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Abstract

Aim. The aim of the study was to determine the accuracy of linear measurements using a computer program
on a photogrammetric 3D model of the jaw in comparison with instrumental measurement of a plaster model.
Materials and methods. The object of the study was a plaster model of the upper jaw with applied
control points and its virtual three-dimensional copy obtained by photogrammetry. Fifty experts measured
7 arbitrary distances between the control points on the plaster model of the jaw using an electronic calliper
and on the surface of the photogrammetric 3D model using the linear measurement tool of the Zephyr
software. The obtained numerical data were analysed in the JASP statistical processing software.

Results. On average, the difference between the absolute numerical data obtained by the two methods was
0.22 mm. When comparing two independent samples by the Mann-Whitney U-test, a statistically significant
difference was recorded in the cases of determining Distance 1 (W = 561; p = 2.045x10-6), Distance 2
(W =897; p =0.015) and Distance 4 (W = 777; p = 0.001), whereas the comparison of the measurements of
Distance 3 (W = 1227; p = 0.88), Distance 5 (W = 1215.5; p = 0.81), Distance 6 (W = 1098.5; p = 0.30) and
Distance 7 (W = 1147; p = 0.48) did not show a statistically significant difference.

Conclusions. The difference between the two measurement methods was comparable to the results of other
researchers. The analysis of the results proved that computer measurement on a 3D model is 27% better by
the standard deviation criterion, 28% better by the mean error criterion, and 26% better by the coefficient of
variation. Thus, the analysis of the above statistical indicators confirms the high level of reproducibility and
accuracy of computer measurement results compared to the instrumental performance.
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INTRODUCTION

Contemporary medical science has in its disposal
a wide range of diagnostic methods that can determine
the state of different parts of the human body with
unprecedented accuracy and speed [18]. This refers to
the computer processing of information with the receipt
of a huge arrays of numerical data [16]. Laboratory and
paraclinical methods of primary material analysis are
based on the technical properties of sensor equipment and
the features of specialized software packages enabling
the systematization and synthesis of the final outcomes
to meet researcher’s needs [8, 9]. The combination of
a high-resolution smartphone camera and a special
software application that «stitches» isolated photographs
of a physical model into an integrated three-dimensional
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copy of an object is becoming an increasingly common
technical solution not only in medicine but in other fields
such as construction, archaeology, and geology [13, 17].

A striking example of the possibilities mentioned
above is the transformation of the physical human body
or its individual parts into three-dimensional prototypes or
models. Their study provides remarkable opportunities for
both diagnostic research and treatment process [10, 11].
In particular, manipulation of 3D models of the jaws has
become an integral part of orthopedists’, orthodontists’,
surgeons’, and dental technicians’ professional routine.
The research results demonstrate the possibility of
creating a 3D prototype of a jaw model without expensive
equipment, such as laser scanners [19]. A separate area of
scientific study deals with obtaining a high-precision 3D
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dental model using smartphones [15]. The implementation
of such a protocol was made possible by utilizing the
photogrammetry capabilities of common devices [14].

However, complexes containing a sensor part for
capturing the required information from a physical model
and software products for creating 3D models differ
significantly and are currently the copyright property
of different research teams. The comparison of these
complexes directed to the identification and generalization
of the main regularities and determination of the accuracy
level of the obtained data appear to be urgent tasks.
Given that the generation of a three-dimensional model is
a process that primarily depends on a personal computer
performance, we were faced with the task of developing an
algorithm for creating a 3D model in an iPhone application.

AIM

The aim of the study is to define the accuracy of
linear measurements on a 3D model of the jaw obtained by
photogrammetry using a smartphone and a suggested set
of software programs in comparison with the conventional
instrumental measurement of a plaster model.

