
Introduction

The uniqueness of anatomical structures and their varia-
tions provides the basis for forensic identification of un-
known deceased persons. Individual identification is a sub-
tle concept and often one of the important priorities in mass
disasters, road accidents, air crashes, fires, and even in the
investigation of criminal cases. Matching specific features
detected on the cadaver with data recorded during the life
of the individual, which can be performed by fingerprint
analysis, DNA matching, anthropological methods, and
other techniques can facilitate identification. However, in
cases in which the soft tissue of human remains is decom-
posed or burnt, or where DNA is severely tarnished, finger-

print analysis or DNA identification does not prove to be
successful. In such cases, anthropological methods are
used, of which comparative radiography is a major tool.

Dento-maxillofacial radiography has become a routine
procedure in dental, medical, and hospital clinics. They
are taken at different periods during the lifetime of large
segments of the population. The radiographs are usually
available when one knows where to find them. When iden-
tification is necessary, the common procedure would be
to locate the dentist, physician, or hospital of the presumed
victim. When this has been done, all radiographs of the
person can be gathered and examined. The remains may
then be radiographed under similar conditions, as in the
ante mortem views.

Sinus radiography has been used for identification of
remains1 and determination of sex and race.2 Schuller3 pro-
posed a classification of the frontal sinuses from radio-
graphs taken in the forehead-nose position. The author
defined seven characteristics of the images: (1) septum and
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ABSTRACT
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its deviation; (2) upper border (scallop, arcades); (3) partial
septum; (4) ethmoidal and supra-orbital extensions; (5)
height from planum; (6) total breadth; and (7) position of
the sinus mid-line. Schuller, however, did not evaluate the
accuracy in the method of the study. In addition, the author
stated that certain diseases might alter the shape and size
of the sinuses. In acromegaly, the sinuses are enormously
developed; some changes may follow a chronic inflam-
matory condition, such as sinusitis; the cavity may disap-
pear by new formation of bony tissue (like a sclerosed
mastoid); other abnormalities may develop, as in Paget’s
disease, osteofibrosis cystica, and in leontiasis ossea.

In 1987 Yoshino et al4 also proposed a classification of
the frontal sinuses on the basis of the following seven dis-
crete variables: area size (left and right), bilateral asym-
metry, superiority of area size, outline of superior borders,
partial septa, supraorbital cells, and orbital areas. On the
basis of the classification system, a class number was as-
signed to each morphological characteristic, and the fron-
tal sinus patterns of a given person were formulated as a
code number obtained by arranging the class numbers in
each classification item as serial numbers.

The frontal sinus shows no change after the age of 20
and remains stable throughout the individual’s life until
old age, when gradual pneumatization can occur from atro-
phic changes.4

Like finger prints, even the frontal sinus is very unique
in every individual, even monozygotic twins.5 Therefore,
frontal sinus radiographs can be compared in order to make
the identification a simple, swift, and an unambiguous pro-
cedure. Comparison of the antemortem and postmortem
radiographs of the frontal sinus can be made by superim-
position or coding systems.

The aim of the present study was to evaluate the relia-
bility of radiographic patterns of the frontal sinus for per-
sonal identification.

Materials and Methods

Waters’ radiographs of 100 individuals were evaluated.
The sample comprised 50 males and 50 females, with a
mean age of 25 years, who had been previously examined
and evaluated with respect to the anatomic and physiolo-
gic integrity of the frontal sinus. This study was approved
by the Institutes Committee of Ethics and Research.

Only individuals in perfect health were selected to par-
ticipate in the present study. Those with a history of ortho-
dontic treatment or orthognathic surgery, trauma, or any

surgery of the skull, history or clinical characteristics of
endocrine disturbances, nutritional diseases, or hereditary
facial asymmetries were excluded from the study.

The radiographs were taken by the same radiologist
using Kodak T-MAT films (Carestream Health Inc., Ro-
chester, NY, USA), Kodak X-Omat Lanex regular extra-
oral 8×10 cassettes, and a Konika New Hi Ortho screen
KRII 8×10 intensifying screen (Hino, Tokyo, Japan) on a
Planmeca Proline machine (Planmeca Oy., Helsinki, Fin-
land). The radiographs were taken at 65 kVp, 10 mA, and
an exposure time of 2-3 seconds.

