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Dosimetry

Radiation dosimetry is based on the
understanding of the energy deposited into
the matter by ionizing radiation and its
quantification in terms of absorbed dose



Dosimetry

Absorbed dose: Energy deposited in matter due to
interaction of ionizing radiation per unit of mass
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!#

(1 J/kg =1 Gy)

Dosimeter: material with a sensitive volume that
provides a response related to the energy
deposited



Objective of Dosimetry
Determination of the correct absorbed
dose within a given medium

Accurate and precise knowledge of:

Relation between the energy deposited within 
a dosimeter’s sensitive volume and its 
corresponding response



Where radiation dosimetry is needed?

1 Medical applications
2 Space trips
3 Nuclear Reactors
4 Accidental monitoring
5 Biological applications
6 Food conservations



Medical physics dosimetry

Fundamental to evaluate the energy absorbed by 
human being due to exposition to ionizing 
radiation during:

1 Treatments
2 Diagnosis 
3 Early detection 
4 Prevention



Which area of Medical physics, dosimetry is needed?

Treatments

1 Low-energy photon brachytherapy sources
2 Intravascular brachytherapy beta particle 

sources
3 Use of small fields in radiotherapy techniques:

a) Stereotactic Radiosurgery
b) Intensity modulated radiation therapy
c) New radiotherapy techniques

4 Ion therapy



Which area of Medical physics, dosimetry is needed?

Diagnosis

1 Mammography 
2 Computerized Tomography
3 Dental radiography
4 Fluoroscopy
5 General radiography 



Medical Radiation Dosimetry
Objectives
Treatments
To deliver the absorbed dose accurately to increase the 
tumor control and minimize the normal tissue 
complication probability 

The rate of the tumor volume control depends on 
absorbed dose

Diagnosis

To deliver an amount of dose enough to obtain a high-
quality image for a better evaluation by the 
physician and avoid irreversible damage to the 
patient



Medical Radiation Dosimetry

Dosimeters that are commonly used

Ionization chambers (1D), 
Thermoluminescent (TL) dosimeters (1D)
Optically stimulated (OSL) dosimeters (1D and 2D?)
Diode detectors, semiconductors etc. (1D)
Detector arrays (2D) poor spatial resolution
Radiochromic films (2D) good spatial resolution
Gel dosimetry (3D)



Medical Radiation Dosimetry
What you need to know before using a given 
dosimeter
For Ionization chambers, diodes and semiconductors
IAEA-TRS-398 (2005), TRS-483 (2017), TRS-457 
(2007), AAPM-T51 (1999, 2024), AAPM-TG61 (2001)
For TL and OSL dosimeters:
AAPM-TG-191:Clinical use of luminescent and 
optically stimulated dosimeters: TLDs and OSLDs 

Med. Phys. 47 (2020) e19  

For radiochromic films:
Report of AAPM Task Group 235 Radiochromic
Film Dosimetry: An Update to TG-55 

Med Phys 47 (2020) 5986 













Medical Radiation Dosimetry
Thermoluminescent dosimeters.

TG-191



TLDs and OSLDs? 
v Irradiation

v Readout

v Quantification
Ø emited light
Ø The glow curve is interpreted 

in terms of defect states

7.5 MeV 4He (n=7.6x109 cm-2)
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The shape of the TL glow curve depend 
on the radiation quality
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TL and OSL processes



TL glow curve of TLD-100 after exposure to ions 
and gamma rays

G Massillon-JL, PhD Thesis UNAM 2006
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The TL response is linear, supralinear 
and sub-linear

Massillon-JL et al. J. Phys. D: Appl. Phys. 39 (2006) 262–268 



For medical applications the TLD-100 should be used 
at absorbed dose less than or equal to 1 Gy

Massillon-JL et al. PlosOne 2013 



TLDs as “gold standards” for low-energy 
brachytherapy dosimetry
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Rapid decrease of the 
absorbed dose with 

increasing dosimeter 
depth

ß
Correction due to 

attenuation must be 
applied

Massillon-JL et al. Phys. Med. Biol. 59 (2014) 4149



Relative efficiency depends on phantom material 
and how the dose is calculated

Massillon-JL et al. Phys. Med. Biol. 59 (2014) 4149
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Radiochromic films

TG-235



Radiochromic films

TG-235



Radiochromic films

TG-235



Characteristics of radiochromic films

Ø LOW UNCERTAINTIES? NO
Ø High spatial resolution? Yes
Ø Dose rate independent? Yes
Ø Energy dependent? Yes and NO
Ø Tissue equivalent? Yes and NO



Radiochomic film /document scanner

Biomed. Phys. Eng. Express 2 (2016) 045005 



How to reduce uncertainties?
Radiochomic film 

/document scanner

Biomed. Phys. Eng. Express 2 (2016) 045005 



How to reduce uncertainties?

The uncertainties
depend on the
spatial resolution

Radiochomic film/document scanner
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How to reduce uncertainties?

The uncertainties
depend on energy
photons

Radiochomic film/document scanner: EBT2

Biomed. Phys. Eng. Express 2 (2016) 045005 



Energy dependency

The degree of energy
dependence is a function
of spatial resolution,
color channel and
absorbed dose

Radiochomic film/document scanner

Biomed. Phys. Eng. Express 2 (2016) 045005 



How to reduce uncertainties?

The degree of
energy
dependence is a
function of spatial
resolution, color
channel and
absorbed dose?

