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ICINDEKILER

Radiological Findings and Imaging Modalities in
Inflammatory Bowel DiS€ase ..........cccoevvvenencieninenenn 1
Betiil TIRYAKI BASTUG

Dért Boyutlu Bilgisayarl Tomografinin Kas-Iskelet Sistemi
Hastahklarinda Kullanimi..............ccocco v, 21
Nese KUTLUTURK SAHIN
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RADIOLOGICAL FINDINGS AND IMAGING
MODALITIES IN INFLAMMATORY BOWEL
DISEASE

Betuil TIRYAKi BASTUG!

1. INTRODUCTION

Inflammatory bowel disease (IBD) encompasses a
spectrum of chronic, idiopathic, and immune-mediated
conditions primarily involving the gastrointestinal tract. The two
major entities under this umbrella—Crohn’s disease (CD) and
ulcerative colitis (UC)—are characterized by periods of remission
and exacerbation, leading to progressive tissue damage, clinical
complications, and decreased quality of life. Despite sharing
similar clinical symptoms such as abdominal pain, diarrhea, and
weight loss, these diseases differ significantly in their anatomical
distribution, depth of tissue involvement, and histopathological
features.

In recent decades, the global incidence and prevalence of
IBD have increased, particularly in newly industrialized
countries, transforming it into a major public health concern. This
epidemiological shift has emphasized the importance of early
diagnosis, accurate disease characterization, and effective
monitoring, all of which rely heavily on radiological imaging.

While endoscopy with histological confirmation remains
the gold standard for diagnosis, it is inherently invasive, limited
to mucosal surfaces, and may not adequately assess disease extent
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or extraluminal complications. As a result, radiologic imaging has
become an essential adjunct in the comprehensive evaluation of
IBD, contributing not only to diagnosis but also to disease
staging, activity assessment, monitoring treatment response, and
detecting complications such as strictures, fistulas, abscesses, and
neoplastic transformation.

Modern radiological modalities provide detailed
information on bowel wall characteristics, mesenteric
involvement, and extraintestinal findings. Among these,
ultrasonography, computed tomography (CT), and magnetic
resonance imaging (MRI), particularly MR enterography, offer
non-invasive, reproducible, and dynamic evaluations of disease
behavior over time. Their utility is further enhanced by the
integration of functional imaging parameters such as perfusion,
diffusion, and bowel motility, which correlate closely with
inflammatory activity.

Furthermore, the choice of imaging modality must be
individualized, taking into account factors such as patient age,
clinical presentation, need for serial follow-up, and concern for
radiation exposure, particularly in younger populations who
require lifelong monitoring. For instance, ultrasound is
increasingly preferred in children and pregnant patients, while
MRI offers high soft tissue contrast without ionizing radiation,
making it ideal for long-term surveillance. On the other hand, CT
remains the modality of choice in acute settings where rapid
diagnosis of life-threatening complications is critical.

This chapter aims to provide a comprehensive review of
the radiological findings and imaging modalities in inflammatory
bowel disease. It begins with a brief overview of the
pathophysiological and anatomical distinctions between Crohn’s
disease and ulcerative colitis, followed by a detailed discussion
of various radiologic techniques used in clinical practice. The
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chapter also explores imaging features specific to disease phases
and highlights key indicators of disease activity, which are crucial
for therapeutic decision-making. Through this discussion, the
pivotal role of radiology in the multidisciplinary management of
IBD will be underscored.

2. CLASSIFICATION AND
PATHOPHYSIOLOGICAL OVERVIEW OF
INFLAMMATORY BOWEL DIiSEASE

Inflammatory bowel disease (IBD) is broadly classified
into two major clinical entities: Crohn’s disease (CD) and
ulcerative colitis (UC). Though their clinical presentations may
overlap, the two disorders are fundamentally distinct in terms of
their anatomical distribution, depth of intestinal wall
involvement, pathophysiology, and potential complications.
Accurate differentiation between CD and UC is essential, as it
significantly impacts diagnostic workup, therapeutic strategy,
surgical planning, and long-term prognosis.

2.1. Crohn’s Disease (CD)

Crohn’s disease is a transmural granulomatous
inflammatory disorder that can affect any part of the
gastrointestinal tract from the oral cavity to the perianal region,
although it most frequently involves the terminal ileum and right
colon. Unlike UC, CD is characterized by segmental and
asymmetric involvement, known as "skip lesions,"” where
inflamed bowel segments are interspersed with normal tissue.

