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RADIOLOGICAL IMAGING METHODS IN 
LOWER EXTREMITY PERIPHERAL ARTERY 

DISEASE 
 

Merve BAŞDEMİRCİ1 

 

1. INTRODUCTION 

Peripheral artery disease (PAD) of the lower extremities 
is a common and progressive disease that affects the iliac arteries 
and more distal arteries, often developing due to atherosclerotic 
changes. Due to atherosclerosis, different degrees of lumen 
stenosis or occlusion occur in the affected arteries. Its frequency 
increases with age, and it is reported to be seen in % 3-10 of the 
population and %15-20 of those over the age of 70 (Fowkes, 
1988; Selvin & Erlinger, 2004). In a study carried out in our 
country, it was determined that the prevalence in the study 
population was %20 (Bozkurt, Tasci, Tabak, Gumus, & Kaplan, 
2011). 

It has been reported that the risk of cardiovascular 
mortality and morbidity is higher and the quality of life decreases 
in individuals diagnosed with lower extremity peripheral artery 
disease (LEPAD) (McDermott et al., 2015; Ruo et al., 2007). The 
fact that the disease affects a wide age range and is associated 
with increased morbidity/mortality underscores the importance of 
early diagnosis and treatment. 

 

 

 
1  Radiology Specialist, Karabük Training and Research Hospital, Department of 

Radiology, gokceoglumrv@gmail.com, ORCID: 0000-0002-8409-9356. 
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1.1.Risk Factors 

Risk factors for LEPAD include smoking, Diabetes 
Mellitus (DM), hypertension (HT), hyperlipidemia, obesity, 
advanced age, and family history (Eraso et al., 2014). Smoking is 
the most significant risk factor affecting the severity of the 
disease. It has been reported that patients who smoke have a 
shorter life expectancy and an increased likelihood of critical 
ischemia and amputation compared to non-smokers (Jelani et al., 
2018). 

1.2.Clinical Presentation 

Depending on the degree of involvement of arterial 
structures in patients, signs of acute ischemia, critical ischemia, 
and chronic PAD may be observed. In acute ischemia, due to the 
sudden interruption of arterial circulation to the limb, patients 
present with absent pulses, motor weakness in the affected limb, 
and a cold, painful extremity. 

In critical ischemia, there is arterial narrowing that poses 
a threat to the extremity, and patients may present with leg pain 
at rest, tissue loss, ischemic ulcer or gangrene. In chronic PAD, 
symptoms such as leg pain during walking (intermittent 
claudication), atrophic changes in the legs, weakened pulses, and 
arterial murmurs may be observed. Although %40 of patients are 
asymptomatic, the most common symptom is intermittent 
claudication. Intermittent claudication is characterized by leg 
pain that arises during physical activity and subsides with rest 
(Kannel & McGee, 1985; McDermott et al., 2001). 

Fontaine (Table 1) and Rutherford (Table 2) 
classifications are used to clinically classify patients according to 
their symptoms (Fontaine, Kim, & Kieny, 1954; Rutherford et al., 
1997). 
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Table 1. Fontaine classification  

Fontaine classification 
Stage Clinical 
I Asymptomatic 
IIA Claudication at a distance of more than 200m 
IIB Claudication at less than 200m distance 
III Ischemic rest pain 
IV Ulcer, gangrene 

Source: (Fontaine et al., 1954) 

 

Table 2. Rutherford classification 

Rutherford classification 
Stage Clinical 
0 Asymptomatic 
1 Mild claudication 
2 Moderate claudication 
3 Severe claudication 
4 Pain at rest 
5 Minor tissue loss, ischemic ulcer 
6 Major tissue loss, gangrene 

Source: (Rutherford et al., 1997) 

1.3.Anatomy 

To perform an accurate radiological evaluation and 
reporting, it is essential to have a good grasp of the anatomy of 
the arterial vascular system. 

The external iliac artery is referred to as the main femoral 
artery from the level of the inguinal ligament, and the main 
femoral artery branches into the deep femoral artery (DFA) and 
superficial femoral artery (SFA). DFA has a deep course in the 
posterolateral aspect. The SFA extends medially to the adductor 
hiatus and continues as the popliteal artery (PA) after exiting the 
Hunter canal. The PA branches into two arteries: the anterior 
tibial artery (ATA) and tibioperoneal trunk (TPT). The ATA 
travels along the anterior compartment of the leg and continues 
as the arteria dorsalis pedis (ADP) on the dorsum of the foot. The 
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TPT is divided into two branches,: the peroneal artery and the 
posterior tibial artery (ATP), both of which run in the posterior 
compartment of the leg. The ATP runs behind the medial 
malleolus and branches into plantar branches. 

 

2. IMAGING METHODS 

Different radiological imaging methods are used in the 
diagnosis of LEPAD. Non-invasive imaging methods include 
Ultrasonography (US), Computed Tomography (CT) and 
Magnetic Resonance Imaging (MRI), while Digital Subtraction 
Angiography (DSA) is used as an invasive imaging method. 

Radiologic imaging techniques allow for the assessment 
of arteries with stenosis or occlusion, the degree of stenosis in the 
affected artery, vascular flow distal to the stenosis or occlusion, 
collateral circulation, plaque morphology, and extent. 
Additionally, this information helps in identifying the appropriate 
treatment method. 

2.1.Non-Invasive Imaging Methods 

2.1.1. Ultrasonography (US) 

LEPAD, the first preferred imaging method is 
Ultrasonography (US). Grayscale (B-mode) and Doppler US are 
used in the examination. The combination of color Doppler 
ultrasound and B-mode is referred to as duplex ultrasound. With 
duplex US, in addition to arterial hemodynamics, the location of 
vascular stenosis, the degree of stenosis, plaque morphology, and 
its extent can also be assessed (Norgren et al., 2007). 

By performing morphological evaluation and plaque 
characterization in the affected arterial structure using B-mode 
US, it is possible to assess whether the plaque is calcified or non-
calcified, has a smooth or irregular surface, its thickness, how 
much it surrounds the lumen, and the degree of stenosis. 
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Doppler ultrasound enables the evaluation of the presence 
of intraluminal blood flow, flow direction, flow pattern, and peak 
systolic velocity (PSV). The ratio of PSV between the stenotic 
area and the adjacent normal vessel is used to assess the degree 
of narrowing. A PSV of over 200 cm/sec in the stenotic area 
and/or a PSV ratio exceeding 2 is regarded as significant an 
indicator of hemodynamically significant stenosis (Allan, 2006; 
Donnelly, Hinwood, & London, 2000). 

A triphasic flow pattern with high resistance should be 
seen in normal lower extremity arteries (Figure1). However, in 
cases of ischemia, the collateral circulation and vasodilation that 
occur distal to the stenosis lead to a decrease in resistance and the 
development of a biphasic flow pattern. Biphasic flow pattern can 
be seen in distal lower extremity arteries (ATP, ADP) and should 
not be considered pathological. However, as stenosis progresses, 
flow pulsatility diminishes due to vasodilation, resulting in a 
monophasic flow pattern (Figure 2). Monophasic flow pattern is 
a pathological finding for all extremity arteries. 

Figure 1. B-mode (A) and Color Doppler (B) ultrasound, normal 
appearance of the common femoral artery (CFA), deep femoral 

artery (DFA), and superficial femoral artery (SFA) is shown. 
Spectral Doppler (C) ultrasound image shows the normal 
triphasic flow pattern observed in the arteries of the lower 

extremities. 
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Figure 2. B-mode (A) US image, plaques (asterisks) causing 
stenosis in the superficial femoral artery (SFA) are observed. In 
the color Doppler (B) and spectral Doppler (C) US images, color 

aliasing and a biphasic flow pattern due to stenosis in the SFA are 
noted. In the transverse view color Doppler (D) and longitudinal 

view color Doppler (E) US images, occlusion of the anterior 
tibialis artey (ATA) and twinkle artifact (arrowhead) caused by 
calcified plaques on the wall are observed. The spectral Doppler 

US image (F) monophasic flow pattern in the arteria dorsalis 
pedis (ADP) is observed. 

 
In a patient with acute occlusion, Doppler ultrasound 

shows the absence of intraluminal blood flow, whereas in patients 
with critical stenosis, Doppler ultrasound reveals an increase in 
peak systolic velocity in the stenotic segment, a disruption of 
laminar flow secondary to the narrowing of the lumen, and the 
presence of aliasing artifacts at that level (Figure 3,4) 
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Figure 3: In the transverse, B-mode (A) and color Doppler (B) US 
images show a plaque that circles the lumen of the right common 
femoral artery at 180 degrees. The longitudinal color Doppler US 
image (C) shows a significant decrease in the diameter of the left 
superficial femoral artery (SFA). The longitudinal B-mode US 

image (D), transverse color Doppler US image (E), and 
longitudinal color Doppler US image (F) demonstrate occlusion of 

the left SFA, while the left deep (DFA) and common femoral 
arteries (CFA) appear patent. 