MATERIALS AND METHODS

The presented cross-sectional analysis was
conducted on the basis of the scientific laboratory of the
Department of Propaedeutics of Prosthetic Dentistry of
Poltava State Medical University. The subject of the study
was the accuracy of measuring the distances between
two specified reference points on the surface of a three-
dimensional model of the jaw in comparison with the
data received by manual measurement of a physical
model using an electronic calliper. The object of the study
was a plaster model of the upper jaw with the reference
points, and its virtual three-dimensional copy (Fig.l).
Measurements were made in millimetres, with an
accuracy of two decimal places. The measurement tasks
were determining the distances between the reference
points on the surface of the plaster model: Distance 1:
distance between the distal palatal tubercles of teeth
16 and 26; Distance 2: distance between the palatal
surfaces of teeth 15 and 25; Distance 3: distance between
the apices of the buccal tubercles of teeth 14 and 24;
Distance 4: distance between the palatal surfaces of teeth
12 and 22; Distance 5: distance between the vestibular
surfaces of teeth 16 and 13; Distance 6: distance
between the vestibular surfaces of teeth 11 and 21;
Distance 7: distance between the vestibular surfaces of
teeth 23 and 26. The measurements of the plaster model
were held with the help of a handheld electronic calliper.
The measurements on the 3D model were performed
using the Zephyr pro v.7.531 (3DFlow, Italy). A three-
dimensional model of the upper jaw was obtained
according to the following algorithm.
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Stage 1: taking 108 photographs of the plaster
model with pre-marked reference points from different
angles according to the photogrammetry rules. The
photos were taken with a 6.86mm /f1.78 tripod camera
with a matrix resolution of 4032 by 3024 pxl using an
iPhone14Pro smartphone from a distance of 40 cm to
the object. The model was placed on graph paper for
further calibration and photographed in daylight indoors.
Stage 2: transferring the photos to the PolycamLidar 3D
scanner app (©2022 Polycam) for iPhone, generating
a model in RAW mode and exporting it in obj. format to
be sent by an email. Stage 3: importing the 3D model into
Zephyr Pro v.7.531 (3D Flow, Italy), which was used for
calibration and all further measurements. Calibration of
the model involved determining the distances between 12
points that formed 3 conventional squares in millimeter
divisions around the object. Setting a known distance
between the calibration points automatically transformed
the virtual model. The length of segments between the
points on the 3D model was defined with the help of the
Quick Measurements tool. In this case, the computer
cursor was placed in the middle of the first point and, after
clicking, was dragged to the middle of the second point.
After clicking again, a segment with a numerical value
appeared on the screen. The numerical data obtained in
this way were entered into a summary Excel spreadsheet
and exported to the statistical processing program JASP
V.0.18.3 (University of Amsterdam, Netherlands). In the
statistical tables, the distances received with the help of
a calliper were labelled «manual», while the distances
measured with a computer were named «digital».

Figure 1. A virtual model of the upper jaw with reference points
used for measuring distances (1) and points applied to the millimetre
markings of the model for its further calibration (2).

The statistical analysis began with checking the
correspondence of the type of the obtained numerical
values distribution to the law of normal distribution and
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detecting their parametric or non-parametric type. In
doing so, the null hypothesis that the distribution of data
in the general population conforms to the above law was
tested. On the contrary, the alternative hypothesis would
indicate that the distribution of numerical values in the
population does not follow the law of normal distribution.
The Shapiro-Wilk test was chosen as a tool for this
purpose. The critical level of significance for testing
statistical hypotheses in this study was 0.01. The results
in the two groups of measurements were compared using
descriptive statistics tools, namely: Standard Deviation
(SD) as an indicator of variability or dispersion of data in
a sample, Standard Error (SE) as an error that measures
the accuracy of the estimation of the sample mean, and
Coefficient of Variation (CV) as a statistical indicator that
measures the relative amount of data dispersion.

Given that the mean values of the measurements
received by the two methods had both normal and non-
normal distributions in the population, it was decided to
employ a tool for comparing non-parametric samples,
namely the Mann-Whitney test for independent samples.
The difference between the SD, SE and CV was
additionally presented as a percentage. Fifty dentists were
invited as experts to carry out the measurement. They
received detailed guidelines on the correct techniques
for both manual and computerized measurements. Each
expert took a 24-hour break between measuring the
physical and virtual models.

