molar (or 12-year molar).

When you visit the dentist for a checkup, he or she uses a Universal System chart and makes a notation on each tooth to show variations such as chips and dental work such as fillings, crowns and bridges. The dentist also includes observations about the health of your teeth, like receding gums or signs of periodontal disease. Most dental visits involve taking sets of X-rays, which can also show work not easily seen, like root canals.

Tooth Identification

There is no database of teeth that corresponds with databases of fingerprints or DNA, so dental records are how forensic dentists identify the dead. Tooth enamel (the outer layer of teeth) is harder than any other substance in the human body, which is why teeth remain long after all other parts have decayed. Victims of fires are often identified by their teeth, which can withstand temperatures of more than 2,000 degrees Fahrenheit (1,093 degrees Celsius). Teeth that have been through especially intense heat are very fragile and may shrink, but they can be preserved with lacquer and used for identification as long as they are handled very carefully. Dental work, such as a partial or gold crown, will be distorted by fire but can still aid in identification.

To identify a person from his or her teeth, a forensic dentist must have a dental record or records from the deceased person's dentist. In the case of an incident involving multiple deaths, forensic dentists receive a list of possible individuals and compare available records with the teeth and find a match. Examining the teeth of an intact corpse often requires working in a morgue to expose the jaws surgically. Even if only a few teeth are available, a forensic dentist can still make a positive identification. The best comparisons come from X-rays, but even if those aren't available, notations on the tooth chart can tell the dentist if the teeth are the same.

[image: http://static.ddmcdn.com/gif/forensic-dentistry-xray.jpg]

X-rays are the best way to make a match as far as forensic dentistry is concerned.

Identifying an individual by his or her teeth without dental records is much more difficult. However, things like broken teeth, missing teeth and gold crowns might be recognized by the friends and family members of the deceased. Things about the biter's lifestyle can be determined by the teeth; a constant pipe smoker or a bagpipe player has a distinctive wear pattern. Dressmakers and tailors, who often put pins and needles in their mouths, may have chipped teeth.

In addition to the dental records, forensic investigators can retrieve DNA samples by extracting the pulp from the center of the tooth. Unlike the enamel, pulp can be damaged by fire and other conditions, but it can also last for hundreds of years. Dental identification is often the last resort, and it isn't always possible -- some people simply can't be identified.

Bite-mark Analysis

Although the Chi Omega murder trial had bite-mark evidence as its centerpiece, it's usually used in conjunction with other types of physical evidence. Bite-mark analysis is extremely complex, with many factors involved in a forensic dentist's ability to determine the identity of the perpetrator.

The movement of a person's jaw and tongue when he or she bites contributes to the type of mark that is left. Depending on the location of the bite, it's not typical to find bite marks where both the upper and lower teeth left clear impressions -- usually one or the other is more visible. If the victim is moving while being bitten, the bite would look different from that inflicted on a still victim.

If an investigator sees something on a victim that even resembles a bite, the forensic dentist must be called in immediately, because bite marks change significantly over time. For example, if the victim is deceased, the skin may slip as the body decays, causing the bite to move.

The first step in analyzing the bite is to identify it as human. Animal teeth are very different from humans' teeth, so they leave very different bite-mark patterns. Next, the bite is swabbed for DNA, which may have been left in the saliva of the biter. The dentist must also determine whether the bite was self-inflicted.

Forensic dentists then take measurements of each individual bite mark and record it. They also require many photographs because of the changing nature of the bites. Bruising can appear four hours after a bite and disappear after 36 hours. If the victim is deceased, the dentist may have to wait until the lividity stage, or pooling of the blood, clears and details are visible. The bite photography must be conducted precisely, using rulers and other scales to accurately depict the orientation, depth and size of the bite. The photos are then magnified, enhanced and corrected for distortions.

Finally, bite marks on deceased victims are cut out from the skin in the morgue and preserved in a compound called formalin, which contains formaldehyde. Forensic dentists then make a silicone cast of the bite mark.

