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ABSTRACT 
Background:  Forensic  odontologists  commonly  incise  the 
skin for post-mortem dental examinations when it is difficult to 
open the victim’s mouth. However, it is prohibited by law to 
incise dead bodies without permission in Japan. Therefore, we 
attempted using extra-oral dental radiography, using a digital X-
ray equipment with rechargeable  batteries,  to overcome this 
restriction. 
Materials and methods: A phantom was placed in the prone 
position on a table,  and three plain dental  radiographs were 
used per case: “lateral oblique radiographs” for left and right 
posterior teeth and a “contact radiograph” for anterior teeth 
were taken using a flat panel X-ray detector and a hand-held X-
ray generator. The resolving power of the images was measured 
by a  resolution test  chart,  and the scattered X-ray dose was 
measured using an ionization chamber-type survey meter. 
Results: The resolving power of the flat panel X-ray detector 
was 3.0 lp/mm, which was less than that of intra-oral  dental 
methods,  but  the  three  extra-oral  plain  dental  radiographs 
provided the overall  dental  information from outside of  the 
mouth,  and  this  approach  was  less  time-consuming.  In 
addition,  the  higher  dose  of  scattered  X-rays  was  laterally 
distributed, but the dose per case was much less than that of 
intra-oral dental radiographs.
Conclusion: Extra-oral plain dental radiography can be used 
for disaster victim identification by dental methods even when 
it  is  difficult  to  open the  mouth.  Portable  and rechargeable 
devices, such as a flat panel X-ray detector and a hand-held X-
ray generator, are convenient to bring and use anywhere, even 
at a disaster scene lacking electricity and water.

INTRODUCTION 
Six years have passed since the Great East Japan Earthquake, 
a n d  t h e  i d e n t i t y  o f  6 9  v i c t i m s  r e m a i n  u n k n o w n .
1Kumagai2reported  the  post-mortem  dental  records  of 
unknown disaster victims in Iwate prefecture three years after 
the  Great  East  Japan Earthquake.  Of  these,  64.7%  did  not 
have  post-mortem  dental  charts  available,  and  79.4%  had 
neither  oral  photographs  nor  dental  radiographs.  She 
reported  that  one  of  the  reasons  for  few  and  poor  dental 
records  was  that  many  burnt  bodies  were  included,  which 
were fragile and where it was difficult to open the mouth.  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Forensic odontologists commonly incise the skin 
when it is difficult to open the victim’s mouth for 
post-mortem dental examinations.3,4 However, in 
Japan,  it  is  prohibited  by  law  to  incise  dead 
bodies  without  a  permit,  and  it  is  difficult  to 
obtain a permit from a court at  a  disaster site, 
because  the  permit  requires  that  the  same 
procedures  as  for  forensic  autopsy  should  be 
followed. Most dentists at sites lacking electricity 
and water could not record oral findings, take oral 
photographs,  or  take  dental  radiographs  of  the 
victims  using  intra-oral  methods  without  a 
permit.
To record some dental information without the 
need  for  a  permit,  forensic  odontologists  have 
developed devices, such as cameras for obtaining 
oral  photographs5-7  and  mouth  gags.  After  the 
earthquake,  we  attempted  to  perform  dental 
radiography by extra-oral  methods to overcome 
this  restriction.  We  usually  take  panoramic 
radiographs  under  recumbence8  and  multi-
detector  computer  tomography  (MDCT ) 
images9-12 as extra-oral methods in our institution. 
However,  these  radiographs  require  large 
appliances,  and  it  is  difficult  to  apply  them 
outside of specialized institutions. Therefore, we 
attempted  to  take  “lateral  oblique  radiographs” 
for posterior teeth and “contact radiographs” for 
anterior  teeth  (hereafter  collectively  termed 
“plain  dental  radiographs”)  using  portable 
devices,13,14  i.e.  analog  film  and  an  alternating-
current(AC) powered hand-held X-ray generator. 
We found that all teeth could be covered by only 
three  radiographs,  which  could  be  taken  by  a 
single examiner when the body is placed in the 
prone  position.  Additionally,  these  radiographs 
yielded clear images sufficient for comparison to 
the  ante-mortem  images,  and  lead  to  positive 
identification.15

