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MORALITY VERSUS PROFIT.

The traditional methods used by forensic odontologists for identifying victims of
mass disasters are being challenged by large multinational disaster management
companies. Even where dental material is available, dental identification is being
replaced by DNA analysis, a more expensive and time consuming laboratory
technique. These companies who manage the disasters on behalf of the
airlines/governments are sidelining the traditional methods of victim identification.
As disaster managers, they take charge of DNA collection from families who have
lost love ones but at the same time collect ante-mortem dental records, which they
then keep safely in their possession. Not even police officers can coerce them into
parting with these records. This raises moral issues which need to be addressed.
Should dental identification, an accurate, cheap and fast method be replaced by an
expensive and time consuming technique which swells the economic coffers of the
large multinationals? The DNA analysis can take several months to complete,
keeping families waiting long periods for confirmation of positive identification and
the return of the mortal remains. Their justification is that no other method except
DNA can identify the many different body parts that might be found at a disaster
scene. The issues that have to be addressed are the following:
=  Should whole bodies with good dental characteristics and ante-mortem
records also wait for DNA identification?
= Should mutilated bodies with good dental characteristics and ante-mortem
records not be identified by dental means and then kept until body parts are
added when DNA analysis of the remaining parts is made known?
= The profession at large must determine how important it is for families to
know if their next of kin have been positively identified (fast by dental
means), versus getting every body part back after completion of DNA analysis
months after the disaster.
The relevant authorities need to be aware of the identification capabilities of well
trained forensic odontologists. We as a profession need to be adequately prepared to
assist in the identification process in all eventualities, performing our duties in an
efficient and professional way. DNA is unquestionably the method of choice when no
dental or fingerprint material is available. if dental material or fingerprints are
present, these methods should be encouraged on moral and ethical lines. The time
has come for us to unite against those who wait like vultures to swoop down and
make a quick buck out of the misfortunes of others. If we are not proactive in
procuring a definitive role in mass disaster management we might find ourselves
redundant in the future.

Bernitz H
President IOFOS




MOUTH WIDTH PREDICTION IN CRANIOFACIAL
IDENTIFICATION: CADAVER TESTS OF FOUR
RECENT METHODS, INCLUDING TWO TECHNIQUES

FOR EDENTULOUS SKULLS

C.N. Stephan and S.J. Murphy

Anatomy and Developmental Biology, School of Biomedical Sciences, University of Queensland, Brisbane

ABSTRACT

An understanding of the structural relationships
between the soft tissue anatomy of the face and the
hard tissue anatomy of the skull is significant for
craniofacial identification methods employed in
forensic anthropology and forensic dentistry.
Typically, mouth characteristics have been
predicted from the teeth but this proves problematic
in edentulous skulls. Some clue may, however, be
provided by non-dental features. This study
investigates the usefulness of the infraorbital and
the mental foramen position for determining mouth
width and additionally reports on accuracy tests
using two other recently proposed methods that
depend on the teeth: i) Krogman and lIscan’s
radiating mouth width prediction guideline; and ii)
Stephan and Henneberg’s 75% rule. Dissections of
nine human cadavers indicate that the most
accurate mouth width prediction method is the 75%
rule (mean error of -2.4mm) followed by the
distance between the infraorbital foramen (mean
error of -3.3mm). Krogman and Iscan’s radiating
method, as interpreted by Wilkinson,
underestimated mouth width by 7.3mm on average,
while the distance between the mental foramen
underestimated mouth width by 12.9mm. These
results suggest that the infraorbital foramen can be
used as a relatively good predictor of mouth width in
edentulous skulls, however, the 75% rule should be
given precedence if the dentition is present.

(J Forensic Odontotstomatol 2008;27:1:2-7)

Keywords: forensic science, facial approximation;
video superimposition, facial reproduction; facial
reconstruction; forensic anthropology

INTRODUCTION

Knowledge of the relationships between the
soft tissues of the face and the skull is
important  for  craniofacial identification
techniques and for medical surgery."? In
craniofacial identification, the positional
relationships of superficial soft tissue
structures of the oral region (e.g. the cheilions
and the vermillion border height) have typically
been assessed in relation to the dentition.>” In
contrast, the cheilion points have been used to

predict certain hard/soft tissue features in
medical surgery (such as skull foramina to
estimate nerve positions).2 This “reverse”
approach to predict hard tissue features has
relevance to craniofacial identification since
the logical sequence of the relationship can be
inverted (i.e. the mental foramina can be used
to predict the cheilion points) and because
non-dental landmarks hold potential for soft
tissue prediction on edentulous skulls.

In a study of fifty cadavers Song et al.? found
that the infraorbital foramen lay within the
same vertical plane as the cheilions in 50% of
cases, and that the distance between the
infraorbital foramen overestimated actual
mouth width by 0.6mm (mean = 54.9mm; SD =
3.4mm in contrast to the actual mouth width
values of 54.3mm, SD = 5.5mm). The
distances between the mental foramina were,
however, significantly shorter than the inter-
cheilion distances (mean width = 47.2 mm, SD
= 3.4mm, in the former).2

In terms of the teeth, it has been unequivocally
shown that the chord length between the
lateral aspects of the canines produces
inaccurate estimates of mouth width.>° To
accommodate for this, Stephan and
Henneberg'® proposed a 75% rule where the
inter-canine distance is taken to represent
three-quarters of the total mouth width.
Alternatively, Wilkinson'""? claims that a direct
relationship between the canines and the
cheilions exists, so long as the cheilions are
placed along reference lines which radiate
from the canines at angles perpendicular to
the contour of the dental arcade. This
suggestion is based on the original directions
by Krogman3 who first proposed the guideline
but did not state at what angles the radiating
guidelines should be positioned from the skull.
Although  Wilkinson indicates that this
“radiating %uideline" is accurate and thus “very
useful”,""*** it has not been subject to formal



empirical tests. Furthermore, Stephan and
Henneberg'’s rule has not been tested on other
samples beyond those on which it was
originally formulated. This study, therefore,
aims to examine the feasibility of using the
infraorbital and mental foramina to predict the
mouth width and tests Stephan and
Henneberg’s 75% rule along with Krogman
and Iscan’s “radiating” guideline (as couched
by Wilkinson).

MATERIALS AND METHODS

Nine embalmed cadavers of European
extraction (6 males, 3 females) ranging in age
from 62 to 94 years (mean = 78 years, SD =
10 years) were examined in this study. All
heads were sectioned from the body just
below the mandible and prior to and during
investigation they were stored in an upright
position without pressure to the face.
Essentially all cadavers had their mouths in
the closed position so that the gap between
the superior and the inferior labia was less
than five millimetres - only one subject was an
exception to this observation.