RESULTS

The distance between the reference points on the
distal palatal tubercles of teeth 16 and 26 (Distance 1) when
measured with callipers was on average 43.5 mm with
a confidence interval (95% DI) of 43.34 to 43.58 (Shapiro-
Wilk P value = 7.302 x 10-6). At the same time, the
average value of this distance in the digital measurement
of the 3D model was 43.8 mm with a 95% DI of 43.75 to
43.82 (Shapiro-Wilk P value = 0.1), which is 0.3 mm more
in absolute terms. The distance between the reference
points on the palatal surfaces of teeth 15 and 25 (Distance
2) according to the results of manual measurement was
36 mm with 95% DI from 35.8 to 36.2 (Shapiro-Wilk
P value = 1.404x10-6). The computer measurement of this
distance gave a value of 36.4 mm in the confidence interval
from 36.38 to 36.47 (Shapiro-Wilk P value = 0.002), and,
therefore, was 0.4 mm greater. The distance between the
control points at the apexes of the buccal tubercles of teeth
14 and 24 (Distance 3) was 45.7 mm with a 95% CI of 45.51
to 45.92 (Shapiro-Wilk P value = 0.25). This distance on the
virtual model equalled 45.7 mm with a 95% CI of 45.59 to
45.73 (Shapiro-Wilk Pvalue = 1.012 x10-8). Thus, in this
case, the difference was 0.08 mm in the minimum level
of the confidence interval and 0.19 mm in the maximum.
The distance between the reference points on the palatal
surfaces of teeth 12 and 22 (Distance 4) when measured
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with a calliper was 23.7 mm with a 95% CI of 23.56 to
23.94 (Shapiro-Wilk P value = 1.551 x 10-4), while its
measurement on the virtual model gave a value of 24.1 with
a 95% CI of 24.06 to 24.19. Thus, the difference between
the mean values in this case reached 0.4 mm. The distance
between the reference points on the vestibular surfaces of
teeth 16 and 13 (Distance 5) according to the results of the
instrumental measurement was 28.1mm with 95% DI from
27.86 to 28.28 (Shapiro-Wilk P value = 8.731 x 10-9). The
virtual measurement of the same distance showed a value
of 28 mm with a 95% DI range of 27.94 to 28.05 (Shapiro-
Wilk P value = 2.161x10-4). The difference in the absolute
value of the means in this case was 0.1 mm. The distance
between the reference points on the vestibular surfaces
of teeth 11 and 21 (Distance 6) when measured manually
was 10.3 mm with a 95% DI of 10.14 to 10.39 (Shapiro-
Wilk P value = 0.005). When measured on the 3D model,
this distance equalled 10.35 mm with a 95% DI range of
10.32 to 10.38 (Shapiro-Wilk P value = 0.018). Thus, the
difference in the mean value was 0.05 mm. Finally, the
distance between the reference points on the vestibular
surfaces of teeth 23 and 26 (Distance 7) measured with
a calliper was 27.5 mm with a 95% CI of 27.30 to 27.79,
while the computer measurement was 27.6 with a 95% CI of
27.57 to 27.7 (Shapiro-Wilk P value = 1.326 x 10-6). Thus,
there is a statistical difference of 0.1 mm between these two
measurement methods.

To summarise, the absolute value of the means
is higher in all cases of computer measurements on
the 3D model, with the difference in numerical values
ranging from 0.05 (Distance 6) to 0.4 (Distance? and
Distance 4). The difference between the measurement
results of the two methods in absolute numbers is on
average 0.22 mm. According to Mann-Whitney, the null
hypothesis (there is no statistical difference between the
values of the measurements by the two methods) was
rejected in the following cases: Distance 1 (W = 561;
p = 2.045x10-6), Distance 2 (W = 897; p = 0.015), and
Distance 4 (W = 777; p = 0.001), while the comparison
of the measurements for Distance 3 (W = 1227;
p = 0.88), Distance 5 (W = 1215.5; p = 0.81), Distance
6 (W = 1098.5; p = 0.30), and Distance 7 (W = 1147;
p = 0.48) confirmed the null hypothesis: there was no
statistically significant difference between the results of
the two measurement methods.

The accuracy of the measurements in terms of
results reproducibility the was evaluated by SD, SE, and
CV with the percentage difference. In case of Distance 1
measurements, the SD for the manual measurement was
0.42, while for the computer measurement it was 0.11
(26%). For Distance 2, the corresponding figures were
0.79 and 0.16 (20%). When measuring Distance 3 with an
electronic calliper, the SD was 0.72, and when measuring
the virtual model with a computer, it was 0.25 (35%).
The instrumental assessment of Distance 4 yielded an
SD value of 0.66, while the computer measurement was
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0.22 (33%). The SD values for Distance 5 were 0.74 for
the instrumental and 0.2 for the computerised versions,
respectively (27%). Distance 6 was measured with callipers
with an SD value of 0.45, while the computer measurement

was 0.1 (22%). Finally, the SD value for Distance 7 was
0.86 for the instrumented and 0.22 for the computerised
versions, respectively (25%). Thus, the average SD
difference for the seven measured distances was 27%.