 
 

Figure 4. In the B-mode (A) US image, plaques (asterisks) causing 
stenosis in superficial femoral artery (SFA) are observed, and in 

color Doppler US image, aliasing artifacts (arrowheads) are 
shown in the regions of stenosis. 
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In addition to guiding the diagnosis and treatment 
selection, US also enables patient follow-up with serial 
examinations to evaluate the openness of the stent or bypass graft 
after treatment (Ali F. AbuRahma, 2010) (Figure 5). 

Figure 5. B-mode (A), color Doppler (B), and spectral Doppler (C) 
US images show that the stent placed in the superficial femoral 
artery (SFA) is patent, with a triphasic flow pattern observed 

within the stent. 

 
Ultrasound has several advantages, including being non-

invasive, cost-effective, repeatable, radiation-free, and allowing 
for bedside evaluation. The disadvantages include the inability to 
optimally assess deep areas, the inability to evaluate the entire 
course of arterial structures, challenges in lumen assessment in 
obese, edematous, or patients with a high burden of calcific 
plaques and the operator-dependent of the evaluation.Clinical and 
physiological characteristics of patients ( such as poor general 
condition or the presence of open wounds or bandages in the 
examination area) may also make the sonographic examination of 
arterial structures difficult. 

To summarize, duplex ultrasound is an appropriate 
imaging technique for evaluating stenotic regions, monitoring 
after treatment, and determining the treatment method (Hwang, 
2017). However, some limitations (such as operator dependency 
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and widespread calcific plaques) create a need for additional 
imaging. 

2.1.2. Computed Tomography Angiography (CTA) 

CTA is commonly utilized and easily accessible imaging 
method that allows for the assessment of the entire vascular 
system of the lower extremities, starting from the level of the 
abdominal aorta in a single scan (Zettervall, Marshall, Fleser, & 
Guzman, 2018). In addition to identifying the location of stenosis, 
visualizing the entire vascular tract and detecting multifocal 
stenoses that cannot be seen sonographically are important for 
treatment planning. 

The advantages of CTA include its speed, being a non-
invasive method, the ability to evaluate the entire vascular 
structure, having high resolution, and providing a more objective 
assessment. However, in addition to its advantages, it also has 
several disadvantages. 

In cases of pre-occlusive stenoses, the failure to detect 
blood flow may result in incorrect interpretations suggesting an 
occlusion. In patients with a high burden of calcific plaques 
(especially in the infrapopliteal region), the beam hardening 
artifact caused by these plaques may lead to incorrect assessments 
or no assessment of the extent of stenosis (Figure 6). Additionally, 
radiation exposure and the use of iodinated contrast agents are 
among the disadvantages. The use of iodinated contrast agents in 
imaging may pose limitations for patients with chronic kidney 
disease or those who have a history of allergic reactions to 
contrast agents.However, despite all these disadvantages, CTA 
continues to be one of the most frequently utilized imaging 
techniques, especially for patients needing treatment planning. 
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Figure 6. In the axial CTA (A) slices, calcified plaques 
surrounding the lumen are observed in both superficial and deep 

femoral arteries. In the coronal MIP (B), 3D volume rendering 
(C), and 3D MIP (D) images, multifocal stenoses are seen in both 
SFA, while contrast filling in the distal crural arteries cannot be 
distinguished. In the sagittal MIP images (E, F), calcified plaques 
surrounding the lumen in the crural branches are observed and 

the excessive burden of these calcified plaques makes it 
challenging to assess lumen patency in some areas. 

 
With CTA, the anatomical identification of the region 

with stenosis/occlusion, calculation of the degree of narrowing, 
length of the affected segment, whether multifocal stenosis is 
present, the presence or absence of flow distal to the stenosis, the 
existence of collateral circulation, the characteristics of the plaque 
in the stenotic area ( such as calcific or non-calcific, how much of 
the lumen the plaque encircles) can provide guiding information 
for determining the patient's treatment plan (Figure 7,8). 
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Figure 7. In the axial CTA slices (A,B), stenosis and occlusion are 
observed in a short segment of the right superficial femoral artery 

(SFA). The coronal maximum intensity projection (MIP)(C), 3D volume 
rendering (D), and 3D MIP (E) images show multifocal stenoses and 
short segment occlusion in the right SFA, while the crural arteries is 

patent. 

 
 

Figure 8. In the coronal 3D MIP (A) and left (B) and right (C) sagittal 
MIP images, widespread calcified plaques and occlusion are observed in 

both SFA; there is collateral-dependent contrast filling distal to the 
occlusion. In the axial CTA slices, both SFA are occluded at the thigh 
level (D), while at the crural level (E), contrast filling is present in the 

arteria tibialis anterior (ATA), peroneal artery (PA), and arteria tibialis 
posterior (ATP). 
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Volume rendering (VR) 3D reconstruction and Maximum 
Intensity Projection (MIP) images can be obtained from CTA 
images with post-processing techniques. While VR 3D 
reconstruction images offer a quick overview for diagnosing 
pathology, MIP images resemble traditional angiography and 
assist in assessing the level of stenosis (Pollak, Norton, & 
Kramer, 2012). Literature indicates that CTA has a sensitivity of 
%96 and a specificity of %98 for detecting stenoses greater than 
%50 in the aortoiliac region, while in the femoropopliteal region, 
it has a sensitivity of %97 and a specificity of %94 (Aboyans et 
al., 2018; Jens, Koelemay, Reekers, & Bipat, 2013; Met, Bipat, 
Legemate, Reekers, & Koelemay, 2009). 

Although CTA is a helpful imaging method for treatment 
planning in patients, factors such as significant wall calcification, 
small vessel diameters, and insufficient contrast attenuation, 
particularly in infrapopliteal region, can lead to diagnostic 
challenges. Different techniques can be used to avoid such 
limitations. Dual energy CT (DECT) is a CT technology that 
allows for the generation of numerous image datasets by utilizing 
two different X-ray spectra. It provides more detailed imaging 
and has been reported to have high sensitivity in detecting 
stenoses (De Santis et al., 2019; Kosmala et al., 2022). With the 
dual energy used in DECT, bone can be identified and removed 
from the obtained images, allowing only the visualization of only 
the vascular structures that contain contrast material (Sommer et 
al., 2009). In addition to automatic bone removal, calcific plaques 
can also be removed from the images, allowing for better 
assessment of patent lumens in MIP images (Meyer et al., 2008). 
However, the use of DECT is still limited when compared to 
conventional single-energy CT. 
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2.1.3. Magnetic Resonance Angiography (MRA) 

Magnetic resonance angiography (MRA) has been report 
to be a dependable imaging technique for evaluating the presence 
and severity of stenosis in patients with intermittent claudication 
and chronic critical ischemia (Iglesias & Peña, 2014; Jens et al., 
2013). There are three different MRA sequences for peripheral 
arterial imaging. 

a) Time of Flight Angiography (TOF): It is a technique 
for visualizing intravascular blood flow based on blood flow, 
without employing contrast agents. As a result of sections taken 
perpendicular to the blood flow, gradient differences in protons 
due to the flow provide images.To achieve a contrast difference 
between the blood in the vessel and the stationary tissue, the blood 
flow must be rapid. Regions where blood flow slows down or 
when the section is taken parallel to the flow may result in signal 
loss, leading to misinterpretations. Being sensitive to motion and 
susceptibility artifacts, having a prolonged imaging acquisition 
time, and experiencing signal loss in areas with turbulent flow are 
of the disadvantages. 

b) Phase Contrast Imaging: In this technique, images are 
obtained by applying two gradients of equal magnitude but 
opposite direction, resulting in phase shifts among the protons in 
the blood. The examination time is longer and more sensitive to 
artifacts compared to TOF. However, it's not sensitivity to flow 
velocity allows for better visualization of slow flow compared to 
TOF. This technique can also provide information about current 
direction and speed. 

c) Contrast-enhanced MRA: Gadolinium-based contrast 
agents reduce the T1 relaxation time, resulting in hyperintense 
visualization of intravascular blood. It is a higher resolution and 
faster MR angiography technique and is less sensitive to motion 
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and susceptibility artifacts than other MR angiography 
techniques. 

In a comparison of CTA and MRA, MRA can result in 
misinterpretations as pseudocclusion in regions with low flow 
velocity and may overestimate the extent of stenosis. 
Additionally, MRA has several disadvantages, including a longer 
examination time, sensitivity to motion and susceptibility 
artifacts, higher costs, and limited accessibility. Incompatibility 
with a pacemaker or implant in the patient, as well as the presence 
of metallic objects in the imaging area causing artifacts, are also 
among the disadvantages. In patients with advanced chronic 
kidney disease, there is a risk of nephrogenic systemic fibrosis 
linked to the use of gadolinium-based contrast agents (Ramalho 
et al., 2016). The advantages of MRA are that it does has high 
soft tissue resolution, not contain ionizing radiation and does not 
utilize iodinated contrast agents. 