Forensic dentists use several different terms to describe the type of bite mark:

· Abrasion - a scrape on the skin

· Artifact - when a piece of the body, such as an ear lobe, is removed through biting

· Avulsion - a bite resulting in the removal of skin

· Contusion - a bruise

· Hemorrhage - a profusely bleeding bite

· Incision - a clean, neat wound

· Laceration - a puncture wound

In addition, there are several different types of impressions that can be left by teeth, depending on the pressure applied by the biter. A clear impression means that there was significant pressure; an obvious bite signifies medium pressure; and a noticeable impression means that the biter used violent pressure to bite down.

A forensic dentist can tell a lot about the teeth of the biter based on the bite mark. If there's a gap in the bite, the biter is probably missing a tooth. Crooked teeth leave crooked impressions, and chipped teeth leave jagged-looking impressions of varying depth. Braces and partials also leave distinctive impressions.

Once investigators have identified a suspect, they obtain a warrant to take a mold of his or her teeth as well as photos of the mouth in various stages of opening and biting. They then compare transparencies of the mold with those of the bite-mark cast, and photos of both the bite mark and the suspect's teeth are compared to look for similarities.

Bite-mark Analysis Controversy

In January 2007, prisoner Roy Brown, who had been convicted of murder in New York in 1992, was set free. Brown was one of many prisoners who have been released after DNA analysis, not available or widely used during their trial, cleared them of their crimes. In Brown's case, bite-mark analysis was instrumental in his conviction. But DNA from saliva left on the bite matched with a different suspect. So what went wrong?

The bite mark in the Brown case showed six tooth impressions from the front teeth of the upper jaw, although he was missing two teeth at the time. The expert witness claimed that Brown could have moved the skin of the victim around when biting to make it appear that he wasn't missing any teeth. Although this testimony was not the only evidence used by the prosecution, it was instrumental in helping jurors reach a guilty verdict.

Just five years earlier, an Arizona man named Ray Krone was released from prison after 10 years of serving his murder sentence. The prosecution's witness claimed a perfect match between his teeth and a bite mark found on the victim. The witness stated that "a match is 100 percent" [source: New Scientist]. Krone was cleared after DNA belonging to another suspect was found on the victim's clothes.

Cases like these have led critics to speculate about the nature of bite-mark analysis. Rather than extrapolate based on the bite mark itself, forensic dentists often get a lot of information about the suspected biter before performing the analysis. This might lead them to look for evidence that isn't actually there to fit the need. In addition, forensic dentists may be giving juries the impression that bite marks are as unique as fingerprints or DNA -- and they're not. Despite what the witness in the Krone case stated, there is no evidence to show that you can state that an individual was responsible for a bite mark with complete certainty.

[bookmark: _GoBack]Now some critics feel that bite-mark analysis should be used only to eliminate, not to identify, a suspect. Others say that it's acceptable to state there is a probability that a suspect created the mark, but that it's important to clarify that bite marks can't be the only thing linking the suspect to the crime. Forensic dentist training as well as proper education of the jury are also factors.

After the Brown exoneration, Chief forensic dentist Richard Souviron of the Miami-Dade Medical Examiner's Office told the New York Times that, "If you say that this bite fits this person and nobody else in the world, and if you use the bite mark as the only piece of physical evidence linking an attacker to his victim, that's not science -- that's junk" [source: New York Times]. Anthony Cardoza, who co-authored a 1999 study showing that bite-mark analysis could be reliable under specific conditions, admitted, "The best bite mark is one you can swab for DNA" [source: New Scientist].
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SMART Notebook


Lesson 4 Forensic Dentistry


Pre-lesson Reading


Forensic Science


Forensic science is the scientific examination of evidence in a criminal investigation.


Forensic Dentistry or Odontology


Forensic dentistry or forensic odontology is a branch of forensic science which deals with the collection, evaluation and proper handling of dental evidence in order to assist law enforcement officers and to assist in civil and criminal proceedings.


Major Services of Forensic Dentistry


a)
Identification of deceased persons through dental remains;

b)
Bite mark analysis, determining or ruling out possible suspects in crimes using the bite marks 
left on a victim or other object; and 

c)
Examination of oral-facial structures for determination of injury, possible malpractice or 
insurance fraud.

