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Gantry for ion beams: 
An historical perspective 

OkiaĘ^]_gcnkqj`Ęejbkni]pekj~

Some texts connect the gZf^ę¥`Zgmkr¦ęto the Greek, referring to the 
wooden saddle of a mule that characterizes the general geometry for a 
radiation gantry. 

The beam is bent up by 90° from the central axis and after some 
horizontal drift bend back again under 90 ° to the patient. Thus, the cross 
l^\mbhgęmakhn`aęZę[^Zfę`Zgmkręehhdlęebd^ęma^ęfne^¤lęlZ]]e^'

If angles other than 90 ° are needed the gantry is turned along its axis in 
360° making it possible to produce any angle with respect to the patient. 
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Example of discussed 
Gantry concepts

Main distinctions:
Type of movement
- Isocentric
- Excentric

Type of beam delivery
- Passive scattering
- Scanning (divergent or 

parallel)

[Pedroni 1994]

Movement Delivery

Isocentric Scattering

Excentric Scanning

Isocentric Scattering

Isocentric Scattering

Isocentric Scanning

Example of proton beam gantries
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Three rooms with Cork-screw gantry
But the majority of the patients is 
treated for prostate cancer under nearly 
horizontal angles from both pelvic sides

Proton gantry @
Loma Linda University 
Medical Center

Weight: 110t

Diameter: ca. 4m

Length: ca. 10m 

Accuracy: < 1mm

Proton gantry at Paul Scherrer
Institut (PSI)
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Proton gantry at MGH 
Boston

The PSI gantry 2

Patient treatment started !
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The PSI gantry 2

BEV X-ray imaging 
An equivalent to portal 
imaging with photons, 
but with improved 
quality (kV)

The PSI gantry 2

E. Pedroni, PTCOG 48
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The PSI gantry 2

The PSI gantry 2

E. Pedroni, PTCOG 48
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The beginning of clinical operation 
of PSI Gantry 2 (protons)

http://medicalphysicsweb.org/cws/article/research/55728

Gantry for heavy ion beams?

The ion magnetic rigidity

An ion beam is deflected and influenced by a magnetic field. However, 
the effect of the field will become smaller for increasing particle velocity

The bhgę[^Zfę[^\hf^lęfhk^ę¥kb`b]¦ę"]b__b\nemęmhę[^ę]^_e^\m^]#ę_hkę
increasing velocity

From the balance between Lorentz-force and centrifugal force 

tory)ion trajec of radius : field, magnetic :(B   
2

r
r

mv
qvB=

We can define the magnetic rigidity in a homogeneous magnetic field
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Gantry for heavy ion beams?

Substituting the relativistic relationship for the particle momentum gives the 
dependence of the magnetic rigidity with the kinetic energy E [MeV/u]

For protons, an energy of ~ 220 MeV/u is needed for a range of 30 cm, for 
carbon ions ~ 430 MeV/u

This means a magnetic rigidity increase of a factor of approximately 4 

(~ 2 because of energy and another 2 because of the different charge to 
mass ratio) and a corresponding increase in the cost of magnets

Gantry for heavy ion beams?
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The Heavy Ion Gantry at HIT 

Motivation for a gantry at HIT:

×Arbitrary beam angle for optimum dose application
from Jäkel et al., Phys Med Biol 45 (2000)

×Comparability with conventional photon linacs and proton gantries for 
fair studies on the postulated clinical advantage of heavy ions versus 
protons or of ions versus photons

Clinical example: Medulloblastoma

conventional charged particles

Dose comparison
22 Gy bone marrow < 1 GyE
18 Gy heart <.5 GyE
20 Gy intestinal <.5 GyE

Target dose 32 Gy/GyE
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Courtesy of T. Haberer, HIT

Requirements for the HIT Gantry

Aim

Ý Have all functionalities of the treatment rooms with fixed beams

Ý Enable 360° adjustable beam direction 

Challenges

Ý Compatibility for 430 MeV/u carbon and oxygen ion beams implies 
high magnetic rigidity and therefore long magnets

Ý Scanning through last dipole requires large aperture and therefore 
enlarged transversal magnets

Ý Vicinity of patient requires special attention for safety aspects
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The HIT Heavy Ion Gantry 

MT Mechatronics

×World -wide first
heavy ion gantry

×World -wide first
integration of
beam scanning

×13 m diameter
25 m length
600 tons overall weight
(140 to magnets)
0.5 mm max. deformation
360Árotation in 2 minutes