Although MRI sequences have limitations in assessing 
calcific plaques, the 'black-blood' spin echo sequence can reduce 
the blood signal within the vessel,for imaging the vessel wall, 
plaques, and plaque morphology (Mihai et al., 2009). Research 
has demonstrated that MRI characteristics of plaques can identify 
individuals at greater risk of endovascular failure (such as 
difficult to pass with a guidewire) (Roy, Chen, Dueck, & Wright, 
2018). 

2.2.Invasive Imaging Methods 

2.2.1. Digital Subtraction Angiography (DSA) 

DSA is the gold standard imaging method for the 
diagnosis of LEPAD. Besides evaluating lumen patency, stenosis 
severity, and collateral flow, it also holds significant importance 
in endovascular treatment. DSA allows for real-time imaging 
with high contrast resolution using lower doses of IV contrast, 
while also providing the opportunity for simultaneous treatment ( 
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Figure 9,10). Considering the limitations of other imaging 
methods in evaluating pre-occlusive stenoses and small-diameter 
arteries like distal pedal or crural arteries, DSA provides more 
comprehensive information (Aboyans et al., 2018).  

The advantages of DSA include its high-resolution, fast 
imaging method and provide an opportunity treatment. The 
disadvantages include being an invasive imaging method, 
radiation exposure, the inability to visualize the vessel wall, 
sensitivity to motion artifacts, the use of iodinated contrast agents, 
and the potential for complications related to arterial puncture 
during the procedure. 

Figure 9. In the digital subtraction angiography (DSA) images, an 
occlusion in the popliteal artery (A) is observed. After balloon 

angioplasty (B), the patency of the popliteal artery at the occluded 
segment is observed. 
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Figure 10. In the coronal subtraction MRA (A), 3D MIP (B), and 
DSA (C) images, severe stenosis is observed in the left superficial 
femoral artery (SFA). Following angioplasty, the DSA image (D) 

demostrate improvement in arterial patency. 

 
 

3. CONCLUSION 

In diagnosing LEPAD and planning treatment strategies, 
the choice of imaging techniques should be customized for each 
patient, considering their symptoms, comorbidities, and overall 
health status. Choosing a suitable imaging method, understanding 
the limitations of the selected technique, and, when necessary, 
using a combination of different imaging modalities will aid in 
evaluating the extent of the disease and planning an appropriate 
treatment plan. 
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OTOSKLEROZ VE RADYOLOJİK 
DEĞERLENDİRMESİ 

     

Hanife Gülden DÜZKALIR1 

 

1. GİRİŞ 

Bu bölüm, otosklerozun klinik bulguları ile radyoloji 
pratiğindeki tipik ve atipik özelliklerini vurgulayarak entegre bir 
şekilde okuyucunun bu hastalığı etkili bir şekilde teşhis etme ve 
tedaviyi yönetme becerisini arttırabilmeyi hedeflemektedir. 

1.1.Otoskleroza Genel Bakış  

Otoskleroz ağırlıklı olarak stapes ve kokleayı çevreleyen 
kemik labirenti etkileyen, otik kapsül kemik rezorpsiyonu, yeni 
kemik birikimi ve vasküler proliferasyonu da içeren anormal 
temporal kemik remodelingi ile karakterize patolojik bir 
durumdur. Otoskleroz patogenezinde otik kapsüldeki fokal 
dejenerasyon otik kapsülde bulunan benzersiz kemik ortamıyla 
ilişkilendirilebilir. Doğumdan sonra iç kulak çevresinde normal 
kemik remodelingi neredeyse yoktur. Bu da dejeneratif 
değişikliklerin ve ölü osteositlerin birikmesine neden olur. 
Bundan yüksek düzeyde iç kulak anti rezorptif osteoprotegerin 
sorumludur. İnsan otik kapsülündeki otosklerotik tercih 
bölgelerinde, hücresel boşluklar olarak adlandırılan, ara sıra ölü 
osteosit kümeleri oluştuğu gösterilmiştir. Bu hücresel boşluklar 
da otosklerozun olası başlangıç noktaları olarak öne sürülmüştür. 
İnaktif otosklerotik lezyonlar genelde ölü interstisyel kemikten 
oluşur (Hansen ve ark., 2023; Vîrzob ve ark., 2023). 
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Otoskleroz en sık tek taraflı iletim tipi işitme kaybıyla 
ortaya çıksa da mikst işitme kaybı şeklinde de ortaya çıkabilir 
(Foster ve ark., 2023). Anormal remodeling özellikle otik 
kapsülde stapes foot plate çevresindedir. Hastalık idiyopatik ve 
ilerleyicidir. Stapedial fiksasyona yol açarak ses titreşimlerinin iç 
kulağa iletilmesini bozması sonucunda iletim tipi işitme kaybı 
ortaya çıkar. Otosklerozun bu olgularda kontrollere kıyasla 
koklear akuaduktun daha dar, daha uzun ve daha fazla huni 
genişliğine sahip olmasına neden olduğu da bildirilmiştir 
(Wichova ve ark., 2019). Hastalık ilerleyerek otoskleroz koklear 
endosteuma yayıldığında, spiral ligaman boyunca kollajen 
birikmesi ve hair cell işlev bozukluğuyla sensörinöral işitme 
kaybı gelişebilir (Quesnel ve ark., 2018). 

Otoskleroz, beyaz yetişkinler arasında %0.2-1 oranında 
görülmekte olup, kemikçik zincir hareketliliğinde bozulmaya ve 
iletim tipi işitme kaybına yol açan bu durumun otik kapsülün 
anormal kemik homeostazından kaynaklandığı belirtilmektedir 
(Chen ve ark., 2002). Ancak otosklerozun etiyolojisi tam olarak 
anlaşılamamıştır ve tedavi seçenekleri sınırlıdır (Rämö ve ark., 
2020). Etiyolojide hem genetik hem de çevresel bileşenlerin etkili 
olduğu düşünülmektedir. Son çalışmalar yeni genetik faktörleri 
ve potansiyel aday genleri tanımlamaktadır. Hastaların yaklaşık 
%40'ında hastalık ailesel bir formda mevcuttur (Crompton ve 
ark., 2019). Hastalığın ailesel kümelenmesi ile genetik faktörler 
düşünülmektedir. Bu ailelerin çoğunda, otoskleroz az sayıda 
genetik faktörden (oligojenik) kaynaklanıyor gibi görünürken, 
sadece az sayıda ailede hastalık gerçekten monojenik gibi 
görünmektedir (Tavernier ve ark., 2021). Bununla ilgili olarak 
kemiğin önemli bileşenlerinden biri olan tip I kolajeni kodlayan 
COL1A1 genindeki mutasyonlar gibi potansiyel genetik lokuslar 
ve ilişkileri literatürde tanımlamıştır (McKenna ve ark, 1998). 
Forkhead Box L1'deki (FOXL1) patojenik bir delesyonun 
otozomal dominant otoskleroza neden olduğu ve non-invaziv 
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terapötik müdahaleler için potansiyel hedefler sağlayabileceği 
bildirilmiştir (Abdelfatah ve ark., 2021). RELN genindeki nadir 
varyasyon rs74503667 ve yaygın polimorfizm rs3914132 ve 
azalmış ekspresyonlar da otoskleroz ile ilişkilendirilmiştir 
(Priyadarshi ve ark., 2022). Literatürde otosklerozun genetik 
olarak boy ve kırık riskiyle ilişkili olduğu ve ilişki lokusların ciddi 
iskelet bozukluklarıyla örtüştüğü ve TGF{beta}1 sinyalininin 
öneminin vurgulandığı çalışma da mevcuttur (Rämö ve ark., 
2020). Yine bir başka çalışmada SMARCA4'teki bir varyantın, 
insan otosklerozuna neden olarak, transgenik farelerde benzer 
etkilerle, işitme bozukluğuna ve otik kapsülde anormal kemik 
oluşumuna yol açığı belirtilmiştir (Drabkin ve ark., 2023). 
Bunların yanında çevresel faktörler olarak viral enfeksiyonlar ve 
florür maruziyetinin de etiyolojide olabileceği bildirilmiştir. 
Hamilelik sırasında genelde ilerleme görüldüğünden, hormonal 
faktörlerin de etyolojide yer alabileceği belirtilmiştir (Crompton 
ve ark., 2019). 

Otoskleroz, genellikle mikst işitme kaybının eşlik ettiği 
iletim tipi işitme kaybı ile kendini gösteren nadir bir hastalıktır. 
Olgular öykü, fizik muayene ve odyometrik testlerin bir 
kombinasyonu ile değerlendirilir (Foster ve ark., 2018). 

