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The article presents the analysis of 3D modeling laboratory efficiency after its introduction in the departments of radio diagnostics. Prospects 
and risks of the work of this unit is presented in the study. The calculation of economic indicators shows that the payback is around 2 years, the 
breakeven point is 60 – 70 clients per month. Results obtained economically and technologically justify active deployment labs 3D simulation in 
medical institutions.
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POINT OF VIEW

Using of 3D-modeling in medical in-
stitutions has not yet become a routine 
procedure, but it is in this direction that 
a qualitative breakthrough in the field of 
personalized medicine is the most likely 
[11, 16] since a technological basis has 
already been formed for this and in the 
process of its practical testing it should 
additionally take shape relevant organi-
zational, economic and ethical standards. 
In this regard, a systematic analysis of 
the effectiveness of the implementation 
of these decisions in medical practice is 
necessary [7, 8].

The department of radiation diagnos-
tics, which is standard for Russian med-
ical institutions [2], could be the most 
suitable unit for the implementation of 
3D modeling and printing. Firstly, a 3D 
modeling group is better positioned as an 
independent technological unit bearing 
in mind its transformation into a sepa-
rate laboratory in the event of a signifi-

cant increase in the volume of work [8, 
13, 14]. It should be noted that the trend 
of increasing volumes of medical activi-
ty using medical imaging, and data pro-
cessing technologies with an ever-grow-
ing consumer market has been observed 
everywhere in the last decade [18]. For 
example, steady increase in mortality 
from malignant neoplasms of the brain 
and spinal cord recorded in Russia re-
quires significant optimization of their 
diagnosis and treatment [1]. Due to the 
rapidly improving Big Data technologies, 
increasing the productivity of electronic 
computing power, it is possible to over-
come the lack of radiation diagnostic data 
and accelerate digital processing [15]. 
High quality hardware / software com-
plex, management and good work orga-
nization aimed at achieving continuous 
improvement of preanalytical, analytical, 
and postanalytic phases in diagnosis are 
an integral guarantee of making a correct 
diagnosis (Table 1).

Today, it has already become possible 
to qualitatively supplement and improve 
the differentiation of diseases of various 
genesis with the help of slicer programs 
that convert 2D data of radiation diagnos-

tics into full-fledged three-dimensional 
models, so the doctor has a chance to 
carry out preliminary surgical preparation 
and choose the most effective and opti-
mal tactics for performing surgical opera-
tions with minimal risk for the patient and 
a decrease in the trauma of healthy tis-
sues. Successful high-quality recognition 
of diseases of various origins in the ra-
diation laboratory complex also reduces 
the need for repetition of studies and time 
saving, leading to an increase in the effi-
ciency of staff and the medical institution 
as a whole [3, 10, 12, 17].

The main threats to the work of the 3D 
modeling laboratory are hacking and theft 
of information by hackers (Table 1). This 
problem can be solved by using more ad-
vanced cryptography algorithms, using 
specialized security software, Blockchain 
technologies and integrated security sys-
tems for user authentication [4, 5, 9].

The introduction of the laboratory with 
the addition of information processing of 
data can improve the organization of la-
bor, save time and more carefully control 
of the research process [6, 19]. At the first 
stage, this new technology requires addi-
tional investments, the financial viability 

Analysis of prospects for the implementation of 3D modeling laboratory

Opportunities Threats

Strengths

Increased productivity and lower 
costs resulting from using of machine 

learning, categorization, artificial 
intelligence algorithms

Certified software and integrated 
security systems

Weaks
Dependence on electronic computing 

power and access to specialized 
databases

Imperfection of authentication and 
personification systems when working 

with databases

Table 1
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of which can be characterized by com-
paring the expected costs and revenues 
[13]. The time variation of these econom-
ic values in relation to the economic con-
ditions of the Primorsky Krai is presented 
in Fig.: for the 3D modeling laboratory, 
the payback period is about 2 years, 
the break-even point is 60-70 clients per 
month; the net present value with a rate 
of 10% and an investment of 500,000 ru-
bles is 187,734 rubles (Table 2).