The HIT Heavy Ion Gantry

13 m diameter
25 m length
600 tons overall weight
0.5 mm max. deformation
360Árotation in 2 minutes
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The HIT Heavy Ion Gantry 

Two 45 m̄agnets after the gantry entrance

8 quadrupoles for matching the beam parameters

A 90 b̄ending magnet at the gantry exit

Two scanner magnets

90 b̄ending magnet is critical 
component with dipole 
aperture designed to allow the 
requested treatment field of 20 
x 20 cm2

Bending radius of 3.65m, 
corresponding to a maximum 
flux density of 1.8 T for the 
maximal magnetic rigidity of 
6.6 Tm

The initial tests within the GSI -pilot project

Measurement of the beam position at isocenter as a function of scanner excitations.

A linear behaviour is found, and the requested field of °100 mm is achieved

Beam-position ISO-center/ scanner-excitation (hor, vert.)
                (Beam energy = 50 to 400 MeV/u)

hor, vert. position ISO-center [mm]
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Eickhoff et al, EPAC 2002

Testing of the last gantry -segment including the scanner magnets and the 
90 b̄ending magnet in an horizontal setup started in 2002 at GSI
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Planned patient environment  

- No fixed floor
- Integration of 2 X -ray tubes

Courtesy of T. Haberer, HIT

Logistic of the building to host the 
gantry

Courtesy of T. Haberer, HIT
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The technical realization

http://www.mt -aerospace.de

The technical realization

http://www.mt -aerospace.de
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Preparation of the gantry room

Weinrich, EPAC 2006

Mounting
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The HIT gantry in place

First rotation on April 21 st, 2007
Envisaged life cycle of 25 years with ~ 300 000 rotations

The HIT gantry in place

First rotation on April 21 st, 2007
Envisaged life cycle of 25 years with ~ 300 000 rotations
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The measured stability 
of magnet position

Mechanical properties were 
found to be good enough to 
produce reliable operation 
settings via the use of beam 
position correction elements

Fuchs et al, EPAC 2008

After beam commissioning started in 
January 2008, issues were discovered 
in the flexible cable tray (around mid 
h_ęFZk\aę£)1#&ęk^lnembg`ębgęZęmkZglb^gmę
interruption of the commissioning and 
the realization of an improved tray 

Gantry: first issues

Fuchs et al, EPAC 2008
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Start of clinical treatment in fall 2012
Commissioning of different angles recently
completed

Gantry: first 
patient

Gantry for heavy ion beams?

Heavy ion gantries: 
outlook ? 
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}Neaoajn]`Ę
Gantry¨;

The Med-Austron Zg]ęIBFFLęikhc^\mlęlmn]ręZę¥Riesenrad`Zgmkr¦ęb'^'ęZęlbg`e^ę
turning magnet of 90Áin the central axis delivering the beam to a patient 
gondola that is moving on a giant wheel of 7 m radius around the central axis

S Reimoser et al, 
EPAC 2000

Page Á40 M. Pullia, CAS, Accelerators for Medical Applications, 26 May Ė5 June 2015, Vösendorf

www.cnao.it

}Neaoajn]`Ę
Gantry¨;
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Superconducting gantry

Heavy ion gantries: 
outlook ? 

Next generation gantry for carbon 
ions from Japanese colleagues 
at NIRS, aiming to miniaturize 
12C ion therapy (see last lecture)

Besides HIT, other European carbon ion 
therapy facility in clinical operation (CNAO) 
or under construction ( MedAustron ) use 
inclined or vertical beam combined with 
horizontal beamline

Possible impact of technologies being developed 
for next generation accelerators (e.g., FFAG because of 
magnets with large momentum acceptance, 
see before last lecture)
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Radiotherapy workflow

Radiotherapy workflow

44

ICRU Report 83
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The Chain of Radiotherapy

Imaging 

Tumour Localization

Treatment Planning

Patient Positioning

Treatment

Plan Verification

Verification

Radiotherapy workflow (simplified)

The Chain of Radiotherapy

Imaging 

Tumour Localization

Treatment Planning

Patient Positioning

Treatment

Plan Verification

Verification

Radiotherapy workflow (simplified)



09.06.2020

24

Imaging for treatment planning
(typicall y in treatment immobilization device)

Non-ionising:

