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Learning objectives

o1.

o3.

o4.

o5.

o2.

Describe the objectives and the impact of positioning and 

immobilization

Identify the fundamental principles of the patient positioning 
and immobilization in radiation therapy

Outline the differences in positioning and immobilization for 
photon and particles

Discuss the challenges of upright positioning and 
immobilization

Discuss types and causes of set up errors and describe their 
evaluation



The goal of radiation therapy:
◦ Deliver a therapeutic dose of radiation to the target

◦ Limit radiation dose delivery everywhere else espacially to Organs At Risk 
(OARs)

But many uncertainties …

And each patient is unique

Introduction



To avoid:

◦ Under dosage of the target

◦ Over dosage of the OARs

Positioning and immobilization impact:

◦ Treatment planning

◦ Margins

◦ & clinical outcomes

The objectives of P&I



Impact on treatment planning



Prescription: Upper lung lobe 30 fractions of 2 Gy, Vmat plan 
Centre Léon Bérard

Arms up position would 
have been better

A part of his arms received 5 Gy.

Impact on treatment planning



◦ Consequences of poor or non-adapted 

immobilization:

◦ Difficulties for patient repositioning

◦ Risk of patient motion

◦ Loss of CTV coverage & increase of dose to OARs

◦ Dosimetric effect of immobilization devices 

(and treatment couch) is a combination of:

◦ Skin dose increase

◦ Tumor dose reduction

◦ Dose distribution alteration

Impact on treatment planning



Impact on treatment planning in particle
therapy

Protons / carbon ions stop at a finite 

distance within the tissue

Particles are sensitive to the density

variations in the beam path

Movements of high-density structures, air 

pockets in the beam path during 

treatment could create a shift in the 

particle range and hence the Bragg 

peak

Affect the dose distribution





Impact on margins



ICRU 50 : Gross Target Volume (GTV) - Clinical Taget
Volume (CTV) – Planning Target Volume (PTV)

ICRU 62:
◦ Internal margin (IM): variation in size, shape and position of 

the CTV relative to anatomic reference points (e.g. 
bladder filling, movement due to breathing,…) 

◦ Setup margin (SM): uncertainties in patient positioning, 
mechanical uncertainties of the equipment (ICRU 62)

GTV and CTV cannot be reduced

PTV can be reduced by:
◦ Decreasing IM (e.g. use of compression belt)

◦ Decreasing SM (e.g. better immobilization devices)

Impact on margins

GTV

CTV

ITV
IM

PTV
SM

Sphere 3 cm of diameter

Volume = 14,4 cm3

With a marge of 5 mm

Volume = 33,5 cm3

With a marge of 7 mm

Volume = 44,6 cm3

Verellen, D., et al (2007). Innovations in 

image-guided radiotherapy. Nature 

Reviews Cancer

IAEA. Accuracy Requirements and Uncertainties in Radiotherapy. Vienna: IAEA; 2017. 1 p. 

(IAEA Human Health Series No. 31). 

On target 2: updated guidance for image-guided radiotherapy |



To determine margins: systematic errors and random errors from the various
uncertainties need to be taken into account

Impact on margins

van Herk M, Remeijer P, Rasch C, Lebesque JV. The probability of correct target
dosage: dose-population histograms for deriving treatment margins in 
radiotherapy. Int J Radiat Oncol Biol Phys. 2000 Jul 1;47(4):1121-35.

CTV

dose

Systematic error Σ

Reproductible inaccuracies that are 

consistently in the same direction (e.g. 

incorrect documentation of patient 

setup)

=

Random error σ

statistical fluctuations (in either

direction) in the measured data (e.g. 

organ motion, setup error)



Total of Σ and σ errors: 

Σ = Σ𝑑𝑒𝑙
2 + Σ𝑚𝑜𝑡

2 + Σ𝑠𝑒𝑡𝑢𝑝²

σ = σ𝑑𝑒𝑙
2 + σ𝑚𝑜𝑡

2+ σ𝑠𝑒𝑡𝑢𝑝²

Simplified PTV margin recipe based on 
probability:

To cover the CTV for 90% of the patients with 
the 95% isodose: PTV margin = 2.5 Σ +0.7 σ

Impact on margins

Systematic

errors (in mm)

Random errors

(in mm)

Delineation

Organ motion

Setup error

Setup error vary by treatment site & 

according to each immobilization

device



Impact on clinical outcomes



Impact on clinical outcomes

Prostate case

Increased risk of biochemical and local failure

in patients with distended rectum on the 

planning CT for prostate cancer RT

(De Crevoisier et al. IJROBP 2005)

Lung & oesophagus case

Shifts toward the mediastinum have a 

negative effect on survival for lung and 

esophageal cancer patients

(Johnson-Hart et al. IJROBP 2018)

Impact on clinical outcomes: skin folds increase skin toxicity (Fordes et al. Radiation Oncology 2025)



Safety Stability Reproducibility

Key principles of the positioning and 
immobilization



Safety

Respect of the hygiene rules (e.i. cleaning the equipment 

between patients, hand hygiene, …)

◦ Cancer patients have reduced immunity

◦ Cleaning equipment

◦ Hand Hygiene

https://www.who.int/publications/m/item/f

ive-moments-for-hand-hygiene

https://www.cdc.gov/healthcare-associated-

infections/hcp/prevention-

healthcare/outpatient-oncology.html

https://www.who.int/publications/m/item/five-moments-for-hand-hygiene
https://www.cdc.gov/healthcare-associated-infections/hcp/prevention-healthcare/outpatient-oncology.html


Avoid collision risk

◦ Constrains between patient positioning system (i.e. treatment 

couch with immobilization device,…) & the other equipment (i.e. 

onboard imagers,…)

Miao J, et al. J Appl Clin Med 
Phys. 2020

Safety



Respect radiation safety

◦ As Low As Reasonable Achievable especially on 

the OARs:

◦ Treatment modalities (fixed beam, IMRT, photon, proton,…) and 

beam angle selection (tangential fields, partial arc,…)

◦ CTV position (lymph nodes included?)

