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Is there a need for In Vivo Dosimetry ?



Is there a need for In Vivo Dosimetry ?



IMRT (8 angles)
Axial and sagittal dose distribution 



25 treatment CTs acquired 

during a course of 42 Txs

PROSTATE MOTION results in INTER-fraction errors



Courtesy of Andrew Lee, M.D.

What we want to avoid



In Vivo Dosimetry

2008 WHO Report 
summarized widely 
reported radiation 
therapy incidents.

• 3125 Major Incidents 
(1976-2007)

• 4616 Near Misses 
(1992-2007)
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• The energy response of the detectors available at hand.

• The need for precise detector positioning, especially in high-dose gradient regions. 

• The large range of doses and dose rates encountered in external beam radiation 
therapy EBRT or brachytherapy.

Therefore

• IVD is mostly used for legal purposes or reimbursement issues

• or to prevent (rare) major incidents in treatment delivery and used with action levels 
above  10 - 20 % depending on the site

What are the challenges?

However, we need to move forward and change 
the role of IVD by taking it to a higher level.



State of the Art Detectors

A quick highlight of 
current detectors.



State of the Art Detectors: TLDs 

• Skin dose measurement for EBRT and HDR breast implants
• Monitoring implanted devices: Implantable pulse generators

or cardioverter defibrillators
• LiF rods are the most commonly used for brachytherapy
• Prostate, urethral and rectal dose measurements in HDR 

prostate implants



State of the Art Detectors: TLDs 

Advantages
• Different shapes & materials

• No angular dependence

• Not attached to any 
wire/cable 

• Well studied

Disadvantages
• Require special preparation

(annealing, individual 
calibration, careful handling, 
fading correction)

• Read-out process post-
irradiation

• Not for online dosimetry



State of the Art Detectors: Alanine 

• Chemical detector 

• Requires electron paramagnetic resonance (EPR) for read-out

• Few reports on IVD during gynecological treatments



State of the Art Detectors: Alanine 

Advantages
• Almost independent of energy

• Not attached to any wire/cable

• Non-destructive read-out

Disadvantages
• Expensive EPR equipment and not 

easily available in clinic

• Tedious read-out process

• Insensitive to doses < 2 Gy

• Not for online dosimetry

EPR: Electron Paramagnetic Resonance



State of the Art Detectors: Diodes 

• Silicon-based solid-state dosimeters

• Mostly used for EBRT for different purposes (i.e. right wedges, etc…)

• 5-diode arrays used as rectal and bladder dosimeters

• Overall uncertainty in phantom of 7-10%



State of the Art Detectors: Diodes 

Advantages
• Immediate read-out

• High sensitivity

• Good mechanical stability

• Fairly small size

• Available in arrays

Disadvantages
• Angular dependence

• Energy dependence

• Temperature dependence

• Changes in sensitivity with
radiation



State of the Art Detectors: MOSFETs 

• Metal-oxide-semiconductor field-effect transistor (MOSFET) 
based on silicon

• Mostly used for monitoring urethral dose in seeds implant

• Uncertainty of 8%



State of the Art Detectors: MOSFETs 

Advantages
• Small size (can be inserted in catheters)

• Available in arrays

• ~ No angular dependence

Disadvantages
• Not water-equivalent

• Limited life-time

• Temperature dependence

• Response degrades with accumulated
exposure



State of the Art Detectors: RL/OSLDs 

• Generally composed of Al2O3:C

• RL: Radoluminescence

• Previously used also as RL/OSLD: Optically stimulated luminescence dosimeter 

• Prevention and identification of dose delivery errors in cervix, gynecological and 
prostate HDR and PDR brachytherapy

• Potential to detect interchanged guide tube errors and source mispositioning



State of the Art Detectors: RL/OSLDs 

Advantages
• Small size

• RL feedback in real-time

• Passive/active detector

• Good reproducibility (1.3%)

Disadvantages
• Not water-equivalent

• Stem effect (Cerenkov)

• Small temperature dependence



State of the Art Detectors: PSDs 

• PSD: Plastic scintillation detector made of polystyrene, PVT or PMMA

• Coupled to an optical fiber, the stem effect has to be subtracted

• Phantom studies showed excellent dose measurement accuracy



State of the Art Detectors: PSDs 

Advantages
• Linearity to dose/dose-rate

• Small size

• Energy independence

• Water-equivalence

• No angular dependence

• Real-time dosimetry

• New commercial detectors are emerging

Disadvantages
• Stem effect (Cerenkov)

