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ABSTRACT 
New complementary methods to aid in the rapid identification 
of  human  remains,  particularly  in  cases  involving  multiple 
victims and heavily degraded bodies, are valued in the forensic 
field. In these circumstances, the properties and characteristics 
of teeth make them incredibly useful for human identification. 
Denta l  morphologica l  t ra i ts ,  commonly  studied  in 
anthropology, exist in the population with varying frequencies, 
which makes them very informative. Thus, everyone has their 
own  dental  trait  profile,  that  may  manifest  with  greater  or 
lesser frequency in the population. We propose a discriminative 
method by exclusion for the identification of individuals, based 
on the evaluation of dental traits,  using intraoral 3D images. 
For  this  purpose,  a  group of  10  dental  traits  was  chosen to 
obtain  a  personal  profile  in  a  population  group  of  76 
individuals. Various scenarios were created to analyze different 
problem  cases,  by  using  matching-exclusion  tables.  Three 
individuals (problem cases) with dental trait profiles of very low 
(1/27703  individuals),  medium  (1/136  individuals),  or  high 
frequency in the population (1/42 individuals)  were randomly 
chosen for the experiment.  Using a conservative approach, the 
most  likely  candidate  for  positive  identification  was 
determined in  eight  steps  for  problem case  1,  five  steps  for 
problem case  2,  and  two  final  candidates  were  identified  in 
problem case 3,  with only  one achieving 100%  similarity.  In 
contrast,  the  less  conservative  approach  identified  the  most 
likely candidate in four steps for case 1, three steps for case 2, 
and  four  steps  for  case  3.  The  rarest  dental  profile  did  not 
necessarily require fewer steps. Our work suggests that using 
the  well-known  dental  morphological  traits  and  recent  3D 
imaging  technology  could  significantly  improve  the  efficient 
triage and identification of victims, especially in cases of closed 
mass disasters.

INTRODUCTION 
Forensic identification of victims is of extreme importance, not 
only  for  humanitarian  reasons  but  also  in  civil  or  criminal 
investigation  cases.  Identifying  human  remains  frequently 
requires a multidisciplinary approach, and techniques that best 
adapt to the circumstances are recommended.1
Identification with an odontological approach has proven to be 
very  effective,  relatively  quick,  and  cost-effective.  Forensic 
odontological methods follow an evaluation process that 
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considers characteristics of dental morphology, the 
number and position of teeth, dental pathologies 
and  treatments ,  and  other  maxi l lofacia l 
identifiers.2-4 Whenever possible, dental evaluation 
is the preferred approach for many mass disaster 
casualties.  In  such  situations,  a  quick  triage 
(through  the  biological  profi le )  for  later 
application of comparative techniques will lead to 
a shortening of the delivery time of bodies to their 
families.1,5,6
The search for identity through teeth begins by 
comparison of postmortem (PM) and antemortem 
(AM)  records.6  These  include  dental  pictures, 
clinical  notes,  x-rays,  and three-dimensional (3D) 
models, among others.3-6 The greater the number 
of  physiological,  pathological,  or  therapeutic 
modifications,  and  the  less  f requent  the 
morphological  characteristics  are  in  the  general 
population, the easier the identification will be.4
Currently,  computerized tomography (CT)  scans 
and  intraoral  3D  images  are  also  recorded, 
especially  in  dental  clinics  with  more  advanced 
equipment. 7-10 Although radiographs continue to 
be the gold standard as an imaging support for 
forensic identification, these new techniques are 
beginning  to  be,  at  the  very  least,  a  relevant 
complement to forensic investigation.6,9,11,12 
In mass disaster events,  shortening the delivery 
time of mortal remains is very important, but the 
high number of victims and the conditions found 
by  the  Disaster  Victim  Identification  (DVI) 
teams  on  the  ground  can  generate  complex 
situations,  and all  care  must  be  taken to  avoid 
making  mistakes.1,3,5,6,11  This  is  why  additional 
methods that  aid in quickly  triaging candidates 
and confirming their identification are desirable.
Ancestry  (or  population  affinity)  is  one  of  the 
parameters  that  help  reconstruct  the  biological 
profile  of  victims’  remains  through  their  teeth, 
together with the sex, age, and height estimation; 
this  is  especially  important  when  there  are  no 
records available for comparison of AM and PM 
data.5,13,14 This allows us to reconstruct a profile in 
cases  of  severely  degraded  human  remains. 
Anthropological  studies  have  thoroughly 
researched  and  classified  dental  traits  that  are 
more  prevalent  in  certain  populations.15,16  For 
instance, Europeans are more likely to have high 
degrees of the Carabelli's cusp of the first upper 
molar,  Asians  and  Indo-Americans  often  have 
shovel-shaped  incisors,  while  sub-Saharan 
Africans have a higher prevalence of Bushman’s 
canine.  15,16  However,  other  dental  traits  are 