At dissection, almost all of the lower lip, except
its lateral edges near the cheilion, and the soft
tissue covering the chin was removed (Fig. 1).
This enabled a clear view of the cheilion points
and the maxillary teeth. Dissection windows
were also cut superficially to the mental and
infraorbital foramina to allow observation of
these skeletal features (Fig. 2). Special care
was taken during these manoeuvres so as not
to move the mandible or compress the intact
soft tissues of the lips.

When removing the lower lip, it was found that
the true anatomical position of the cheilion,
i.e., where superior and inferior labia meet at
the lateral points of the labial commissure,™
was not evident from a frontal view because
these points were obscured by overhang of the
lips in the mouth shut position. The true
junction of the labium superious and inferious
was therefore located posteromedially to the
“visible”  cheilion point (as identified
superficially in a frontal view). Since the
“visible” cheilion is commonly used in facial
approximation, we based all of our
measurements to this point by following out
from the anatomical cheilion, a tangent that
bisected the curve of the dental arcade and
which crossed the vermillion border of the
upper lip (Fig. 1). This method enabled a
precise determination of the cheilion within the
soft tissue funnel at the lateral aspects of the
mouth.

Upon dissection many of the specimens were
found to have reabsorbed mandibles
associated with tooth loss. Only three subjects
were found to have intact dentition from which
the position of the canine/premolar junction
could be identified and the mental foramina
could not be measured on one specimen due
to obliteration of these landmarks in a prior
study (partial removal of the mandible).
Sample sizes, therefore, fluctuate in this study
depending on which mouth width prediction
method was being considered.

e
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Fig.1: Inferior view of a cadaver specimen after
removal of the center region of the lower lip leaving
cheilion points intact. The white arrows point to the
cheilion point as anatomically determined from the
junction between the superior and inferior labia. The
black arrows point to the “visible cheilion” points
which are evident in a frontal view when the upper
and lower lips are closed and obscure the
anatomical cheilion points.

The following distances were measured to
enable targeted comparisons: i) mouth width;
ii) distance between the lateral extents of the
canine teeth; iii) inter-infraorbital foramina
distance; and iv) inter-mental foramina
distance (Fig. 2). The predicted mouth width
according to the “radiating guideline” was also
measured after this distance was established
by placing pins at the canine/1* premolar
junction and at angles that bisected and
radiated out from the dental arcade $Fi§' _2%,
thus following directions of Wilkinson."" P2% 12
Pp-116 & 117 Note here that the positions of the
cheilion points and the foramina of the skull
were also measured along a Cartesian grid
with the zero point registered on the anterior
nasal spine. All measurements were made
using GPM® sliding calipers to the nearest half
a millimetre.




Fig.2: Linear distances recorded in this study. (a):
IOF represents the distance between the center
points of the infraorbital foramina, CH represents
the distance between the ‘visible” cheilion points;
MF represents the distance between the center
points of the mental foramina. (b): RG represents
the mouth width determined according to Krogman
and Iscan’s® and Wilkinson’s’""? directions. The
dark pins represent those used to determine the
actual (non-predicted) cheilion position in the
cadavers. Note here that positioning of the tangents
was very carefully determined on the specimens.
Impressions from the photographs that small
deviations may have been made from Wilkinson’s
recommended angulations are the result of
photographic angle. “Straight-on” views proved to
be insufficient for illustration purposes because
other pertinent landmarks (such as the teeth in the
dental arcade) were shielded from view by the
mandibular border.

To insure internal repeatability of the
measurements, a second set of
measurements were taken six days following
the first to determine intra-observer error. The
intra-observer error was calculated by taking
the sum of the squared differences between
test and retest and dividing it by two times the
number of remeasured individuals. The square
root of the result (i.e., of the technical error of
measurement'*) was then divided by the mean
of the test/retest result of the first individual to
generate a coefficient of variation of the error.

RESULTS

Measurement errors for all variables assessed
in this study were less than 3%. The mean
mouth width for all nine cadavers was
55.1mm, SD 4.4mm. This value is in the same
vicinity as that reported by other authors®®'>
although it is towards the upper end of the
spectrum. The mean width between the lateral
aspects of the canines as measured in three
individuals was 40.8mm, which falls well short
of typical mouth widths noted in other
studies.®® In this sample, the canine width
represented 72% of the mouth width (see
Table 1), approximating the 75% reported by
Stephan and Henneberg."® The error resulting
from use of the 75% rule was -2.4mm for the
three individuals for whom mouth width and
canine width could be measured.

The “radiating guideline” produced mouth
width estimates of  49.5mm, which
underestimated the measured mouth width by
7.3mm in the three individuals where these
values could be taken. If the radiating lines
from the canineffirst premolar junction were
forced to cross at the true cheilion points to
reduce the error, then their angulations would
clearly need to be increased in contrast to the
“perpendicular’ angles recommended in the
literature (see Fig. 2). The distance between
the infraorbital foramina underestimated actual
mouth widths by a mean value of 3.3mm, while
the distance between the mental foramina
underestimated the mouth width by 12.9mm
(see Table 1). These values are slightly larger
than those reported by Song and colleagues,2
but follow the same general pattern with the
mental foramina distance diverging most from
the mouth width. The positions of the cheilion
points, infraorbital foramina and mental
foramina relative to the anterior nasal spine
are illustrated in Figure 3.
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Fig.3: The position of the infraorbital and mental
foramen recorded in this study in reference to the
position of the anterior nasal spine.

In summary, this study found that Stephan and
Henneberg'’s 75% prediction rule
underestimated mouth width in this sample by
4%, the inter-infraorbital distance
underestimated mouth  width by 6%,
Wilkinson’s interpretation of Krogman and
iscan’s radiating guideline underestimated
mouth width by 13%, and the inter-mental
foramina distance under-represented mouth
width by 23%.

DISCUSSION

Since the findings of this study are based on a
small sample the results cannot be
generalized to the larger population, however,
these data irrespectively provide useful
indicators about the errors involved in mouth
width prediction and therefore hold pertinence
to craniofacial identification methods. First,
they lend support towards Stephan and
Henneberg's 75% prediction rule as being
accurate and support its continued use when
the dentition are present. Second, they
suggest that mouth width can be accurately
predicted using non-dental cranial landmarks
(i.e., the infraorbital foramen). Third, they
demonstrate that the radiating mouth width
prediction guideline |s g)robably not as
Wilkinson propounds’” a very useful

facial reconstruction standard” - in all three
individuals examined here, this guideline
performed well outside the typical 5% level for
error tolerance in scientific investigations.

