Contents

1.1
111
1.1.2
113
114
12
13
131
13.2
133
134
135
136
1.3.7
138
139
1.3.10
1.3.11
1312
14
1441
1.4.2

21

211
21.2
213
214
2.1.5
216
2.1.7
2.2

2.2.1
222
223

Basics

Physical Basics
Martina Kahl-Scholz and Christel Vockelmann
Radioactivity and Its Interactions

Radioactive Decay Modes
The Physical Half-Life

Physical Interaction Processes of Electromagnetic Radiation with Matter

Interaction of Particle Radiation with Matter

X-Rays

Dose Terms

Kerma = Kinetic Energy Released in Matter

lon Dose

Absorbed Dose

Equivalent Dose

Incident Dose

Surface Dose

Deep Dose

Dose Area Product

Dose Length Product

Organ Dose
Effective Dose

Personal Dose, Local Dose and Body Dose

Effect of lonizing Radiation on the Organism
Radiation Effects

Phases of the Radiation Effect

Conventional X-ray Diagnostics

Christel Vockelmann
Design and Operation of an X-ray System

The X-ray Source

The X-ray Generator
Mapping Laws

Quality of the X-ray Image and Quality Improvement Measures
Setting Up a Bucky Workstation

Mobile X-ray Equipment

Special Radiation Protection Measures
Digital Image Processing

Matrix

Color Depth

Error Correction

Bibliografische Informationen
https://d-nb.info/1268942375

digitalisiert durch

O W OV 0 N NO U & b

J N e
W INN-—= = =2 OO0 OO0 O v

17

18
18
20
21
23
24
25
25
26
26
28
28

E

BLIOTHE


https://d-nb.info/1268942375

3.1

3.1
3.1.2
313
3.1.4
3.1.5

4.1
4.1.1

5.1
52
53

6.1

6.2

6.3

6.3.1
6.3.2
6.33
6.34
6.3.5
6.4

6.4.1
6.4.2
6.4.3
6.4.4
6.4.5
6.4.6
6.5

6.5.1
6.5.2
6.5.3
6.5.4
6.5.5
6.6

6.6.1
6.6.2
6.6.3

Contents

Mammography

Christel Vockelmann
Design and Function of a Mammography Device

The Heel Effect

Compression, Scattered Radiation Reduction
Magnification Mammography

Automatic Exposure Control

Image Receiver, Image Viewing

Transillumination

Martina Kahl-Scholz

Image Intensifier (BV)
Structure of A Fluoroscopy Unit

Angiography, Rotational Angiography/Angio-CT
Martina Kahl-Scholz and Christel Vockelmann

DSA Technique
Angiography-CT Rotational/Angio-CT

Seldinger Technique

Computed Tomography (CT)

Mirja Wenker
History

Design and Operation of A Computer Tomograph

Investigation Techniques

CT Sequence

CT Dynamic

CT Spiral/CT Singleslice (SS-CT)

CT Multislice (MS-CT)
CT Dual-Source (DS-CT)

Important Parameters in Spiral CT

Pitch Factor

Collimation

Tube Voltage (kV)

Tube Current-Time Product (mAs)

Scan Time (S)