present in all  populations with minor variations, 
including the number of cusps on lower premolars 
or the pattern of grooves on lower molars. 17 Thus, 
everyone has a particular profile of dental traits, 
which may be very common in certain individuals 
but rare in others. 18
There are scenarios of closed mass disasters with a 
high  number  of  victims,  such  as  plane  crashes, 
fires, or shipwrecks, in which the severely affected 
bodies need to be identified.5 The use of intraoral 
scanners would allow almost instant 3D images of 
the  victims'  dentition  (complete  or  partial)  that 
could  even  be  obtained  on  the  ground  with  a 
mobile  scanning  station.  The availability  of  AM 
intraoral 3D recordings allows for the acquisition 
of dental  traits'  profiles,  which could be quickly 
compared with PM profiles to speed up triage, or 
even clearly indicate a probable identification. 
In  this  study,  we  propose  a  new  exclusion 
comparat ive  method  based  on  denta l 
morphological  traits  to  assist  in  the  triage  and 
identification of victims in closed mass disasters.

MATERIALS AND METHODS  

Selection of dental traits and classification
The selection of traits was based on their varying 
frequencies  in  northern  Portugal,  using  a  study 
conducted on a collection of crania and mandibles 
approximately one century old as a reference.19 A 
representative mixture of easily observable traits 
was chosen, with variable frequencies, on different 
types of teeth and upper and lower jaws. The ten 
chosen  traits  were:  upper  central  incisive 
shoveling,  upper  lateral  incisive  interruption 
groove, upper canine distal accessory ridge, lower 
2nd  premolar  cusp  number,  Carabelli’s  cusp, 
hypocone  of  the  upper  second molar,  lower  1st 

molar cusp number, lower 2nd molar cusp number, 
lower  1st  molar  groove  pattern,  lower  2nd molar 
groove pattern.
Table  1  summarizes  the  frequencies  of  selected 
dental  traits  based on anthropological  studies of 
the  Northern  Portuguese  population.19  The 
breakpoint  indicates  the  extent  to  which  the 
presence of the trait is  considered unequivocally 
present; for lower grades than the breakpoint, the 
trait is considered absent. For some traits,  there 
are no grades; the breakpoint consists only of the 
presence  or  absence.  Each  observed  trait  was 
classified  based  on  the  ASUDAS classification 
(Arizona  State  University  Dental  Anthropology 
System).16
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To classify the different dental traits, two intra-
observer  assessments  were  carried  out  over 
several days for all the individuals. In case of non-

coincidence  between  assessments,  a  third  final 
assessment was carried out. 

Table 1. Frequencies of the chosen traits in northern Portugal after Marado and Silva.18 The breakpoint 
indicates the grade from which the presence of the trait is considered unequivocally present.

Sample and registration of 3D images
Intraoral images of 76 patients from the Clínica 
Médico Dentária de São João da Madeira, Lda., 
(Nor th  o f  Por tuga l )  were  used  in  th i s 
retrospective  study.  Informed  consent  for  the 
scientific use of the data was obtained at the time 
of collection, and the images were subsequently 
pseudo -anonymized  (appro va l  f rom  the 
Institutional  Ethics  Committee,  approval 
statement number 19/CE-IUCS/2021). 
The individuals were of both sexes, aged between 
18 and 52 years, circumscribing an adult age and a 
provable  low  number  of  missing  teeth.  The 
inc lus ion  cr i ter ia  were  indiv iduals  with 
permanent dentition of both sexes and from the 
North  of  Portugal.  The  exclusion  criteria  were 
individuals  with deciduous dentition,  foreign or 
with  dental  treatment  that  severely  affects  the 
morphology or visibility of most traits.