 

2. KLİNİK BULGULAR 

2.1. Klinik Değerlendirme ve Fizik Muayene 

Klinik olarak otoskleroz tipik olarak genç yetişkinlerde 
görülür. Temporal kemiklerde histolojik otoskleroz prevalansı 
%2.5'tir ve bu oran otosklerotik ailelerde %0.30 ila %0.38 klinik 
prevalans ile korelasyon göstermektedir (Declau ve ark., 2001). 
Prevelansı 100.000'de 15-30 bildirilen çalışma mevcuttur 
(Venurkar ve ark., 2021). Muhtemelen hastalık sürecini 
hızlandırabilen hamilelik gibi hormonal faktörlerden 
etkilenmesiyle kadınlarda (%65) erkeklerden (%35) daha 
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yaygındır (Crompton ve ark., 2019). Tanıda kapsamlı bir klinik 
öykü ile başlamak önemlidir. Otoskleroz, öncelikle işitsel 
fonksiyonu etkileyen spesifik klinik belirtilerle karakterizedir. 
Birincil semptom giderek kötüleşen işitme kaybıdır ve vakaların 
yaklaşık %80'inde her iki kulağı da etkiler. Tinnitus veya kulak 
çınlaması da görülebilir. Otosklerozun başlıca klinik belirtileri şu 
şekilde sıralanabilir:  

- İlerleyici İleti Tipi İşitme Kaybı: Otosklerozun en yaygın 
ve önemli belirtisidir. Başlangıçta düşük frekansları 
etkilerken ilerledikçe tüm frekanslara kademeli olarak 
yayılır. İşitme kaybının sebesi stapes kemiğinin 
fiksasyonuyla ses titreşimlerini iç kulağa iletme 
kabiliyetinin azalmasıdır (Zafar ve ark, 2024). 

- Tinnitus: Otoskleroz olgularında sıklıkla (%62) 
kulaklarda kalıcı bir çınlama veya uğultu bildirilmektedir 
(Anas ve ark., 2023). Şiddeti değişken olup işitme kaybı 
ilerledikçe daha belirgin hale gelmektedir. 

- Paracusis Willisii: Otosklerozlu bireylerin ilginç bir 
özelliği olan bu durum gürültülü ortamlarda daha iyi 
duyabilmelerini tanımlar. Bunda fikse stapesin daha 
yüksek sesler tarafından daha etkili bir şekilde hareket 
ettirilmesi veya gürültüde işlevi artan diğer orta kulak 
kaslarının etkisi olabilir (de Wit ve van Dishoeck, 1964).  

- Schwartz İşareti: Timpanik membrandan görülen 
promontoriumda kırmızımsı veya pembemsi bir kızarıklık 
ile karakterize olan otoskopik muayene bulgusudur. Bu 
işaret, aktif otosklerotik lezyonlarla ilişkili vasküler 
anomalilerin göstergesi olarak otosklerozun klasik ancak 
evrensel olmayan bir göstergesi kabul edilir. Ancak bu 
işaret her zaman mevcut değildir (House ve Cunningham, 
2010; Salomone ve ark., 2008). 
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Bu klinik belirtiler, otosklerozun tanı ve tedavisinin 
önemli bir parçasıdır ve diğer işitme kaybı nedenlerinden ayırt 
edilmesinde yardımcıdır. Literatürde otosklerozun sensörinöral 
işitme kaybı ve rotatuar vertigo ile ilişkisi bildirilmiş, ancak kan-
labirent bariyer bozukluğu ve endolenfatik hidrops gibi MRG 
bulgularının bu klinik belirtilerle önemli ölçüde ilişkili olmadığı 
belirtilmiştir (Laine ve ark., 2020). 

2.2. Odyometrik Testler 

Odyometrik testler otoskleroz teşhisinde oldukça önemli 
yere sahiptir.  

- Saf Ton Odyometri: İletim tipi bir işitme kaybı mevcuttur. 
Testte tipik olarak hastalığın erken evrelerinde kemik 
iletim eşiklerinin hava iletim eşiklerinden daha iyi olduğu 
görülür. Hastalık ilerledikçe, kokleanın tutulumuna bağlı 
olarak mikst tip, hatta sensörinöral bileşenli bir işitme 
kaybı ortaya çıkabilir (Zafar ve ark, 2024; Doherty ve 
Linthicum, 2004; Merchant ve Rosowski, 2008). 

- Timpanometri: Bu test ise normal orta kulak basınçlarını 
ve hacimlerini gösterebilir, ayrıca otosklerozun 
karakteristik işaretlerinden biri olan stapedial refleksin 
yokluğu veya azalması tespit edilebilir (Zafar ve ark, 
2024; Doherty ve Linthicum, 2004; Merchant ve 
Rosowski, 2008). 

 

3. GÖRÜNTÜLEME 

3.1.Tanıda Görüntülemenin Önemi 

Otoskleroz tanısında görüntüleme, tanının 
doğrulanmasına, gereksiz orta kulak incelemelerinin önlenmesine 
ve orta kulaktaki protez pozisyonunun belirlenmesine yardımcı 
olur (Wolfovitz ve Luntz; 2018). 
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Otosklerozda radyolojik değerlendirmenin önemi ve 
birincil hedefleri şunlardır: 

- Teşhisin Doğrulanması: Otosklerozun benzer şekilde 
iletim tipi işitme kaybı yapan diğer nedenlerden ayırt 
edilmesi. Bunda yüksek rezolüsyonlu bilgisayarlı 
tomografi (HRCT)’de otik kapsüldeki, özellikle oval 
pencere ve koklea çevresindeki karakteristik kemik 
değişikliklerinin tanımlanması fayda sağlar. 

- Hastalık Evrelemesi: Görüntüleme, otik kapsülün 
otospongiotik ve otosklerotik lezyonlarca ne kadar 
kapsamlı bir şekilde tutulduğunun ve hastalığın 
fenestral (esas olarak stapes ve oval pencereyi 
etkileyen) veya retrofenestral (koklea ve bazen iç 
işitme kanalını içeren) olup olmadığının 
değerlendirilmesine olanak tanır. Bu ayrım, tedavi 
seçeneklerini ve prognozu etkilediği için önemlidir. 

- Cerrahi Planlama: Tedavi seçeneklerinden olan 
stapedektomi veya diğer cerrahi tedaviler için karar 
verme sürecinde görüntüleme, anatomi ve cerrahi 
yaklaşımı veya sonucu etkileyebilecek herhangi bir 
varyasyon veya ek patolojiye ilişkin temel ayrıntılar 
sağlayarak klinisyene yardımcı olur. Özellikle fasiyal 
sinirin konumunu ve durumunu, kemikçik zincirinin 
bütünlüğünü, oval ve yuvarlak pencerelerin durumunu 
görüntülemede değerlendirme önemlidir. 

- Diğer Patolojilerin Dışlanması: Ayırıcı tanıda yer 
alan ve otosklerozu taklit edebilen superior 
semisirküler kanal dehissansı, kemikçik zincir 
anomalileri veya iç kulak malformasyonları gibi diğer 
olası işitme kaybı nedenlerinin ekarte edilmesine 
yardımcı olur. 
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Bu kısımda otosklerozda radyolojik değerlendirmelerin 
ayrıntılı hedefleri ve bu rahatsızlığı olan hastalar için genel tanı 
ve tedavi sürecindeki önemi vurgulanarak özet bilgiler halinde 
aktarılmaya çalışılmıştır. 

3.2.Görüntüleme Teknikleri 

3.2.1. Temporal Kemik Yüksek Çözünürlüklü 
Bilgisayarlı Tomografisi 

Otosklerozda temel görüntüleme yöntemi olan 
Bilgisayarlı Tomografi (BT), mükemmel uzaysal çözünürlüğü 
nedeniyle otik kapsülün ayrıntılı değerlendirilmesine olanak tanır. 
Otosklerozun değerlendirilmesinde HRCT tercih edilir. Tipik 
olarak ince (0.5 ila 1 mm) kesitlerle gerçekleştirilir. Böylece 
standart BT taramaları ile tespit edilemeyebilecek otosklerozun 
karakteristik ince kemik değişikliklerinin tanımlanmasına 
yardımcı olur. Optimum görüntüleme tekniği ve yeterli radyolojik 
deneyim, vakaların büyük bir kısmında otosklerozu doğru bir 
şekilde teşhis edebilir ve stapedotomi sonrası komplikasyonların 
tedavisine yardımcı olur (Kösling ve ark., 2020). Burada dikkat 
edilmesi gereken önemli noktalar şunlardır: 

- Aksiyel ve Koronal Düzlemler: Stapes foot plate ve 
koklear kapsülü yeterince görüntülemek için görüntüler 
mutlaka her iki düzlemde de elde edilmelidir. Aksiyel 
kesitler stapes foot plate ve yuvarlak pencereyi 
değerlendirmek için çok önemlidir, koronal kesitler ise 
oval pencereyi ve fasiyal sinirin seyrini daha iyi gösterir. 

3.2.1.1.Otoskleroz BT Görüntüleme Bulguları ve 
Tipleri:  

- HRCT’de otoskleroz tipik bulgularından aktif 
otospongiotik odakları temsil eden hipodens alanlar ve 
otosklerotik odakları gösteren hiperdens alanlar görülebilir. 

- Otosklerozda görülen en yaygın radyolojik özellikler yüzey 
fissürü (%65), kıkırdak erozyonu (%49) ve osteokondral 
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arayüzdeki düzensizliktir (%51). Otoskleroz, stapez başının 
hafif osteoartritine neden olabilir (Clarke-Brodber ve Taxy, 
2021). 