Histologically, Crohn’s disease demonstrates:
e Transmural inflammation
¢ Non-caseating granulomas (in ~50% of cases)

e Lymphoid aggregates
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e Deep ulceration and fissuring, leading to complications
such as fistulas and strictures

The transmural nature of the inflammation accounts for
many of the extraluminal complications seen in Crohn’s disease,
including:

e Fistulization (enteroenteric, enterocutaneous,
enterovesical, perianal)

e Fibrostenotic strictures
e Intra-abdominal and pelvic abscesses
e Mesenteric fibrofatty proliferation (creeping fat)

Crohn’s disease may also present with discontinuous
involvement, and in some patients, the disease is isolated to the
perianal area or upper Gl tract (gastroduodenal CD).

2.2. Ulcerative Colitis (UC)

Ulcerative colitis is a chronic mucosal inflammatory
disorder that starts in the rectum and extends proximally in a
continuous fashion to involve the colon. The inflammation is
confined to the mucosa and submucosa, without transmural
extension. In contrast to the patchy distribution in CD, UC always
involves the rectum and progresses proximally without skip areas.

UC is classified based on the extent of colonic
involvement:

e Proctitis: Rectal involvement only

o Left-sided colitis: Involvement extending up to the
splenic flexure

e Pancolitis: Involvement of the entire colon
Histologically, UC is associated with:

e Diffuse mucosal inflammation
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e Crypt abscesses
e Glandular architectural distortion
e Goblet cell depletion

Chronic UC may lead to colonic shortening, loss of
haustration, and increased risk of colorectal dysplasia or
carcinoma, particularly in patients with pancolitis of more than
8-10 years duration.

2.3. Indeterminate Colitis and IBD-Unclassified

In approximately 10-15% of cases, particularly at the time
of initial diagnosis, the distinction between CD and UC may not
be clearly established based on clinical, endoscopic, histologic, or
radiologic findings. These cases are referred to as indeterminate
colitis or IBD-unclassified (IBD-U). As the disease evolves,
many patients with indeterminate IBD will eventually be
reclassified as either CD or UC.

3. PATHOGENESIS AND IMMUNE
MECHANISMS

Although the exact etiology of IBD remains unclear, it is
widely accepted that the pathogenesis involves a complex
interplay between:

e Genetic predisposition  (e.g., NOD2/CARD15
mutations in CD)

e Dysregulated immune responses, particularly
involving Thl and Th17 cells in CD, and Th2-like
responses in UC

e Environmental triggers, such as smoking (which
worsens CD but may be protective in UC)

e Alterations in gut microbiota (dysbiosis)
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¢ Disruption of intestinal epithelial barrier integrity

These factors contribute to a cycle of uncontrolled
inflammation, tissue injury, and aberrant healing responses,
which in turn manifest as the characteristic radiological features
of IBD.

4. DIAGNOSTIC RADIOLOGICAL MODALITIES

Radiological imaging plays a pivotal role in the diagnosis,
evaluation, and long-term monitoring of inflammatory bowel
disease (IBD). While endoscopy remains the cornerstone for
direct mucosal visualization and histologic sampling, it is often
limited by invasiveness, poor patient tolerance, and inability to
assess deep tissue layers and extraintestinal complications. In this
context, radiological modalities provide comprehensive and non-
invasive means to assess both luminal and extraluminal disease
components, offering insights into disease activity, distribution,
severity, and complications.

The appropriate selection of imaging modality depends on
various factors including clinical urgency, disease phenotype,
anatomical location, patient age, and the need to minimize
radiation exposure.

4.1. Plain Abdominal Radiography

Plain abdominal radiographs, though limited in sensitivity
and specificity, are frequently employed as an initial diagnostic
tool in acute settings. Their primary value lies in the rapid
detection of life-threatening complications.

Key indications include:

e Toxic megacolon: Visible as a dilated colon (>6 cm in
diameter) with loss of haustration, most commonly
affecting the transverse colon.
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o Perforation: Free intraperitoneal air may be detected
under the diaphragm on upright or lateral decubitus
films.

e Obstruction: Dilated bowel loops with multiple air-
fluid levels suggestive of mechanical obstruction,
which may be due to strictures in Crohn’s disease.

In chronic ulcerative colitis, plain films may reveal a "lead
pipe colon™ appearance, characterized by loss of normal colonic
haustration due to chronic mucosal and submucosal atrophy.

Although limited in assessing disease extent and severity,
radiographs are quick, inexpensive, and widely available, making
them useful in emergency settings.

4.2. Ultrasonography (US)

Ultrasonography is a valuable imaging modality in IBD,
particularly in pediatric populations, pregnant patients, and those
requiring frequent follow-up without radiation exposure. High-
frequency transducers and Doppler imaging have significantly
enhanced its diagnostic capabilities.