The 3D images were obtained using the iTero® 
intraoral 3D scanner from Align Technology, Inc. 
MeshLab software (MeshLab_64_fp v2023.12) and 
Blender  software  (www.blender.org)  were  also 
used to  observe  and analyze  3D images  and to 
obtain two-dimensional (2D) photos.

Calculation of probabilities
The probability of an individual having a certain 
trait  profile  in  the  North  of  Portugal  was 
calculated by multiplying the frequency ratio of 
each  trait,  shown in  Table  1  of  Supplementary 
Information, considering the data of Table 1. To 
simplify  the  method,  only  the  left  teeth  were 
considered.  For  example,  we  consider  an 
individual from the northern region of Portugal 
who  matches  the  following  profile:  absence  of 
upper  central  incisive  shoveling,  presence  of 
upper  lateral  incisive  interruption  groove, 

Trait: Marado & Silva 
North of Portugal

Breakpoint

Shovel shaped upper central 
incisor

Presence Absence
Presence- Grade   3-6

3.5% 96.5%

Interruption grooves in the 
upper lateral incisor

Presence Absence
Presence/Absence

12.3% 87.7%

Distal accessory ridge in the 
upper canine

Presence Absence
Presence- Grade   2-5

21.5% 78.5%

Number of lingual cusps of 
the lower second premolar

2 or 3 lingual cusps 1 lingual cusp
Presence- Grade   2-9

21.7% 78.3%

Carabelli´s Cusp
Presence Absence

Presence- Grade   5-7
12.8% 87.2%

Hypocone
Presence Absence

Presence- Grade   2-6
49.8% 50.2%

Cusp number of the lower 
first molar

Presence Absence Presence of cusp 
number 572.2% 27.8%

Cusp number of the lower 
second molar

Presence Absence Presence of cusp 
number 512.6% 87.4%

Groove pattern of the lower 
first molar

Y pattern Another pattern
Y pattern

87.8% 12.2%

Groove pattern of the lower 
second molar

Y pattern Another pattern
Y pattern

83.5% 16.5%
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absence  of  upper  canine  distal  accessory  ridge, 
presence  of  lower  2nd  premolar  cusp  number, 
presence of Carabelli’s cusp, absence of hypocone 
of the upper second molar, presence of lower 1st 

molar cusp number, presence of lower 2nd molar 
cusp number, Y lower 1st molar groove pattern, X 
lower  2nd  molar  groove  pattern.  Based  on  the 
information  provided,  the  probability  of  this 
person  having  the  described  traits  would  be 
calculated as follows: 0.965 x 0.123 x 0.785 x 0.9 x 
0.217 x 0.217 x 0.502 x 0.722 x 0.126 x 0.835 x 0.165 
=  1.145  x  10^-5.  This  is  equivalent  to  1  in  8,733 
persons. 

Matching-exclusion comparative table and terminology 
used
A matching -exclusion  table  was  created 
integrating  all  candidates  for  identification  and 
the  trait  profile  of  the  problem  case.  The 
sequence analysis of the traits was ordered from a 
more  evenly  distributed  (Hypocone:  49.8% 

present  –  50.2  %  absent)  to  a  less  balanced 
distribution  (Upper  Central  Incisor  Shoveling: 
3.5%  present  –  96.5  %  absent)  within  the 
population.
To fill in the table, a color code is suggested to 
facilitate  visualization,  which  is  explained  in 
Table  2.  In  each  box,  similarities  are  indicated 
during  the  analysis,  but  the  filling  stops  its 
progression  when  there  is  no  coincidence 
(considered  “unexplainable  discrepancy”).  The 
operator did not know the reference number of 
the problem cases. Some factors were taken into 
consideration to reflect real scenarios (see Table 
2) .  When  the  operator  labels  the  trait  as 
“explainable  discrepancy”  or  “Insufficient 
evidence”,  the  classification  continues  without 
exclusion.  This  procedure  is  very  conservative 
because it does not exclude the candidate when 
considered  “Insufficient  evidence”,  despite  the 
strong indications that do not point to him as the 
problem case. 

Table 2. Color code for the matching-exclusion comparative method, and terminology used.
Color Code Relevance Explanation

SIMILARITY When both classifications coincide.

