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Abstract. Introduction. The article presents the findings of the study and comparative assessment of radiation doses
in patients and personnel in diagnostic medicine using sources of ionizing radiation. Currently, over 2,373 radioactive
sources are used in in 903 medical institutions of the Republic of Uzbekistan. Therefore, an extremely important task is
to assess the patients’ and personnel risks related to medical and occupational exposure and to create ways to improve
radiation protection in medical radiology at the present stage. The aim of the study was to perform a comparative
analysis of patients’ and staff radiation doses used in conducting diagnostic medical procedures involving the sources
of ionizing radiation and radioactive substances. Materials and Methods. To achieve the goal and objectives of the
research aimed at studying radiation doses, we selected protocols for scanning patients during X-ray diagnostics, nuclear
medicine studies in medical institutions, and the results of the individual dosimetry monitoring of personnel. Results and
Discussion. Our findings showed that medical and occupational exposures are within the low to very low dose range
and the risks are low to very low, as well. Not only is medical exposure different from other types, but it also carries risks
of “no radiation” or “underexposure” that may be greater than the risks of exposure. Limiting medical exposure to only
preventive studies (1 mSv) does not solve the problem of reducing medical exposure risks. The concept of “prevention”
includes all those who can be classified as “asymptomatic” patients, which is incorrect. People undergoing preliminary or
ongoing professional medical examinations do not match with those at risk undergoing, for example, screening studies.
The approaches to them should be different. Conclusions. In radiation-hazardous medical institutions, all measures
must be taken to ensure radiation safety and protection of personnel, patients, the public, and the environment.
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Pecbepat. BBegeHue. B ctatbe npeacTtaBneHbl pesynsTaTbl HayYHO-UCCNeaoBaTeNbCKOM paboTbl MO U3YYEHUO U
CpaBHUTENbHON OLIeHKe [03 06MnyYeHns NaunMeHToB U NepcoHana B AMarHOCTUYECKOW MeauumHe npu Ncnonb3oBaHnm
NCTOYHMKOB MOHWU3UPYIOLLIETO N3MyYeHns. B HacTosLLee BpeMs B MeQULIMHCKUX yupexaeHusax Pecnybnvkm YsbeknctaH
B 903 opraHu3aumax ucnonb3yetcs bonee 2373 paanoakTUBHbIX UCTOYHUKOB. [103TOMY B COBpEMEHHOE BPEMS YPE3BbI-
YanHO BaXKHOW 3afiaden ABNAETCS OLeHKa PUCKOB NMaLMEHTOB 1 NepcoHana npu MeanumnHCKOM 1 npodeccroHanbHOM
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00ny4YeHnn ¢ Lenbl Co3faHust MyTel COBEPLUEHCTBOBAHMS paaualMOHHON 3aliMTbl B MEAULIMHCKOW PaanoNoruu.
Llenbto uccnepoBaHus SIBUNOCH NPOBEAEHNE CPABHUTENBHON OLEHKM [03 0BnyYeHust NaLMeHTOB M nepcoHana npu
NPOBEAEHNN ANArHOCTUYECKNX MEQULIMHCKUX NpoLeayp C UCNONMb30BaHNEM UCTOYHUKOB MOHU3UPYHIOLLLErO U3MYYEeHMs 1
pafmoakTMBHbIX BelecTB. MaTepuan un MmetoAbl. [1Nns JOCTVXEHMS LIENW U 3a4a4 Hay4YHO-MUCCIeqoBaTenbCkon paboTsl
Nno M3y4YeHUo 403 pagvaunm Obinm BblOpaHbl NPOTOKOMbI CKAHMPOBaHMSA GOMbHBLIX NPU 0BLLMX PEHTIEHONOrMYecknx
nccneaoBaHNsiX, MyrnbTUCPE30BON CMpanbHOW KOMMbIOTEPHOW TOMOrpadun, aaepHoOM MeauunHel 1 pesynbTaThbl
WMHAMBMAOYaNbHOTO A03MMETPUYECKOro KOHTPONs NnepcoHana Pe3synbratbl. Pe3ynbraThl MCCreaoBaHWs nokasanu, 4To
AmarHocTnyeckoe MeauLmMHCKoe 1 npodeccrMoHanbHoe obryyeHve Niogen HaxoauTest B Avana3oHe 403 OT MarnbixX 0
OYeHb MarbIX, @ PUCKM - OT HU3KMX A0 O4eHb HU3KMX. MeanumHcKkoe obnyyeHre oTnuyaeTcs OT ApYrMx TUMNOB paguva-
LIMOHHOTO BO34ENCTBUS HE TONMbKO BO3MOXHOCTL 0BNy4eHus1 Bbille HOPMATUBHbIX 3HAYEHWI, HO Takke HeceT B cebe
PUCKM «HEQOCTaTOMHOrO 0bnyyYeHnsa», pesynsTaToM KOTOPOro SBNSETCA HU3Kasa guarHoctuieckast UHOPMaTUBHOCTb.
W naHHble pUCKM NO OTHOLLEHWMIO K 300POBbLI0 NaLMEHTOB MOTYT NpeBbIlaTh paguaunoHHble pucku. OrpaHuyeHne me-
OVLMHCKOro 06MnyYeHns TONbKO 3a CHET NPEBEHTUBHBIX nccnegoBaHui (1 M3B) He peLuaeT Npobnemy CHUKEHUSt PUCKOB
MeaMLUMHCKOro obnydeHuns. B noHsiTue «npodmnakTukay BXoAST BCe vua, KOTOPbIX MOXHO OTHECTU K «6eccrMnTOM-
HbIM» B0NbHbIM, YTO HEBepHO. Jlnua, NpoxoasLume npeaBapUTeNbHBLIA UMK TEKYLLIMIA NPOUNaKTUYECKNA MEAULIMHCKMIA
OCMOTp, HE COOTBETCTBYIOT NMLaM rpynmbl pUcka, MPOXOAALLMM, HAanpMMep, CKPMHUHIOBbIE NccneaoBaHus. BbiBoabl.
B pagvaunoHHO-onacHbIX MEANLMHCKMX YUPEXAEHWUSIX AOMMKHbI BbINMOMHATLCA BCE Mepbl MO pagnaumMoHHon 6esonac-
HOCTW 1 paavaLMoHHON 3aluMTe NepcoHana, NaunmeHToB, HaceneHns 1 okpyxaroLlen cpeabl.

