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PART 1 - DENTAL CHARTS.

When using dental charts for the identification of Human Remains in USA, Forensic Odontologists look for patterns of 
similarities, particularly in dental restorations, between an ante mortem and post mortem dental chart.

The restoration for each tooth are primarily coded using a combination of 'M','O','D','F', and 'L'
Other codes are also used, such as 'V' for an unrestored tooth, 'X' for an extracted tooth (ante mortem).
Dr. Soren Keiser-Nielsen, the international authority on forensic odontology, put forward several mathematical models (using 

the combination of Missing, Unrestored and Restored teeth) to estimate the likelihood that two dental charts would be the 

same. 
1*

Dr Keiser Nielsen's interest was initiated by the fact that fingerprint evidence was accepted internationally by courts of law. 

He sought to propose a model that would see dental chart comparison similarly accepted, and even proposed that 12 'points 
of concordance' be the accepted minimum for identification.
DENTAL CHART SEQUENCING is based on a different and more precise mathematical model, using simplified codes M 

(Missing Extracted), F (Filled or Restored) and N (Normal - Unrestored) 
MATHEMATICAL MODEL EXPLAINED (Universal Tooth Numbering System)

Taking tooth 1, that tooth can be either Missing, Normal or Filled. One chance in 3.
For 2 teeth, the chances that tooth 1 and tooth 2 are the same is 3 to the power of 2 (9)
For 3 teeth, the chances that teeth 1,2 and 3 are the same is 3 to the power of 3 (27)

For 4 teeth, the chances that teeth 1,2,3 and 4 are the same is 3 to the power of 4 (81)
For 5 teeth, the chances that teeth 1,2,3,4 and 5 are the same is 3 to the power of 5 (243)

For 6 teeth, the chances that teeth 1,2,3,4,5 and 6 are the same is 3 to the power of 6 (729)
For 7 teeth, the chances that teeth 1,2,3,4,5,6 and 7 are the same is 3 to the power of 7 (2187)
For 8 teeth, the chances that teeth 1,2,3,4,5,6,7 and 8 are the same is 3 to the power of 8 (6571)

For 9 teeth, the chances that teeth 1,2,3,4,5,6,7,8 and 9 are the same is 3 to the power of 9 (19683)
For 10 teeth, the chances that teeth 1,2,3,4,5,6,7,8,9 and 10 are the same is 3 to the power of 10 (59,049)

For 11 teeth, the chances that teeth 1,2,3,4,5,6,7,8,9,10 and 11 are the same is 3 to the power of 11 (177,147)
For 12 teeth, the chances that teeth 1,2,3,4,5,6,7,8,9,10,11 and 12 are the same is 3 to the power of 12 (531,441)
For 13 teeth, the chances that teeth 1,2,3,4,5,6,7,8,9,10,11,12 and 13 are the same is 3 to the power of 13 (1,594,323)

For 14 teeth, the chances that teeth 1,2,3,4,5,6,7,8,9,10,11,12,13 and 14 are the same is 3 to the power of 14 (4,782,969)
For 15 teeth, the chances that teeth 1,2,3,4,5,6,7,8,9,10,11,12,13,14 and 15 are the same is 3 to the power of 15 

(14,348,907)
For 16 teeth, the chances that teeth 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 and 16 are the same is 3 to the power of 16 
(43,046,721)

When continuing to tooth 32, the chances of codes for teeth 1 to 32 being the same are 3 to the power of 32 
(1,853,020,188,851,841) far exceeding the odds for DNA and FINGERPRINTS.

Although not used for this computation, each 'F' (Filled or Restored) can be coded as any one of 21 possible restoration code 
combinations - (M, O, D, F, L, MO, MD, MF, ML, OD, OF, OL, DF, DL, FL, MOD, ODF, DFL, MODF, ODFL, MODFL), the 
exponential result would be infinitesimal.