E X P L A I N A B L E 
DISCREPANCY

When  the  trait  is  visible  in  the  candidates  but  not  visible  in  the 
problem case (in a real scenario, it could correspond to a trauma at the 
time  of  the  accident  or  dental  treatment  at  a  later  date,  after  the 
provided  images);  or  when  the  trait  is  not  observable  either  in  the 
candidate or in the problem case due to dental treatment; or when the 
difference  between  a  present  trait  is  up  to  two  grades,  considering 
ASUDAS classification (a safety inter-observer margin of two grades is 
applied when the trait is present).

I N S U F F I C I E N T 
EVIDENCE

When the trait is visible in the problem case but not in the candidates. 
It is more likely a case of unexplainable discrepancy due to dental 
treatment or missing teeth in the candidates, which is not observable in 
the problem case. However, the current analysis approach is very 
conservative, so this trait will not be considered for analysis because it 
cannot be compared. Also, in a real scenario, a poor image quality of a 
candidate’s dental trait could lead to it not being considered for 
analysis.

UNEXPLAINABLE 
DISCREPANCY

When the trait is present in one individual and absent in the other; 
when there is a difference in the trait classification of more than two 
grades. The discrepancies are irreconcilable. The candidate is excluded.
When the colors green, yellow, or orange are assigned, the classification 
continues. With the red color, the classification stops, and the 
individual is excluded.
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RESULTS 

The analysis  of  3D intraoral  images  allows the observation and classification of  dental  traits.  Some 
images of traits chosen for this study are shown in Figure 1. The profile of the 76 individuals for the 10 
dental traits used in this exercise is presented in Table 2 of the Supplementary Information.

Figure 1. Examples of intraoral 3D images focused on certain dental traits used in this study

Three  individuals  were  randomly  chosen  as 
problem  cases  for  a  simulation.  Profiles  with 
different  probabilities  of  being  present  in  our 
studied population were selected (problem case 1: 

1/27703  individuals;  problem  case  2:  1/136 
individuals; problem case 3: 1/42 individuals).
The dental traits profile of the problem case 1 is 
shown  in  Figure  2.  The  exclusion  comparative 
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method  was  then  applied,  coming  up  with  a 
single candidate (candidate 47F) who turned out 
to  be  the  correct  individual  (Figure  3).  For 

problem case 2,  the correct  individual  came up 
after covering half of the dental traits (candidate 
59M) (Figures 4 and 5). 

Figure 2. Dental traits profile of the problem case 1. Abbreviatures of the traits are shown at the 
bottom lane. G: Grade, NV: Not visible, P: Present (Grade), Pa: Pattern, DT: Dental Treatment. 

Figure 3. Matching-exclusion table integrating all candidate individuals for identification. The 
references of the candidates are listed in the first column. 

Figure 4. Dental traits profile of the problem case 2. Abbreviatures of the traits are shown at the bottom 
lane. G: Grade, NV: Not visible, P: Present (Grade), A: Absent (Grade), Pa: Pattern, DT: Dental Treatment.
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Figure 5. Matching-exclusion table integrating all candidate individuals for identification. The 
references of the candidates are listed in the first column. 

Finally, two candidates came up for problem case 3 
(candidates 11F and 48F), but only one presented 
100%  similarities  (candidate  11F),  and  for  the 
other one, more than half of the traits were not 
visible due to dental treatments (Figures 6 and 7).
Of the three examples of  problem cases shown, 
problem  case  2  was  the  one  in  which  an 
identification was reached the fastest (5 steps). In 
this case, if we reverse the order in which the traits 
are  compared,  f rom  the  most  unequal l y 
distributed  in  the  population  to  the  most 
balanced, an identification would also be reached, 
however,  with  more  steps,  since  it  would  be 
necessary to analyze the 10 traits (data not shown).

In  summary,  using  a  conservative  approach 
(“explainable  discrepancy”  or  “Insufficient 
evidence”  results  were  considered  without 
exclusion) ,  the  most  likely  candidate  for 
positive identification was determined in eight 
steps for problem case 1, five steps for problem 
case 2, and two final candidates were identified 
in  problem  case  3,  with  only  one  achieving 
1 0 0%  s i m i l a r i t y.  In  c o n t r a s t ,  t h e  l e s s 
c o n s e r v a t i v e  a p p r o a c h  ( “e x p l a i n a b l e 
discrepancy”  or  “Insufficient  evidence”  results 
excluded  the  candidate)  identified  the  most 
likely candidate in four steps for case 1,  three 
steps for case 2, and four steps for case 3. 