It may be possible to further improve the
prediction of mouth width using the distance
between the infraorbital foramina by adding
3.3mm to the measured distance in
anticipation of its underestimation. However,
the value of such an adjustment is difficult to
comprehensively assess in a small sample
where reliable correlation coefficients cannot
be generated. Further studies in larger
samples are necessary to verify any benefits
of such an approach. Adjusting Krogman and
iscan’s guideline in a similar fashion does not
seem to be of value, since it is already
complex, subjective, and not easily applied. Its
greatest limitations are that the cheilion points
are not located on tangents which radiate from
the dental arcade at angles that bisect its
curvature and that this guideline depends on
soft tissue depth values at cheilion which have
never been empirically quantified (for a review
of the measured facial soft tissue landmarks in
over S|xty studies see Stephan and
S|mpson )

It is worth noting here that while the
interpupillary distance has been found to over
estimate the mouth width by 11mm,® recent
studies have found that traditional methods for
eyeball placement in facial approximation
underestlmate interpupillary distance by c.
5mm."®"®  Therefore, the use of the
interpupillary distance to estimate the mouth
width in past facial approximation methods is
likely to produce smaller errors (c. 5mm) than
those reported for investigations of living
persons, but the problem of erroneous eyeball
positioning remains inherent to these facial
approximation techniques. In addition, the
underestimation of the interpupillary distance
in traditional facial approximation methods
exacerbates the underestimation of the mouth
width if the medial limbus or edge of the iris is
used for mouth width prediction. Thus, while in
living subjects the distance between the
medial edges of the |r|s approximates the
mouth width rather well,? the accuracy of the
method is diminished when the eyeballs are
inaccurately placed in facial approximation -
the total error will approximate 7mm, with the
5mm error introduced by central globe
positioning  summing  with the 2mm
underestimation that results from use of the
medial iris edges.***® 81

Further studies elucidating the exact nature of
the anatomical relationships between the hard



and soft tissues in other regions of the face are
needed to reduce the subjectivity of the facial
approximation method. Recent findings of
considerable inaccuracies in traditional face
prediction/assessment methods sets a track
record that supports continued efforts in this
direction.? ¥ '® 292 \While computer analysis
has been heralded as a silver bullet to
circumvent many of the problems inherent to
facial approximation methods (especially
subjectivity),* blind use of abstract-
mathematical procedures (such as warping of

surface meshes) risks the production of faces
that are anatomically implausible in their detail.
Thus, while computerized approaches are
widely recognized to hold many advantages,
care should be taken to ensure that the
generated faces hold internal anatomical
validity. This further justifies anatomical
studies of craniofacial relationships in an
attempt to improve craniofacial identification
techniques.

Table 1: Mean mouth widths and descriptive statistics for variables measured in this study.

Inter- 75% Radiating Inter-infraorbital Inter-mental
canine rule Guideline foramina foramina
distance distance distance
Sample Size (n) 3 3 3 9 8
Mean 40.8 54.4 49.5 51.8 42.0
Standard 0.8 1.0 0.9 3.6 1.7
deviation
Median 41.0 54.7 50.0 51.5 42.0
Min. 40.0 53.3 48.5 47.0 39.0
Max. 41.5 55.3 50.0 57.0 44.0
Mean Mouth 56.8 56.8 56.8 55.1 54.9
Width
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RADIOGRAPHIC DENTAL IMPLANTS RECOGNITION FOR
GEOGRAPHIC EVALUATION IN HUMAN IDENTIFICATION

E. Nuzzolese, S. Lusito, B. Solarino, G. Di Vella

Sezione di Medicina Legale, Universita degli Studi di Bari, Italy

ABSTRACT

Dental implants for prosthetic rehabilitation with fixed
crown or mobile partial/total dentures is a very common
oral treatment among the population in Italy as elsewhere.
There is a great number of implant systems of different
designs. However, a catalogue of radiographic images
and a description of the dental implants available in ltaly
would be useful in order to identify the manufacturer and
the type of implant encountered in forensic casework.
When an unidentified body is found with one or more
implants in the jaws, and no dental record is available,
clues gleaned from the type of implants used could give
direction to the investigation.

In this study Italian implant manufactures were contacted
and asked to provide specimen implants. Digital
radiographs were taken of all the implants donated at 0°,
30°, and 60 ° horizontal rotation, combined with -20°, -10°,
0°, +10° and +20° vertical inclination relative to the
radiographic beam and the X-ray sensor. A total of 15
images per implant were taken and examined to identify
consistent, unique features that would aid in implant
recognition. Only those observations made from
radiographs between -10° and +10° vertical inclination
would ever be used for definite identification of any
implant.

The information from this study should be considered a
survey of the commercial distribution of dental implants in
Italy through their digital radiographic images. It is also a
starting point for a wider geographical evaluation of
different manufacturers in other countries and continents.
The radiographic images provided should help both the
forensic odontologist and the prosthodontist to identify
pre-existing implants which they may discover from their
radiographic images.

(J Forensic Odontostomatol 2008;27:1:8-11)

Keywords: dental implants, forensic odontology,
human identification, dental records

INTRODUCTION

Dental prosthetic  rehabilitation  with  oral
implantology has become a very common treatment
choice among the Italian population, as in the rest of
the world. It is a direct consequence of modern
dentistry to promote dental implants, as surgical
technique and results have become more
predictable and costs have been reduced, making

this treatment generally affordable to every patient.
Dental implants can be juxtaosseous or
endosseous. The type of dental implants accepted
by the scientific dental community are endosseous
titanium screws or cylinders, with a rough surface,
etched or titanium plasma sprayed. A great number
of implant systems with different designs have been
manufactured. Some of them are leading worldwide
manufacturers and thus are distributed in many
countries. Nevertheless, increasing demand from
the domestic dental market has seen many national
implant system manufacturers responding to
international competition, and developing systems
of their own. In this regard Italian dental implant
manufacturers have a unique design and generally
have a national distribution. For this reason we
believe a creation of an ltalian radiographic dental
images’ catalogue would assist the human forensic
identification  process allowing manufacturer
recognition and a geographical evaluation.

Identification of human remains is accomplished by
fingerprint, dental, anthropological, genetic and
radiological examination. Human bones and teeth
survive both natural and unnatural processes and
therefore can nearly always be examined
radiographically’. In 1992 Sewerin’ first described
and analyzed radiographic images of ten dental
implants from different viewing angles. The aim of
the study was to identify implants previously
inserted by other dental surgeons to help the
clinician in their prosthetic final work. Increased
patient mobility, and the large number of implants
systems with different designs, has determined the
need for a radiographic catalogue of dental implant
images.3’4 Unfortunately, it is rather difficult to keep
up with the continuous development of new
implants. The identification of old and new dental
implants can become a problem for the dentist
treating a patient with no dental records available
and also for the forensic odontologist while
attempting the identification of an unknown
cadaver.’ Forensic dental identification is based on
the morphological comparison and matching of
dental records, mainly available as radiographic
images.s’7 Postmortem dental records are compared
with ante-mortem records pertaining to some



presumed identi’(y.7 However, if no previous papers
are found identification may be difficult.
Morphological features of dental implants depicted
on radiographs may be used to develop a dental
profile of the individual and provide information that
can narrow the search to a smaller number of
individuals, or eliminate certain candidates bg/ taking
into account the dental system employed.”' The
matching of two sets of radiographs is performed
with post mortem periapical X-ray of the implants
against the dental implants’ images of the various
implant systems stored in the archive. Some implant
systems have peculiar characteristics making
recognition easy, but others which share very
similar characteristics, require the analysis of fine
structures'”.