- Otosklerozdaki "Çift Halka" işareti, HRCT'de oval 
pencerenin daha yoğun bir merkezi kısmını çevreleyen 
hipodens bir kemik kenarı şeklinde görülür.  

- Otosklerozlu hastaların oval pencereye bitişik kemiğinin, 
normal işiten kişilerden önemli ölçüde daha kalın olduğu, 
BT'de otik kapsül kalınlığının >2.3 mm olmasının 
otoskleroz için %96.2 duyarlılığa, %100 özgüllüğe, %100 
pozitif öngörü değerine ve %96.4 negatif öngörü değerine 
sahip olduğu belirtilmiştir (Sanghan vw ark, 2018).  

- Hiperostoz: Aşırı kemik oluşumu bazen kokleadan internal 
akustik kanala doğru uzanım görülebilir. 

Tipleri: 

o Fenestral (Stapedial) Otoskleroz: En yaygın formdur. 
Stapes ve oval pencere nişini içerir ve genellikle iletim 
tipi işitme kaybına neden olur. Oval pencerenin 
bitişiğindeki fissula ante fenestramda kemikte 
kalınlaşma veya bulanıklaşma BT taramalarında, oval 
pencerenin anteriorunda fokal bir hipodensite alanı 
(düşük kemik yoğunluğu) veya berrak lezyon olarak 
görülür. Bazen lezyon stapes foot plate kalınlaşmasına 
veya düzensiz bir görünüme neden olabilir. Fissula 
ante fenestramın (FAF) yüksek çözünürlüklü 
bilgisayarlı tomografideki yoğunluğunun otoskleroz 
tanısı için güvenilir bir ölçüm olduğu ve 1.871 HU'dan 
düşük değerlerin Avrupa Kafkas popülasyonunda en 
yüksek hassasiyet ve özgüllüğü sergilediği 
bildirilmiştir (Puiggrós ve ark., 2023). 

o Tip A: Fissula ante fenestraya izole, oval 
pencereyi içeren ve tipik olarak stapes 
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fiksasyonuna bağlı iletim tipi işitme kaybına 
neden olur. 

o Tip B: Stapes foot plate anüler ligamentini 
içerecek şekilde uzanır, ancak kokleayı 
etkilemez. 

o Retrofenestral (Koklear) Otoskleroz: Bu tip, stapesin 
ötesindeki kemiği, özellikle de kokleayı etkiler. 
Koklear kapsülü etkilediğinden koklea çevresinde, 
özellikle yuvarlak pencere düzeyinde 
demineralizasyon ve kemikte değişiklikler olarak 
görülebilir. Kokleaya uzanımla hem kemik hem de 
duyusal yapıları etkileyerek potansiyel olarak mikst 
veya tamamen sensörinöral işitme kaybına neden 
olabilir. 

o Tip C: Oval pencerenin bütünlüğünü 
etkilemeden koklear otik kapsülü içerir. Bu tip 
genellikle hem iletim hem de sensörinöral 
defisit unsurlarını birleştiren karışık bir işitme 
kaybına yol açar. 

o Tip D: Kokleanın internal akustik kanalına 
doğru uzanabilen geniş tutulumu, tipik olarak 
sensörinöral ağırlıklı işitme kaybıyla 
sonuçlanır. 

o Global Otoskleroz (Diffüz tutulum): Daha ciddi 
vakalarda, otoskleroz hem fenestral hem de 
retrofenestral bölgeleri yaygın olarak tutabilir ve 
yukarıdaki belirtilerin bir kombinasyonunun yanı sıra 
iç işitme kanalını veya temporal kemiğin diğer 
kısımlarını içerebilecek ek tutulum gösterebilir. 

o Tip E: Hem fenestral hem de retrofenestral 
tiplerin özelliklerini gösterir, stapes foot plate, 
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oval pencere ve koklear otik kapsülü etkiler ve 
genellikle mikst tipte önemli işitme kaybına 
yol açar. 

Derecelendirme: 

Symons/Fanning derecelendirme sistemine göre 
otoskleroz olguları şu şekilde sınıflandırılmıştır (Marshall AH ve 
ark., 2005):  

o Derece 1: yalnızca fenestral;  

o Derece 2: bazal koklear dönüşe (derece 2A) veya 
orta/apikal dönüşlere (derece 2B) veya hem bazal 
dönüşe hem de orta/apikal dönüşlere (derece 2C) 
doğru yamalı lokalize koklear hastalık (fenestral 
tutulum olsun ya da olmasın); 

o Derece 3: yaygın birleşik koklear tutulum (fenestral 
tutulum olsun ya da olmasın). 

Bu çalışmada derece 3 hastalığı olan otosklerotiklerde 
önemli bir fasiyal sinir stimülasyon riski varlığı da bildirilmiştir.  

- Erken evre otosklerozda radyolojik olarak belirsiz 
lezyonlar gizli olabilir, bu durum görüntülemede 
karşılaşılan zorluklardandır. Yüksek çözünürlüklü 
görüntüleme ve deneyimli bir radyolojik yorumlama 
gerektirir. 

Bu kısımda özellikle YRBT yoluyla yapılan radyolojik 
değerlendirme ile tespit edilen farklı bulguların otosklerozun tanı 
ve yönetimi için ne kadar önemli olduğunu ve hastalığın ilerleyişi 
ve kapsamı hakkında ayrıntılı bilgiler sağladığını, otosklerozun 
sınıflandırılmasında nasıl önemli bir rol oynadığını, hastalığın 
işitsel sistem üzerindeki etkisinin anlaşılmasını kolaylaştırdığını 
ve tedavi yaklaşımına rehberlik ettiğini vurgulayan literatür 
verilerinden özet bilgiler aktarılmaya çalışılmıştır (Valvassori, 
1993; Mafee ve ark., 2004; Naumann ve ark., 2005).  

Radyoloji

31



3.2.2. Manyetik Rezonans Görüntüleme 

Bilgisayarlı tomografi otoskleroz için, özellikle kemik 
detaylarını görüntülemek için birincil görüntüleme yöntemi 
olmakla birlikte, Manyetik Rezonans Görüntüleme (MRG) 
özellikle ileri evrelerde veya koklear implantasyon gibi tedavi 
kararlarını etkileyebilecek koklear tutulumu değerlendirmede 
önemli rol oynar. MRG postoperatif komplikasyonların 
değerlendirilmesinde ve aktif osteosklerozun tedavisinde sınırlı 
ancak önemli endikasyonlara sahiptir (Mangia ve ark., 2020). 
Otoskleroz olduğundan şüphelenilen hastalarda temporal 
kemiklerin MRG'si tipik olarak şunları içermelidir:  

- Yüksek çözünürlüklü T1 ağırlıklı ve T2 ağırlıklı 
görüntüler: Bu sekanslar iç kulak ve koklea çevresindeki 
yumuşak doku yapılarını görüntülemek için faydalıdır. 

- Kontrast sonrası T1 ağırlıklı görüntüler: Bu sekans 
özellikle herhangi bir enflamatuar sürecin veya vasküler 
anomalinin tespitini sağladığı için değerlidir. Gadolinyum 
kontrast maddesi, aktif lezyonlarla ilişkili artmış 
damarlanmayı göstererek aktif otosklerotik hastalık 
alanlarını da gösterebilir. 

- 3D-FLAIR (Fluid-Attenuated Inversion Recovery) ve 
CISS (Constructive Interference in Steady State) 
sekansları: Bu sekanslar ise özellikle koklear 
implantasyon düşünülen vakalarda ameliyat öncesi 
değerlendirme için yararlı olan iç kulak yapılarının, 
koklear sinirin ayrıntılı görüntülerini sağlar. 

3.2.2.1.MR Görüntüleme Bulguları 

- Koklear Otoskleroz (Retrofenestral Otoskleroz): MRG, 
koklear tutulumun boyutunu değerlendirmede özellikle 
yararlıdır. T1 ağırlıklı görüntülerde hipointens alanlar ve 
T2 ağırlıklı görüntülerde hiperintens alanlar kemik 
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mineral içeriğinde ve ilik boşluklarında değişiklikler 
olduğunu gösterir. Kontrast sonrası 
perilabirentin/perikoklear bölgelerde sinyal artışları ise 
aktif enflamatuar süreçleri veya koklea içinde artmış 
vaskülariteyi gösterebilir. 

- Retrokoklear Patolojilerin Ekartasyonu: MRG, vestibüler 
schwannoma veya otosklerozun bazı semptomlarını taklit 
edebilen diğer kraniyal sinir patolojileri gibi sensörinöral 
işitme kaybının diğer nedenlerini dışlamak için gereklidir. 

- Koklear Açıklığın Değerlendirilmesi: Koklear implant 
planlaması için çok önemli olan koklea açıklığı kontrastlı 
MRG ile değerlendirilebilir. 

