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BOLUM 1
DAVETLI KONUSMACI SUNUM
OZETLERI



KABUL EDILEBILIR GORUNTU KALITESI NEDIiR, NASIL OLUSTURULUR?
Gokce Kaan ATAC

Dog¢ Dr., Zonguldak Biilent Ecevit Universitesi Tip Fakiiltesi, Radyodiagnostik (Radyoloji)
Bilim Dali, Zonguldak, Tiirkiye.

gokce.atac@beun.edu.tr

OZET
Dijital radyografik sistemlerde kabul edilebilir goriintii kalitesi, bir radyologun patolojik yapilari

arka plandan net bir sekilde ayirt edebilmesini saglayan ve tanisal amacina tam olarak ulasan
goriintli seviyesidir. Bu kavram, sadece fiziksel ve sayisal parametrelerle siirli kalmayip,
radyasyon teknikerinin pozisyonlandirma ve c¢ekim parametrelerini ayarlama konusundaki
"sanatin1" da igerir. Gorlintii kalitesi, geleneksel ALARA (“as low as reasonabilly achiavable”
Miimkiin Olan En Diisiik Doz) prensibinden ziyade, ALADA (“as low as diagnostically
achiavable” Tanisal Olarak Kabul Edilebilir En Disik Doz) felsefesi c¢ercevesinde

degerlendirilmektedir.

Goriintli Kalitesini Belirleyen Temel Kriterler

Radyolojik bir goriintiide kaliteyi olusturan unsurlar bes ana kategoride toplanmaktadir:
Anatomik Gosterim: Hedeflenen anatomik yapilarin (6rnegin akciger damarlanmasi veya
kemik trabekiilasyonu) goriiniirliigii ve netligidir. Bu durum genellikle Gorsel Derecelendirme
Analizi (VGA) ile 4-7 puanlik 6l¢eklerle degerlendirilir.

Kontrast ve Parlakhk: Dokular arasindaki yogunluk farklarmin teshis icin yeterli olmasidir.
Goriintiileme  sisteminin kiiglik yogunluk farklarmi ayirt edebilme yetenegine kontrast
¢oziiniirliigii denir.

Uzaysal Coziiniirliik ve Keskinlik: Sistemin birbirine ¢ok yakin iki kiiciik nesneyi ayirt
edebilme yetenegidir. Kenar netligi ve ince detaylarin belirginlik diizeyi ile dogrudan iliskilidir.
Giiriiltii (Noise) ve Doz Dengesi: Goriintiide detayr maskeleyen rastgele varyasyonlardir.
Genellikle diistik radyasyon dozu (mAs) kuantum giiriiltiisiine (kumlanma) yol acarak kaliteyi
bozar.

Artefakt Kontrolii: Taniya engel olan hasta hareketi, metal objeler veya donanim kaynakli
istenmeyen goriintiilerin bulunmamasidir.

Kabul Edilebilir Goriintii Kalitesi Nasil Olusturulur?

Kabul edilebilir bir goriintii olusturma stireci, ¢ekim Oncesi hazirliktan goriintii isleme asamasina

kadar bir dizi teknik ve hasta odakli adim1 kapsar.
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1. Teknik Uygulama ve Geometrik Faktorler

Goriinti kalitesinin temeli, teknikerin uyguladigi geometrik dogruluktur.

Dogru pozisyonlandirma, yapilarin distorsiyona ugramasini 6nler.

Hatasiz merkezleme ve uygun kolimasyon, sadece ilgili bolgenin 1sinlanmasini saglayarak
sacilan radyasyonu azaltir ve kontrast1 artirir.

Odak-Reseptor Mesafesi (SID) artirildiginda geometrik bulaniklik azalirken, Obje-Reseptor
Mesafesi (OID) azaltildiginda magnifikasyon minimize edilerek daha keskin goriintiiler elde

edilir.

2. Isinlama Parametrelerinin Optimizasyonu (kVp ve mAs)

Kilovolt (kVp): X-151m1 demetinin penetrasyon giiciinii belirler. Diisiik kVp teknikleri, dokular
arasindaki ateniiasyon farkini artirarak kontrast ¢oziintirliigiinii iyilestirir; ancak asir1 diisiikk kVp,
penetrasyon yetersizligine bagli giiriiltiiye neden olabilir.

Miliamper-saniye (mAs): Goriintii aliciya ulasan foton sayisimi belirler. mAs artirildiginda
Sinyal-Giiriiltii Orani (SNR) iyilesir ve kuantum giiriiltiisii azalir.

Ancak, gereksiz yiiksek mAs kullanimi hastanin radyasyon dozunu artiracagi icin
ALARA/ALADA prensiplerine gore optimize edilmelidir.

3. Hasta Uyumu ve Hareket Kontrolii

Hastanin ¢ekim sirasinda hareketsiz kalmasi ve uygun nefes tutma talimatlarina uymasi, hareket
bulanikligin1 (motion blur) énlemek igin kritiktir. Istemsiz hareketlerin (kalp atis1 vb.) etkisini

azaltmak i¢cin miimkiin olan en kisa ekspojur siireleri se¢ilmelidir.

4. Dijital Gériintii Isleme

Dijital dedektorlerin radyasyona yanit1 dogrusaldir; bu durum, diisiik veya yiiksek pozlamalarda
bile windowing (pencereleme) ve histogram analizleri ile kabul edilebilir gri tonlama elde
edilmesini saglar,. Ancak, goriintli isleme yetenekleri verinin kendisindeki giiriiltiiyli tamamen
yok edemez; bu nedenle baslangictaki veri kalitesi (mAs/kVp dengesi) esastir. Giliniimiizde
yapay zeka tabanh giiriiltii azaltma algoritmalar1 (denoising), diisiik dozlarda bile tanisal

kaliteyi korumay1 miimkiin kilmaktadir.

Goriintli Kalitesinin Degerlendirilmesi

Kalitenin olusturulup olusturulmadigina karar verirken iki temel yaklagim kullanilir:



Objektif Degerlendirme: Modiilasyon Transfer Fonksiyonu (MTF) ve Dedektif Kuantum
Verimliligi (DQE) gibi fiziksel metriklerle sistem performansinin dl¢tilmesidir.

Subjektif Degerlendirme: Radyologun veya teknikerin goriintiiyii gorsel olarak incelemesidir.
VGA ve ROC (Al Isletim Karakteristigi) yontemleri ile anatomik yapilarin veya lezyonlarin
ne kadar iyi goriildiigii puanlanir. Literatiir, sayisal metrikler ne kadar hassas olursa olsun, son
kararda radyologun subjektif algisinin yerini tutamayacagini vurgular.

Sonug olarak, kabul edilebilir goriintii kalitesi; dogru teknik uygulama, optimize edilmis fiziksel
parametreler ve gelismis dijital isleme algoritmalarinin birlesimiyle, hastaya minimum risk ve

maksimum tanisal fayda saglayacak sekilde olusturulur,.
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ABSTRACT

In digital radiographic systems, acceptable image quality refers to the level of image quality that
enables a radiologist to clearly distinguish pathological structures from the background and fully
achieve the diagnostic objective. This concept is not limited solely to physical and numerical
parameters, but also encompasses the ‘art’ of the radiographer in positioning the patient and
adjusting the exposure parameters. Image quality is evaluated within the framework of the
ALADA (“as low as diagnostically achievable”) philosophy, rather than the traditional ALARA

(“as low as reasonably achievable”) principle.
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Key Criteria Determining Image Quality

The elements that constitute quality in a radiological image are grouped into five main
categories:

1. Anatomical Representation: The visibility and clarity of the targeted anatomical structures
(e.g., pulmonary vasculature or bone trabeculation). This is typically assessed using a Visual
Grading Analysis (VGA) on a 4—7 point scale.

2. Contrast and Brightness: This refers to whether the differences in density between tissues are
sufficient for diagnosis. The imaging system’s ability to distinguish small differences in density
is known as contrast resolution.

3. Spatial Resolution and Sharpness: This is the system’s ability to distinguish between two
small objects that are very close to one another. It is directly related to edge sharpness and the
level of distinctness of fine details.

4. Noise and Dose Balance: These are random variations that mask detail in the image.
Generally, a low radiation dose (mAs) leads to quantum noise (graininess), thereby
compromising quality.

5. Artifact Control: This involves ensuring the absence of unwanted images caused by patient
movement, metal objects, or equipment, which can hinder diagnosis.

How is Acceptable Image Quality Achieved?

The process of producing an acceptable image encompasses a series of technical and patient-
focused steps, from pre-examination preparation to the image processing stage.

1. Technical Application and Geometric Factors

The foundation of image quality lies in the geometric accuracy applied by the technologist.

* Correct positioning prevents structures from becoming distorted.

 Accurate centring and appropriate collimation ensure that only the relevant region is irradiated,
thereby reducing scattered radiation and enhancing contrast.

* Increasing the Focus-Receptor Distance (SID) reduces geometric blurring, whilst decreasing
the Object-Receptor Distance (OID) minimises magnification, resulting in sharper images.

2. Optimisation of Irradiation Parameters (kVp and mAs)

* Kilovolt (kVp): Determines the penetration power of the X-ray beam. Low kVp techniques
improve contrast resolution by increasing the attenuation difference between tissues; however,
excessively low kVp may cause noise due to insufficient penetration.

* Milliamperes-second (mAs): Determines the number of photons reaching the image receptor.

Increasing mAs improves the Signal-to-Noise Ratio (SNR) and reduces quantum noise.



» However, as the use of unnecessarily high mAs levels increases the patient’s radiation dose, it
must be optimised in accordance with the ALARA/ALADA principles.

3. Patient Compliance and Motion Control

It is critical for the patient to remain still during the scan and to follow appropriate breath-
holding instructions to prevent motion blur. The shortest possible exposure times should be
selected to minimise the effects of involuntary movements (such as heartbeats).

4. Digital Image Processing

The response of digital detectors to radiation is linear; this allows for acceptable grey-scale
representation to be achieved through windowing and histogram analysis, even at low or high
exposure levels. However, image processing capabilities cannot completely eliminate noise
inherent in the data; therefore, the initial data quality (mAs/kVp balance) is paramount. Today,
Al-based noise reduction algorithms (denoising) make it possible to maintain diagnostic quality
even at low doses.

Assessment of Image Quality

Two fundamental approaches are used when determining whether quality has been achieved:

» Objective Assessment: This involves measuring system performance using physical metrics
such as the Modulation Transfer Function (MTF) and Detector Quantum Efficiency (DQE).

» Subjective Assessment: This involves the radiologist or technologist visually examining the
image. Methods such as VGA and ROC (Receiver Operating Characteristic) are used to score
how well anatomical structures or lesions are visible. The literature emphasises that, however
precise numerical metrics may be, they cannot replace the radiologist’s subjective judgement in
the final decision.

Consequently, acceptable image quality is achieved through a combination of correct technical
application, optimised physical parameters and advanced digital processing algorithms, designed
to provide the patient with minimum risk and maximum diagnostic benefit.
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OZET
Radyografik goriintiilemede goriintii kalitesi ile hasta dozu arasinda dogrudan bir iligki

bulunmaktadir. Tanisal a¢idan yeterli goriintiiniin elde edilmesi i¢in kullanilan teknik
parametreler, hastanin maruz kaldigi radyasyon miktarin1 6nemli Slgiide etkilemektedir. Bu
nedenle radyografide doz kavramlarinin ve doz tizerinde etkili olan faktorlerin dogru anlasilmasi,
hasta giivenligi ve goriintii optimizasyonu agisindan biiyiik 6nem tasimaktadir. Hasta dozunun
degerlendirilmesinde KERMA, absorbe doz, giris yiizey hava kermasi (ESAK), cilt giris dozu
(ESD), kerma alan ¢arpimi (KAP), organ dozu ve efektif doz gibi fiziksel ve biyolojik doz
biiyiikliikleri kullanilmaktadir. Bu biiytkliikler, radyasyonun hasta lizerindeki enerji aktarimini
ve olast biyolojik etkilerini farkli agilardan tanimlamaktadir. Radyografik incelemelerde hasta
dozunu belirleyen temel teknik parametreler arasinda tiip voltaj1 (kVp), tiip akimi-zaman ¢arpimi
(mAs), filtrasyon, kolimasyon, grid kullanimi, odak-cilt mesafesi ve otomatik 1sinlama kontrolii
sistemleri yer almaktadir. Tiip voltaji X-151n1 spektrumunun enerjisini ve penetrasyon giiciinii
belirlerken, mAs degeri lretilen foton sayisini ve hasta dozunu dogrudan etkilemektedir.
Filtrasyon, goriintli olusumuna katki saglamayan diisiik enerjili fotonlar1 elimine ederek x-151m1
spektrumunun kalitesini artirarak hasta dozunun azaltilmasina katkida bulunur. Kolimasyon
yalnizca gerekli anatomik bdlgenin i1sinlanmasini saglayarak sagilan radyasyonu ve komsu
organlarin maruziyetini azaltir. Grid kullanimi goriintii kalitesini artirmasina ragmen hasta

dozunda artisa neden olabileceginden yalnizca gerekli durumlarda tercih edilmelidir. Odak-cilt
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mesafesinin artirilmasi giris dozunun azaltilmasina katki saglarken, otomatik 1ginlama kontrolii
sistemleri uygun kullanildiginda gereksiz 1sinlamalarin Oniine gecebilmektedir. Radyografide
etkili doz optimizasyonu; uygun kVp ve mAs se¢imi, dogru kolimasyon ve filtrasyon
uygulamalari, hastaya 6zgii protokollerin kullanilmasi, tekrar ¢ekimlerin 6nlenmesi ve otomatik
1sinlama kontrol sistemlerinin dogru uygulanmasi ile saglanabilmektedir. Boylece tanisal goriintii

kalitesi korunurken hasta maruziyeti miimkiin olan en diisiik diizeyde tutulabilmektedir.

EFFECTS OF TECHNICAL PARAMETERS ON PATIENT DOSE IN
RADIOGRAPHY
ABSTRACT

In radiographic imaging, there is a direct relationship between image quality and patient dose.
The technical parameters used to obtain diagnostically adequate images significantly affect the
amount of radiation to which the patient is exposed. Therefore, a proper understanding of dose
concepts and the factors affecting dose in radiography is of great importance for patient safety

and image optimization.

Physical and biological dose quantities such as KERMA, absorbed dose, entrance surface air
kerma (ESAK), entrance skin dose (ESD), kerma area product (KAP), organ dose, and effective
dose are used in the evaluation of patient dose. These quantities describe the energy transfer of

radiation to the patient and its possible biological effects from different perspectives.

The main technical parameters determining patient dose in radiographic examinations include
tube voltage (kVp), tube current—time product (mAs), filtration, collimation, grid usage, focus-
to-skin distance, and automatic exposure control systems. Tube voltage determines the energy
and penetration power of the X-ray spectrum, while the mAs value directly affects the number of
produced photons and the patient dose. Filtration contributes to dose reduction by eliminating
low-energy photons that do not contribute to image formation, thereby improving the quality of
the X-ray spectrum. Collimation reduces scattered radiation and the exposure of adjacent organs
by ensuring that only the required anatomical region is irradiated. Although grid usage improves
image quality, it may increase patient dose and therefore should only be used when necessary.
Increasing the focus-to-skin distance contributes to reducing entrance dose, while automatic

exposure control systems can prevent unnecessary irradiation when used appropriately.

Effective dose optimization in radiography can be achieved through appropriate selection of kVp

and mAs, correct collimation and filtration practices, the use of patient-specific protocols,



prevention of repeat examinations, and proper application of automatic exposure control
systems. Thus, while maintaining diagnostic image quality, patient exposure can be kept at the

lowest possible level.
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OZET

Mamografi, meme kanserinin erken tanis1 ve mortaliteyi azaltmadaki etkinligi nedeniyle hem
tarama hem de tanisal amaglarla kullanilan temel goriintiilleme yontemidir. Tarama mamografisi,
belirti gostermeyen bireylerde diizenli araliklarla uygulanarak erken evrede kanser saptamayi
hedeflerken; tanisal mamografi, semptomatik olgularda veya taramada saptanan siipheli

bulgularin kesin tanisi i¢in tercih edilmektedir.

Mamografi teknolojisi konvansiyonel yontemlerden baslayarak CR, DR, dijital tomosentez
(DBT), tam alan dijital mamografi (FFDM) ve kontrastli mamografi (CEM) gibi ileri tekniklere
evrilmigtir. Dijital mamografi, genis dinamik aralik, daha az tekrar ¢ekim ihtiyacit ve distlik
dozda yiiksek kaliteli goriintii elde etme avantajlariyla giinlilk pratige hiz ve giivenlik

kazandirmaktadir.

Radyasyondan korunmada temel ilkeler gerekcelendirme, optimizasyon ve tanisal referans
diizeylerinin (DRL) kullanimidir. DRL’ler doz limiti degildir; klinik gereklilik halinde asilabilir.
Amerikan Radyoloji Koleji’nin Appropriateness Criteria® rehberi, ESR 1Guide ve EUSOBI

onerileri, uygun goriintiileme modalitesinin se¢ilmesinde yol gosterici olmaktadir.

Meme kanseri tarama programlar1 mortaliteyi en az %20 oraninda azaltmistir. Bununla birlikte,
risk temelli tarama yaklasimlar1 ve yapay zeka destekli risk siniflamalari, interval kanserlerin
azaltilmasinda ve maliyet etkinligin artirilmasinda umut verici gelismelerdir. Yiiksek riskli ve

yogun meme dokusuna sahip kadinlarda meme MR onerilmektedir.

Mamografide kalite giivencesi, Avrupa’da EUREF tarafindan yayimlanan “European Guidelines
for Quality Assurance in Breast Cancer Screening and Diagnosis” (5. baski, 2023) ile standardize
edilmistir. Bu kilavuz, fiziko-teknik kalite kontrol protokolleri, radyolog performans kriterleri,

goriintii kalitesi ve artefakt yOnetimi, hasta gilivenligi ve egitim standartlarin1 kapsamaktadir.
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Ortalama glandiiler doz (MGD), tarama programlarinda radyasyon gilivenligi agisindan en 6nemli

parametre olup, cihaz kalibrasyonu ve uygun protokollerle diisiik tutulmasi hedeflenmektedir.

Dijital meme tomosentez, kanser saptama oranini artirmakta ve lezyon karakterizasyonunu daha
dogru hale getirmektedir. Ancak degerlendirme siiresinin uzunlugu ve doz artis1 dezavantaj
olarak goriilmektedir. Synthesized mammography (SM), DBT verisinden iiretilen 2B
goriintiilerle ek doz gerektirmeden tarama etkinligini artirmaktadir. Kontrastli mamografi
(CEM), morfolojik ve fonksiyonel bilgi saglayarak tanisal dogrulugu arttirmaktadir, FDA

tarafindan 2011 yilinda tanisal amacli kullanimi onaylanmastir.

Hasta ile iletisimde radyasyon risklerinin dogru ve anlasilir sekilde aktarilmasi kritik 6neme
sahiptir. Basit ve gorsel destekli aciklamalar, risk karsilagtirmalar1 ve cihaz giivenligi vurgulari,
hasta giivenini artirmaktadir. Mamografi sirasinda fetus dolayli sacgilan radyasyona maruz
kalabilmekte, ancak yiizey koruyucular i¢ sacilmay1 azaltmadigindan gebelerde rutin kullanim

onerilmemektedir; yalnizca hastanin psikolojik rahatligi i¢in tercih edilebilir.

Sonug olarak, mamografi teknolojilerindeki gelismeler ve kalite giivencesi uygulamalari, hem
hasta giivenligini hem de tarama programlarinin etkinligini artirmaktadir. Risk temelli
yaklagimlar ve yapay zeka destekli yontemler, gelecekte mamografi pratiginin daha da optimize

edilmesine katki saglayacaktir.
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EFFECTIVE USE OF CURRENT MAMMOGRAPHY
APPLICATIONS
ABSTRACT
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Mammography is the primary imaging modality used for both screening and diagnostic purposes
due to its effectiveness in the early detection of breast cancer and reduction of mortality.
Screening mammography aims to detect cancer at an early stage through regular examinations in
asymptomatic individuals, whereas diagnostic mammography is preferred in symptomatic cases

or for the definitive evaluation of suspicious findings detected during screening.

Mammography technology has evolved from conventional systems to advanced techniques such
as computed radiography (CR), digital radiography (DR), digital breast tomosynthesis (DBT),
full-field digital mammography (FFDM), and contrast-enhanced mammography (CEM). Digital
mammography has improved daily clinical practice by providing advantages such as a wide
dynamic range, reduced need for repeat examinations, and high-quality imaging at lower

radiation doses.

The fundamental principles of radiation protection include justification, optimization, and the use
of diagnostic reference levels (DRLs). DRLs are not dose limits and may be exceeded when
clinically justified. The American College of Radiology (ACR) Appropriateness Criteria®, ESR
1Guide, and EUSOBI recommendations serve as important guides in selecting the appropriate

imaging modality.

Breast cancer screening programs have reduced mortality rates by at least 20%. In addition, risk-
based screening approaches and artificial intelligence-supported risk stratification systems
represent promising developments for reducing interval cancers and improving cost-

effectiveness. Breast MRI is recommended for women with high risk and dense breast tissue.

Quality assurance in mammography has been standardized in Europe through the “European
Guidelines for Quality Assurance in Breast Cancer Screening and Diagnosis” (5th Edition, 2023)
published by EUREF. These guidelines include physico-technical quality control protocols,
radiologist performance criteria, image quality and artifact management, patient safety, and
educational standards. Mean glandular dose (MGD) is considered the most important parameter
for radiation safety in screening programs, and maintaining low dose levels through proper

device calibration and optimized protocols is a primary objective.

Digital breast tomosynthesis increases cancer detection rates and improves lesion
characterization. However, longer interpretation times and increased radiation dose are
considered disadvantages. Synthesized mammography (SM), which generates 2D images from

DBT data, enhances screening performance without requiring additional radiation dose.
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Contrast-enhanced mammography (CEM) improves diagnostic accuracy by providing both
morphological and functional information and was approved by the FDA for diagnostic use in

2011.

Effective communication with patients regarding radiation risks is critically important. Simple
explanations supported by visual materials, risk comparisons, and emphasis on device safety
contribute to increased patient confidence. During mammography, the fetus may be exposed to
indirect scattered radiation; however, routine use of surface shielding in pregnant patients is not
recommended because it does not reduce internal scatter radiation and may only be preferred for

psychological reassurance.

In conclusion, advancements in mammography technologies and quality assurance practices
enhance both patient safety and the effectiveness of screening programs. Risk-based approaches
and artificial intelligence-supported methods are expected to further optimize mammography

practice in the future.

References

1. ICRP Publication 105. Radiation Protection in Medicine. Ann ICRP. 2007.

2. Vassileva J, Rehani M. Diagnostic Reference Levels. AJR Am J Roentgenol. 2015.

3. European Guidelines for Quality Assurance in Breast Cancer Screening and Diagnosis.
5th Edition. EUREF, 2023.

4. Ratanaprasatporn L, Chikarmane SA, Giess CS. Strengths and Weaknesses of Synthetic
Mammography in Screening. RadioGraphics. 2017.

5. Svahn TM, Houssami N, Sechopoulos I, Mattsson S. Review of Radiation Dose
Estimates in Digital Breast Tomosynthesis Relative to Those in Two-View Full-Field
Digital Mammography. Breast. 2015.

13



MAMOGRAFi PARAMETRELERININ ONEMi
Burcu ERKAN
Sisli Hamidiye Etfal Egitim ve Arastirma Hastanesi, Istanbul, Tiirkiye

erkan.burcu(@yahoo.com

Giris ve Meme Dokusunun Goriintiileme Zorluklar:

Meme kanserinin erken evrede teshis edilmesi, sagkalim oranlarini dogrudan etkileyen en kritik
unsurdur. Ancak meme dokusu, yapisal olarak x-151m1 zayiflatma katsayilar1 (atenuasyon)
birbirine son derece yakin olan glandiiler doku ve tiimor/kanser dokusundan olusur. Bu fiziksel
benzerlik, radyolojik goriintiilemede dogal bir kontrast diisiikliigline yol acar ve lezyonlarin ayirt
edilmesini zorlastirir. Bu zorlugun iistesinden gelebilmek adina modern mamografide iki temel
hedef gozetilir: Mikrokalsifikasyonlar ve kiigiik kitleler gibi yapilar1 yakalayabilmek icin
maksimum uzaysal ¢oziliniirliik ile kontrast1 saglamak ve es zamanli olarak "ALARA" (As Low
As Reasonably Achievable) prensibi dogrultusunda hastanin maruz kaldigi radyasyon dozunu
minimum diizeyde tutmak. Dijital mamografi teknolojisi, bu iki zit hedef arasindaki hassas

dengeyi optimize etmek iizere tasarlanmis parametrik bir yonetim sistemine dayanir.

Dijital Mamografinin Teknolojik ve Fiziksel Avantajlar

Geleneksel analog (film-ekran) sistemlerden dijital mamografiye gecis, goriintii kalitesi ve doz
optimizasyonunda devrim yaratmistir. Dijital dedektdrlerin genis dinamik araligi, analog filmlere
kiyasla ¢cok daha genis bir x-151m1 spektrumunun algilanmasini ve dolayisiyla yiliksek kontrast
rezollisyonunu beraberinde getirir. Analog sistemlerde goriintii kontrastt dogrudan uygulanan
radyasyon dozuna bagimliyken, dijital sistemlerde goriintli olusturma ve sergilenme asamalari
birbirinden ayrilmistir. Bu ayrim, gelismis goriintii isleme algoritmalar1 sayesinde doz ve
kontrast bagimhiligin1 azaltir; gri skalada manipiilasyona, verilerin farkli formatlarda yeniden
islenmesine ve pencerelenmesine (windowing) olanak tanir. Ayrica dijital format; goriintiilerin
hizla depolanmasini, merkezler arasi sayisal transferini, Bilgisayar Destekli Tant (CAD)
yazilimlarinin entegrasyonunu ve tomosentez ile kontrasthi dijital mamografi gibi ileri
uygulamalarin yapilmasin1 miimkiin kilar. En 6nemlisi de Tungsten (W) gibi yeni nesil hedef
malzemelerinin kullanilmasiyla daha sert 1sinlara izin verilerek 6zellikle yogun memelerde ciddi
bir doz avantaj1 saglanir.

Temel Isinlama Parametreleri: kVp, mAs ve Anot/Filtre Kombinasyonlari

Mamografide net ve tanisal degeri yiiksek bir goriintii elde etmek, temel 1sinlama

parametrelerinin dogru yonetilmesine baglidir.
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kVp (Kilovolt Tepe Degeri): X-1sininin penetrasyon, yani dokuyu delip gegme giiciinii
belirler. Diistik enerjili radyasyon (25-28 kVp) yiiksek doku kontrasti {iretmesine ragmen hastaya
verilen ylizey dozunu artirir. Yogun ve kalin memelerde ise penetrasyonu artirmak ve dozu
diistirmek i¢in yiiksek kVp (29-35 kVp) degerleri tercih edilir. Dijital sistemler yiiksek kVp'nin
getirebilecegi olast kontrast kayiplarini dijital algoritmalarla tolere edebilmektedir. kVp se¢imi,
daima memenin kalinligina ve kompresyon sonrasindaki yogunluguna gore 6zellestirilmelidir.

mAs (Miliamper-Saniye): Tiip akimi ile ekspojur siliresinin ¢arpimi olup ({mAs} = {mA}
X {sn}), tretilen toplam 1sin miktarim (sinyali) kontrol eder. mAs ile hasta dozu arasinda
dogrudan ve dogrusal bir orant1 vardir; mAs iki katina ¢iktiginda hasta dozu da iki katina ¢ikar.
Yetersiz mAs kullanimi Sinyal-Giiriiltii Oranmi (SNR) diislirerek goriintiide "kuantum
beneklenmesi" (kumlanma/noise) adi verilen gri lekelenmelere yol acar ve yanlis teshis riski
dogurur. Bu nedenle net bir goriintii ile kabul edilebilir bir doz arasinda optimum denge
kurulmalidir.

Anot / Filtre Kombinasyonlar1: X-1s1n1 spektrumunun sekillendirilmesinde rol oynar. Ince
ve yagli memeler icin diisiik enerjili Molibden/Molibden (Mo/Mo) kombinasyonu idealken; orta
kalinliktaki memelerde Molibden/Rodyum (Mo/Rh) tercih edilir. Kalin ve yogun glandiiler
dokuya sahip memelerde ise yiiksek erime noktasina sahip Tungsten anot ve Rodyum veya
Glimiis filtre (W/Rh, W/Ag) kombinasyonlar1 kullanilir. Tungsten, yiiksek enerjili x-151m1

iireterek hasta dozunu belirgin sekilde diisiiriir ve kalin memelerde {istiin doz avantaj1 saglar.

Donanim Bilesenlerinin Rolii: Odak Noktasi ve Grid Diizenekleri

Uzaysal ¢oziiniirliigii en iist diizeye ¢ikarmak adina mamografi tiipleri kiigiik fokal spot (odak
noktasi) boyutlarina sahip olacak sekilde dedike tasarlanir. Rutin mamogramlarda 0.3 mm,
magnifikasyon (biiylitme) grafilerinde ise 0.1 mm olan fokal spot boyutlar1 (konvansiyonel
radyografideki 1.2 mm'ye kiyasla) geometrik bulaniklifi (penumbra) minimuma indirir. Bu
sayede, Avrupa Birligi kriterlerine gére mamografide mutlak suretle goriintiillenmesi gereken 0.2
mm boyutundaki mikrokalsifikasyonlarin ayirt edilmesi kolaylasir. Diger bir kritik donanim
bileseni ise meme ile detektor sistemi arasina yerlestirilen hareketli gridlerdir (4:1 - 5:1 oraninda
lineer gridler). Dens ve kalin memelerde sacilan radyasyon miktar1 ¢ok daha fazladir ve bu
durum goriintli kontrastini ciddi dlgiide azaltir. Gridler, bu sagilmis radyasyonu absorbe ederek
tutar ve goriintii kalitesini korur.

Otomatik Pozlama Kontrolii (AEC) ve Kompresyonun Giicii

Sistem performansint mekanik olarak destekleyen en biiyiikk iki unsur Otomatik Pozlama

Kontrolii (AEC) ve manuel kompresyondur. AEC sistemi, meme yapisi ne olursa olsun detektor
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iizerinde optimum piksel degerini ve film iizerinde ideal dansiteyi saglamak amaciyla ¢aligir.
Asil 1ginlamadan 6nce milisaniyeler iginde bir "0n 1ginlama" yapar; detektoriin altindaki fotosel
aracilifiyla temsili alandaki dozu Slger ve memeye uygun en yiiksek kVp ile en diisiik 15inlama
sliresini otomatik ayarlar. Bu sayede hasta dozu azalirken hareket artefaktlar1 da minimize edilir.
Burada kritik nokta, sensdriin memenin en yogun bdlgesi olan genellikle 1/3 6n segmentinin
altina konumlandirilmasidir. Eger sensor yanliglikla yagli dokunun veya cilt kenarinin altinda
kalirsa, sistem dokuyu erken ge¢ildigini varsayarak 1sinlamay1 erken keser (under-penetration)
ve tanisal degeri olmayan giirliltiilii bir goriintii tiretir. Silikon implanth veya fotoseli tam
kapatamayan ¢ok kii¢iilk memelerde ise AEC yerine manuel ¢ekim teknikleri uygulanmalidir.

Kompresyon (sikistirma) ise bir 1gsinlama parametresi olmamasina karsin tiim parametreleri
dogrudan etkileyen, teknikerin en gii¢lii silahidir. Kompresyon sayesinde meme kalinligi
azalarak daha diisiik kVp/mAs kullanimina izin verilir ve hasta dozu diiser. Dokularin iist iiste
binmesini (sliperpozisyon) engelleyerek yalanci kitle goriintimlerini eler, gergek kitlelerin sebat
etmesini saglar, sacilan 1sinlar1 azaltarak kontrasti artirir ve hastanin hareket etmesini fiziksel

olarak engeller.

Sonuc¢ ve Radyoloji Teknikerinin Klinik Rolii

Gelismis cihaz teknolojisi ve parametrik algoritmalar ne kadar ileri diizeyde olursa olsun, bu
sistemleri hastanin yararina ¢alisan hayat kurtaran bir araca doniistiiren asil unsur radyoloji
teknikerinin bilingli yaklagimidir. Tekniker, sadece "diigmeye basan" bir operator degil; dogru
pozisyonlama, dogru kompresyon ve hastanin anamnezine (ge¢mis operasyonlar, implant varligi)
gore parametre optimizasyonu yapan bir kalite kontrol uzmanidir. Dijital mamografide klinik
basarmin anahtari; memenin morfolojik yapisina gore titizlikle uyarlanmis kVp, mAs, hedef-
filtre kombinasyonlari, efektif AEC yonetimi ve kusursuz bir kompresyon ile yliksek kontrast-

optimum doz dengesini yakalamaktir.

