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Abstract. Developmental dysplasia of the hip (DDH) occurs in 2-4% of newborns and
requires early diagnosis to prevent complications. Radiography remains the primary imaging
method for evaluating the hip joint in infants. Even low-dose ionizing radiation raises concerns
regarding potential effects on the reproductive organs [1] The aim of this study was to assess the
impact of hip radiographic examinations on the reproductive organs of children under one year of
age and to analyze the use of protective aprons in city clinics of Shymkent, Kazakhstan.

Data collection and analysis were performed using the Akgun PACS Viewer software, which
allowed systematic evaluation of radiographic images and compliance with radiation protection
measures. Dosimetric assessment was conducted based on exposure parameters recorded by the
system to calculate the absorbed dose to the gonads. Statistical analysis was applied to determine
the frequency of protective apron use and to evaluate the potential risk of radiation exposure to
reproductive organs [2]

The study analyzed 223 radiographic images of 87 infants from 5 major city clinics. Results
showed that approximately 70% of infants underwent up to three hip radiographs in the first year of
life, while protective aprons were used in only 60% of cases. Dosimetric analysis indicated that
without protection, the testes and ovaries received doses exceeding recommended limits, whereas
correct use of lead aprons and shields reduced the absorbed dose by approximately tenfold.

The relevance of this study is supported by the need to enforce the Ministry of Health of the
Republic of Kazakhstan Order No. KR DSM-275/2020 (December 15, 2020) on sanitary and
epidemiological requirements for radiation safety, which mandates the use of protective aprons for
children during hip radiography.

The findings emphasize the necessity of strict adherence to radiation safety protocols and
support the regulatory requirement for mandatory use of protective aprons and shields during infant
hip radiography [3, 14]

Keywords: developmental dysplasia of the hip, pediatric radiography, radiation protection,
dosimetric assessment, protective apron, reproductive organs.
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AnpaTna. Kambac OywIHBIHBIH, Aucrinasusacel (PKB/) kaHa TyraH HapectenephiH 2—4 %-
bIH/A Ke3Jece/li >KoHe aCKbIHY/Aap/blH, ajJ[blH aay YIIiH epTe AWArHOCTHKaiayAbl Tajam eTefi.
PentreHorpadusi Hapectenepjeri >kambac OybiHZApbIH OeliHeneyziH, Herisri azici 6ok
Tabbiagpl. TinTi TOMeH [03a/bl HOH/JAYIIbI CIYJ/Ie/ieHy/ IiH 631 PeNpO/JYKTHUBTIK aF3ajapra bIKTUMall
acepiHe OaM/IAHBICTHI aNaHJAYIILUILIK TYbIHAATaZbl. 3epTTey/iH MaKcaTbl — Oip »kacka meHiHri
Oananap/ia >kambac OybIHZAPBIHBIH, PEHTTEHOIOTUSUTBIK 3€PTTEeYJ/IepiHiH, peNpOJyKTUBTIK aF3asiapra
BIKTUMaJ 9cepiH Oaranay >koHe Ka3akcraH Pecrny6sivkachiHbH, LIIBIMKEHT KasachlHAAFbl KalasbikK
eMxaHasiap/ja KOpFaHbIC PapTYKbIH KOJIJJaHy TaKipubeciH Tangay.

Hepektepai >xuHay xoHe Tangay Akgun PACS Viewer Oarfapiamachl apKbUIbI >KYPri3isifi,
Oy1 pEeHTTeHOJIOTUS/IBIK KeCKiHAep/i >KyHeni Typze Oaranmayra >KoHe paJUalUs/IbIK KOPFaHBIC
Ta/jlanTapbIHbIH, CaKTalyblH aHbIKTayFa MYMKIiHZIK Oepzi. [do3uMeTpusinblK Oaranay >Kyiefe
TipKeJIreH SKCIO3ULiMsl IlapameTp/iepl HerisiHje >KYprisiiin, roHajanapzblH >KYTbUIFaH [03acblH
eceriteyre OarbITTan bl. CTaTUCTUKABIK 6HJIey KOPFaHbIC (apTYKbIH KOJIZIAHY >KUIMIriH aHbIKTayFa
JK9He PerpoyKTUBTIK aF3a/iap/iblH CayJiesieHy KayIliH OaramayFa MYMKiHJIK Oep/ii.