The creation of a 3D modeling labora-
tory in medical institutions as an addition-
al module to the department of radiation 
diagnostics or autonomous education 
allows us to significantly expand existing 
methods of non-invasive examination 
and use them in the areas of preopera-
tive planning and prosthetics. The results 
obtained during the work economically 
substantiate the creation of this laborato-
ry in hospitals and clinics to improve the 
quality of medical services to the popu-
lation.

1. Каприн А.Д., Старинский В.В., Петрова 
Г.В. (ред.) Злокачественные новообразования 
в России в 2017 году (заболеваемость и смерт-
ность). М.: Московский научно-исследователь-
ский онкологический институт им. П.А. Герце-
на, 2018: 250. [Kaprin AD, Starinsky VV, Petrova 
GV (eds.) Malignant neoplasms in Russia in 2017 
(morbidity and mortality). Moscow: PA Herzen 
Moscow Scientific-Research Institute; 2018: 250  
(In Russ.).]

2. О совершенствовании службы лучевой 
диагностики. Приказ Министерства здравоох-
ранения РСФСР № 132 от 02.08.1991 с изме-
нениями от 05.04.1996. [About the improvement 
of service for radiation diagnostics. The order of 
RSFSR Ministry of Public Health № 132 dated at 
August 02, 1991 with changes dated at April 5, 
1996. (In Russ.).]

3. Юрьев В.К. , Пузырев В.Г., Глущенко 
В.А. и др. Экономика здравоохранения: учеб-
ное пособие для студентов педиатрического, 
лечебного и стоматологического факульте-
тов. СПб.: Изд-во СПбГПМУ, 2015: 72. [ Yuryev 
VK, Puzyrev VG, Glushchenko VA  et al. Health 
economics: a manual for students of pediatric, 
medical and dental faculties. SPb: GPMU, 2015: 
72. (In Russ.).]

4. P Cao, S Toyabe, S Kurashima et al. A 
modified method of activity-based costing for 
objectively reducing cost drivers in hospitals. 
Methods of Information in Medicine. 2006; 4 (45): 
462-469.

5. AuBuchon PJ. Optimizing the cost-
effectiveness of quality assurance in transfusion 
medicine. Archives of Pathology and Laboratory 
Medicine. 1999; 7 (123): 603-606.

6. Brueckner JK. Lectures on urban 
economics. Cambridge: The MIT Press, 2011: 
296.

7. Smith BR, Wells A, Alexander CB et 
al. Curriculum content and evaluation of 
resident competency in clinical pathology 
(laboratory medicine): a proposal. Clinical 
Chemistry. 2006; 6 (52): 917-949. doi: 10.1373/
clinchem.2005.066076

8.  Lin BY, Chao TH, Yao Y et al. How can 

References          

E
co

no
m

ic
 in

di
ca

to
rs

 (r
ub

le
s)