THE IMPORTANCE OF MAMMOGRAPHY PARAMETERS
ABSTRACT

Introduction and Imaging Challenges in Breast Tissue

The early diagnosis of breast cancer is the most critical factor directly influencing survival rates.
However, breast tissue consists of glandular tissue and tumour/cancer tissue, which have
structural X-ray attenuation coefficients that are extremely similar. This physical similarity leads
to a natural lack of contrast in radiological imaging and makes it difficult to distinguish lesions.
To overcome this challenge, modern mammography pursues two primary objectives: to provide
maximum spatial resolution and contrast to detect structures such as microcalcifications and
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small masses, whilst simultaneously keeping the patient’s radiation dose to a minimum in
accordance with the ‘ALARA’ (As Low As Reasonably Achievable) principle. Digital
mammography technology is based on a parametric management system designed to optimise
the delicate balance between these two conflicting objectives.
Technological and Physical Advantages of Digital Mammography
The transition from traditional analogue (film-screen) systems to digital mammography has
revolutionised image quality and dose optimisation. The wide dynamic range of digital detectors
allows for the detection of a much broader X-ray spectrum compared to analogue film, thereby
providing high contrast resolution. Whilst image contrast in analogue systems is directly
dependent on the applied radiation dose, in digital systems the image acquisition and display
stages are separated. This separation reduces the dependence on dose and contrast through
advanced image processing algorithms; it allows for manipulation of the grey scale, reprocessing
of data in different formats, and windowing. Furthermore, the digital format enables rapid image
storage, digital transfer between centres, integration with Computer-Aided Diagnosis (CAD)
software, and the implementation of advanced applications such as tomosynthesis and contrast-
enhanced digital mammography. Most importantly, the use of new-generation target materials
such as Tungsten (W) permits the use of harder radiation, providing a significant dose advantage,
particularly in dense breasts.
Basic Irradiation Parameters: kVp, mAs and Anode/Filter Combinations
Obtaining a clear and diagnostically valuable image in mammography depends on the correct
management of the basic irradiation parameters.

kVp (Peak Kilovoltage): Determines the penetration of the X-ray, i.e. its ability to pass
through tissue. Although low-energy radiation (25-28 kVp) produces high tissue contrast, it
increases the surface dose delivered to the patient. In dense and thick breasts, however, higher
kVp values (29-35 kVp) are preferred to increase penetration and reduce the dose. Digital
systems are able to compensate for any potential loss of contrast caused by high kVp values
using digital algorithms. The choice of kVp must always be tailored to the thickness of the breast
and its density following compression.

mAs (milliampere-seconds): This is the product of tube current and exposure time
({mAs} = {mA} X {s}), and controls the total amount of radiation produced (the signal). There is
a direct and linear relationship between mAs and patient dose; when mAs doubles, the patient
dose also doubles. Insufficient use of mAs reduces the Signal-to-Noise Ratio (SNR), leading to

grey mottling in the image known as ‘quantum speckling’ (noise) and increasing the risk of
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misdiagnosis. Therefore, an optimal balance must be established between a clear image and an
acceptable dose.

Anode/Filter Combinations: These play a role in shaping the X-ray spectrum. A low-
energy Molybdenum/Molybdenum (Mo/Mo) combination is ideal for thin and fatty breasts,
whilst Molybdenum/Rhodium (Mo/Rh) is preferred for breasts of medium thickness. For breasts
with thick and dense glandular tissue, combinations of a Tungsten anode with a Rhodium or
Silver filter (W/Rh, W/Ag) are used. Tungsten produces high-energy X-rays, significantly

reducing patient dose and providing superior dose advantages in thick breasts.

The Role of Hardware Components: Focal Spots and Grid Assemblies

To maximise spatial resolution, mammography tubes are specifically designed to have small
focal spot sizes. Focal spot sizes of 0.3 mm in routine mammograms and 0.1 mm in
magnification images (compared to 1.2 mm in conventional radiography) minimise geometric
blurring (penumbra). This makes it easier to distinguish microcalcifications of 0.2 mm in size,
which must absolutely be visualised in mammography according to European Union criteria.
Another critical hardware component is the movable grids (linear grids with a 4:1 to 5:1 ratio)
positioned between the breast and the detector system. In dense and thick breasts, the amount of
scattered radiation is significantly higher, which severely reduces image contrast. The grids

absorb and retain this scattered radiation, thereby preserving image quality.

The Power of Automatic Exposure Control (AEC) and Compression

The two key elements that mechanically support system performance are Automatic Exposure
Control (AEC) and manual compression. The AEC system operates to ensure the optimum pixel
value on the detector and the ideal density on the film, regardless of the breast structure. It
performs a ‘pre-irradiation’ within milliseconds prior to the main irradiation; it measures the
dose in the representative area via the photodiode beneath the detector and automatically adjusts
to the highest kVp and lowest irradiation time suitable for the breast. This reduces patient dose
whilst minimising motion artefacts. The critical point here is that the sensor must be positioned
beneath the front third of the breast, which is typically the densest region. If the sensor is
inadvertently positioned beneath fatty tissue or the skin margin, the system assumes the tissue
has been penetrated too early and cuts off the exposure prematurely (under-penetration),
producing a noisy image with no diagnostic value. In breasts with silicone implants or those that
are too small to fully cover the photodetector, manual imaging techniques should be used instead

of AEC.
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Although compression is not an imaging parameter, it directly influences all parameters and is
the technologist’s most powerful tool. Compression reduces breast thickness, allowing for the
use of lower kVp/mAs settings and thereby reducing patient dose. By preventing tissue overlap
(superposition), it eliminates false mass appearances, ensures the persistence of true masses,

reduces scattered radiation to enhance contrast, and physically prevents the patient from moving.

Conclusion and the Clinical Role of the Radiology Technician

No matter how advanced the device technology and parametric algorithms may be, the key factor
that transforms these systems into life-saving tools for the patient’s benefit is the radiology
technician’s conscientious approach. The technologist is not merely an operator who ‘presses a
button’; they are a quality control specialist who ensures correct positioning, correct
compression, and parameter optimisation based on the patient’s medical history (previous
operations, presence of implants). The key to clinical success in digital mammography lies in
achieving a high-contrast, optimal-dose balance through meticulously adapted kVp, mAs, and
target-filter combinations tailored to the breast’s morphological structure, effective AEC

management, and flawless compression.
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MAMOGRAFIDE TEKNIKERIN ROLU
Ozge KOVAN

Osr. Gor., Acibadem Mehmet Ali Aydinlar Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu,
Tibbi Goriintiileme Teknikleri Programi

ozge.kovan(@acibadem.edu.tr

OZET
Meme kanseri kadinlarda en sik goriilen kanserdir. Tiim kadinlar bu konuda bilingli ve duyarh

olmalidir. Mamografi, meme kanserinin erken teshisinde kullanilabilecek en 6nemli goriintiileme
yontemidir. Memede elle muayene ile saptanamayacak kadar kii¢iik degisiklikler bile mamografi
ile erken asamada saptanabilir. Mamografi, memenin yogunluklar1 birbirine yakin olan kas, yag
ve glandiiler yapilarin1 ve patolojik degisikliklerini incelemek amaciyla kullanilan bir yumusak

doku radyografisidir.

Anahtar kelimeler: Memenin radyolojik inceleme yontemleri; Mamografi, Kontrastl

Mamografi, Tomosentez, USG, ABUS, MR

Mamografi cihazi; hasta pozisyonuna uygun dikine bir rontgen cihazidir. Mamografi tiipliniin
anodu molibden (Mo), rodyum (Rh) veya tungstendir (W). Iki farkli filaman bulunur. (0,3-
0,4mm ve 0,1-0,15mm) Tiip ¢ikis1 25-50 kVp arasindadir. 25-100 mA ve 0,1-0,2 sn’lik stireler
kullanilir. 100 mA kadar yiiksek akimlarin kullanildig: tiiplerde doner anod bulunur. Genellikle

0,1 mm ile 0,6 mm’lik fokal spotlar kullanilir.

Mamografi cihazinin aparatlari; farkli boyutlarda kompresyon plakalari, esneyebilen baski

plakasi, spot bask1 plakasi, magnifikasyon aparati, delikli biopsi aparati, biopsi plagi

Hasta hazirligi; inceleme igin adetin baslangicindan itibaren 5-12. giinler en uygun zamandir.
Menopozdaki kadinlar her zaman mamografi yaptirabilir. Ter, parfiim, deodorant, pudra vb.
kalintilar yaniltici sonug¢ verebilecegi i¢in gelmeden oOnce hastaya ‘‘dus almasi, kesinlikle
parfiim, deodorant veya pudra kullanmamas1’’ sdylenir. Daha dnce yapilmis meme incelemeleri

varsa getirilmelidir.

Mamografide memeye uygun pozisyonu vermek onemlidir. Iyi bir meme incelemesi icin tiim
meme dokusunun ve aksiller bolgenin grafi alanma girmis olmasi gerekir. Yanlis pozisyonlama

yapilmasi durumunda goriintii alanina girmeyen yapilardaki patolojiler atlanabilir. Mamografi
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sirasinda hasta radyasyona maruz kalacagindan gebelere uygulanmasi sakincalidir. Hastadan
cekim Oncesinde mutlaka onam formu alinir. Mamografi ¢ekiminde rutin projeksiyonlar;
kraniokaudal (CC), mediolateral oblik (MLO). Tanisal amagh ek goriintiileme yontemlerine
gereksinim olabilir. Tarama mamografisi ile tanisal mamografinin sadece g¢ekim amaglar
farklidir, tarama mamografisi higbir sikayet yokken, tanisal mamografi ise saptanan bazi

bulgular nedeniyle yapilir ve ek goriintiiler alinabilir.
CC Projeksiyon

Radyografisi ¢ekilecek meme alttan tutularak kaset tutucu ilizerinde, medial tarafa rotasyon
yaptirilir. Hastanin omuzu geriye alinarak, basi yana cevirilir. Hastanin incelenen taraftaki kolu
one uzatilir ve eli cihazin tutma yerini kavrar. Bu hareketler, medialdeki meme dokusunun
goriintiilenmesini  kolaylastirir. Meme kompresyon plakasi ile yeterince sikistirildiginda,
memenin medial kesimi tlimiiyle gorlintii alanina girmis ve meme basi ortada olacak sekilde
kasetin ortasinda santralize edilmis olmalidir. Lateral dokunun da miimkiin oldugunca

goriintiileme alanina girmesi gerekir.
MLO Projeksiyon

Tek bir acida en fazla meme dokusu goriintiilenmesini saglar. Kaset, her zaman pektoral kasa
paralel olacak sekilde, yatay eksene gore 30-60 derece agilandirilir. Dokularin siiperpoze
olmasini onlemek icin meme, gogiis kafesinden uzaga, disa ve yukar1 dogru hareket ettirilir.
Kompresyon uygulamaya baslanir. Kompresyon plagi sternumu gegtikten sonra hasta, kalcasi ve
ayaklart mamografi iinitesine bakana kadar dondiiriiliir. Meme baginin santral noktada olmasi
saglanir. Tekniker, elini gorlintii alanindan g¢ekerken, memeyi bu pozisyonda tutacak yeterli
kompresyon olusana kadar memenin anteriorunu desteklemeye devam etmeli. Bu kombine el
hareketlerine “disa ve yukar1” manevrasi denir. Eger memeyi destekleyen el cok erken birakilirsa
meme diiser ve dokular siiperpoze olur. Kompresyon plagi ile meme yeterince sikistirilir. Meme
alt1 katlant1 bolgesinden aksillaya kadar kasetin ortasinda konumlandirilir ve hastanin omuzu
geriye alinarak, basi yana cevrilir. Obez hastalarda abdomen dokusu miimkiin oldugunca geriye
cekilmelidir. Meme, imaj reseptorii ve kompresyon plagi arasinda komprese edilir. Yavas yavas
veya manuel olarak uygulanmalidir. Yeni cihazlarda kadinin kendisinin komprese etme olanag:
da vardir. Meme dokusunun yapisina, kadinin tolere etme derecesine gore kompresyon seviyesi
degisir. Iyi bir kompresyon; doku kalmligini esitledigi i¢in optik dansitenin homojen olmasin,
sacilmay1 azalttif1 i¢in kontrast rezolusyonun artmasina, obje-imaj mesafesini azalttigi icin
uzaysal rezolusyonun artmasini saglar. Bu sayede, doku kalinlig1 ve hasta dozu azalmis olur. Bir

bagka yarar1 da, memenin hareket etmemesini ve siiperpozisyonun azalmasmi saglamaktir.
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Kompresyon, hastanin agr1 hissini artirir ama yeterince yapilmamasi halinde radyasyon dozu

artar.

Kompresyonu bilgilendirilmis, rahat ve iletisim kurulabilen hastalar daha iyi tolere ederler.
Mensturasyon baslangicindan bir hafta sonra mamografi i¢in en uygun donemdir. Siirekli
konusup sakinlestirerek karsilikli iletisim i¢inde uygulanmalidir. Hastay1 bilgilendirirken agri
yerine basing terimini kullanmak daha uygundur. Agr1 ¢ok fazla olursa hasta bir sonraki kontrole
gelmeyebilir, buna yol agmamak gerekir. Mamografide radyasyon dozu c¢ok diisiiktiir. Ortalama
Glandular Doz her ¢ekim i¢in <2 mGy (0.2 rad), risk yillar i¢inde kiimiilatif doza bagli kanser
olusma olasilig1 dozla dogru, yas ile ters orantilidir. Avantaji erken tani ile 6liim oraninda azalma

olur.

Iyi bir mamografi cekimi igin; meme basinin tek bir projeksiyonda goriilmesi yeterlidir. Cilt
katlantilar1 olmamas1 gerekir. Dogru pozisyonlama o6nemlidir. MLO pozisyonda goriintiiye
miimkiin olan en fazla miktarda dokunun girdiginden emin olmak icin pektoral kasin yeterli
goriintiilenebilmesi gerekir. Meme basindan pektoral kasa dik ac1 olusturacak sekilde cekilen
cizgiye PNL (posterior meme bas1 hatt1) denilir. Iyi bir mamografide, pektoral kasin alt ucunun

PNL seviyesine dek izlenebilmesi gerekir.

Mamografide ek c¢ekim yontemleri; Spot Kompresyon, Magnifikasyon, 90° ML ya da LM,
Abartili Lateral CC, Klevaj (Vadi grafisi ya da ¢ift meme kompresyon grafisi), Aksiller Kuyruk,

Tanjansiyel, Roll (Yuvarlama)

Spot Kompresyon: Bu ¢ekim kitlenin kenarlarinin ayrintili olarak goriintiilenmesi i¢in yapilir.

Lezyon ger¢ek mi yoksa siiperpoze meme dokusunun neden oldugu yalanci goriinlim mii?

Magnifikasyon Grafisi: Kitle konturunun degerlendirilmesi, yapisal Ozelliklerinin daha iyi
gosterilmesi  ve mikrokalsifikasyonlarin  morfolojik dagilim ve sayisimin  daha net

tanimlanabilmesi i¢in kullanilan bir tekniktir.

90° ML ya da LM: Sadece bir projeksiyonda izlenen lezyonun gergekten var olup olmadiginimn,
lezyonun lokalizasyonunun, graviteye bagl kalsifikasyonlarin (kalsiyum siitii) gdsterilmesinde

tercih edilir. Mamografi esliginde telle isaretlemede de bu projeksiyon kullanilir.

Abartili Lateral CC: Memenin medial ve lateral arka boliimlerini goriintiilemek amaciyla,
MLO’da goriiliip CC°de goriilemeyen ve memenin posterolateral kesiminde ya da aksiller
kuyrukta olmasi beklenen bir anormalligi lokalize etmek icin ve belirgin aksiller dokusu olan

kadinlarda memenin en lateral kesimini goriintiilemek i¢in ¢ekilir.

22



Roll: Yuvarlama pozisyonu siiperpoze meme dokusunu ¢éziimlemede kullanilir. Amag, standart
radyografilerden birinde goriilen kuskulu bir lezyonun tespitini yaparak lezyonu daha iyi

tanimlamaktir. Tiim glandiiler dokunun goriintiilenmesine imkan tanir.

Tanjansiyel (Teget): Dens glandiiler doku nedeniyle sinirlari iyi secilemeyen palpabl lezyonlarin
goriintiilenmesi i¢in kullanilir. Ayrica mamografide goriinen cilt kalsifikasyonlarini dogrulamak
icin de kullanilabilir. Santral 151 palbapl lezyona teget gececek sekilde pozisyon verilir. Bu

pozisyon, palpabl kitleyi subkutan yagin {izerine getirir ve goriintiilenmesini saglar.
Klevaj: Memenin posteromedial kesimindeki derin lezyonlar1 goriintiilemek i¢in kullanilir.

Aksiller Kuyruk (Kleopatra): Ust dis kadrani incelemek i¢in kullanilan bir ¢ekimdir. Memenin

en lateral parcasini ve aksiller bolgeyi gostermek i¢in cekilir.

Implant Mamografisi: Implantli memede, meme dokusunun ne kadarinin gériintiilenebildigi tam
kestirilememektedir. x-Isinlar1 silikon ya da salin implantlar1 tam olarak penetre edemezler,
%25°1 goriintiilenemez. Ek imajlara gereksinim vardir. Protezli memede, protezi geri ittirerek

meme dokusunun daha iyi goriilmesini saglariz. Standart projeksiyona ek olarak cekilir.

Stipheli durumlarda erkek hastalara da ¢ekim yapilmaktadir. Erkek hastalarda meme kanseri

daha hizli ilerlemektedir.

Mamografi ¢ekimlerinde nasil ve nerede hata yapiyoruza bakacak olursak, yapilan bir ¢alismada
teknikerlerin %90 1 kendi ¢ektikleri mamografiyi miikemmel olarak nitelemislerdir. MLO
goriintiilerin sadece %28 nin, CC goriintiilerin ise %61 nin yeterli oldugu saptanmustir.
(Glrdemir, B., & Arnbal, E. (2012). Assessment of mammography quality in Istanbul.
Diagnostic and Interventional Radiology, 15(5), 468—472.)

Mamografide karsilasilan artefaktlar; pozisyona bagli, detektorle ilgili, mamografi cihazi ile
ilgili, hastaya bagli, yabanci cisimlerden kaynakli, goriintii isleme yazilimi ile ilgili, goriintiiniin

arsivlenmesi ile ilgilidir.
ABUS

Gelisen teknoloji, radyoloji teknikerlerine Mamografi disinda yeni sorumluluklar yiiklemektedir.
Ornegin, son yillarda gelistirilen Otomatik Meme Ultrason Sistemi (ABUS) ile birlikte
teknikerler USG de yapmaya baslamislardir. Ulkemizde yayginlasacagma emin oldugum ABUS
konusunda meme teknikerlerinin bilgi sahibi olmalar1 ve kendilerini gelistirmelerinde de fayda
vardir.

Kaynak
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THE ROLE OF THE RADIOLOGY TECHNOLOGIST iN
MAMMOGRAPHY
ABSTRACT

Breast cancer is the most common cancer among women. Therefore, all women should be aware
and conscious of this issue. Mammography is one of the most important imaging methods used
for the early detection of breast cancer. Even changes that are too small to be detected by manual
breast examination can be identified at an early stage by mammography. Mammography is a
soft-tissue radiographic technique used to examine the muscle, adipose, and glandular structures
of the breast, which have similar tissue densities, as well as pathological changes within the

breast.

Radiological breast imaging methods include mammography, contrast-enhanced mammography,
tomosynthesis, ultrasonography, automated breast ultrasound system (ABUS), and magnetic

resonance imaging (MRI).

A mammography unit is a vertical X-ray system designed according to patient positioning. The
anode of the mammography tube may be made of molybdenum (Mo), rhodium (Rh), or tungsten
(W). The tube contains two different filaments, typically measuring 0.3-0.4 mm and 0.1-0.15
mm. The tube output ranges between 25 and 50 kVp. Exposure parameters of 25—100 mA and
exposure times of 0.1-0.2 seconds are used. Rotating anodes are present in tubes using high tube

currents up to 100 mA. Focal spot sizes generally range between 0.1 mm and 0.6 mm.

The accessories of a mammography unit include compression paddles of different sizes, flexible
compression paddles, spot compression paddles, magnification devices, perforated biopsy

paddles, and biopsy plates.

For patient preparation, the optimal time for examination is between the 5th and 12th days from
the onset of menstruation. Postmenopausal women may undergo mammography at any time.
Since residues such as sweat, perfume, deodorant, powder, and similar substances may cause

misleading findings, patients should be instructed to take a shower before the examination and
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strictly avoid using perfume, deodorant, or powder. Previous breast imaging examinations, if

available, should be brought to the appointment.

Proper positioning of the breast is essential in mammography. For an adequate breast
examination, the entire breast tissue and the axillary region must be included within the image
field. In cases of incorrect positioning, pathologies located in structures excluded from the image
field may be missed. Since the patient is exposed to radiation during mammography, the
procedure is contraindicated during pregnancy unless clinically justified. Informed consent must

be obtained from the patient before the examination.

The routine projections in mammography are the craniocaudal (CC) and mediolateral oblique
(MLO) views. Additional diagnostic imaging views may be required for diagnostic purposes.
The main difference between screening mammography and diagnostic mammography lies in
their clinical indication: screening mammography is performed in asymptomatic women,
whereas diagnostic mammography is performed due to detected findings or symptoms and may

require additional images.

CC Projection

For the craniocaudal projection, the breast to be imaged is supported from below and positioned
on the image receptor, with rotation toward the medial side. The patient’s shoulder is moved
backward, and the head is turned to the opposite side. The arm on the examined side is extended
forward, and the patient holds the handgrip of the unit. These maneuvers facilitate visualization
of the medial breast tissue. When the breast is adequately compressed with the compression
paddle, the medial portion of the breast should be fully included within the image field, and the
nipple should be centralized in the middle of the image receptor. The lateral breast tissue should
also be included as much as possible.

MLO Projection

The mediolateral oblique projection allows visualization of the largest amount of breast tissue in
a single view. The image receptor is always angled parallel to the pectoral muscle, typically at
30-60 degrees relative to the horizontal axis. To prevent tissue superimposition, the breast is
moved away from the chest wall, outward and upward. Compression is then initiated. After the
compression paddle passes the sternum, the patient is rotated until the hips and feet face the

mammography unit. The nipple is positioned at the central point.

While removing the hand from the image field, the radiology technologist should continue

supporting the anterior portion of the breast until sufficient compression is achieved to maintain
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the breast in this position. These combined hand movements are referred to as the “outward and
upward” maneuver. If the supporting hand is released too early, the breast may drop, resulting in
tissue superimposition. The breast is then adequately compressed with the compression paddle.
The breast should be positioned in the center of the image receptor from the inframammary fold
to the axilla, while the patient’s shoulder is moved backward and the head is turned to the

opposite side. In obese patients, abdominal tissue should be retracted as much as possible.

The breast is compressed between the image receptor and the compression paddle. Compression
should be applied gradually or manually. In newer mammography units, patients may also have
the option to control compression themselves. The degree of compression varies depending on

the structure of the breast tissue and the patient’s tolerance.

Adequate compression equalizes tissue thickness, thereby producing more homogeneous image
density; reduces scattered radiation, thereby improving contrast resolution; and decreases the
object-to-image distance, thereby improving spatial resolution. As a result, tissue thickness and
patient dose are reduced. Another benefit of compression is that it prevents breast motion and
decreases superimposition. Compression increases the patient’s perception of discomfort;

however, inadequate compression results in increased radiation dose.

Patients who are well informed, relaxed, and able to communicate effectively tolerate
compression better. The most suitable time for mammography is one week after the onset of
menstruation. The procedure should be performed with continuous communication and
reassurance. When informing the patient, it is preferable to use the term “pressure” rather than

“pain.” Excessive pain may discourage the patient from attending future follow-up examinations,

and this should be avoided.

The radiation dose in mammography is very low. The average glandular dose is less than 2 mGy,
or 0.2 rad, per exposure. The risk of radiation-induced cancer is related to cumulative dose over
the years; it increases with dose and decreases with patient age. The major advantage of

mammography is the reduction in mortality through early diagnosis.

For a good mammographic examination, visualization of the nipple in a single projection is
sufficient. There should be no skin folds. Correct positioning is essential. In the MLO view,
adequate visualization of the pectoral muscle is necessary to ensure that the maximum possible

amount of breast tissue is included in the image. The line drawn perpendicular from the nipple to
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the pectoral muscle is called the posterior nipple line (PNL). In a good mammogram, the inferior

margin of the pectoral muscle should be visible down to the level of the PNL.

Additional mammographic views include spot compression, magnification, 90° mediolateral or
lateromedial views, exaggerated lateral CC view, cleavage view, axillary tail view, tangential

view, and roll views.

Spot compression is performed to visualize the margins of a mass in greater detail and to
determine whether a lesion is real or represents a pseudolesion caused by superimposed breast

tissue.

Magnification mammography is used to evaluate the contour of a mass, to better demonstrate its
structural characteristics, and to more clearly define the morphology, distribution, and number of

microcalcifications.

The 90° mediolateral or lateromedial view is preferred to determine whether a lesion visible in
only one projection is truly present, to localize the lesion, and to demonstrate gravity-dependent
calcifications, such as milk of calcium. This projection is also used in mammography-guided

wire localization.

The exaggerated lateral CC view is obtained to visualize the medial and lateral posterior portions
of the breast, to localize an abnormality seen on the MLO view but not on the CC view and
expected to be located in the posterolateral breast or axillary tail, and to image the most lateral

part of the breast in women with prominent axillary tissue.

Roll views are used to resolve superimposed breast tissue. The purpose is to identify a suspicious
lesion seen on one of the standard mammograms and to characterize it more clearly. This

technique allows visualization of all glandular tissue.

The tangential view is used to image palpable lesions whose margins cannot be clearly
distinguished due to dense glandular tissue. It may also be used to confirm skin calcifications
visible on mammography. The patient is positioned so that the central X-ray beam passes
tangentially to the palpable lesion. This positioning brings the palpable mass over the

subcutaneous fat and enables its visualization.

The cleavage view is used to visualize deep lesions located in the posteromedial region of the
breast.
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The axillary tail, or Cleopatra view, is used to examine the upper outer quadrant. It is obtained to

demonstrate the most lateral portion of the breast and the axillary region.

In implant mammography, it is not always possible to determine how much breast tissue can be
visualized. X-rays cannot fully penetrate silicone or saline implants, and approximately 25% of
the breast tissue may not be visualized. Additional images are therefore required. In breasts with
implants, the implant is displaced posteriorly to allow better visualization of the breast tissue.

These views are obtained in addition to standard projections.

Mammography may also be performed in male patients in suspicious cases. Breast cancer in men

tends to progress more rapidly.

Regarding how and where errors occur in mammographic examinations, one study reported that
90% of radiology technologists described the mammograms they performed as excellent.

However, only 28% of MLO images and 61% of CC images were found to be adequate.

Artifacts encountered in mammography may be related to positioning, the detector, the
mammography unit, the patient, foreign bodies, image processing software, or image archiving.
ABUS

Advances in technology have introduced new responsibilities for radiology technologists beyond
conventional mammography. For example, with the recent development of the automated breast
ultrasound system (ABUS), radiology technologists have also begun to perform ultrasound-based
breast imaging. Since ABUS is expected to become more widespread in our country, breast
imaging technologists should be knowledgeable about this technique and continue to develop
their expertise in this field.
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OZET

Tibbi iyonizan radyasyon uygulamalari genel olarak radyografik incelemeler, floroskopik
tetkikler, bilgiayarli tomografi uygulamalari, radyoterapi uygulamalar1 ve niikleer tip tetkikleri
olarak simniflanabilir. Bunlar icerisinde tan1 ve tedavi amaci ile yapilan floroskopik tetkikler
radyasyon maruziyeti acisindan diger tetkiklerden bazi farkliliklar gosterir.

Floroskopik tetkikler diger incelemelere gére cok daha uzun siirebilir. Bu islemlerde islemi
yapan hekim ve diger personel islem odasinda, hastanin yaninda bulunur. Bu nedenle floroskopik
islemlerde hastanin ve personelin maruz kalacagi doz daha fazladir. Bu nedenlerle floroskopik
islemlerde radyasyondan korunma konusu daha fazla 6zen isteyen bir konudur. Radyolojik
uygulamalarda ti¢ temel standart vardir. Bu standartlar tiim radyolojik incelemelerde gecerlidir:
Gereklilik (Justification): Tibbi gereklilik olmadikea tetkik yapilmamali.

Optimizasyon (Optimisation): Tetkik yapilacaksa miimkiin olan en diisiik dozda yapilmali. Bu
standart “4LARA (As Low As Reasonably Achievable)” prensibi olarak da bilinir.

Doz stmirlamast (Limitation): Kisilerin maruz kaldiklar1 radyasyon dozlari, maksimum miisaade
edilen yillik doz sinirlarin1 agmamalidir

Hastaya floroskopik bir islem yapilacaksa bu konuda da su ii¢ temel prensibe mutlaka uyulmasi
gerekir:

Zaman: Radyasyon dozu zaman ile dogru orantilidir. Florokopik islemler bazen ¢ok uzun
siirebilir. Islemi en kisa siirede tamamlamak ve radyasyona maruziyet siiresini minimum
seviyede tutmak Onemlidir. Tekrarlayan islemler maruziyet siiresini katlanarak artiracagi igin
miimkiin oldugunca tekrarlardan kaginmak gerekir.

Uzakhk: Radyasyon dozu mesafenin karesi ile ters orantilidir. Bu nedenle islem sirasinda
radyasyon kaynagindan miimkiin oldugunca uzak durulmalidir.

Bariyer (zirhlama): Zirhlamada ama¢ sadece hastalar1 ve personeli degil yakin alanda
bulunabilecek diger kisileri de radyasyondan korumaktir. Islem sirasinda personelin korunmasina
yonelik koruyucu giysiler, bariyerler gibi onleyicilerin uygun sekilde kullanilmasi gerekir.

Floroskopik odasinda ii¢ ayr1 kaynaktan gelen radyasyon bulunabilir.
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Birincisi uygun sekilde imal edilmemis tiiplerden sizan sizint1 radyasyondur. Giiniimiizdeki
cihazlarda tiip teknolojisi ¢ok gelismistir ve tiipten sizint1 yok veya en az diizeydedir.

Ikincisi tiipten direkt olarak hastaya yonlendirilen radyasyon (primer radyasyon). Bu esas
olarak hastanin alacag: radyasyonu etkiler. Islem sirasinda personelin primer radyasyon yolu
iizerinde bulunmamasi gerekir.

Floroskopi odasinda personelin maruz kalabilecegi radyasyon biiyiikk oranda hastadan sagilan
sekonder radyasyondur. Sekonder radyasyonun kaynaginin hastadan yayilan radyasyon
oldugunu bilip islem sirasinda ona yonelik 6nlemler alinmasi gerekir.

Hastadan sagilan radyasyon daha ¢ok tiipe, geriye dogru olan bir sagilma seklindedir. Bu nedenle
tipe dogru sagilan radyasyon miktar1 fazla iken yanlara dogru giderek azalir. Floroskopik
islemler sirasinda rontgen tiipii mutlaka hastanin altinda olmalidir. Boylece hasta ve goriintii
giiclendirici personele gelecek radyasyonu smirlayacaktir. Oblik ve yan pozisyonda yapilacak
incelemelerde de tiipiin personelin karsisina gelecek sekilde konuslandirilmasi personelin
radyasyon maruziyetini azaltacaktir. Ancak bunlar1 yaparken kolimasyon dikkatli yapilmalidir ve
hasta boyutundan daha genis bir alana radyasyon yonlendirilmemelidir.

X 1sinlarmin hastada gececegi dokunun kalinligi hem hastanin alacagi dozu hem de sagilmay1
etkiler. Dokunun kalin olmasi dozu ve sagilmayi artirir. Bu nedenle kilolu hastalarda dozun daha
fazla olacagi akilda bulundurulmalidir. Ayrica oblik ve yan ¢ekimlerde de 1sinin kat edecegi
mesafe fazla olacagi i¢in sac¢ilma daha fazla olacaktir.