Bu kısımda MRG'nin otoskleroz bağlamındaki 
uygulamalarını, özellikle de kokleanın değerlendirilmesindeki ve 
otosklerozun diğer iç kulak patolojilerinden ayırt edilmesindeki 
faydasını gösteren özet bilgiler aktarılmaya çalışılmıştır (Mangia 
ve ark., 2020; Goh ve ark., 2002; Ziyeh ve ark.1997; Purohit ve 
ark. 2020).  

Sonuç olarak yüksek çözünürlüklü BT taraması başta 
olmak üzere radyolojik değerlendirme, otosklerozun kapsamlı bir 
şekilde değerlendirilmesinde çok önemli bir rol oynar. Tanının 
doğrulanmasına, hastalığın boyutunun anlaşılmasına ve cerrahi 
planlamanın kolaylaştırılmasına yardımcı olur. MRG'nin 
otoskleroz bağlamındaki uygulamalarını, özellikle de kokleanın 
değerlendirilmesindeki ve otosklerozun diğer iç kulak 
patolojilerinden ayırt edilmesindeki faydası bilinmektedir. 
Otosklerozda özellikle karmaşık vakalarda ve alternatif tanılar 
düşünüldüğünde görüntüleme vazgeçilmezdir ve BT ile MRG 
birbirini tamamlayıcı bilgiler sağlaması açısından değerlidir. 
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3.2.3. Görüntülemede Güncel Gelişmeler 

3D-FLAIR MRG, otosklerozda koklear hasarın 
anlaşılmasına yardımcı olabilir ve tedavinin etkinliğinin 
izlenmesine ve tedavi için hastaların seçilmesine yardımcı olabilir 
Berrettini ve ark., 2018). 

Son yıllarda FLAIR MRG’nin otosklerozda endolenfatik 
hidrops ve kan-labirent bariyerindeki bozulmayı değerlendirmek 
için kullanılabileceği bildirilmiştir (Laine ve ark., 2020).  

AlexNet, VGGNet, GoogLeNet ve ResNet gibi derin 
öğrenme tekniklerinin, temporal kemik BT görüntülerinde 
otoskleroz tanısının konulmasında deneyimli radyologlara göre 
daha iyi sonuçlar vermesi açısından faydalı olabileceğini bildiren 
çalışmalar mevcuttur (Fujima ve ark, 2021). 

 

4. AYIRICI TANI 

Otoskleroz ayırıcı tanısında iletim tipi işitme kaybının 
diğer nedenlerini dışlamak çok önemlidir. Bunlar arasında 
kemikçik zincirde devamsızlıklar, timpanik membran 
perforasyonları ve diğer orta kulak patolojileri yer alır. 
Otosklerozu diğer orta ve iç kulak hastalıklarından sadece 
görüntüleme ile ayırt etmek, klinik ve odyometrik verilerle 
korelasyon olmadan zor olabilir. Saf ton odyometrisinde düşük ve 
yüksek frekansta hava-kemik boşluğundaki farklılıklar, statik 
kompliyans ve empedans odyometrisinde akustik refleks 
farklılıkları, klinik otosklerozu inküdostapedyal bağlantı 
kopmasından ayırmada faydalıdır (Kan ve ark., 2020). 

Eş zamanlı otoskleroz ve superior semisirküler kanal 
dehisansının genellikle ayırt edilemeyen klinik tablolar olarak 
ortaya çıktığı ve stapedotominin genellikle kalıcı iletim tipi işitme 
kaybıyla sonuçlandığı ve hastaların %57-63'ünde semisirküler 
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kanal dehisansı semptomlarının maskelenmediği bildirilmiştir 
(Dewyer ve ark., 2019). 

 

5. TEDAVİ 

Otosklerozda tedavi işitmeyi iyileştirmeye odaklanır. Bu 
nedenle işitme cihazları kullanılabilir. Ya da fikse stapesin 
hareketliliği ve ses iletimi fonksiyonunu yeniden sağlamak için 
stapedektomi ve protez cerrahisi uygulanabilir. Fisch'in stapes 
ameliyatı tekniği, otoskleroz hastalarında hem hava yolu hem de 
kemik yolu eşiklerini iyileştirmektedir (Ren ve ark., 2018). 
Hastaların %87,2'sinde otosklerozun cerrahi tedavisi olarak 
stapedoplasti uygulandığını ve vakaların %87,2'sinde mükemmel 
sonuçlar elde edildiğini bildiren çalışma da mevcuttur (Gilifanov 
ve ark., 2018). Literatürde anormal kemik remodelingi 
engelleyerek/ilerlemesini yavaşlatarak durumu stabilize etmek 
için sodyum florür takviyesi ve bifosfonatın kullanılabileceği de 
belirtilmiştir (Jan ve ark., 2017; Zafar ve ark., 2024).  

 

6. SONUÇ 

Sonuç olarak otoskleroz tanısında hem klinik bulgular 
hem de başta yüksek çözünürlüklü BT taraması olmak üzere 
kapsamlı radyolojik değerlendirme çok önemlidir. Bu bakımdan 
hem klinisyenin hem de radyoloğun farkındalığı ve işbirliği 
içinde çalışması erken tanıyı sağlayabilir.  
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RADIOLOGICAL IMAGING METHODS IN 
PROSTATE CANCER 

 

Onur BAŞDEMİRCİ1 

 

1. INTRODUCTION 

Prostate gland is biggest accessory gland within the male 
reproductive system, located adjacent to bladder outlet and 
surrounding proximal urethra. It’s responsible for producing an 
alkaline fluid that makes up about 25% of the ejaculate. 
Embryologically, it originates from the Wolffian duct and 
urogenital sinus. The bladder base is located superiorly, the 
symphysis pubis anteriorly, the rectum posteriorly, the urogenital 
diaphragm inferiorly, and the levator ani muscle inferolaterally. 
A pseudocapsule of fibromuscular tissue surrounds prostate 
gland. The neurovascular structures coming to the prostate gland 
pass through the pseudocapsule at 5 and 7 o'clock positions in the 
posterolateral direction and reach the prostate gland (Lee, Akin-
Olugbade, & Kirschenbaum, 2011). Primary lymphatic drainage 
is to obturator, sacral, and internal iliac lymph nodes (Ryan, 
McNicholas, & Eustace, 2011). To a lesser extent, drainage is also 
available to external iliac and para-aortic lymph nodes (Lee et al., 
2011; Shah & Zhou, 2019). The average weight in adults can be 
up to approximately 40 grams (Standring, 2020) and 30 ml is 
considered the upper limit for volume in imaging (Sandhu et al., 
2024).  

The prostate gland consists of four parts: anterior 
fibromuscular stroma, transitional zone, central zone and 
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peripheral zone. Transitional zone, which is the part surrounding 
the urethra, constitutes approximately 5% of prostate and Benign 
Prostatic Hyperplasia (BPH) occurs within this area (Ryan et al., 
2011).  BPH is a non-cancerous hyperplasia of prostate tissue and 
a prevalent disease, especially among men over 50. In elderly 
patients, BPH constitutes a significant portion of the causes of 
bladder outlet obstruction in terms of frequency. Peripheral zone 
accounts for approximately 70% of prostate and is the part where 
prostate cancer is most commonly seen. (Ryan et al., 2011). 

Prostate cancer is most prevalent malignancy among 
males in developed countries and second most prevalent in less 
developed countries (Bray et al., 2024). Clinically, these patients 
may exhibit lower urinary tract symptoms like nocturia and 
frequent urination, and in advanced cases, hematuria and back 
pain (due to bone metastasis). Rectal examination, measurement 
of prostate-specific antigen (PSA) levels and  transrectal biopsy 
are among the diagnostic methods for prostate cancer. In the 
current clinical approach, the first step in diagnosis is rectal 
examination and measurement of PSA level (Andriole et al., 
2005). If tumor is located in transition zone or is small in size, 
there will be cause decrease in the sensitivity of the rectal 
examination. PSA is most important marker used in early 
diagnosis and follow-up of prostate cancer. However, PSA level 
is not a specific test and may also increase for some non-
cancerous reasons. In addition, normal PSA values also do not 
exclude prostate cancer. Since the tumor cannot be distinguished 
in most cases even in transrectal USG, more than 30% false 
negative rates are reported in blind biopsies (Abd et al., 2011). 
The primary goal of imaging in prostate cancer is detection of 
prostate cancer at early stage. Imaging is relevant in detection of 
lesions in cases with suspected cancer, determining the risk level, 
reducing false-negative rates in biopsies by localizing the lesion 
before biopsy, and thus early diagnosis of prostate cancer. 
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Additionally, imaging methods are used for also post-diagnostic 
staging. 