 fo
r 

th
e 

3D
 m

od
el

in
g 

la
bo

ra
to

ry

In
di

ca
to

r
M

on
th

s
2

4
6

8
10

12
14

16
18

20
22

24
Pr

ofi
t f

ro
m

 1
 c

lie
nt

25
00

25
00

25
00

25
00

25
00

25
00

25
00

25
00

25
00

25
00

25
00

25
00

N
um

be
r o

f c
us

to
m

er
s p

er
 m

on
th

63
56

70
43

73
73

53
63

73
43

73
73

To
ta

l r
ev

en
ue

s
15

75
00

14
00

00
17

50
00

10
75

00
18

25
00

18
25

00
13

25
00

15
75

00
18

25
00

10
75

00
18

25
00

18
25

00
Pa

ym
en

t o
f u

til
ity

 se
rv

ic
es

50
00

0
50

00
0

50
00

0
50

00
0

50
00

0
50

00
0

50
00

0
50

00
0

50
00

0
50

00
0

50
00

0
50

00
0

Sa
la

ry
75

20
0

75
20

0
75

20
0

75
20

0
75

20
0

75
20

0
75

20
0

75
20

0
75

20
0

75
20

0
75

20
0

75
20

0
Pa

ym
en

t f
or

 c
om

m
un

ic
at

io
n 

se
rv

ic
es

15
00

15
00

15
00

15
00

15
00

15
00

15
00

15
00

15
00

15
00

15
00

15
00

Ta
xe

s
50

00
50

00
50

00
50

00
50

00
50

00
50

00
50

00
50

00
50

00
50

00
50

00
C

os
t o

f r
aw

 m
at

er
ia

ls
10

00
0

10
00

0
10

00
0

10
00

0
10

00
0

10
00

0
10

00
0

10
00

0
10

00
0

10
00

0
10

00
0

10
00

0
C

ap
ita

l e
xp

en
se

s
56

50
00

0
0

0
0

0
0

0
0

0
0

0
Eq

ui
pm

en
t d

ep
re

ci
at

io
n 

co
st

s
50

00
50

00
50

00
50

00
50

00
50

00
50

00
50

00
50

00
50

00
50

00
50

00
Th

e 
to

ta
l c

os
t o

f p
ro

du
ct

io
n

71
17

00
14

67
00

14
67

00
14

67
00

14
67

00
14

67
00

14
67

00
14

67
00

14
67

00
14

67
00

14
67

00
14

67
00

H
os

pi
ta

l n
et

 p
ro

fit
-5

54
20

0
-6

70
0

28
30

0
-3

92
00

35
80

0
35

80
0

-1
42

00
10

80
0

35
80

0
-3

92
00

35
80

0
35

80
0

D
is

co
un

te
d 

flo
w

-5
11

53
0

-6
18

0
26

12
0

-3
61

80
33

04
0

33
04

0
-1

31
10

99
70

33
04

0
-3

61
80

33
04

0
33

04
0

A
m

ou
nt

 o
f i

ni
tia

l i
nv

es
tm

en
t

25
00

00
0

0
0

0
0

0
0

0
0

0
0

Pr
ofi

t /
 lo

ss
 fo

r a
n 

in
di

vi
du

al
 e

nt
re

pr
en

eu
r

-1
47

32
30

-1
33

32
30

-1
15

82
30

-1
05

07
30

-8
68

23
0

-6
85

73
0

-5
53

23
0

-3
95

73
0

-2
13

23
0

-1
05

73
0

76
77

0
25

92
70

Th
e 

to
ta

l c
os

t o
f p

ro
du

ct
io

n
65

67
00

91
70

0
91

70
0

91
70

0
91

70
0

91
70

0
91

70
0

91
70

0
91

70
0

91
70

0
91

70
0

91
70

0
H

os
pi

ta
l n

et
 p

ro
fit

-4
99

20
0

48
30

0
83

30
0

15
80

0
90

80
0

90
80

0
40

80
0

65
80

0
90

80
0

15
80

0
90

80
0

90
80

0
D

is
co

un
te

d 
flo

w
-4

60
76

0
44

58
0

76
89

0
14

58
0

83
81

0
83

81
0

37
66

0
60

73
0

83
81

0
14

58
0

83
81

83
81

0
Th

e 
am

ou
nt

 o
f s

ec
on

da
ry

 in
ve

st
m

en
t

25
00

00
0

0
0

0
0

0
0

0
0

0
0

Pr
ofi

t /
 lo

ss
 fo

r t
he

 h
os

pi
ta

l
-1

36
74

60
-1

22
74

60
-1

05
24

60
-9

44
96

0
-7

62
46

0
-5

79
96

0
-4

47
46

0
-2

89
96

0
-1

07
46

0
40

18
25

40
36

50
40

Ta
bl

e 
2



ЯКУТСКИЙ МЕДИЦИНСКИЙ ЖУРНАЛ
104

activity-based costing methodology be performed 
as a powerful tool to calculate costs and secure 
appropriate patient care?  Journal of Medical 
Systems. 2007; 2 (31): 85-90. https://doi.
org/10.1007/s10916-005-9010-z

9. Clemens J, Gottlieb JD. In the shadow of a 
giant: medicares’s influence on private physician 
payments. Journal of Political Economy. 2017: 1 
(125): 1-39. doi: 10.1086/689772

10. Doyle Jr JJ. Returns to local-area health 
care spending: evidence from health shocks 
to patients far from home. American Economic 
Journal: Applied Economics. 2011; 3 (3): 221-
243. https://www.jstor.org/stable/41288644

11. Turetta M, Ben FD, Brisotto G et al. 

Emerging technologies for cancer research: 
towards personalized medicine with microfluidic 
platforms and 3D tumor models. Current Medical 
Chemistry. 2018; 35 (25): 4616-4637. doi: 10.217
4/0929867325666180605122633.