3eptTeyne 5 ipi KananblK KJIWHUKAJaH 87 HapecTeHiH 223 peHTreHJiK CypeTi TasJaH[bl.
HaTwkenep kepceTkeHiel, Oananap/bIH, mamaMeH 70% asFarikpl Kbkl 3 PEHTTEH/IIK 3epTTey/IeH
©TTi, an KopraHbIC (apTykTapbl TeK 60% >Karjaiiia Ko/AaHbUIAbL. [03MMeTPUSIBIK, Tanjay
KOPFAHBbICCHI3 JKaF/ak/la aTa/blK, )KoHe aHasbIK Oe3fepziiH, YChIHBUIFAH HOPMaJiaH >KOFaphbl [103a
anaTbIHbIH, an KOpFacklH (apTyKTepi MeH KOPFaHbIC M/IaCTUHA/IapbIH AYPbIC MakjjanaHy XYThUIFaH
[l03aHbI 1lIaMaMeH OH ecere TOMeH/IeTeTiHiH aHbIKTa/Ibl.

3eprreyaiH e3ekrimiri Kazakcran PecryOsvkackl [eHcay/blK cakray MHAHHCTPiHiH, 2020
KbUTFBI 15 xkenTokcanaarbl Noe KP [ICM-275/2020 «Papuanysiibik KayircisgikTi KaMTaMmachl3 eTyre
KOMBIIaTbIH CaHUTAPUSIIBIK-3THAEMHUOJIOTUSIJIBIK, TajlanTap» OyHpbIFbIHA ColiKec »Kambac OybIHBIH
peHTreHorpadusnay KesiHge 0anamapra KOpFaHbIC (apTyKblH MIiHAETTI Typ/e KOJZAHYIbI
HOPMATHBTIK Typ/ie OeKiTyziH Ka)KeTTi/iriMeH aiiKbIHAaa/Ibl.

KopbITbIHABIIAD pagualysi/IbIK, KAyilCi3fiK TajmanTapblH KaTaH CaKTay/JblH MaHbI3[bLIbIFbIH
xoHe Kazakctan Pecrybimkacel [leHcay/siblK CaKTay MHHHCTPJITiIHIH HOPMaTHBTIK-KYKBIKTBIK,
akTinepiHge »kambac OybIHJAPBIHBIH, peHTreHorpaduschl Ke3iHAe KOpPFaHbIC (apTyKTepi MeH
KOPFaHBIC TJIAaCTMHA/IAPbIH KO/JaHyAbl MiHAeTTI Tamar peTiHae OeKiTyzZiH OpbIHABI €eKeHiH
KepceTesi.

Tydin ce3pep: kambac OybIHBIHBIH, [JUCIIA3WsACHI, Oamanmap peHTreHorpaduschl,
paJualvs/IbIK KOPFAHbIC, I03UMETPUSIIBIK, Oarasiay, KOpFaHbIC hapTyKbl, pEMPOYKTUBTIK ar3asap.