The aim of this study is to create an archive of
radiographic images of Italian dental implants to be
employed in forensic caseworks to narrow the
investigation of unidentified victims with one or more
dental implants. Investigators should be able
identify the type of implant by comparing
radiographic images, thus narrowing the search.

This archive would represent a starting point for a
wider dental implant archive and geographical
evaluation in other countries.

MATERIALS AND METHODS

In this study Italian implant manufactures,
advertised in professional national journals, were
contacted and asked to provide specimen implants
of various diameter, but all as close as possible to
10 mm in length. At present 10 Italian
manufacturers (Sweden & Martina, Micerium,
Endoimplant, Geass, Primary Healing Implant PHI,
Life Support Systems LSS, Leone, Leader ltalia,
Krugg, IdiEvolution) have replied and sent multiple
implants of various design. A device was fabricated
to make standardized radiographs at different
vertical inclinations and horizontal rotations. This
range of angles is meant to mimic clinical situations
as implants are inserted in the jaws by the dental
surgeon with various angulations and thus
determine a different radiographic image. Digital
radiographs were taken of all the implants donated
at 0 °, 30 °, and 60 ° of horizontal rotation combined
with -20°, -10°, 0°, +10° and +20° vertical inclination
relative to the radiographic beam and the X-ray
sensor. A total of 9 images per implant were taken
and catalogued. All radiographs were made in the
same sequence, starting at 0° horizontal rotation
and 0° vertical inclination. Thereafter, the inclination
remained constant and the rotation was changed to
30° and 60°. The vertical inclination was then
changed to +10° (10° toward the cone) and -10°. In

fact we decided that only those observations made
from radiographs between -10 ° and +10 ° vertical
inclination would ever be used for definite
identification of any implant. The digital image
obtained was in TIFF format and was named with
the position parameters, and then all pictures of the
implant were inserted in a folder named with the
manufacturer and the type of implant. Observations
were also recorded on a data collection sheet to
verify the correct sequence and avoid mislabeling of
the image file.

All radiographs were made with a Trophy X-Ray
appliance and Trophy Radiovideography sensor
connected to a computer, using 0,02 seconds
exposure time and 68 Kv.

RESULTS

Digital images in TIFF format were compiled for
inclination from -10° to +10° and for 0°, 30° and 60°
of rotation. An archive of 9 images per implant type
was stored together with the implant system name
(Figs.1 and 2). The images archive has been
duplicated also into JPG format and saved in a cd
available to forensic odontologists upon request. As
the archive is composed of several hundred
radiographic images, only four examples were
chosen.

Implant System: Endoimplant (Naples)
Implant Name: MICROTECH (4 x 10 mm)

0° inclination: 0°, 30°, 60° rotation +10° inclination: 0°, 30°, 60° rotation

-10° inclination: 0°, 30°, 60° rotation

Fig.1: Examples of the nine images archived per each
implant stored in the database together with the implant
system name.

DISCUSSION

Knowledge of implant designs and implantology is
fundamental for the radiographic recognition of the
implant system. Familiarity with implant design not
only helps with radiographic identification but also
may be an asset in radiological procedures and
techniques. During the post mortem implant
radiography the positioning of the X-ray device and



sensor has to reproduce the geometry of the
implant design most adaptable to the comParison
against our implants X-ray images’ archive 2. This
has also to take into account the muscular rigor
mortis. For this reason it is important, in a real
identification case, to get as many different X-ray
projections so that a clear geometrical implant
image is obtained but also certain implant details
are revealed.

Implant System: Sweden & Martina (Padova)
Implant Name: PILOT (4,7 x 10,5 mm)

0° inclination: 0°, 30°, 60° rotation +10° inclination: 0°, 30°, 60° rotation

-10° inclination: 0°, 30°, 60° rotation

Fig. 2: Examples of the nine images archived per each
implant stored in the database together with the implant
system name.

Some implants have perforations, grooves, apical
chambers, and threads which are visible only at
certain rotation or angulations (Fig.3). These
features may be unique and enable recognition of
specific products. Some other features may confuse
the interpretation of an implant which is a clone of
another more diffused large international implant
company. Yet the present is intended to create only
a radiographic images database, with no design
description, of dental implants manufactured in Italy

Due to the great number of implant systems
available on the market and to the continuous
development of new dental implants, designs, we
cannot consider our archive to be complete. For this
reason the collection of Italian dental implants has
to be considered as ongoing research. An update of
the archive will be available every 12 months with
newly designed implants or implant systems not
included in the present study.

For the purpose of this work and the necessity of
data transmitting, the use of digital X-ray is
necessary and cannot be substituted by traditional
X-ray processing.
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Implant System: Geass (Udine)
Implant Name: ERGONE (4 x 11 mm)

0° inclination: 0°, 30°, 60° rotation +10° inclination: 0°, 30°, 60° rotation

-10° inclination: 0°, 30°, 60° rotation

Fig. 3: Example of dental implant with apical perforation
visible only at certain rotation.

CONCLUSION

The information from this study should be
considered a survey of the commercial distribution
of dental implants in Italy through their digital
radiographic images. It should help both the
forensic odontologist and the prosthodontist to
identify pre-existing implants which may be
discovered from their radiographic images.

In the human identification process of unknown
victims with no dental records available, the
recognition of dental implants detected may give
auxiliary information to narrow the search to a
smaller number of individuals or eliminate certain
candidates altogether. In performing the forensic
evaluation and superimposition, forensic
odontologists must be familiar with implant designs
and implant therapy.