Advantages:
¢ Radiation-free and non-invasive
e Portable and repeatable at bedside

e Capable of assessing bowel wall morphology,
vascularity, and adjacent mesentery

Ultrasound findings in active disease include:

e Bowel wall thickening (>3 mm), most prominent in
Crohn’s disease

e Loss of wall stratification indicating transmural
inflammation
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¢ Increased Doppler signal within the wall (hyperemia),
suggesting disease activity

e Mesenteric fat echogenicity and lymphadenopathy

¢ Identification of complications: Abscesses appear as
complex fluid collections with irregular margins;
fistulas appear as hypoechoic tubular structures
connecting bowel loops or adjacent organs

Despite its operator dependence and limited penetration in
obese patients or those with excessive bowel gas, ultrasonography
is an excellent first-line tool for disease assessment and follow-

up.
4.3. Computed Tomography (CT) and CT
Enterography

Computed  tomography  (CT), particularly CT
enterography (CTE), has become a cornerstone in the cross-
sectional imaging of IBD due to its speed, high resolution, and
ability to evaluate the entire bowel and surrounding structures.

CT enterography involves the ingestion of large volumes
of neutral oral contrast to distend the bowel, combined with
intravenous contrast administration to enhance vascular
structures.

Findings in active disease include:

e Bowel wall thickening, often asymmetric in Crohn’s
disease

e Mural hyperenhancement, reflecting mucosal
inflammation

o Stratified wall appearance ("target sign")

e Comb sign: Prominent vasa recta suggesting
hyperemia of the mesentery
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e Perienteric fat stranding and fibrofatty proliferation

e Complications such as fistulas, abscesses, phlegmon,
and strictures

Advantages:

e Superior spatial resolution

o Excellent for detecting extraluminal complications
e Widely available and rapid

However, the main limitation of CT is ionizing radiation,
which is a significant concern for young patients requiring long-
term imaging. Low-dose protocols and limiting CT use to specific
clinical indications are strategies to mitigate this risk.

4.4. Magnetic Resonance Imaging (MRI) and MR
Enterography

Magnetic resonance enterography (MRE) has emerged as
the preferred imaging modality for long-term evaluation of IBD,
particularly in children and young adults. It provides excellent
soft tissue contrast without ionizing radiation and allows for
functional as well as anatomical assessment.

Preparation includes:

e Ingestion of large volumes of oral contrast to distend
the small bowel

e Intravenous gadolinium-based contrast for dynamic
enhancement

e Optional administration of antiperistaltic agents to
reduce motion artifacts

Key imaging features of active inflammation:

o Bowel wall thickening with T2 hyperintensity (edema)
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e Layered mural enhancement post-contrast (“target

sign™)

e Restricted diffusion on diffusion-weighted imaging
(DWI)

e Increased mesenteric vascularity and
lymphadenopathy

e Detection of penetrating disease: Fistulas, abscesses,
and sinus tracts

Functional imaging advantages:
e Motility assessment using cine sequences

e Quantification of inflammation using scoring systems
like MaRIA (Magnetic Resonance Index of Activity)

While MRE is more time-consuming and may not be
available in all centers, its radiation-free nature and detailed
information on both mural and extramural components make it
ideal for disease surveillance and treatment planning.

4.5. Fluoroscopy (Barium Contrast Studies)

Fluoroscopic studies using barium contrast, though
historically central to IBD imaging, are now largely reserved for
specific indications or in centers with limited access to advanced
cross-sectional imaging.

Types:

e Small bowel follow-through (SBFT)
e Barium enema

Common findings:

e Cobblestone appearance in Crohn’s disease due to
ulceration and mucosal edema

10
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e String sign: Marked narrowing of the terminal ileum
e Skip lesions and strictures in CD
e Loss of haustration and shortened colon in UC

While barium studies can provide information on mucosal
abnormalities and bowel transit, they lack the ability to assess
extramural disease and are limited in acute settings. They are
mainly used in resource-limited environments or as a
complementary tool.

Table 1: Summary of Modality Selection in IBD Imaging

Modality Strengths Limitations Ideal Use Case
. . s Emergency evaluation
Plain X-ray Qmpk, widely Low sensmv[ty, no (perforation, toxic
available mucosal detail
megacolon)
No radiation, Operator- Pediatric patients
Ultrasound dynamic, bedside dependent, limited . p '
. - - routine follow-up
accessible in obese patients
CT/CT High resolution, . Acute presentations,
detects extramural Radiation exposure .
Enterography - fistulas, abscesses
complications
MRI/ MR No radiation, - Expensive, longer Long-term L
E excellent soft tissue A monitoring, pediatric
nterography acquisition time
contrast and young adults

Limited extramural Selected cases,
assessment, largely limited-resource
outdated settings

Fluoroscopy Good mucosal detail,
(Barium) inexpensive

5. RADIOLOGIC FINDINGS ACCORDING TO
DISEASE STAGE

Radiological appearances of IBD vary with the phase and
severity of inflammation.