Pentrenorpagus Ta3o0e/[peHHBIX CyCTaBOB y M/Ia/JIeHL|eB: pafiMaljMOHHasi Harpy3Ka,
B/IMSIHHE Ha PeNPOAYKTHUBHYH CHCTeMY U Mepbl 3alUThI
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AnHoTtanusa. /[lucrninasus  Ta3o0eqpeHHbIX cyctaBoB ([TC) BcTpeuaercs y 2-4%
HOBOPOXKJEHHBIX W TpeOyeT paHHelW JWArHOCTUKW /19  TIPeJOTBpAIlleHUs]  OCI0XKHEHUH.
PentreHorpadusi 0CTaéTcsi OCHOBHBIM METO/IOM BH3yasin3al[i Ta300e/[peHHOr0 CyCTaBa y JleTel
TpPyJHOro Bo3pacTa. Jlake HHU3KOJ030BOe MWOHU3MPYIOLlee W3/1y4YeHHe BbI3bIBAET OIaceHUs
OTHOCUTEJIbHO TOTeHLMaAbHOTO BO3/JEMCTBUSI Ha Pernpo/yKTHUBHbIe opraHbl. Llenb ucciefoBaHus
— OLIEHWTb BJIUSIHWE PEHTTeHOJOTUYeCKUX HCC/IeIOBaHUM Ta300epeHHBIX CYCTaBOB Ha
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PeNpoAyKTHBHbIE OpraHbl JeTel [0 OJHOTO rojia W TpOoaHaIu3upOBaTh MPAKTHUKYy MpPHUMEeHEeHUs
3alUTHBIX PapTykoB B ["'opojckux moaukaMHUKax ropoja IllsiMkeHnTa (Ka3zaxcTaH).

C6op ¥ aHanmM3 JAHHBIX OCYIECTB/SUIUCh C MCIIO/b30BaHWEeM mporpammbl Akgun PACS
Viewer, uTO TIO3BO/M/IO CHUCTEMaTUYeCKHd OLIEHUTh DPEHTTeHOJIOTHUeCKre W300pakeHus |
cobsofieHre Mep pa/iMal[iOHHOM 3amuThl. [Jo3uMeTpuueckasi OlleHKa TPOBOJW/IAaCh Ha OCHOBE
rapaMeTpoB SKCMO3ULIMH, 3aperMCTPUPOBaHHBIX CHUCTEMOW, [JIg pacyéra TIOIVIOEHHOU J[103bl
roHas. CraTtuctuueckass o6paboTKa TI03BOJIM/IA OMpe/ie/IUTh YacTOTy TIPUMEHEHHs 3allfUTHBIX
(hapTyKOB U OLI€HUTb TIOTEHIMAIBHBIN PUCK 00/TyueHUst PerpPOAYKTUBHBIX OPraHOB.

B xope uiccieioBaHys MpoaHaIM3UpoBaHo 223 peHTreHOrpaduueckux CHUMKa 87 miiajieH1eB
Y3 5 KDYIHBIX TOPOJCKUX TMOJIMKJIWHUK. Pe3ynbTaThl MOKasaad, UTO [0 TPEX PEHTTeHOBCKUX
VICC/IeJOBaHUM B TIEPBbIM TOJ| KM3HU TNpOXoAunyd npuMepHo 70% [feTeil, IpU 3TOM 3alllUTHBIE
(hapTyKu HCIOIB30BATUCh WL B 60% ciiyuaeB. [Jo3MMeTpUUYECKHMM aHA/IU3 BBISBU/, UTO 0Oe3
3alUThl SIMYKM W SUUYHUKWA TI0JyYaloT [03bl, TpeBbIIIAloNIe peKOMeHJyeMble HOPMBI, a
NpaBU/bHOE TIpUMEeHeHHWe CBUHILIOBbIX (DapTyKOB W IIaCTUH CHWKaeT TIOTJIOLIEHHYI0 /03y
TIPUMEPHO B JIeCSTh pas.

AXTyanbHOCTh MCCJIE/IOBAHUS OTpeZensieTcss HeoOX0MMOCTEI0 HOPMAaTUBHOTO 3aKperyIeHust
B TpHKa3e MuHHcTepcTBa 37jpaBooxpaHenus Pecrybmmku Kasaxcran ot 15 gekabpst 2020 roma Ne
KP [ICM-275/2020  "CaHWTapHO-3IH/IeMHOJIOTHUECKHe  TpeboBaHusI K  obOecrieueHHIO
pajgualioHHol 6e3omacHocTy" 06 00si3aTelbHOM TTPUMEHeHUH 3allUTHBIX (apTYKOB Y ZieTell mpu
TIpOBe/IeHNH peHTreHorpaduu Ta300e[peHHOT0 CycTaBa.