When comparing an ante mortem and post mortem dental charts, rarely will you be comparing two identical charts. Post 
mortem charts are typically 'degraded' by factors such as: 

1. Missing Post Mortem teeth. 
2. Changes since last Ante Mortem charting: 

◦ Extraction (Ante Mortem) 

◦ Restoration (either new or added) 
◦ Eruption of teeth (usually third molars)

(there is no CAPMI or NCIC code for Unerupted teeth). 

When these conditions are encountered, the SEQUENCER is reset, starting again at the next tooth.
Unlike Fingerprint and DNA searching technologies, the record is only to be compared with a finite number of ante mortem 

charts.
The author proposes that DENTAL CHART SEQUENCING is a model sought by Dr Nielsen which can be accepted 

internationally by courts of law.
STANDARD for POSITIVE IDENTIFICATION:

1. Dental charts to be compiled and certified by accredited odontologists or trained professionals. 

2. Uninteruped SEQUENCE of 16 or more matching tooth codes (V - Virgin (un-restored and present), F - Filled, X- 
Extracted (ante mortem) between the Ante Mortem and Post Mortem dental charts. 

3. At least 2 codes must be F, and a 3rd code must be either M or F. 
4. Calculation of odds is expanded to 7 possibilities 

1. Missing - Extracted Ante Mortem 

2. Virgin - Normal Unrestored 
3. Restored - 1 matched surface 

4. Restored - 2 matched surfaces 
5. Restored - 3 matched surfaces 

6. Restored - 4 matched surfaces 
7. Restored - 5 matched surfaces 

The minimum odds would be 33,232,930,569,601 to 1 (7 to the power of 16) 



EXAMPLE OF POSITIVE IDENTIFICATION BY DENTAL CHARTS (Battle of TARAWA)

In the example below the following assumptions are made: 

• The marine was born on 3rd January,1923.

• The dental chart is dated 22nd December, 1941, the soldier being 18 years 11 months old.
• The 4 third molars in the chart marked with a red 'X', are assumed to be unerupted teeth (due to his age).
• The ante mortem chart only indicates caries (cavities), as they are marked in black.

• These cavities would be restored soon after the examination and would appear as restorations on the post mortem 
chart. 

If all assumptions are correct, and the charts were coded accurately, odds of these two charts matching are 
1,628,413,597,910,449 to 1 (7 to the power of 18) 

TOOTH# 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

DTSR:600 - 40 40 - - - - - - - - - - - 40 - - 40 240 - - - - - - - - - - 160 40 -

333997 V O O V V V V V V V V V V OL O V V O OF V V V V V V V V V V OF O V

SCO1X198 O O O OD O V V V V V V V O ? O V V O OF V V V V V V V V V V OF O V

When DENTAL CHART COMPRESSION is applied (see next page), the result is an unbroken SEQUENCE of 27 exactly 
matching dental codes. 

(Teeth #1,4,5,13 and 14 are removed from the chart) 

TOOTH# 2 3 6 7 8 9 10 11 12 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

DTSR:600 - 40 - - - - - - - - - - 40 240 - - - - - - - - - - 160 40 -

333997 O O V V V V V V V O V V O OF V V V V V V V V V V OF O V

SCO1X198 O O V V V V V V V O V V O OF V V V V V V V V V V OF O V

GUIDE TO DENTAL CHARTS COLOR CODING

V EXACT CODE MATCH

OF RATIONAL CHANGE

? TOOTH MISSING (POST MORTEM)

GUIDE TO DENTAL CODES

M
MESIAL SURFACE OF TOOTH - This means the surface towards the center of 
the mouth

D
DISTAL SURFACE OF TOOTH - This means the surface away from the center 
of the mouth

O OCCLUSIONAL SURFACE OF TOOTH - This means the biting surface F FACIAL SURFACE OF TOOTH - This means the surface towards the face

L LINGUAL SURFACE OF TOOTH - This means the surface towards the tonge X TOOTH EXTRACTED ANTE MORTEM - Tooth extracted before death

? TOOTH MISSING POST MORTEM - This means the tooth fell out after death V VIRGIN (Normal) - Tooth present with no restorations

/P BRIDGE/CAP/DENTURE



DENTAL CHART COMPRESSION

When dealing with degraded post mortem dental charts which are missing teeth (POST MORTEM) and contain RATIONAL 
CHANGES, this technique removes those teeth from the chart. ("NOISE")

In the example below, teeth#1,8,9,21,24 and 25 are missing post mortem, and teeth#14,29 and 30 are rational changes 
(subsequent treatment).