z-sharp Technology

Parameters for Image Reconstruction
Layer Thickness

Increment

Convolution Kernel, Reconstruction Filter or Algorithm

Windowing

z-Interpolation
Image Formation

Filtered Back Projection
Iterative Reconstruction

Hounsfield Scale

29

30
30
30
31
31
31

33

34
35

37

38
40
41

43

45
45
45
45
46
46
46
47
47
47
48
48
48
48
48
49
49
49
49
49
49
50
50
50
50



Xl

Contents

6.6.4 Window Technology

6.7 Post-Processing

6.7.1 2D Representation

6.7.2 3D Representation

6.8 Artifacts

6.8.1 Movement Artefact

6.8.2 Pulsation Artefact

6.8.3  Metal Artifact

6.84 Partial Volume Effect/Partial Volume Effect

6.8.5 Hardening Artefact

6.86 Measuring Field Overrun

6.8.7 Photon Starvation Artefact

6.8.8 Ring Artefact

6.89 Line Artifact

6.9 Radiation Protection Measures and Dose Reduction

6.9.1 Dosage Modulation

6.9.2 Adaptive ECG Pulsing

6.9.3 Avoidance of Overranging

694 Iterative Reconstruction

7 Magnetic Resonance Imaging (MRI)
Carla M. Kremers

71 Which Core Is Actually Spinning Here and What Does It Have
to Do with Magnets?

7.2 Longitudinal Magnetization

7.3 MR Signal

7.3.1  T1 Relaxation Time

7.3.2 T2 Relaxation Time

74 Location Coding

74.1  Layer Selection

74.2 Phase Coding

743 Frequency Coding

7.4.4  K-space and Fourier Transformation

7.5 Proton Thrusting and Gradient Ballet: the Interplay of High-Frequency
Pulses and Spatial Coding

7.5.1  Refocusing

7.5.2  Echo and Repetition Time or T1 and T2 Contrast

76 Sequence Theory

7.6.1  Gradient Echo Sequences

7.6.2 FatSaturation

7.6.3  Vessel Mapping

7.6.4 Diffusion Imaging

7.7 Contrast Agent

7.8 Security

7.8.1  Attraction of the Magnet

782 Implants

7.83 Volume

50
51
51
52
53
53
53
53
53
54
54
54
55
55
55
55
55
55
55

57

59
60
60
61
62
63
63
63
63
64

64
64
66
68
68
69
69
70
71
71
71
71
72



XH Contents

7.84  Tissue Stimulation 72
7.8.5 Emergency Bell 72
8 Sonography 75
Christel Vockelmann and Martina Kahl-Scholz
8.1 Physical Basics of Sonography 76
8.1.1  Ultrasonic Waves 76
8.1.2 Procedure 77
8.2 Design and Operation of a Sonography Device 79
8.2.1 Transducers 80
822 WheretoPress... 80
8.3 Possibilities and Limits of Ultrasound Diagnostics 81
9 Contrast Agent 83
Martina Kahl-Scholz
9.1 X-ray Contrast Medium 84
9.1.1  Classification of X-ray CMs 84
9.2 MR Contrast Medium 89
9.2.1  Gadolinum 90
9.3 Sonographic Contrast Agent 91
9.4 Contraindications 91
9.5 Side Effects 91
9.6 Pregnancy and Breastfeeding 92
10 Radiotherapy 93
Guido Heilsberg
10.1  Possibilities and Principles of Radiooncology 94
10.1.1 Brachytherapy 94
10.1.2 Particle Therapy 94
10.1.3 Therapy Concepts in Radiooncology 94
10.1.4 Fractionation 95
10.2  Irradiation Planning 95
10.2.1 Further Processing 96
10.3  Design and Function of Radiooncological Irradiation Equipment..............ccouvenennnns 96
10.3.1 Linear Accelerator 96
10.3.2 Dose Distribution in Tissue 97
10.3.3 Irradiation Techniques 97
10.3.4 Irradiation Variants 99
10.3.5 X-ray Therapy Equipment 99
1 Nuclear Medicine 101
Ursula Blum
11.1  Imaging and Therapeutic Options 103
11.1.1 Scintillation Counter: Scanner, Gamma Camera, Gamma Probe 103
11.1.2  Semiconductor Cameras 103
11.1.3 PET 103
11.1.4 Hybrid Systems 104

11.1.5 Therapy Options 104



Contents

1.2
11.2.1
11.2.2
11.2.3
1.3
11.3.1
11.4
11.4.1
1.5
11.5.1
11.6
1.7
11.71
11.7.2
11.7.3
11.74
11.7.5
11.7.6
11.8
11.8.1
11.8.2

121

1211
12.1.2
1213
12.1.4
12.2

12.2.1

13

131
13.2
13.2.1
13.3
13.4
13.5
13.6
13.7
13.8
13.9
13.10
13.11
13.12
13.13

Radiation Protection

X

Hot Laboratory

Investigation Area

Leaving the Department

Detection of Radioactivity

Scintillation Detectors

Image Formation Systems

Gamma Camera

Radionucleotides in Medical Application

Diagnostic Imaging

Radiopharmacology

Quality Assurance Measures of Radiopharmaceuticals
Radioisotope Purity

Chemical Purity
Radiochemical Purity

Specific Activity

Stability

Microbiological Purity

Contamination and Decontamination Measures

Contamination

Decontamination

Emergencies and Extreme Situations

Christel Vockelmann and Martina Kahl-Scholz
Extreme Situations

Polytrauma

Anaphylactoid Reaction
CT-Guided Puncture

Seizure During Stent Angioplasty

Contrast Agent Incident and Emergency Medication

Side Effects

Legislation

Christel Vockelmann

Basic Law (GG)
Patients’ Rights Act

Reconnaissance

Data Protection

Atomic Energy Act (AtG)

X-ray Ordinance (R6V)
Radiation Protection Ordinance (StrSchV)

Radiation Protection Areas

Occupationally Exposed Persons

Technical Knowledge

Justifying Indication
Medical Devices Act (MPG)

Maternity Protection Act (MuSchG)

Working Time Act

106
106
107
107
107
107
110
110
113
114
114
114
115
115
115
116
116
116
116
116
116

119

120
120
120
120
121
121
121

125

126
127
127
128
128
129
129
129
131
132
132
132
133
133



XV

14

141
14.2
14.2.1
14.2.2
14.2.3
14.2.4
14.2.5
14.2.6
14.2.7
14.2.8
14.2.9
14.2.10
14.2.11
14.3
14.3.1
14.3.2
1433
144
14.4.1
1442