BbiBogbpl  MOAUEPKUBAIOT  HEOOXOJUMOCTH  CTPOTOrO  COOMIO/IeHUsT  pafidallMOHHOMN
Ge30macHOCTH U 1je/1Ieco00pa3HO 3aKpenuTh 00s3aTesibHOe TIPUMeHeHHe 3allUTHBIX (apTYKOB U
TUVIaCTUH TIpU  peHTreHorpaduy Ta300e/peHHBIX CYCTaBOB B HODMAaTHBHBIX [JOKyMeHTax
MunucrepcTBa 3apaBooxpaHenus Pecriy6simku KaszaxcraH.

KawueBble c/10Ba: [AUCIUIa3us Ta300epeHHBIX CyCTaBOB, peHTreHorpadusi y [JeTel,
pa/ival[MoOHHasl 3all[1Ta, J03MMeTprUUecKasi OlleHKa, 3all[UTHbIN (apTyK, Perpo/[yKTUBHbIE OpraHbl

Introduction

The reproductive system of a child begins developing at the embryonic stage, and germline
cells - spermatogonia in boys and oogonia in girls - are highly radiosensitive. Ionizing radiation can
affect the ovarian follicular apparatus, where immature oocytes are located [12,16] Without
adequate radiation protection, exposure to high doses of ionizing radiation may cause damage or
destruction of oocytes, potentially reducing ovarian reserve and negatively impacting future
reproductive function. Similar effects are observed in testicular tissue, as spermatogonia, the
precursors of spermatozoa that actively proliferate in early life, also exhibit high radiosensitivity
[4,5,13]

In infants with developmental dysplasia of the hip (DDH), the number of radiographic
examinations typically reaches up to three procedures during the first year of life, emphasizing the
necessity of strict adherence to radiation safety principles. Insufficient protection under conditions
of increased radiation exposure may result in the following adverse effects:

- Damage to spermatogonia

- Reduction in the number of developing spermatozoa

- Delayed development of testicular tissue

- Decreased ovarian reserve [6,15]

The aim of this study is to evaluate the impact of X-ray radiation from hip radiography in
infants on reproductive organs and to determine the extent to which protective aprons are utilized in
the city clinics of Shymkent, Kazakhstan, for this age group.
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Materials and Methods

Study Population: Infants under one year of age who underwent radiographic examination of
the hip joints in city clinics.

Study Focus: The impact of X-ray radiation on reproductive organs and the practice of using
protective aprons during hip radiography in infants under one year of age.

Methods:

- Literature Review: Scientific publications, regulatory documents, and orders from the
Ministry of Health of the Republic of Kazakhstan regarding radiation safety in pediatric radiology
were analyzed.

- Systematic Observation: Systematic observation methods were applied to assess the
practical implementation of radiation protection measures, including the use of protective aprons
during radiographic procedures. Data collection and analysis were performed using the Akgun
PACS Viewer software, which provides fast and reliable access to medical images stored in a PACS
environment and allows radiologists and clinicians to view, compare, and annotate images.

To obtain the results of the study, a selective assessment was conducted across all city clinics
in Shymkent from November 1, 2025 to November 15, 2025, which were equipped with radiology
departments and the Akgun PACS system. A total of five major clinics that met the criteria for data
accessibility and image quality were included in the analysis.

During the observation period, all cases of hip radiography in infants under one year of age
were identified in the PACS system. After excluding duplicate entries and incomplete examinations,
the final sample consisted of:

- N =87 infants under 1 year of age

- 223 radiographic images in total

Analysis of Research

The assessment of the number of procedures per patient showed the following:

- 70% of infants (261 children) underwent up to three radiographic examinations during their
first year of life

- 30% of infants (~26 children) underwent more than three examinations, primarily due to hip
dysplasia or suspected dysplasia

Use of Protective Aprons

Among the 223 radiographic images analyzed:

- 134 images (60%) were performed with the use of protective aprons

- 89 images (40%) were performed without protective shielding

These indicators were obtained through the analysis of radiographic images, where the
presence or absence of a protective apron was visually confirmed.
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Figurel- . Akgun PACS Viewer — a program for fast and reliable access to medical images stored in
a PACS environment
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Figure2- The hip joint of a child in the absence of a protective apron
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Figure 3- The hip joint of a child in the absence of a protective apron
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Figure 4-The protective apron is used in the image; however, it is improperly secured, which may
reduce the effectiveness of the radiation protection
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Figure 5- The protective apron is correctly applied, but it unnecessarily covers adjacent organs,
leading to additional radiation exposure

Dosimetric Assessment: To evaluate radiation exposure levels, absorbed doses received by
patients during hip radiography were calculated. The assessment was based on exposure parameters
recorded in the Akgun system, including entrance surface dose (ESD) and technical parameters of
the examination.

