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Abstract
Palatal rugae are known in literature as individualizing anatomical structures with a strong potential for personal identification.
However, a 3D assessment of their uniqueness has not yet been performed. The present study aims at verifying the uniqueness of
3Dmodels of the palate. Twenty-six subjects were recruited among the orthodontic patients of a private dental office; from every
patient, at least two dental casts were taken in different time periods, for a total of 62 casts. Dental casts were digitized by a 3D
laser scanner (iSeries, Dental Wings©, Montreal, Canada). The palatal area was identified, and a series of 250 superimpositions
was then performed automatically through VAM©software in order to reach the minimum point-to point distance between two
models. In 36matches themodels belonged to the same individual, whereas in 214mismatches they came from different subjects.
The RMS (root mean square) of point-to-point distances was then calculated by 3D software. Possible statistically significant
differences were assessed through Mann-Whitney test (p < 0.05). Results showed a statistically significant difference in RMS
mean point-to-point distance between matches (mean 0.26 mm; SD 0.12) and mismatches (mean 1.30; SD 0.44) (p < 0.0001).All
matches reached an RMS value below 0.50 mm. This study first provided an assessment of uniqueness of palatal rugae, based on
their anatomical 3D conformations, with consequent applications to personal identification.
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Introduction

Palatal rugae are anatomical structures in the anterior portion of
the palate, deriving from hard connective tissue covered by
stratified epithelium. They are formed in utero in the third
month and remain stable during the entire life, with the excep-
tion of an increase in length according to the normal growth [1].

Thanks to their stability during a lifetime, the analysis of
palatal rugae is considered one of the most reliable methods
for personal identification in cases of unknown decedents with

relatively well preserved soft tissues, and particularly for
edentulous individuals where no information from teeth can
be recovered [2, 3].

With time, several studies have developed different ap-
proaches in order to assess anatomical uniqueness of palatal
rugae. Some authors took morphological classifications of
rugae into consideration, through the determination of shapes
and coding systems [1, 4]. The accuracy of such a procedure
reported by different authors is similar and ranges between 72
and 96% according to Adisa et al., [5] and 76.7–96.7% by
Bansode and Kulkarni [6]. Experience of the observer proved
to be an important factor, as the most experienced operators
reached a higher level of correct identification [5].

Other methods took the superimposition of the silhouette of
palatal rugae into consideration in order to verify a possible
correspondence. Percentage of correct identification seems
higher than results provided by the mere comparison and
reaches 100% [7].

Possible advantages from automatic methods were explored
as well: Hemanth et al. in 2010 tested a software for the auto-
matic comparison of palatal rugae, after manual plotting of
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reference landmarks. Results showed that three evaluators
reached a correct identification in 100% and two observers in
99% of cases [8]. The next step, as suggested by the authors,
will be the development of a fully automatic method of com-
parison, without the residual manual procedure of landmarks
plotting [8]. The exploration of automatic methods of compar-
ison was performed also by Limson and Julian in 2004, who
developed a software with a mean sensitivity of 0.93 and spec-
ificity of 1.00 and a 92–97% success rate [9].

All the previously described methods are based on the de-
tection and comparison of 2D silhouettes of palatal rugae;
however, in the last years, the development of modern 3D
image acquisition systems allow operators to assess palatal
rugae also in three dimensions. This approach has already
been known and applied to other anatomical regions in the
field of personal identification [10, 11].

The present article aims at testing differences between
palatal scans of the same and different individuals in order
to verify parameters useful for personal identification and
thus test the truly discriminating potential of 3D images of
palatal rugae.

Materials and methods

Twenty-six orthodontic patients (7 males and 19 females),
aged between 15 and 20 years, without facial deformities,
pathologies or signs of previous surgery, were randomly re-
cruited among the patients of a private practice. The work was
carried out in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki) and lo-
cal ethical rules. Informed consent was obtained from all pa-
tients or their legal tutors where necessary, and their privacy
rights observed. All patients were retrospectively selected
from a clinical database, and during the study, their casts were
anonymized in order to meet international ethical standards.
Their casts were obtained for clinical reasons uncorrelated
with this study.

For each subject, at least two casts of the upper dental arch
were available, including the palatal area. In detail, 19 patients
had two dental casts, four patients had three dental casts and
three subjects underwent four dental casts. In total, 62 dental
casts were obtained. The time period elapsed between the two
casts was between 6 and 48 months. Maxillary expansion
treatment and other palatal modifications were excluded from
the study.

A 3D model of each cast was obtained by a laser scanner
(iSeries, Dental Wings, Montreal, Canada; precision 15 μm),
and the palatal surface was identified and manually selected
through a 3D image elaboration software (VAM®, Canfield
Scientific Inc., Fig. 1). The obtained 3D models were then
superimposed one on each other in order to obtain 250 super-
impositions through the same VAM® software. Each model

was superimposed on the model of the first cast belonging to
the same individual, for a total of 36 matches (in cases of
patients with two casts there was one match, in cases of pa-
tients with three and four casts respectively two and three
matches).In addition, each cast was superimposed on themod-
el of the first cast belonging to other individuals. Among all
the possible 900 incorrect (between subjects) combinations,
214 mismatches were randomly selected in order to compare
the results with the matches (within subject) group (Tables 1).

The superimposition procedure was divided into two
phases. In a first step, the palatal area including the rugae
was manually selected. This was followed by an automatical
procedure performed through VAM® software. In this second
step, the superimposition was automatically performed in or-
der to reach the best match between the entire surfaces of both
the models. The procedure mathematically superimposes the
3D surfaces according to the least point-to-point distance be-
tween the two chosen 3D models.