Active Inflammation:
o Wall thickening with stratified enhancement

¢ Increased vascularity and mucosal hyperenhancement

11
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Edematous mesentery and enlarged lymph nodes

Restricted diffusion on MRI

Chronic Disease:

Strictures due to fibrosis (often fixed, non-enhancing)

Fat creeping: Increased mesenteric fat wrapping
around the bowel

Loss of mural stratification

Calcification in long-standing disease or previous
perforation

6. CROHN’S DISEASE: SEGMENTAL AND

TRANSMURAL INVOLVEMENT

Crohn’s disease has a predilection for the terminal ileum,
but can affect any GI segment in a non-continuous pattern. Key
radiological signs include:

Skip lesions
Transmural wall thickening

Fistulas and abscesses (enteroenteric, enterovesical,
perianal)

Strictures (inflammatory vs fibrotic)
Comb sign: Engorged vasa recta on CT or MRI

Creeping fat

MRE is especially effective for identifying disease extent
and differentiating activity from fibrosis.

12
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ULCERATIVE COLITIS: DIFFUSE AND
MUCOSAL INVOLVEMENT

UC presents with continuous colonic involvement,
typically starting at the rectum and spreading proximally.

Imaging Features:

Mucosal thickening with submucosal edema
Uniform, symmetric enhancement

Loss of haustral folds in chronic stages
Shortened colon with rigid segments

Backwash ileitis, when terminal ileum is secondarily
inflamed

Severe complications such as toxic megacolon or
perforation require prompt CT imaging.

8.

ASSESSMENT OF DISEASE ACTIVITY

Quantitative and qualitative imaging parameters are

essential

in determining disease activity, guiding treatment

intensity, and evaluating response to therapy.

Indicators of Active Disease:

Wall thickness >3 mm

Mural hyperenhancement with stratification
Increased vascular flow

Restricted diffusion (MRI)

Perienteric fat stranding and lymphadenopathy

13
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Various imaging indices, such as the MaRIA score for
MRI, are utilized for standardized assessment and research
purposes.

Table 2. MaRIA Score Parameters

Parameter Description
. in milli ; >
Wall Thickness Measured in m}lllmeters _(mm), values >3 mm
suggest active inflammation
Relative Contrast Degree of enhancement after gadolinium
Enhancement injection; reflects mucosal inflammation
Edema (T2 Signal High signal on T2-weighted images; indicates
Intensity) bowel wall edema
. Presence of mucosal ulcers; indicates severe
Ulceration - .
inflammation

Table 3. MaRIA Score Calculation Formula

MaRIA Formula

MaRIA = 1.5 x Wall Thickness (mm) + 0.02 x Relative Contrast
Enhancement (%) +
5 x Edema (0 or 1) + 10 x Ulceration (0 or 1)

Table 4. MaRIA Score Interpretation (Per Segment)

Score Range Activity Level
<7 Inactive Disease
7-9 Mild Activity
9-11 Moderate Activity
>11 Severe Activity

9. CONCLUSION

Radiological imaging has become an indispensable
component in the diagnosis, staging, and long-term management
of inflammatory bowel disease. With the evolution of advanced
cross-sectional imaging techniques, radiology now offers

14
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unparalleled insights into both luminal and extraluminal
manifestations of disease activity. While endoscopy provides
direct mucosal evaluation, radiological modalities enable
comprehensive, non-invasive assessment of bowel wall integrity,
perienteric tissues, and remote complications.

Each imaging modality has unique advantages:
ultrasonography offers real-time, radiation-free bedside
evaluation; computed tomography excels in acute settings and
complication detection; magnetic resonance enterography
provides detailed soft tissue contrast ideal for monitoring; and
fluoroscopy, though now limited, still has diagnostic value in
certain settings. Optimal patient care often requires a tailored,
multimodal imaging strategy that considers clinical presentation,
patient demographics, and the need for radiation sparing.

Furthermore, objective scoring systems such as the
MaRIA score enhance the reproducibility and standardization of
radiological interpretation, facilitating both clinical decision-
making and research applications.

As the understanding of inflammatory bowel disease
continues to evolve, the role of radiology will remain central—
not only in diagnosis but also in disease monitoring,
prognostication, and evaluation of therapeutic response.
Radiologists, therefore, play a critical role within the
multidisciplinary team, bridging imaging findings with clinical
context to optimize outcomes in patients living with 1BD.