In order to cover as many as possible of the implant
systems available in Italy our research should be
considered a work in progress, and the archive has
stil to be enlarged. A worldwide radiographic
implant image database, including similar “cloned”
implants, is needed for a wider geographical
evaluation of the different manufacturers in other
countries.
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ABSTRACT

The identification of unknown human by smile
photographs that show specific characteristics of
each individual has found wide acceptance all over
the world. Therefore this paper shows this situation
reporting different cases which smile photograph
analysis were crucial to determine the positive
identification of unidentified human bodies. All the
cases were subjected to personal identification by
photographs of smile including one adult male
found in an advanced stage of decomposition, one
adult female disappeared during an ecotourism
trip, and one carbonized body of a male individual
found in a forest region. During the autopsy the
photographs of the smile were wused by
comparison of the ante and postmortem images
gave accurate and useful information not only
about dental state but also the anatomical features
surrounding the upper and lower anterior dental
arches. This method is not time-consuming and
also has the advantage of allowing extraoral dental
examination. It is also recommended when there is
a need to provide quantitative data for a forensic
identification based on these structures.
(J Forensic Odontontostomatol 2008;27:1:12-
17)

Keywords: human identification, smile
photograph, forensic odontology

INTRODUCTION

The identification of human bodies that are
carbonized, mutilated or skeletonized or in
the process of decomposition, through the
analysis of dental characteristics is a
common task for the medical legal
department'. Thus, it is necessary that
experts seek from family members any type
of odontologic documentation that contains
diverse identification characters of the
individual to be identified.

Among the documents most frequently used
to help forensic odontology task are the
dental records, patient records,” cast

models,® intraoral photographs,® periapical
radiographs,s’ 6 interproximal and panoramic
radiographs7 and postero-anterior skull
radiographs.®

However, in certain cases, the victim being
analyzed may not have clinical records
showing relevant odontologic characteristics.
Therefore, experts in the practice of human
identification currently search for information
from alternative sources, such as facial
photographs,® video recording’® or smile
photographs'’  that  show  specific
characteristics of each individual.

Considering the importance of searching for
new parameters of human identification using
odontologic characteristics, the aim of the
present work was to point out, by means of
three criminal investigation cases, the
importance of the forensic odontology
analysis of smile photographs in human
identification.

CASE 1

A male subject showing compatible age with
the transition between adolescent and adult,
was found in an advanced stage of
decomposition. During forensic odontology
examination, it was noted that the individual
had practically healthy-appearing remaining
dental elements, where only the upper left
central incisor (21*, FDI notation) was absent,
with characteristics compatible of former
dental loss while still alive. In this region, the
alveolar process appeared to have
undergone remodeling and part of the mesio-
distal space was found to be partially
preserved (Figs.1A,1B). The police
investigation found that a male with
anthropologic characteristics matching those
of the recovered body had disappeared in the
same region for a few days. In attempts of
finding the missing person, family members



had distributed around the area some posters
with his photograph. This picture in the poster
showed the missing person smiling, and a
study of the anterior maxillary region, showed
evidence that he was also missing a tooth in
the region of 21* (Fig.1C). Based on this
evidence and due to the fact that no type of
odontologic records could be found, the
photograph in the poster and the skull image
of the corpse were compared by
computerized superposition of the images, in
addition to DNA analysis, confirming that the
body was the person who had disappeared.

CASE 2

A Russian origin adult female disappeared
during an ecotourism trip. Some posters
containing information and photographs of
the missing person had been distributed in
the city where she was last seen, where two
of these photographs showed the smile of the
woman (Figs.2A,2B). However, the
investigations only effectively developed
almost one year after the disappearance
date, when the suspect in the murder of the
victim was arrested and indicated the location
where the body’s victim was hidden. Based
on this information, the police involved in this
case was able to find the skeletal remains.
Forensic odontology investigation showed
that the inter-arch relationship was an Angle
Class Il type, demonstrating significant
horizontal cross bite, upper incisor overjet,
and upper central inter-incisor diastema.
Besides that it was noted a wearing on the
incisal face of the upper right central incisor,
as well the upper left central incisor and the
upper left lateral incisor (11*, 21* and 22*),
(Figs.3A,3B). With the skeleton was found a
removable orthodontic retainer which fit the
upper dental arch (Fig.3C). Combining the
techniques anthropologic analysis (sex, age
and stature determination), computerized
superimposition of the skull images and
photograph of face, analysis of information
contained in odontologic clinical dental
records and smile photograph, a positive
identification was made of the skeleton
examined as the missing person.

CASE 3

The carbonized body of a male individual was
found in a forest region and sent for
anthropologic and forensic odontology
examination. The autopsy examination
revealed skull bone fractures with exposure
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and loss of encephalic material, absence of
the arms, presenting calcination zones in the
osseous extremities and disarticulated lower
limbs. Investigation with the presumed family
located odontologic documentation (clinical
records and periapical radiographs), two
radiographs of the right upper arm and a
smile photograph. This photograph showed
the anterior upper teeth, indicating the
absence of upper right and left first premolars
(14* and 24*) and evidence of amalgam
restoration on the mesial face of upper left
second premolar (25*) (Fig.4A). All these
indications had been confirmed during
forensic odontology examination
(Figs.4B,4C), which combined with the data
present in the medical and odontological
records, showed a positive correlation
between the identity of the missing victim and
body examined.

DISCUSSION

Human identification in which the body’s soft
tissues have been destroyed normally
requires a multidisciplinary approach, where
forensic odontology, forensic anthropology
and molecular biology (DNA studies) are the
most effective in establishing a positive
correlation between a recovered body and
the identity of a missing person.

In the presented cases, the three cited
methods can make it possible to obtain a
positive identification of the victim, with
reliable results. However, each one of them
possesses advantages and disadvantages
when considering the type of techniques
used, the time required and mainly the
operating costs to obtain the results. DNA
analyses, specifically, requires the expert to
work with mathematical precision for
establishing a genetic link or not between a
questionable biological sample and the
standard, or between biological samples of a
disappeared individual (corpse) with samples
from relatives.'”” However, the reliability of
results is based on considerable operating
costs (equipment, reagents and
consumables) which are currently not yet
included in the routine practice of the majority
of official criminal investigation agencies.

In the analysis of corpses considered
“unidentifiable”, forensic odontology
techniques stand out over other methods



because of the low operating costs, fast
analysis and interpretation of the data, and
high reliability of the results. Therefore, it is
highly desirable that new forensic odontology
parameters be developed to identify
odontologic characteristics that are unique for
each individual. Concerning that matter
MacKenna (1986) in his Master thesis refers
to William Ockham (1270-1349) that said
“What can be done with fewer assumptions is
done in vain with more™"".

However, as with the many methods used in
human identification, traditional forensic
odontologic techniques can be at times
unsuitable for various reasons. Among them
there are situations such as: extensive
destruction of the bucco-maxillofacial
complex, lack of dental records and when
information from available dental records is
irrelevant to investigation. Exactly in the case
of these last two possibilities, it could be
interesting to examine photographs from
family albums or of social events in which the
missing person participated. The justification
is based on the shape, dimensions and
alignment of the teeth of an individual, which
can comprise a specific and unique set."
Moreover, there has been a growing trend in
the popular use of digital cameras, where the
main focus is centered on the face of the
individuals, more specifically on the smile.