Sacgilmay1 artiran bir diger etmen de ortamda bulunan cerrahi malzeme, girisimsel islem
malzemesi gibi opak malzemelerdir. Bunlarin skopi aninda ortamdan uzaklastirilmasi gerekir.
Inceleme sirasinda hasta goriintii giiclendiriciye miimkiin oldugunca yakin, tiipten miimkiin
oldugunca uzak olmaldir.

Islem sirasinda ortamda miimkiin oldugunca az kisinin olmasi radyasyona maruz kalacak kisi
sayisin1 da minimumda tutmay1 saglar.

Personelin uygun sekilde dozimetre kullanmasi ve rutin kontrollerini yaptirmast da doz takibi
acisindan ¢ok onemlidir.

Ozet olarak

Gerekmedikge iyonizan radyasyon igeren tetkik yapmamali

Zamant en kisa tutmali

Kaynaktan miimkiin oldugunca uzak durmali

Korunmak i¢in koruyucu kiyafetler ve bariyer kullanmali

Primer 151n yolunda durmamali

Tiipiin ve goriintii alicinin pozisyonuna dikkat etmeli
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Incelemeler sirasinda miimkiin olan en kiigiik kolimasyon segilmeli.

Tekrarlardan kaginmali

Muntazam olarak kontrollerini yaptir (dozimetre kullanimi, vb)

Onerilen Kaynaklar

International Atomic Energy Agency: www.iaea.org

International Commission on Radiological Protection: www.icrp.org

United Nations Scientific Committee on the Effects of Atomic Radiation: www.unscear.org

European Commission (radiological protection pages): europa.eu.int/comm/environment/radprot

RADIATION PROTECTION IN FLUOROSCOPY AND DSA
APPLICATIONS
ABSTRACT

Medical applications involving ionizing radiation can generally be classified as radiographic
examinations, fluoroscopic examinations, computed tomography procedures, radiotherapy
applications, and nuclear medicine examinations. Among these, fluoroscopic examinations
performed for diagnostic and therapeutic purposes differ from other examinations in several

aspects in terms of radiation exposure.

Fluoroscopic examinations may last much longer than other imaging procedures. During these
procedures, the physician performing the procedure and other staff remain in the procedure
room, next to the patient. Therefore, in fluoroscopic procedures, the radiation dose received by
both the patient and the staff may be higher. For these reasons, radiation protection in

fluoroscopic procedures requires particular attention.

There are three fundamental standards in radiological practice. These standards apply to all
radiological examinations:
Justification: No examination should be performed unless there is a medical indication.

Optimization: If an examination is to be performed, it should be carried out with the lowest
possible radiation dose. This standard is also known as the ALARA principle — A4s Low As
Reasonably Achievable.

Dose limitation: The radiation doses received by individuals must not exceed the maximum

permissible annual dose limits.
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If a fluoroscopic procedure is to be performed on a patient, the following three basic principles

must also be strictly observed:

Time: Radiation dose is directly proportional to exposure time. Fluoroscopic procedures may
sometimes take a long time. It is important to complete the procedure in the shortest possible
time and to minimize the duration of radiation exposure. Since repeated procedures increase

exposure time cumulatively, unnecessary repetitions should be avoided as much as possible.

Distance: Radiation dose is inversely proportional to the square of the distance. Therefore,

during the procedure, staff should remain as far away from the radiation source as possible.

Barrier / Shielding: The purpose of shielding is to protect not only patients and staff, but also
other individuals who may be present in the nearby area. During the procedure, protective

measures such as protective garments and barriers should be used appropriately to protect staff.

There may be radiation originating from three different sources in a fluoroscopy room. The first
is leakage radiation from tubes that have not been properly manufactured or shielded. In modern
systems, X-ray tube technology is highly advanced, and leakage from the tube is either absent or
minimal. The second is primary radiation, which is directed from the tube toward the patient.
This mainly affects the radiation dose received by the patient. During the procedure, staff must
not stand in the path of the primary radiation beam. In a fluoroscopy room, the radiation to which
staff may be exposed is largely secondary radiation scattered from the patient. It should be
remembered that the source of secondary radiation is radiation scattered from the patient, and
appropriate precautions should be taken accordingly during the procedure. Radiation scattered
from the patient is mainly backscattered toward the X-ray tube. Therefore, while the amount of
scatter radiation directed toward the tube is high, it gradually decreases toward the sides. During
fluoroscopic procedures, the X-ray tube should preferably be positioned under the patient. In this
way, the patient and the image receptor/image intensifier limit the amount of radiation reaching

the staff.

In oblique and lateral examinations, positioning the tube on the side opposite the staff reduces
occupational radiation exposure. However, while doing this, collimation must be performed

carefully, and radiation should not be directed to an area larger than the patient’s body size.

The thickness of the tissue through which the X-rays pass affects both the dose received by the

patient and the amount of scatter radiation. Greater tissue thickness increases both radiation dose
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and scatter. Therefore, it should be kept in mind that the radiation dose will be higher in
overweight patients. In addition, in oblique and lateral projections, scatter radiation will be

greater because the X-ray beam travels through a longer tissue path.

Another factor that increases scatter radiation is the presence of radiopaque materials in the field,
such as surgical instruments or interventional procedure materials. These materials should be
removed from the field during fluoroscopy whenever possible. During the examination, the
patient should be positioned as close as possible to the image receptor/image intensifier and as

far as possible from the X-ray tube.

Keeping the number of people in the room as low as possible during the procedure also
minimizes the number of individuals exposed to radiation. Appropriate use of dosimeters by staff

and regular dose monitoring are also very important for occupational dose control.

In summary

Examinations involving ionizing radiation should not be performed unless necessary.
Exposure time should be kept as short as possible.

Staff should stay as far away from the radiation source as possible.

Protective garments and barriers should be used for radiation protection.

Staff should not stand in the path of the primary beam.

Attention should be paid to the positions of the X-ray tube and the image receptor.
The smallest possible collimation field should be selected during examinations.
Unnecessary repetitions should be avoided.

Regular monitoring and controls should be performed, including dosimeter use.
Recommended Sources

International Atomic Energy Agency: www.iaea.org

International Commission on Radiological Protection: www.icrp.org

United Nations Scientific Committee on the Effects of Atomic Radiation: www.unscear.org

European Commission, radiological protection pages: europa.eu.int/comm/environment/radprot
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OZET

Son yillarda gergeklestirilen girisimsel radyoloji (IR) prosediirlerinin sayisinda hizli bir artis
olmustur. Ancak, bu islemler sirasinda hastalarin ve medikal personelin maruz kaldig1 radyasyon
dozlar1 uluslararasi 6lgekte artan bir endiseye sebep olmustur. Gergeklestirilen IR prosediirlerinin
sayis1 ve karmagiklig1 arttikga hem hastalar hem de personelin radyasyon dozlarinda da kademeli
bir sekilde artis olmaktadir. Hasta giris cilt dozlari, 6zellikle obez hastalarda, karmasik islemler
sirasinda ve oblik projeksiyonlarin sik kullanilmasi durumunda yiiksek olabilir. Tekrarlanan
girisimsel islemler, hastalarda deterministik etkilerin ortaya ¢ikmasina neden olabilir ve bunlar
gecici eritemden deri nekrozuna kadar degisebilir.

Girigimsel islemlerdeki mesleki radyasyon maruziyeti, hasta maruziyetiyle yakindan iligkilidir;
bu nedenle mesleki radyasyon korumasi, hasta korumasiyla biitiinlesik bir sekilde yonetilmelidir.
Ancak, personeli korumaya yonelik onlemler, klinik teshisi riske sokmamali ve veya hasta
dozlarinda artigsa sebep olmamalidir. Meslegi geregi radyasyona maruz kalan medikal personelin
radyasyondan korunma caligmalari, medikal fizikg¢ilerle isbirligi i¢inde yiiriitilmelidir. Girisimsel
radyoloji Unitesinde ¢alisan tiim bireyler i¢in radyasyon korumasi gereklidir. Bu, girisimsel
radyologlari, radyoloji teknisyenlerini ve hemsireleri ve yalnizca ara sira radyasyon ortaminda
bulunabilecek anestezi uzmanlar1 gibi bireyleri igerir. Radyasyon koruma onlemleri, yerel ve
ulusal diizenlemelere uygun olmali ve kisisel koruyucu cihazlarin neden olabilecegi kas-iskelet
sistemi zararlarin1 dikkate almalidir. Hastalar i¢in uygun radyasyon dozu izleme tekniklerinin ya
da yazilimlarinin kullanilmasi1 ve radyasyon dozu optimizasyonu ig¢in diagnostik referans
seviyelerin belirlenmesi gerekir. ICRP 135 raporunda da belirtildigi gibi girisimsel radyoloji
incelemeleri i¢in diagnostik referans seviyeler, uluslararasi referans noktasinda 6l¢iilen kiimiilatif
hava kerma ve kerma-alan carpimi cinsinden belirlenmelidir. Medikal personelin mesleki
dozlarmin belirlenmesi igin ise uygun dozimetreler kullanilmali (Tahmini etkin dozu veren
kursun Onliik altinda bel hizasinda takilan bir Termoliiminesans dozimetre (TLD) ve lens dozu
tahminini veren yaka seviyesinde koruyucu tizerinde takilan bir TLD) ve radyasyondan korunma
araglar1 ve ekipmanlari ile ilgili uygun egitimler verilmelidir. Egitim diizeyleri, yaptiklar1 isin

tiiriine gore belirlenmelidir.
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Anahtar Kelimeler: Hava Kerma, Kerma-Alan Carpimi, Pik Cilt Dozu, Diagnostik Referans

Seviyeler

PROTOCOL MANAGEMENT IN FLUOROSCOPIC
EXAMINATIONS
ABSTRACT

In recent years, there has been a rapid increase in the number of interventional radiology (IR)
procedures performed. However, the radiation doses received by patients and medical staff
during these procedures have become an increasing concern at the international level. As the
number and complexity of IR procedures increase, radiation doses to both patients and staff also
gradually increase. Patient entrance skin doses may be high, particularly in obese patients, during
complex procedures, and when oblique projections are frequently used. Repeated interventional
procedures may lead to deterministic effects in patients, ranging from transient erythema to skin

Necrosis.

Occupational radiation exposure in interventional procedures is closely associated with patient
exposure; therefore, occupational radiation protection should be managed in an integrated
manner together with patient protection. However, measures aimed at protecting staff should not
compromise clinical diagnosis and/or lead to an increase in patient dose. Radiation protection
practices for medical staff who are occupationally exposed to radiation should be carried out in

collaboration with medical physicists.

Radiation protection is required for all individuals working in an interventional radiology unit.
This includes interventional radiologists, radiology technologists, nurses, and individuals such as
anesthesiologists who may only occasionally be present in radiation environments. Radiation
protection measures should comply with local and national regulations and should also take into

account possible musculoskeletal injuries caused by personal protective equipment.

Appropriate radiation dose monitoring techniques or software should be used for patients, and
diagnostic reference levels should be established for radiation dose optimization. As stated in
ICRP Report 135, diagnostic reference levels for interventional radiology examinations should
be determined in terms of cumulative air kerma measured at the international reference point and

kerma-area product.

Appropriate dosimeters should be used to determine occupational doses of medical staff. These

may include a thermoluminescent dosimeter (TLD) worn at waist level under the lead apron to
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estimate effective dose, and a TLD worn at collar level over the protective apron to estimate lens
dose. In addition, appropriate training should be provided on radiation protection tools and

equipment. The level of training should be determined according to the type of work performed.

Keywords: Air Kerma, Kerma-Area Product, Peak Skin Dose, Diagnostic Reference Levels.
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OZET

Giris

Bilgisayarli tomografi (BT), hizli ve dogru tanisal bilgi sagladigi icin tip pratiginde devrim
yaratmistir. Ancak iyonizan radyasyon igerdiginden risk tasir. BT uygulamalari radyasyon igeren
tim radyolojik goriintiilemelerin %15-20’sini, tibbi goriintiileme kaynakli radyasyon dozunun
yaklasik %50’sini olusturmaktadir. BT inceleme sayilar1 yillar i¢inde biiyiik artis gostermistir.
Dolayisiyla BT ile iligkili radyasyon maruziyeti giiniimiizde énemli bir saglik sorunu haline
gelmistir.

Radyasyonun stokastik etkileri, yani kanser yapici ve genetik etkileri kii¢iik dozlarda bile
goriilebilir. Bu nedenle hem radyasyon c¢alisanlarinin hem de hastalarin radyasyondan
korunmasinda temel unsur miimkiin olan en diisiik radyasyon dozunun kullanilmasidir.
Radyolog; her tibbi 1sinlamayi, gerekirse incelemeyi isteyen hekime danisarak
gerekcelendirmelidir. Yani incelemeden beklenen yararin, 1sinlama nedeniyle hastanin maruz
kalacag1 zarar gorme riskinden fazla oldugunu ortaya koymalidir. Hastaya verilecek dozun, tani
koymaya yetecek en diisiik diizeyde oldugundan emin olmali; bu amagla ilgili 1sinlama igin
belirlenen tanisal referans diizeylerini (DRL=Diagnostic Reference Levels) goz Oniinde
bulundurmalidir. Tanisal ve girisimsel islemler i¢in, medikal fizik¢i ve radyoloji teknisyeni ile
birlikte optimize edilmis protokoller olugturmalidir.

Radyasyonun Biyolojik Etkileri

Iyonlastiric1 radyasyon maruziyeti biyolojik etkilere yol agabilir.

Deterministik etkiler: Tibbi goriintiilemede kullanilan dozlarin ¢ok iizerindeki radyasyon

maruziyeti hiicre 6liimiine yol acar. Katarakt, deri yaniklari, doku hasar1 ve organ disfonksiyonu
deterministik etki 6rnekleridir. Belli bir esik degerin iizerinde ortaya ¢ikar ve doz arttik¢a hasarin
siddeti artar.

Stokastik etkiler: Kanser, 16semi ve kalitsal hastaliklar gibi stokastik etkilerin olugmasi i¢in esik

deger yoktur; diisiik dozlarda risk ¢ok diisiiktiir. 100 mSv tlizerindeki dozlarda risk lineer olarak
artar. Ancak radyasyondan korunmada lineer non-threshold (LNT) yaklasimi kullanilir; diisiik
doz 1sinlamalarda bile doz ile artan kanser gelisme olasilig1 vardir.

BT'de doz hesaplanmasi
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*Hacimsel Doz Indeksi (Volume CTDI-CTDIvol): Spiral BT’de birim tarama hacminde
sogurulan doz

*Doz Uzunluk Carpimi (Dose Length Product-DLP) = CTDIyo (mGy) x tarama uzunlugu (cm)
Absorbe edilen radyasyon enerjisini ve potansiyel biyolojik etkiyi gosterir (mGy.cm).

*Efektif doz: Radyasyonun neden oldugu kanser riskini gosterir (Sievert); DLP’nin, dokularin
radyasyon duyarliligina gore hesaplanan ¢evrim faktorii ile carpilmasiyla elde edilir.

BT kullamiminda gerek¢elendirme

Cekim kararmmin yarar zarar oranina dayandirilmasidir. Kanser riskini degerlendirirken BT
cekilmemesinin neden olacag: risk de hesaplanir. Gerekgelendirme yapilmadan yapilan her BT
hastada kanser olasiligin1 gereksiz yere artirmaktadir. Cekim yapilmasi mutlaka gerekiyorsa en
az doz verecek ve yeterli kaliteyi saglayan inceleme yapilmalidir (ALARA).

Tanisal Referans Diizeyleri (DRL - Diagnostic Reference Levels):

DRL, rutin durumlarda bir radyolojik goriintilemede hastaya verilen radyasyon dozunun
olagandis1 yliksek ya da olagandisi diisiik olup olmadigini belirler. Goriintiileme protokollerinin
optimizasyonunda kullanilir.

BT’de Tanisal Referans Diizeylerinin (DRL) kullanima:

Belirli bir tetkik tiirii ve endikasyonu icin BT ¢ekilmis bir grup hastanin CTDIvol ve DLP
degerleri dizilir (6rnegin, bas agris1 nedeniyle beyin BT yapilmis 20 hastanin degerleri). Bu
gruptaki ortanca (medyan) deger bulunur. Bu deger ulusal ya da uluslararas1 DRL ile
karsilastirilir.

Medyan deger DRL’yi asiyorsa verilen doz fazladir; doz optimizasyonu gereklidir. Medyan
deger DRL’den ¢ok diisiikse goriintli kalitesinde yetersizlik olup olmadigini kontrol edilir. DRL
ile karsilastirma tek bir birey icin yapilmaz; ¢iinkii bireylerin viicut Olgiileri birbirlerinden
farklidir; karsilagtirma bir grup hasta i¢in yapilmalidir. Ayrica bu karsilastirmayi1 yalnizca bir kez
yapmak yeterli degildir; diizenli olarak tekrar edilmeli, gerekirse optimizasyon giincellenmelidir.

BT’de doz optimizasyonu:

Radyasyon riskini en aza indirmek i¢in gereklidir. En az hasta dozu ile klinik hedefe ulasmaya
yetecek kalitede ¢cekim yapilmasini igerir.

Tiip Akimi (mA) ve Tiip Akim Isinlama Zamaninin (mAs) Degistirilmesi

Tiip akimi (mA); mA x gantri rotasyon siiresi = mAs

mAs ile radyasyon dozu arasinda lineer iliski vardir. mAs foton sayisini belirler.

mAs yariya inerse, doz yartya diiser; ancak giiriiltii artar. Viicut kitle indeksi (VKI) diisiikse,
toraks gibi diisiik atenuasyon alanlar1 incelendiginde, obje kontrasti dogal olarak yiiksekse

(akcigerde nodiil; bobrekte tas gibi) daha diisitk mAs secilmelidir.
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Pik Kilovoltajin (kVp) Degistirilmesi

kVp, tiipe uygulanan maksimum gerilimdir. kVp azalmasi, dozu karesi ile orantil1 olarak azaltir.
Diisiik kV’da fotoelektrik etki artar, kontrast artar; (ancak bu etki dokularin biiyiik bolimiinde
belirgin degildir; kalsiyum ve iyot gibi atom numarasi yiiksek dokularda belirgindir); ancak
penetrasyon azaldigindan giiriiltii artar. SNR azalir.

Yiiksek kV’da kontrast (fotoelektrik etkiye bagli) azalir; ancak penetrasyon artar ve giirtilti
azalir. Giriltiideki azalma daha baskindir; SNR artar. Kontrastli incelemede (6rnegin BT
anjiografi) ve

VKI diisiik kisilerde diisiik kVp tercih edilmelidir. VKI yiiksek bireylerde daha yiiksek kVp
kullanilmalidir

Gantri Déniis Zamani ve Masa Hizimin (Pitch Faktorii) Degistirilmesi

Gantri doniis zaman (s), tliptin 360 derece donmesi i¢in gegen siiredir. Ne kadar kisa ise mAs ve
alman doz o kadar az olur. Pitch: Tiipiin bir doniisii sirasinda masa ilerleme mesafesinin efektif
kesit kalinligina oranidir. Pitch yiiksek ise 1sinlama siiresi, mAs diiser; radyasyon dozu diiser;
ancak goriintiileme kalitesi azalir. Ozellikle cocuk ve koopere olmayan hastalarda kisa doniis
zamant olan cihazlar ve yiiksek pitch secimi ile doz maruziyeti azalir ve harekete bagl
artefaktlar azalir.

Otomatik i1sinlama kontrolii (Automatic Exposure Control — AEC)

Cihaz, x 1511 atenliasyonuna gore mA / kV’u otomatik olarak degistirir. Tiip hasta etrafinda
donerken kalin (yiiksek ateniiasyonlu) viicut bolgelerinde daha yiiksek, ince bolgelerde daha
diisiik mA ya da kV secer. Boylece goriintii kalitesi bozulmadan hasta dozu azalir.

Firmalarin mA ve kV modiilasyonu yapan c¢esitli yazilimlar1 vardir. Hasta iizerinde metal vb
varsa AEC daha fazla 1isinlama yapar; hasta dozu artar. Hasta iizerindeki metal cisimler; kiipe vs
cikarilmalidir.

X-Isimi Tiip Filtrelerinin Kullanilmast

Aliiminyum, bakir, kalay filtreler diisiik enerjili x 151nlarin1 absorbe eder, hasta dozunu azaltir.
Papyon filtreler: x 1511 demetinin daha yiiksek enerjili olan merkezi kisimlarin1 daha ince,
periferik kesimlerini daha kalin filtre ederek demeti homojenize eder ve hasta dozunu azaltir.
Tarama Alant ve Pozisyonlama

Anatomik ilgi alanmin disinda kalan alanlarin ¢ekiminden kac¢inilmalidir. Tarama alaninin
istenilen bolgenin disina genisletilmesi dozun artmasina neden olur. Hasta tam olarak tarama
alaninin merkezinde (izo-merkez) olmalidir. Hasta merkeze yerlestirilmez ise papyon filtreler

etkin olarak kullanilamaz. Merkezden kayma durumunda viicudun daha ince olan periferik
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boliimlerine daha yiiksek, kalin kisimlarina ise daha diisiik siddette x-151m1 geleceginden hem
gOriintli gliriiltlisi artar, hem de gereksiz yere fazla radyasyona maruz kalinmis olur.

Tek Faz BT Protokollerinin Kullanilmasi, Dual Enerji BT

Gerekli degilse ¢ok fazli inceleme yapilmamalidir. Ek bilgi saglamayacaksa pre ve postkontrast
inceleme yapilmamalidir. Dual enerji BT ile sanal kontrastsiz goriintiiler olusturulabilir; boylece
kontrastsiz inceleme geregi ortadan kalkar.

Iteratif rekonstriiksiyon (IR)

Bilgi isleme teknolojisindeki ilerlemeler sayesinde gelistirilmis gorlintii rekonstriiksiyon
algoritmasidir. Giriiltii, IR ile, geri yansitmali rekonstriikksiyondakine goére belirgin olarak
azaltilmis; boylece kontrast/glirtiltii oran1 ve goriintii kalitesi artirilmigtir. IR kullanilarak, mA ve
kV azaltilmas1 sonucu ortaya ¢ikan giiriiltii artis1 kismen dengelenir ve doz azaltma saglanabilir.
Siemens: Saphire, ADMIRE; GE: ASIR, Veo; Philips: I Dose; Toshiba: AIDR

Yapay Zeka Destekli Rekonstriiksiyon

Filtrelenmis geri yansitmada doz distiriildiikge giiriiltii artar ve goriintii kalitesi bozulur. IR’da
bilgi isleme siiresi uzundur; %50’nin {izerinde doz diisiiriiliirse ¢oziiniirlilk azalir. Goriinti
kalitesini korurken hasta dozunu daha da diislirebilmek ve rekonstriiksiyon siiresini kisaltmak,
derin Ogrenme tabanli rekonstriiksiyon algoritmalarinin temel amacidir. FDA onayli GE
Healthcare’in TrueFidelity ve Canon’un Advanced Intelligent ClearIQ Engine (AiCE) gibi derin
O0grenme tabanli algoritmalar, giiriiltiiyii azaltarak yiiksek kaliteli goriintiiler saglamak iizere
tasarlanmustir.

Yeni Dedektor Teknolojisi: Foton Sayict Dedektorler

Foton sayic1 dedektér (FSD) sistemi, her bir fotonun enerjisini ayr1 ayr1 6lgerek daha yiiksek
uzaysal ¢oOziinlirlik ve kontrast giiriiltii oram1 sunar.Bdylece kiiclik anatomik yapilarin daha
ayrintili ve diisiik radyasyon dozuyla goriintiilenmesini saglar. Siemens Naeotom Alpha, fotonlar1
enerji seviyelerine gore ayirt ederek doz verimliligini ve uzaysal ¢oziiniirliigii artiran kadmiyum
telliirid dedektorlere sahip, piyasada bulunan ilk foton sayict BT lerden biridir.

Sonu¢

BT hizli ve dogru tanisal bilgi saglayan bir yontemdir. Ancak goriintiilleme yontemleri arasinda
en ¢ok radyasyon dozu BT ile alimmaktadir. BT yapilmadan Once yarar/zarar orani iyi
diistintilmeli, gereksiz BT den kagmilmalidir. Cekim yapilmasi mutlaka gerekiyorsa en az doz
verecek ve yeterli kaliteyi saglayan inceleme yapilmalidir(ALARA). Cekim yapilacaksa dogru

cihaz ve teknikle yapilmali; optimize edilmis protokoller kullaniimalidir.

Kaynaklar:
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OPTIMIiZATIiON OF CT PROTOCOL

ABSTRACT
Introduction

Computed tomography (CT) has revolutionized medical practice by providing rapid and accurate
diagnostic information. However, since it involves ionizing radiation, it carries certain risks. CT
examinations constitute approximately 15-20% of all radiological imaging procedures involving
radiation, while they account for nearly 50% of the radiation dose from medical imaging. The
number of CT examinations has increased substantially over the years.

Therefore, radiation exposure associated with CT has become an important public health
concern.

The stochastic effects of radiation, namely carcinogenic and genetic effects, may occur even at
low doses. For this reason, the fundamental principle in radiation protection for both radiation
workers and patients is to use the lowest possible radiation dose.

The radiologist should justify every medical exposure, consulting the referring physician when
necessary. In other words, the radiologist should demonstrate that the expected benefit of the
examination outweighs the potential risk of harm caused by radiation exposure. The radiologist
should ensure that the dose delivered to the patient is the lowest level sufficient for diagnosis and
should take into account the relevant Diagnostic Reference Levels (DRLs) established for that
exposure. Optimized protocols for diagnostic and interventional procedures should be developed
together with the medical physicist and the radiology technologist.

Biological Effects of Radiation

Exposure to ionizing radiation may cause biological effects.

Deterministic effects:
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Radiation exposure at doses far above those used in medical imaging causes cell death. Cataract,
skin burns, tissue damage, and organ dysfunction are examples of deterministic effects. These
effects occur above a certain threshold, and the severity of damage increases as the dose
increases.

Stochastic effects:

There is no threshold dose for stochastic effects such as cancer, leukemia, and hereditary
diseases. At low doses, the risk is very low. At doses above 100 mSv, the risk increases linearly.
However, in radiation protection, the linear non-threshold (LNT) model is used; according to this
approach, even low-dose exposure carries a dose-dependent probability of cancer development.
Dose Calculation in CT

Volume CT Dose Index (CTDIvol):

The absorbed dose per unit scan volume in spiral CT.

Dose Length Product (DLP):

DLP = CTDIvol (mGy) x scan length (cm)

It indicates the absorbed radiation energy and potential biological effect. Its unit is mGy-cm.
Effective dose:

It indicates the radiation-induced cancer risk and is expressed in sieverts (Sv). It is obtained by
multiplying the DLP by a conversion factor calculated according to the radiation sensitivity of
tissues.

Justification in CT Use

Justification means that the decision to perform an examination is based on a benefit—risk
assessment. When evaluating cancer risk, the risk that may result from not performing the CT
examination should also be considered.

Every CT examination performed without proper justification unnecessarily increases the
probability of cancer in the patient. If the examination is absolutely necessary, it should be
performed with the lowest dose that provides sufficient diagnostic image quality, in accordance
with the ALARA principle.

Diagnostic Reference Levels — DRLs

Diagnostic Reference Levels determine whether the radiation dose delivered to a patient during a
radiological imaging procedure is unusually high or unusually low under routine conditions.
DRLs are used for the optimization of imaging protocols.

Use of Diagnostic Reference Levels in CT

For a specific examination type and indication, the CTDIvol and DLP values of a group of

patients who have undergone CT are listed. For example, CTDIvol and DLP values may be
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collected from 20 patients who underwent brain CT because of headache. The median value of
this group is then calculated and compared with national or international DRLs.

If the median value exceeds the DRL, the delivered dose is considered high, and dose
optimization is required. If the median value is far below the DRL, image quality should be
checked for possible inadequacy.

DRL comparison is not performed for a single individual, because body size varies between
patients. Therefore, comparison should be made for a group of patients. In addition, performing
this comparison only once is not sufficient; it should be repeated regularly, and optimization
should be updated when necessary.

Dose Optimization in CT

Dose optimization is necessary to minimize radiation risk. It involves performing the
examination with the lowest patient dose while maintaining image quality sufficient to achieve
the clinical objective.

Modification of Tube Current (mA) and Tube Current—Exposure Time Product (mAs)

Tube current is expressed as mA.

mA x gantry rotation time = mAs

There is a linear relationship between mAs and radiation dose. The mAs determines the number
of photons.

If the mAs is reduced by half, the dose is also reduced by half; however, image noise increases.
Lower mAs values should be selected in patients with low body mass index (BMI), when
imaging low-attenuation regions such as the thorax, and when object contrast is naturally high,
such as lung nodules or renal stones.

Modification of Peak Kilovoltage (kVp)

kVp is the maximum voltage applied to the X-ray tube. Reducing kVp decreases the radiation
dose approximately in proportion to the square of the voltage reduction. At low kVp, the
photoelectric effect increases and contrast improves. However, this effect is not pronounced in
most soft tissues; it is more evident in materials with high atomic numbers, such as calcium and
iodine. Since penetration decreases at low kVp, image noise increases and the signal-to-noise
ratio decreases. At high kVp, contrast related to the photoelectric effect decreases. However,
penetration increases and image noise decreases. Since the reduction in noise is more dominant,
the signal-to-noise ratio increases. In contrast-enhanced examinations, such as CT angiography,
and in patients with low BMI, low kVp should be preferred. In patients with high BMI, higher
kVp values should be used.

Modification of Gantry Rotation Time and Table Speed — Pitch Factor
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Gantry rotation time is the time required for the X-ray tube to complete a 360-degree rotation.
The shorter the rotation time, the lower the mAs and the lower the delivered dose.

Pitch is the ratio of the table movement during one tube rotation to the effective slice thickness.
If pitch is high, exposure time and mAs decrease, and radiation dose is reduced; however, image
quality may decrease. Especially in pediatric and uncooperative patients, the use of scanners with
short rotation times and the selection of high pitch values reduce radiation exposure and decrease
motion-related artifacts.

Automatic Exposure Control — AEC

The CT system automatically modifies mA and/or KV according to X-ray attenuation. As the
tube rotates around the patient, the system selects higher mA or kV values in thicker, high-
attenuation body regions and lower values in thinner regions. Thus, patient dose is reduced
without compromising image quality. Different manufacturers have various software systems for
mA and kV modulation. If metallic objects or similar materials are present on the patient, AEC
may increase exposure, resulting in increased patient dose. Therefore, metallic objects such as
earrings should be removed before the examination.

Use of X-Ray Tube Filters

Aluminum, copper, and tin filters absorb low-energy X-rays and reduce patient dose.

Bow-tie filters:

Bow-tie filters homogenize the X-ray beam and reduce patient dose by filtering the higher-
energy central portion of the beam less and the peripheral portions more.

Scan Range and Patient Positioning

Scanning areas outside the anatomical region of interest should be avoided. Extending the scan
range beyond the intended region increases radiation dose.

The patient should be positioned exactly at the center of the scan field, namely at the isocenter.
If the patient is not centered properly, bow-tie filters cannot be used effectively. In cases of off-
centering, thinner peripheral body regions receive higher-intensity X-rays, while thicker central
regions receive lower-intensity X-rays. As a result, image noise increases and the patient is
unnecessarily exposed to higher radiation.

Use of Single-Phase CT Protocols and Dual-Energy CT

Multiphase examinations should not be performed unless necessary. If they do not provide
additional diagnostic information, pre-contrast and post-contrast acquisitions should not be
performed. With dual-energy CT, virtual non-contrast images can be generated. Thus, the need
for a separate non-contrast acquisition may be eliminated.