MRT: relaxation of proton spins 

ü good soft-tissue contrast

Ionising:
PET: ɼ+-emitter  

ü Functional imaging,

e.g. Glucose metabolism

CT: X-ray radiation

ü 3D data set of the patient

(slices typically 0.3 cm)

CT images [Bert]

Stereotaxy 
CT «MR «PET imaging

Image modality Material for fiducial markers
X-ray (computed tomography) tungsten, steel
magnetic resonance imaging tubes filled with Gd -DTPA
positron emission tomography radioactive copper

CT MRI

From A. Mahr
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08.06.2013 K.Frey, LMU ςPTCOG 2013

Motion effects on treatment planning CT imaging
Problem: 

Failure to account for motion in imaging 

results in distortion of the target volume and 

incorrect positional / volumetric information

Solutions:

- Motion reduction (abdominal compression) 

- Slow CT scan (capture entire motion cycle)

- Breath-hold and respiration gated CT (good 

quality but representative of 1 motion state)

Free breathing

Respiration gated (Exhale)

4DCT data sorting

- Respiration correlated 4D CT(full motion 

information, dose and reproducibility issue)

Source: P. Keall, University of Sydney

08.06.2013 K.Frey, LMU ςPTCOG 2013

Range uncertainties 

E. Rietzel et al, MGH
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Multimodal imaging & Image Fusion

PET - CT :

MRT - CT :

MRT CT                       [IAEA]

CT                             18 F ĖPET                   Fused    [Lemke et al.]

The Chain of Radiotherapy

Radiotherapy workflow (simplified)

Imaging 

Tumour Localization

Treatment Planning

Patient Positioning

Treatment

Plan Verification

Verification
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Target volumes according to ICRU

53

Perez and ;kZ]r£lPrinciples and Practice

of Radiation Oncology, 2008

Standardization of nomenclature by the International Commission on 
Radiation Units and Measurements (ICRU)

GTV = gross tumor volume

- Gross tumor visible on CT, MRI 
and/or PET

- Primary tumor (GTV-T), positive 
lymph nodes (GTV-N), metastasis
(GTV-M)

- Recommended to clarify modality
and timepoint &ę^'`'ęzGTV-T (F-
MISO PET, 0Gy#¥&ęzCTV-T + N 
(MRI-T2, 30Gy#¥

GTV

54
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CTV = clinical target volume

- Contains GTV and/or tissue with a 
certain probability (typ. 5-10%) of
containing malignant cells

- Depends on tumor entity and
surrounding anatomy

- Delineation based on clinical
experience

- Guidelines available for some entities

CTV

55

ITV = internal target volume

- Contains CTV plus an internal margin
for uncertainties in shape, size and
position of CTV (e.g. due to breathing 
motion)

- Optional tool of limited use for ion 
therapy (esp. for beam scanning)

ITV

56
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PTV = planning target volume

- Ensures that the prescribed dose is 
delivered to CTV with clinically 
acceptable propability in the presence of 
uncertainties due to organ motion and 
setup variations

- Depends on treatment technique, e.g. 
patient fixation ( => institution -specific) 
and radiation quality /field (e.g., larger 
uncertainty in beam direction with ions)

- Used for dose prescription and reporting

PTV

57

OAR = organ at risk

- Parallel organs and serial organ types, 
mixtures

- Should be completely delineated, esp. 
for parallel organs. Tubular organs
(e.g. rectum): wall instead of whole 
volume

- Should comprise as many organs as
possible to consider them in the
optimization and to report the dose

- PRV = planning organ-at-risk volume: 
adds a margin to account for
uncertainties , similar to ITV

OAR and PVR

58

OAR 
Bladder

PTV OAR
RectumExample: Prostate case

Source GSI/DKFZ
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RVR= remaining volume at risk

- All tissue that is not explicitly part of target volumes or
organs at risk

- Important to reduce integral dose in the optimization
process (to reduce late effects like second cancer
induction ) and to detect unexpected hot spots

RVR

59Source MGH

TV = treated volume

- volume that is treated with sufficient
dose to achieve tumor eradication or
palliation

- Isodose level chosen by therapist, 
D98% proposed for proton and 
photon therapy (see next slides)

- Not clearly defined, if used the
isodose level must be documented

Irradiated volume

- volume that receives a dose that is 
considered significant in relation to 
normal tissue tolerance

TV and Irradiated volume

60
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Defining volumes
ICRU Report 50 (1993) ICRU Report 62 (1999) ICRU Report 83 (2010)