15
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DORT BOYUTLU BILGISAYARLI
TOMOGRAFININ KAS-ISKELET SISTEMI
HASTALIKLARINDA KULLANIMI

Nese KUTLUTURK SAHIN?

1. GIRIS

Bilgisayarli tomografi (BT), 1970'lerde kullanilmaya
baslanmasindan bu yana 6nemli 6lgiide ilerleme kaydetmistir (1).
[lk BT tarayicilarinin ¢dziiniirliigii smirliydi ve bu tarayicilari
hastalar1 yiiksek radyasyona maruz birakiyordu. Tarama ve islem
stireleri de glinlimiize oranlar olduk¢a uzundu. Ancak donanim ve
goruntuleme-isleme tekniklerindeki gelismeler, BT'min Kkas-
iskelet sistemi de dahil olmak {izere tip alaninda her yerde
kullanilmasma olanak tanmustir (2). Azaltilmig iyonizan
radyasyon dozu, yiksek goriintii alma hizlar1 ve gelismis goriintii
cozinlrliigi, BT'yi bircok kas-iskelet rahatsizliginda tani ve
tedavi planlamasi icin altin standart haline getirmistir. 1999'da
tanitilan ¢ok sirali dedektorlii BT, tek bir radyografik kaynagi
tespit etmek i¢in gantri ekseni boyunca bitisik dedektor siralarini
kullanarak aym1 anda birden fazla goriintii diliminin
yakalanmasina izin verdi (3). Gantri tam bir doniisii 0,8 saniyede
tamamlayabiliyordu ve goriis alan1 doniis ekseni boyunca 20 mm
idi. Teknolojik gelismeler, gantri doniisii i¢in gereken siireyi
kisaltt1 ve dedektor siralarinin sayisini 4'ten 320'ye ¢ikardi (4). Bu
modern tarayicilar, donme ekseni boyunca 160 mm'lik bir goriis
alanin1 0,3 saniyeden daha kisa bir siirede goriintiileyebilir hale
gelmiglerdir.

1 Uzman Doktor, Istanbul Fizik Tedavi Ve Rehabilitasyon Egitim Ve Arastirma
Hastanesi, nkutlutrk@yahoo.com, ORCID: 0000-0003-4271-5947.
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1.1. Dort boyutlu BT ile ilgili temel bilgiler

Son 10 yilda, genis goriis alanli dedektor dizilerinin ve
ultra hizli gantri rotasyonunun kullanilmaya bagslanmasiyla,
dinamik BT veya kinematik BT olarak da bilinen 4 boyutlu
BT'nin (4BBT) kullanimi artmistir (5). Bu teknikte hastanin her
zaman noktasindaki konumunun kinematik bir hacmi olusturulur.
Ancak bu teknik, ¢ok sirali dedektorlii BT'nin ortaya ¢ikisindan
bu yana miimkiin olsa da, kiiciik goriis alanlar1 pratik agidan bir
dezavantajdi. Ayrica, daha yavas gantri doniisleri goriintiileri
hareket artefaktina maruz birakiyor ve yiiksek radyasyon
dozajlar1 uygulamay1 giivensiz hale getiriyordu. Bununla birlikte,
yakin zamandaki teknolojik gelismeler klinisyenlerin anatomik
bolgeye ve c¢ekim protokoliine baghi olarak rutin gogiis
radyografisinin altinda radyasyon maruziyetiyle gercek zamanli
olarak biiyiik hacimleri goriintiilemesine de olanak tanimistir (6).

Dort boyutlu BTmin ilk uygulamalari radyasyon
onkolojisi pratiginde solunumla hareket eden torakal ve
abdominal tlimorlerin  detayli  goriintiilenmesi  amaciyla
gerceklestirilmistir (7). Burada hareketin 4BBT ile Olgiilmesi,
terapotik radyasyonun lezyona hassas bir sekilde verilmesini
saglayabilir. Dort boyutlu BT ayni zamanda dolasim ve kapak
hastaliklarin1 arastirmak i¢in siklus boyunca tiim kalbi
goriintiileyerek kalp gibi dinamik yapilar1 da degerlendirebilir ve
ekokardiyografinin teknik olarak zor oldugu durumlarda veya
manyetik rezonans goriintiileme (MRG) nin kontrendike oldugu
hastalar i¢in yararl olabilir (8). Vaskiiler hastaliklar da 4BBT ile
arastirllmis  ve Ornegin anevrizmalar ile iligkili olarak
konvansiyonel BT anjiyografiden daha fazla bilgi saglayarak
hastaligin ilerleme riski hakkinda yeni fikirler vermistir (9). Bu
alanlarda 4BBT'nin giivenligi ve faydasma iliskin kanitlarin
artmasiyla, 4BBT daha yaygin bir sekilde benimsenmistir.
Klinisyenler, 4BBT'nin daha Once goriintiilenmesi miimkiin
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olmayan dinamik klinik durumlar hakkinda dogru fikirler
verdiginin farkina zamanla daha ¢ok varmislardir.