In this study, we evaluated the use of extra-oral 
plain  dental  radiography  by  means  of  portable 
and rechargeable-type devices, i.e. a flat panel X-
ray  detector  and  a  hand-  held  X-ray  generator, 
with a view to using these in disaster sites, and 
examined the scattered X-rays to determine the 
safety of use.

MATERIALS AND METHODS 

Materials  for  extra-oral  plain  dental 
radiographs 
The  extra-oral  plain  dental  radiographs  were 
taken  with  a  hand-held  X-ray  generator: 

NOMAD™ (Aribex, Charlotte, NC, USA), and a 
flat  panel  X-ray detector (FPD):  FUJIFILM DR 
CALNEO C mini wireless SQ 24 x 30 cm (Fujifilm 
Medical,  Tokyo,  Japan).The  NOMAD™  has 
rechargeable  batteries  and  backscatter  radiation 
shielding, and the anode voltage(60 kV) and anode 
current(2.3mA)  were  fixed.  CALNEO C is  an 
indirect  conversion type X-ray  detector,  and the 
images  were  immediately  sent  to  a  laptop with 
wireless.

Methods  for  extra-oral  plain  dental 
radiographs 
The  FPD  and  ahead  phantom  for  dental 
radiographic examinations (Kyoto Kagaku, Kyoto, 
Japan)were placed in the prone position. We used 
three plain dental radiographs per case;  we used 
“lateral oblique radiographs” for posterior teeth on 
both sides and a “contact radiograph” for anterior 
teeth.14 For “lateral oblique radiographs”, the FPD 
was  placed  against  the  cheek  to  cover  the 
premolars  and  molars.  The  central  X-ray  was 
projected from between the ramus and the cervical 
spines  of  the  contralateral  side  toward  the 
posterior  teeth  (Figure  1A) .  For  “contact 
radiographs”, the FPD was placed against the lips 
to cover  the incisors,  and the central  X-ray  was 
projected from the posterior neck region toward 
the anterior teeth (Figure 1B). For anterior teeth, 
the  cone  position  of  the  X-ray  generator  was 
placed closely against the neck skin to enlarge the 
cervical spine.

Measurements of the resolving powers 
The resolving power of the images was measured 
using a resolution test chart type 1 (Moriyama X-ray 
Equipment,  Tokyo,  Japan),  for  paired use of  the 
CALNEO C and NOMAD™. As a reference, we 
also measured the resolving power for paired use of 
a  Compuray  Ultimate  Sensor  Large  (Yoshida, 
Tokyo,  Japan),  which is  a  Complementary Metal 
Oxide Semiconductor (CMOS)censor for intra-oral 
radiography, and a NOMAD™.

Measurements of the dose of scatted X-rays 
The FPD and the head phantom were placed in 
the prone position on a 70-cm high table. The X-
ray generator was set in the positions for taking 
images of the left posterior teeth, anterior teeth, 
and  right  posterior  teeth,  and  irradiation  was 
performed  6  times  for0.5  second  for  each 
radiograph.
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An  ionization  chamber-type  survey  meter 
ICS-323C (Hitachi Aloca Medical, Tokyo, Japan) 
was placed on a 1 m high table, toward the cone 
of the X-ray generator. The scatted X-rays were 
measured16,17 at distances ranging from 0.5 m to 
2.0 m, at 0.5 m intervals from the cone of the X-
ray generator,  and at  angles  ranging from 0°  to 
180°,  at  45°  intervals  with  respect  to  the 
phantom’s  body-axis  line.  We  set  0°  as  the 
direction to the feet, 90° as the right side of the 
phantom, and 180° as the direction to the top of 
the head. A bone model with a 2.5 mm thickness 
lead-equivalent apron stood was placed at 0.5 m, 
180°, to represent an examiner. Therefore, the 1 
cm  dose  equiva lent  was  measured  at  19 
measurement points  and the examiner standing 
point after removing the bone model.