After the two models were registered, the software was
requested to provide the point-to-point distance between the
two surfaces, expressed as root mean square (RMS): this pro-
cedure provided also a chromatic map designed on the model
of the second cast representing the areas of changes between
the two scans, coloured in blue, green and red (Fig. 2). The

Fig. 1 Example of a 3D-scanned digital model of the palatal area

Table 1 Total number of patients, casts and matches and mismatches
selected for the study

No. of
patients

No. of casts
for patient

Total no.
of casts

Matches Possible
mismatches

19 2 38 19 900
4 3 12 8

3 4 12 9

Total 62 36 900

No. of randomly selected matches
and mismatches

36 214
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entire procedure from 3D acquisition of dental casts to the
RMS calculation was automatically performed but for the
manual selection of palatal area including the rugae.

In addition, for ten comparisons the entire procedure from
3D acquisition of casts to the superimposition of the palatal
surfaces and the assessment of RMS distance was repeated
2 weeks after the first evaluation by the same and another
operator. Differences between the two observations performed
by the same observer and by different observers were statisti-
cally analysed by paired Wilcoxon test (p < 0.05).

Mann-Whitney test was used for assessing possible statis-
tically significant differences in RMS value between matches
and mismatches. Significance level was set at 0.05.

Results

Inter- and intra-observer method errors for RMS values were
not statistically significant (Wilcoxon test, p > 0.05).

The mean RMS values of point-to-point distances between
the superimposed models was 0.26 mm (SD 0.12) when they
belonged to the same individual, and 1.30 mm (SD 0.44)
when superimpositions were made from different subjects.
Differences were statistically significant (mean ranks of
matches 18.5, mean ranks of mismatches 143.5, z 9.59,
p < 0.0001). In the former case, the same parameter ranged

between 0.04 and 0.49 mm, whereas in the latter case, it was
included between 0.50 and 2.68 mm. In no case the values of
matches and mismatches superimposed (Fig. 3): 0.50 mmwas
seen to be the threshold to distinguish matches from mis-
matches in this dataset (Table 2).

Discussion

Palatal rugae are anatomical structures characterized by
uniqueness and a high individuality. Most of the methods
currently used in forensic practice for personal identification
perform a 2D-2D superimposition through the comparison of
the bidimensional projection of palatal rugae [12]. In the last
years, the introduction of 3D image acquisition techniques has
found novel applications in several fields of forensic
odontology [13–15], including personal identification [16].
Therefore, it may represent an advantage for the development
of novel methods of identification based on the anatomical
uniqueness of palatal rugae.

Some attempts at applying 3D image analysis to palatal
rugae can be found in literature: Taneva et al. in 2015 per-
formed for forensic purposes a metrical assessment of varia-
tions in 13 points of palatal rugae observed in different 3D
scans, and between pre-treatment and post-treatment casts.
Results did not verify statistically significant differences

Fig. 2 Chromatic representation of differences between two
superimposed models: on the left, example of match (casts belonging to
the same individual): one can observe the prevalence of green colour

(unchanged areas); on the right, example of mismatch (casts belonging
to different individuals): blue and red coloration describe areas of
discordances between the two models

Fig. 3 Dispersion of RMS values
shown by the 250 comparisons:
matches are indicated by the
circle
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among scans obtained through different tools and between
pre- and post-treatment models; in addition, the authors were
able to identify landmarks showingminor differences between
pre- and post-treatment scans, which therefore may be more
useful for personal identification [17]. This experiment, the
first one based on 3D models of palatal rugae [17], shows
the great advantages which may come from the application
of modern 3D image acquisition systems to the morphological
and metrical assessment of these particular structures; howev-
er, no one has applied this approach so far to the evaluation of
anatomical uniqueness of palatal rugae.

The present study confirmed the uniqueness of palatal ru-
gae by applying a metrical assessment of point-to-point dif-
ferences between two 3D models. In fact, results show that
there is a statistically significant difference between cases of
matches and mismatches. In addition, the chosen protocol
limits to a minimum the manual procedures which consist
only in the selection of the palatal arc for the 3D scan. From
this point of view, the novel method provides a further step
towards automatization of procedures of comparison, reduc-
ing the possible introduction of bias [8]. In addition, the pres-
ent study first provides the application of modern 3D image
acquisition and elaboration systems to the complex issue of
anatomical uniqueness of palatal rugae.

Possible modifications which may be suffered by palatal
rugae as a consequence of orthodontic therapy are worth
being discussed in depth, as they are not univocally treated
by literature. Several authors report that extraction treat-
ment may modify the length of palatal rugae, although there
is no consensus about which rugae are more or less affected
by these modifications [18–20]. The third ruga seems to be
the most stable one as reported by several authors [21, 22].
Although a contrast exists in literature, most of authors
seem to confirm that orthodontic procedures do modify
palatal rugae; regardless, although these modifications
may have occurred, in the current study, the 3D-3D super-
imposition protocol was able to correctly distinguish with-
out errors the group of matches from the mismatches. From
this point of view, the present results seem to highlight that
the current method is not influenced by these unpredictable
variables. In other words, individual modifications of rugae
seem not to affect identification potential, as also proved by
morphological studies [18].

In conclusion, the present study provides a contribution to
the issue of uniqueness of palatal rugae through a 3D metrical
approach: the method may also find a practical application in
the field of personal identification based on the comparison of
the morphology of palatal rugae.
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