In all the radiographs, the border lines of the frontal sinus
were determined with the help of a radiograph viewer and
tracing paper and the following markings were made based
on Ribeiro Fde’s measurement criteria (Fig. 1).6

The shape of the sinus was evaluated as follows: number
of septae (indentations seen on the outline of the sinus),
A: diameter of frontal sinuses at the most lateral points,
B: distance between the projected lines marking the highest
points of the right and left sinuses, C: distance between
the projected lines marking the maximum lateral limit and
the highest point of the right frontal sinus, D: Distance
between the projected lines marking the maximum lateral
limit and the highest point of the left frontal sinus, E: line
delineating the maximum lateral limit of the right frontal
sinus, F: distance between upper limit of the orbital cavities
and the highest point of the right frontal sinus, G: distance
between upper limit of the orbital cavities and the highest
point of the left frontal sinus, H: line delineating the max-
imum lateral limit of the left frontal sinus.

The tracing and measurement were recorded and two
more radiographs of the individual were repeated after a
period of 6-8 months, one with the same angulations as
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Fig. 1. Markings based on Ribeiro Fde’s measurement criteria6



that of the first radiograph and another with a different
angulation (++/- 3 to 5 degrees). The radiograph with
changed angulations was performed to see if any change
in patient positioning during the radiographic procedure
led to any change in the appearance of the frontal sinus,
which may have rendered it of no use for identification.

All radiographs after tracing were coded in 3 packets as
1, 2, and 3 (1: initial radiograph, 2: repeat radiograph after
6-8 months with the same parameters, 3: radiograph taken
with change in angulation) and the markings and measure-
ments were performed.

Along with the comparison of the above parameters to
avoid any error that could occur due to radiographic mag-
nification, two ratios were used for comparison, the ratio
of A to F and of A to G. Three observers were randomly
given radiographs from all there packets for comparisons
and identification, by method of superimposition and indi-
vidual uniqueness.7

One way ANOVA test was applied on the means of the
groups and the p value was calculated to test the signifi-
cance of the means.

Results

The bilateral frontal sinus was absent in 1% of the cases
(1 person, Fig. 2) as against 96% (96 persons) that showed
bilateral presence of the frontal sinus. Unilateral absence
of a frontal sinus occurred in 3% of the cases (all three fe-
males, Fig. 3). Amongst them, the left frontal sinus was

absent in one case and the right was absent in the other
two. With regard to the intersinus septum, 3% had no in-
tersinus septum (unilateral absence of the frontal sinus in
three cases, Fig. 3), while a complete intersinus septum
was present in 96% cases. Thirty-six cases (15 males, 21
females) had no intrasinus septum. Twenty-three cases (9
males, 14 females) had an intrasinus septum in only one
side (Fig. 4). Amongst them, 10 cases (4 males, 6 females)
showed the presence of an intrasinus septum on the right
side and 13 cases (5 males, 8 females) showed the presence
of an intrasinus septum on the left side. Forty cases (27
males, 13 females) had bilateral intrasinus septa. The num-
ber of intra-sinus septa ranged from 0 to 5 on the right side
and from 0 to 4 on the left.

Table 1 shows the mean, standard deviation, and p value
for each of the parameters considered. The p value for each
of the parameters was not significant, thus leading to the
conclusion that the sinus had not changed over a period
of time.

Discussion

Some typical features of frontal sinus morphology make it
a very convenient part of the human skeleton for forensic
identification. Firstly, it presents a highly variable nature
and shows variation even among monozygotic twins.4,5,8,9

This empirically accepted variability was proven mathe-
matically using elliptical Fourier analysis by Christensen.10

The second feature is its relatively stable structure during
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Fig. 2. Waters’ radiograph shows bilateral absence of the frontal sinus.
Fig. 3. Waters’ radiograph shows the frontal sinus with no intersinus septum.
Fig. 4. Waters’ radiograph shows unilateral presence of intra-sinus septum.
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adult life.9 Thirdly, the resiliency of the frontal sinus makes
it useful for forensic purposes. It has very strong walls and
is preserved intact in human remains11,12 as its internal bony
structure and arched nature protect it from damage and
decomposition. Being placed posterior to the thick outer
table of the frontal bone in the glabellar region, its stability
is further enhanced.13,14

