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ABSTRACT:

Over the past few years closer cooperation can be observed in various aspects of digital techniques in such disciplines as dentistry
and anthropology. And in most cases that consists in imaging and image processing which results in obtaining 3D reconstructions.
And indeed, they can significantly improve research and practice. Thus, depending on imaging technique and application, they can
support CAD/CAM technology or precisely reconstruct morphology of invisible structures. However the currently presented study
refers to technical aspects of shade and texture mapping, which is more aimed to obtain more realistic 3D reconstructions of palaecoan-
thropological material. Colour or shade matching has become an integral part of dental practice. It can be carried in a traditional
manner though matching the tooth with conventional shade-guides, or, which is in line with the subjects of our study, by means of
spectrophotometry. And the main procedures of shade detection have been performed by SpectroShade (MHT). Necessary attention
has been paid to conditions influencing shade detection process with respect to the studied material teeth taken from the Bronze Age
findings. Reconstructive techniques have traditionally been a scientific and practical part of palacoanthropological research which is
directed at appearance reconstruction. Though the leading part of this branch has been always aimed at analysis of skull morphology.
In our time of rapidly developing digital techniques reconstructions have become to a large extent a matter of improvements of imaging
and image processing techniques. Even though this doesnt directly refer to soft tissue reconstruction, it undoubtedly applies to dental
reconstructions. And the current study presents improvements in reconstruction through combining imaging with shade and texture

mapping on 3D models of teeth.

INTRODUCTION

Dental studies have become more intense over the period of re-
cent years in terms and through cooperation between different
scientific and practical disciplines. Each of them, having their
own vector of development, reaches a certain level which is be-
ing sought with interest after colleagues working in parallel di-
rections. Thus various techniques, methods, interpretations can
be transferred from dentistry to anthropology and vice versa. And
quite often, especially taking into consideration rapid advances in
digital techniques, the connecting link is provided by 3D imaging
and image processing. They improve many aspects in practical
dentistry as well as in anthropological and dental research. And
the focus is usually concentrated on obtaining accurate, high-
resolution reconstructions. This is undoubtedly important from
technological point of view (Beyer, 2019) or in terms of detailed
reconstruction of the smallest structures which are necessary for
studies or methodological improvements (Gaboutchian et al., 2020
b). Nevertheless there are other aspects which come to the fore
in order to add value to traditional workflow. And this can be il-
lustrated once again by the current study where shade matching
methodology and technology developed for practical applications
in dentistry has been transferred to reconstruct palaeoanthropo-
logical material.

Reconstruction, in general, has become an integral part of phys-
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ical anthropology as skeletal remains, which represent the ma-
jor share of findings, usually preserve necessary signs for inter-
preting soft tissue morphology. Thus there is a traditional sci-
entific and practical discipline in palaecoanthropology facial re-
construction, which is based in particular on the analysis of skull
morphology (Gerasimov, 1955). In line with skeletal structures,
teeth provide important information for various sides of palaeoan-
thropological studies. Their morphological features, functioning
changes taking place throughout life, pathological conditions and
ability to preserve genetic information serve for different inter-
pretations regarding taxonomic, evolutionary, historical and other
aspects of anthropological research (Zubov, 1968; Irish and Scott,
2015). In addition they are resistant to destructive influence of
environmental conditions as are composed of highly mineralized
tissues. Today the above-mentioned skeletal and especially den-
tal palaecoanthropological material has a tendency to be recon-
structed digitally, which provides for advances in study meth-
ods and technology as well as improves the workflow (Naidu and
Freer, 2013).

3D imaging and techniques have a good potential to improve
palaeoanthropological and palaeodontological research in differ-
ent aspects including reconstruction (Gaboutchian et al., 2020a),
(Knyaz, 2020). And the issue of interest in the current study is
in combining 3D shape reconstructions of teeth with shade and
texture reconstruction, which is an important aspect for achiev-
ing realistic similarity. The study was performed on Neolithic
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palaeoanthropological findings. Their 3D reconstructions were
obtained by optical scanning by means of intra-oral scanner de-
signed for chair-side use. Spectrophotometric devices were used
for detailed colour mapping and comparison of shade detecting
results.

1. RELATED WORKS

Shade matching is an important aspect of various clinical and
technical procedures in dentistry. And it continuously remains an
issue under discussion and research in prosthetic dentistry, aes-
thetic dentistry and in chair-side and laboratory workflow (Mor-
gan, 2012; Joiner and Luo, 2017). Traditionally the shade match-
ing has been a matter of comparison of natural teeth with stan-
dard shade guides, such as Chromascop by Ivoclar Vivadent, Vita
Classical, Vita Bleachguide 3D Master and Vita Toothguide 3D
Master by VITA Zahnfabrik and others. Such an approach can
work effectively in the majority of cases however being depen-
dant on various subjective and objective factors (Agrawal and
Kapoor, 2013). To large extent correct shade choice results are
determined by the degree of matching of optical properties of
real tooth with conventional colour scales. And this is not only a
matter of colour (Joiner, 2004). There are many factors and, for
instance, translucency of teeth plays a significant role as they are
composed of layers of tissues with different optical density.