Iterative Reconstruction — IR
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Iterative reconstruction is an advanced image reconstruction algorithm developed through
improvements in information processing technology.
Compared with filtered back projection, image noise is significantly reduced with IR. Thus, the
contrast-to-noise ratio and image quality are improved. By using IR, the increase in image noise
caused by reducing Ma and Kv can be partially compensated, allowing dose reduction.
Examples of iterative reconstruction algorithms include:

o Siemens: SAFIRE, ADMIRE

e GE: ASIR, Veo

o Philips: iDose

e Toshiba/Canon: AIDR
Artificial Intelligence-Assisted Reconstruction
In filtered back projection, image noise increases and image quality deteriorates as the dose is
reduced. In iterative reconstruction, processing time is relatively long; if dose reduction exceeds
50%, spatial resolution may decrease.
The main goal of deep learning-based reconstruction algorithms is to further reduce patient dose
while preserving image quality and shortening reconstruction time.
FDA-approved deep learning-based algorithms, such as GE Healthcare TrueFidelity and
Canon Advanced Intelligent Clear-IQ Engine (AiCE), are designed to provide high-quality
images by reducing noise.
New Detector Technology: Photon-Counting Detectors
A photon-counting detector system measures the energy of each individual photon separately and
provides higher spatial resolution and improved contrast-to-noise ratio. Thus, small anatomical
structures can be visualized in greater detail and at lower radiation doses.
Siemens NAEOTOM Alpha is one of the first commercially available photon-counting CT
systems. It uses cadmium telluride detectors that distinguish photons according to their energy
levels, thereby improving dose efficiency and spatial resolution.
Conclusion
CT is a method that provides rapid and accurate diagnostic information. However, among
imaging modalities, CT is responsible for the highest radiation dose.
Before performing CT, the benefit-risk ratio should be carefully evaluated, and unnecessary CT
examinations should be avoided. If CT is absolutely necessary, the examination should be
performed with the lowest dose that provides sufficient image quality, in accordance with the

ALARA principle.
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When CT is performed, the appropriate device and technique should be selected, and optimized
protocols should be used.
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OZET
Amag: Bu ¢alismanin amaci bilgisayarli tomografi (BT) sistemlerinin teknolojik gelisim siirecini

literatiir taramasi ile inceleyerek kullanicilara ve hastalara sagladigi faydalar agiklanmistir.

Bilgisayarli tomografi (BT), tibbi goriintiileme alaninda son yillarda onemli teknolojik
gelismelere sahne olmus ve bu gelismeler goriintii kalitesi, radyasyon dozu, uzaysal ¢oziintirlik
ve klinik tanisal dogruluk {izerinde belirgin iyilesmeler saglamistir. Cok dedektorlii sistemlerin
gelistirilmesi, otomatik doz yonetim teknikleri, gelismis goriintli rekonstriiksiyon algoritmalari
ve foton sayict dedektor teknolojileri modern BT sistemlerinin temel doniisiim alanlarimi
olusturmaktadir. Bu ¢aligmada, gilincel BT teknolojilerindeki baslica yenilikler ve bu yeniliklerin

klinik uygulamalara ve hasta dozlarina etkileri incelenmistir.

BT sistemlerinde ilk 6nemli gelismelerden biri ¢ok dedektdrlii BT (Multi Slice CT) sistemlerinin
klinik kullanima girmesi olmustur. Cok dedektorlii yapilar sayesinde daha kisa tarama stireleri,
daha ince kesit kalinliklar1 ve daha yiiksek hacimsel veri elde edilmesi miimkiin hale gelmistir.
Ozellikle dual-source BT sistemleri kardiyak goriintiilleme gibi yiiksek temporal ¢dziiniirlitk
gerektiren incelemelerde onemli avantajlar saglamistir. Radyoterapi tedavi cihazlar1 ve dental
goriintiileme sistemlerinde ise flat-panel dedektor yapisina sahip cone-beam BT cihazlar1 yaygin

olarak kullanilmaktadir.

Radyasyon dozunun azaltilmasi amaciyla gelistirilen otomatik tiip akimi (mA) modiilasyon
teknikleri modern BT sistemlerinin vazgegilmez bir bileseni haline gelmistir. Agisal mA
modiilasyonu, boylamsal mA modiilasyonu ve birlesik modiilasyon teknikleri sayesinde hastanin
anatomik yapisina gore tlip akimi dinamik olarak ayarlanabilmektedir. Bunun yaninda EKG
kontrolli mA modiilasyonu kardiyak BT incelemelerinde 6zellikle diyastol fazinda goriintii
kalitesini korurken sistol fazinda gereksiz radyasyon maruziyetini azaltmaktadir. Otomatik kVp
kontrol sistemleri ise hasta attentiasyon Ozelliklerine gore optimal tlip voltajmi belirleyerek

kontrast-giiriiltii oranin1 korurken ek doz azaltimi saglamaktadir.
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BT goriintii rekonstriiksiyon teknikleri de Onemli bir doniisim gecirmistir. Geleneksel geri
projeksiyon yontemlerinden filtreli geri projeksiyon (FBP) algoritmalara gecis ile goriintii
bulanikligr azaltilmistir. Ancak diisiik doz uygulamalarinda FBP algoritmalarinin giiriiltiiye
duyarli olmasi nedeniyle iteratif rekonstriikksiyon (IR) teknikleri gelistirilmistir. Iteratif
yontemler, sistem geometrisi ve istatistiksel giiriiltii modellerini dikkate alarak goriintii
giriiltiisiinic  azaltmakta ve disiik doz kosullarinda daha yiiksek goriintii kalitesi
saglayabilmektedir. Bunun yaninda metal artefaktlar1 ve 1sin sertlesmesi artefaktlarinda da
azalma saglanabilmektedir. Derin 6grenme tabanli rekonstriiksiyon (DLR) yontemleri BT de
goriintii olusturma algoritmalariin geldigi son gelismedir. DLR modelleri, diisiik dozlu BT
goriintiilerinin; gercek referans (ground-truth) kabul edilen rutin dozlu (yaklasik olarak diisiik
dozun iki ila dort kat1) veya yiiksek dozlu (yaklasik dort ila sekiz kati) goriintiilerle eslestirilmesi
ile egitilir. Artefakt iceren veriler dislk artefaktlhi goriintiilerle eslestirilerek egitildiginde,

DLR’nin artefakt azaltma basaris1 daha da artar.

Dedektor teknolojilerindeki gelismeler de BT’nin donilisimiinde 6nemli rol oynamaktadir.
Geleneksel enerji entegre eden dedektorler (Energy Integrating Detector, EID) X-isin1
fotonlarinin toplam enerjisini Olgerken, foton sayicti BT (Photon Counting Computed
Tomography, PCCT) sistemleri her bir fotonu ayr1 ayr1 sayabilmekte ve enerji ayrimi
yapabilmektedir. PCCT sistemlerinde kullanilan yar1 iletken dedektorler sayesinde elektronik
giiriiltii azaltilmakta, daha yiliksek geometrik etkinlik saglanmakta ve ¢cok daha kiiclik dedektor
elemanlar1 kullanilabilmektedir. Bu durum 6zellikle yiiksek uzaysal c¢oziiniirliik gerektiren
temporal kemik, akciger nodiilii ve koroner arter goriintiilemelerinde 6nemli avantajlar
sunmaktadir. PCCT teknolojisinin en 6nemli katkilarindan biri foton enerjilerinin gruplanmasi
sayesinde spektral goriintiileme yapabilmesidir. PCCT, Beam hardening ve calcium blooming
artefaktlarinda belirgin azalma, Koroner stent degerlendirmelerinde liimen goriintiilemesinin
iyilesmesi ve kii¢iik damar yapilarin daha dogru degerlendirilebildigi gibi bir¢ok dnemli katki

saglamistir.

Anahtar Kelimeler: BT Teknolojisi, Iteratif Rekonstriiksiyon (IR), Derin Ogrenme
Rekonstriiksiyon, Foton Sayicit BT, Spektral BT.

THE EFFECTS OF NEW TECHNOLOGIES ON COMPUTED
TOMOGRAPHY
ABSTRACT
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Objective: The aim of this study was to examine the technological development process of
computed tomography (CT) systems through a literature review and to explain the benefits

provided to users and patients.

Computed tomography (CT) has undergone significant technological advancements in recent
years, and these developments have led to substantial improvements in image quality, radiation
dose, spatial resolution, and clinical diagnostic accuracy. The development of multi-detector
systems, automatic dose management techniques, advanced image reconstruction algorithms, and
photon-counting detector (PCCT) technologies constitute the main transformation areas of
modern CT systems. In this study, the major innovations in current CT technologies and the

effects of these innovations on clinical applications and patient doses were examined.

One of the first major developments in CT systems was the introduction of multi-detector CT
(MDCT) systems into clinical practice. Thanks to multi-detector structures, shorter scanning
times, thinner slice thicknesses, and higher volumetric data acquisition became possible. In
particular, dual-source CT systems have provided significant advantages in examinations
requiring high temporal resolution, such as cardiac imaging. In radiotherapy treatment devices
and dental imaging systems, cone-beam CT devices with flat-panel detector structures are widely

used.

Automatic tube current (mA) modulation techniques developed to reduce radiation dose have
become an indispensable component of modern CT systems. Through angular mA modulation,
longitudinal mA modulation, and combined modulation techniques, tube current can be
dynamically adjusted according to the patient’s anatomical structure. In addition, ECG-
controlled mA modulation reduces unnecessary radiation exposure during the systolic phase
while preserving image quality during the diastolic phase in cardiac CT examinations. Automatic
kVp control systems provide additional dose reduction while maintaining the contrast-to-noise

ratio by determining the optimal tube voltage according to patient attenuation characteristics.

CT image reconstruction techniques have also undergone a significant transformation. The
transition from traditional back projection methods to filtered back projection (FBP) algorithms
reduced image blurring. However, because FBP algorithms are sensitive to noise in low-dose
applications, iterative reconstruction (IR) techniques were developed. Iterative methods reduce
image noise and provide higher image quality under low-dose conditions by taking system
geometry and statistical noise models into account. In addition, reductions in metal artifacts and

beam-hardening artifacts can also be achieved. Deep learning reconstruction (DLR) methods

49



represent the latest advancement in CT image reconstruction algorithms. DLR models are trained
by matching low-dose CT images with routine-dose images (approximately two to four times the
low dose) or high-dose images (approximately four to eight times the low dose), which are
accepted as the ground truth. When artifact-containing data are matched with low-artifact images

during training, the artifact reduction performance of DLR further improves.

Developments in detector technologies also play an important role in the transformation of CT.
While conventional energy-integrating CT (EICT) detectors measure the total energy of X-ray
photons, PCCT systems are capable of counting each photon individually and performing energy
discrimination. Thanks to the semiconductor detectors used in PCCT systems, electronic noise is
reduced, higher geometric efficiency is achieved, and much smaller detector elements can be
utilized. This provides significant advantages particularly in temporal bone, pulmonary nodule,
and coronary artery imaging, where high spatial resolution is required. One of the most important
contributions of PCCT technology is its ability to perform spectral imaging through photon
energy binning. PCCT has provided many important advantages, including significant reduction
of beam-hardening and calcium blooming artifacts, improved lumen visualization in coronary

stent evaluations, and more accurate assessment of small vascular structures.

Keywords: CT Technology, Iterative Reconstruction (IR), Deep Learning Reconstruction,

Photon-Counting CT, Spectral CT.
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ANATOMI BILMEK RADYASYONDAN KORUR MU?
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OZET
Radyoloji teknolojisi 6grencileri i¢in insan anatomisi ve bununla ¢ok baglantili olan fizyoloji

bilgisini 6grenmek, mesleki yetkinligin en temel tasini olusturur. Bu disiplinler sadece akademik
birer zorunluluk degil, radyoloji pratiginin uygulama dili ve giivenlik cercevesidir. Radyoloji
teknikeri icin kapsamli bir anatomi bilgisi; glivenli ve dogru goriintiileme yapilmasini, hasta
bakim standartlarinin yiikseltilmesini ve klinik karar verme siireclerinin sekillenmesini saglar.
Teknikerin bir goriintiileme cihazini sadece bir operator gibi kullanmasiin 6tesine gecerek, elde
edilen gOriintliniin  kalitesini, tanisal yeterliligini ve hastanin radyasyon gilivenligini

yoOnetebilmesi, giiclii bir anatomik temele de dayandirir.

Hastanin radyasyondan korunmasinin IAEA (Uluslararasi Atom Enerjisi Ajansi) ve diger
otoriteler tarafindan formiillestirilmis prensipleri, sadece gerektiginde iyonlastirici radyasyon
iceren incelemenin yapilmasi, bu incelemede tanisal goriintlii olusturmak icin yeterli radyasyon
dozu kullanilmasi1 (optimizasyon) ve yapilan incelemelerin benzer merkezlere yakin ve altinda
ortanca degerlerinde 1smmlama yapilarak gergeklestirilmesidir. Bu silire¢ ise, doz belirtecleri
iizerinden ve ulusal otoritenin yayinlayacagi “Tanisal Referans Diizeyleri” ile karsilastirma ile
yapilabilir. Teknikerin bu prensiplerin gerceklestirilmesinde, her asamada rolii net olarak tarif

edilmistir. Anatomi ve fizyoloji bilgisi ise bu siirecte en 6nemli destegi olacaktir.

Esas olarak, goriintilleme yaparken, olusturulacak goriintlinlin tanisal olmasi hedeflenmekte,
ALARA prensibi anlam olarak tanisal bilgi icerecek goriintiiniin, buna izin veren en diisiikk doz
ile olusturulmasi mantigin1 anlatmaktadir. Burada asil vurgulanan, diisiik doz degil tanisal
goriintlidiir. Tanisal olmayan goriintli, sonra yenilenen incelemeler nedeniyle, hasta dozunun
artmasina dogrudan katki verir. Bu nedenle yapilasi gereken yaklasim ise, gerektiginde dozun
artmas1 pahasina dogru parametrelerin segilmesidir. Ornegin, bir alt ekstremite arterleri BT
anjiyografi incelemesinde, dizlerin distaline kontrast maddenin diisiik kalp atim hacmi (ejeksiyon
fraksiyonu) nedeniyle ge¢ geldigi fark edilebilirse, kruris bolgesinin hemen yeniden taranmasi,

hastaya verilen radyasyonun hafif artmasi pahasina, dogru taniya yardim edebilir. Bu durumda

51


mailto:gokce.atac@beun.edu.tr

doz artsa da, tekrar inceleme yapmayarak doz ve kontrast tasarrufu saglanmis olur. Kruris
artrelerini, bunlarin yerlesimlerini, anatomik seyirlerini bilen BT teknikeri, damarlarin kontrast
ile dolumunun yeterliligini, iki kruris arasi simetriye ve her bir damarin birbirine gore olusan ¢ap

ve dansitlerden net olarak gorebilir.

Anatomi bilgisinin radyasyondan korunmadaki roliinii asagidaki baslilarda inceleyebiliriz.

1. Hastanin goriintiileme sirasinda dogru olarak pozisyonlandirilmasi; anatomik yiizey
isaretgilerini  (nirengi  noktalarin1)  bilmek, hastanin ilk  seferde  dogru
pozisyonlandirilmasini saglar. Bu durum, ilgilenilen/gériintiilenen anatomik bolgenin bir
boliimiiniin detektor veya ilgi alan1 disinda kalarak goriintiiniin bu boliimii icermemesi
(cut-off) ve hatali hizalama nedeniyle c¢ekimin tekrarlanmasini Onleyebilir. Giincel
literatlirde, rontgen tekrarlarinin %18'inin hatali pozisyonlandirmadan kaynaklandigi
belirtilmektedir. Iyi anatomi bilgisi, bu hatalar1 ve dolayisiyla hastanin maruz kaldig
gereksiz ek dozu azaltir. Akciger grafisinin hastanin yataginda g¢ekildigi incelemelerde,
akcigerlerin tamaminin inceleme alanina girmesini saglamak i¢in dogru pozisyonlama

esastir.

2. Etkin Kolimasyon; incelenecek sistem ve/veya organin sinirlarim1 ve komsuluklarimi
bilmek, X-1s1mn1 demetinin sadece gerekli alanla smirlanmasin1 saglar. Gereksiz genis
kolimasyon, hedef dis1 dokularin radyasyon almasina neden olur. Nefrolithiazis amaciyla
kontrastsiz tas protokolii BT uygulanan hastada, tarama oncesi ¢ekilen scanogramda,
renal konturlar1 segebilmek tarama alanmin kiiclilmesini saglar. Benzer sekilde, iiriner
sistem alanlarinin taranmasi istendigi i¢in taramayir Torakal 11 vertebra korpusu ile
simfizis pubis arasinda yapmak, pek ¢ok merkezde uygulananin aksine, tarama alanini

kiigiilterek yaklasik 1/3 daha az radyasyon uygulanmasini saglayabilir.

3. Etkin Zirhlama; gonadlar, tiroid ve meme gibi radyasyona duyarli organlarin viicut
iizerindeki tam projeksiyonlarim1 bilmek, kursun koruyucularin dogru yerlestirilmesini

saglayarak bu organlar1 dogrudan alacaklar1 ekspojurdan korunmalarina yardim edebilir.

4. Teknik Parametrelerin Dogru Sec¢imi; incelenen bodlgenin doku yogunlugunu,
kalinligin1 ve derinligini bilmek, yeterli goriintii kalitesini saglayacak en diisiik dozun

(kVp ve mAs) secilmesine yardimci olur. Viicudun 15 cm den daha ince olan boliimleri
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ile pediatrik hastalarda grid/bucky kullanmamanin getirdigi diisik radyasyon ile

goriintiileme avantajini da bu ¢ergeveden degerlendirebiliriz.

5. Gerg¢ek Zamanh Gozetim; islem sirasinda ekranda olusan goriintiileri anatomik olarak
yorumlayabilmek, patolojik veya normal bir goriiniim olup olmadigini ayirt edebilmek,
kritik bir bulguyu (6rn. pndmotoraks) erken fark edip ¢cekimi sonlandirma veya gereksiz
ek serileri iptal etme karar1 vermeyi saglar. Benzer bir sekilde surrenal bez bolgesini
tanimak, burada kontrastsiz incelemede ortaya koyulan nodiiler/solid lezyonun siirrenal
bezden ayrimini yapabilmek, dansitesini 6lgerek, 10 HU dan kiiciik olmas1 durumunda ise
dinamik kontrastli ek incelemelere baslamamak, hastanin daha diisiik radyasyon almasina
yardim eder. Burada vurgulanan, hastanin tanisal degerlendirilmesinin yapilmasi degil,
radyoloji uzmani gézetiminin tam olamadigi durumlarda da hastanin en az zarar ile

goriintiilenebilmesini saglamaktir.

Radyoloji teknikerinin anatomi ve fizyolojiye hakimiyeti, onu mekanik olarak goérev yapan bir
operatorden hasta giivenligi savunucusuna ve tanisal slirecin aktif bir katilimcisina doniistiiriir.
Anatomi bilgisi, goriintiileme sirasinda "nereye bakilacagini" ve "neyin gosterilmesi gerektigini"
bilmeyi saglayarak, goriintiileme modalitelerinin olanaklarin1 en verimli ve en giivenli sekilde
kullanilmasina yardim eder. Anatomik bilgi eksikligi ise, hastanin risklerini arttirmak yaninda
tanisal hatalara da yol agabilecek goriintiilemeler yapilmasina neden olabilir. Fizyoloji bilgisi,
goriintiilemenin hastanin hangi yas ve yasam evresinde yapilacagini saglamaya yardim eder. Ileri
yaglarda bir hastanin osteoporozdan kaynaklanan kemik dansitesi azalmasin1 6ngérmek, 1s1nlama
parametrelerinin dogru se¢ilmesine katki verir. Kalp atim hizi, ejeksiyon fraksiyonu ve hasta
viicut kitle indeksine dikkat etmek, kalp BT sinde daha az kontrast madde ve i1simnlama

yapilmasini saglayacak protokollerini segmemizi saglayabilir.

Sonug olarak, radyoloji teknolojisi Ogrencileri i¢in anatomi ve fizyoloji 6grenmek, sinavlari
geemek ic¢in yapilan bir ezber degil, dmiir boyu siirecek bir mesleki disiplindir. Giigli bir
anatomik temel; ¢cekim tekrarlarini azaltir, tanisal etkinligi arttirir, radyasyon giivenligi anlayisini
gelistirir ve multidisipliner saglik ekibi i¢indeki profesyonel sayginligi pekistirir. Modern
goriintiileme teknolojilerinin sundugu "gii¢lii gozler", ancak teknikerin "bilgili gozleri" ve etik

sorumluluk bilinciyle birlestiginde en yiiksek standartta hasta bakimi saglanabilir.
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DOES KNOWLEDGE OF ANATOMY CONTRIBUTE TO RADIATION
PROTECTION?
ABSTRACT
For students of radiology technology, acquiring knowledge of human anatomy and the

closely related field of physiology forms the cornerstone of professional competence.
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These disciplines are not merely academic requirements, but constitute the practical
language and safety framework of radiology practice. For a radiography technician,
comprehensive anatomical knowledge ensures safe and accurate imaging, enhances
patient care standards, and shapes clinical decision-making processes. Moving beyond
merely operating an imaging device as an operator, the technician’s ability to manage the
quality of the acquired image, its diagnostic adequacy, and the patient’s radiation safety

is underpinned by a strong anatomical foundation.

The principles for protecting patients from radiation, as formulated by the IAEA (International
Atomic Energy Agency) and other authorities, involve conducting examinations involving
ionising radiation only when necessary, using a radiation dose sufficient to produce diagnostic
images (optimisation), and ensuring that examinations are performed at radiation levels close to
or below the median values of similar centres. This process can be assessed by comparing
radiation dose metrics with the ‘Diagnostic Reference Levels’ published by the national
authority. The radiographer’s role in implementing these principles is clearly defined at every
stage. Knowledge of anatomy and physiology will provide the most crucial support in this

process.

Essentially, when performing imaging, the aim is to produce a diagnostic image; the ALARA
principle, in essence, describes the logic of creating an image containing diagnostic information
using the lowest dose that permits this. The primary emphasis here is not on a low dose, but on a
diagnostic image. Non-diagnostic images directly contribute to an increase in patient dose due to
subsequent repeat examinations. Therefore, the approach that should be adopted is to select the
correct parameters, even at the cost of a higher dose when necessary. For example, in a CT
angiography examination of the lower extremity arteries, if it is observed that the contrast agent
reaches the distal parts of the knees late due to a low cardiac output (ejection fraction),
immediately re-scanning the crural region may aid in reaching the correct diagnosis, even at the
cost of a slight increase in the radiation dose administered to the patient. In this situation,
although the dose increases, avoiding a repeat examination results in savings in both dose and
contrast agent. A CT technologist familiar with the crural arteries, their locations and anatomical
course can clearly assess the adequacy of contrast filling of the vessels, the symmetry between

the two crural arteries, and the diameter and density of each vessel relative to the other.

We can examine the role of anatomical knowledge in radiation protection under the

following headings.
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1. Correct positioning of the patient during imaging; knowing the anatomical
landmarks (landmark points) ensures that the patient is positioned correctly the first time.
This can prevent a section of the anatomical region of interest from falling outside the
detector or field of view—resulting in that section not being included in the image (cut-
off)—and avoid the need to repeat the scan due to misalignment. Current literature
indicates that 18% of X-ray repeats are due to incorrect positioning. A good knowledge
of anatomy reduces these errors and, consequently, the unnecessary additional dose to
which the patient is exposed. In examinations where a chest X-ray is taken with the
patient in bed, correct positioning is essential to ensure that the entire lungs are within the

field of view.

2. Effective Collimation: Knowing the boundaries and adjacent structures of the system
and/or organ being examined ensures that the X-ray beam is confined solely to the
necessary area. Unnecessary wide collimation results in radiation exposure to non-target
tissues. In a patient undergoing a non-contrast stone protocol CT scan for nephrolithiasis,
being able to identify the renal contours on the scanogram taken prior to the scan allows
the scanning field to be reduced. Similarly, when scanning the urinary system is required,
performing the scan between the 11th thoracic vertebral body and the symphysis pubis—
unlike the practice in many centres—can reduce the scan field, thereby reducing radiation

exposure by approximately one-third.

3.  Effective Shielding; knowing the exact anatomical locations of radiation-sensitive
organs such as the gonads, thyroid and breasts on the body can help protect these organs

from direct exposure by ensuring lead shields are correctly positioned.

4. Correct Selection of Technical Parameters; knowing the tissue density, thickness and
depth of the region being examined helps in selecting the lowest dose (kVp and mAs)
that will provide adequate image quality. Within this framework, we can also assess the
imaging advantage of reduced radiation exposure achieved by not using a grid/bucky in

areas of the body thinner than 15 cm and in paediatric patients.

5. Real-time monitoring: this enables the anatomical interpretation of images appearing
on the screen during the procedure, distinguishes between pathological and normal
appearances, and allows for the early detection of critical findings (e.g. pneumothorax),
thereby facilitating the decision to terminate the scan or cancel unnecessary additional

series. Similarly, identifying the adrenal gland region and distinguishing a nodular/solid
56



lesion revealed in a non-contrast scan from the adrenal gland itself, whilst measuring its
density, helps to minimise the patient’s radiation exposure by avoiding the initiation of
dynamic contrast-enhanced follow-up scans if the density is less than 10 HU. The
emphasis here is not on performing the patient’s diagnostic assessment, but on ensuring
that the patient can be imaged with minimal harm even in situations where the

radiologist’s supervision is not fully available.

A radiology technologist’s mastery of anatomy and physiology transforms them from a mere
operator performing mechanical tasks into a champion of patient safety and an active participant
in the diagnostic process. Knowledge of anatomy enables them to know ‘where to look’ and
‘what needs to be shown’ during imaging, thereby helping to utilise imaging modalities in the
most efficient and safest manner. A lack of anatomical knowledge, however, can lead to imaging
procedures that not only increase the patient’s risks but may also result in diagnostic errors.
Knowledge of physiology helps determine at what age and life stage the imaging should be
performed. Anticipating reduced bone density due to osteoporosis in an elderly patient
contributes to the correct selection of radiation parameters. Paying attention to heart rate,
ejection fraction and the patient’s body mass index can help us select protocols that require less

contrast agent and radiation in cardiac CT scans.

In conclusion, for students of radiological technology, learning anatomy and physiology is not
merely rote learning for passing exams, but a lifelong professional discipline. A strong
foundation in anatomy reduces the need for repeat scans, enhances diagnostic effectiveness,
improves understanding of radiation safety, and reinforces professional standing within the
multidisciplinary healthcare team. The ‘sharp eyes’ offered by modern imaging technologies can
only deliver the highest standard of patient care when combined with the technologist’s

‘knowledgeable eyes’ and a sense of ethical responsibility.

References

1. Lone, M., Sheikh, A. H., Factor, A., Moore, N., & Javaid, M. A. (2022). Impact of a multimodal
anatomy CPD course on intravenous cannulation skills — An Irish radiographers and radiation
therapists’ perspective. Eur J Anat, 26(1), 73-86. DOI: 10.52083/QPAW2060.

2. O’Keeffe, G. W., Davy, S., & Barry, D. S. (2019). Radiologist’s views on anatomical knowledge
amongst junior doctors and the teaching of anatomy in medical curricula. Annals of Anatomy, 223,

70-76. DOI: 10.1016/j.aanat.2019.01.011.

o1/



Althobaity, M. K., Aldhahri, L. S., Saeid Alenezi, H. M., et al. (2024). Radiology Technologists’
Pivotal Role in Early Detection and Systematic Escalation of Incidental Critical Findings During
Imaging Proceduresg. DOL: https://doi.org/10.22399/ijcesen.4739

Whitley, A. S., Jefferson, G., Holmes, K., Sloane, C., Anderson, C., & Hoadley, G. (2015). Clark’s
Positioning in Radiography. 13th Edition. CRC Press. ISBN: 978-1-4441-2235-0.

Alamoudi, D., et al. (2025). Assessing knowledge of radiation protection and safety among
undergraduate and intern students. Advances in Medical Education and Practice, 16, 1151-1158.
DOI: 10.2147/AMEP.S521381

Yucel-Finn, A., McKiddie, F., Prescott, S., & Griffiths, R. (2024). Farr's Physics for Medical
Imaging. 3rd Edition. Elsevier. ISBN: 978-0-7020-8364-8.

Lim, C.S., Lee, Y. S., Lee, Y. D., & Kim, H. S. (2017). Job competency of radiological technologists.
J Educ Eval Health Prof, 14,9. DOI: 10.3352/jeehp.2017.14.9.

Alexander, M., Montalbano, M. J., & Loukas, M. (2025). Learning Anatomy With Radiology: A
Systematic Review. Clinical Anatomy. DOI: 10.1002/ca.70048.

Barger, J. B., Resuehr, D., & Edwards, D. N. (2023). Radiology for anatomy educators: Success of an
online, 2-day course for radiology training. Anatomical Sciences Education, 16(5), 958-968. DOLI:

10.1002/ase.2284.

58


https://doi.org/10.22399/ijcesen.4739
https://doi.org/10.2147/amep.s521381

ANATOMININ RADYOLOJIiK GORUNUMU, NE? NEDEN? NASIL?
Giirdogan AYDIN

Osr. Gor. Kirsehir Ahi Evran Universitesi Saglik Hizmetleri Meslek Yiiksek Okulu

gur.aydin@hotmail.com

OZET

Anatomi, tip egitiminin ve klinik uygulamanm temel tasidir; ancak geleneksel kadavra
diseksiyonu tek basina modern tibbin ihtiyaglarini karsilamakta yetersiz kalabilmektedir.
Radyolojik anatomi, anatomik yapilarin invaziv olmayan yontemlerle canli doku {izerinde
goriintiilenmesi olarak tanimlanabilir. Giiniimiizde radyolojik goriintiileme teknikleri, karmagik
anatomik yapilarin {i¢ boyutlu ve dinamik bir bi¢cimde incelenmesine olanak taniyarak,
inceleyenlerin uzamsal iligkileri kavramasini ve klinik becerilerini gelistirmesini saglamaktadir.
Radyolojik goriintiileme teknikleri, anatomik yapilar1 farkl fiziksel prensiplerle ortaya koyar:
Radyografi: Dokularin yogunluk farklarina dayanir; 6zellikle kemik yapilar ve akciger parankimi
gibi yiiksek kontrastli bolgelerin incelenmesinde temel yontemdir. Radyografik goriintliniin
kalitesini ve tanisal degerini belirleyen dort temel fiziksel 6zellik bulunmaktadir: Dansite,
Kontrast, Uzaysal Coziiniirliikk ve Distorsiyon.

Dansite, bir radyografik goriintiideki genel kararma miktarin1 veya dijital sinyal yogunlugunu
ifade eder. Doz parametreleri ile dogrudan iligkilidir. Yetersiz dansite goriintiiniin ¢ok soluk
olmasina, asir1 dansite ise goriintliniin ¢ok karanlik (doygun) olmasina neden olarak anatomik
detaylarin kaybolmasina yol agar.

Kontrast, goriintii tizerindeki farkli bolgeler arasindaki optik yogunluk farkidir. Dokularin
birbirinden ayirt edilmesini saglar. Subje Kontrast1: Incelenen dokunun atom numarasi, fiziksel
yogunlugu ve kalnligina baghdir. Ornegin, kemik ve hava arasidaki yogunluk farki yiiksek bir
subje kontrastt olusturur. Goriintii Kontrasti: Radyasyon enerjisi (kVp), sagilan radyasyon
miktar1 ve kullanilan goriintiileme sisteminin (film veya dijital dedektor) duyarliligi ile belirlenir.
Uzaysal ¢Oziiniirlik: Birbirine ¢ok yakin iki yapmin ayr1 ayri segilebilme yetenegidir ve
genellikle milimetredeki ¢izgi ¢ifti sayis1 (Ip/mm) ile ol¢iiliir. Odak noktas1 (focal spot) boyutu,
hasta hareketi ve goriintiileme sistemindeki giiriiltii (noise) keskinligi dogrudan etkiler.
Distorsiyon: Goriintiilenen nesnenin gergek boyutu veya seklinden sapmasidir. Boyut
Distorsiyonu: Nesnenin filmden uzakligi (object-to-film distance) arttikga veya tiipiin filme

uzaklig1 azaldik¢a goriintli biiyiir. Sekil Distorsiyonu: X-1s1m tiipii, nesne ve film arasindaki
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yanlis hizalanma sonucu olusur ve anatomik yapinin oldugundan farkli (egri veya uzamis)
goriinmesine neden olur.

Ideal bir radyogramda amag, miimkiin olan en yiiksek detay1 saglamak, doku farkliliklarini ayirt
edecek optimal kontrasti yakalamak, taniy1r zorlastirmayacak uygun dansiteye ulagmak ve
distorsiyonu minimuma indirmektir. Radyografik goriintiide anatomik yapilar degerlendirilirken
olusturulmus olan gorintiiniin ideal bir goriintii olup olmadigi 6nem tagimaktadir. Tibbi
Gorlntiileme Teknikerleri tanisal dogruluk icin radyografik goriintii olusturma siireclerini iyi
bilmeli ve dogru yonetebilmelidir.