GTV
CTV
PTV

GTV
CTV
ITV
PTV

GTV
CTV
ITV
PTV

Suggestion: Specify
substructure , modality
and timepoint , e.g.
z@MO-T (F-MISO PET, 
)@r#¥
z<MO-T + N (MRI-T2, 
,)@r#¥

Treatment volume (dose
level chosen by
radiooncologist )
Irradiated volume

Treatment volume (dose
level chosen by
radiooncologist )
Irradiated volume

Treatment volume
(suggestion: D98% )

(Irradiated volume)

Organ at risk Organ at risk
PRV

Organ at risk
PRV
RVR

C. Thieke, DKFZ

Caveat 

A word of caution on concepts derived from photon therapy

PTV and PRV are geometrical (not dosimetric ) concepts to ensure that setup 
errors and organ motion do not cause under -dosage in CTV and over-dosage 
in normal tissue

The underlying assumption is that the dose distribution remains basically the 

same in the presence of setup errors and/or organ motion, which is a 
reasonable approximation for photon beams

For ions, setup errors and organ motion may significantly change the range of 
ions in the patient, thus severely affecting the dose distribution especially at 
the distal edge

Limitation of PTV definition as independent from treatment plan

More stringent requirements for patient fixation, selection of 
beam angles and motion management
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[Bert]

Segmentation / Contouring

Definition of 

Å=b__^k^gmęmZk`^męohenf^lę"@MO&ę<MO&ęIMO{#

Åorgans at risk (OAR)

Å tissue type (biological treatment planning)

Segmentation / Contouring

SPECTPET

CTMR2MR1

Multimodal diagnostic imaging for more accurate tumour delineation

Mahr&Schlegel,
DKFZ
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Multimodal imaging improves target delineation and reduces inter-

observer variability

CT CT + PET
Steenbakkers et al, IJROBP 2005

Multimodal imaging for planning

The Chain of Radiotherapy

Imaging 

Tumour Localization

Treatment Planning

Patient Positioning

Treatment

Plan Verification

Verification

Radiotherapy workflow (simplified)
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M Krämer, GSI

Patient model
CT images are the basis of treatment planning as they define the 
geometry as well as the energy absorption properties of the patient

Rietzel et al, Radiat Oncol 2008

Beam

Sample

The typical TPS approach 
Scale dose-to-water according 
to radiological path length 
deduced from semi-empirical 
CT-range calibration curve

CT Number = Hounsfield Unit 
HU = 1000 (mx-mH2O) / mH2O

Krämer et al, PMB 2000
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Rietzel et al, Radiat Oncol 2008

Beam

Sample

Krämer et al, PMB 2000

Krämer et al, PMB 2000

Physically: Stopping

power ratio in tissue

relative to water

Rietzel et al, Radiat Oncol 2008
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Aims at optimal

Á Coverage of the target volume 

Á Sparing of organs at risk

Treatment planning

Bortfeld & Schlegel

Planning aims

ICRU Report 83

- Radiation oncologist specifies the planning aims&ę^'`'ęzahfh`^gnhnlę
]hl^ęh_ę/)@r>ęmhęma^ęIMO&ęghmęfhk^ęmaZgę-)ę@r>ęmhęma^ęlibgZeę\hk]¥
Note: this is not necessarily the dose prescription

Planning aims
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Planning aims

73

Additional medical parameters which refer to the oncological 
treatment concept and require a medical decision:

§Particle type (e.g. protons vs. 12C-ions): decision depends on 
expected benefit from high -LET effects

§Mk^Zmf^gmlępbmaęiZkmb\e^lęhgeręhkę\hf[bg^]ępbmaęx-rays

ÅPrescribed dose to PTV(s)

§Fractionation schedule (dose per Fx & number of Fx)

§L^e^\mbhgęh_ęmblln^-specific parameters for RBE-model (12C-ions)

The physical beam parameters are then selected under the 
constraints given by the selected medical parameters

After C. Karger

Dose optimization

ICRU Report 83

- Radiation oncologist specifies the planning aims&ę^'`'ęzahfh`^gnhnlę
]hl^ęh_ę/)@ręmhęma^ęIMO&ęghmęfhk^ęmaZgę-)ę@ręmhęma^ęlibgZeę\hk]¥
Note: this is not necessarily the dose prescription (protons only)