15

151
15.2
15.2.1
15.2.2
153
15.3.1
15.3.2
15.3.3
154
154.1

16

16.1
16.2
16.2.1
16.2.2

Contents

Disease Patterns

Neurology

Christel Vockelmann, Ursula Blum, Martina Kahl-Scholz,

and Guido Heilsberg
Anatomical Structures

Disease Patterns

Intracranial and Spinal Hemorrhages

Ischemic Diseases

Intracerebral Tumors

Cerebrospinal Fluid Circulation Disorder

Intracranial Extraaxial Tumors

Cystic Intracranial Lesions

Chronic Inflammatory CNS Processes: Multiple Sclerosis
Acute Inflammatory CNS Processes

Epilepsy

Phacomatoses

Neurodegenerative Diseases

Diagnostics

Diagnostic Radiology

Nuclear Medicine

Valence

Therapy

Interventional Radiology

Radiotherapy

Head/Neck

Martina Kahl-Scholz, Christel Vockelmann, Ursula Blum,

and Guido Heilsberg
Anatomical Structures

Disease Patterns

Head

Neck

Diagnostics

Diagnostic Radiology

Nuclear Medicine

Valence

Therapy
Radiotherapy

Gynecology

Carla M. Kremers, Guido Heilsberg, Ursula Blum, Christel Vockelmann,

and Martina Kahl-Scholz
Anatomical Structures

Disease Patterns

Chest

Small Basin

137

138
138
138
141
143
146
146
147
147
149
149
150
151
152
152
153
156
157
157
158

161

162
163
163
166
167
167
168
168
169
169

171

172
172
172
177



XV
Contents

16.2.3  Tumors of the Uterus

16.2.4 External Female Genitalia

16.3 Diagnostics

16.3.1 Diagnostic Radiology
16.3.2  Nuclear Medicine

16.3.3 Valence

16.4 Therapy

16.4.1 Interventional Radiology

16.4.2 Radiotherapy

17 Respiratory System

Martina Kahl-Scholz, Christel Vockelmann, and Ursula Blum
17.1 Anatomical Structures

17.1.1  Trachea and Lungs (Pulmo)

17.2 Disease Patterns

17.2.1  Pleura

17.22 Emphysema
17.2.3  Bronchiectasis

17.24  Pulmonary Oedema

17.25  Pulmonary Fibrosis

17.2.6  Infectious Diseases

17.2.7 Interstitial Lung Disease
17.2.8  Pneumonitis Radiation

17.29 Lymphangiosis Carcinomatosa

17.2.10 ARDS

17.2.11 Sarcoidosis

17.2.12 Tumors
17.2.13  Pulmonary Embolism

17.2.14 Childhood

17.3 Diagnostics
17.3.1  Diagnostic Radiology

17.3.2  Nuclear Medicine

17.3.3 Valence

174 Therapy

17.4.1 Interventional Radiology
17.4.2  Radiotherapy

18 Gastrointestinal Tract
Christel Vockelmann, Ursula Blum, and Guido Heilsberg
18.1 Anatomical Structures

18.2 Disease Patterns

18.2.1  Pharynx, Oesophagus

18.2.2 Stomach and Duodenum

18.2.3  Duodenal Diverticulum

1824 Jejunum and lleum

18.2.5 Colon and Rectum

18.2.6  Mesentery, Peritoneum and Abdominal Wall

178
183
183
183
185
186
186
186
187

191

192
192
192
192
195
195
196
197
197
201
202
203
203
203
204
207
208
209
209
210
212
213
213
213