Table 1
Results of software comparison of measurement by two methods for seven distances
Independent Samples T-Test w p
Values for Distance 1 561.000 2.045%10°
Values for Distance 2 897.000 0.015
Values for Distance 3 1227.000 0.877
Values for Distance 4 777.000 0.001
Values for Distance 5 1215.500 0.815
Values for Distance 6 1098.500 0.298
Values for Distance 7 1147.000 0.480

The accuracy of the mean value (SE) estimation
for Distance 1 was 0.06 for the instrumental and 0.02
for the computerised versions (33%). For Distance 2,
these figures were 0.11 and 0.02, respectively (18%).
The SE for Distance 3 was 0.1 for the instrumental and
0.04 for the computer-based measurement method (40%).
The accuracy of the mean value of Distance 4 for the
instrumental measurement was 0.09, while the computer
version gave an indicator of 0.03 (33%). A similar figure
for Distance 5 for the instrumental measurement was 0.1,
and for the computer version — 0.03 (30%). Measuring
Distance 6 with a calliper yielded the SE at the level of
0.06, while for the computer measurement this indicator
was 0.01 (17%). For Distance 7, the corresponding
values were 0.12 and 0.03 (25%). The average difference
between the SE values in the groups was 28%.

The CV for the instrumented measurement
of Distance 1 was 0.01, while for the computerised

measurement it was 0.003 (30%). Measuring Distance
2 with a calliper resulted in a CV of 0.02, while for the
computer-based distance measurement it was 0.004
(20%). A similar comparison in case of Distance 3
resulted in values of 0.02 and 0.006, respectively (30%).
The instrumental measurement of Distance 4 provided
a CV of 0.03, while the software determination of
this distance resulted in a value of 0.009 (30%). The
coefficient of variation for Distance 5 was 0.03 when
measured with a calliper and 0.007 when measured by
a computer (23%). When comparing the measurement
options for Distance 6, the results were 0.04 for
instrumented and 0.01 for the computer measurement,
respectively (25%). For the instrumented measurement of
Distance 7, the coefficient of variation was 0.031, while
the computer measurement of this distance gave a value
of 0.008 (26%). Thus, the average CV difference when
comparing the groups was 26%.

Table 2

The results of software evaluation of descriptive statistics data when comparing two measurement methods

Group Descriptives Group N Mean SD SE Coefﬁ_cm:nt @it
variation
Values for Distance 1 manual 50 43.462 0.416 0.059 0.010
digital 50 43.788 0.113 0.016 0.003
Values for Distance 2 manual 50 36.020 0.787 0.111 0.022
digital 50 36.430 0.159 0.022 0.004
Values for Distance 3 manual 50 45.720 0.724 0.102 0.016
digital 50 45.663 0.254 0.036 0.006
Values for Distance 4 manual 50 23.756 0.665 0.094 0.028
ues for Listan digital 50 24.127 0.220 0.031 0.009
Values for Distance 5 manual 50 28.072 0.736 0.104 0.026
digital 50 27.994 0.204 0.029 0.007
Values for Distance 6 manual 50 10.265 0.450 0.064 0.044
U digital 50 10.349 0.100 0.014 0.010
Values for Distance 7 manual 50 27.547 0.858 0.121 0.031
digital 50 27.637 0.221 0.031 0.008
DISCUSSION error of 0.5 mm and vertical error of 0.3 mm on the scale

The research by Verma & Bourke (2022) proved
the possibility of efficient use of affordable portable
equipment with a sufficient level of accuracy (horizontal
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of the total measurement area of 20 m?) in non-medical
areas [17]. Castilho et al. (2019) confirmed statistically
the effectiveness of photogrammetry in cephalometric
measurements, determining the correlation strength and
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direction [3]. Dabove et al. (2019), paid much attention
to the issue of 3D model calibration in photogrammetry,
which affects the ability to assess the linear and
volumetric dimensions of the objects accurately and to
perform diagnostic measurements on it [6].