- Treatment planner generates a plan using inverse planning software

!
2 2

0( ( ) ( )) min
r

D r D rc = - =ä
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Dose optimization

- Radiation oncologist specifies the planning aims&ę^'`'ęzahfh`^gnhnlę
]hl^ęh_ę/)@ręmhęma^ęIMO&ęghmęfhk^ęmaZgę-)ę@ręmhęma^ęlibgZeę\hk]¥
Note: this is not necessarily the dose prescription (protons only)

- Treatment planner generates a plan using inverse planning software

76

- Optimization parameters: dose constraints, weight factors, organ 
priorities, dose -volume-histograms (DVH) points

- Optimization parameters are chosen such that the planning aims 
are reached (no clinical meaning )

KonRad by Siemens AG
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Dose-volume-histogram

77ICRU Report 83

- Treatment plan is evaluated and eventually (sometimes 
after more iterations) approved by radiation oncologist

DVH gives comprehensive overview about the dose-volume 
information :

1. Presence of hot and cold spots, other heterogeneities

2. Usually the cumulative DVH is shown, plotting the volume
V that receives at least a given dose D

3. D50% near to mean dose for targets, but often different in 
OARs

4. Spatial variation is lost in the DVH

Dose-volume-histogram

78
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Isodoses

79

Complete volume must be inspected slice by slice

Source: GSI/DKFZ

Beam angle selection

80After C. Karger

Beam angle selection

Å Due to the high degree of dose conformation, typically only 2-3(4) 
beams are used in ion beam RT

=> more critical selection of appropriate beam angles

Å Currently beam angles are selected manually
(automatic selection poses a non-convex optimization problem, 
but ongoing research on automatic beam angle selection)

Å Beam angle selection is performed to optimize target coverage 
and normal tissue sparing, taking into account

- restrictions of the positioning & delivery system 

- robustness of dose against setup errors and organ motion
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Beam angle selection

81

+ + =

Paganetti, ..., Parodi, ..., PMB 2008

Passively scattered proton therapy at MGH with gantry

Å 3 field irradiation of paraspinal tumour

Å SFUD dose delivery (no IMPT possible due to passive beam delivery)

Å Additive law (not valid for 12C -ions due to variable RBE)

Å Degrees of freedom from gantry 
(avoid directions along ear channel, nasal cavity)

Beam angle selection

82

Active scanned 12C -ion delivery at GSI

Å 2 field irradiation of skull base tumours

Å SFUD dose delivery, but IMPT possible

Å No additive law (variable RBE)

Å Limited degrees of freedom from fixed beam

GSI: ± 104° in the shown coronal plane

Jäkel et al PMB 2001
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83

Treatment planning strategies

Different planning techniques to increase dose conformity when 
OARs are very close to PTV

>a]iĘ¨L]p_dejc©Ę%at]ilhaĘkbĘlnkpkjĘl]ooeraĘ^a]iĘ`aheranu&

One field treats segment of the target avoiding OAR with lateral penumbra

Second field treats remaining segment, avoiding OAR with lateral penumbra

Patch junctions are always selected within target volume

+

Bussier and Adams, MGH

Issues: sensitivity to uncertainties (beam position and range) 

Treatment planning strategies

Different planning techniques to increase dose conformity when 
OARs are very close to PTV

>a]iĘ¨L]p_dejc©Ę%at]ilhaĘkbĘ-.?-ion scanning, no gantry)

Rationale of sparing brainstem (no dose of field 2 to B) and increase 
robustness (less ions of field 1 to be stopped before OAR)

Issue of of cold / hot spots along the patch line
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85

Treatment planning strategies

Different planning techniques to increase dose conformity when 
OARs are very close to PTV

¨Sa`ca`Ębeah`o©

LbfbeZkęmhę¥]blmZeę_b^e]
iZm\abg`¦&ę[nmęnlbg`ę
beams with shallower
distal fall -off  

A dose gradient is planned 
perpendicular to the patch line

It is a special case of IMPT 
(scanning!)