When these charts are COMPRESSED, it is clear to see there is an unbroken SEQUENCE of 23 matching tooth codes.

TOOTH# 2 3 4 5 6 7 10 11 12 13 15 16 17 18 19 20 22 23 26 27 28 31 32

DTSR:440 - 40 - - - - - - - - - 180 - 40 60 - - - - - - - -

811875 O O V V V V V V V V O O V O O V V V V V V O V

SCO1X6 O O V V V V V V V V O O V O O V V V V V V O V

AUTOMATIC DENTAL IDENTIFICATION SYSTEM (ADIS)

When creating a search engine similar to DNA (CODIS) and Fingerprints (AFIS) there are a number practical considerations 
when searching dental charts.

Unlike DNA and Fingerprints the sample to be searched (ante mortem dental chart) most likely will be different from samples 
(post mortem dental charts) stored in the database due to possible changes in dentition or other factors such as: 

• Charting Errors***.

These occur from time to time, and must be taken into account in the search, otherwise only exact matches will be 
returned.

• Changes in dentition between the ante mortem chart and post mortem chart.
These changes can be rational or irrational. Allowances must be taken into account, otherwise only exact matches 
will be returned.

• Post mortem charts often indicate Post mortem Missing Teeth.
This is because most Unidentified Remains are skeletonized or decomposed, often suffering trauma at death, or 
sometimes tampering.
When the search algorithm encounters a Post Mortem Missing tooth, it 'steps over' the comparison and continues to 
the next tooth
Even with 16 Missing Post Mortem teeth the odds can be still be 43,046,721 to 1.
When such a dental chart contains F (Filled or Restored) the secondary calculation method can be employed which 

uses the multiplication factor of 21 (all possible restoration codes) for that tooth (instead of 3) in the primary 
calculation method.
Example: If a 'partial' dental chart with teeth 1 to 12 coded 'MMFNNFFNNFFNN' (teeth 13 to 32 absent post 

mortem) the likelihood of two exactly matching dental charts (including restorations) being the same are 
13,841,287,201 to 1. (7 to the power of 12) 

• There is no code for UNERUPTED teeth (typically 1,16,17 and 32 in 17-23 year olds).
In these situations, the most likely code used in the ante mortem chart is 'X' (Extracted).
If the post mortem chart indicates a "V" , (Normal or Unrestored), or any combination of M,O,D,F, and L (Filled or 

Restored), for 3rd year molars, and the ante mortem chart is coded "X" (Missing Extracted) it would indicate an 
irrational change. 

If between the ante mortem chart and the post mortem chart the 3rd year molar had erupted (and possibly 
restored), that change could be rationalized, and not excluded from the search results. 

***Charting errors
Experience has shown that charting errors sometimes occur. These errors cause the SEQUENCER to reject the match.
Using a secondary method, these rejected matches are 'scrubbed', ignoring any irrational changes, but counting exactly matching dental chart codes.

The totals for each comparison are computed and the highest total, including the DTSR score point to the subject.
This method was instrumental in identifying BLANCHETTE, ALBERIC M 350357 USMCR PVT as SCO1X153, with score was 20 matches and a DTSR of 2070.
Also BALL, WILLIAM D 350129 USMC SGT as SCO1X89 (26 matches), NEWELL, ARCHIE W 394552 USMC PVT as SCO1X44 (14 matches),JAMES, RAY 500780 

USMCR PFC as SCOX163 (26 matches), PATRICK, GEORGE FRANK 474918 USMCR PVT (24 matches), THOMAS, HAROLD VERNON 318409 USMC PFC (22 
matches), MENENDEZ, MANUEL 474087 USMCR PFC (24 matches).