The dental analysis of the smile constitutes a
current concern of specialties that include
aesthetic  dentistry.”  established  the
importance of diagrams of dental aesthetic
reference (DDAR), where a smile can reveal
dental relationships of symmetry, dental axes,
gum contours, inter-dental contacts, incisal
edges, teeth proportions and smile lines.

In this manner, orthodontics is one of the
fields that deals with extensive clinical
documentation of the dental elements that
determine the smile of individuals, as it uses
and needs complete odontologic
documentation, including digital or analog
photographs,™ for the planning and execution
of treatments.

The increased use of intraoral photographs
for clinical purposes, along with the
popularization of digital cameras, is providing
more material with potential value for forensic
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odontology. Therefore, smile photographs
constitute a reliable source of information with
the potential to help solve certain cases of
human identification.

Fig.1: Absence of 21 in the superior dental arch (A
and B) and in the smile photograph (C).
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Fig.2: Photographs of the victim in frontal view (A)
and lateral right view (B).

Fig.3: — Characteristics of the occlusion and the
superior incisors in frontal view (A), lateral right
view (B) and orthodontic appliance adapted in the
superior dental arch (C).



Fig.4: Absence of upper left first pre-molar and
presence of amalgam restoration in the mesial
face of the element 25 in the smile photograph (A)
and the upper dental arch in frontal view (B) and
occlusal view (C).
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ABSTRACT

Patients born to Lebanese parents and
grandparents, visiting two private practice
orthodontic clinics, with normal occlusion and no
need for any kind of orthodontic treatment during a
six month period and satisfying inclusion criteria,
were asked permission to include their lateral
cephalometric radiographs in this study. Sixty three
individuals met the inclusion criteria. Sixteen
cephalometric measurements were taken (seven
linear and nine angular) were analyzed on each
radiograph.  Measurements were compared
between genders using student’s t-test.

The study population included 31 females and 32
males with a mean (+SD) of 21.6 (+4.0) and 21.3
(£3.9) years for males and females respectively.
Men had significantly larger skeletal linear
measurements: the mandibular base menton to
gonion (Me-Go) (p = 0.027), the total mandibular
length of condylon to gnathion (Co-Gn) (p = 0.009)
and significantly larger angular measurements:
sella to nasion to subspinal point (S-N-SS) (p =
0.006), and sella to nasion to supramental point (S-
N-Spm) (p = 0.009).

The results of this study demonstrated that male
skeletal linear and angular measurements are
significantly larger in

Lebanese adult males compared to Lebanese adult
females.
(J Forensic Odontolstomatol 2008;27:1:18-23

Keywords: forensic norms, cephalometric
analysis, gender, linear measurement, angular
measurement

INTRODUCTION

Forensic norms have been set up for many
ethnic and racial groups in many studies;
differences among races and ethnic groups
have been proven, and standard norms have
been developed.1’2 These studies have
supported the assumption that normal
measures for one attempt have been made to
identify the differences in facial features of
various ethnic groups including Africans,

African-Americans,>* Brazilians,® Japanese,®

Puerto Ricans,” Saudi Arabians? Turkish®’,
Hungarians'® and Russians."" Standard norms
for each ethnic group are critical for forensic
medicine."

Information on cephalometric norms for a
population has tremendous value in forensic
dentistry. Cephalometric standards allow
identification of race and gender of victims
using simple measurements.'®'#
Craniofacial measurements and dentofacial
models of different ethnic groups and their
cephalometric norms are useful in planning
and estimating impact of orthodontic treatment
on hard and soft tissue.'"*"’

Since no forensic norms are yet available for
Lebanese population, the purpose of this
study is to establish forensic norms to use for
forensic purposes using 16 cephalometric
measures obtained on a lateral cephalometric
radiography. In addition, identification of
gender differences was also investigated.

MATERIALS AND METHODS

Inclusion criteria

Sixty-three patients visiting two private
practice orthodontic clinics for routine
checkups, who had had a normal occlusion
with no need at all for any orthodontic
treatment during a six month period met the
study criteria, and were asked for permission
to include their cephalometric radiographs in
this study:

1. Aged 17 to 26.

2. Lebanese citizens with both
parents and both grand parents on
both sides Lebanese as well.

3. Class | molar and/or canine
relationship (normal occlusion).

4. Normal height and weight for age
with no significant medical history;
normal growth pattern.

5. No history of trauma.



6. No previous orthodontic or
prosthodontic treatment and no
actual need for such kind of
treatment.

7. No previous maxillofacial or plastic
surgery.

8. Good facial symmetry determined
clinically.

9. All teeth present except third
molars.

10. No significant medical history.

Individuals who were noted not to satisfy any
of the ten criteria above after taking
radiographs, such as need of any kind of
therapeutic intervention to adjust their
occlusion or orthodontic profile, missing teeth
or evidence of trauma or surgery, were
excluded.

Lateral cephalograms were obtained in a
standard position with the teeth in centric
position and with lips relaxed for all 63
individuals using the same radiographs
apparatus (Planmeca, Helsinki, Finland) and
standardized mandibular orientation and
exposure parameters. Sixteen measurements
(seven linear and nine angular) were analyzed
on each radiograph. Arithmetic mean and
standard deviation were calculated for each
measurement.

The same researcher performed the tracing of
the cephalometric radiograph of each subject;
one researcher took all measurements, and
two other researchers reviewed them.

Cephalometric variables

A. Landmarks

The landmarks used for cephalometric
analysis were defined based on Fricker
guidelines (Fig. 1).""*% In addition Sella
(S), S’, which is the projection of S on the
plane of Frankfort was likewise used. As
well, Co which is the projection of
Condylon (Co) on the plane of Frankfort
as used by Russians was similarly used."
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Fig. 1:
Landmarks used for cephalometric analysis: N, S,
Me, Gn, Go, SS, Spm, Sna, Snp, Co, Co’, Pr, S".

B. Planes

The used planes as described by Fricker
namely palatal plane or bispinal (Ps),
mandibular plane (Pm), mandibular ramus
plane (Pr), axis of the maxillary incisor
(Pis) and axis of the mandibular incisor
(Pii)."® (Fig. 2)

f 5

Fig. 2:
Planes used for cephalometric analysis:
Ps, Pm, Pr, Pis, Pii.