Less sensitive to range and beam 
position errors 

12C-ionsAfter C. Karger

86

Treatment planning strategies

Different planning techniques to increase dose conformity when 
OARs are very close to PTV

IMPT with multiple fields (gantry)

Trofimov 
MGH

Issues: Computational and delivery complexity, sensitivity to uncertainties
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Different flavours of IMPT with different degrees of complexity

88

Treatment planning strategies

IMPT: distal edge tracking
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Treatment planning strategies

IMPT: 3D modulation

Treatment plan comparison

A Trofimov MGH
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Treatment plan comparison

A Trofimov MGH

92H Paganetti

The clinical benefits of IMPT

IMPT treatment options can be tailored to yield

- Improved dose conformality and steeper dose gradients

- Further reduction of integral dose

- Less sensitivity to range uncertainty and other source of 
uncertainties (Lomax et al 2001)

or a combination thereof (however not all of them may be achievable 
at the same time to the full extent)

Challenge: management of uncertainties
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Strategies to improve plan robustness

1) Sensitivity analysis

Recalculate the treatment plans under consideration of

- Setup uncertainties: virtually introduce shifts or rotations according 
to knowledge of typical magnitude of setup errors

- Range errors (eg°3% of HU values)

CT1 CT2 CT3

Strategies to improve plan robustness

1) Sensitivity analysis

Recalculate the treatment plans under consideration of

- Inter - and intra -fractional movement: use for recalculation
time-dependent CT images (interfractional : CT of different 
days, intrafractional : CT of different motion phases [4DCT])
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Mean and Standard deviation of the dose in each voxel

Novel methods for robust treatment
Planning in Ion Beam Therapy.

Sensitivity analysis with MC error propagation for dynamic target definition

Non-isotropic target expansion

Cabal & Jäkel

Treatment planning strategies

J Unkelbach, MGH

2) Robust IMPT optimization (probabilistic planning )
Uncertain parameters are assumed to vary within some interval (uncertainty set).
Under this assumption, the quantity to be minimized is not a nominal plan, but rather 
the expected value of the residual cost over the possible values of range uncertainties 
and setup errors weighted according to their probability.
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Treatment planning strategies

2) Robust IMPT optimization (worst case and minimax optimization )

Without making assumption on probability distributions , one can try to optimize the
worst case scenario which can happen to make the plan robust 

Worst case optimization: via the simulation of range uncertainties and positioning 
errors one can obtain for each voxel the worst case scenario (e.g. minimum dose 
for a target voxel and maximum dose for an OAR voxel). The dose distribution 
composed by all worst case voxels is then included in the cost function:

Dnom: nominal dose; Dw: unphysical worst case dose
x: spot weight to be optimized

As an alternative, one can optimize the spot weights for the physically possible 
worst case scenario under the given uncertainties, so called min -max optimization

ds: dose realization , w: spot weight to be optimized

Plugfelder et al PMB 2008

Fredriksson et al, Med Phys 2011 

Treatment planning strategies
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Dynamic target definition
(Target definition, beam 
angle selection and 
dose unc. calculation)

G. Cabal, O. Jäkel. (DKFZ, Heidelberg)
P. Park, X. Zhu. (MD-Anderson, 
Houston)

Heuristic approaches
(dose unc. calculation)

F Albertini , A Lomax (PSI, Villingen)
O Jäkel (DKFZ, Heidelberg)
{

Novel methods for robust treatment
Planning in Ion Beam Therapy.

Probabilistic Treatment Planning
(Inverse planning and 
dose unc. calculation)

J Unkelbach, T Bortfeld . (MGH-
Harvard,Boston)
A Fredriksson, A Forsgren. (Sweeden)
M. Bangert, U. Oelfke (DKFZ)

Tradeoff between 

- Robustness
- Conformality

The Chain of Radiotherapy

Imaging 

Tumour Localization

Treatment Planning

Patient Positioning

Treatment

Plan Verification

Verification

Radiotherapy workflow (simplified)
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Immobilization Techniques

High precision ion beam therapy requires an accurate and reproducible 
patient set-up, with well characterised material (when in the beam path)

Ma^kfhieZlmb\ęfZld&ęoZ\nnfęfZmmk^ll&ęZ[]hfbgZeę\hfik^llbhg{

[Basic Radiation Oncology, Mahr & Schlegel]

X-ray planar / volumetric imaging for precision positioning

Examples of X -ray based image guidance in ion beam therapy

a, b) clinical workflow at the Paul Scherrer Institute where patient is 
prepared and imaged with a dedicated CT system outside of the treatment 
room and then transported with a dedicated shuttle into the treatment room, 
where additional checks can be performed by orthogonal X -ray images

c) C-arm imager (Siemens AG) at the Heidelberg Ion Beam Therapy Center

Imaging for treatment