Figure 6. Dental traits profile of the problem case 3. Abbreviatures of the traits are shown at the 
bottom lane. G: Grade, NV: Not visible, P: Present (Grade), Pa: Pattern, DT: Dental Treatment.
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Figure 7. Matching-exclusion table integrating all candidate individuals for identification. The 
references of the candidates are listed in the first column. 

 
DISCUSSION 
In this study, we show that using a comparative 
approach,  dental  traits  (typically  linked  to 
anthropological research on population affinities) 
can also serve as a methodical forensic tool for 
human identification.
The  frequencies  of  many  traits  vary  among 
different populations; what is uncommon in one 
population  may  be  very  present  in  another. 
However, these differences tend to diminish due 
to increasingly widespread migration phenomena.
In this  study,  we used the frequencies  of  these 
traits in a population from the north of Portugal 
for guidance purposes only.19  The intention was 
to demonstrate the variability in the frequencies 
of  dental  trait  profiles  within  the  population. 
This variability in trait frequencies will, a priori, 
help decrease the number of candidates at each 
step of the matching-exclusion process. On one 
hand,  more  evenly  distributed  traits  allow  for 
discarding  approximately  half  of  the  candidates 
(present or absent). In contrast, a more extreme 
unequal distribution favors, in theory, discarding 
many  candidates  at  once  when  the  trait  is 
infrequent in the problem case. The chosen traits 
in this study are relatively common in different 
populations.16 The very rare traits,  despite their 
undeniable  value  for  identification,20  would  not 
apply to this approach.
In the three problem cases used as examples of 
how  the  methodology  works,  the  correct 

identification  of  the  problem  individual  was 
always  achieved,  despite  very  conservative rules 
being applied. When the trait cannot be observed 
in the problem case or the candidate (masked by 
dental treatment or missing tooth), the procedure 
continues.  However,  in  a  normal  comparative 
ident i f i ca t ion  process  by  the  forens ic 
odontologist,  dental  treatment  or  antemortem 
tooth loss in the candidate, not confirmed in the 
prob lem  ca se ,  wou ld  be  su f f i c ient  for 
unexplainable discrepancy and exclusion.
To simplify the procedure, only the left side of 
the jaw was used. The truth is that the method's 
effectiveness  can  be  increased  by  using  more 
information.  Nevertheless,  in  real-life  scenarios, 
the  trend  will  be  loss  of  information,  with 
situations  such  as  fragmented  jaws  or  missing 
teeth.  In  such  situations,  we  believe  that  this 
comparative  exclusion  method  would  still  be 
useful. It is important to note that due to better 
oral  health  care  among  young  people,  fewer 
treatments  are  performed  that  alter  dental 
morphology,  which  would  help  in  identifying 
individuals through dental traits.
This  comparative  exclusion  methodology  could 
be  ideally  applied  in  various  forensic  scenarios 
involving  mass  casualties:  accidents,  natural 
disasters,  terrorist  acts,  and  historical  or 
clandestine  mass  graves.  For  example,  dental 
traits could be used to identify individuals from 
the same family in a mass grave.21 This technique 
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preserves the remains without causing damage, 
and the images accurately show all the essential 
morphological  details,  keeping  the  original 
dimensions.7,22,23 Yet, there may be challenges in 
capturing 3D images on the ground, at the site 
of the disaster. These challenges include limited 
access  to  the  oral  cavity  in  cases  of  burns  or 
rigor mortis; the need to clean debris that could 
potent ia l l y  af fect  the  interpretat ion  of 
morphological  traits  in  3D images;  and  finally, 
collecting  images  from  fragile  and  partially 
fragmented jaws. Other limitations may arise at 
the  time of  analysis:  training  in  observing  and 
classifying  dental  traits  is  necessary;  some 
training  in  dental  medicine,  particularly  in 
dental  anatomy,  would  be  desirable  to  identify 
therapeutic  modifications  (the  use  of  dental 
materials or dental devices is quite common, and 
can hide traits such as the groove pattern of the 
mandibular  molars  or  accessory  ridges  on  the 
canine, among others)  (see images in Figures 2, 
4,  and  6);  and  when  classifying  certain  dental 
traits, there is a level of subjectivity that should 
be considered.
What we present here is  a first  proposal  for a 
methodology that has room to evolve: selection 
of other traits, selection of traits less subject to 
dental  treatments,  and  application  in  other 
p o p u l a t i o n s  i s  r e co m m e n d e d .  A n o t h e r 
possibility to enhance the discriminative power 
of this method could be to combine dental trait 
profiles  with the  presence and types  of  dental 
treatments  carried  out,  and  the  presence-
absence of teeth. Steps may also be taken in the 
direction of using artificial intelligence and deep 
learning.  Automated  comparative  analysis,  and 
comparison  between  different  records  (x-rays, 
tomography,  and  intraoral  scans)  is  developing 
r a p i d l y,  a n d  co u l d  h e l p  to  g r o w  t h i s 
methodology.12,24-29  In  this  context,  several 
computer  software  programs  already  utilize 
dental coding systems to assist in the automated 
comparison of AM and PM data in mass disaster 
scenarios.  DVI  System  International  is  the 
official software endorsed by INTERPOL and is 
among the most widely utilized tools for disaster 
victim  identification.30  Odontosearch,  UDIM, 
and WinID are also software tools designed to 
a s s i s t  forens ic  odonto log i s t s  in  human 
identification  by  utilizing  dental  records.31-33 
They  pr imari l y  re l y  on  radiographs  and 
photographs  to  analyze  dental  characteristics, 
including  missing  teeth,  restorations,  and 