Radiochomic film/document scanner: EBT3

Massillon-JL et al. IJMPCERO 2012 



Relative efficiency of radiochromic films

EBT3 

Massillon-JL et al. Physica Medica 61 (2019) 8–17 
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About 3 to 4  times absorbed dose from 60Co are needed to 
produce the same response from mammography x-rays



Energy dependence factor: Independent of absorbed dose

Massillon-JL et al. Physica Medica 61 (2019) 8–17 
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Reference absorbed dose to water rate computed in the 
Leksell Gamma Knife® unit

Massillon-JL et al.  PlosOne 2013 

  Collimator diameters (mm) 

4 8 14 18 

Dosimeter Size (mGy s-1) (mGy s-1) (mGy s-1) (mGy s-1) 

MD-V2-55 ~240a 20.18 ± 0.30 22.23 ± 0.34 22.92 ± 0.35 23.31 ± 0.36 

TLD-100 3.1×3.1×0.89b  19.34 ± 0.27 21.86 ± 0.72 22.28 ± 0.52 23.06 ± 0.73 

Alanine 4.9c x 3.0d   21.09 ± 0.32 21.47 ± 0.24 21.89 ± 0.22 

CD  18.94 20.83 21.48 21.82 

!



TLDs and film vs CD
Massillon-JL et al. PlosOne 2013 

Massillon-JL et al. PlosOne 2013 

Knowing the 
minimum limit of 
absorbed dose

ê
Decreasing  
uncertainties in 
the absorbed dose 
measurements



Massillon-JL et al. PlosOne 2013 



Massillon-JL et al. PlosOne 2013 



3D dose measurements  with 
radiochromic films 

Luis Olivares M.Sc. UNAM 2019



Radiochromic films vs Planning system

Luis Olivares M.Sc. UNAM 2019



3D gel dosimetry

TG-?



Radiation induced polymerization
It is a 4 step processes

CH2 C

CH3

C O

O H

Strongly hydrophobic methyl group

Strongly hydrophilic carboxylic group

Ionizing radiation + water Þ H+ + OH- + e- = chain polymerization

1. Ionizing radiation induces the radiolysis of water 
2. Polymethacrylic acid undergoes free-radical 

polymerization



Radiation induced polymerization

2. Polymer chains aggregate in the pores of the gel
3. Formation of various microscopic (submicron size) 

particles that precipitate from the liquid phase

Irradiated area



Dose-response mechanism
The dose response is related to the exponential 
attenuation of the light caused by scattering of 
micro particles resulting from the 
polymerization process as follow:

A) 635 nm polarized diode laser at 0.8mW
B) Focusing convex lens
C) Rotating mirror
D) Translucent sphere filled with gel mounted 

in a turntable
E) Diffuser
F) 1 cm2 silicon photodiode detector

1. The laser beam passes through the lens.
2. The rotating mirror reflects the light to scan 

the interior of the sphere with focused and 
parallel paraxial rays at a focal length, f = 
r/(n-1), (r, n radius and refractive index of the cylinder)

3. The photodetector collects the transmitted 
light to produce the projection data, as the 
sphere rotates in small-angle increments 
between projections

4. The response is obtained by the relation:

( ) ( )ò=
- dyyxu
eIxI

,
0

Where I(x) is the intensity exiting the sample at position x, I0 the incident intensity and u(x,y) is the 
optical attenuation coefficient per unit length in a section of the gel



Pre-fabrication test ´ Fabricated gel batch : 

´ Cooling process.

• Preparation

MAGIC gel

48



Reader: Optical computed tomography scanner

OCT OCTOPUS-RR: (1) laser, (2) oscillating mirror, (3) anterior Fresnel lens, (4) rotation axis, (5) immersion tank, (6) 
posterior Fresnel lens, (7) detector, (A) engine 1, (B) engine 2, (C) engine 3.

49

Acquisition software (Octopus-RR laser CT DAQ, R2019b) and reconstruction software (LCT Data 
and 3D Reconstruction), developed by the manufacturer MGS Research, Inc.



Optical computed tomography 
scanner for 3D gel dosimetry

50



Calibration was performed in a liquid water phantom of one glass 
sphere flask phantom filled with gel

5
1

Simulation

Irradiation

Gel calibration

P. J. Guadarrama-Huerta et al., Radiat. Meas. 175 (2024) 107166



Calibration curve

52

𝐷𝑜𝑠𝑒(𝐺𝑦) = −12.34
𝑂𝐷
𝑐𝑚

+ 419.67
𝑂𝐷
𝑐𝑚

!

Results P. J. Guadarrama-Huerta et al., Radiat. Meas. 175 (2024) 107166



Verification of the treatment plans using the CT scanner

5
3

P. J. Guadarrama-Huerta, Thesis UNAM 2024 



Verification of the treatments

5
4

Treatment plan in the gel Irradiation Irradiation

P. J. Guadarrama-Huerta, Thesis UNAM 2024 



SBRT vertebral

55

P. J. Guadarrama-Huerta et al., Radiat. Meas. 175 (2024) 107166



3D projection of the dose distribution

3D OD/cm Measured dose 
distribution

Calculated dose 
distribution, TPSvs

P. J. Guadarrama-Huerta, Thesis UNAM 2024 



Summary

Ø Radiochromic films can be used to measure absorbed dose
rate within combined uncertainty of less than 1.5% if a strict
protocol is followed, besides the low cost of this system.

Ø TLD-100 should not be used for absorbed dose greater than
1 Gy for Medical application due to the supralinearity effect

v Optimizing the gel’s sensitivity for doses under 10 Gy is
imperative.

v Enhance the thermal stability of the gel and optimize the
procedures for manufacturing, reading, calibration, and results
analysis will be important.