KnroueBble cnoBa: adhdekTMBHan [o3a, MeanumMHeKoe obnyyeHre, paamaunoHHbIe PUCKU, MEOULIMHCKNE UCTOYHMKN
VNOHM3UPYIOLLErO N3MNyYeHus, nyyeBas AnarHocTumka.
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ntroduction. The modern understanding of ra-

diation safety is based on 3 basic principles:
standardization, justification, optimization. This triad
of principles applies to all cases of human exposure
to ionizing radiation (IR): artificial radiation, in normal
operation of the ionizing radiation sources, emergency,
natural, medical. These options differ significantly
in the nature of exposure: dose levels, dose rates,
duration, geometry of exposure (total, local, scattered,
directional), exposure routes (external, internal). For
all cases, the resulting dose is the radiation dose, and
for effects below the threshold, the effective dose (ED).
In turn, the effective dose is a tool for assessing the
damage of radiation exposure — stochastic long-term
consequences expressed in radiation-induced cases
of oncological and genetic diseases. The risks are
calculated and amount to approximately 5.5% per 1 Sv
and are applied in accordance with the linear- threshold-
free concept of the radiation impact on humans.

At present, it is believed that the concept of risk
should be extended to all types of exposure. Based on
this model, doses from all types of exposure should be
reduced by all available means, regardless of the dose
range or exposure type, including medical exposure.
However, medical diagnostic radiation exposure cannot
be compared to any of the types listed, i.e., neither with
technogenic nor with emergency, nor with natural ones.
MO is very short-term, mainly in the range of very small
or small doses, with relatively high dose rates formed
discretely and throughout the individual’s life.

The purpose of the study is to conduct a com-
parative assessment of exposure doses to patients
and personnel during diagnostic medical procedures
using sources of ionizing radiation and radioactive
substances.

Materials and Methods. To achieve the goal and
objectives of the research work for studying radiation
doses, protocols for scanning patients during X-ray
diagnostics, nuclear medicine studies in medical institu-
tions and the results of individual dosimetry monitoring
of personnel were selected.

OPUTMHAJIbHBIE UCCNEAOBAHNA

Computed tomographs were equipped with the fol-
lowing reconstruction algorithms:

— Back projection (FBR) — a summative reconstruc-
tion method traditionally used in computed tomography;

— Iterative reconstruction (iDose) to improve image
quality due to high low-contrast resolution and low noise
level (“Brilliance iCT 256", “Ingenety Core 128”);

— lterative algorithm of double spaces ClearView
with three levels Slight, Standard, Ultra (“NeuViz 16
Essence”);

— Iterative model reconstruction (IMR) method for
scanning the head, neck, heart, chest, abdomen, pelvis
and limbs (Ingenety Core 128, Optima CT 520); and

— Iterative reconstruction algorithm ASiR-5 (“Revolu-
tion Discovery CT").