◦ OAR position

◦ Maximisation of the distance between the target and the OARs:

◦ External anatomy : expose the target (arms up/ arms down)

◦ Internal anatomy : change the relationship between organs, 

reduce the size of the treatment area

Chen VE, et al. Med Dosim. 2019

bladder

bowel

target

Safety



A comfortable patient might be a stable 

patient (Bayley AJ et al. Radiother Oncol

2004, . Bartlett FR et al. Radiother Oncol

2015) :

◦ But assessment of the comfort based on a 

non-validated patient-reported scale

Patient comfort:

◦ Complex concept

◦ Not limited to physical comfort / pain … 

often measured with numeric rating scale 

(NRS) or visual analog scale (VAS)

Stability



Patient comfort:

Stability



Patient comfort:

Stability



Treatment couch or chair are insufficient to immobilize a patient:

Volz L, et al. Front Oncol. 2022

Stability



Use of various immobilization devices:

◦ Universal solution : used for multiple patients, adjustable

settings and reusable

◦ Breast board

◦ Chest board

◦ Knee and feet devices

◦ Prone devices

◦ Personalised: customized to a patient reusable or not:

◦ Thermoplastic mask

◦ Vacuum cushion

Many vendors, many solutions

Monarch by CQ medical

Kneefix and Feetfix by CQ 

medical

A thermoplastic mask by Orfit

Stability



During the beam delivery:

◦ Motion management technologies:

◦ Passive: try to quantify the motion prior to delivery with a respiration correlated CT

◦ Active: monitor motion in real time and adapt during treatment with tracking, gating, breath hold or 
mecanical ventilation techniques

Wolthaus JW, et al. IJROBP 2008

Gating
strategy

DIBH
Tracking
strategy

Stability



P&I must be documented for each patient

Lock the immobilization devices used to reduce systematic
errors (Goldworthy et al. conference College of Radiographers 
radiotherapy weekend 2013)

External localization:
◦ Anatomical landmarks

◦ Skin marks 

◦ Tatoos

◦ Surface Guided Radiation Therapy

Alignement of anatomical landmarks in three planes of the 
body
◦ Ensure straightness

◦ Laser

CQ medical

Reproducibility



According to treatment site
in recumbent position 



Consider whether brain or brain plus 
central nervous system

Looking for 

◦ An immobilization

◦ Or immobilization with verification system 

Ensuring a sub milimetre accuracy

Frameless

Brain



Head and neck

Supine position

Consider whether lymph nodes treated:
◦ Head thermoplastic piece or full head and 

shoulder piece

Follow the manufacturer’s recommendations
for the thermoplastic mask modelling and 
drying

Adequate neck rest: avoid any gaps

Open face mask with SGRT: a potential future 
solution that needs to be assessed

The update is in progress.



Breast

Deep Inspiration Breath Hold can minimize 
the dose to intrathoracic organs at risk



Pelvis
Consider whether prostate, cervix, endometrium, bladder, rectum, anal canal

Supine position for prostate, cervix, endometrium, bladder

Prone position can be considered for rectal cancer

With a knee / leg / ankle support

Hands on chest (arm up only if para aortic lymph nodes are treated)

Bladder and rectal filling



Bladder Cervix and endometrium



Rectum Anal cancer



Upright positioning and 
immobilization



Upright positioning and immobilization

?
Sitting position 

Perched position

Seat height

Backrest angle

Shin restSeat angle



What about the workflow for patient setup?

◦ A context: pelvic treatment

◦ A first idea: ask patient to sit dow

◦ Results: observation and volunteer’s feedback

Upright positioning and immobilization

Empathy

Definition

Ideation

Prototype

Test

Design thinking in 
Healthcare Ku et al, 2020



Upright positioning and immobilization

But what about the other

treatment sites? 

The other seat angles? The 

sitting position?

The other chair?



How gravity changes the patient P&I?

Upright positioning and immobilization

Boisbouvier et al. TipsRO journal 2022 Boisbouvier & Underwood et al. Front Oncol 2023



For head and neck treatment site:
◦ Sitting position

Feldman et al. reported a tend to sag (Radiother
Oncol. 2024)

My experience

◦ Main results:

◦ One volunteer did not sag and the other one sagged.

Hypothesis: the seating position was different

”slump sitting” is associated with an increase of 
muscle activity compared to thoracic and lumbo-
pelvic sitting. (Caneiro et al. Manual Therapy 2010)

New positioning of the volunteer 
◦ Result: the volunteer did not sag



Robust positioning and immobilization is still required

For upright position:

◦ Development of patient workflow for setting in upright

◦ Development of some specific immobilization devices (i.e. arm support, head rest,…)

◦ Assessment of setup uncertainties

◦ Assessment all the human aspects of the P&I

◦ Study of internal anatomy (reproducibility, relationship between target volume and 

OAR,…)

Perspectives and conclusion



Thank you
Any questions?

Sophie Boisbouvier

RTT, Msc, PhD student

Radiation therapy department

Centre Léon Bérard

Lyon - FRANCE