C. Linear measurements

The linear measurements calculated by

millimeters are the foIIowing.18 (Fig. 3)

1. N-S: Anterior cranial length: describes
the length of the anterior cranial base.

Figure No.1

Figure No.2



2. Sna-Snp: Palatal plane length:
indicates contribution of the maxilla to
horizontal dimension. extend

3. Me-Go: menton-gonion: The extent of
the mandibular base (Sassouni).

4. N-Sna: Midfacial anterior height:
vertical dimension between nasion to
anterior nasal spine.

5. Sna-Me: Lower anterior face height:
vertical dimension between anterior
nasal spine to menton.

6. Co-Gn: Describing the total
mandibular  length:  condylon to
gnathion.

7. S-Co: Dimension measured on
Frankfort horizontal plane between the
projection of sella and condylon.

=z

Fig. 3:

Linear measurements calculated by mm are seven:
N-S, Sna-Snp, Me-Go, N-Sna, Sna-Me, Co-Gn, S*-
Co’.

D. Angular measurements

Angles calculated in degrees, are the

following:™'®2! (Fig. 4)

1. S-N-SS: (SNA) describes the
horizontal position of the maxilla to the
cranium (Steiner).

2. S-N-Spm: (SNB) indicates the position
of the mandible to the cranial base.

3. ANB: Magnitude of the horizontal
skeletal jaw discrepancy between the
maxilla and the mandible, obtained by
subtracting SNB from SNA.

4. Pm/Pr. Gonial angle, the angle
between the mandibular plane and the
mandibular ramus plane.

5. Pis/Ps: The maxillary central incisor to
the maxillary plane; U1 to the palatal
plane.

6. Pii/Pm: The mandibular central incisor
to the mandibular plane; L1 to the
mandibular plane.
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7. Pis/Pii: The interincisial angle; U1 to
L1.

8. Ps/Pm: The palatal plane to the
mandibular plane.

9. N-Sna-Me: The facial angle-angle
convexity.

Fig. 4:

The nine angles calculated in degrees:

S-N-SS; S-N-Spm; ANB; Pm/Pr; Pis/Ps; Pii/Pm;
Pis/Pii; Ps/Pm; N-Sna-Me.

Statistical Analysis

Arithmetic means and standard deviations
(xSD) were calculated for age, linear and
angular measurements for both males and
females. As all our variables were numerical
continuous, so student t test was performed to
compare these variables among males and
females. Significance was set at a p value of
0.05.

RESULTS

Gender comparison

Sixty-three participants entered into final data
analysis; 31 females and 32 males. The
average age of the group was 21.6 (x4.0)
years for males, and 21.3 (£3.9) years for
females.

Table 1 shows the results of all the measured
variables, and it compares the average values
of men and women. Men had significantly
larger measurements of two linear and two
angular skeletal parameters: Me-Go, Go-Gn,
S-N-SS and S-N-Spm (p < 0.05). However, all
other parameter differences were non-
significant between the two genders.

The significant skeletal differences were seen
in the antero-posterior position of the maxilla
and the mandible to the cranial base: SNA (S-
N-SS), SNB (S-N-Spm) (p = 0.006 & 0.009
respectively), the total mandibular length (Co-
Gn) (p = 0.009) and the extent of the
mandibular base (Me-Go) (p = 0.027).



In dental relationships and dental
measurements, no statistically significant
sexual dimorphism was found. The mean
(xSD) of Pis/Ps angles among males was
111.87° (+6.57°) whereas 111.48° (+8.69°)
among females. Thus, the mean value was
greater than 107°. The measurements of this
angle are relative to the norms of Downs and
Tweed.

Furthermore, the Lebanese norms were
94.13° (£16.84°) for men and 96.42° (+6.58°)
for women for the Pii/Pm showing greater
norms than those of Tweed 90° and Downs
91.4° (+3.8°).

DISCUSSION

To our knowledge this is the first descriptive
study about male and female Lebanese adults
establishing forensic norms. The results of this
study on a sample of adult Lebanese
population indicated that some linear and
angular measurements are significantly
different between male and female adult
Lebanese.

Two linear values; Me-Go appraising the
length of the mandibular corpus, Co-Gn
evaluating the total mandibular length and two
angular values S-N-SS and S-N-Spm
demonstrated a significant difference between
both Lebanese adult genders. Our population
presented with normal occlusion and
orthodontic profiles to the two orthodontic
clinics where a check-up was the main
purpose of their visits,and neither occlusal nor
orthodontic treatment was needed or applied.

In accordance to the craniofacial structure of
Anatolian Turkish adults.® Caucasoid young
adults '° and two adolescent populations from
lowa and Northern Mexico, the Lebanese men
have significantly larger measurements than
Lebanese women.

As the mean values for measurements of one
racial group could not be considered normal
for others, the rationale to conduct this study
and obtain these norms was crucial.
Numerous studies have shown that
differences between racial groups could
exist.?*%%? | ebanese are  currently
considered a subgroup of Caucasians,
descendants of the Phoenicians/Canaanites.
However, in the modern biological model,
variations occur and are not perceived as
unnatural within the same race or/and ethnic
group. In reality, attempts to achieve
perfection for all individuals are seen as
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unnatural; therefore, each different racial
subgroup would best be treated according to
its individual characteristics in order to achieve
proper forensic norms. The measurements of
Pis/Ps for men and women were relative to the
norms of Downs and Tweed. However, the
Lebanese norms for the Pii/Pm were greater
than the norms of Tweed and Downs.

It is notable that the Russian norms apply
different landmarks than other populations’
norms by using the projection of the sella point
(S) on the Frankfort horizontal plane (S’),
instead of the sella point itself (Fig. 1), as a
landmark. The same concept is also applied to
the condylon (Co) Ilandmark, using its
projection on the Frankfort horizontal plane
(Co’) (Fig. 1). We liked to use these two
reference points with the purpose to conduct a
further study in the near future comparing the
Russian norms and the Lebanese norms,
including a larger sample size in order to
assess if there is any difference among these
two sub-groups of the Caucasian race, as they
are the only using these two points in their
norms.

A major limitation of this study was the sample
size due to limited financial resources. Further
studies with larger sample size are
recommended.

In conclusion, our results are useful for the
Lebanese adults among both genders in
forensic dentistry for identification purposes.
The present study also supports the view that
males have larger standards of linear and
angular facial measurements, previously
established among various racial and ethnic
groups.
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Table 1: Comparison of male and female cephalometric measurements of a sample of Lebanese adults. (N=63).