Forensic odontology has long been a practiced by many skilled professionals, and is accepted as a gold standard in human 

identification.
Before accomplishing this, a forensic odontologist has to present an ante mortem chart and a post mortem chart for 

comparison.
Consider you have an indexed post mortem dental chart and a database of candidate indexed ante mortem dental charts***.

Using DENTAL CHART SEQUENCING, it is possible to select a potentially matching ante mortem chart (from any number of 
charts) when entering a post mortem chart.
USES FOR THIS TECHNOLOGY

USA MIA/POW Buried as Unknown (X-FILES) WW2.
There are over 8000 MIAs, KIAs and POWs from WW2 buried as Unknown in various cemeteries around the world.

Over 1000 of these containing dental charts have been indexed and entered into a database.
Most of these dental charts contain sufficient coding to positively identify them if ante mortem charts were available.

CASE STUDY - BATTLE OF TARAWA, 1943

Evidence: 

1. Ante Morten (Induction) Dental Charts (NAVMED H-4) 
2. Post Mortem Dental Charts (QMC 1044a) 

Item 1

FBI (NCIC) and RCMP (CPIC)
The FBI (NICIC) has a database of over 80,000 Missing Persons Files, many of which contain NCIC dental charts, submitted 
by Law Enforcement Agencies across the USA.
There is also a database of over 40,000 Unidentified Human Remains Files, almost all containing NCIC dental charts 

submitted by Medical Examiners/Coroners across the USA. (This has been characterized as 'The Nation's Silent Mass 
Disaster'). 

Similarly, the RCMP (CPIC) who is responsible for collecting and maintaining dental charts form missing person and 
unidentified found person reports submitted by investigators across Canada.
The Nation is currently focused on Missing and Murdered Aboroiginal Women (1750 Missing). However the ability to search 

dental charts of Unidentified Human remains against those of the Missing does not exist.
Both agencies were unable (or unwilling) to provide dental charting data at the request of the author - FBI (NCIC) FOIPA 
Request No : 1218727-000 (2013) and RCMP (CPIC) REF# A-2013-02462. (2013) despite my offer to run the data and return 
the results to them.
Neither agency have to ability to search dental charts across 2 databases (Missing and Unidentified) and have never produced 

a match solely with dental charts. These dental charts can be searched just like fingerprints (AFIS) and DNA (CODIS).
It is hard to believe that none of these dental charts for Unidentified Remains match any of the Missing Person dental charts.

The author projects that thousands of family and friends would receive closure when matches are made.
MASS DISASTERS (Plane crash, tsunami etc.)
Currently WINID3 is the Computer Program used by most investigators to 'match', amongst other things, dental charts of 

human remains and potential victims of a Mass Disaster. (others include CAPMI and DAVID)
Where a catastrophic Mass Disaster occurs, involving thousands of victims, a 'helper' application ('TSUNAMI') can be used.

This program, developed by the author, allows a WINID3 MS Access ® database (*mdb) file to be imported and read from a 
drive available to a computer on which it is installed.
Once imported it can be used to search a single post mortem chart entered into the interface, or search all Post Mortem 

charts (if any) against all Ante Mortem charts.
The program can be used in 'DEMONSTRATION' mode, creating a file "tsunami.mdb" on the hard drive.

The user can select the number of random ante mortem charts to create in the file.
Indexed dental charts (using DENTAL CHART SEQUENCING) are like fingerprints and can revolutionize how Mass Disaster 
Identification is done.

The program uses DTSR (Dental Treatment Significance Rating) to score potential matches. (See BATTLE OF TARAWA below)



PART 2 - SKULL/FACE RECOGNITION (using photographs)

When face photographs are used in SKULL/FACE recognition, it must be recognized that the subject is rarely facing the 
camera straight on.

They can be facing left or right (YAWED), facing up or down (PITCHED) or tilted to the left or right (ROLLED).
All 3 of these angles must be calculated from the photograph.

