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The 4DMRI method developed 
in our group can capture
motion AND its variability 
over one hour and more

In contrast, 4DCT reconstructs 
only one cycle and relies on 

von Siebenthal M. et al.: 4D MR Imaging using Internal Respiratory Gating, 
MICCAI 2005, Vol. 3750, Springer, pp. 336-343

only one cycle and relies on 
regular breathing
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Non-rigid intensity-based 3D registration 
between volumes of a reconstructed sequence

Open source software vtkCISG by
CISG, King’s College London
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Trajectories during one exemplary breathing cycle

A                                                 P

o = exhalation position, start/end points of trajectories
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• How reproducible is 
the respiratory motion?

• How well do surrogates such 
as skin motion predict the 
target position?

• What is the gating accuracy 

Abdominal vs. costal breathing

The liver motion of 12 
volunteers was analysed to 
answer these questions

• What is the gating accuracy 
for practical duty cycles?
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Breathing depth, speed, shape, ...  vary from cycle to cycle
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Relative drifts of exhalation positions 
lead to deformations
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Relative drifts of the 
exhalation positions 
over 50 min
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Sagittal slices through the 
right liver lobe
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Amplitudes in [mm]
Largest amplitudes beneath 
the diaphragm observed in 
12/12 subjects
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Drifts [mm] 
of the exhalation position
Largest drifts in the anterior 
inferior part observed in 
9/12 subjects
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30% duty cycle, different intervals between ideal patient setup and treatment
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90 percentile

mean deviation from 
expected position

10 percentile

variation within
the gating window

Effective reduction of 
average liver motion
to <5mm
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30% duty cycle, different intervals between ideal patient setup and treatment
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But worst deviation in
anterior inferior part
can be much larger
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• Reproducibility: Drifts deteriorate the reproducibility of 
breathing in addition to the cycle-to-cycle variation.

• Data acquisition: Short-time measurements (e.g. fluoroscopy 
over 30s) may not be valid anymore during treatment.

• Gating (surrogates): Detection of exhalation is possible with 
simple gating signals (e.g. chest wall motion). But these 
surrogates do not allow for absolute localisation.

• Gating (assessment): Although the diaphragm shows the 
“worst case” amplitude, the anterior inferior part of the liver 
shows larger localisation errors.
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www.vision.ethz.ch/4dmri



���������	�
����
���������
��
������
����
��������
��������������
���������

1M. von Siebenthal, 1G. Székely, 2A. Lomax and 1Ph. Cattin
1Computer Vision Laboratory, ETH Zurich, Switzerland

2Paul Scherrer Institute (PSI), 5232 Villigen, Switzerland

www.vision.ethz.ch/4dmri



!�����
��
�(
����



���� /������

Maximum Intensity Projection of the right liver lobe
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intestinal motion

blue cycle acquired 
25 min after red cycle
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drift of exhalation level

blue cycle acquired 
35 min after red cycle

S

5 mm
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The motion field 
describes the trajectory 
of any point, e.g. on 
the liver surface.
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To simulate treatment, 
a spherical tumour 
(at exhalation position) 
is animated according 
to the motion field.
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Nominal (static) dose 4D-MRI motion vector  
(~10mm amplitude)
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4D-MRI motion vector  
(~10mm amplitude)

cos4 motion         
(10mm amplitude)

Simplified motion (rigid, SI) Realistic motion
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cos4 motion         
(10mm amplitude)

• 11 volunteers
• displacement based gating, 30% duty cycle

• short-time (3min): 1-5mm motion.

• mid-time (15min): mean deviations 
>1cm possible
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