 

2. IMAGING METHODS 

2.1.Ultrasonography (US) 

Ultrasonography is oldest and most frequently used 
imaging method for evaluating the prostate gland. Although it's a 
readily available and low-cost imaging method that provides real-
time imaging, it has limited tissue contrast in distinguishing 
between malignant and benign tumors. It is also dependent on 
user experience and has low specificity, especially in 
inexperienced users. Ultrasonographic imaging can be performed 
in two ways: transabdominal and transrectal. Transabdominal US 
has a lower resolution compared to transrectal US (TRUS) in 
detecting focal lesions. Therefore, transabdominal US is 
generally used to evaluate prostate volume, bladder wall, and 
postvoid residual volume in patients who experience symptoms 
of lower urinary tract, such as in BPH patients (Figure 1, 2). Also 
in distinguishable cases, focal lesions of the prostate, 
calcifications, obvious extraprostatic extensions and regional 
lymphadenopathies (LAP), if any, can be evaluated (Figure 3, 4).  

Figure 1. Ultrasound images of 30-year-old patient; 1A: normal 
bladder and prostate, 1B: prostatic urethra, 1C: seminal vesicle 

are observed. 

 

Radyoloji

44



Figure 2. Ultrasound images of 54-year-old male patient under 
follow-up for BPH; 2A: increased prostate volume, 2B: prostatic 
indentation to bladder base, 2C: increased trabeculation of the 

bladder wall, 2D: millimetric hypoechoic nodular lesion in 
prostate gland is observed. 

 
 

Figure 3. Ultrasound images of 52-year-old male patient; 3A: 
Transitional (TZ) and Peripheral (PZ) zones of prostate gland can 
be distinguished separately, 3B:  hypodense nodular lesion in TZ 

are observed. 
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Figure 4. Ultrasound images of 46-year-old male patient; 4A: 
calcification with posterior acoustic shadowing in the prostate 

gland, 4B: twinkle artefact on Doppler ultrasound are observed. 

 
Although it has better resolution in detecting focal lesions 

compared to the transabdominal US, TRUS has a limited place in 
diagnosis and localization of prostate cancer. It’s mostly used to 
direct and guide the biopsy. Although prostate cancers are 
generally not distinguished in standard US examinations, those 
that can be distinguished are usually observed as hypoechoic. 
However, they can also be seen as isoechoic or hyperechoic. 
Early-stage carcinomas may seen as isoechoic and it is thought 
that this condition is related to their relatively higher content of 
normal tissue (Ukimura, Faber, & Gill, 2012). Another limitation 
of standard B-mode ultrasonography is that also inflammatory 
conditions such as prostatitis and benign pathologies such as BPH 
can be observed hypoechoic. It has been reported in the literature 
that about 60% of biopsies performed on lesions that are 
suspicious in sonographic evaluation are benign (Loch et al., 
2004) and about 21-47% of tumors can be skipped in the first 
biopsy (Taira et al., 2010). In addition, computer-aided evaluation 
techniques have been developed in TRUS, where the signal 
properties of B-mode images are processed in real time. Some 
studies in the literature are reporting that this computer-aided 
TRUS improves diagnostic performance compared to 
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conventional TRUS (Loch, 2007; Strunk, Decker, Willinek, 
Mueller, & Rogenhofer, 2014).  

There are studies in the literature reporting that the US 
performed with sonographic contrast agents increases quality and 
more accurate results are obtained with fewer biopsies 
(Mitterberger et al., 2007). In TRUS performed with contrast 
material, malignant lesions can be seen as a rapid and asymmetric 
focal enhancement area due to neovascularization and 
angiogenesis occurring in the tumoral area (Postema, Mischi, de 
la Rosette, & Wijkstra, 2015). However, since there is no 
sonographic contrast agent in our country, contrast-enhanced US 
imaging cannot be performed in daily practice. 

There are studies reporting that the use of elastography in 
addition to B mode US helps biopsy and has high sensitivity 
(Nelson, Slotoroff, Gomella, & Halpern, 2007). The elasticity and 
stiffness of prostate tissue can be evaluated using elastography. 
The increase in tissue stiffness in cancerous areas due to increased 
cellularity and deterioration in the glandular structure constitutes 
the basis of evaluation in US elastography. Areas with increased 
stiffness are considered more suspicious for malignancy 
(Pallwein et al., 2007). Several studies are reporting promising 
results, especially for shear wave elastography (Barr, Memo, & 
Schaub, 2012; Boehm et al., 2015; Correas et al., 2015). It has 
been stated that shear wave elastography has high applicability in 
prostate imaging; however, there is a decrease in reproducibility 
in the deep portions and lateral sections of the prostate gland. For 
this reason, it is recommended to be more careful in these areas 
when making US elastography assessment (Woo, Kim, Lee, Cho, 
& Kim, 2015). 

One of the most important advantages of TRUS is that it 
guides biopsy. The disadvantages of blind biopsies are that 
prostate cancer can be multifocal, malignancy can be missed at 
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rates of up to 35% despite a negative biopsy result, and an 
increased number of biopsies can increase the risk of 
complications. Studies are ongoing to enable biopsy by localizing 
the lesion on the US rather than blind biopsy. For this purpose, 
some multiparametric US studies are being tested and developed 
by combining the various ultrasonography methods mentioned 
above (Aigner et al., 2012; Brock et al., 2012). Thus, in biopsies 
performed with TRUS, the aim is to increase diagnostic 
sensitivity-specificity, increase biopsy quality and decrease the 
number of unnecessary biopsies, thereby minimising risk of 
possible complications. 

2.2.Magnetic Resonance Imaging (MRI) 

MRI is effective imaging method that, because of its high 
contrast resolution, allows for differentiation of prostate gland's 
zonal anatomy and detection of any pathological signal changes 
in these regions (Hricak, Choyke, Eberhardt, Leibel, & Scardino, 
2007). In prostate cancer, the primary indication of MRI is to 
evaluate extracapsular extension in patients diagnosed with 
cancer via biopsy (Hricak et al., 2007; Sala et al., 2006). MRI is 
increasingly being used clinically to detect and localize the tumor 
in cases where PSA levels remain elevated during follow-up but 
cancer is not detected in biopsies performed with TRUS. 

In prostate imaging, the fundamental anatomical imaging 
sequence of MRI consists of high-resolution T2-weighted (T2W) 
sequences taken in three different planes. The addition of various 
functional imaging techniques to anatomical imaging has led to 
the concepts of biparametric and multiparametric MRI. 
Biparametric MRI is obtained by adding diffusion-weighted 
imaging (DWI) to T1W and T2W images. Multiparametric MRI, 
on the other hand, involves adding at least two functional 
techniques, like dynamic contrast-enhanced MRI, DWI, or MR 
spectroscopy, to T1W and T2W images. In a study including 
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1,140 patients, it was reported that the inclusion of mpMRI prior 
to biopsy guided by TRUS increased the likelihood of cancer 
detection from 38% to 72%. Additionally, in the same study, it 
was noted that none of the patients with a negative mpMRI had 
clinically significant cancer detected in the biopsies performed 
(Panebianco et al., 2015). A meta-analysis found that MRI-
targeted biopsies enhance the detection rate of clinically 
significant cancers compared to systematic biopsies (from 76% to 
91%). In addition, they reduce the detection rate of clinically 
insignificant cancers (from 83% to 44%) (Schoots et al., 2015). 

Recommendations for sequence parameters in MRI are 
specified in PI-RADS v2.1 (Baris Turkbey et al., 2019). The non-
contrast T1-weighted sequence is particularly used to evaluate the 
presence of bleeding in prostate and seminal vesicles, especially 
in patients with a history of prior biopsies (Figure 5). T2-weighted 
sequences, on the other hand, are one of the main sequences used 
to assess zonal anatomy of the prostate, signal changes in focal 
lesions, seminal vesicle invasion, and extraprostatic extension 
(Figure 6). Normal peripheral zone appears hyperintense on T2-
weighted images due to high water content associated with its 
numerous ductal and acinar structures. In tumor tissue, there is a 
decrease in T2 signal due to increased cellularity. Therefore, 
while the edge characteristics of cancer tissue located in 
peripheral zone can vary, it's seen as a focal T2 hypointense area 
(Bhavsar & Verma, 2014). However, this appearance in T2-
weighted images can also be seen in prostatitis, scar tissue, and 
hemorrhage, which ise making it not a specific finding for 
prostate cancer.  In the transitional zone, higher smooth muscle 
content and lower glandular tissue result in the transitional zone 
appearing hypointense compared to the peripheral zone on T2-
weighted images. Tumor tissue in the transitional zone is 
typically observed as a hypoechoic area with indistinct or 
spiculated contour features, often accompanied by signs of 
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invasion, and lacks a complete hypointense capsule around its 
periphery. Additionally, BPH nodules in the transitional zone can 
also appear hypointense, which complicates the differential 
diagnosis from cancer. In distinguishing between them, various 
features are evaluated, such as the presence or absence of 
a complete hypointense capsule in the periphery, signal 
homogeneity, and diffusion characteristics. 

Figure 5. MRI images of a 64-year-old male patient; in left 
peripheral zone, hypointense on T2WI, hyperintense on T1WI, 

and a mildly diffusion-restricting hemorrhagic area are observed. 
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Figure 6. MRI images of 65-year-old male patient show a T2A 
hypointense, markedly diffusion-restricting PI-RADS 5 lesion 

extending to the transitional zone, invading the bilateral 
neurovascular bundle and seminal vesicle (arrows). 