1.2. Kas-iskelet sistemindeki uygulamalar

Yukarida bahsi gecen kullanim ve klinisyenlerin verdigi
olumlu geri-bildirimlerden sonra 4BBT kendisine kas-iskelet
alaninda eklem kinematigi, instabilite ve sikisma sendromlari gibi
pekcok durumda yer bulmaya baslamistir (10). Bu ydntemin
farkli iskelet-kas bolgelerinde kullanimi ve sonuglarinin
degerlendirilmesi kendisine 6zgii farkliliklar gostermektedir.

1.2.1. Omuz kusaginin goriintiilenmesinde kullanim

Omuz kusagi bolgesinde 4BBT, omuz instabilitesi ve
sitkismasimni  arastirmak ~ amaciyla,  sternoklavikiiler  ve
akromiyoklavikiiler eklemleri ve skapulotorasik hareketi
goriintiilemek i¢in kullanilmistir (11). Sternoklavikiiler eklemde
Hislop-Jambrich ve ark, aralikli olarak bogulma hissi yagayan bir
hastada kol hareket agikligi ile medial klavikulanin trakeaya
dayanacak sekilde posteriora dogru itildiginin goriintiilendigini
bildirmislerdir (12). Bu klinik durumda, 4BBT, konvansiyonel
BT veya manyetik rezonans goriintilemede (MRG) net olarak
ortaya konamayan sikismayi ortaya ¢ikarmis ve cerrahi
stabilizasyon gerceklestirme karar1 alinmasini saglamistir. Ayrica,
4BBT kolun hareket agiklig1 sirasinda olusan sternoklavikiiler
eklem instabilitesinin derecesini 6l¢gmek i¢in bir tani araci olarak
da kullanilmistir. Bu yontemle akromiyoklavikiiler eklem de
dinamik olarak goriintiilenmistir. Dyer ve ark, 4BBT’nin,
akromiyoklavikiiler eklem hareketi hakkinda normatif veriler
saglayabildigini ve konvansiyonel BT ile instabilite ve artroz gibi
belirsiz tanilar alan hastalarda patolojileri daha spesifik olarak
taniyabildigini belirtmiglerdir (13).

Klinisyenler 4BBT'yi snapping skapula sendromunu
aragtirmak i¢in de kullanmiglardir (14). Bu endikasyonda
kullanildiginda,  preoperatif 4BBT’nin  gereksiz ~ kemik
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rezeksiyonunu Onleme ve posterior kaburgalar ile iligkili kesin
stkisma noktasini belirlemede basarili oldugu bildirilmistir. TUm
bu klinik uygulamalar gerek tani, gerek cerrahi planlama, gerekse
de prognoz agilarindan hastalara ve klinisyenlere somut fayda
saglamistir.

1.2.2. Dirsegin goriintiilenmesinde kullamim

Goh ve Lau ulnohumeral eklemi goriintiilemek i¢cin 4BBT
kullanmustir (15). Bu yontemle osteofitlerin koronoid ¢ikint1 ve
olekranon iizerinde sikistigi ve terminal fleksiyonu ve
ekstansiyonu engelledigi gosterilmistir. Bu bulgular hareket
kisithiligint gostermede 4BBT nin konvansiyonel BT den daha
avantajli  oldugunu  kanitlar  niteliktedir  zira  dirsek
yaralanmalarindan sonraki hareket kisitliligi tipik olarak kapstiler
fibrosis veya adhezyondan ziyade sikismaya baglidir.
Glinlimiizde, 4BBT’nin, teknoloji gelistikgce, dirsek eklemi
patolojilerinde kendisine daha genis bir kullanim1 alani
bulabilecegine inanilmaktadir.

1.2.3. El ve el bileginin goriintiilenmesinde kullanim

Karpal hareketler ¢ok sayida calismada 4BBT ile
aragtirtlmistir (16,17). Bu anatomik bolgede minér degisikliklerin
bile fonksiyonel kisitlamalardan ve ciddi semptomlardan sorumlu
olabilecegi goz oniline alindiginda, MRG de dahil olmak iizere
standart goriintiileme yontemleri genellikle tanmi icin gerekli
hassasiyetten yoksundur. Trigger lunate sendromunda ortaya
¢ikan mekanik semptomlar ve skafolunat instabilite de 4BBT'de
net olarak tanimlanmigtir. Bu klinik antitelerde, semptomlarin
mekanik nedeni yalnizca 4BBT’nin sagladigi  dinamik
goriintiilemede tespit edilmistir ve bu olmadan uygun tedavi
kararin1 vermek zordur. Karpal eklemlerin karmasikligi, kiiciik
goriis alam gerekliligi ve minimal radyosensitivite gibi faktorler
ile birlestiginde, el ve el bilegi rahatsizliklar1 4BBT igin ideal bir
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uygulama alani haline gelmistir ve bu alanda 4BBT igin klinik
endikasyonlar genislemeye devam etmektedir.