To control individual doses of occupational exposure
to category A personnel in Uzbekistan, the dosimetric
thermoluminescent complex “DOZA-TLD” is used,
manufactured by the Doza Research and Production
Enterprise (Russian Federation) in 2003. Thermo-
luminescent reader and DVG software of this complex
are located in the radiological laboratory of the Sanitary
Service - Epidemiological Well-Being and Public Health
of the Republic of Uzbekistan.

Results and Discussion. In Uzbekistan, the most
common medical diagnostic research methods using
IRS are fluorography, radiography, fluoroscopy, and
computed tomography (CT). To date, there is no unified
methodology for assessing the medical exposure risks.
Various methods are used, but all of them have draw-
backs, are either non-applicable for assessing individual
risks or difficult to practice. According to international
and national safety standards, the patient must be
informed about the received radiation doses and risks.

The average effective doses of radiation per proce-
dure were calculated, the results of which are presented
in Figure 1.

Figure 2 shows the distribution of effective doses for
multislice spiral computed tomography.

Significant differences between the samples were
detected using the nonparametric Mann-Whitney U test.
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Figure 1. Results of the distribution of average values of effective doses during X-ray examinations
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Figure 2. Values of effective doses for different areas of scanning by multislice spiral computed tomography
Puc. 2. 3HaueHnsa adhpeKTMBHbIX [03 006MyYeHNs NaLMeHToB ANS pasnnyHbIX 30H CkaHnpoBaHusa metogqom MCKT
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The values obtained of the asymptotic significance in the
samples are less than 0.05 (p <0.05), which indicates
significant differences between the samples.

Since 2018, 3 medical PET/CT centers have been
operating in Uzbekistan, which have their own cyclotrons
installed to produce short-lived radionuclide F-18 with
a half-life of 109 minutes. Next, a radiopharmaceutical
(RPh) labeled with F-18 is produced in the synthesis
module: Fluorodeoxyglucose (FDG).

When preparing radiopharmaceutical solutions, an
individual approach is used, that is, for each patient the
drug is prepared individually before the examination
starts, in compliance with all sanitary, hygienic, and
anti-epidemic rules and regulations in accordance with
the GMP standards. If even minor deviations from the
synthesis technology are detected, the PET examination
will be canceled and rescheduled to another day to
guarantee the safety of people.

Nurses inject FDG in patients intravenously, with the
required and calculated activity, and then the patients
themselves become the ionizing radiation sources (IRS).

Figure 3 shows the average effective doses in
patients during positron emission tomography combined
with computed tomography (PET-CT).

In Uzbekistan, nuclear medicine is a priority area in
oncology, and an important prerequisite for successful
development is the production of radionuclides and
radiopharmaceuticals by the Institute of Nuclear
Physics at the Academy of Sciences. The main
advantage of treatment with radiopharmaceuticals
is their local selective effect, unlike chemotherapy.
Table 1 presents the results of calculating the
average values of effective radiation doses in patients
during radioisotope diagnostics using RPh based on
radioactive technetium-18.

X-ray diagnostic methods have been and remain
widely used in recent decades, although many
innovative research techniques have appeared
currently. Modern X-ray equipment is also changing for
the better; it is becoming more advanced, informative
in terms of diagnosis, and safer in terms of radiation
doses received by personnel and patients. The results
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Figure 3. Radiation doses to patients during PET-CT examinations
Puc. 3. Jo3bl 06nyyeHusi nauneHToB npu nposegeHun MIT-KT

Table 1

Average values of effective radiation doses in various organs and systems of patients during radionuclide diagnostics

Ta6bnuuya 1

Cpep.HMe 3Ha4veHUA 3P PeKTUBHbIX [03 oGnyHeva pas3nuyHbIX opraHoB U cUCTeM NauyneHToB
npu paAMOHyKﬂMAHOﬁ AWAarHoCTuke

Radiopharma-ceutical Organ/system Number Average individual
being examined of patients effective doses (mSv)

Technefor Skeleton 3 4.7+1.8
Pirfotech Skeleton 973 1.99+0.01
Technetril parathyroid gland 223 6.25+0.7
Technemag Kidneys 116 0.7+0.08
Technetium-99 for Thyroid 2,188 0.2940.03
physical. solution”
Total: 3,503
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Figure 4. Average values of annual effective radiation doses for workers at nuclear medicine medical centers
for 2020-2022
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