Thus dental enamel thickness can determine optical features of
teeth (He et al., 2019). In addition dental tissues have a tendency
to change throughout life. Thus this correlates with studies of
tooth colour are conducted in relevance to colour of skin, age
or sex (Susanty et al., 2018). However results of similar studies
can vary from one case to another and probably their consistency
depends on different factors such as analysed population (Lagou-
vardos et al., 2012; Al-Nsour et al., 2018; Tancu et al., 2019). It
is worth mentioning that soft tissue colourimetry is a matter of
study in dentistry as well, and this can be a feature to consider
in anthropological reconstruction in line with dental shade study
results (Hyun et al., 2016).

In addition there are other external conditions which have an im-
pact on the process of colour matching. Such factors as light
source or tooth surface moisture usually have their effect on re-
flective properties of dental enamel. Daylight has been tradi-
tionally considered optimal in providing closest shade matching.
However today artificial lighting and mobile cameras are more
often used as a way to facilitate communication within dental
community (Soldo et al., 2020). Dried-up surfaces of teeth and
insufficiency of illumination spectrum are hindering factors for
correct colour detection (Shereen and Sameh, 2020).

Nevertheless, even under the right conditions, the traditional colour
matching procedure preserves a certain degree of subjectivity as
colour perception remains an individual feature (Shooriabi et al.,
2016). Thus in recent decades a number of devices improving
and facilitating shade matching in dentistry have been designed
(Brewer et al., 2004; Al-Dwairi et al., 2014). Thus conventional
spectrometers and spectrophotometers are a better match for dig-
ital reconstructions of teeth which represent our study material.
Being designed for application in practical dentistry, these de-
vices reproduce conventional shade guides units as measurement
results.

2. MATERIALS AND METHODS

Teeth representing the material for the current study were taken
from two skulls (adult skull VIII-7-2 and adolescent VIII-5-
8) from Chernovaya craniological series including more than 50
pieces. These burials 14 kurgans are located in the Republic of
Khakassia and Krasnyarskiy Krai (Russian Federation). Dating
back to the second millennium BC (Bronze Age of that region)
they belong to culture well-known in anthropology as Okunev
(Figure 1).

(b) Chernovaya VIII-5-8

Figure 1. Skulls VIII-7-2 (a) and VIII-5-8 (b), Chernovaya.

Our first attempt for shade matching by two different spectropho-
tometric devices: Vita EasyShade (Vita Zahnfabrik) and Spec-
troShade (MHT) brought to inconsistent results, which are pre-
sented according to two standard shade-guides: Vita Classic and
Vita 3D Master (Table 1). The mentioned evident inconsistency
referred to results obtained on two different devices; however
both devices show results clearly differing from teeth on the cho-
sen samples (Figure 2a,b).

VIII-5-8 VIII-7-2
Vita Vita 3D | Vita Vita 3D
Classic ~ Master Classic ~ Master
SpectroShade Al oM1 Al oM1
Vita Easyshade | A3,5 3M3 A3,5 4M3

Table 1. Shade matching results by two instruments
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(a) SpectroShade

(b) Vita EasyShade

Figure 2. Vita Classic shade-guide samples positioned according
to colour matching by SpectroShade (a) and Vita EasyShade (b);
skull VIII-7-2.

Thus it was decided to use more profound methodology. Three
teeth (all of them incisors) were removed from the sockets, which,
due to their root shape, was a rather simple manipulation and
didnt cause damage to the findings. Two of them upper right sec-
ond incisor and upper left first incisor are from VIII-7-2 sample;
from VIII-5-8 sample only one incisor was taken the upper left
first incisor. All these teeth were placed in saline and were kept
for more than three days in the solution to become completely
drenched.

Shade detection procedure was carried out on separate teeth twice:

on dry samples and after their drenching. For this stage of the
study SpectroShade (MHT) instrument was picked as providing
more ample and realistic data (Figure 3).

Results according to Vita Classic shade-guide are presented in
Table 2.

2.1, VIII-5-8 | 1.2, VIII-7-2 | 2.1, VIII-7-2
dry A2 Al Al
drench A3 A2 A2

Table 2. Differences of shades on dry and saturated samples

3. RESULTS AND DISCUSSION

Combining techniques implemented in disciplines which are dif-
ferent in terms of methodologies and study aspects, however at

Figure 3. Studied sample spectrophotometric colour assessment.

the same time are focused at similar objects, has a potential to
result in new advances and outcomes.

Thus digital techniques have given new impetus for development
of dental technology and anthropological research through intro-
ducing different imaging and image processing techniques. How-
ever there is significantly larger sphere of methodological im-
provements resulting from inter-disciplinary exchange of tech-
niques and ideas. And the currently presented study which deals
with shade matching and its application in palaeoanthropology is
an example of such cooperation.