1.2.4. Kalga ekleminin goriintiillenmesinde kullanim

Radyosensitif dokulara yakin olma ve optimal bir
radyolojik goriintii i¢in yiiksek radyasyon dozu gereksinimi gibi
nedenlerle kal¢a ekleminin incelenmesinde 4BBT kendisine
heniiz genis bir kullanim1 sahas1 bulamamistir. Bununla birlikte,
Wassilew ve ark. femoroasetabular sikismayi arastirmiglar ve
4BBT'min femur ve asetabulum {zerindeki sikismanin tam
lokalizayonunu geleneksel radyografi veya MRG'den daha dogru
bir sekilde tahmin ettigini bulmuslardir (18). Bu bulgular,
4BBT'nin kalga artroskopisi ile sikisma bdlgelerine yapilacak
olan minimal invaziv miidahalelerin dogru bir sekilde
planlanmasina olanak taniyabilecegini gostermektedir. Boylece
artroskopi siireleri kisalabilmekte ve morbidite en diisiik diizeye
indirilebilmektedir. Hastalarin radyasyon maruziyetini azaltmak
icin yeni goriintii rekonstriiksiyon yontemleri ve donanimlar
gelistirildikge, kalga bozukluklarimi anlamak i¢in 4BBT daha
yaygin olarak kullanilabilecektir.

1.2.5. Diz ekleminin goriintiilenmesinde kullamim

Patellofemoral agr1 sendromu ve patellar subluksasyon
hastalarinda diz hareket agikligt boyunca patellayr takip
edebilmek i¢in 4BBT ¢ekim protokolleri gelistirimistir (19,20).
Dort boyutlu BT, bu hasta popiilasyonu igin ideal bir goriintiilleme
yontemidir. Tanaka ve ark., tibial tiiberkiil-sulkus troklearis
mesafesinin diz fleksiyon agisiyla onemli Ol¢iide degistigini
bildirmistir (21). Sonuglar, diz 30° fleksiyonda iken semptomatik
hastalarin  %70'inin tibial tiiberkiil osteotomisi i¢in uygun
oldugunu, diz 0° fleksiyonda iken ise hastalarin yalnizca
%24'tiniin uygun oldugunu gostermistir. Dinamik goriintiileme
ile, patellofemoral agrinin nedenini belirlemek ve cerrahi igin
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uygun adaylar1 se¢gmeye yardimci olan kantitatif ve tekrarlanabilir
instabilite dl¢limlerini yapabilmek mimkuinddr.

1.2.6. Ayak ve ayak bileginin gorunttlenmesinde
kullanim

Birgok arastirmaci subtalar eklem hareketini 6l¢miistiir ve
son donemde distal tibiofibular eklem hareketinin Ol¢iildiigii
caligmalar da yapilmistir (22,23). Dort boyutlu BT araciligiyla
subtalar eklemin goriintiilendigi baz1 c¢alismalarda saglikli
insanlar ile kronik instabilite semptomlari olan hastalar arasindaki
eklem hareketi farkliliklar1 karsilastirilmigtir. Subtalar eklemin
hareket araligi boyunca dig stres uygulanarak dinamik olarak
goriintiilenmesinin, instabilitenin nedenini objektif olarak
gosterebildigi belirtilmistir. Bu gibi klinik durumlarda 4BBT
hastanin tedaviye verdigi yanitt da 6lgebilir. Distal tibiofibular
eklem veya sindesmozdaki hareket de 4BBT ile giivenilir bir
sekilde Olgiilmiistiir. Dort boyutlu BT ile ayak bilegi hareket
acikhigr ile sindesmotik mesafelerdeki degisiklikler de
gosterilebilir ki bu bulgular rediiksiyonu degerlendirmede ¢ok
onemlidir. Tiim bu bilgiler cerrahi onarimin planlanmasi i¢in de
kritik 6neme sahiptir. Aktif hareket aralig1 boyunca goriintiileme
fiksasyon yontemlerinin karsilagtirilmasini da saglayabilir.