Bilgisayarli Tomografi: Kesitsel goriintiilleme avantaji sunar. Kemik anomalileri, kanamalar ve
tiimorlerin saptanmasinda {stiin performans sergiler. BT cihazi i¢inde bulunan X-1g1im tlipii ve
karsisindaki dedektor dizisi, hasta etrafinda 360 derecelik bir agiyla hizla doner. Bu doniis
sirasinda viicuttan gegen X-isinlari, dokularin yogunluguna gore belirli oranlarda zayiflar
(atenuasyon). Modern cihazlarda kullanilan helikal (spiral) tarama ydntemi sayesinde, X-1gin1
kaynagi donerken hasta masasi da hareket eder ve bu sayede viicut hacimsel olarak, bosluk
kalmadan taranir. Dedektorlerden gelen ham veriler, karmasik matematiksel algoritmalar
kullanilarak islenir.

BT goriintiisiinlin en belirgin 6zelligi, iist iiste binen doku golgelerinin ortadan kaldirilmasi ve
yiiksek kontrast ¢oziiniirliigiidiir. Hounsfield Unitesi: Dokularin yogunluklar1 standart bir dlcekle
ifade edilir. Su 0 HU, hava -1000 HU ve yogun kemik dokusu +400 ile +3000 HU arasinda
degerler alir. Bu 0lgek, radyologun doku tiirlinii (yag, sivi, kanama gibi) kesin olarak
tanimlamasini saglar. Pencereleme: Insan gozii binlerce gri tonunu ayirt edemez. Bu nedenle,
sadece incelenmek istenen doku grubuna (6rnegin sadece akciger parankimi veya sadece kemik)
odaklanan belirli HU araliklar1 gri skalaya haritalanir. Goriintii ¢ekildikten sonra sadece aksiyel
(enine) degil, koronal (6nden) veya sagital (yandan) kesitler de olusturulabilir.

BT, doku yogunluklarin1 matematiksel bir kesinlikle 6lgerek viicudun i¢ yapisini ii¢ boyutlu ve
yiiksek ¢oziintirliiklii bir haritaya dontstiiriir. Tibbi Goriintiileme Teknikerleri tanisal dogruluk
icin Tomografik goriintii olusturma siireglerini iyi bilmeli ve dogru yonetebilmelidir.

Manyetik Rezonans Goriintiileme: Yumusak doku ¢6ziiniirliigii en yiiksek yontemdir. Radyasyon
icermez ve viicuttaki hidrojen protonlarinin 1.5 Tesla gibi giiclii manyetik alanlardaki
davraniglarin1 kullanarak detayli anatomik haritalar ¢ikarir. Viicuttaki su ve yag molekiillerinde
bulunan hidrojen protonlar, manyetik alanla ayni hizaya gelir. Radyofrekans pulslar
gonderildiginde bu protonlar uyarilir ve puls kesildiginde eski hallerine donerken (relaksasyon)

bir sinyal yayarlar. Goriintii "dansite" degil, "sinyal yogunlugu" (intensity) lizerinden yorumlanur.
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Yiiksek sinyal veren yapilar beyaz (hiperintens), diisiik sinyal verenler ise siyah (hipointens)
gorundr.

MRG'nin en biiyiik avantaji, dokularin manyetik geri doniis siirelerinin (relaksasyon zamanlar)
birbirinden farkli olmasidir. Bu sayede anatomik yapilar doku karakterine gore ayirt edilir:

T1 Agirlikli Goriintiiler: Anatomik detaylarin en iyi izlendigi sekanslardir. Yag dokusu ¢ok
parlak (beyaz) goriiniir. Su ve beyin omurilik sivist koyu renkli goriintir. Organ sinirlarini ve
anatomik planlar1 belirlemek i¢in idealdir.

T2 Agirhikli Goriintiiler: Patolojileri ve sivi artisin1 saptamak i¢in kullanilir. Su ve BOS ¢ok
parlak (beyaz) goriiniir. Yag dokusu T1'e gore daha soniik kalir. Ozellikle 8dem, iltihap veya kist
gibi s1v1 igeren yapilarin anatomik komsuluklarini belirlemede iistiindiir.

Proton Dansite agirlikli goriintiileme: Doku kontrastinin T1 veya T2 relaksasyon etkilerinden
arindirilarak, dogrudan dokudaki birim hacim basina diisen mobil hidrojen protonu sayisina
dayandirildigr bir yontemdir. PD goriintiileri, dokularin su ve yag icerigini "saf" halleriyle
haritalandirmay1 hedefler.

Sinyal Yogunlugu: Mobil hidrojen protonu sayis1 azaldik¢a (saf sudan yaga ve kati dokulara
dogru) sinyal siddeti de azalir.

Ayirt Edici Ozellikler: Beyin dokusunda, yerel ve kiiresel degisimleri betimlemek, yaslanma ve
patolojileri karakterize etmek i¢in su hacim fraksiyonunu (water volume fraction) haritalandirir.
Anatomik yapilarin MRG'deki ayirt edici 6zellikleri sdyledir: Kemik: Kortikal kemik (sert dis
tabaka) cok az hidrojen icerdigi icin her iki sekansta da sinyalsiz, yani siyah goriiniir. Ancak
kemik iligi yag icerdigi i¢cin T1'de parlak izlenir. Hava: Akcigerler veya siniislerdeki hava proton
icermedigi i¢in goriintiide siyah bosluklar olarak belirir. Yumusak Dokular: Kaslar orta diizeyde
gri sinyal verirken; ligamentler, tendonlar ve meniskiisler (yogun kollajen yapilar1 nedeniyle)
genellikle siyah (distik sinyal) goriinerek ¢evre dokulardan net bir sekilde ayrilirlar. Damarlar:
Hizli akan kan, "flow void" denilen bir etkiyle sinyal vermez ve damarlar siyah goriiniir; bu da
kontrast madde kullanmadan bile biiyiik damar anatomisinin se¢ilmesini saglar.

MRG, dokularin su ve yag igerigine bagli olan manyetik sinyallerini kullanarak, higbir
goriintiileme yonteminin ulasamadig1 detayda bir yumusak doku haritasi sunar.

MR’da uygulanan farkli sekanslar sonsuz doku kontrasti olusturmaya olanak tanir. Anatomik
yapilarin degerlendirilmesinde goriintiiniin olusturuldugu sekansa gore anatomik yapilar ytiksek
sinyal veya diisiik sinyali izlenir.

Anatomik yapilarin radyolojik goriiniimii degerlendirilirken goriintiiniin elde edildigi modalite ve
uygulanan teknik parametreler ile goriintiileme 6zellikleri dnemlidir. Anatomik yapilarin dogru

tanimlanmas1 ve patolojilerin tespiti ic¢in radyolojik goriintiileme yontemlerinde goriintii
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olusturma siireclerini yoneten tibbi goriintiileme teknikerlerinin neyi, neden, nasil yapmalari

gerektigi ve neyi, neden, nasil gosterebilecekleri konusunda donanimli olmalar1 gerekmektedir.
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RADIOLOGICAL APPEARANCE OF ANATOMY: WHAT? WHY?
HOW?
ABSTRACT

Anatomy is the cornerstone of medical education and clinical practice; however, traditional
cadaver dissection alone may be insufficient to meet the needs of modern medicine. Radiological
anatomy can be defined as the visualization of anatomical structures in living tissue using non-
invasive methods. Today, radiological imaging techniques allow complex anatomical structures
to be examined in a three-dimensional and dynamic manner, enabling observers to understand
spatial relationships and improve their clinical skills.

Radiological imaging techniques demonstrate anatomical structures through different physical

principles.
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Radiography

Radiography is based on differences in tissue density and is a fundamental method, particularly
for the examination of high-contrast regions such as bony structures and lung parenchyma. Four
main physical properties determine the quality and diagnostic value of a radiographic image:
density, contrast, spatial resolution, and distortion.

Density refers to the overall degree of blackening in a radiographic image or the digital signal
intensity. It is directly related to exposure parameters. Insufficient density causes the image to
appear too pale, whereas excessive density causes the image to appear too dark or saturated,
resulting in the loss of anatomical details.

Contrast is the difference in optical density between different regions on the image. It allows
tissues to be distinguished from one another.

Subject contrast depends on the atomic number, physical density, and thickness of the tissue
being examined. For example, the density difference between bone and air creates high subject
contrast.

Image contrast is determined by radiation energy, namely kVp, the amount of scattered radiation,
and the sensitivity of the imaging system, whether film-based or digital detector-based.

Spatial resolution is the ability to distinguish two structures that are very close to each other and
is usually measured as the number of line pairs per millimeter, or Ip/mm. Focal spot size, patient
motion, and noise in the imaging system directly affect image sharpness.

Distortion is the deviation of the imaged object from its true size or shape.

Size distortion occurs when the object-to-film distance increases or when the tube-to-film
distance decreases, resulting in image magnification.

Shape distortion occurs due to misalignment between the X-ray tube, the object, and the film,
causing the anatomical structure to appear different from its actual form, such as curved or
elongated.

In an ideal radiograph, the aim is to achieve the highest possible detail, obtain optimal contrast
sufficient to distinguish tissue differences, reach an appropriate density that does not complicate
diagnosis, and minimize distortion. When evaluating anatomical structures on a radiographic
image, it is important to determine whether the produced image is an ideal image. Medical
imaging technologists should have a good understanding of radiographic image formation
processes and should be able to manage them correctly for diagnostic accuracy.

Computed Tomography: Computed tomography provides the advantage of cross-sectional
imaging. It demonstrates superior performance in detecting bone abnormalities, hemorrhage, and

tumors. The X-ray tube inside the CT scanner and the detector array opposite it rotate rapidly
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around the patient through 360 degrees. During this rotation, X-rays passing through the body
are attenuated at different rates depending on tissue density.

With the helical, or spiral, scanning method used in modern scanners, the patient table moves
while the X-ray source rotates. In this way, the body is scanned volumetrically without gaps.
Raw data obtained from the detectors are processed using complex mathematical algorithms.

The most distinctive feature of CT imaging is the elimination of superimposed tissue shadows
and its high contrast resolution.

Hounsfield Unit: Tissue densities are expressed using a standardized scale. Water is assigned a
value of 0 HU, air -1000 HU, and dense cortical bone ranges between approximately +400 and
+3000 HU. This scale enables the radiologist to define tissue types, such as fat, fluid, or
hemorrhage, with greater precision.

Windowing: The human eye cannot distinguish thousands of shades of gray. Therefore, specific
HU ranges focused on the tissue group of interest, such as lung parenchyma or bone, are mapped
onto the grayscale. After image acquisition, not only axial, or transverse, sections but also
coronal, or frontal, and sagittal, or lateral, sections can be reconstructed.

CT transforms the internal structure of the body into a three-dimensional, high-resolution map by
measuring tissue densities with mathematical precision. Medical imaging technologists should
have a good understanding of tomographic image formation processes and should be able to
manage them correctly for diagnostic accuracy.

Magnetic Resonance Imaging

Magnetic resonance imaging is the modality with the highest soft tissue resolution. It does not
involve ionizing radiation and creates detailed anatomical maps by using the behavior of
hydrogen protons in the body under strong magnetic fields, such as 1.5 Tesla.

Hydrogen protons found in water and fat molecules in the body align with the magnetic field.
When radiofrequency pulses are applied, these protons are excited, and when the pulse is
terminated, they emit a signal while returning to their previous state, a process known as
relaxation.

The image is interpreted not according to “density” but according to signal intensity. Structures
with high signal appear white, or hyperintense, whereas structures with low signal appear black,
or hypointense.

The greatest advantage of MRI is that tissues have different magnetic recovery times, known as
relaxation times. This allows anatomical structures to be distinguished according to tissue

characteristics.
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T1-Weighted Images: T1-weighted images are the sequences in which anatomical details are
best visualized. Fat tissue appears very bright, or white. Water and cerebrospinal fluid appear
dark. These images are ideal for identifying organ boundaries and anatomical planes.
T2-Weighted Images: T2-weighted images are used to detect pathology and increased fluid
content. Water and cerebrospinal fluid appear very bright, or white. Fat tissue appears less bright
compared with T1-weighted images. T2-weighted imaging is particularly useful for determining
the anatomical relationships of fluid-containing structures such as edema, inflammation, or cysts.
Proton Density-Weighted Imaging

Proton density-weighted imaging is a technique in which tissue contrast is minimized from T1
and T2 relaxation effects and is based directly on the number of mobile hydrogen protons per
unit volume in the tissue. Proton density images aim to map the water and fat content of tissues
in a more “pure” form.

Signal intensity: As the number of mobile hydrogen protons decreases, from pure water toward
fat and solid tissues, signal intensity also decreases.

Distinguishing features: In brain tissue, proton density imaging maps the water volume fraction
to describe local and global changes and to characterize aging and pathological processes.
Distinguishing MRI Features of Anatomical Structures

Bone: Cortical bone, the hard outer layer, contains very little hydrogen and therefore appears
signal-free, or black, on both T1- and T2-weighted sequences. However, bone marrow contains
fat and therefore appears bright on T1-weighted images.

Air: Air in the lungs or paranasal sinuses contains no protons and therefore appears as black
voids on the image.

Soft tissues: Muscles show intermediate gray signal intensity. Ligaments, tendons, and menisci
generally appear black, or low-signal, due to their dense collagen structure and can be clearly
distinguished from surrounding tissues.

Vessels: Fast-flowing blood may produce no signal due to the effect known as flow void, causing
vessels to appear black. This enables visualization of major vascular anatomy even without
contrast administration.

MRI provides a soft tissue map with a level of detail unmatched by other imaging methods by
using magnetic signals related to the water and fat content of tissues.

Different MRI sequences allow the creation of a wide range of tissue contrasts. In the evaluation
of anatomical structures, these structures may appear with high or low signal intensity depending

on the sequence used to generate the image.
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When evaluating the radiological appearance of anatomical structures, the imaging modality,
technical parameters, and imaging characteristics are of great importance. For the accurate
identification of anatomical structures and detection of pathologies, medical imaging
technologists who manage the image formation processes in radiological imaging methods must
be well equipped regarding what they should do, why they should do it, how they should do it,
and what they can demonstrate, why, and how.
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Di$ HEKIMLIGINDE RADYASYONDAN KORUNMA: HASTA SECIMI VE

RADYASYONA MARUZ KALMANIN SINIRLANDIRILMASINA YONELIK
GUNCEL YAKLASIMLAR

Aydan ACIKGOZ
Prof. Dr., Kapadokya Universitesi, Dis Hekimligi Fakiiltesi, Ag1z, Dis ve Cene Radyolojisi
Anabilim Dali, Nevsehir, Tiirkiye.
aydan.acikgoz(@kapadokya.edu.tr
OZET

Dis hekimliginde radyolojik goriintiileme; hastaliklarin tan1 ve takip asamalarinda anamnez ve
klinik muayeneye yardimei olarak kullanilan vazgegilmez bir muayene yontemidir. Ilk dis
goriintiisii 1896 yilinda elde edilmis ve giiniimiize kadar yontem ve cihazlarin modernizasyonu
ile birlikte dental radyograflar giderek artan bir sekilde yaygin olarak kullanilmaya baglanmistir.
Dental radyolojik incelemelerde iyonize radyasyon dozu diisiikk olmakla birlikte tiim tibbi
radyolojik uygulamalarin iigte birini dishekimligi alanindaki uygulamalar olusturmaktadir.
Dental diagnostik doz oranlar1 esik dozunun altinda olmasi nedeniyle biyolojik dokularda
deterministik etkilere neden olmamakla birlikte kanser gelisimi gibi esik dozu belli olmayan
stokastik etkilere neden olabilmektedir. Son yillarda diisiik doz radyasyona bagl kanser gelisim
riskini belirleyen “Radyasyon riski i¢in dogrusal esiksiz doz modeli [LNT] “ gelistirilmistir ve
bu modele gore sifirin {izerindeki radyasyon dozlarinda ilave Sliimciil kanser ve/veya kalitsal
bozukluk riskinin dozla dogru orantili olarak arttigin1 kabul edilmektedir. Radyasyondan
korunmaya yonelik tavsiyelerde bulunan uluslararasi diizeydeki kuruluslar dis hekimliginde
radyolojik uygulamalarda gereksiz X-isinlarina maruziyetten kacinmak ve radyolojik
incelemelerde minimum dozla maksimum yararin elde edilebilmesi i¢in hekimleri bilgilendirici
ve periyodik olarak giincellenen rehberler olusturmuslardir. Radyasyon dozunu azaltmada;
gerekcelendirme, etkinlik ve doz sinirlandirmasi kurallarima uyulmalidir. Film alimina her
hastaya gore bireysel olarak karar verilmelidir. Sonug¢ olarak, dis hekimliginde radyasyon
giivenligi; dogru hasta secimi, uygun teknik uygulamalar ve koruyucu onlemlerle saglanabilir.
Bu yaklagim, tanisal etkinligi korurken radyasyon risklerini en aza indirmeyi hedefler.

Anahtar Kelimeler: Dental radyoloji, radyasyondan korunma, hasta se¢im kriterleri,

optimizasyon.
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RADIATION PROTECTION IN DENTISTRY: CURRENT
APPROACHES TO PATIENT SELECTION AND LIMITATION OF
RADIATION EXPOSURE

ABSTRACT

Radiological imaging in dentistry is an indispensable examination method used as an adjunct to
patient history and clinical examination in the diagnosis and follow-up of diseases. The first
dental image was obtained in 1896, and since then, with the modernization of techniques and

equipment, dental radiographs have become increasingly widespread.

Although the ionizing radiation dose in dental radiological examinations is low, dental
applications constitute approximately one-third of all medical radiological procedures. Since
diagnostic doses in dental radiology are below the threshold dose, they do not cause
deterministic effects in biological tissues; however, they may lead to stochastic effects, such as

cancer development, for which no threshold dose has been clearly defined.

In recent years, the linear no-threshold model for radiation risk (LNT) has been developed to
estimate the risk of cancer development associated with low-dose radiation exposure. According
to this model, radiation doses above zero are assumed to increase the risk of additional fatal

cancer and/or hereditary disorders in direct proportion to dose.

International organizations that provide recommendations on radiation protection have prepared
periodically updated guidelines to inform dentists about avoiding unnecessary exposure to X-
rays in dental radiological practices and achieving maximum diagnostic benefit with minimum
radiation dose. To reduce radiation dose, the principles of justification, optimization, and dose
limitation should be followed. The decision to obtain radiographic images should be made

individually for each patient.

In conclusion, radiation safety in dentistry can be achieved through appropriate patient selection,
proper technical procedures, and protective measures. This approach aims to minimize radiation

risks while preserving diagnostic efficacy.

Keywords: Dental radiology, radiation protection, patient selection criteria, optimization.
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OZET

Rontgen goriintiilemede radyasyon giivenligi ve goriintii kalitesinin siirdiiriilebilirligi, biiytlik
ol¢iide yiiksek maliyetli ithal ekipmanlar ve dis kaynakli teknik servislerle yiiriitiilen kalite ve
kontrol siireglerine dayanmaktadir. Bu durum, saglik kurumlarinda ciddi bir ekonomik ytiik
olusturmanin yani sira, denetim siireclerinde disa bagimliliga ve zaman zaman teknik
aksamalara yol agmaktadir. Bu ¢alismanin temel amaci; ALARA (As Low As Reasonably
Achievable: Makul Olarak Gergeklestirilebilecek Olgiide Diisiik) prensibi gercevesinde
radyasyon dozunu optimize eden, biyomedikal birimlerin kurum i¢i denetim yetkinligini
artiran ve ithal muadillerine kiyasla diisiik maliyet avantaji sunan ¢ok fonksiyonlu, yerli bir
rontgen cihazi fantomu gelistirmektir. Calisma, radyolojik tetkiklerde radyasyon dozunu
minimize ederek goriintii kalitesini uluslararasi standartlarda tutmayi1 ve yerli imkanlarla
stirdiiriilebilir bir kalite kontrol metodolojisi olusturmay1 hedeflemektedir. Gelistirilen

biitiinlesik sistemde kullanilan temel bilesenler sunlardir:

PMMA (Pleksiglas) Taban Plakasi, Aliiminyum Kontrast Bloklar (Dinamik Aralik), Bakir
Uzaysal Coziiniirliik Seti, Bakir Kolimasyon Cergeveleri ve Isin Dikligi Modiili
(Aliiminyum/Celik kombinasyonu)

Tasarlanan yerli fantom; kontrast ¢oziiniirliik, uzaysal ¢oziiniirliik, kolimasyon ve 1s1n dikligi
testlerini tek bir ¢ekim karesinde birlestirmeyi basarmistir. Geleneksel yontemlerden farkli
ekipmanlarla ayr1 ayr1 yapilan testlerin tek bir platformda toplanmasi, 6l¢lim hassasiyetini

korurken operasyonel siireyi ve maliyeti minimize etmistir.
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Yerli imkanlarla tiretilen bu ¢ok fonksiyonlu fantom, hastane biinyesinde siirdiiriilebilir bir
teknik denetim mekanizmasi sunmaktadir. Tek bir pozlama ile kapsamli raporlama saglayan
bu ¢oziim, hem radyasyon giivenligini optimize etmekte hem de klinik goriintii kalitesini
uluslararas1 standartlarda tutarak ekonomik kazan¢ saglamaktadir. Gelistirilen fantom
iiniversite hastanesi blinyesindeki radyoloji biriminde rontgen cihazlarinin kalite kontrol
testlerinde  kullanilmistir.  Yapilan testler sonucunda cihazlarin  goriintii  kaliteleri
degerlendirilebilmistir. S6z konusu fantomun gerek fonksiyonellik gerekse de maliyet
ozellikleri hesaba katildiginda radyolojik goriintiilleme birimlerinde ve egitim amacgli olarak

tiniversitelerin laboratuvarlarinda kullanilabilme potansiyeli oldugu ortaya konulmustur.

Anahtar Kelimeler: Kalite Kontrol, Rontgen Fantomu, Kolimasyon, Uzaysal Rezoliisyon,

Kontrast Rezoliisyon

DESIGN OF A MULTIFUNCTIONAL INDIGENOUSLY TEST
PHANTOM FOR QUALITY CONTROL TESTS OF X-RAY DEVICES
ABSTRACT

In diagnostic radiology, radiation safety and the sustainability of image quality in X-ray imaging
largely depend on quality, and control processes carried out with high-cost imported equipment
and externally sourced technical services. This situation not only creates a significant economic
burden for healthcare institutions but also leads to dependence on external providers during

inspection processes and, at times, technical problems.

The primary aim of this study is to develop a multifunctional, locally produced X-ray device
phantom and analysis system that optimizes radiation dose within the framework of the ALARA
(As Low As Reasonably Achievable) principle, enhances the in-house inspection capabilities of

biomedical units, and offers a cost advantage compared to imported equivalents.

The study aims to minimize radiation dose and reduce the margin of error in radiological
examinations while maintaining clinical diagnostic image quality at international standards, and
to establish a sustainable quality control methodology using local resources. The main

components used in the developed integrated system are as follows:
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PMMA (Plexiglass) for Base Plate, Aluminum Contrast Blocks for Dynamic Range, Copper
Spatial Resolution Set, Copper Collimation Frames and Beam Perpendicularity Module

(Aluminum/Steel Combination)

The designed local phantom successfully integrates contrast resolution, spatial resolution,
collimation accuracy, and beam perpendicularity tests within a single exposure frame. Unlike
traditional methods, where these tests are conducted separately using different equipment,
combining them on a single platform preserves measurement accuracy while minimizing

operational time and cost.

This multifunctional phantom, produced using local resources, provides a sustainable technical
inspection mechanism within hospitals. By enabling comprehensive reporting with a single
exposure, this solution optimizes radiation safety while maintaining clinical diagnostic image
quality at international standards, thereby also offering economic benefits. The developed
phantom was used in the quality control tests of X-ray devices in the radiology department of the
university hospital. As a result of the tests conducted, the image quality of the devices could be
evaluated. Considering both its functional capabilities and cost advantages, the phantom
demonstrates significant potential for use in radiological imaging units as well as in university

laboratories for educational purposes.

Keywords: Quality Control, X-ray Phantom, Collimation, Spatial Resolution, Contrast Resolution
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OZET
Giris ve Amag: Radyoterapi planlama siirecinde hedef hacmin ve kritik organlarin dogru

tanimlanmasi ile solunum hareketinin yonetimi igin toraks bdlgesine uygulanan 4B bilgisayarli
tomografi (4B BT) ¢ekimleri klinik agidan biiyiik 6neme sahiptir. Ancak bu teknoloji, hastalarin
tedavi siireci boyunca aldig1 kiimiilatif radyasyon dozunun artmasina neden olabilmektedir. Bu
calismanin amaci, kurumumuzda radyoterapi planlamasi i¢in kullanilan 4B BT protokollerinde
toraks tanisal referans doz diizeylerini (DRL) ve yerel referans seviyelerini (LDRL)

belirlemektir.

Materyal ve Metot: Calismamiz kapsaminda, toraks bolgesi i¢cin 4B BT ¢ekimi yapilan 53
hastanin doz verileri retrospektif olarak analiz edilmistir. Doz degerlendirmesi i¢cin Hacimsel
Bilgisayarli Tomografi Doz Indeksi (CTDIvol), Doz Uzunluk Carpimi (DLP) ve Etkin Doz
degerleri incelenmistir. SPSS 27 yazilimi1 kullanilarak yapilan istatistiksel ¢alisma sonucunda

ortalama ve %75’lik dilimdeki doz degerleri belirlenmistir.

Bulgular: Kurumumuzda elde edilen 75. persentil doz degerleri, CTDIvol i¢in 29,00 mGy ve
DLP i¢in 1254 mGy.cm olarak hesaplanmistir. Bu sonuclar uluslararasi standartlarla
karsilastirildiginda; kurumumuzun verilerinin Japonya (86 mGy; 2416 mGy.cm), Almanya (65
mGy; 2100 mGy.cm) ve Birlesik Krallik (63 mGy; 1750 mGy.cm) referans degerlerinin yaklagik
%30-45 oraninda altinda kaldig: tespit edilmistir. Ayrica, hastalarimizin etkin doz ortalamasi 15,2
+ 3,4 mSv olarak saptanmis olup, bu degerin Almanya referans degerine (23+ 9 mSv) kiyasla

istatistiksel agidan anlamli diizeyde diisiik oldugu belirlenmistir (p < 0,001).

Sonu¢: Elde edilen diisiik doz seviyeleri, klinigimizde kullanilan ileri rekonstriiksiyon
algoritmalarinin ve otomatik tlip akimi modiilasyonu sistemlerinin etkinliginin bir kanitidir. Bu
optimizasyon c¢aligmasinda DRL ve LDRL’erin belirlenmesi 4B BT hasta dozlarinin kontroliinde

kritik onem tasimaktadir.
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Diizeyleri (DRL), Toraks, Doz Optimizasyonu, Bilgisayarli Tomografi Doz Indeksi (CTDIvol).

DETERMINATION OF THORACIC DIAGNOSTIC REFERENCE
DOSE LEVELS IN 4D COMPUTED TOMOGRAPHY USED FOR
RADIOTHERAPY PLANNING
ABSTRACT

Introduction and Objective: 4D computed tomography (4D CT) scans applied to the thoracic
region for the accurate definition of the target volume and critical organs, as well as the
management of respiratory motion during the radiotherapy planning process, are of great clinical
importance. However, this technology can cause an increase in the cumulative radiation dose
received by patients throughout their treatment process. The aim of this study is to determine the
thoracic diagnostic reference levels (DRLs) and local diagnostic reference levels (LDRLs) in 4D

CT protocols used for radiotherapy planning in our institution.

Material and Method: Within the scope of our study, the dose data of 53 patients who
underwent 4D CT scans for the thoracic region were analyzed retrospectively. For dose
evaluation, Volumetric Computed Tomography Dose Index (CTDIvol), Dose-Length Product
(DLP), and Effective Dose values were examined. As a result of the statistical analysis

performed using SPSS 27 software, the mean and 75th percentile dose values were determined.

Results: The 75th percentile dose values obtained in our institution were calculated as 29.00
mGy for CTDIvol and 1254 mGy.cm for DLP. When these results were compared with
international standards, it was determined that our institution's data remained approximately 30-
45% below the reference values of Japan (86 mGy; 2416 mGy.cm), Germany (65 mGy; 2100
mGy.cm), and the United Kingdom (63 mGy; 1750 mGy.cm). Furthermore, the mean effective
dose of our patients was found to be 15.2 = 3.4 mSv, and it was determined that this value was

statistically significantly lower compared to the German reference value (23 = 9 mSv) (p <

0.001).

Conclusion: The obtained low dose levels are proof of the effectiveness of the advanced
reconstruction algorithms and automatic tube current modulation systems used in our clinic. The
determination of DRLs and LDRLs in this optimization study is of critical importance in the

control of 4D CT patient doses.
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Keywords: 4D Computed Tomography (4D CT), Radiotherapy Planning, Diagnostic Reference
Levels (DRLs), Thorax, Dose Optimization, Volume Computed Tomography Dose Index
(CTDlvol)
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OZET

Dual Enerjili Bilgisayarli Tomografi (DEBT), farkli enerji seviyelerinde elde edilen veriler
sayesinde doku karakterizasyonu ve kantitatif analizlerde Onemli avantajlar sunmaktadir.
Ozellikle monoenerjik goriintii rekonstriiksiyonlari, BT sayis1 (Hounsfield Unit, HU) ile electron
densitesi (ED) arasindaki iliskinin enerjiye bagli degisimini incelemek i¢in etkili bir yontemdir.
Bu iligki, radyoterapi planlamasinda kullanilan HU-ED kalibrasyon egrilerinin dogrulugu
acisindan kritik 6neme sahiptir (Schneider ve ark., 1996; Landry ve ark., 2013).

Bu calismada goriintiiler, Yeditepe Universitesi Kosuyolu Hastanesi Radyoloji Béliimii’nde
bulunan hizli anahtarlama teknolojisine sahip GE Revolution BT cihazi ile elde edilmistir.
80kVp ve 140kVp tiip gerilimlerinde dual enerji modunda elde edilen veriler, sistem
algoritmalar1 kullanilarak 70keV, 90keV, 100keV, 130keV ve 140keV monoenerjik goriintiilere
doniistliriilmiistiir.

BT-ED egrilerinin olusturulmasi amaciyla Cheese fantom igerisine yerlestirilmis 10 farkli doku
esdegeri materyal kullanilmistir. Bu materyaller; akciger, yag, su, kas ve kemik benzeri genis bir
elektron yogunlugu araligmmi temsil etmektedir. Her bir materyal icin farkli monoenerji
seviyelerinde HU degerleri Olciilmiis ve karsilik gelen ED degerleri ile eslestirilerek enerjiye
ozgii HU-ED kalibrasyon egrileri elde edilmistir.

Elde edilen grafikler incelendiginde, diisiik enerji seviyelerinde (6zellikle 70keV) materyaller
arasindaki HU farklarinin arttigi ve kontrastin belirgin sekilde yiikseldigi gozlenmistir. Buna
karsin, yiiksek enerji seviyelerinde (130-140keV) HU degerlerinin daha stabil oldugu ve
egrilerin daha lineer bir karakter sergiledigi gorlilmiistiir. Ayrica yliksek enerjilerde 15in
sertlesmesi (beam hardening) etkilerinin azaldig1 ve bu durumun kalibrasyon egrilerinde sapmay1

azalttig1 dikkat ¢ekmistir. (Goodsitt ve ark., 2017).

Sonug olarak, DEBT tabanli monoenerjik goriintiiler kullanilarak elde edilen HU-ED egrilerinin

PR

enerjiye bagimli olarak degistigi gosterilmistir. Bu bulgular, radyoterapi doz hesaplamalarinda
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enerjiye Ozgi kalibrasyon egrilerinin kullanilmasinin dogrulugu artirabilecegini ve ozellikle
heterojen dokular iceren klinik durumlarda daha giivenilir sonuglar saglayabilecegini ortaya

koymaktadir.

Anahtar Kelimeler: Dual Enerji Bilgisayarli Tomografi, Monoenerji, Hounsfield Unit, Elektron

Densitesi

ENERGY-DEPENDENT VARIATION OF HOUNSFIELD UNIT-
ELECTRON DENSITY CURVES iN MONOENERGETIC DUAL-
ENERGY COMPUTED TOMOGRAPHY IMAGES
ABSTRACT

Dual-Energy Computed Tomography (DECT) offers significant advantages in tissue
characterization and quantitative analysis by providing data acquired at different energy levels.
In particular, monoenergetic image reconstructions are an effective method for investigating the
energy-dependent relationship between CT numbers (Hounsfield Units, HU) and electron density
(ED). This relationship is critical for the accuracy of HU-ED calibration curves used in

radiotherapy treatment planning (Schneider et al., 1996; Landry et al., 2013).