Calculation of the dose of scatted X-rays 
The dose  equivalents  of  scatted  X-rays  for  one 
case  were  calculated.  One  case  involved  three 
dental radiographs: left posterior teeth, anterior 
teeth, and right posterior teeth, and the exposure 

time for each radiograph was 0.10 s.
Furthermore,  the  average  of  the  maximum 
number of cases of plain dental radiographs that 
could be taken in one day, while remaining within 
the individual  dose limits,18 i.e.  20 mSv/year  for 
occupational exposure and 1 mSv/year for public 
exposure, were calculated, with one year equal to 
50 weeks and one week equal to five days.

RESULTS 
We attempted to take plain dental radiographs of 
a  head  phantom  using  the  FPD  and  the 
rechargeable  hand-held  X-ray  generator  by  the 
same way as using the analog films and the AC 
powered hand-held X-ray  generator.  Teeth were 
comprehensively  covered  using  only  three 
radiographs  (Figure  2).When the exposure  time 
was  over  0.06  s,  the  images  were  good quality 
automatically by the image processing software.
The resolving powers of the digital devices were 
measured.  The  resolving  power  using  the 
CALNEO C and NOMAD™ was 3.0 line pairs/
mm  (lp/mm),  and  that  by  Compuray  Ultimate 
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Fig.1: Extra-oral plain dental radiography.

(A) The “lateral oblique radiograph” method for the posterior teeth.
(B) The “contact radiograph” method for the anterior teeth.
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Sensor Large and NOMAD™ was 6.0 lp/mm.
The average dose of scatted X-rays for one case 
was  measured  and  is  shown  in  Figure  3.  The 
highest dose was 0.67 µSv/case at 0.5 m, 90°. The 
higher dose of scattered X-rays was observed at 

90°  for  each  distance,  and  the  dose  decreased 
approximately  with  the  square  of  the  distance. 
The dose at the measurement points behind the 
bone  model  were  less  than  0.1  µSv  for  3-s 
exposure.  The  dose  at  the  examiner’s  standing  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Fig.3:  The 1 cm dose equivalents of scattered X-rays of one case,  at various distances and 
angles.  A higher  dose  was  observed  at  90°  for  each  distance,  and  the  dose  decreased 
approximately with the square of the distance

Fig.2: The three extra-oral plain dental radiographs of the head phantom. The three 
radiographs provided a broader coverage from outside of the mouth.
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point was 0.11 µSv/case.
The averages of the maximum number of cases of 
plain dental  radiographs that could be taken in 
one  day,  while  remaining  within  the  individual 
dose  limits,  were  calculated  and  are  shown  in 
Table  1.  If  examiners  registered  as  radiation 

workers, they could process up to 119 cases per 
day  without  the  need  for  protective  devices. 
However, in view of public exposure, they could 
take up to 5 cases at 0.5 m, up to 26 cases at 1.0 
m, and up to 80 cases at 1.5 m. 

Table 1: The average of the maximum number of cases of plain dental radiographs that could be taken 
in one day, while remaining within the individual dose limits.