• Small temperature dependence



State of the Art Detectors: EPIDs 

• EPIDs: Electronic portal imaging devices – flat panel detector commonly based on 
amorphous silicon photodiode technology

• Developed for acquiring megavoltage portal images during treatments, mainly for 
determining setup errors

• Back-projection models have been used to reconstruct 3D dose distributions in 
patients during IMRT and VMAT



State of the Art Detectors: EPIDs 

Advantages
• Real-time 2D and 3D dose 

information 

• Non-invasive in vivo dosimetry

• Good reproducibility (< 1%)

Disadvantages
• Many correction factors (Mijnheer, et al 2013)

• Over-sensitive to low-E photons 
(response dependence on off-axis beam-hardening
effects, patient/phantom thickness in beam)

• Ghosting (non-linearity with dose)



Requirements of IVD

• Minimal to no need for energy response corrections

• Tissue or water-equivalent materials – would be nice to have

• High spatial resolution and precise positioning to account for the high 
dose gradients regions.

– High dose gradients magnify the effect of positional uncertainty on dosimetric 
uncertainty.

• High dynamic range to account for varied doses and dose rates.

• Real-time monitoring of the dose delivery – Detectors 

• On line monitoring of the dose delivery – Visual Screen 



Additional Requirements of IVD

• It’s not enough for a detector to be just suitable for a specific application: 
EBRT, Brachytherapy or Protons. We need to push IVD to the next level by 
focusing on detector systems that would also have these additional 
properties as well.

• Real time feedback
– Catch errors as they occur and minimize adverse outcomes.

• Well integrated with the clinical workflow 
– Too much extra work for therapists or the physicists will discourage adoption.

• Invisible to the patient as much as possible

• Dose monitoring at multiple locations
– Line detectors, planar detection, volumetric (???) 







Real-time IVD systems with a future in EBRT or BT

Adapted from Vision 20/20 by Kari Tanderup et al., Med Phys, 2013, and Mijnher et al., Med Phys, 2013

Properties MOSFET RL PSD EPID

Size/positional resolution + + + +

Sensitivity to dose + + + +

Energy dependence - - + -

Angular/off-axis dependence + + + -

Online dosimetry + + + +

Main advantages ▪ Small size
▪ Commercial system 
at reasonable prize

▪ Small size
▪ High sensitivity

▪ Small size
▪ No angular dependence
▪ No energy dependence

▪ 2D and 3D dose 
distributions
▪ Permanent record

Main disadvantages ▪ Limited life
▪ Energy dependence

▪ Stem effect
▪ Needs frequent calibration
▪ Not commercially available

▪ Stem effect ▪ Cost
▪ Limited availability of 
commercial software

The items are rated according to good/adequate (+) and inconvenient (-) 



REAL-TIME ACCURACY



The effect of positional uncertainty on dosimetric uncertainty 
depends highly on the dose gradient.

Limitation due to high dose gradients



New Detector Technology

• Multi-point Plastic Scintillation 
Detector (mPSD)

• Measures dose at multiple 
points simulteneously with one 
optical fiber.

• Can track source position 
during HDR/PDR BT.

• Real time capability.

• Small enough to fit in 
catheters.

Therriault-Proulx F, Archambault L, Beaulieu L, Beddar S. Development of a novel multi-point plastic scintillation detector 
with a single optical transmission line for radiation dose measurement. Phys. Med. Biol. 57 7147-7159 (2012)



APPLICATION SPECIFIC PSDs 



OARTRAC  SYSTEM  



EPID systems

• Analysis of alerts during 
routine in vivo dosimetry with 
EPIDs

• In vivo reports created post-
treatment delivery

• 20 alerts/day were analyzed

• 83% of deviations explained 
immediately after treatment

• 13% explained with EPID 
based phantom check

• 4% explained with ion 
chamber based phantom 
check



Warning system – critical structure in high dose region

 Intervention: Beam off 

Prostate as an example  
or other OAR 

Probe Detectors
Treatment Field

Future Direction



Courtesy of David Followill

… More reasons to …



• In vivo dosimetry is needed:

Conclusion

• Developments of in vivo dosimetry technology must target
– Real-time feedback and algorithms that identifies error types and facilitate decision 

making

– Compatibility with workflow (e.g. straightforward calibration)

– Software that facilitates straightforward operation of technology



Conclusion

The role of In Vivo Dosimetry 
SHOULD

no longer be ignored