In this study, images were acquired using a GE Revolution CT scanner equipped with fast kVp
switching technology at Yeditepe University Kosuyolu Hospital, Department of Radiology. Data
obtained in dual-energy mode at 80kVp and 140kVp were reconstructed into monoenergetic

images at 70, 90, 100, 130, and 140keV using system algorithms.

To generate HU-ED curves, 10 different tissue-equivalent materials placed within a Cheese
phantom were used. These materials represented a wide range of electron densities, including
lung, fat, water, muscle, and bone equivalents. For each material, HU values were measured at
different monoenergetic levels and matched with corresponding ED values to obtain energy-

specific HU-ED calibration curves.

The results demonstrated that at lower energy levels (particularly 70keV), the HU differences
between materials increased and image contrast was significantly enhanced. In contrast, at higher
energy levels (130-140keV), HU values became more stable and the curves exhibited a more
linear behavior. Additionally, beam hardening effects were reduced at higher energies, resulting

in decreased deviations in the calibration curves (Goodsitt et al., 2017).

In conclusion, this study shows that HU-ED calibration curves derived from DECT-based

monoenergetic images are energy dependent. These findings suggest that the use of energy-
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specific calibration curves may improve the accuracy of radiotherapy dose calculations and

provide more reliable results, particularly in clinical cases involving heterogeneous tissues.

Keywords: Dual-energy computed tomography, Monoenergy, Hounsfield units, Electron density
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OZET

Amag: Bu calisma, kadinlarin meme kanseri farkindaligi, erken tani ve tarama davraniglari ile
saglik kontrolleri ve yasam tarz1 aligkanliklarinin degerlendirmek amaciyla gerceklestirilmistir.
Gere¢-Yontem: Bu calisma tanimlayict kesitsel tipte planlanmis ve toplam 145 kadinin
katilmiyla yiiriitiilmistiir. Veriler, sosyo-demografik o6zellikler, kanser farkindaligi, tarama
davraniglar1 ve yasam tarzi aligkanliklarini igeren anket formu araciligiyla toplanmustir. Siirekli
degiskenlerin normal dagilima uygunlugu Shapiro-Wilk testi ile degerlendirilmis, veriler
tanimlayici istatistikler ile analiz edilmistir. Istatistiksel anlamlilik diizeyi 0,05 olarak kabul
edilmistir.

Bulgular: Katilimcilarin yiizde 44,1°1 39 yas ve altinda olup, grubun biiyiik ¢ogunlugu geng ve
orta erigkinlik donemindedir. Egitim diizeyi yliksek olup katilimcilarin yiizde 49,7’si lisansiistii
egitim almistir. Katilimcilarin ylizde 62,1’inin ailesinde kanser Oykiisii bulunmaktadir. Meme
kanseri farkindaligi yiiksek bulunmus; katilimcilarin yiizde 96,6’s1 hastaligi daha Once
duydugunu belirtmis, ylizde 66,9’u genetik gecis gosterdigini ifade etmistir. Katilimcilarin yiizde
89,01 kanserin ¢ok faktorlii yapida oldugunu dogru sekilde tanimlamistir. Katilimcilarin yiizde
87,51 daha 6nce meme kanseri ve erken tan1 hakkinda bilgi aldigini, yiizde 55,9°u bilgiyi birden
fazla kaynaktan edindigini belirtmistir. Bununla birlikte yilizde 70,3°1i daha fazla bilgi almak
istedigini ifade etmistir. Erken tan1 konusunda farkindalik yiiksek olmasina ragmen katilimcilarin
yiizde 35,2’sinin hi¢c mamografi veya ultrason yaptirmadigi belirlenmistir. Katilimcilarin yiizde
71,0’1 mamografinin yilda bir yapilmasi gerektigini dogru sekilde ifade etmistir. Katilimcilarin
yiizde 65,5’inin diizenli olarak kendi kendine meme muayenesi yaptigi, ylizde 66,9’unun ise
daha once klinkk meme muayenesi oldugu saptanmustir. Saglik davraniglart agisindan
degerlendirildiginde, katilimcilarin yiizde 74,5’inin son iki yil i¢inde genel saglik kontrolii
yaptirdigi, ylizde 57,2’sinin diizenli jinekolojik muayeneye gittigi ve ylizde 61,4 iiniin egzersiz

aliskanlig1 oldugu belirlenmistir.
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Sonu¢: Kadmlarda meme kanseri farkindaligi yiiksek olmasina ragmen, erken tani
uygulamalarinin istenilen diizeyde olmadigi goriilmektedir. Bu durum, bilgi ile davranis
arasindaki uyumsuzlugu gostermektedir. Tarama programlarina katilimin artirilmasi i¢in hedefe
yonelik egitimlerin planlanmasi ve saglik profesyonellerinin bu siiregte daha aktif rol almasi
onerilmektedir.

Anahtar Kelimeler: Meme kanseri, farkindalik, erken tani, mamografi, kadin saglig

BREAST CANCER KNOWLEDGE LEVELS AND BREAST
HEALTH PRACTICES AMONG WOMEN WORKING AT A
FOUNDATION UNIVERSITY

ABSTRACT

Objective: This study aimed to evaluate women’s awareness of breast cancer, their early
detection and screening behaviors, as well as their health check-up practices and lifestyle habits.
Materials and Methods: This descriptive cross-sectional study was conducted with the
participation of 145 women. Data were collected using a structured questionnaire that included
socio-demographic characteristics, cancer awareness, screening behaviors, and lifestyle habits.
The normality of continuous variables was assessed using the Shapiro—Wilk test, and the data
were analyzed using descriptive statistics. Statistical significance was set at p < 0.05.

Results: Among the participants, 44.1% were aged 39 years or younger, indicating that the
majority were in young and middle adulthood. The educational level was high, with 49.7%
holding a postgraduate degree. A family history of cancer was reported by 62.1% of the
participants. Breast cancer awareness was found to be high; 96.6% reported having previously
heard of the disease, while 66.9% indicated that it has a genetic component. Furthermore, 89.0%
correctly identified cancer as a multifactorial disease. A total of 87.5% of participants reported
having received prior information about breast cancer and early detection, and 55.9% obtained
this information from multiple sources. However, 70.3% expressed a need for additional
information. Despite the high level of awareness regarding early detection, 35.2% of participants
had never undergone mammography or breast ultrasound. Additionally, 71.0% correctly stated
that mammography should be performed annually. It was determined that 65.5% of participants
performed regular breast self-examinations, while 66.9% had previously undergone clinical
breast examinations. In terms of health behaviors, 74.5% had undergone a general health check-
up within the past two years, 57.2% attended regular gynecological examinations, and 61.4%
reported engaging in regular physical activity.
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Conclusion: Although awareness of breast cancer among women is high, early detection
practices remain suboptimal. This finding highlights a gap between knowledge and behavior.
Targeted educational interventions should be developed to increase participation in screening
programs, and healthcare professionals should take a more active role in promoting early

detection practices.

Keywords: Breast cancer, awareness, early detection, mammography, women’s health
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OZET

Amag: Bu arastirma, tibbi goriintiileme 6grencilerinin radyoloji alanindaki yapay zeka (YZ)
uygulamalarina yonelik farkindaliklarini, bu teknolojilerin mesleki geleceklerine etkilerine dair

algilarini ve egitim miifredatindaki yeterlilik diizeyini belirlemek amaciyla yapilmistir.

Gere¢ ve Yontem: Caligma, 213 tibbi goriintilleme 6grencisinin katilimiyla tanimlayici tipte
gerceklestirilmistir. Veriler, 5’11 Likert tipi Olgek igeren dijital anket formuyla toplanmistir.
Katilimcilarim YZ’nin islevselligi, mesleki ikame riski ve egitim gereksinimleri hakkindaki

goriisleri frekans ve yiizde analizleri ile degerlendirilmistir.

Bulgular: Katilimcilarin  %66,6's1'YZ'min  radyoloji alaninda bir devrim yaratacagina
inanmaktadir. "YZ teknolojilerinin gelecekte teknikerlerin yerini alacagindan korkuyorum"
ifadesine katilanlarin oranmi %39,9 iken, kararsiz kalanlarin orami %26,7 gibi yiiksek bir
seviyededir. Ogrencilerin %61,9'uYZ'nin is yiikiinii azaltarak tibbi hata paymn diisiirecegini
disiinmektedir. Mevcut miifredatlarinda YZ ile ilgili yeterli ders oldugunu diistinenlerin orani
yalnizca %27,2'de kalmistir. Katilimcilarin biiyiik ¢ogunlugu (%42,7) miifredat1 yetersiz
bulmaktadir. Katilimeilarin %67,1'1 bir teknikerin YZ c¢iktilarin1 denetleyecek donanima sahip
olmasi gerektigini savunurken, %49,3'i bu siirecte ek yazilim/kodlama egitimi almasi gerektigini

belirtmistir.

Sonug: Tibbi goriintiileme 6grencileri yapay zekayr mesleki verimliligi artiracak bir firsat olarak
gormekle birlikte, mesleklerini kaybetme konusunda ciddi bir belirsizlik ve kaygi yasamaktadir.
En ¢arpict sonug, dgrencilerin teknolojik doniisiime hazir hissetmemeleri ve egitim miifredatini
bu konuda yetersiz gérmeleridir. Radyoloji teknikerligi egitimine "Yapay Zeka ve Dijital Is
Akislar1" gibi derslerin entegre edilmesi, 6grencilerin gelecek kaygisini azaltacak ve onlart yeni

nesil caligsma ortamina hazirlayacaktir.

Anahtar Kelimeler: Yapay Zeka, Radyoloji Teknikeri, Saglik Egitimi, Gelecek Kaygisi, Dijital
Doniistim
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ATTITUDES OF MEDICAL IMAGING TECHNICIAN
CANDIDATES TOWARD ARTIFICIAL INTELLIGENCE
TECHNOLOGIES AND THEIR PROFESSIONAL FUTURE
ANXIETY

ABSTRACT

Objective: This study was conducted to determine medical imaging students’ awareness of
artificial intelligence (AI) applications in radiology, their perceptions regarding the impact of
these technologies on their professional future, and the adequacy of the educational curriculum in

this field.

Materials and Methods: The study was designed as a descriptive research involving 213
medical imaging students. Data were collected using a digital questionnaire consisting of a 5-
point Likert-type scale. Participants’ opinions regarding the functionality of Al, the risk of
professional replacement, and educational requirements were evaluated through frequency and

percentage analyses.

Results: Of the participants, 66.6% believed that Al would create a revolution in the field of
radiology. While 39.9% agreed with the statement, “I am afraid that Al technologies will replace
technicians in the future,” a notably high proportion (26.7%) remained undecided. Furthermore,
61.9% of the students thought that Al would reduce workload and decrease the rate of medical
errors. Only 27.2% considered their current curriculum sufficient in terms of Al-related courses,
whereas the majority of participants (42.7%) found the curriculum inadequate. In addition,
67.1% stated that a medical imaging technician should possess sufficient competence to
supervise Al-generated outputs, and 49.3% reported that additional software/coding training

would be necessary during this process.

Conclusion: Although medical imaging students perceive artificial intelligence as an opportunity
to improve professional efficiency, they also experience considerable uncertainty and anxiety
regarding the potential loss of their profession. The most striking finding is that students do not
feel adequately prepared for this technological transformation and consider the current
curriculum insufficient in this regard. Integrating courses such as “Artificial Intelligence and
Digital Workflows” into medical imaging education may reduce students’ future anxiety and

better prepare them for next-generation working environments.

83



Keywords: Artificial Intelligence, Radiology Technician, Health Education, Future Anxiety,

Digital Transformation

84



RADYOLOJIi TEKNIKERLERININ POZISYONLANDIRMA HATALARININ
GORUNTU KALITESINE ETKIiSi: RETROSPEKTIF ANALIZ

Hilal DUZGOR ve Siireyya NUR

Osrenci, Hatay Mustafa Kemal Universitesi, Hatay Saghk Hizmetleri Meslek Yiiksekokulu,
Hatay, Antakya.
Dr. Ogr. Uyesi, Hatay Mustafa Kemal Universitesi, Hatay Saglik Hizmetleri Meslek
Yiiksekokulu, Hatay, Antakya.
hilalduzgor(@gmail.com, sureyyanur@mbku.edu.tr

OZET

Radyolojik goriintiileme siireglerinde goriintii kalitesi, dogru tanm1 ve etkin tedavi planlamasi
acisindan temel belirleyicilerden biridir. Bu calismanin amaci, radyoloji teknikerlerinin
pozisyonlandirma hatalarinin goriintii kalitesi tizerindeki etkilerini giincel literatiir 15181inda
sistematik bicimde degerlendirmektir. Calisma, 2024-2026 yillar1 arasinda yayimlanan
arastirmalarin incelendigi bir literatiir derlemesi niteligindedir.

Elde edilen bulgular, pozisyonlandirma hatalarinin radyolojik goriintilemede en yaygin teknik
hata tiirlerinden biri oldugunu ve goriintii kalitesini dogrudan olumsuz etkiledigini
gostermektedir. Yanlis merkezleme, rotasyon, yetersiz kolimasyon ve hasta hareketine bagl
artefaktlar, anatomik yapilarin  sliperpozisyonuna yol agarak patolojik bulgularin
maskelenmesine neden olmakta ve goriintiilerin tanisal degerini diisiirmektedir. Incelenen
caligmalarda tekrar ¢ekim oranlarinin 6nemli bir boliimiiniin pozisyonlandirma hatalarindan
kaynaklandigi, bazi calismalarda bu oranin %48.9’a ulastig1 belirlenmistir. Ayrica hata
sayisindaki artigin goriintii kabul edilebilirligini belirgin diizeyde azalttig1 rapor edilmistir.
Literatiir, tekniker deneyimi ve egitim diizeyinin hata oranlar1 iizerinde belirleyici oldugunu
ortaya koyarken, hasta egitiminin de pozisyonlandirma dogrulugunu artirmada 6énemli bir faktor
oldugunu gostermektedir. Bunun yani sira yapay zeka destekli pozisyonlama sistemleri, otomatik
hasta hizalama teknolojileri ve gercek zamanli kalite kontrol uygulamalari, hata oranlarinin
azaltilmasinda umut vadeden yenilikler olarak 6ne ¢cikmaktadir.

Sonug olarak, pozisyonlandirma hatalarimin azaltilmasi; goriintii kalitesinin iyilestirilmesi, hasta
giivenliginin artirilmasi ve gereksiz radyasyon maruziyetinin 6nlenmesi agisindan kritik dneme
sahiptir. Bu dogrultuda siirekli mesleki egitim, standart protokollerin etkin uygulanmasi ve

teknolojik ¢oziimlerin klinik entegrasyonu onerilmektedir.
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THE EFFECT OF RADIOLOGY TECHNICIANS' POSITIONING
ERRORS ON IMAGE QUALITY: A RETROSPECTIVE ANALYSIS
ABSTRACT
Image quality in radiological imaging is a fundamental determinant of accurate diagnosis and
effective treatment planning. The aim of this study is to systematically evaluate the impact of
positioning errors made by radiology technologists on image quality in light of current literature.
This study is designed as a literature review examining research published between 2024 and
2026.
The findings indicate that positioning errors are among the most common technical errors in
radiological imaging and have a direct negative impact on image quality. Errors such as improper
centering, rotation, inadequate collimation, and motion artifacts lead to the superposition of
anatomical structures, potentially masking pathological findings and reducing the diagnostic
value of images. The reviewed studies demonstrate that a significant proportion of repeat
imaging is attributable to positioning errors, with some studies reporting rates as high as 48.9%.
Furthermore, an increase in the number of errors has been shown to substantially decrease image
acceptability.
The literature highlights that technologist experience and level of training are key determinants
of error rates, while patient education also plays a significant role in improving positioning
accuracy. In addition, recent advancements such as artificial intelligence—assisted positioning
systems, automated patient alignment technologies, and real-time quality control applications
have shown promising potential in reducing error rates.
In conclusion, minimizing positioning errors is critical for improving image quality, enhancing
patient safety, and reducing unnecessary radiation exposure. Accordingly, the implementation of
continuous professional education, adherence to standardized protocols, and integration of
technological innovations into clinical practice are strongly recommended.

Keywords: Radiological image quality, Positioning errors, Radiology technicians, Repeat rate
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TIBBIi GORUNTULERDE SEGMENTASYON DOGRULUGUNUN DOZ
HESAPLAMALARINA ETKISIi: KALITE VE OPTIMIZASYON ACISINDAN BiR
DEGERLENDIRME
Ozlem MARANCI YILDIRIM
Dr. Ogr. Uyesi, Altinbas Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Gériintiileme
Teknikleri Programu, Istanbul, Tiirkiye.
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OZET

T1bbi goriintillemede segmentasyon, tan1 ve tedavi planlama siireclerinde kritik bir rol oynamaktadir.
Segmentasyon dogrulugu, 6zellikle radyasyon temelli tedavi uygulamalarinda hacim hesaplamalarini
ve buna bagl olarak doz tahminlerini dogrudan etkilemektedir. Bu ¢alismada, farkli segmentasyon
yontemlerinin hacim hesaplamalar1 ve buna bagli doz tahminleri iizerindeki etkisi karsilagtirmali
olarak incelenmistir.

Calismada LITS (Liver Tumor Segmentation) veri setinden secilen 10 hastaya ait kontrasth
bilgisayarli tomografi goriintiileri kullanilmistir. Klinik bir 6rnek olarak karaciger tiimorleri ve Y-90
radyoembolizasyon tedavi yaklasimi dikkate alinmistir. Referans segmentasyonlara ek olarak
morfolojik genisletme (dilation), morfolojik daraltma (erosion), ROI tabanli esikleme (threshold) ve
ROI tabanli K-means segmentasyon yontemleri uygulanmistir. Her bir yontem i¢in organ ve timor
hacimleri hesaplanmis, voxel boyutlar1 dikkate alinarak toplam hacimler belirlenmistir. Hacim
degisimlerinin doz iizerindeki etkisini degerlendirmek amaciyla basitlestirilmis doz hesaplama

yaklasimi kullanilmis ve referans segmentasyona gore ylizdesel doz degisimleri hesaplanmistir.

Elde edilen sonuglara goére, segmentasyon yontemleri arasinda belirgin farkliliklar gozlenmistir.
Morfolojik genisletme yontemi ortalama %6.70 doz azalmasina neden olurken, morfolojik daraltma
yontemi %8.02 doz artis1 gostermistir. ROI tabanli esikleme yontemi %37.51 oraninda doz artigina
yol agmistir. ROI tabanli K-means yontemi ise %67.06 oraninda doz azalmasina neden olmus, bu

durum ydntemin parametre ve veri dagilimina yliksek duyarliligini ortaya koymustur.

Region growing ve watershed tabanli segmentasyon yontemleri de denenmis ancak parametre
secimlerine yiiksek duyarlilik gostermeleri nedeniyle kararli sonuglar elde edilememistir. Bu nedenle
soz konusu yontemler ana sonug¢ tablosuna dahil edilmemis ve ileri optimizasyon gerektiren

yontemler olarak degerlendirilmistir.

Caligmanin ileri asamasinda, hasta-spesifik voxel fantomlar olusturularak Monte Carlo (MCNP)
tabanli doz hesaplama altyapis1 kurulmustur. Bu kapsamda segilen hastalar icin {i¢ boyutlu voxel
modeller hazirlanmis ve F6 tally yapist dogrulanmistir. Voxel tabanli geometri tanimlarinin optimize

edilmesine yonelik ¢calismalar devam etmektedif.
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Sonug olarak, segmentasyon dogrulugu tibbi goriintiilleme tabanli doz hesaplamalarinda kritik bir
faktordiir. Segmentasyon kaynakli hacim degisimlerinin doz tahminlerinde anlamli sapmalara yol
acabilecegi goriilmiistiir. Bu nedenle klinik uygulamalarda segmentasyon dogrulugunun artirilmasi ve
doz hesaplama siireglerinin optimize edilmesi, hasta giivenligi ve tedavi kalitesi agisindan biiyiik

Oonem tasimaktadir.

Anahtar Kelimeler: Segmentasyon dogrulugu, Doz hesaplama, Tibbi goriintiileme, Radyasyon

optimizasyonu, Hasta giivenligi, Radyoembolizasyon

IMPACT OF SEGMENTATION ACCURACY ON DOSE ESTIMATION
IN MEDICAL IMAGING: AN EVALUATION IN TERMS OF QUALITY
AND OPTIMIZATION

ABSTRACT
Segmentation plays a critical role in medical imaging, directly affecting both diagnostic interpretation

and treatment planning processes. Segmentation accuracy, particularly in radiation-based treatment
applications, directly influences volume estimation and consequently dose calculations. In this study,
the impact of different segmentation methods on volume estimation and associated dose calculations

was comparatively investigated.

Contrast-enhanced computed tomography images of 10 patients selected from the LITS (Liver Tumor
Segmentation) dataset were used. As a clinical example, liver tumors and Y-90 radioembolization
treatment approach were considered. In addition to the reference segmentation, morphological
dilation, morphological erosion, ROI-based thresholding, and ROI-based K-means segmentation
methods were applied. For each method, organ and tumor volumes were calculated by considering
voxel dimensions, and total volumes were determined accordingly. To evaluate the effect of volume
variations on dose estimation, a simplified relative dose calculation approach was used, and

percentage dose changes were calculated with respect to the reference segmentation.

The results demonstrated significant differences between segmentation methods. Morphological
dilation resulted in an average dose decrease of 6.70%, while morphological erosion led to an
increase of 8.02%. ROI-based thresholding caused a 37.51% increase in dose, whereas ROI-based K-
means resulted in a 67.06% decrease, indicating its high sensitivity to parameter selection and

intensity distribution.

Region growing and watershed-based segmentation methods were also evaluated; however, due to
their high sensitivity to parameter selection, stable results could not be achieved. Therefore, these
methods were excluded from the main analysis and considered as approaches requiring further

optimization.
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In the advanced stage of the study, patient-specific voxel phantoms were generated, and a Monte
Carlo (MCNP)-based dose calculation framework was established. The F6 tally structure was

successfully validated, while optimization of voxel-based geometry definitions is ongoing.

In conclusion, segmentation accuracy is a critical factor in image-based dose estimation.
Segmentation-induced volume variations may lead to significant deviations in dose estimation.
Therefore, improving segmentation reliability and optimizing dose calculation processes are essential

for ensuring patient safety and treatment quality.

Keywords: Segmentation accuracy, Dose estimation, Medical imaging, Radiation optimization,

Patient safety, Radioembolization
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yvasarburakcapraz@gmail.com

OZET
Yapisal kemik biitiinliigiiniin bozuldugu travma vakalarinda, acil servislerde ¢ekilen radyografilerin
hizli ve hatasiz degerlendirilmesi triyaj siirecinin merkezinde yer almaktadir. Ozellikle nébet
saatlerinde artan hasta yiikii, tanisal gecikmelere ve klinik hatalara zemin hazirlayabilmektedir. Bu
calisma, acil travma vakalarinda cekilen direkt radyografilerde kirik tespiti yaparak radyoloji
teknikerlerine ve hekimlere otonom bir karar destek mekanizmasi sunan derin Ogrenme

(deep learning) tabanl bir yapay zeka (Al) modeli gelistirmeyi amaglamaktadir.

Calismada, agik kaynakli veri platformu (Kaggle) iizerinden temin edilen 145 adet
anonimlestirilmis spesifik radyolojik goriintii (X-Ray) veri seti olarak kullanilmistir. Temin edilen
bu gorintiiler, MakeSense platformu iizerinden "bounding box" (smirlayict kutu) yontemi
kullanilarak, radyolojik anatomi prensiplerine ve temel travma bulgularina uygun big¢imde
etiketlenmistir. Egitimin gerceklestirilmesi i¢in gercek zamanli analiz yetene8i yiiksek

olan Ultralytics YOLOv8 mimarisi kullanilmis ve model 50 epoch boyunca egitilmistir.

Yapilan kantitatif testler sonucunda gelistirilen model; %90,0 Kesinlik (Precision), %97,5
Duyarlilik  (Recall / Sensitivity) ve %97,9 Ortalama Hassasiyet (mAP@0.5) oranlarina
ulagmistir. Derin 6grenme tabanli nesne tespiti modelimiz, travma vakalarini saniyeler i¢cinde analiz
ederek acil radyoloji is akisin1 hizlandirma ve gozden kacan kirik (yanlis negatif) vakalarim

minimize etme potansiyeline sahiptir.

Anahtar Kelimeler: Cocuk, Dis hekimligi, iyonize radyasyon, Radyolojik gériintiileme, Tan.

AN AUTOMATED DEEP LEARNING-BASED TRIAGE AND
FRACTURE DETECTION SYSTEM IN EMERGENCY DEPARTMENT
RADIOLOGY: A RETROSPECTIVE STUDY

ABSTRACT

In trauma cases where structural bone integrity is compromised, the rapid and accurate assessment of
radiographs taken in A&E departments is central to the triage process. The increased patient load,
particularly during on-call hours, can lead to diagnostic delays and clinical errors. This study aims to

develop a deep learning-based artificial intelligence (AI) odel that provides radiology technicians and
90
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physicians with an autonomous decision-support mechanism by detecting fractures in direct

radiographs taken in acute trauma cases.

The study utilized a dataset of 145 anonymized specific radiological images (X-rays) obtained via
the open-source data platform (Kaggle). These images were annotated using the ‘bounding box’
method via the MakeSense platform, in accordance with principles of radiological anatomy and basic
trauma findings. The Ultralytics YOLOVS architecture, which offers high real-time analysis

capability, was used for training, and the model was trained for 50 epochs.

The model developed following quantitative testing achieved a Precision of 90.0%, a Recall
(Sensitivity) of 97.5% and an mAP@0.5 of 97.9%. Our deep learning-based object detection model
has the potential to accelerate the emergency radiology workflow by analyzing trauma cases within
seconds and minimizing missed fractures (false negatives).

Keywords: Child, Dentistry, lonizing radiation, Radiological imaging, Diagnosis.
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SIZOFRENIDE KAFA iCi YAPILARDA MEYDANA GELEN HACIMSEL
DEGISIKLIKLERIN ARASTIRILMASI
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OZET
Giris: Yapisal beyin anormallikleri sizofreninin ayirt edici bir 6zelligidir; giderek artan kanitlar,
bozuklugun izole edilmis bolgesel eksikliklerden ziyade birden fazla kortikal ve subkortikal bolgede
yaygin degisiklikler icerdigini géstermektedir.

Amag: Bu calisma, tam otomatik derin O6grenme tabanli segmentasyon hatti (AssemblyNet)
kullanarak sizofreni hastalarinda kafa i¢i yapilardaki hacimsel degisiklikleri aragtirmayi

amaglamaktadir.

Yontemler: Bu calismaya 30 sizofreni hastasi ve 29 saglikli kontrol olmak iizere toplam 59
katilime1 dahil edildi. OpenNeuro veri tabanindan elde edilen T1 agirlikli manyetik rezonans
goriintiileme taramalar;, AssemblyNet islem hatti kullanilarak analiz edildi. Istatistiksel
karsilagtirmalar Mann-Whitney U testi kullanilarak yapildi ve ¢oklu karsilastirmalar Benjamini-
Hochberg Yanlis Kesif Oram1 (FDR) diizeltmesi kullanilarak kontrol edildi. Coklu beyin
bolgelerindeki hacimsel Olglimler ¢ikarildi ve toplam intrakraniyal hacme (TIV) gore

normallestirildi.

Bulgular: Sizofreni grubu, birden fazla beyin bdlgesinde onemli hacimsel farkliliklar sergiledi.
Ozellikle, gyrus orbitalis lateralis, lobus parietalis ve oksipital kortex’te hacim, kontrol grubuna
gore anlamli olarak daha azdi. Gyrus temporalis transversus ve basal forebrain’de sizofreni
hastalarinda kontrol grubuna goére hacim daha fazlaydi. Beyin yapilarindaki bu anlamlilik FDR

diizeltmesinden sonra anlamli kalda.

Sonu¢: Bulgularimiz sizofrenide farkli kafa ici yapilarimin farkli sekillerde etkilendigine isaret
etmektedir. Gyrus temporalis transversus’ta hacim artis1 olmasina ragmen gyrus orbitalis inferior’da
hacim azlig1 olmasi sizofreninin farkli beyin bolgelerinde farkli hacimsel degisikliklere yol actigina
isaret edebilir. Daha biiyiik 6rneklem grubuyla ¢alisilan longitudinal ¢alismalar sizofreninin beyinde
meydana getirdigi hacimsel degisiklikleri aydinlatabilir. Gelecek c¢alismalarda difiizyon

goriintiileme teknikleri ile meydana gelen hacimsel degisikliklerin aksonal temeli arastiriimalidir.

Anahtar Kelimeler: Otomatik Segmentasyon; Lateral Orbital Girus; Manyetik Rezonans

Goriintiileme; Orbitofrontal Korteks; Sizofrenig'ZVolﬁmetri.
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INVESTIGATION OF VOLUMETRIC CHANGES IN INTRACRANIAL
STRUCTURES IN SCHIiZOPHRENiA
ABSTRACT

Introduction: Structural brain abnormalities are a hallmark of schizophrenia; growing evidence
suggests that the disorder involves widespread changes across multiple cortical and subcortical regions

rather than isolated regional deficits.

Objective: This study aims to investigate volumetric changes in intracranial structures in patients with

schizophrenia using a fully automated deep learning-based segmentation pipeline (AssemblyNet).

Methods: A total of 59 participants, including 30 schizophrenia patients and 29 healthy controls, were
included in this study. T1-weighted magnetic resonance imaging scans obtained from the OpenNeuro
database were analyzed using the AssemblyNet pipeline. Statistical comparisons were performed using
the Mann-Whitney U test, and multiple comparisons were controlled using the Benjamini-Hochberg
False Discovery Rate (FDR) correction. Volumetric measurements across multiple brain regions were

extracted and normalized to total intracranial volume (TIV).

Results: The schizophrenia group exhibited significant volumetric differences in multiple brain
regions. In particular, the volumes of the lateral orbital gyrus, parietal lobe, occipital cortex, transverse
temporal gyrus, and basal forebrain were significantly smaller than those in the control group. These

volumetric reductions in brain structures remained statistically significant even after FDR correction.

Conclusion: Our findings suggest that different intracranial structures are affected in distinct ways in
schizophrenia. The presence of volume reduction in the inferior orbital gyrus despite volume increase
in the transverse temporal gyrus may indicate that schizophrenia leads to different volumetric changes
in various brain regions. Longitudinal studies conducted with larger sample groups may shed light on
the volumetric changes caused by schizophrenia in the brain. Future studies should investigate the

axonal basis of these volumetric changes using diffusion imaging techniques.

Keywords: Automatic Segmentation; Lateral Orbital Gyrus; Magnetic Resonance Imaging;

Orbitofrontal Cortex; Schizophrenia; Volumetry.
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TIBBIi GORUNTULEME TEKNIKERLERINDE VE OGRENCILERINDE MESLEKI
ERGONOMI FARKINDALIGI VE KAS-ISKELET SISTEMi SIKAYETLERININ
INCELENMESI
Mustafa Arda AKKAN, Rumeysa ALAN, Esin Nur KENDIR, Nisa UNVER

Osrenci, Tibbi Goriintiileme Teknikleri Programi, Kapadokya Universitesi, Nevsehir, Tiirkiye

OZET
Amag: Bu calisma, radyoloji departmanlarinda gorev yapan teknikerlerin ve stajyer 6grencilerin

caligma kosullarindaki ergonomik riskleri belirlemek ve bu risklerin fiziksel saglik iizerindeki
etkilerini analiz etmek amaciyla yapilmistir.

Gere¢ ve YoOntem: Aragtirma, Nisan 2026 tarthinde tibbi goriintiileme alaninda ¢alisan/staj
yapan 170 goniillii katilmci ile gerceklestirilmistir. Veriler, demografik o6zellikler, c¢alisma
streleri ve fiziksel sikayetleri sorgulayan 8 soruluk bir anket formu araciligiyla dijital
ortamda toplanmistir. Elde edilen verilerin frekans ve ylizde analizleri yapilmustir.