1.3. Zorluklar ve gelecege iliskin goriisler

Dort boyutlu BT teknolojisinde stirekli ilerlemeler
kaydedilmektedir. Bu goriintiileme tekniginin avantajlar1 daha
fazla anlasildik¢a 4BBT klinik uygulamalarda ve arastirmalarda
kendisine daha genis yer bulacaktir. Goriis alaninda ilerleme,
dedektor siralariin sayisini veya dedektor boyutunu arttirarak
saglanabilir (11). Ancak, ikinci yaklasimin aksiyel ¢oziiniirligi
azaltacagi akilda tutulmalidir. Cozinirliikten ve hareketi
istenildigi gibi takip etme becerisinden 6diin vermeden radyasyon
dozajim1 en aza indirmek i¢in optimum c¢ekim protokolleri
belirlenmelidir.
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Hareket artefakti baska bir zorluktur (11,24). Artefaktsiz
bir goriintilyli saglayabilecek hasta hareketlerini tesvik ederek
artefaktlar1 smirlayici  protokoller olusturulmustur. Ancak
Ozellikle konumlandirma ve hiza iligkin olan bu Oneriler her
zaman uygulanabilir degildir. Bununla birlikte, hareketlerin
siirlt BT gantrisi icinde gergeklestirilebilir olmasi gerekir. Yarim
rekonstriiksiyon yontemleri, bir goriintii olusturmak i¢in gantri
rotasyonunun yalnizca yarisin1 kullanir. Dinamik uygulamalarda
bu yaklagim hem hareket artefaktlarmi hem de radyasyon
maruziyetini azaltir (25). Cift radyolojik kaynak teknolojisine
sahip tarayicilarin uygulanmasit ve gantri doniis hizlariin
artirlmas1 gibi diger gelismeler de hareket artefaktlarim
azaltabilir.

Implantlardan kaynaklanan metal artefakti da cerrahi
sonrast hareketin arastirilmasinda goriintii yorumlama ve isleme
acisindan Onemli zorluklar yaratir (26,27). Cift enerjili BT
¢Oziiniirliigli azaltacagi ve radyasyon dozajini artiracagi igin,
hi¢bir ¢aligma dinamik protokollere ¢ift enerjili BT yoluyla metali
siiprese etme yaklasgimini dahil etmemistir. Sonu¢ olarak
gunimuizde, metal artefaktini azaltma yoniindeki ¢abalar islem
sonrast algoritmalar ve manuel diizeltme ile sinirlidir. Bu
yaklasimlarin getirecegi dezavantajlar da kullanici zamaninin
uzamast ve sonuglarin dogrulugunun azalmasidir. Radyasyona
maruz kalma ile ilgili endiseler de 4BBT'nin yayginlasma hizini
sinirlamaya  devam  etmektedir  (11,26,27).  Genellikle,
gorintilenecek anatomik alan ne kadar proksimal olursa, etkili
radyasyon dozu da o kadar yuksek olur. Genel olarak gorunti
kalitesini korurken donanim tarafindan {iretilen radyasyon
dozunu distiirmek icin iyilestirmeler yapilmaya devam
etmektedir. DOrt boyutlu BT biiyiik veri setleri tiretir, bu da uzun
goruntu isleme siireleri gerektirir. Hareketin kalitatif analizi
miimkiindiir ve birden fazla iiretici ve yazilim paketi, her zaman
noktasinda 3 boyutlu rekonstriiksiyonlar1 gorsellestirme olanagi
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saglar. Bununla birlikte, niceliksel analiz, tek tek kemiklerin
segmentasyonu ve bu kemiklerin zaman noktalar1 arasinda
kaydedilmesi daha fazla isleme (processing) gerektirir. Su anda,
aktif kullanilan yazilimlar 6l¢im ve analiz protokollerini yari
otomatik hale getirebilmektedir. Ancak daha fazla kullanim
kolaylig1 ve daha genis klinik uygulama sahasi i¢in daha fazla
calisma yapilmas1 gerekmektedir.

2. SONUC

Dort boyutlu BT teknolojisi heniliz erken agamadadir.
Bununla birlikte, bir¢ok kas-iskelet sistemi rahatsizlig1 i¢in tan,
prognoz ve cerrahi sonuglarin degerlendirilmesi de dahil olmak
iizere cok sayida alanda umut verici gelismeye yol agmistir.
Gelecekteki  c¢alismalar, 4BBT’nin daha genis c¢apta
benimsenmesini saglamak i¢in goriintii kalitesini attirmaya ve
radyasyon maruziyetini azaltmaya odaklanmalidir. Sonug olarak,
4BBT teknolojisi kas-iskelet sistemi rahatsizliklarinin tani ve
tedavisi acisindan biiylik katkilar saglayabilecek potansiyele
sahip oldugunu kanitlamistir.
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