Data to be collected for forensic dentistry include

a) Bite mark on victim’s body or objects;

b) Postmortem odontogram;

c) Shape, colour and arrangement of teeth; and 

d) Unique changes due to dental surgery or accidents.

On-line studying


Forensic dentistry


http://www.forensicdentistryonline.org/forensichomepage.htm 

Lesson 4 Forensic Dentistry


Worksheet 4.1 Making a bite mark


You are given a washed apple. Make a bite mark on it similar to the picture shown below. Compare your teeth bite mark with your partner’s. What are the differences between the two sets of teeth bite marks?

[image: image1.jpg]





Differences between teeth bite marks:


Lesson 4 Forensic Dentistry


Worksheet 4.2 Dentitions of Humans and Animals

Dentition of Humans

Dentition refers to the number and arrangement of different types of teeth in a mammal. The following shows the number and key features of each type of teeth in human adults.

		Tooth type

		Incisors

		Canines

		Premolars

		Molars

		Total



		Number of teeth

		Upper jaw

		2

		1

		2

		3

		16



		

		Lower jaw

		2

		1

		2

		3

		16



		General feature

		Front teeth


All have thin edges


Square shaped Single rooted

		Cone-shaped


Single rooted

		Two cusps Single rooted

		Square 


4 and 5 cusps Largest teeth in jaw 


Multiple rooted

		



		Function




		Used for biting into food

		Used for tearing food

		Used for grinding food

		Used for grinding food
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Dental formula

Dentition can be represented by a dental formula, which shows the numbers and types of teeth on each side of the upper and lower jaws. For example, the dental formula of a human adult is:


i
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Try to do the following calculation with the dental formula!

Total number of teeth on each side 

= _________________________

Total number of teeth of adult human

= _________________________

Dentition of different animals


The dentitions of different animals vary according to their diets. In order word, biologists can predict whether an animal is meat-eating (carnivores) or plant-eating (herbivores) by studying the dentition of an animal. Similarly, forensic scientists can make use of an animal bite to determine the identity of an animal. 

1. Carnivores

Carnivores feed mainly upon meat, their dentitions are characterised by well-developed sharp canines for catching preys and shearing meat. The premolars and molar are strong and blade-like to perform cutting and chewing actions. 

The following diagrams show the dentition of a dog.  Try to work out its dental formula.



[image: image9]

		Dental formula: (           )

[note that the upper and lower dentitions are unequal]





2. Herbivores

Herbivores feed mainly on plant matter. Most herbivores have no or very small canines but they usually have a big diastema (gap) between incisors and premolars for easy manipulation of plant matter during chewing. The premolars and molar are ridged for grinding and crushing fibrous plant materials. 

The following diagrams show the dentition of a sheep. Try to work out its dental formula.



[image: image10]

		Dental formula: (           )


[note that the upper and lower dentitions are unequal]





Worksheet 4.3 Which of the following is an omnivore?

Humans are described as omnivores whose primary food sources include both plants and animals. Which of the following dentitions belongs to an omnivore? Explain your answer.



[image: image11]

Explanation:


		



		



		



		



		





Lesson 4 Forensic Dentistry


Worksheet 4.4 Animal attack


On Sunday, Jenny went on a picnic in the countryside. She was attacked by an animal and her hand left a bite mark shown below:



[image: image12]

Which of the following animals may cause the bite? Circle it out and explain your answer.

		Fruit Bat



[image: image13]

		Dog
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		Monkey 



[image: image15]



		Cat



[image: image16]

http://www.freedigitalphotos.net/images/Dogs_g59-Greyhound_p132.html

(Arvind Balaraman)





Explanation:


		





Lesson 4 Forensic Dentistry


Worksheet 4.5  Who is the murderer?

A murder case was reported at the Integrated Science Laboratory.