 

In prostate cancer, there is a decrease in extracellular 
volume due to increased cellularity, which subsequently restricts 
the free movement of water molecules (Brownian motion). This 
results in diffusion restriction, which is the basis for imaging in 
DWI (Russo, Mischi, Scheepens, De la Rosette, & Wijkstra, 
2012). Images obtained with different magnetic field strengths are 
subtracted to create Apparent Diffusion Coefficient (ADC) maps. 
In ADC maps, prostate cancer typically shows lower ADC values, 
which correlate with the Gleason score of the lesion (Verma et 
al., 2011). An ADC value of less than 600 x 10-3 suggests the 
presence of a tumor, while a value greater than 1000 x 10-3 is 
more indicative of inflammation (Röthke, Blondin, Schlemmer, 
& Franiel, 2013) . DWI is also an effective method for detecting 
regional lymph nodes (Figure 7). 
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Figure 7. Multiple bone metastases (asterisks) and 
lymphadenopathy (arrows) are present in the MRI images of 65-

year-old male patient, with regional lymphadenopathies more 
prominently observed in diffusion-weighted images. 

 
Dynamic contrast-enhanced MRI is obtained by acquiring 

T1-weighted images before and after the contrast agent 
administration.  The increased angiogenesis in cancerous tissue 
results in the formation of vascular structures that have weaker 
and more permeable walls, leading to early and increased 
enhancement. As a result, prostate cancer manifests as a focal area 
of early enhancement in contrast-enhanced MRI. Additionally, 
the increased vascularity leads to higher blood flow and 
permeability, resulting in early wash-out. In summary, prostate 
cancer exhibits early enhancement, a higher peak, and early wash-
out compared to normal prostate tissue (Röthke et al., 2013). This 
pattern of enhancement is more pronounced in high-grade tumors. 
However, in low-grade tumors, the lower levels of angiogenesis 
make it difficult to differentiate them with this technique 
(Ravizzini, Turkbey, Kurdziel, & Choyke, 2009). 

MR spectroscopy (MRS) is an imaging technique that 
displays the levels of cellular metabolites. In normal prostate 
tissue, the citrate concentration is high. In tumor tissue, however, 
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there is an increase in choline levels, which serves as a marker for 
cell membrane turnover. In summary, prostate cancer is 
associated with a decrease in citrate levels and an increase in 
choline levels. MRS evaluation enhances the diagnostic 
sensitivity and specificity of multiparametric MRI (B. Turkbey et 
al., 2010). The acquisition of MRS images extends the duration 
of MRI scans and involves additional technical requirements, 
while their interpretation requires a certain level of expertise 
(Testa et al., 2007). For these reasons, in clinical practice, it is 
used more for evaluating treatment response and recurrence 
rather than for the initial diagnosis of prostate cancer. 

To standardize the assessment and reporting of prostate 
MRI, the European Society of Urogenital Radiology published 
the Prostate Imaging Reporting and Data System (PI-RADS) 
guidelines for the first time in 2012 (Barentsz et al., 2012). A 
meta-analysis in the literature reported that the sensitivity of the 
first version was 0.78, the specificity was 0.79, and the negative 
predictive value varied between 0.58 and 0.95 (Hamoen, de 
Rooij, Witjes, Barentsz, & Rovers, 2015). However, following 
advancements in clinical and imaging fields, certain limitations 
were identified, leading to modifications and updates in the 
guidelines. As a result, PI-RADS V2 was published in 2014. In 
PI-RADS V2, the defining sequences for the transitional and 
peripheral zones and the steps to be followed for various scenarios 
are outlined. Updates were also made to the prostate sector map 
(Weinreb et al., 2016). Since the release of PI-RADS V2, it has 
been extensively utilized in clinical settings and research. Many 
studies in the literature have compared it to the previous version, 
examined its diagnostic effectiveness, and evaluated inter-
observer consistency related to PI-RADS V2 (Purysko et al., 
2017; Seo et al., 2017; Woo, Suh, Kim, Cho, & Kim, 2017). A 
meta-analysis reported that the sensitivity of PI-RADS V2 is 0.89 
and its specificity is 0.73, indicating that its sensitivity is higher 
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compared to PI-RADS V1 (Woo et al., 2017). However, as a 
result of these studies, some limitations of PI-RADS V2 have 
become apparent over time. It has been reported that inter-
observer agreement is moderate, and several evaluation criteria 
that need improvement and further clarification have been 
identified (Rosenkrantz, Ginocchio, et al., 2016; Rosenkrantz, 
Oto, Turkbey, & Westphalen, 2016). As a result, PI-RADS V2.1 
was published in 2019. This version includes technical details, 
requirements, and standardizations related to the acquisition of 
sequences, as well as modifications in scoring for risk 
classification based on sector maps and zones (Baris Turkbey et 
al., 2019). The updated sector map includes a total of 41 sectors: 
38 for the prostate, 2 for the seminal vesicles, and 1 for the 
membranous urethra. 

PI-RADS v2 provides a definition for clinically 
significant cancer. Cancers with a Gleason score of 7 or higher, 
and/or a volume of 0.5 cc or greater, and/or extraprostatic 
extension are defined as clinically significant cancers (ACR, 
2015). Besides establishing a common language and reporting 
standards, the main goal of the PI-RADS classification and 
scoring system isto predict the likelihood of clinically significant 
cancer with high sensitivity and specificity. In PI-RADS v2.1, 
each prostate lesion is scored on a scale from 1 to 5 for the 
likelihood of clinically significant cancer, based on the evaluation 
of T2A, DWI, and dynamic contrast-enhanced MRI images. 
Based on PI-RADS v2.1 the evaluation categories are:  

PI-RADS category 1: Very low (Clinically significant cancer is 
very unlikely) 

PI-RADS category 2: Low (Clinically significant cancer is 
probably absent) 

PI-RADS category 3: Moderate (Clinically significant cancer 
is suspected) 
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PI-RADS category 4: High (Clinically significant cancer is 
probable) 

PI-RADS category 5: Very high (Clinically significant cancer 
is highly probable) 

The general approach recommends performing a biopsy 
for PI-RADS 4 and 5 lesions and not conducting one for PI-
RADS 1 and 2 lesions. However, for PI-RADS 3 lesions, 
decisions are made based on MRI findings as well as the patient's 
clinical history, PSA levels, local preferences in patient 
management, expertise, and care standards. PI-RADS v2.1 does 
not include management recommendations; however, as evidence 
regarding mpMRI and MRI-targeted biopsies and interventions 
continues to accumulate, it is anticipated that specific 
recommendations and algorithms related to biopsy and 
management will be included in future versions of PI-RADS (PI-
RADS: Prostate Imaging – Reporting and Data System. Version 
2.1, 2019). 

2.3.Computed Tomography (CT) 

Although its role in detection of prostate cancer and local 
staging is limited, another radiological method used in newly 
diagnosed cases is computed tomography (CT). Because of CT's 
insufficient contrast resolution, the prostate zones cannot be 
distinctly identified, and it is also difficult to differentiate the 
prostate gland from the adjacent levator ani muscle, which has a 
similar density. For similar reasons, tumors within the prostate 
gland are often not accurately localized. However, it can be useful 
in lesions with significant vascularity or those exhibiting 
extraprostatic extension. Although its role in localization and 
local staging is limited, CT is a preferred and effective method in 
clinical practice for investigating regional lymphadenopathy, 
bone metastases, and distant organ metastases, as well as for 
follow-up after treatment (Vinjamoori et al., 2012). (Figure 8). 
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Thin-slice CT images are highly effective for imaging lymph 
nodes. However,  a metastatic lymph node can appear normal in 
size,  and lymph nodes can also enlarge due to reactive 
hyperplasia caused by non-metastatic factors like infection. For 
these reasons, the assessment of size and morphology using CT 
has limited effectiveness in differentiating metastatic from 
reactive lymph nodes, with a sensitivity reported at approximately 
36% (Hricak et al., 2007). Bone metastases of prostate cancer 
may appear as either lytic or sclerotic lesions. The literature 
reports that sensitivity of CT for identifying bone metastases is 
56%, with a specificity of 74% (O'Sullivan, Carty, & Cronin, 
2015). In some cases, bone metastases may be indistinguishable 
on CT but can be differentiated using scintigraphy and PET. 
However, due to its greater accessibility and relatively lower cost, 
CT is recommended in the guidelines of American Urological 
Association for patients who have moderate-high risk for prostate 
cancer. (Ghafoor, Burger, & Vargas, 2019). 

Figure 8. In the CT images of a 65-year-old male patient, multiple 
bone metastases (asterisks) and metastatic lung nodules (arrows) 

are observed. 
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3. CONCLUSION 

Imaging techniques are becoming increasingly important 
for the early recognition and management of prostate cancer, 
allowing for more accurate diagnoses due to advancements in 
imaging technology. 
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