
Division of Medical Radiation Physics

Real-time Intrafraction Motion Monitoring: 
Review of Available Methods

Jenny Bertholet, PhD



Anatomical changes in Radiotherapy

2Hunt et al. Clin Onc 2018



Outline
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ÅMotion mitigation

ÅMonitoring methods

ÁDedicated monitoring/mitigation systems

ÁAdd-on monitoring equipment

ÁSolutions on conventional linacs

ÅA look at current clinical practice
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Gating 

Free-breathing



Margins

Active mitigation

Keall et al. 2006 AAPM Task Group 76. Med. Phys. 

(Respiratory) motion management

6

P
e
a
k
 t

o
 p

e
a
k
 

m
o
ti
o
n

Gating 

Free-breathing

Breath-hold



Margins

Active mitigation

Keall et al. 2006 AAPM Task Group 76. Med. Phys. 

(Respiratory) motion management

7

Tracking 
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Real-time 
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Motion information also needed

to calculated margins!



A few definitions

ÅMonitoring: determination of target position as a function of time

ÅGating: turning the beam on only when the target is in the reference position

in free-breathing or breath-hold

Å Tracking: active beam-target realignement1

ÅReal-time: measurement and processing of information on the fly

with a frequencyÓ 2 Hz (i.e. time delayÒ 0.5 s) (respiration)2

1 using robotic, gimbal tracking, MLC or couch tracking
2 AAPM TG76, 2006
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Motion monitoring  

Å kV/MV imaging

ÅMR imaging

ÅUS imaging (prostate)

Å Surface imaging

Å Electromagnetic transponders

Å Breathing surrogates

ÅHybrid methods

Keall et al. IJROBP 102(4) 2018
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a) c)b)

Dedicated
monitoring/mitigation systems



Stereoscopic kV imaging (RTRT)
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ÅLate 1990s in Japan (Shirato et al. 

IJROBP 2000)

ÅTwo perpendicular images to 

triangulate the position of spherical 

marker (30 Hz)



Hybrid kV/optical monitoring
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