12. Fisher ES, Bynum JP, Skinner JS. Slowing 
the growth of health care costs – lessons from 
regional variation. New England Journal of 
Medicine. 2009; 9 (360):849-852. doi: 10.1056/
NEJMp0809794

13. Friedman BA. The total laboratory 
solution: a new laboratory E-business model 
based on a vertical laboratory meta-network. 
Clinical Chemistry. 2001; 8 (47): 1526-1535.

14. Li J. Intermediate input sharing in the 

hospital service industry. Regional Science and 
Urban Economics. 2013; 6 (43): 888–902. doi: 
10.1016/j.regsciurbeco.2013.09.004

15. McDonald JF. Back to the future - The 
integration of big data with machine learning 
is re-establishing the importance of predictive 
correlations in ovarian cancer diagnostics and 
therapeutics. Gynecologic Oncology. 2018; 2 
(149): 230-231. doi: 10.1016/j.ygyno.2018.03.053.

16. Warnken ZN, Smyth HDC, Davis DA et 
al. Personalized medicine in nasal delivery: the 
use of patient-specific administration parameters 
to improve nasal drug targeting using 3D-printed 
nasal replica casts. Molecular Pharmaceutics. 
2018; 4 (15): 1392-1402. doi: 10.1021/acs.
molpharmaceut.7b00702.

17. Ricos C, Garcia-Victoria M, de la Fuente 
B. Quality indicators and specifications for the 
extra-analytical phases in clinical laboratory 
management. Clinical Chemistry and Laboratory 
Medicine. 2004; 6 (42):578–582. doi: 10.1515/
CCLM.2004.100

18. Total global market for personalized 
medicine from 2015 to 2022 (in billion U.S. 
dollars): [Electronic resource]. URL: https://www.
statista.com/statistics/728124/global-market-for-
personalized-medicine/ [Accessed: February 25, 
2018].

19. Zaninotto M, Plebani M. The hospital 
central laboratory: automation, integration and 
clinical usefulness. Clinical Chemistry and 
Laboratory Medicine. 2010; 7 (48): P. 911-917. 
doi: 10.1515/CCLM.2010.192

The study was conducted in patients of elderly and senile age, representatives of the indigenous and non-indigenous ethnic group. It has been 
established that the development and progression of chronic cerebral ischemia occurs in parallel with the progression of chronic kidney disease. 
At the same time, representatives of the non-indigenous population showed more severe neurological symptoms due to structural changes in the 
cerebral vascular bed due to hypertension and atherosclerosis, as well as severe renal dysfunction. Evens had milder clinical symptoms of chronic 
cerebral ischemia and lower renal abnormalities.

Keywords: ethnos, elderly and senile age, chronic brain ischemia, chronic kidney disease.
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The problem of cerebro-renal interac-
tions in elderly and senile age patients 
suffering from chronic cerebral ischemia 
(CCI) in modern medicine is relevant pri-
marily due to the large medical and social 
significance. This is due to the fact that 
impaired renal function plays a significant 
role in accelerating the development and 

progression of CCI associated with ath-
erosclerosis and arterial hypertension 
[1]. The high prevalence of CCI is ex-
plained not only by demographic chang-
es in modern society with an increase in 
the proportion of elderly and senile age 
people, but also by an increase in the 
prevalence of risk factors, which include 
arterial hypertension, atherosclerosis, 
diabetes and obesity [3]. It is known that 
each ethnic group of the population de-
termines its own characteristics in the 
epidemiology of a disease. CCI in combi-
nation with chronic kidney disease (CKD) 
is no exception.

The aim of the study was to research 
the ethnic and age-related characteristics 

of neurological symptoms and functional 
state of the kidneys in elderly and senile 
age people of Yakutia.

Materials and research methods.
This study was performed in the con-

fines of the neurological department of 
the Geriatric Center of the Republican 
Hospital of Sakha (Yakutia) "Republican 
Hospital №3". 522 patients from 60 to 
89 years, of comparable age and sex, 
were examined. CCI was diagnosed ac-
cording to the Classification of Vascular 
Brain Lesions of the Institute of Neurol-
ogy, Russian Academy of Medical Sci-
ences (1985), the diagnosis was worded 
in accordance with ICD-10. The criterion 
for the diagnosis was instrumentally con-
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