Beri et al. (2022) presented their own protocol
for comparing three methods of obtaining a physical
model, including: obtaining a conventional print,
fluorogrammetry, and 3D scanning [2]. Lauria et al.
(2022) demonstrated the combination of photogrammetric
surveys with 54 photographs of an object and processing
these photographs in Agisoft-Metashape software,
which generates a three-dimensional model [11]. Stuani
et al. (2019) executed image processing with the help
of 3DF Zephyr Free software, which is applied in our
work. The authors measured the distances between the
canine tubercles and the mesio-cheek tubercles of the
first molars. Comparison of the 3D models with plaster
prototypes demonstrated coincidence ranging from
0.433 to 0.611 mm with SD +0.171 and a repeatability
coefficient of 0.474. These outcomes convert
photogrammetry into a viable technique for digitalising
dental models [15].

Arapovi¢-Savi¢ et al. (2019) focused on the
measurement of individual teeth, which showed that
in absolute terms, the mean error value does not exceed
0.3 mm, and the SD of the error is less than 0.1 mm. The
authors state that differences in measurements of 0.2 mm
are not significant in clinical practice [1]. Cullen et al.
(2021) conducted a review study focusing on the problem
of the accuracy of object reproduction by digital methods.
In particular, the researchers revealed that a change
in the volume of the copy compared to the prototype
from —5% to +2.5 can be clinically significant, while
a discrepancy from —10% to +5% leads to an unacceptable
discrepancy [5]. Gomez et al. (2022) also reported on the
results of physical measurement with digital callipers,
scanners, and photogrammetric models, which achieved
the known indicators of conditional accuracy, namely,
the standard deviation of the mean from 0.074 mm to
0.096 mm [7].

According to the findings presented by Mahmood
et al. (2023), the dental models received with the
help of photogrammetry demonstrate an anatomically
recognizable morphology structures when compared
visually with reference dental plaster models. It
turned out that the average differences between the
measurements ranged from 0.042 mm to 0.355 mm, being
clinically acceptable (<0.5 mm) [12]. Saif et al. received
measurements of higher accuracy by scanning the models
in terms of their volumes and surface areas, compared
to the data received from photogrammetric models. The
error in the volumetric estimation of the photogrammetric
models ranged from 0.67% to 3.19%. Accordingly, for
the surface area, the error fluctuated from 0.50% to
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1.89% [14]. Based on the results of a two-way ANOVA
test, Zotti et al. (2022) concluded that a coefficient of
variation of less than 3% has a statistically insignificant
difference between the sizes of photogrammetric models
and models obtained by other methods at p < 0.05. The
authors considered photogrammetry to be one of the best
options for obtaining photogrammetric models [19].

Thus, our study is different compared to the previous
ones in terms of its technical aspect, that is the use of the
Polykam photogrammetric software for generating 3D
models for the iPhone at the intermediate stage, which
allowed us to speed up the process significantly without
using limited resources of a personal computer. Further
work on calibration and measurement was carried out
in Zephyr, which is one of the few programs that fully
solve the problem of generating, analysing and further
using a 3D model. The obtained numerical data of
measurements of the distances between reference points
on the 3D model correlate with the results of manual
measurements with a calliper with a degree of error
comparable to the known sources.

CONCLUSIONS

According to the current sources, the enhancement
of the photogrammetric method of obtaining jaw models
is a promising task. The use of Polykam software can
significantly speed up the process of generating a 3D
model, while using cloud storage without losing data
accuracy when exporting by mail. The average numerical
value of the difference between the manual measurement
by an electronic calliper and the computer measurement of
the 3D model is 0.22 mm, which is absolutely consistent
with the results of similar studies conducted by other
researchers. Comparison of the accuracy of distance
measurement between the reference points showed that
the computer measurement on the 3D model was more
precise by an average of 27% in terms of SD, 28% in
terms of SE and 26% in terms of CV.

Perspectives  for further research. Obtaining
reliable information on the accuracy of the computer
version of measurements of diagnostic models of the jaws
according to the suggested algorithm will allow us to
use it both for dental scientific and practical purposes in
the framework of the diagnosis, prognosis or monitoring
of the treatment results. The promising areas of its
implementation include studying the manifestations of
dentition deformation, pathological abrasion of hard tooth
tissues, planning of dental implantation with subsequent
prosthetics.
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OL|IHKA TOYHOCTI KOMITOTEPHOIO BUMIPKOBAHHS ®OTOrPAMETPUYHOI MOAEN! LENEMU
Omutpo M. Koponb, Amutpo 1. Kingi, Katepuna [1. ToHuyeBa, PycnaH B. Ko3sak, Bitanii B. ApkoBui,
Ceprivi I'. 3y64eHko, Muxainno O. Pamycb

[MonTaBCbKMiA AEPKABHMIA MEAUYHNI YHiBepCuTET, M. NonTaga, YkpaiHa

MeTa. MeToio JociipkeHHs] 6y/10 BU3HAYeHHs TOYHOCTI JIiHIMHUX BUMIpIOBaHb 3 BUKOPHUCTAHHAM KOMII'IOTEPHOL
nporpaMu Ha ¢oTorpamMMeTpuyHiit 3D MozeJi 1iesieny y MOPiBHAHHI 3 iHCTpyMeHTa/JIbHUM BUMipIOBaHHSAM TillcoBoOi
MOJeJIi.