Bulgular: Agr1 Bolgeleri: Katilimcilarin en sik agri hissettigi bolgeler sirasiyla; Bel (%45,3),
Ayak (%28,2) ve Boyun (%20) olarak saptanmistir. Katilimcilarin  %71,1't  hastay1
pozisyonlandirirken  belinin  zorlandigim1  ifade etmistir (Ara sira/Siklikla/Her  zaman).
Katilimcilarin  biiyiik ¢cogunlugunun (%67,6) giinde 4 ile 8 saat arasinda ayakta calistigl
goriilmiistiir. Agir hasta transferinde mekanik yardimci ekipman kullanim orani "Her zaman"
diyenlerde yalmizca %21,7 diizeyinde kalmistir. Katilimcilarin  %43'i  mesleki zorluklar
nedeniyle uzun vadede fittk ve benzeri kronik rahatsizliklar yasayacagini "Siklikla" veya "Her
zaman" diistinmektedir.

Sonug: Tibbi goriintiileme teknikerlerinin mesai saatlerinin biiylik kismini1 ayakta gecirdigi ve
ozellikle bel bolgesinde yogunlasan kas-iskelet sistemi sorunlar1 yasadigi goriilmektedir.
Yardimci ekipman kullaniminin diisiik olmasi ve ergonomik diizenlemelerin yetersizligi,
calisanlarda ciddi bir gelecek kaygisina yol agmaktadir. Radyoloji departmanlarinda ergonomik
egitimlerin artirilmasi ve hasta transfer sistemlerinin iyilestirilmesi calisan sagligi agisindan
kritik oneme sahiptir.

Anahtar Kelimeler: Radyoloji Teknikeri, Ergonomi, Kas-Iskelet Sistemi, Bel Agrisi, Is Saghg.
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INVESTIGATION OF OCCUPATIONAL ERGONOMICS
AWARENESS AND MUSCULOSKELETAL SYSTEM COMPLAINTS
IN MEDICAL IMAGING TECHNICIANS AND STUDENTS

ABSTRACT

Purpose: This study was conducted to identify ergonomic risks in the working conditions of
technicians and student interns working in radiology departments and to analyze the effects
of these risks on physical health.

Materials and Methods: The research was conducted in April 2026 with 170 volunteer
participants working/interning in the medical imaging field. The data were collected digitally
through an 8-question survey form that inquired about demographic characteristics, working
hours, and physical complaints. Frequency and percentage analyses were performed on the
obtained data.

Findings: Pain Areas: The regions where participants reported pain most frequently were, in
order, the lower back (45.3%), feet (28.2%), and neck (20%). 71.1% of the participants reported
experiencing low back pain while positioning the patient (Occasionally/Frequently/Always).
The majority of participants (67.6%) were found to work standing for 4 to 8 hours a day. The
proportion of respondents who answered "Always" regarding the "Usage rate of mechanical
assistive equipment in severe patient transfers" remained at only 21.7%. 43% of participants
"Frequently" or "Always" believe that they will experience hernias or similar chronic conditions
in the long term due to occupational difficulties.

Conclusion: It is observed that medical imaging technicians spend most of their working hours
standing and experience musculoskeletal problems, particularly in the lumbar region. The low
use of auxiliary equipment and insufficient ergonomic arrangements cause significant future
anxiety among employees. Increasing ergonomic training in radiology departments and
improving patient transfer systems are of critical importance for employee health.

Key Words: Radiology Technician, Ergonomics, Musculoskeletal System, Low Back Pain,
Occupational Health.
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TIBBi GORUNTULEME TEKNIKERLERENDE SOSYAL MEDYA KULLANIMI VE
MESLEKI ETIiK FARKINDALIGININ DEGERLENDIRILMESI
Rabia Giilcan SANLI, Siireyya KOKSAL, Iclal KAYNAR
Osrenci, Tibbi Goriintiileme Teknikleri Programi, Kapadokya Universitesi, Nevsehir, Tiirkiye

OZET

Amag: Bu caligma, tibbi gorilintilleme calisanlarinin ve 6grencilerinin sosyal medya kullanim
aliskanliklarinin mesleki etik, hasta mahremiyeti ve is giivenligi tizerindeki etkilerini analiz

etmek amaciyla yapilmigstir.

Gere¢ ve Yontem: Arastirma, Nisan 2026 tarithinde, 148 tibbi goriintiileme profesyoneli ve
ogrencisinin katilimiyla tanimlayici tipte gergeklestirilmistir. Katilimcilara; sosyal medya
iizerinden goriintli paylasimi, hasta mahremiyeti, mesleki ciddiyet ve is yerinde dikkat dagitici
unsurlar iizerine yapilandirilmis bir anket uygulanmistir. Veriler yiizde ve frekans analizleri ile

degerlendirilmistir.

Bulgular: Katilimcilarin %32,4'i, hasta ismi gizli olsa dahi ilging patolojik goriintiilerin sosyal
medyada paylasilmasinin "sakincali olmadigini" diisiinmektedir. Buna karsin, katilimcilarin
%96,6's1 bir hastanin goriintiisiinii izin almadan kaydetmenin su¢ oldugunun bilincindedir.
Katilimcilarin %60,1'1 hastane ortaminda cekilen "selfie" veya videolarin mesleki ciddiyete zarar
verdigine inanmaktadir. Sosyal medyadaki radyoloji topluluklarinin mesleki gelisimlerine katki
sagladigini diistinenlerin oran1 %82.,4 gibi yiiksek bir diizeydedir. Katilimcilarin %84,5'i mesai
saatleri i¢indeki akilli telefon kullanimimin dikkat dagitarak tibbi hatalara (yanlis ¢cekim, yanlis
hasta vb.) yol agabilecegini 6ngérmektedir. Katilimeilarin %85,1'i hasta mahremiyeti konusunda

okulda aldiklar1 egitimin klinik uygulama i¢in yeterli oldugunu diistinmektedir.

Sonu¢: Arastirma sonuglari, radyoloji ¢alisanlarinin hasta mahremiyeti ve yasal sorumluluklar
konusunda ytiiksek bir farkindaliga sahip oldugunu gdstermektedir. Ancak, her ii¢ katilimcidan
birinin anonim olsa dahi goriintii paylasimini sakincali bulmamasi, dijital etik sinirlarinin gri bir
alanda kaldigina isaret etmektedir. Sosyal medyanin mesleki gelisimdeki yiiksek katkis1 (%82,4)
gdz Oniine alindiginda, saglik kurumlarinin Dijital Etik ve Sosyal Medya Kullanim Rehberleri
olusturmasi, hem mesleki ciddiyetin korunmasi hem de tibbi hatalarin 6nlenmesi agisindan

elzemdir.

Anahtar Kelimeler: Sosyal Medya Etigi, Hasta Mahremiyeti, Tibbi Goriintiileme, Radyoloji,
Dijital Etik.
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AN ASSESSMENT OF SOCIAL MEDIA USE AND PROFESSIONAL
ETHICS AWARENESS AMONG MEDICAL IMAGING
TECHNOLOGISTS
ABSTRACT

Objective: This study was conducted to analyze the effects of social media usage habits among
medical imaging professionals and students on professional ethics, patient privacy, and

workplace safety.

Materials and Methods: The study was conducted as a descriptive survey in April 2026 with
the participation of 148 medical imaging professionals and students. Participants completed a
structured questionnaire regarding image sharing on social media, patient privacy, professional
integrity, and workplace distractions. Data were analyzed using percentage and frequency

analyses.

Findings: 32.4% of participants believe that sharing interesting pathological images on social
media is “not problematic,” even if the patient’s name is withheld. In contrast, 96.6% of
participants are aware that recording a patient’s image without permission is a crime. 60.1% of
participants believe that “selfies” or videos taken in a hospital setting undermine professional
integrity. A high percentage—S82.4%—believe that radiology communities on social media
contribute to their professional development. 84.5% of participants anticipate that smartphone
use during work hours could lead to medical errors (such as incorrect imaging or
misidentification of patients) by causing distraction. 85.1% of participants believe that the

education they received in school regarding patient privacy is sufficient for clinical practice.

Conclusion: The research findings indicate that radiology professionals possess a high level of
awareness regarding patient privacy and legal responsibilities. However, the fact that one in three
participants does not consider image sharing problematic—even if done anonymously—suggests
that digital ethical boundaries remain in a gray area. Given the significant contribution of social
media to professional development (82.4%), it is essential for healthcare institutions to establish
Digital Ethics and Social Media Usage Guidelines to both maintain professional integrity and

prevent medical errors.

Keywords: Social Media Ethics, Patient Privacy, Medical Imaging, Radiology, Digital Ethics.
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TIBBi GORUNTULEME KLINIiK UYGULAMALARINDA RADYASYON
GUVENLIGi PROTOKOLLERINE UYUM DUZEYI VE GUVENLIK KULTURUNUN
ANALIZIi
Biisra OLGUN, Iclal KAYNAR, Rabia Giilcan SANLI, Siireyya KOKSAL, Yudum KURKUT,
Ebrar Buse APACIK, Beren TURKMEN

Osrenci, Tibbi Goriintiileme Teknikleri Programi, Kapadokya Universitesi, Nevsehir, Tiirkiye
OZET

Amag: Bu arastirma, radyoloji departmanlarinda gorev yapan tekniker ve Ogrenci stajyerlerin
radyasyondan korunma yontemlerine uyum diizeylerini belirlemek, teorik bilgilerin pratik
uygulamadaki karsiligin1 analiz etmek ve radyasyon giivenlik kiiltliriinii degerlendirmek
amactyla yapilmigstir.

Gerec¢ ve Yontem: Tanimlayict tipteki bu calisma, 174 goniillii katilimci ile Nisan 2026'da
yuritiilmustiir. Katilimcilara; koruyucu ekipman kullanimi, dozimetre aliskanlhiklart ve
radyasyon giivenligi egitimleri hakkindaki 8 maddelik bir anket uygulanmistir. Veriler betimsel
istatistiksel yontemlerle (frekans ve ylizde) analiz edilmistir.

Bulgular: Katilimcilarin %89,1'1 hamilelik sorgulama protokoliine "Her zaman" uydugunu
belirtmistir. Pediatrik hastalarda doz parametrelerini farklilagtirma oran1 da %69,5 ile oldukca
yliksektir. Kisisel dozimetresini her giin diizenli takanlarin oran1 %79.,9 iken, koruyucu kursun
onliiklerin yillik sizdirmazlik kontrollerini bildigini ifade edenlerin oram1 %39,1 ile daha diisiik
bir seviyededir. Cekim sirasinda gonad koruyucu kullannmin1 "Her zaman" gercgeklestirenlerin
orani sadece %?27'dir . "Nadiren" veya "Asla" kullananlarin toplami ise yaklasik %24'e
ulagsmaktadir. Katilimcilarin %58'1t ALARA (Miimkiin Oldugunca Diisikk Doz) prensibinin
pratikte "Her zaman" uygulanabilir oldugunu diisiinmektedir . Kurum i¢i periyodik egitim
aldigini diisiinenlerin orani ise %43,7 diizeyindedir.

Sonu¢: Calisma sonuglari, radyoloji ¢alisanlarinin hamilelik sorgulama ve dozimetre kullanimi1
gibi kritik giivenlik adimlarinda yiiksek hassasiyet gosterdigini ortaya koymustur. Ancak, gonad
koruyucu kullanimi ve kursun ekipman kontrolleri gibi teknik gilivenlik adimlarinda ciddi
eksiklikler saptanmistir. Giivenlik kiiltiiriinlin tiim bilesenleriyle yerlesebilmesi i¢in kurum ici
uygulamali egitimlerin artirllmas1 ve koruyucu ekipman kullaniminin denetlenmesi
onerilmektedir.

Anahtar Kelimeler: Radyasyon Giivenligi, ALARA, Gonad Koruyucu, Tibbi Goriintiileme,

Dozimetre.
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ANALYSIS OF COMPLIANCE WiTH RADIATION SAFETY
PROTOCOLS AND SAFETY CULTURE iN CLINICAL MEDICAL
IMAGING PRACTICES

ABSTRACT
Objective: This study was conducted to determine the compliance levels of technicians and
student interns working in radiology departments with radiation protection methods, to analyze
the practical application of theoretical knowledge, and to evaluate the radiation safety culture.
Materials and Methods: This descriptive study was conducted in April 2026 with 174 volunteer
participants. Participants were administered an 8-item questionnaire regarding the use of
protective equipment, dosimeter habits, and radiation safety training. Data were analyzed using
descriptive statistical methods (frequency and percentage).
Results: 89.1% of participants reported that they “always” adhered to the pregnancy screening
protocol. The rate of adjusting dose parameters for pediatric patients was also quite high at
69.5%. While 79.9% of participants wear their personal dosimeters regularly every day, the
percentage of those who stated they are aware of the annual leak tests for protective lead aprons
is lower at 39.1%. Only 27% of participants “always” use gonad protection during imaging . The
combined percentage of those who use protective equipment “rarely” or ‘never’ is approximately
24%. Fifty-eight percent of participants believe that the ALARA (As Low As Reasonably
Achievable) principle is applicable “always” in practice . The percentage of those who believe
they receive periodic in-house training stands at 43.7%.
Conclusion: The study results demonstrate that radiology staff exhibit high sensitivity toward
critical safety measures such as pregnancy screening and dosimeter use. However, significant
deficiencies were identified in technical safety measures such as the use of gonad shields and
lead equipment checks. To ensure the full integration of safety culture, it is recommended to
increase in-house practical training and monitor the use of protective equipment.

Keywords: Radiation Safety, ALARA, Gonad Protector, Medical Imaging, Dosimeter.
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RADYOLOJI STAJYERLERINDE RADYASYON GUVENLIGI BILINCI VE KLINIiK
UYGULAMA DUZEYLERININ DEGERLENDIRILMESI
Sevim KILICKARA, Sibel AKSU, Giilizar Ebru Meral
Osrenci, Istanbul Esenyurt Universitesi Saglik Hizmetleri Meslek Yiiksekokulu Tibbi
Goriintiileme Teknikleri Program
Ogr. Gor. Istanbul Esenyurt Universitesi Saglik Hizmetleri Meslek Yiiksekokulu Tibbi
Goriintiileme Teknikleri Program

sevimkilickara@gmail.com, sibelaksu336@gmail.com, merallebru(@gnail.com

OZET
Giris: Tibbi tani siireclerinde iyonlastirict radyasyon kullanimi kaginilmazdir; bu durum,

radyasyonla calisan saglik profesyonelleri ve oOzellikle mesleki egitiminin uygulama
asamasindaki stajyerler icin yiiksek bir giivenlik farkindaligini zorunlu kilar. Radyasyon
giivenligi yalnizca teorik bir bilgi birikimi degil; koruyucu ekipman kullanimi, mesafe korunumu

ve kurumsal denetimi kapsayan biitiinsel bir giivenlik kiiltiirtidiir.

Amag: Bu arastirmanin temel amaci, radyoloji stajyerlerinin radyasyon giivenligine dair teorik
bilgi diizeylerini ve kurumsal egitim yeterliliklerini 6lgmektir. Ayrica, klinik sahadaki denetim ve
korunma pratiklerini analiz ederek teorik egitim ile saha uygulamalar1 arasindaki olasi
uyumsuzluklar1 (Know-Do Gap) saptamak ve stajyer giivenligini artiracak ¢0ziim Onerileri

gelistirmek hedeflenmistir.

Yontem: Calisma, Devlet, Sehir ve Egitim-Arastirma Hastanelerinde staj yapan 100 katilimci
iizerinde yiirlitiilen tanimlayict bir anket arastirmasidir. Veriler; demografik o6zellikler, teknik
bilgi diizeyi ve klinik uygulama pratiklerini igeren g¢oktan se¢meli sorularla toplanmis ve

ylizdesel analiz yontemleriyle degerlendirilmistir.

Bulgular: Katilimcilarin %96's1 aldiklar1 radyasyon giivenligi egitimini yeterli bulurken, klinik
sahada durum farklilagsmaktadir. Stajyerlerin %49'u i yogunlugu nedeniyle bazen koruyucu
ekipman kullanmadigmi ifade etmiglerdir. Ayrica, katilimcilarin %66's1 kursun Onliiklerin
agirhginin uzun vadede fiziksel saglik sorunlarina yol agabilecegini diisiinmektedir. Dozimetre
kullanim1 konusunda % 22'lik bir kararsizlik yasanirken, ¢ift dozimetre ve anatomik yerlesim

farkindaliginin yok denecek kadar az oldugu saptanmistir

Tartisma ve Sonug: Arastirma, literatiirde "Know-Do Gap" (Bilme-Yapma Boslugu) olarak
adlandirilan ciddi bir geliskiyi ortaya koymaktadir; stajyerler teorik olarak kurallart bilse de
klinik yogunluk, kidemli personel baskisi veya ekipman yetersizligi gibi nedenlerle bu bilgiyi
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davranigsa doniistirememektedir. Katilimcilarin %72,7'si sistemin gelistirilmesi gerektigini
diisinmekte ve bir "giiven bunalimi" yasanmaktadir. Sonug¢ olarak, radyasyon giivenligi
egitiminin sadece bilgi aktarimiyla smirli kalmamasi; klinik simiilasyonlar, siki denetim

protokolleri ve kurumsal bir giivenlik kiiltiirii ile desteklenmesi hayati 6nem tagimaktadir.
Kaynak:

1. ICRP. (2018). Occupational Radiological Protection. Publication 139.

2. T.C. Saglik Bakanlig1. (2023). Radyasyon Giivenligi Y onetmeligi.

3. TAEK. (2020). Tibbi Uygulamalarda Radyasyondan Korunma Rehberi.

4. Leung, K., et al. (2020). The Know-Do Gap in Healthcare. J Clin Epidemiol.

Anahtar Kelimeler: Radyasyon Giivenligi, Radyoloji Stajyerleri, Koruyucu Ekipman

Kullanimi, Dozimetre Farkindaligi, Know-Do Gap

EVALUATION OF RADIATION SAFETY AWARENESS AND
CLINICAL PRACTICE LEVELS
AMONG RADIOLOGY INTERNS
ABSTRACT

Introduction: The use of ionizing radiation in medical diagnostic processes is inevitable; this
situation necessitates a high level of safety awareness for healthcare professionals working with
radiation, and especially for interns in the practical phase of their vocational education. Radiation
safety is n:ot merely a theoretical body of knowledge; it is a holistic safety culture that includes

the use of protective equipment, distance protection, and institutional supervision.

Objective: The main purpose of this research is to measure the theoretical knowledge levels of
radiology interns regarding radiation safety and their institutional training competencies. in
addition, it aims to identify potential incompatibilities (Know-Do Gap) between theoretical
education and field applications by analyzing supervision and protection practices in the clinical

field, and to develop solution proposals to increase intern safety.

Methods: The study is a descriptive survey research conducted on 100 participants interning in
State, City, and Training-Research Hospitals. Data were collected through multiple-choice
questions covering demographic characteristics, technical knowledge level, and clinical practice

habits, and were evaluated using percentage analysis methods.
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Findings: While 96% of the participants found the radiation safety training they received
sufficient, the situation differs in the clinical field. 49% of the interns admitted that they
sometimes do not use protective equipment due to workload. Furthermore, 66% of the
participants think that the weight of lead aprons may cause long-term physical health problems.

While there is 22% indecision regarding

Discussion and Conclusion: The research reveals a serious contradiction referred to in the
literature as the "Know-Do Gap"; although interns theoretically know the rules, they cannot
convert this knowledge into behavior due to reasons such as clinical intensity, pressure from
senior staff, or equipment inadequacy. 72.7% of the participants think the system should be
improved, and a "crisis of trust" is being experienced. in conclusion, it is vital that radiation
safety education is not limited to knowledge transfer alone; it must be supported by clinical

simulations, strict supervision protocols, and an institutional safety culture.
REFERENCES

ICRP. (2018). Occupational Radiological Protection. Publication 139.

T.R. Ministry of Health. (2023). Radiation Safety Regulation.
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Keywords: Radiation Safety, Radiology Interns, Know-Do Gap lonizing Radiation Use of

Protective Equipment, Dosimeter Awareness
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DiJjTAL PANORAMiK..RADYOGRA}?iLERDE KAROT.iS ARTER
KALSIFIKASYONU GORULME SIKLIGI: RETROSPEKTIF CALISMA

Ece Kiibra CATALDAS, Nisa YARDIMLI, Aydan ACIK GOZ

Osrenci, Kapadokya Universitesi Dis Hekimligi Fakiiltesi, Ag1z, Dis ve Cene Radyolojisi
Anabilim Dali, Urgiip/Nevsehir.
Prof. Dr., Kapadokya Universitesi Dis Hekimligi Fakiiltesi, Agiz, Dis ve Cene Radyolojisi
Anabilim Dali, Urgiip/Nevsehir.
ececataldasl l(@gmail.com, aydan.acikgoz@kapadokya.edu.tr
OZET

Amag¢: Bu calismanin amaci, dijital panoramik radyografilerde karotis arter kalsifikasyon
goriilme sikligin1 degerlendirmek ve yas gruplar1 ve cinsiyetler arasinda fark olup olmadigini
arastirmaktir.

Gere¢ ve yontem: Klinigimize basvuran 9,553 hastadan elde edilen panoramik radyografiler
retrospektif olarak analiz edildi. C3-C4 servikal omur seviyesinde yer alan diizensiz, heterojen
radyoopak kitleler, kalsifiye anatomik veya patolojik diger yapilarla ayirict tan1 yapilarak
CAC'in gostergesi olarak kabul edildi. Hastalarin demografik bilgileri kayitli dosyalardan elde
edildi. Analizlerde tanimlayici istatistikler frekans (n), ortalama (ort.), standart sapma (SS),
minimum (Min) ve maksimum (Maks) degerler olarak belirtildi. Cinsiyet ve yas bulgularmin
gruplar aras1 dagilimi, cinsiyet ve yas ile kalsifikasyon tipi arasindaki iligki Ki kare testi ile
analiz edildi. Istatistiksel anlamlilik p<0,05 diizeylerinde degerlendirildi.

Bulgular: Karotid arter kalsifikasyonu 555 hastada tespit edildi ve prevelans %35.8 olarak
bulundu. Erkek hastalarin 145’inde (%3.7) ve kadin hastalarin 410’unda (%7.3) kalsifikasyon
gozlendi. Prevelans yasla birlikte artis gosterdi: < 30 yas grubunda %3.2, 31-50 yas grubunda
%6.2 ve 51 yas ve lizeri hastalarda %7.8. Karotid arter kalsifikasyonu sag tarafta daha fazla
izlendi, %?2.5.

Sonu¢: Dis hekimleri bas-boyun bdlgesinde rastlantisal olarak izlenen yumusak doku
kalsifikasyonlariin radyolojik tanisal kriterlerini iyi bilmeli, radyolojik olarak farkettikleri bu
patolojileri gozardi etmeyip, sadece takip gerektiren veya daha ileri tetkik/tedavi gerektiren
vakalari ayirimimi yapabilmeli ve gerekli boliimlere hastalar1 yonlendirme biling ve farkindaliga
sahip olmalidir.

Anahtar Kelimeler: Karotis arter, karotis kalsifikasyonlari, dijital panoramik radyografi
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FREQUENCY OF CAROTID ARTERY CALCIFICATION IN
DIGITAL PANORAMIC RADIOGRAPHS: A RETROSPECTIVE
STUDY

ABSTRACT
Background: The aim of this study is to evaluate the frequency of carotid artery calcification

seen on digital panoramic radiographs and to investigate whether there are differences between
age groups and genders.

Materials and Methods: Panoramic radiographs obtained from 9,553 patients who presented to
our clinic were retrospectively analyzed. Irregular, heterogeneous radiopaque masses located at
the C3-C4 cervical vertebra level were considered indicative of Carotid Artery Calcification after
differential diagnosis with other calcified anatomical or pathological structures. Patient
demographic information was obtained from recorded files. In the analyses, descriptive statistics
were expressed as frequency (n), mean (avg), standard deviation (SD), minimum (Min), and
maximum (Max) values. The distribution of gender and age findings among groups, and the
relationship between gender, age, and calcification type were analyzed using the Chi-square test.
Statistical significance was evaluated at the p<0.05 level.

Results: Carotid artery calcification was detected in 555 patients, with a prevalence of 5.8%.
Calcification was observed in 145 male patients (3.7%) and 410 female patients (7.3%).
Prevalence increased with age: 3.2% in the < 30 age group, 6.2% in the 31-50 age group, and
7.8% in patients aged 51 and over. Carotid artery calcification was more frequently observed on
the right side, at 2.5%.

Conclusion: Dentists should be well-versed in the radiological diagnostic criteria for soft tissue
calcifications incidentally observed in the head and neck region. They should not disregard these
pathologies detected radiologically, but rather be able to differentiate between cases requiring
only observation and those requiring further investigation/treatment, and have the awareness and
understanding to refer patients to the appropriate departments.

Keywords: carotid artery, carotid artery calcification, digital panoramic radiography
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BILGISAYARLI TOMOGRAFIDE CTDI VE DLP DEGERLERI iLE DOZ REFERANS
SEVIYESININ TESPIiTi

Mert YIGIT, Senem Aleyna UTU, Melda KABAAGIL, Arzu SECER, Sariye Naz BOYRAZ,
Ipek TELCI, Selcan MURATDAG
Osrenci, Kirsehir Ahi Evran Universitesi Saglik Hizmetleri Meslek Yiiksekokulu Tibbi
Goriintiileme Teknikleri Program Ogrencisi

mert.yigit. 154.372@gmail.com, senemaleynautu@gmail.com, kabaagilmeldaa@gmail.com,

arzusecer98@egmail.com, sarivenazb@gmail.com, ipektelcil @gmail.com,

muratdag.selcan@ogr.ahievran.edu.tr

OZET

Giris ve amac: Tanisal siireclerde yiiksek ¢oziliniirliikk avantajinin yani sira radyasyon dozunun
hastaya gore degiskenlik gostermesi, ALARA prensibi dogrultusunda en diisiik dozla en kaliteli
goriintliyli elde etmeyi zorunlu kilmaktadir. CTDIyo ve DLP degerleri hastanin maruz kalacagi
ve islem sonunda kaldigi dozun belirtecidir. DRL hastalarin maruz kalabilecekleri doz
seviyelerinin belirtecidir. Bu ¢alismanin temel amaci, staj egitiminin siirdiiriildiigii hastanede
gergeklestirilen Beyin, Toraks ve Batin Bilgisayarli Tomografi (BT) c¢ekimlerinde hastalarin
maruz kaldig1 radyasyon dozlarini geriye doniik olarak analiz etmektir. Arastirma kapsaminda,
cekimler sonucunda elde edilen CTDIy, ve DLP verileri lizerinden hastanenin yerel Tanisal
Referans Degerleri'nin (DRL) ¢ikarilmasi ve kurumun ortalama doz seviyelerinin belirlenmesi
hedeflenmektedir. Bu verilerin ulusal ve uluslararasi standartlarla kiyaslanmasi yoluyla,
hastanedeki ¢ekim protokollerinin optimize edilmesi ve radyasyon maruziyetinin en makul
seviyeye indirilmesine katki saglanmasi amag¢lanmaktadir.

Yontem: Bu calisma, staj yapilan hastanenin radyoloji servisindeki Bilgisayarli Tomografi (BT)
iinitesinde, yetiskin hastalara uygulanan kontrastsiz beyin, abdomen ve toraks c¢ekimlerini
kapsamaktadir. Arastirma siirecinde, bu ¢ekimlere ait doz raporlari sistem iizerinden randomize
sekilde secilerek toplanmistir. Elde edilen tiim veriler analiz edilmek {lizere MS Excel
programinda diizenlenmistir. Analiz asamasinda bilimsel referans olarak ICRP Rapor 135
onerileri  dikkate alinmis, Doz Referans Seviyeleri (DRL) ile karsilastirilarak
degerlendirilmistir.

Bulgular: Calisma kapsaminda beyin, abdomen ve toraks BT ¢ekimi yapilan hastalarin doz
verileri randomize edilerek analiz edilmistir. Beyin BT ¢ekilen 85 hastada medyan CTDlIyol
degeri 48,55 mGy ve medyan DLP degeri 984,48 mGy olarak saptanmistir. Abdomen BT
grubundaki 45 hastada medyan CTDlyo 14,95 mGy iken, medyan DLP 883,12 mGy
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seviyesindedir. 49 hastadan olusan toraks BT grubunda ise medyan CTDIlyo 8,74 mGy ve
medyan DLP degeri 373,59 mGy olarak 6l¢iilmiistiir.

Sonug¢ ve Tartisma

Caligma sonuglarina gore; beyin, abdomen ve toraks BT ¢ekimlerinde elde edilen CTDIyo
degerleri, AAPM tarafindan Onerilen literatlir sinirlarimin altinda kalarak giivenli seviyede
bulunmustur. Ancak DLP degerleri incelendiginde, teknisyenler arasinda tarama uzunluklari
acisindan bir standartlagma saglanamadigr gozlemlenmistir. Bu durum, bazi ¢ekimlerde
gereginden fazla alanin tarandigimi ve radyasyon optimizasyonu i¢in ¢ekim protokollerinin
standartlastirilmasi gerektigini ortaya koymaktadir.

Anahtar kelimeler: Bilgisayarli tomografi, CTDI, DLP, Doz Referans Seviyesi

Radyasyondan korunma

DETERMINATION OF CDTI AND DLP VALUES AND DOSE
REFERENCE LEVEL IN COMPUTED TOMOGRAPHY
ABSTRACT

Background and Aim: In diagnostic processes, while high resolution is an advantage, the fact
that radiation dose varies from patient to patient necessitates obtaining the highest quality image
with the lowest dose, in accordance with the ALARA principle. CTDIvol and DLP values
indicate the dose the patient will be exposed to and the dose remaining after the procedure. DRLs
are indicators of the dose levels to which patients may be exposed. The main objective of this
study is to retrospectively analyze the radiation doses received by patients during Brain, Thorax,
and Abdomen Computed Tomography (CT) scans performed at the hospital where their
internship training was conducted. The aim of this research is to derive the hospital's local
Diagnostic Reference Values (DRLs) from the CTDIvol and DLP data obtained from the
imaging studies and to determine the institution's average dose levels. By comparing this data
with national and international standards, the aim is to optimize imaging protocols in hospitals
and contribute to minimizing radiation exposure to the most reasonable level.

Methods: This study covers non-contrast brain, abdomen, and thorax scans performed on adult
patients in the Computed Tomography (CT) unit of the radiology department at the hospital
where the internship was conducted. During the research process, dose reports for these scans
were randomly selected and collected from the system. All obtained data were organized in MS
Excel program for analysis. During the analysis phase, the recommendations of ICRP Report 135
were considered as a scientific reference and evaluated by comparing them with Dose Reference

Levels (DRLs).
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Findings: In this study, dose data from patients who underwent brain, abdomen, and thorax CT
scans were randomized and analyzed. In 85 patients who underwent brain CT scans, the median
CTDlvol value was found to be 48.55 mGy and the median DLP value was 984.48 mGy. In the
abdominal CT group of 45 patients, the median CTDIvol was 14.95 mGy, while the median DLP
was 883.12 mGy. In the thoracic CT group consisting of 49 patients, the median CTDIvol was
measured as 8.74 mGy and the median DLP value as 373.59 mGy.

Conclusion and Discussion: According to the study results, the CTDIvol values obtained from
brain, abdomen, and thorax CT scans were found to be within a safe level, remaining below the
literature limits recommended by the AAPM. However, an examination of the DLP data revealed
a lack of standardization in scan lengths among technicians. This situation reveals that too much
area is being scanned in some images and that imaging protocols need to be standardized for
radiation optimization.