The body of the laboratory technician was found at the entrance between the IS laboratory and the preparation room. He was struck at the stomach by a piece of broken glass, which might be the cause of the murder. Some broken glasses were found in front of the teacher’s bench, alongside with a piece of unfinished sandwich with a bite mark on it. 
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Now, you are the forensic scientist responsible for examining the teeth bites on the sandwich (clue-murder’s bite mark) and match it with the bites from two suspects (suspects A & B*). 


You are given some apparatus: transparencies, markers, a ruler, scissors, grid papers and a contractor. You may suggest to your teacher other apparatus if necessary. Design a scientific test to achieve the purpose and seek your teacher’s advice before carrying out your test to find out the murderer.


*The teacher may ask the students to prepare the samples for other groups according to Appendix I during their planning time.


Your solutions should answer the following questions:


1. Referring to the bite marks, what information/ data would you collect, measure and compare?


2. What is your equipment list?


3. What factors do you need to control in order to make the experiment a fair test?


4. How is your test performed?


5. What are the limitations of your test?

Task: Designing a fair comparison for bite marks

1. Evidences to be collected, measured and compared

		



		



		





2. Equipment list


		

		



		

		



		

		





3. Factors to be controlled to make it fair


		



		





4. Outline of procedure


5. Limitations of my test

		



		





Task: Designing a fair comparison for bite marks


6. Results

7. Conclusion- Who is the murderer?

		



		



		



		





8. Follow-up Questions

Question 1


Apart from the bite marks, what evidences can be collected from the sandwiches for investigation?


		



		



		



		





Question 2

In a scientific test, there may be two types of error as shown below:


Type I error: you incorrectly release the true murderer

Type II error: you mistake a good person for a murderer

As a forensic scientist, which of these two types of errors must be eliminated? Explain your answer.



Answers (open-ended):

		





Note:


Activity 4.5


Preparation of Murderer Sample and Suspect Samples


Steps for making Murderer Sample


1. Put a piece of ham and two pieces of cucumber between two pieces of bread with edges removed. 


2. The ‘murderer’ makes a deep bite on the sandwich so that bite marks will be left on all the ingredients.  Label the sample as ‘MURDERER’.


[image: image17.jpg]





Steps for making Suspect Samples


1. Prepare another set of sandwiches.  Several suspects make deep bites on the 4 sides of the sandwiches.  (Refer to photo “04” of Snapshots).  Make sure that the bite marks will be left on all ingredients. 


2. Label the sample as ‘A’, ‘B’, “C” and “D”, etc.


Lesson 4 Follow-up Activities

Extended Reading:

1. Computer Aided Analysis of Bite Mark

http://www.forensic.to/webhome/bitemarks/#CreatingComputerGeneratedExemplarsofSuspectDentition 

2. The Most Famous Bite mark Case of the Twentieth Century

http://www.forensic.to/webhome/bitemarks1/

http://crime-scene-processing.suite101.com/article.cfm/the_capture_of_ted_bundy

incisor          canine           premolar            molar 







Clue: A piece of bitten sandwich
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Worksheet 4.3 Which of the following is an omnivore?

Humans are described as omnivores which eat both plants and animals as their primary

food source. Decide which of the following dentitions belongs to an omnivore? Explain your
answer.

Answer: C

Canines are pointed for tearing meat

A diastema between incisors and premolars for manipulation of plant matter for grinding.
Premolars and molars have cusps and relatively flat surfaces for crushing and grinding
vegetables.

Thus, this animal is possessing features for eating both plant and meat

A: Horse, B: Hyena, C: Black bear, D: Sea lion

B o
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The following diagrams show the dentition of a sheep. Try to work out its dental formula.

Upper arcade of sheep (lateral view)

L

Incisors  Canine Premolar

Lower arcade of sheep (lateral view)

@ KTLEUNG. 5 obun | photo albwn Skl - - 3 K DM, CH=@ ° &
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and blade-like to perform St aid cheleing actions.

The following diagrams show the dentition of a dog. Try to work out its dental formula.
Incisor

Premolars

Molars

o !
Upper arcade of dog Lower arcade of dog

42

Dental formula: ﬁ“ [note that the upper and lower dentitions are unequal]
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