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V]IK 004
ROMANYUK S. O.,, ROMANYUK O. N., PAVLOV S. V., PYVOVAR M. A.
Vinnytsia National Technical University (Ukraine)

USAGE OF 3D IMAGES FOR GENETIC DISEASES DIAGNOSIS

The prevalence of genetic diseases [1] necessitates the development of operational methods of rapid
diagnostics using 3D modeling [2-6]. This will speed up the diagnostic process and reduce the dependence
on expensive DNA research.

According to statistics [1, 2], about 8% of the population have genetic disorders and 30-40% of these
disorders leading to changes in the person's face and skull.

Today, with the use of three-dimensional images of the face and skull of a person, it’s possible to
diagnose more than 700 different diseases [3], which have genetic basis. Depending on the accuracy of the
model and the number of control points, it’s possible to achieve 90% of veracity in establishing the presence
of the disease.

For example, Down syndrome [1] can be initially diagnosed by the following measures: flattened plane
face; the inner corner of the eyes placed lower than the outer one; nasal bridge is flat and wide, the auricles
are small, underdeveloped and located quite low.

I

Figure 1 — Important distances on human face

Brachycephalic disease [1] can be initially diagnosed by the cranial index, which in pathology have
value higher than 81.

The cranial index is an anthropological indicator of the shape of the skull, which can be obtained by
dividing the transverse diameter of the head to the longitudinal (Fig. 2, a). This index is expressed as a
percentage, for receiving which the resulting ratio is multiplied by 100. Fig. 2, b and 2, c represent,
respectively, the head of a sick and healthy baby.

The cranial index is easily determined by the three-dimensional model of the head.

a) b) c)
Figure 2 — The shape of the head in Brachycephalic disease

The following symptoms are typical for Martin's syndrome: large head with high and wide forehead,
long face with enlarged chin, slightly flattened middle part of face, blunt and slightly bent tip of nose.
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Similar symptoms are characteristic of a number of diseases, which allows the initial rapid diagnosis of
various syndromes [1], in particular, Smith-Magenis, Fragile, Gruber, Dzerzhinsky, Aper, Sotos, Dubovits,
and many others.

It should be noted that it’s important to implement the analysis of flattened areas of the face using
photometric methods, since full-scale measurements of the surface curvature are not performed. This
disadvantage can be easily eliminated with the use of three-dimensional models.

Recent large-scale studies [6], conducted by scientists from universities in England and several Latin
American countries, established the dependence of facial forms from 6 genes: PAX3, EDAR, DCHS2,
RUNX2, GLI3 i PAX1, each of which has an effect on certain morphological features. Genes DCHS2,
RUNX2, GLI3 and PAX1 has an effect on the development of the facial part of the skull,

It’s proved that children with a high chance inherit the shape of their faces from their parents. From
this, we can conclude that it’s necessary to create an archive of three-dimensional models of face and head
for different generations.

Based on the analysis, the following measures should be implemented:

1. Development of a common and affordable system for obtaining 3D images of human faces, for
example, based on a mobile phone camera, capable of transmitting the image to the server.

2. Analysis of diagnostic features of people in order to develop a typical 3D model of the face (head).
It’s important to identify and use a sufficient number of control points for further analysis.

The selection of characteristic features must be developed for different races, since they can differ
significantly. For example, children with Down syndrome are characterized by a flat nasal bridge. However,
for African children, this is a natural feature.

3. Development of software for the allocation of pathological areas of the face in order to attract the
attention of a doctor. It’s rational to form a representative image of a particular syndrome.

4. Development of a database of three-dimensional images in order to store them and analyze the
course of changes in dynamics.

5. Since the genetic inheritance of close relatives have been established, it’s advisable to create 3D
metric archives for person’s generations.

6. Development of a group reading system for correlated images, for example, based on inheritance.

7. Development of image search system using multivariate analysis (on many grounds).

8. Development of image processing systems with deep learning.

9. Development of plugins for 3D modeling software packages for accurate measurements of
curvilinear profiles, required angles of anatomical elements, comparison of selected areas of the image of the
left and right parts of the face.

10. To perform reconstructive interventions, it’s important to perform measurements with spatial
transformations.

11. By analogy with photo documentation, used by surgical dermatologists, it’s necessary to form
three-dimensional images before and after plastic surgery in order to evaluate the healing status of wounds,
detect neoplasms and their location.
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