This also applies to the picture of the skull.
Using these values, a technique called SPRY (Scaled Pitch Roll Yaw) digital correction is used, which creates digitally 
corrected measurements for FACE LENGTH, EYE WIDTH, MOUTH WIDTH and NOSE WIDTH.

The corrected measurements (in pixels) are then SCALED to a uniform FACE WIDTH of 400 pixels.
The 4 face values are entered into a FACE database.

The 4 skull values are entered into a SKULL database.
This allows face data to be run against skull data and vice versa.
Certain landmarks on the face are used to calculate these measurements, while different landmarks on the skull are used.

Because it is impossible to see the position of the two UPPER CENTRAL INCISORS when the mouth is closed, the face length 
measurement is made from a line drawn from each edge of the mouth.

Based of underlying dental conditions such as overbite, under bite, malocclusion etc. the position of the biting edges of the 
CENTRAL UPPER INCISORS can range from above or below that line.
The search algorithm takes this into account by doubling the pixel difference tolerance level.

When the FACE is within 20 pixels, of the eye width, mouth width and nose width, and within 40 pixels of the face length 
corresponding to the same values of the SKULL, that pair become candidates for SKULL/FACE SUPERIMPOSITION.

SKULL/FACIAL SUPERIMPOSITION.

Using Direct Volumetric CNN Regression recently developed by Aaron Jackson (and others) at the Computer Vision 
Laboratory, University of Nottingham, UK, a FACE MASK is created from the face photograph and manipulated to the same 

PITCH, ROLL and YAW angles of the candidate skull. The FACE mask is then overlaid on the picture of the skull.
This process is called FACIAL MASK SKULL OVERLAY (FMSO), and is illustrated below.

Ack 478412 FACE MASK
FACIAL MASK SKULL 

OVERLAY
SCO1X210

In the absense of mtDNA, dental charts (where ante-mortem and post-mortem charts show no restorations or extractions), 

skull photographic superimposition would be a valuable asset in identification.

SKULL/FACIAL ANOMOLIES

In some cases, anomalies in the photograph of the face can be recognized in the photograph of a matching skull.
Flash photography was used in the production of the skulls photographs used in this investigation.

This enabled the observer to see features in the skull.
In some photographs of servicemen, small wounds and recognizeable facial features are discernable.
In the example above there are matching anomolies on the forehead of both face and skull.

The face mask produced by Direct Volumetric CNN Regression faithfully recreated by this anomoly from the face photograph. 



PART 3 - EXAMPLES from THE BATTLE OF TARAWA, 1943.

DENTAL CHARTS
ANTEMORTEM

The NAVMED-H4 Form has 2 Ante Mortem Dental Charts: 

1. RECORD OF THE FIRST DENTAL EXAMINATION 
Existing conditions were marked on the chart in red.

Restorations are marked on the tooth matched surfaces.
Extractions and Un erupted teeth are marked with a red 'X'

Existing Cavities are marked in black. (These would invariably be immediately restored and show up in the post 
mortem chart as restorations.

2. RECORD OF SUBSEQUENT DENTAL OPERATIONS.
Restorations carried out are marked in black or blue.
Extractions carried out are marked with a blue X.

Sometimes the REMARKS Section will contain notes relating to teeth condition.
The charts themselves do not contain Notations.

Tooth numbering system:
Upper Right To Left 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Lower Right To Left 

When coding these charts, any extractions of third molars were coded 'V' as the red X was ambiguous, as it could represent 
an extraction, or an un erupted tooth.

When the sequencer encounters a post mortem 'X', where the ante mortem was 'V', it will step over this tooth.
Whereas if the ante mortem was coded 'X' (as an un erupted 3rd molar) and the post mortem chart showed 'V' or 'F', the 

sequencer would reject the record.
The ante mortem charts (QMC 1044a) almost always contain codes not recorded on the NAVMED-H4.
In most cases, they indicate that extensive treatment was performed after the initial Dental Examinations but not recorded on 

the chart.
POST MORTEM

The QMC 1044a chart is black and white.
Tooth numbering system:

Right Left

8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8

16 15 14 13 12 11 10 9 9 10 11 12 13 14 15 16

Right Left

Restorations are shaded on individual teeth, similar to the NAVMED H-4

Unlike the NAVMED H-4, the coding is written (or typed) in a notation box provided for each tooth.
Often restoration material (A for amalgam, S for silicate, G for gold etc.) are also marked.