Marepiaiu Ta MetoAau. OG€KTOM JOCHiPKeHHs Oy/ja rincoBa MoJeJsb BePXHbOI Liejenyu i3 HaHeCeHUMU
KOHTPOJIbHUMHM TOYKaMHU Ta ii BipTyasibHa TpPUBHUMIpHA KOmis, o Oysia OTpUMaHa MeToZoM (OTOrpaMMeTpii.
[I'sToecAT eKcnepTiB BUMIpsSd 7 AOBIIbHUX BifiCTaHEH Mi>XK KOHTPOJILHUMH TOYKaMHU Ha TillCOBiA Mojesi miesienu
3a ZI0TIOMOT 010 eJIeKTPOHHOI0 LITAHMeHUPKYJIs Ta Ha MoBepxHi poTorpammeTprudHoi 3D Mozesli 3 BUKOPUCTaHHSAM
iHCTpyMeHTy JiHiHHOro BHMiploBaHHs1 nporpamu Zephyr. OgepkaHi 4yMc/0Bi AaHi aHasisyBaiucs y nporpami
CTaTUCTUYHOI 06p0o6KHU JASP.

Pe3ynbTaTH. Y cepeHbOMY Di3HMII MiX aGCOJIOTHUMHM YHUCJIOBUMHM JaHHMM, OTPUMaHHMMU ABOMa CIoco6aMy,
craHoBwia 0,22 mm. [Ipu nopiBHSIHHI [ABOX He3asieXXHUX BHOiIpok 3a Mann-Whitney U - test 3adikcoBaHO
CTAaTUCTUYHO AOCTOBipHY Di3HHII0 y BUNajKax Bu3HavyeHHs Bixcrani 1 (W = 561; p = 2,045x10-6), Bigcrani 2
(W =897; p = 0,015) Ta Bixcrani 4 (W = 777; p = 0,001), Tozi six nopiBHAHHA BuMiproBaHb Bigcrani 3 (W = 1227;
p = 0,88), Biacrani 5 (W = 1215,5; p = 0,81), Bigcrani 6 (W = 1098,5; p = 0,30) Ta Bigcrani 7 (W = 1147; p = 0,48) He
NpPOJeMOHCTPYBaJIX CTATUCTUYHO 3HAYUMOI Pi3HHULL.

BucHOBKHU. Pi3HuLg Mixk ABOMa cnoco6aMy BUMIpIOBaHHSI BUSIBUJIACS CHIBCTAaBHOIO 3 pe3ysibTaTaMU JOCJiKeHb
iHIIMX HayKOBLiB. AHaJIi3 pe3y/bTaTiB [OBIB, 110 KOMIT' I0TepHe BUMiproBaHHs Ha 3D MogeJti € KpaluM 3a KpUTepieM
CTAaHJApPTHOIO BifXWJIEHHS y cepeAHbOMY Ha 27%, 32 KpUTepieM MOXUOKHU cepefHbOro — Ha 28% Ta KoedinieHTOM
Bapianii - Ha 26%. OTxe, aHa/li3 BHILEBKa3aHUX CTAaTUCTUYHUX IOKAa3HUKIB MiATBEPAXKYE BHUCOKUN piBE€Hb
BiZITBOPIOBAHOCTi Ta TOYHOCTi pe3yJbTAaTiB KOMII'IOTEPHOrO BUMIpIOBaHHS y MOPIBHAHHI 3 iHCTPYMeHTaJbHUM
BUKOHAHHSIM.

Kamwouoei caoea: pororpammeTpisi, TeXxHOJIOTis, HUPpPOBa CTOMATOJIOTisl, METOAM BUMipIOBaHHA, HUPPOBUA
ABIMHUK, U poBa MoAe b 3y6iB
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