It has been noted that 800-1600 foot-pounds of force is
required to fracture the walls of the frontal sinus, as with
victims of high impact accidents and gunshot wounds.13,14

Fourthly, paranasal sinus radiographs are commonly
taken for diagnostic purposes and many people has one in
his/her health records.9,15

In our study, we had 3 independent observers who had
blind matched each frontal sinus radiograph, finding the
other of the pair. The identification was 100% positive,
thus leading to the conclusion that not a single frontal sinus
might resemble any other, which means that the frontal
sinuses of no two individuals might be the same thus prov-
ing the uniqueness of frontal sinus. A similar comparison
was done by Kullman et al7 who blind matched 99 indivi-
dual radiographs successfully by three individuals and were
almost 100% successful. This showed that the radiographic

image of the frontal sinus, even in hands of radiologically
inexperienced observers, could be an effective identifica-
tion medium.

In the present study, the overall percentage of bilateral
frontal sinus absence was 1% (1 person, female), and the
bilateral frontal sinus presence was 96% (96 persons). In
3% of the cases (all three females), there was unilateral
absence. Amongst the three, the left frontal sinus was ab-
sent in one case and the right was absent in the other two.
In the present study, the absence of the sinus or unilateral
presence of the frontal sinus occurred in only 4 cases; thus,
excluding them, 96 cases showed reliable reproducibility.

The p value for each of the parameters was not statisti-
cally significant, with p¤0.05. This means that the dif-
ference in the values for the parameters was not statisti-
cally significant; thus the measurements have not changed
over a period of time.

In the above study, we have also taken a radiograph with
changes in angulation 6-8 months after the initial radio-
graph. Many times it is not possible to take a post mortem
radiograph with the same angulation as the previous one.
Therefore, a radiograph which differed by approximately
3-5�from the initial one was taken and measurements
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Table 1. Comparison of readings of different parameters of the frontal sinus over a period of 6-8 months with the same position and with
change in the angulation

Parameters Mean SD p

Diameter of frontal sinuses at the most lateral points (A) A1 6.18 1.58 0.997
A2 6.16 1.58
A3 6.18 1.59

Distance between the projected lines marking the highest points B1 2.03 0.83 0.995
of the right and left sinuses (B) B2 2.02 0.83

B3 2.03 0.82
Distance between the projected lines marking the maximum lateral limit and C1 2.18 0.93 0.991
the highest point of right frontal sinus (C) C2 2.19 0.92

C3 2.20 0.93
Distance between the projected lines marking the maximum lateral limit and D1 1.89 0.88 0.990
the highest point of left frontal sinus (D) D2 1.91 0.89

D3 1.89 0.89
Distance between the upper limit of the orbital cavities and the highest point  F1 2.71 1.26 1.000
of the right frontal sinus (F) F2 2.71 1.26

F3 2.71 1.24
Distance between the upper limit of the orbital cavities and the highest point G1 2.54 1.22 0.997
of the left frontal sinus (G) G2 2.53 1.22

G3 2.53 1.22
Ratio of parameter A and F A1/F1 2.84 1.97 0.997

A2/F2 2.83 1.97
A3/F3 2.78 1.52

Ratio of parameter A and G A1/G1 3.01 1.68 0.993
A2/G2 2.98 1.62
A3/G3 3.00 1.62

1: Radiograph at day 1 of examination, 2: Radiograph 6-8 months after initial examination, 3: Radiograph 6-8 months after initial examination with changed
angulation



made and the sinus compared by superimposition as well.
Even with the change in the angulation, the frontal sinus
could be used positively for identification.

Thus, as the frontal sinus does not change over a period
of time, it can be reliably used for individual identification.

In our study, one patient had trauma to the skull 3 months
after the first radiograph was taken. Even after multiple
fractures of the skull, the frontal sinus was preserved and
appeared unchanged when the patient came for the second
radiograph (Fig. 5).

In conclusion, the need to establish a reliable, low-cost,
and easily reproducible method for human identification
prompted the elaboration of technical, precise, and acces-
sible parameters, such as the evaluation of the area, asym-
metry, and shape of the frontal sinus. Comparison among
each of the frontal sinuses of the 100 people in the sample
revealed that no two sinuses are the same, that is, that the
sinus is unique to each individual.
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Fig. 5. Waters’ radiographs show
the patient before trauma (A) and
after trauma on the follow-up radio-
graph (B).
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