anomalies.  These  software  applications  are 
continuously  updated  with  more  efficient 
ve r s ions  and  by  in tegra t ing  ne w  too l s . 
OdontoSearch 3.2 provides statistical values and 
an objective method for quantifying the relative 
frequency  of  dental  patterns  in  the  general 
population. It is based on individual patterns of 
missing,  filled,  and unrestored teeth on a large 
scale.  Interestingly,  it  can  statistically  assess 
whether a specific dental pattern is rare or more 
prevalent within the studied population.31,34 The 
study of  dental  trait  patterns  proposed in  this 
work  aligns  perfectly  with  this  approach. 
Integrating  these  traits  into  dental  records 
would  significantly  enhance  the  database  and 
improve  the  effectiveness  of  automated victim 
identification analysis.
However,  the  mentioned  software  applications 
do  not  rely  on  3D  images  obtained  through 
intraoral scanning. It is only recently that these 
images have started gaining wider use in dental 
clinics,  and  the  potential  for  conducting 
intraoral scans on disaster victims is now being 
explored.6,35 Promising software tools have been 
proposed for the comparative analysis of 3D-3D 
and  3D -2D  ima ges  in  the  identif icat ion 
process.36 Interestingly, other authors propose a 
Digital Dental Biometrics framework for human 
identification. Utilizing 3D dental point clouds 
with machine learning algorithms, they achieve 
a recognition rate of 100% using complete tooth 
crown  contour  samples.37  This  highlights  the 
increasing  adoption  of  new  technologies  for 
analyzing  3D  images  from  intraoral  scanners. 
The  use  of  these  images  is  now a  reality,  and 
their extensive application, particularly with the 
integration  of  Artificial  Intelligence  in  the 
forensic  field,  is  highly  likely.  Incorporating 
visible dental trait patterns present in 3D images 
could be a valuable advancement in the natural 
e v o l u t i o n  o f  a n a l y t i c a l  m e t h o d s  f o r 
identification in forensic contexts.

CONCLUSION 
Using the matching-exclusion tables, the problem 
individuals  appear  to  be  reliably  identified, 
despite the application of very conservative rules. 
Our  research  indicates  that  utilizing  well-
established  dental  morphological  characteristics 
and  modern  3D  imaging  technology  could 
significantly  enhance  the  efficient  triage  and 
identification of victims. 
The key points of this study are:
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1. The proposed exclusion comparative method 
based on dental morphological  traits may be 
valuable  for  the  triage  and  identification  of 
victims.

2. Matching -exclusion  tables  integrate  all 
candidate  individuals  for  identification,  and 
their dental trait profile can progressively be 
compared to a problem case.

3. AM and PM dental trait profiles are necessary 
for comparison. 

4. 3D  ima ge  qual i ty  a l lows  dental  tra its 
comparison.

5. A simple  collection  of  3D  images  with  an 
intraoral  scanner  of  disaster  casualty  victims 
could speed up the identification process.  
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