217

218
218
218
222
223
225
226
230



Xvi

18.2.7
18.2.8
18.2.9
18.3

18.3.1
18.3.2
1833
18.4

18.4.1
18.4.2

19.1

19.2

19.2.1
19.2.2
19.2.3
19.24
19.25
19.2.6
19.2.7
19.2.8
19.3

19.3.1
19.3.2
1933
19.4

19.4.1
19.4.2

20

20.1
20.2
20.2.1
20.3
20.3.1
20.3.2
2033
2034
2035
20.3.6
203.7
204
20.4.1

Contents

Liver and Biliary System

Gall Bladder and Bile Ducts

Pancreas

Diagnostics

Diagnostic Radiology

Nuclear Medicine

Valence

Therapy

Interventional Radiology

Radiotherapy

Urogenital

Carla M. Kremers, Guido Heilsberg, Ursula Blum, Christel Vockelmann,

and Martina Kahl-Scholz
Anatomical Structures

Disease Patterns

Urinary Tract

Urolithiasis

Urothelial Carcinoma

Kidney Diseases

Injuries to the Kidneys and Urinary Tract

Adrenal Gland

Prostate

Testis and Epididymis

Diagnostics

Diagnostic Radiology

Nuclear Medicine

Valence

Therapy

Interventional Radiology
Radiotherapy

Musculoskeletal Diseases

Mirja Wenker, Christel Vockelmann, Ursula Blum, and Guido Heilsberg

General

Anatomical Structures

Bone Structure

Clinical Pictures

Fractures

Luxation

Inflammatory Diseases

Degenerative Diseases

Tumors and Tumor-like Lesions

Congenital Disorders of the Skeletal System
Diseases of the Infantile Skeleton

Diagnostics
Diagnostic Radiology Services

233
240
241
243
243
245
249
249
249
251

253

254
254
254
254
255
257
265
266
268
269
271
271
272
274
275
275
275

279

280
280
280
281
281
286
287
290
293
296
298
300
300



Xvii

Contents
20.4.2 Nuclear Medicine Diagnostics 302
20.4.3 Valence 303
20.5 Therapy 303
20.5.1 Interventional Radiology 303
20.5.2 Nuclear Medicine 304
20.5.3 Radiotherapy 305
21 Cardiovascular Diseases 307

Mirja Wenker, Ursula Blum, and Christel Vockelmann
21.1  Anatomical Structures 308
21.2  Disease Patterns 308
21.2.1 Heart 308
21.2.2 Vessels 313
21.3  Diagnostics 321
21.3.1 Radiological Diagnosis 321
21.3.2 Nuclear Medicine 322
21.3.3 Valence 325
214  Therapy 326
21.4.1 Interventional Radiology 326
22 Endocrinological System 327

Martina Kahl-Scholz, Christel Vockelmann, Ursula Blum,

and Guido Heilsberg
22.1  Anatomical Structures 328
22.2 Disease Patterns 328
22.2.1 Thyroid Goiter 328
22.2.2 Thyroid Carcinoma 329
22.2.3 Adrenal Adenoma 329
22.2.4 Adrenocortical Carcinoma 329
22.2.5 Pituitary Adenoma 330
22.3  Diagnostics 330
22.3.1 Diagnostic Radiology 330
22.3.2 Nuclear Medicine 332
22.3.3 Valence 334
224  Therapy 335
22.4.1 Radiotherapy 335
22.4.2 Nuclear Medicine 335
23 Lymphatic System 339

Martina Kahl-Scholz, Christel Vockelmann, Ursula Blum,

and Guido Heilsberg
23.1  Anatomical Structures 340
23.2 Disease Patterns 340
23.2.1 Systemic Diseases 340
23.2.2 Hodgkin's Disease 341
23.2.3 Non-Hodgkin’s Lymphoma 341

23.24 Lymph Node Metastases 342



Xvii

23.25
23.26
23.2.7
23.2.8
23.29
233

23.31
233.2
2333
234

2341
23.4.2

24

241

2411
24.1.2
24.1.3
2414
24.2

2421
24.2.2
24.2.3
243

24.3.1
244

2441
24.4.2
2443
245

2451
2452
2453

1}
25

251
25.2

26

26.1
26.2

Contents

Splenic Cysts

Spleen Abscess

Splenic Infarction

Splenic Rupture

Thymoma

Diagnostics
Radiological Diagnosis

Nuclear Medicine

Valence

Therapy

Interventional Radiology
Radiotherapy

Pediatrics

Esther Miinstermann and Christel Vockelmann
Thorax

Respiratory Distress Syndrome (ANS)

Meconium Aspiration
Oesophageal Atresia

Catheter in the Thoracic Region

Gastrointestinal Tract

Necrotising Enterocolitis (NEC)

Duodenal Atresia

Invagination

Urogenital Tract
Vesicourethral Reflux (VUR)

Musculoskeletal

Child Abuse (Battered Child)

Osteomyelitis

Hip Dysplasia

Oncology

Neuroblastoma

Nephroblastoma (Wilms’Tumor)

Medulloblastoma

Testing

MC Questions and Answers

Mirja Wenker, Christel Vockelmann, and Martina Kahl-Scholz

MC Questions

MC Responses

Clinical Cases

Mirja Wenker, Christel Vockelmann, and Martina Kahl-Scholz

Pulmonary Embolism or ...
Swollen Hands

342
342
342
342
343
343
343
344
347
348
348
348

351

352
352
352
353
353
354
354
354
354
355
355
356
356
356
356
356
356
357
357

361

362
365

369

370
370



XIX

Contents

26.3  Paininthe Lower Leg 370
264  Chest Pain and Circulatory Problems 371
26.5 ASwollenlLeg 371
266 Hematuria 371
26.7 Frequent Urination 372
26.8 Riding Accident 372
26.9 Laceration to the Forehead 373
26.10 Persistent Headache 374
27 Solutions 375

Mirja Wenker, Martina Kahl-Scholz, and Christel Vockelmann