DISCUSSION 
Plain  dental  radiographs  obtained  by  extra-oral 
methods  using  the  FPD  and  the  rechargeable 
hand-held X-ray generator recorded post-mortem 
dental  information  objectively  equivalent  to 
those  using  analog  films  and  the  AC  powered 
hand-held  X-ray  generator.  As  compared  to 
radiography using films, the following points were 
the  same.  Three  radiographs  were  sufficient  to 
cover  all  teeth,  and  were  obtained  by  one 
examiner when the dead body was in the prone 
position. The overall dental information, such as 
teeth,  alveolar  bone,  and  the  structures  in  the 
maxilla  and  mandible,  could  be  recorded  from 
outside  of  the  mouth  using  this  approach. 
Radiopaque  dental  restorations,  severe  dental 
caries,  and radiolucent  or  radiopaque lesions  in 
the jaws are also likely to be observable, because 
those  could  be  seen  in  the  study  using  films. 
Moreover,  radiography  using  the  FPD  has 
advantages, because the FPD is a digital device. 
We  were  able  to  assess  the  images  obtained 
immediate l y,  without  the  need  for  f i lm 
development;  no  water  is  needed  for  such 
development, and the image could be retaken if 
the original image was not adequate. The range of 

exposure  time  was  not  particularly  rigorous, 
because  we  were  able  to  use  image-processing 
tools.  No  electricity  is  needed  in  mortuaries, 
because the equipment is rechargeable.
We measured the scattered X-rays when the plain 
dental  radiographs  were  taken.  Before  taking 
measurements, we decided on the exposure time. 
The  range  of  exposure  time  required  for 
obtaining plain dental radiographs with the FPD 
is not narrower than that required for analog film. 
We were able to take one radiograph per 0.01 s of 
exposure time, but the image quality was low. In 
the preliminary test in practice,  one radiograph 
with good quality could be obtained within 0.10 s 
for  almost  all  cases,  although  the  adequate 
exposure time depended on the condition of the 
dead body. We recorded the dose of the scattered 
X-ray per case as a 1-cm dose-equivalent for 0.10 s 
exposure time for each of three regions, totalling 
0.30 s.
The  highest  dose  of  scattered  X-rays  was 
0.67µSv  /case  at  the  point  of  0.5  m  and  90°. 
Takahashi16 reported that the maximum dose of 
scattered X-rays  was approximately  3  µSv,  when 
10 intra-oral radiographs were taken for all teeth. 
The dose for extra-oral plain dental radiographs 

Distances 
(at a 90° 

direction)

Dose of Scattered 
X-rays of 1 case

Average of maximum number of cases in one day

Occupational exposure 
< 20 mSv / year

Public exposure 
< 1 mSv / year

0.5 m 0.67 μSv 119 cases 5 cases

1.0 m 0.15 μSv 533 cases 26 cases

1.5 m 0.05 μSv 1,600 cases 80 cases

2.0 m 0.03 μSv 2,666 cases 133 cases
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was markedly less than that for intra-oral dental 
radiographs,  because  the  central  X-ray  was 
projected toward the floor. The dose of scattered 
X-rays decreased approximately with the square 
of  the  distance,  and  the  dose  was  distributed 
higher  at  90°  and  lower  at  0°  and  180°.  This 
distribution  was  observed  not  only  for  the 
irradiation of the right molars,  but also for the 
left molars, probably because the neck region was 
concave between the head and the body.
As  the  public  are  nervous  about  radiological 
protection  after  the  nuclear  accident  at 
Fukushima, it is necessary to ensure the safety of 
radiography  for  various  professionals  working 
together  at  a  disaster  site.  We  attempted  to 
calculate  the  maximum  number  of  cases  that 
could  be  processed  in  one  day  in  terms  of 
individual dose limits in the 90° direction. In the 
Great East Japan Earthquake, it was difficult to 
examine  more  than  30  cases  per  day,  even  if 
examiners  only  performed  dental  radiography. 
Using our approach, examiners could process up 
to 119 cases, even at 0.5 m, if they were registered 
as a radiation worker. Based on public exposure, 
they could process up to 26 cases at 1.0 m, and 80 
cases  at  1.5  m.  Therefore,  all  individuals,  other 
than radiation workers, should stay 1.5 m or more 
away from the X-ray generator, if they do not use 
any  protection  materials,  such  as  screens  and 
aprons.  The  guidelines  of  Japan’s  Ministry  of 
Health  and  Welfare  on  the  safe  use  of  X-ray 
equipment for home-care service in 1998 stated 
that  healthcare workers  other  than an operator 
and  a  support  person,  family  members,  and 
caregivers  should  stay  2  m  or  more  away. 
Moreover, a similar guideline for first-aid stations 
at  disaster  sites  in  2009  stated  that  healthcare 
workers  other  than  an  operator  and  a  support 
person,  should  stay  2  m  or  more  away  for 
occupational protection, or 3 m or more away for 
public  protection.  If  radiological  examiners 
adhere to these guidelines,  they can take extra-
oral  plain  dental  radiographs  safely  even  at 
disaster sites.
Compared  to  other  methods  o f  denta l 
radiography, the use of plain dental radiographs in 
this study had some advantages. As compared to 
the intra-oral method, we do not need to open 
the  mouth ;  we  could  record  the  denta l 
information from outside if  the dead body had 
mouth opening difficulty because of burnt skin, 
dried skin, rigor mortis and fragile teeth and jaws. 
Even  if  teeth  and  jaws  were  fragile,  we  could 
place  the  dead  body  in  the  prone  position  by 