Extractions are marked with an  'X' on the tooth. Missing Post mortem teeth are marked with  a 'P' with an 'X' 
in the loop of the 'P' 

Cavities are marked on the tooth matched surface as the unfilled shape of the cavity.
Surface codes for cavities are written in the notation box and circled.



DENTAL TREATMENT SIGNIFICANCE RATING - DTSR

When there are a finite number of 'possible' dental charts in the pool, i.e. passengers in a plane wreck, casualties in a specific 
Battle, it is possible to process those ante mortem charts to create a TREATMENT PATTERN.

For example, for tooth #1, the number of fillings for each candidate are totaled. If there are 25 fillings in total for tooth #1 
and there are 100 candidates in the pool, the multiplication factor would be 100/25 or 4 if the candidate has a filling at 
tooth#1 and the post mortem chart has a filling at tooth#1. 

The less prevalent the treatment for a particular tooth, the higher the multiplication factor.
A higher DTSR, the more likelihood there would be a match.

In some cases the TREATMENT PATTERN for a particular tooth is unique to the pool, providing significant evidence of 
identification. (See Pages 9 and 25)

In the case below, which shows a very degraded post mortem chart (mandible missing, parts of maxilla missing) it was 
possible to state that only two ante mortem dental charts in the pool contain codes for tooth#6 extracted. One of the two 
was elimanated by Chief Rick Stone using RISC data, and the soldier below was included by RISC data.

TOOTH# 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

DTSR:5880 - 40 500 - 240 3750 - - - - - - 800 550 - - - - - - - - - - - - - - - - - -

820197 X O X MO OD X V MF V V V V X X X X X X X V V V V V V V V V V X OF V

SCO1X103 ? O X ? OD X ? ? ? V V V X X ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

The table below represents DENTAL TREATMENT SIGNIFICANCE RATING multiplier chart.

At the time this chart was made there were 161 soldiers in the pool.
Therefor, a multiplier of 161 indicates a UNIQUE tooth code.

A multiplier of 0 means that no tooth code is recorded at that tooth location.
In the case above, the value for MISSING at tooth#6 in the multiplier is 80, indicating there are only two soldiers in the pool 
with extracted teeth at that location.

TOOTH# 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

MESIAL 0 40 16 16 20 0 14 14 20 20 80 26 23 10 17 0 161 32 23 32 161 0 161 161 161 0 0 53 23 23 20 80

OCCLUSIONAL 13 2 2 7 5 161 161 161 161 0 161 13 7 2 2 10 10 2 3 10 53 0 0 0 0 0 0 26 9 2 2 20

DISTAL 161 53 20 16 8 80 80 32 23 161 161 20 16 17 161 161 161 53 40 23 80 0 0 161 161 0 161 53 20 16 53 161

FACIAL 0 40 53 161 161 53 17 20 20 32 40 26 161 26 80 0 20 8 12 161 0 80 0 0 0 0 53 161 80 7 6 32

LINGUAL 0 53 32 0 0 0 0 80 53 26 161 161 0 23 80 0 0 161 80 0 0 0 0 0 0 0 0 0 0 80 161 0

MISSING 6 23 12 20 40 80 161 80 0 80 161 32 16 12 32 8 16 40 5 23 0 0 0 161 161 161 161 161 161 5 23 10

BRIDGE/CAP 0 0 0 0 0 0 0 161 161 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 80 161 0

This investigation is still on going, and dental charts are being added as they become available.
As a result, this chart changes dynamically as these charts are added.
However it does give some indication as to the dental health of the group. 