Keywords:Computed tomography , CTDI, DIp , Dose Reference Level radiation protection
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BiR EGITIM VE ARASTIRMA HASTANESI RADYOLOJI SERVISINDE CEKILEN
AP VE LATERAL DiZ GRAFISININ TANISAL YETERLILIGININ ARASTIRILMASI

Yasemin PALTA

Osrenci, Ahi Evran Universitesi Saglik Hizmetleri Meslek Yiiksek Okulu TGT Program
Ogrencisi

yaseminpaltaa(@icloud.com

OZET
Giris ve amag: Diz radyografisi, kas-iskelet sistemi patolojilerinin tanisinda en yaygin kullanilan
goriintiileme yontemi olup goriintii kalitesi; tan1 dogrulugunu, tekrar ¢ekim oranlari ve hasta
radyasyon dozunu dogrudan etkilemektedir.
Bu ¢aligmada bir egitim ve arastirma hastanesinin radyoloji servisinde tek bir giin icinde ¢ekilen
diz grafilerinin tanisal yeterliligi incelenmistir.
Yontem: Calismaya toplam 130 diz radyografisi dahil edilmis olup bunlarin 61't AP, 69'u lateral
diz grafisinden olusmaktadir. Grafiler bir radyolog tarafindan hem teknik hem de klinik yeterlilik
acisindan 1-10 aras1 puanlama sistemiyle degerlendirilmistir. Bu sistemde 1-4 puan tekrar
gerektiren, 5—7 puan klinisyen takdirine birakilan, 8—10 puan ise yeterli grafiye karsilik
gelmektedir.
Bulgular: AP diz grafisi sonuglarina gore, grafilerinin %21,3'0 tekrar ¢ekim gerektirirken
%52.,4' klinisyen kararina birakilmistir. Tam puan (10) alan grafi orani yalnizca %9,8 olarak
tespit edilmistir. Lateral diz grafilerinde ise tekrar gerektiren oran %17,4 olarak saptanmis,
klinisyen kararma birakilan oran %65,2'ye yiikselmistir. Ote yandan lateral grafiler arasinda tam
puan alan higbir grafi bulunmamaktadir.
Sonug: Bu bulgular, rutin pratikte ¢ekilen diz grafilerinin biiyiik ¢ogunlugunun teknik ve klinik
yeterlilik kriterlerini karsilayamadigini ortaya koymaktadir. Ozellikle lateral diz grafisi, kondil
iist liste bindirme, fleksiyon agis1 ve pozisyonlama kriterleri agisindan en gii¢ ve en hata egilimli
cekim tiirii olarak one ¢ikmaktadir. Yetersiz grafiler; tibia plato kiriklar1 ve erken evre osteoartrit
gibi patolojilerin gézden kagmasina, gereksiz tekrar ¢gekim nedeniyle artan radyasyon dozuna ve
MR ile BT gibi ileri tetkik ihtiyacinda hatali karar verilmesine zemin hazirlamaktadir. Radyoloji
teknikerlerinin 6zellikle lateral diz grafisi pozisyonlamasi konusunda sistematik egitim almasi ve
kalite kontrol protokollerinin standardize edilmesi gerekmektedir. Rutin pratikte goriintii
kalitesinin iyilestirilmesi, hem tanisal dogruluk hem de hasta giivenligi agisindan oncelikli bir

hedef olarak degerlendirilmelidir.
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Anahtar kelimeler: AP Diz grafisi, Lateral Diz Grafisi, Tanisal yeterlilik, Radyografi hatalari,

goriintii kalitesi
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ABSTRACT

Background and Aim: Knee radiography is the most commonly used imaging method in the
diagnosis of musculoskeletal pathologies, and image quality directly affects diagnostic accuracy,
repeat imaging rates, and patient radiation dose. This study investigated the diagnostic adequacy
of knee radiographs taken in a single day at the radiology department of a training and research
hospital.

Methods: A total of 130 knee radiographs were included in the study, 61 of which were AP
(appearance) and 69 were lateral knee radiographs. The radiographs were evaluated by a
radiologist using a scoring system of 1-10 for both technical and clinical adequacy. In this
system, 14 points indicated requiring repeat imaging, 5—7 points were left to the clinician's
discretion, and 8—10 points corresponded to adequate imaging.

Findings: According to the AP knee radiograph results, 21.3% of the radiographs required
repeat imaging, while 52.4% were left to the clinician's discretion. Only 9.8% of the radiographs
received a full score (10). In lateral knee radiographs, the rate requiring retakes was found to be
17.4%, while the rate left to clinician discretion increased to 65.2%. On the other hand, no

radiographs received a full score among the lateral radiographs.
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Conclusion: These findings reveal that the vast majority of knee radiographs taken in routine
practice do not meet the technical and clinical competency criteria. Lateral knee radiographs, in
particular, stand out as the most difficult and error-prone type of imaging in terms of condylar
overlap, flexion angle, and positioning criteria. Inadequate radiographs lead to the overlooking of
pathologies such as tibial plateau fractures and early-stage osteoarthritis, increased radiation dose
due to unnecessary retakes, and erroneous decisions regarding the need for advanced
examinations such as MRI and CT scans. Radiology technicians need systematic training,
especially in lateral knee radiograph positioning, and quality control protocols need to be
standardized. Improving image quality in routine practice should be considered a priority goal,
both for diagnostic accuracy and patient safety.

Keywords: AP knee radiograph, lateral knee radiograph, diagnostic adequacy, radiographic
errors, image quality
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TURKIYE’DE AKCiGER GRAFIiSi VE AKCIGER KANSERI (2016-2025)
Baris SOLAK
Osrenci, Tibbi Goriintiileme Teknikleri Program, Kapadokya Universitesi, Nevsehir, Tiirkiye.

barissolak50@gmail.com
OZET

Giris ve amac: Akciger kanseri, diinya genelinde en sik goriilen ve en yliksek mortaliteye sahip
kanser tiirlerinden biridir. Erken tan1 hastaligin prognozunu dogrudan etkiler. Akciger grafisi (X-
ray), yaygin erisilebilirligi ve diisiik maliyeti nedeniyle ilk basamak goriintiileme yontemidir.
Saglik bakanligi verileri incelenerek Akciger grafisi kullanim sikligini analiz etmek, Akciger
kanseri insidansindaki degisimi incelemek ve erken teshiste goriintilemenin roliini
degerlendirmek.

Materyal ve yontem: Arastirmada T.C. Saglik Bakanhg ve Tiirkiye Istatistik Kurumu’nun
20162025 tarihleri arasindaki istatistikleri kullanilmistir. Tanimlayicr istatistiksel yontemler ile
toplam rontgen sayist icerisnde akciger grafisi orami ve kanser siiphesi ile ¢ekim orani
arastirmaya dahil edilmistir.

Bulgular: Akciger grafisi kullanimi1 2016°da 35 milyon olan ¢ekim sayisi, 2022’de 60 milyona
ulagmustir. Toplam artis %41°dir. Akciger kanseri insidans1 2022: 42 /100.000 2025: 50 /100.000
Artis egilimi vardir ancak plato donemine girilmistir. Rontgen ¢cekim amaglar1 %45 Enfeksiyon /
COVID, %20 Acil durumlar, %15 Rutin tarama, %10 Kronik hastaliklar, %5-10 Kanser
stiphesidir. Viicut bolgelerine gore dagilim %40 Akciger, %32 Kemik-ekstremite, %12 Dis, %10
Omurga, %6 Diger

Tartisma: COVID-19 doneminde akciger grafisi kullaniminda ciddi artis goriilmiistiir. Artan
goriintiileme sayisina ragmen kanser tani oraninda sinirli artis olmustur. Akciger grafileri
cogunlukla enfeksiyon ve acil degerlendirme amaciyla kullanilmaktadir. Kanser siiphesi ile
yapilan ¢ekim orani diisiiktiir.

Sonug¢: Akciger grafisi erken tanida 6nemli bir aragtir ancak tek basina yeterli degildir. Tarama
programlar1 artirtlmalidir. Gereksiz radyasyon azaltilmalidir. Risk gruplarinda diisiik doz BT
kullanilmalidir

KAYNAKLAR
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CHEST X-RAYS AND LUNG CANCER IN TURKEY (2016-2025)
ABSTRACT

Background and Aim: Lung cancer is one of the most common cancers worldwide and has the
highest mortality rate. Early diagnosis directly affects the prognosis of the disease. Chest X-rays
are the first-line imaging method due to their widespread accessibility and low cost. To analyze
the frequency of chest X-ray use by examining data from the Ministry of Health, to examine the

change in the incidence of lung cancer, and to evaluate the role of imaging in early diagnosis.

Materials and methods: The study used statistics from the Ministry of Health of the Republic
of Turkey and the Turkish Statistical Institute for the years 2016-2025. Descriptive statistical
methods were used to include the ratio of chest X-rays within the total number of X-rays and the

ratio of X-rays taken due to suspected cancer.

Findings: The number of chest X-rays increased from 35 million in 2016 to 60 million in 2022.
The total increase is 41%. The incidence of lung cancer is projected to be 42/100,000 in 2022
and 50/100,000 in 2025. There is an increasing trend, but a plateau period has been reached. The
purposes of X-ray imaging are: 45% Infection/COVID, 20% Emergencies, 15% Routine
screening, 10% Chronic diseases, 5-10% Suspicion of cancer. Distribution by body region: 40%

Lung, 32% Bone-extremity, 12% Teeth, 10% Spine, 6% Other.

Discussion: A significant increase in the use of chest X-rays was observed during the COVID-19
period. Despite the increased number of imaging procedures, there has been a limited increase in
cancer diagnosis rates. Chest X-rays are mostly used for infection and emergency evaluation

purposes. The rate of chest X-rays performed due to suspected cancer is low.

Conclusion: Chest X-rays are an important tool in early diagnosis, but they are not sufficient on
their own. Screening programs should be increased. Unnecessary radiation should be reduced.

Low-dose CT should be used in risk groups.
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GOMULU 3. MOLAR DiSLERIN DEGERLENDIRILMESINDE 2D VE 3D
GORUNTULEME YONTEMLERININ TANISAL DOGRULUK ACISINDAN
KARSILASTIRILMASI

Aleyna YARBO, F. KOSE

Osrenci, Hatay Mustafa Kemal Universitesi, Hatay Saghk Hizmetleri Meslek Yiiksekokulu,
Hatay, Antakya.
aleynayrb(@gmail.com

OZET

GoOmiilii tigiincii molar dislerin degerlendirilmesi, cerrahi planlama ve komplikasyonlarin
onlenmesi acisindan kritik 6neme sahiptir. Geleneksel iki boyutlu (2D) goriintiileme yontemleri,
ozellikle panoramik radyografi, klinikte yaygin olarak kullanilmaktadir. Ancak bu yontemler
anatomik siiperpozisyon ve derinlik bilgisi eksikligi gibi sinirliliklara sahiptir. U¢ boyutlu (3D)
goriintiileme yontemleri, 6zellikle konik 1s1nl1 bilgisayarli tomografi (CBCT), anatomik yapilarin
daha dogru degerlendirilmesini saglayarak tanisal dogrulugu artirmaktadir. Bu ¢alismanin amaci,
gdmiilii tigiincii molar dislerin degerlendirilmesinde 2D ve 3D goriintiileme yontemlerinin tanisal
dogruluk agisindan karsilastirilmasidir. Bulgular, CBCT’nin 6zellikle mandibular kanal ile dis
kokleri arasindaki iliskinin belirlenmesinde daha yiiksek dogruluk sagladigini gdstermektedir.
Ancak daha yiiksek maliyet ve radyasyon dozu nedeniyle se¢ici kullanimi 6nerilmektedir.
Anahtar Kelimeler: Dental goriintii kalitesi, 2D-3D dental goriintiileme, gomiilii molar dis,
tanisal dogruluk

ABSTRACT
The evaluation of impacted third molar teeth is critical for surgical planning and prevention of
complications. Traditional two-dimensional (2D) imaging methods, especially panoramic
radiography, are widely used in clinical practice. However, these methods have limitations such
as lack of anatomical superposition and depth information. Three-dimensional (3D) imaging
methods, particularly cone-beam computed tomography (CBCT), provide more accurate
evaluation of anatomical structures, thus increasing diagnostic accuracy. The aim of this study is
to compare the diagnostic accuracy of 2D and 3D imaging methods in the evaluation of impacted
third molar teeth. The findings show that CBCT provides higher accuracy, especially in
determining the relationship between the mandibular canal and the tooth roots. However, due to
its higher cost and radiation dose, its selective use is recommended.
Keywords: Dental image quality, 2D-3D dental imaging, impacted molar tooth, diagnostic

accuracy.
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ILK CEKIMDE TANISAL YETERLILIK ORANI: RADYOLOJIK GORUNTULERDE
BASARI ANALIZiNIN RETROSPEKTIF DEGERLENDIRILMESI

Diyala KARADENIZ, G. KARABULUT, S. PELTEK, I. AKPOLAT
Osrenci, Hatay Mustafa Kemal Universitesi, Hatay Saghk Hizmetleri Meslek Yiiksekokulu,
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OZET

Radyolojik goriintiilemede ilk ¢cekimde tanisal yeterlilik saglanmasi, hasta giivenligi, radyasyon
dozunun azaltilmasi ve klinik verimlilik agisindan temel bir kalite gostergesidir. Bu ¢alismada,
ilk ¢ekimde basar1 orani ve tekrar ¢ekim gereksinimi, goriintilleme modalitelerine gore giincel
literatlir wverileri 1518inda retrospektif olarak degerlendirilmistir. Literatiir, tekrar cekim
oranlarinin %?2-14 arasinda degistigini ve bu tekrarlarin biiyiik Olgiide teknik hatalardan
kaynaklandigin1  gdstermektedir. Ozellikle direkt dijital radyografi ve mobil radyografi
sistemlerinde tekrar oranlarmin daha yiiksek oldugu, buna karsin bilgisayarli tomografi ve
manyetik rezonans goriintiilemede tekrar oranlarinin daha diistik oldugu bildirilmistir. Bu
bulgular, operator bagimliliginin yiiksek oldugu sistemlerde kalite problemlerinin daha belirgin
oldugunu ortaya koymaktadir.
Anahtar Kelimeler: Radyografi, tekrar ¢ekim, goriintii kalitesi, kalite kontrol, retrospektif
analiz

ABSTRACT
In radiological imaging, achieving diagnostic adequacy on the first scan is a fundamental quality
indicator in terms of patient safety, radiation dose reduction, and clinical efficiency. In this study,
the success rate of the first scan and the need for repeat scans were retrospectively evaluated
according to imaging modalities in light of current literature data. The literature shows that
repeat scan rates vary between 2% and 14%, and these repetitions are largely due to technical
errors. It has been reported that repeat scan rates are higher in direct digital radiography and
mobile radiography systems, while they are lower in computed tomography and magnetic
resonance imaging. These findings reveal that quality problems are more pronounced in systems
with high operator dependence.

Keywords: Radiography, repeat scan, image quality, quality control, retrospective analysis.
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KONTRAST MADDELERIN TARIHSEL GELIiSiMi: KARANLIK CAGDAN
AYDINLIK CAGA
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OZET

Amag

Bu calismanin amaci, 1895°ten giinlimiize kadar kontrast maddelerin gelisim siirecini incelemek
ve modern tibbi goriintiillemeye katkilarini degerlendirmektir.

Giris

Tibbi goriintilleme yOntemleri, hastaliklarin tan1 ve takibinde kritik 6neme sahiptir. Kontrast
maddeler, o6zellikle radyolojik goriintiileme tekniklerinde dokular arasindaki farki artirarak
tanisal dogrulugu yiikseltir. Ilk kesiflerden giiniimiize kadar kontrast ajanlar onemli evrimler
gecirmistir. X-1sinlar1 kemik yapilarin goriintiilenmesini saglarken, yumusak dokular ve vaskiiler
yapilar yeterince ayirt edilememektedir. Bu sinirliligi asmak amaciyla bilim insanlar1 radyoopak
maddeler iizerinde calismaya baglamistir. Kontrast madde gelisimi, agir metallerin deneysel
kullaninmindan modern farmakolojik ajanlara uzanan énemli bir bilimsel ilerleme siirecidir.
Yontem

Bu calisma literatlir taramasi seklinde yiiriitiilmiistiir. Kontrast maddelerin tarihsel gelisimi;
bilimsel makaleler, kitaplar ve arsiv verileri incelenerek kronolojik olarak degerlendirilmistir.
Bulgular

1895: X-1sinlarinin kesfinden sonra ilk kontrast uygulamalar1 baslatilmistir. 1910-1920: Baryum
siilfat gastrointestinal sistem goriintiilemede kullanilmaya baslanmistir. 1920’ler: Iyot bazli
kontrast maddeler gelistirilmis ve damar goriintiilemede kullanilmaya baslanmistir. 1950’ler:
Daha giivenli ve c¢oziiniirligli yliksek kontrast ajanlar gelistirilmistir. 1970’ler: Bilgisayarl
tomografi (BT) ile kontrast kullanimi1 yayginlagmistir. 1980 — Giinlimiiz: Manyetik rezonans
goriintiileme (MR) i¢in gadolinyum bazli ajanlar gelistirilmis, diisiikk osmolaliteli ve daha giivenli
kontrast maddeler kullanilmaya baglanmaistir.

Tartisma

Kontrast maddelerin gelisimi, goriintiileme teknolojilerindeki ilerlemelerle paralel ilerlemistir.

Erken donem ajanlar yliksek toksisiteye sahipken, gilinlimiizde gelistirilen kontrast maddeler
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daha giivenli ve hasta tolerans: yiiksek hale gelmistir. Ozellikle diisiik osmolaliteli ve non-iyonik
kontrast ajanlarin kullanimi1 yan etkileri 6nemli dl¢lide azaltmistir.

Sonug¢

Kontrast maddelerin tarihsel gelisimi, modern tipta tanisal dogrulugun artmasina biiyiik katki
saglamistir. Giinimiizde daha gilivenli ve etkili ajanlarin kullanimi sayesinde goriintiileme
yontemleri daha basarili sonuglar vermektedir. Gelecekte biyouyumlu ve hedefe yonelik kontrast
ajanlarin gelistirilmesi beklenmektedir.

Anahtar Kelimeler: Kontrast madde, radyoloji, goriintiileme, tarihsel gelisim, BT, MR

HISTORICAL DEVELOPMENT OF CONTRAST AGENTS: FROM
THE DARK AGE TO THE AGE OF ENLIGHTENMENT

ABSTRACT
Purpose

The primary objective of this study is to examine the development of contrast agents from 1895
to the present and to evaluate their contributions to modern medical imaging.

Introduction

Medical imaging methods are crucial for the diagnosis and follow-up of diseases. Contrast agents
increase diagnostic accuracy by showing the difference between tissues in radiological imaging.
Contrast agents have changed a lot from the first discoveries until today. X-rays show bone
structures, but soft tissues and vascular structures cannot be seen clearly. To solve this problem,
scientists started to work on radiopaque substances. The development of contrast agents is an
important scientific progress from the experimental use of heavy metals to modern
pharmacological agents.

Method

This study was conducted as a literature review. The historical development of contrast agents
was evaluated chronologically by examining scientific articles, books, and archive data.
Findings

1895: The first contrast applications started after the discovery of X-rays. 1910-1920: Barium
sulfate started to be used for gastrointestinal system imaging. 1920s: Iodine-based contrast
agents were developed and started to be used in vascular imaging. 1950s: More secure contrast
agents with high resolution were developed. 1970s: The use of contrast became common with
Computed Tomography (CT). 1980 — Present: Gadolinium-based agents were developed for
Magnetic Resonance Imaging (MRI); safer contrast agents with low osmolality started to be

used.
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Discussion

The development of contrast agents moved together with the progress in imaging technologies.
While early agents had high toxicity, today’s contrast agents are safer and better for patients.
Especially the use of low-osmolality and non-ionic contrast agents has significantly reduced side
effects.

Conclusion

The historical development of contrast agents has helped to increase diagnostic accuracy in
modern medicine. Advancements in safer and more effective agents have led to improved
outcomes in modern imaging methods.In the future, the development of biocompatible and
targeted contrast agents is expected.

Keywords: Contrast agent, radiology, imaging, historical development, CT, MRI
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RADYOLOJIDE YAPAY ZEKA KULLANIMI VE TEKNIiKERIN DEGIiSEN ROLU:
2020-2026 DONEMI ICIN LITERATUR INCELEMESI

Mehmet KORKMAZ, A. BAKLACI, S. AYDIN, A. KOPAR, M. Y. ELMAS

Osrenci, Hatay Mustafa Kemal Universitesi, Hatay Saghk Hizmetleri Meslek Yiiksekokulu,
Hatay, Antakya.
mhmtkrkmz926@gmail.com
OZET

Yapay zeka (YZ) teknolojilerinin saglik alanina entegrasyonu, o6zellikle radyoloji disiplininde
tanisal dogruluk, goriintii kalitesi ve klinik i akisi tizerinde onemli doniisiimlere yol agmistir. Bu
calisma, 2020 sonrasi giincel literatiir 151¢1nda yapay zekanin radyolojideki kullanim alanlarini ve
radyoloji  teknikerlerinin degisen roliinli incelemeyi amaclamaktadir. Bulgular, YZ
uygulamalarinin goriintii analizini hizlandirdigini, tan1 dogrulugunu artirdigini ve radyoloji is
akisii optimize ettigini gostermektedir. Bununla birlikte teknikerlerin rolii, veri kalitesi yonetimi

ve sistem denetimi gibi daha kompleks sorumluluklara dogru genislemektedir.

ABSTRACT
The integration of artificial intelligence (AI) technologies into the healthcare field has led to
significant transformations in diagnostic accuracy, image quality, and clinical workflow,
particularly in the radiology discipline. This study aims to examine the application areas of Al in
radiology and the changing role of radiology technicians in light of the current literature after
2020. The findings show that Al applications accelerate image analysis, increase diagnostic
accuracy, and optimize radiology workflow. However, the role of technicians is expanding

towards more complex responsibilities such as data quality management and system auditing.
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RADYOLOJIK GORUNTU KALITESINDE TEKNIiKERIN ETKISi:
POZISYONLANDIRMA VE PROTOKOL UYGULAMALARININ ANALIiZi

Kiibra ASLAN, E. Ozcan, F. E. Bozkurt, A. Kara

Osrenci, Hatay Mustafa Kemal Universitesi, Hatay Saghk Hizmetleri Meslek Yiiksekokulu,
Hatay, Antakya.
ka8380655@gmail.com
OZET

Radyolojik goriintii kalitesi, dogru tani ve etkili tedavi planlamasinin temel belirleyicilerinden
biridir. Goriintii kalitesini etkileyen bircok faktér bulunmakla birlikte, radyoloji teknikerlerinin
rolii bu siirecte kritik 6neme sahiptir. Ozellikle hasta pozisyonlandirmas: ve uygun g¢ekim
protokollerinin uygulanmasi, goriintli kalitesini dogrudan etkileyen temel unsurlar arasinda yer
almaktadir. Bu g¢alismanin amaci, radyolojik goriintii kalitesinde tekniker faktoriiniin roliind,
ozellikle pozisyonlandirma hatalar1 ve protokol uygulamalar1 agisindan incelemektir. Bulgular,
goriintii kalitesini etkileyen hatalarin biiyiik ¢ogunlugunun pozisyonlandirma kaynakli oldugunu
gostermektedir.
Anahtar Kelimeler: Radyolojik goriintii kalitesi, Gorlintiilleme protokolleri, Hasta
pozisyonlandirmasi, Radyografik kalite kontrol

ABSTRACT
Radiological image quality is a fundamental determinant of accurate diagnosis and effective
treatment planning. While many factors influence image quality, the role of radiology
technicians is critically important in this process. In particular, patient positioning and the
application of appropriate imaging protocols are key elements that directly affect image quality.
The aim of this study is to examine the role of the technician factor in radiological image quality,
especially in terms of positioning errors and protocol applications. The findings show that the
vast majority of errors affecting image quality are positioning-related.
Keywords: Radiological image quality, Imaging protocols, Patient positioning, Radiographic

quality control

GIRIiS
Radyolojik goriintii kalitesi, dogru tam1 ve etkin tedavi planlamasinin temel bilesenlerinden
biridir. Gorilintli kalitesini etkileyen faktorler arasinda cihaz performansi, teknik parametreler ve

hasta faktorleri yer almakla birlikte, radyoloji teknikerinin bilgi ve uygulama becerisi kritik
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oneme sahiptir. Ozellikle hasta pozisyonlandirmasi, uygun ekspojur parametrelerinin segimi ve
standart protokollerin uygulanmasi; gorlintiilerin tanisal yeterliligini dogrudan etkilemektedir
(Kjelle et al., 2022).

Literatiirde radyografik tekrar c¢ekimlerin onemli bir kisminin tekniker kaynakli hatalardan
olustugu bildirilmektedir. Pozisyonlandirma hatalari; anatomik yapilarin siiperpozisyonuna,
distorsiyona ve goriintli bulanikligina neden olarak tanisal dogrulugu azaltmaktadir (Dhillon et
al., 2012). Ayrica yanlis kVp ve mAs sec¢imi, kontrast ve giiriiltii seviyelerini etkileyerek goriintii
kalitesini diisiirmektedir.

Dijital radyografi sistemleri goriintii optimizasyonunda onemli avantajlar saglasa da, insan
faktorii halen kalite yonetiminin merkezinde yer almaktadir. Son yillarda yapay zeka destekli
kalite kontrol sistemleri ve otomatik pozisyonlandirma teknolojileri gelistirilmis olsa da, tekniker
deneyimi ve egitim diizeyi goriintli bagarisini belirleyen temel unsurlar olmaya devam etmektedir
(Miller et al., 2024).

BULGULAR

Literatiir verileri, radyolojik goriintii kalitesini etkileyen hatalarin biiyiik boliimiiniin
pozisyonlandirma ve protokol uygulama hatalarindan kaynaklandigini gostermektedir. Ozellikle
yanlis merkezleme, rotasyon, yetersiz kolimasyon ve uygunsuz ekspojur parametreleri; goriintii
kontrastin1 azaltmakta, anatomik yapilarin siiperpozisyonuna neden olmakta ve tanisal yeterliligi
diisiirmektedir (Dhillon et al., 2012).

Yapilan caligmalarda tekrar c¢ekim oranlarmmin %40-60’min tekniker kaynakli uygulama
hatalarindan olustugu bildirilmistir (Kjelle et al., 2022). Ayrica deneyimli teknikerlerin, standart
protokol kullanimina daha yiiksek uyum gosterdigi ve ilk ¢ekimde tanisal yeterlilik oranlarinin
daha yiiksek oldugu rapor edilmistir.

Tablo 1. Tekniker Kaynakh Goriintii Kalitesi Hatalar:

Hata Tirii Ortalama Goriilme Orani

Pozisyonlandirma hatalari %350-70
Yanhs ekspojur parametreleri %15-25
Hasta hareket artefaktlar: %10-15
Kolimasyon hatalar %5-10

Teknik ekipman kaynakh hatalar %3-5
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Tablo 2. Protokol Uygulamalarinin Goriintii Kalitesine Etkisi

Protokol Parametresi Uygun Uygulama Sonucu  Yanhs Uygulama Sonucu

kVp secimi Optimal kontrast ve Diistik kontrast / asir1
penetrasyon yogunluk

mAs secimi Diistik giiriiltii seviyesi Giriiltili veya asir1 dozlu
goruntu

Kolimasyon Gereksiz dozun azaltilmas1  Artefakt ve goriintii alani
kayb1

Hasta pozisyonlandirmasi Anatomik dogruluk Stiperpozisyon ve distorsiyon

SID (Source-Image Distance) Net goriintii olusumu Magnifikasyon ve bulaniklik

ayari

Kjelle ve ark. (2022), standart ¢ekim protokollerinin uygulanmasinin tekrar ¢cekim oranlarini
anlamli diizeyde azalttigin1 bildirmistir. Rumman (2023) ise uygun kVp ve mAs se¢iminin
goriintli kalitesinde belirleyici rol oynadigini gostermistir.

Bu bulgular, standart protokol uygulamalar1 ve tekniker egitimlerinin radyolojik goriintii
kalitesinin artirilmasinda kritik 6neme sahip oldugunu gostermektedir.

TARTISMA

Elde edilen bulgular, radyolojik goriintii kalitesinde tekniker faktoriiniin belirleyici rol
oynadigmi gostermektedir. Ozellikle pozisyonlandirma hatalar1, tanisal yeterliligi azaltarak
tekrar ¢ekim gereksinimini artirmaktadir. Bu durum yalnizca hasta radyasyon dozunu artirmakla
kalmay1p, saglik hizmetlerinde zaman kayb1 ve maliyet artisina da neden olmaktadir.

Yanlis protokol uygulamalari; diisiik kontrast, yiiksek giiriiltii seviyesi ve anatomik yapilarin
yetersiz goriintiilenmesine yol agmaktadir. Bu nedenle teknikerlerin teknik bilgi diizeyi ve cihaz
hakimiyeti biiyiik 6nem tagimaktadir (Rumman, 2023).

Literatiir, stirekli mesleki egitimlerin ve simiilasyon tabanli uygulamalarin hata oranlarim
azaltmada etkili oldugunu gostermektedir. Ayrica yapay zekd destekli kalite kontrol
sistemlerinin, pozisyonlandirma dogrulugunu artirarak goriintii kalitesini optimize edebilecegi
bildirilmektedir (Miller et al., 2024).

SONUC

Radyolojik goriintii kalitesinde tekniker faktdrii merkezi bir role sahiptir. Ozellikle hasta
pozisyonlandirmasi ve uygun protokol uygulamalari, goriintiilerin tanisal basarisini dogrudan
etkilemektedir. Literatiir verileri, goriintii hatalarinin biiylik ¢ogunlugunun pozisyonlandirma
kaynakli oldugunu gostermektedir.

Bu dogrultuda:

o Siirekli tekniker egitiminin artirilmasi,
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Standart goriintiileme protokollerinin uygulanmast,

Yapay zeka destekli kalite kontrol sistemlerinin klinik entegrasyonu

Onerilmektedir. Bu uygulamalar sayesinde goriintii kalitesi artirilabilir, tekrar ¢ekim oranlari

azaltilabilir ve hasta gilivenligi iyilestirilebilir.
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RADYOLOJIK GORUNTULEMEDE RADYASYON KAYGISI: GERCEKLER VE
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OZET

Amacg: Bu calismada, radyolojik goriintiileme siireglerinde hastalarda olusan radyasyon
kaygisinin nedenlerinin ortaya konulmasi ve bu kayginin bilimsel gerceklerle karsilagtirilarak
degerlendirilmesi amaglanmustir.

Gerec ve Yontem: Radyolojik goriintiileme yontemleri ve bu yontemlerde kullanilan iyonizan
radyasyon dozlar1 literatiir verileri dogrultusunda incelenmistir. Ayrica 80 katilimci ile yapilan
anket calismasiyla bireylerin radyasyon algist ve kaygi diizeyleri degerlendirilmistir.
Radyasyonun biyolojik etkileri, tanisal dozlar ve radyasyondan korunma prensipleri (ALARA)
dikkate alinarak analiz yapilmistir.

Bulgular: Anket sonuglara gore katilimeilarin %44’ yiiksek diizeyde, %28’1 orta diizeyde
radyasyon kaygisi tasimaktadir. Katilimcilarin 6nemli bir kisminin radyolojik tetkiklerin icerdigi
dozlar ve klinik faydalar hakkinda eksik veya yanlis bilgiye sahip oldugu belirlenmistir. Literatiir
verileri, tanisal radyoloji uygulamalarinda kullanilan dozlarin genellikle diisiik seviyede
oldugunu ve klinik gereklilik durumunda sagladig1 faydanin riskten daha yiiksek oldugunu
gostermektedir.

Sonug¢: Radyasyon kaygisi biiyiik dlciide bilgi eksikligi ve yanlis algilardan kaynaklanmaktadir.
Dogru endikasyon, uygun doz yonetimi ve hasta bilgilendirmesi ile radyolojik goriintiileme
yontemleri giivenli bir sekilde uygulanabilir. Bu nedenle, toplumda radyasyon konusunda
farkindaligin artirilmasi kritik 6neme sahiptir.

Anahtar Kelimeler: Radyasyon Kaygisi, Radyolojik Goriintiilleme, ALARA Prensibi,
Radyasyon Algisi, Hasta Bilgilendirmesi, Tanisal Dozlar

RADIATION ANXIETY IN RADIOLOGICAL IMAGING: FACTS AND

MISCONCEPTIONS
ABSTRACT
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Objective: This study aims to identify the causes of radiation anxiety in patients during
radiological imaging procedures and to evaluate this anxiety by comparing it with scientific
facts.

Materials and Methods: Radiological imaging methods and the ionizing radiation doses used in
these methods were examined in accordance with literature data. In addition, the radiation
perception and anxiety levels of individuals were evaluated through a survey conducted with 80
participants. The analysis was performed considering the biological effects of radiation,
diagnostic doses, and radiation protection principles (ALARA).

Findings: According to the survey results, 44% of the participants had a high level of radiation
anxiety, and 28% had a moderate level. It was determined that a significant portion of the
participants had incomplete or incorrect information about the doses and clinical benefits
involved in radiological examinations. Literature data show that the doses used in diagnostic
radiology applications are generally low, and when clinically necessary, the benefit outweighs
the risk.

Conclusion: Radiation anxiety largely stems from a lack of information and misconceptions.
With correct indications, appropriate dose management, and patient education, radiological
imaging methods can be applied safely. Therefore, increasing awareness about radiation in the
public is critically important.

Keywords: Radiation Anxiety, Radiological Imaging, ALARA Principle, Radiation Perception,
Patient Information, Diagnostic Doses
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