Measurement Male Female T test P-value

unit Mean SD Mean SD
AGE Years 21.60 4.03 21.32 3.94 -0.270 0.788
N-S mm 74.00 6.32 72.88 4.47 -0.816 0.418
Sna Snp mm 61.01 4.02 60.26 3.82 -0.760 0.450
Me-Go mm 75.68 5.41 72.80 4.70 -2.260 0.027
N-Sna mm 53.94 3.90 53.30 5.50 -0.537 0.594
Sna-Me mm 71.10 6.71 69.25 6.33 -1.120 0.267
Co-Gn mm 118.70 5.98 114.74 5.73 -2.685 0.009
S’-Co’ mm 18.03 4.50 17.00 3.75 -0.995 0.324
S-N-SS deg 79.50 4.18 76.71 3.63 -2.825 0.006
S-N-Spm deg 75.44 4.09 72.74 3.74 -2.716 0.009
ANB deg 4.03 2.61 3.55 2.83 -0.672 0.504
Pm-Pr deg 119.66 7.16 119.26 10.64 -0.161 0.873
Pis-Ps deg 111.87 6.57 111.48 8.69 -0.201 0.841
Pii-Pm deg 94.13 16.84 96.42 6.58 0.718 0.477
Pis-Pii deg 129.20 7.62 127.10 10.24 -0.916 0.363
Ps-Pm deg 23.87 7.94 25.06 5.61 0.711 0.480
N-Sna-Me deg 160.20 6.63 159.19 7.57 -0.544 0.588

mm: millimeters; deg: degrees; p < 0.05 was considered significant.
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ABSTRACT

Age estimation is an important aspect of forensic
investigation and is considered as one of the “Big
Four” of Forensic Anthropology. One hundred
and twenty (120) cephalograms of individuals
aged 7-20 years were examined with reference to
mandibular body length (distance between
Gonion and Gnathion) mandibular length
(distance between Co and Gn) and mandibular
height (distance between Co and Go). An attempt
has been made to assess the utility and
dependability of these three linear parameters for
age estimation. The mandibular body length,
ramus height and mandibular length were
increased by 2.23, 3.26, 4.26 mml/years
respectively. There are no significant differences
in mandibular linear growth between the two
sexes though the female mandible has a higher
growth rate compared to males. These
parameters might prove to be of importance in
age determination for medico-legal purposes.

(J Forensic Odontostomatol 2008;27:1:24-28)

Keywords: forensic anthropology, forensic
odontology, age estimation, mandible, lateral
cephalogram

INTRODUCTION

Research  into  facial growth  and
development is essential in orthodontics as
well as in forensic medicine for diagnosis
and identification. Among several
maturational indicators, skeletal
development appears to be quite a simple
and accurate one. Skeletal age can be
determined by radiographs, relating the
appearance and development of certain
bones with given maturational stages.'?
Various studies have been conducted on the

.Pt. Bhagwat Dayal Sharma Post Graduate Institute of Medical Sciences, Rohtak, Haryana, India

estimation of age from teeth and facial
dimensions and their possible use in the
forensic case work.>®*  Considerable
attention has been paid to mandibular
growth because it has been reported that
this bone enlarges the most during
adolescence.®®*" It has also been observed
that the mandible grows in a posterior-
superior direction resulting in at anterior
inferior displacement.32 It has been
demonstrated that mandibular sagittal
growth is due to posterior deposition and
anterior resorption in the ramus. In the
mandible, growth spurts may occur, but not
in a uniform amount and duration.*® The aim
of the present study was to determine
mandibular growth in different stages of
adolescence in North India for age
estimation in forensic science.

MATERIALS AND METHODS

The study was conducted on randomized
120 (57 males and 63 females) lateral
cephalograms; aged 7-20 years of age from
the Department of Orthodontics,
Government Dental College, Pt. Bhagwat
Dayal Sharma, Post Graduate Institute of
Medical Sciences, Rohtak, Haryana, India.
The criteria for sample selection demanded
an ANB angle between 0 and 4 (the angle
between the most anterior point of maxilla,
A, and the most anterior point of mandible,
B, to nasion, N, the deepest point of the
nasal root in the mid-sagittal plane). In this
manner, subjects with skeletal class Il or Ill
were excluded. Furthermore, patients with
missing teeth or with syndromes, cleft lip or
palate, or other craniofacial pathology, were



also excluded. Patients were asked whether
they had used any medication that may
have affected their growth or development.
Also included were patients who had
undergone minor orthodontic treatment that
did not seem to influence linear mandibular
growth and development.34 Each
cephalogram was computerized, traced and
cephalometric points were measured. The
study used the following cephalometric
landmarks; point A (the most posterior point
on the curve between anterior nasal spine
and superior prosthion), point B (the most
posterior point of the bony curvature of the
mandible below infradentale and above
pogonion), nasion (N), condylon (Co),
Gonion (Go) and gnathion (Gn). Three linear
measurements for the determination of
mandibular growth were; mandibular body
length (distance between Go and Gn)
mandibular length (distance between Co
and Gn) and mandibular height (distance
between Co and Go) (Fig. 1). These data
were analyzed by using Statistical Package
for Social Sciences (SPSS), Version 7.0.

Figure 1. Cephalometric points

Fig.1: Parameters of cepholograms.
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RESULTS AND DISCUSSION

Table 1 presents the mandibular growth rate
(Mean *+ SD) between skeletal class | and
class Il in both the sexes. In class | and
class Il skeletal as well as in gender, no
significant difference in growth rates (Table
[) is found, though growth rate is higher in
female as compared to male except in
mandibular length.

Table | shows the mandibular annual growth
rate in adolescence phase was 2.35 mm of
the mandibular body length, 3.66 mm for the
ramus height, and 3.95 mm for the
mandibular length. While the mandibular
length annual growth rate was less (1.78
mm/y) as compared to Japanese population
studies by Sato et al.*® It has been recently
reported that ramus growth rate was 2.06
mm/y in males and 1.42 mm/y in females
less as compared to present study.34 There
are no significant differences in mandibular
linear growth between two sexes. The age
can be determined from the cephalograms
by above equations (equation 1,2,3). This
method of age determination can be applied
up to 20 years of age. Hence, these linear
parameters can act as growth spurt. The
increase in linear parameters due to
mandibular growth i.e. mandibular jaw grows
in a posterior superior direction resulting in
at anterior inferior displacement.31'33

Table 1: Mandibular growth rates (mm/year) between skeletal class | and class Il in both genders.

Parameters Skeletal types Sex | Growth rate (in mml/years)
mean + SD
Mandibular ramus height | Class | M 2.71+0.13
F 3.08 +0.12
Class Il M 3.98 + 0.23
F 3.99 + 0.21
Mandibular body length Class | M 242 +0.14
F 2.82+0.13
Class Il M 1.97 + 0.14
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F 2.01+0.13
Mandibular length Class | M 3.42 +0.17
F 3.31+0.12
Class M 472+0.13
F 4.32 +0.15
p<0.05 at all levels.
Age (in years) = Calculated mandibular body length by cephalometric (1)
2.35
= Calculated ramus height from cephalograms (2)
3.66
= Calculated mandibular length from cephalograms (3)
3.95

All above formulae can be applied up to 20 years of age.
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