3.1 Shade matching

Shade matching, especially regarding teeth which are composed
of layers of tissues varying in shade and translucency, is a com-
plex procedure. It has been traditionally performed through com-
parative selection of the most appropriate sample from standard
shade guides according in accordance with the studied tooth. How-
ever spectrophotometry can improve objectivity in performing
such tasks. Colour assessment on palaeoanthropological find-
ings for further reconstructions has its characteristic features; and
dried out tissues are one of them.

It should be emphasized that the studied sample drenching has
led to consistent increase of colour saturation, decrease of translu-
cency and other aspects determining optical features of teeth which
can be detected through spectrophotometry (Figure 4, 5).

In addition the data obtained spectrophotometrically can be com-
bined with 3D reconstructions of teeth. Some intra-oral scanners
provide textured reconstructions of teeth, dentures and soft tis-
sues which are provided by original software and correspond-
ing file formats, including the scanner we have been using in
the study. Nevertheless 3D reconstructions of teeth are obtained
through significantly wider range of imaging techniques and the
majority of them, especially those providing high-resolutions do
not imitate texture and colour.

3.2 Photorealistic texturing

In addition a wide spectrum of studies is performed in anthropol-
ogy on 3D reconstructions in file formats (such as .stl) which are
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Figure 4. Shade mapping on dry tooth 2.1 from skull VIII-7-2.

unable to contain data on texture. Thus our study is an attempt
combine data obtained through scanning and spectrophotometry
in order to improve the quality of dental reconstructions.

(a) 3D model of VII-7-2 jaw

(b) an example texture image

Figure 6. Jaw 3D model obtained computed tomography and
texture image.

Texture contains valuable visual information that is thoroughly
used in paleoanthropology studies but mostly in separate way:
3D model is analyzed individually and object’s photographs —
apart. Figure 6(a) presents the 3D model of VII-7-2 jaw, obtained
by computed tomography, and Figure 6(b) gives an example of
one of the images used for texturing.

A technique is developed for automatic creating accurate textured
3D models using as input an untextured object’s 3D model and an
arbitrary set of its photographs.

Two approaches are proposed, depending on the available set of
texture images.

3.2.1 Feature based texturing. If a set of texture images con-
tains a few images and is not sufficient for 3D model reconstruc-

Figure 5. Shade mapping on drench tooth 2.1 from skull VIII-7-2.

tion using Structure-from-Motion and Multi View stereo tech-
niques, individual images are oriented in 3D model system of
coordinates. To perform orientation procedure a set of corre-
sponding points in the object’s 3D model and in the its image is
required. This problem is solved by detecting corresponding fea-
tures in the texture image and the image of the 3D model (Lowe,
2004, Burger, 2016), that acquired by virtual camera form ap-
proximately the same point as the photograph. Figure 7 shows
the results of texturing for 3D model of VII-7-2 jaw, performed
by this technique.

Figure 7. Textured 3D model of VII-7-2 jaw.

In the case of automatic corresponding features detection fails,
texture mapping is performed according to corresponding points
on teeth arch 3D models and colour image marked by opera-
tor (Knyaz, 2012).

3.2.2 3D model based texturing. For a set of texture images,
specially acquired for Structure-from-Motion and Multi View stereo
3D reconstruction, 3D model of the object is generated firstly us-
ing this imagery (Knyaz, 2017). Then registration of the 3D mod-
els is carried out, using the following procedure.

At first, moments of inertia are calculated for computed tomog-
raphy (CT) 3D model and image based (IB) 3D model. Then
the principal moments of inertia principal axes of the object are
found. The largest principal axis of the CT 3D model serves as
a reference to scale IB 3D model to real dimension. After that
3D model registration is performed using iterative closest point
algorithm (Besl, 1992). As a result image based 3D model is
translated to the system coordinate of the CT 3D model and im-
age orientation parameters are also translated to this coordinate
system. Then images, oriented relatively system coordinates of
CT 3D model are used for accurate photorealistic texturing.
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Figure 8 presents the results of texturing for 3D model of VII-7-
2-2.1 tooth, performed by this 3D model based technique.

Figure 8. Textured for 3D model of VII-7-2-2.1 tooth.

Figure 9 shows the results of “prosthesis operation” using tex-
tured computed tomography 3D model of VII-7-2-2.1 tooth.

Figure 9. 3D reconstruction of the lost tooth.

Comparing with the appearance of the jaw of Figure 2, it is worth
note that colour selection performed with the assistance of spec-
trophotometry needs to be improved from the point of view its
realism

4. CONCLUSION

Merging study methods applied in different disciplines provides
for improvements, as it can be seen on the example of combining
spectrophotometric colour assessment with 3D reconstruction. It
has been performed and described in the current paper for im-
provements of palaecoanthropological odontological reconstruc-
tions.

Our studies have shown that more realistic conditions achieved
through drenching teeth brings to formation of more saturated
shades. This can be recommended for palacoanthropological den-
tal reconstructions, however wider variety of teeth should be as-
sessed for more reliable data sampling.
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