using  assistive  devices.  Additionally,  three  plain 
dental  radiographs  provided  broader  coverage 
than  10  intra-oral  radiographs;  the  plain  dental 
radiography would be less time-consuming than 
intra -ora l  radiography.  Moreover,  fewer 
radiographs and the prone position used in this 
method lead to a lower dose of scattered X-rays 
per  case  than  the  dose  used  in  the  intra-oral 
method,  as  previously  mentioned.  As compared 
to  panoramic  rad iography,  p la in  denta l 
radiography could be used by adjusting the FPD 
position  and  the  cone  angle  of  the  X-ray 
generator  against  the  head,  even  if  a  head  is 
bloated  due  to  post-mortem  changes,  or  is 
severely  tilted  upward  by  burnt  muscles.  In 
contrast,  it  is  sometimes  difficult  to  place 
maxillary and mandibular dental arches of a large 
sized head or a tilted head on the focal trough for 
panoramic radiography.19As compared to MDCT, 
plain  dental  radiography  is  not  affected  by  the 
metal  artefacts  that  often  make  it  difficult  to 
observe the teeth.
Moreover,  plain  dental  radiography  has  some 
limitations.  The  resolving  power  of  the  plain 
dental radiographs was 3.0 lp/mm, which was less 
than  that  of  intra-oral  radiographs;  if  the 
characteristic points were very small,  a  detailed 
comparison with ante-mortem radiographs would 
be  diff icult .  In  addition,  lateral  oblique 
radiography and contact radiography are classical 
methods, which have been used since before CT 
was  developed;  ante-mortem  radiographs  are 
commonly taken by different approaches. When 
comparing  the  radiographs  taken  using  such 
different  modalities,  we  were  not  able  to 
superimpose  the  images,  because  of  different 
distortions and magnifications. It is necessary to 
compare the characteristic  points in both post-
mortem and ante-mortem radiographs.  Yet,  the 
FPD remains an expensive device. If they became 
popular in first-aid centres and general hospitals, 
such  devices  would  be  more  easily  obtained  in 
future.

CONCLUSION 
Extra-oral  plain dental  radiography can be used 
for  disaster  victim  identification  by  dental 
methods,  even  when  it  is  difficult  to  open  the 
mouths of dead bodies. Portable and rechargeable 
devices,  i.e.  an  FPD  and  a  hand-held  X-ray 
generator, are convenient to bring to and use at 
any  mortuaries,  even  at  disaster  scenes  lacking 
electricity  and  water.  In  future,  we  will  study 
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whether plain dental radiographs are sufficient to 
compare with ante-mortem radiographs in cases 
in actual practice. 
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