Ethical Considerations

In this study, radiographic images obtained via the Akgun program were used. All materials
were employed solely for scientific analysis and were anonymized prior to use. Identifying
information about medical institutions was not disclosed; specifically, data indicating which clinics
complied with radiation protection protocols were intentionally omitted. This approach ensures
confidentiality, minimizes potential risks to healthcare facilities, and fully adheres to the ethical
principles of conducting research.

Results

This amount of research (5 clinics, 87 patients, and 223 radiographic images) is sufficient to
obtain statistically significant results and to provide an objective assessment of the current situation
regarding radiation protection in the city.

Frequency of Radiographic Examinations and Use of Protective Aprons
The study demonstrated that most infants (approximately 70%) underwent up to three radiographic
examinations of the hip joints within the first year of life. Protective aprons were used in only 60%
of cases, indicating insufficient compliance with radiation protection protocols in the city clinics of
Shymkent.
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Dosimetric Assessment and Gonadal Protection

Dosimetric calculations showed that without protective aprons, the testes in male infants and
the ovaries in female infants could receive doses exceeding recommended sanitary limits for
children under one year of age. The use of lead aprons or protective shields significantly reduces the
absorbed dose to the reproductive organs:

- For girls, the shield should fully cover the ovarian region. The lower edge of the shield
should be positioned distal to the upper edge of the iliac wings depending on age: 6 cm at 4 months,
7 cm at 8 months, and 8 cm at 1 year.

- For boys, the shield should cover the scrotum and testes.

- Proper gonadal protection with a shield reduces radiation exposure by approximately tenfold
[7,8,17]

For restless infants, it is recommended to use a Velcro strap to secure the shield, and the
accompanying parent should be provided with a protective apron during the procedure [9,10,11].

Figure 6-. Gonadal protection set with a Velcro strap.

Potential Impact on Reproductive Organs

In the absence of adequate protection, high doses of ionizing radiation may cause damage to
spermatogonia and oocytes, reduce ovarian reserve, decrease the number of developing
spermatozoa, and slow the development of testicular tissue. Dosimetric analysis underscores the
importance of using protective aprons and shields to minimize the risk of radiation exposure to
reproductive organs in infants.

Conclusions

The conducted analysis indicates that radiographic examination of the hip joints in infants
may exert potential adverse effects on the reproductive organs, particularly in the absence of
adequate protection. The use of protective aprons and radiation shields significantly reduces the
radiation dose to the ovaries and testes, achieving up to a tenfold decrease in absorbed dose.

Given the high radiosensitivity of reproductive cells in early childhood, it is recommended to
formally mandate the use of protective aprons and shields during hip radiography in infants within
the regulatory framework of the Ministry of Health of the Republic of Kazakhstan. Standardizing
these measures will ensure uniform compliance with radiation safety protocols across all clinics in
the country and minimize potential risks to the reproductive health of future generations.
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Limitations of the study and directions for future research

The study was conducted only in selected urban polyclinics in Shymkent using the Akgun
program, which is still under development and has not yet been implemented widely. Therefore, the
obtained data may not fully reflect the practices of hip joint radiography and the use of protective
aprons in other polyclinics within the city or in regions where the program is not used.

In the future, it is planned to continue studying this topic, expand the geographic scope of the
research, and conduct a comparative analysis of hip joint radiography practices and the use of
protective aprons for children in other countries. This will allow for an assessment of international
radiation safety standards and the adaptation of recommendations to improve protection practices in
Kazakhstan.
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