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3D IGRT

Background & Introduction
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Figure 1: Varian Clinac iX linear 
accelerator (LINAC)

On Board 
Imager (OBI)

EPID

Figure 2: OAR at chest region

Based on worldwide cancer statistic done by IARC, breast cancer contributed the highest 
incidence cases (22.6 million cases) and followed by lung cancer (22.0 million cases). 1

IGRT ensures the accuracy of radiotherapy treatment by comparing patient’s geometric 
on treatment day based on the planning CT images acquired during simulation. 2

MOH: Image  verification  is  performed  within the  first 3  fractions, followed by weekly 
except for SBRT, Cyberknife and tomotherapy as these techniques require more frequent 
verification. 3

IGRT technique is divided into 
2D and 3D imaging technique 
using different energy ranges. 4

IGRT technique is chosen based on the treatment technique, target 
margin, image modality and available staff skills. 5

IGRT techniques lead to different image quality and imaging dose accumulation at 
organ at risk (OAR) which eventually induce secondary cancer risk. 6

This study will investigate the point dose and effective dose in the organs at the chest 
region such as lungs, heart, breast and skin contributed by 2D and 3D IGRT techniques 

using MV and kV energy ranges.

MV orthogonal

kV orthogonal

kV Cone Beam Computed 
Tomography (kV CBCT)

2D IGRT
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Problem Statement

Issue Comment

Image Quality
• 3D IGRT generates superior image quality than 2D IGRT.7
• kV imaging produces better image quality

than MV imaging.8

Accumulated Imaging 
Dose

• Imaging process is always associated with the imaging 
dose due to usage of ionizing radiation in MV and kV 
energy. 6

• The  imaging  dose  is  accumulated  in  the  OAR  and 
eventually caused secondary malignancies. 9

• The estimated excess absolute risk (EAR) for developing a 
secondary carcinoma at lung due to IGRT procedure is 1 to 
10 cases per 10000 patient-year. 9

Imaging Dose Reporting

• AAPM TG 75 suggested to compare the imaging dose 
between different techniques in term of effective dose but 
most of the studies reported in point dose only. 4

• The imaging dose is ignored in the treatment planning as it 
is substantially lower than therapeutic dose.

Figure 3: Chest region 3D images in axial 
(left), coronal (centre) & sagittal (right)

acquired using 3D IGRT. 7

Figure 4: Chest region 2D images 
acquired in 2D IGRT using MV (top)

and kV energy ranges (below). 8
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Study Objectives

General Objective:
To investigate the imaging dose in MV and kV energy ranges between 2D and 3D IGRT techniques in 
the chest region.

Specific Objective:
1) To evaluate the image quality at chest region of an anthropomorphic phantom using MV and kV 

energy ranges in both 2D and 3D IGRT techniques
2) To measure the point dose received by the OAR in the chest region of the

anthropomorphic phantom using thermoluminescent dosimeter (TLD-100H) under 2D and 3D 
IGRT techniques.

3) To calculate the effective dose of OAR at the chest region delivered by the MV and kV energy 
ranges in 2D and 3D IGRT techniques.

5
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Materials

Varian Clinac iX LINAC 
with mounted EPID and 

OBI v1.6

PTW 30006/30013 Farmer 
cylindrical ionization chamber

TLD irradiation 
plate

Solid water 
phantom

TLD-100H

PTW-UNIDOS E 
electrometer 

Anthropomorphic 
phantom- Chest 

region

Harshaw TLD Model 
3500 Reader

PTW T1231/U100 TLD 
Annealing Oven

Calibration of TLD-100H Point Dose Measurement

Philips Brilliance CT 
simulator
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Methodology
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MaterialsCalibration of TLD-100HMV Energy kV Energy

SSD 100 cm

Field size 10 cm x 10 cm

Dmax 1.5 cm

Monitor unit 100 MU

SCD 100 cm

Filter Half bowtie

HVL 5.2 mm Al

Parameter 110 kV 20 mAs

Figure 6: MV energy calibration setup 
of TLD-100H.

Figure 7: kV energy calibration setup 
of TLD-100H.

1. 33 TLD-100H were calibrated under LINAC using 6 MV 
energy based on standard calibration setup (TRS398) 
(Figure 6).

2. The TLD-100H were annealed at 240 for 10 minutes and 
cooled down to room temperature for 1 hour.

3. The TLD-100H exposed to parameter stated in Table 1.
4. After 24 hours, TLD-100H were readout and annealed.
5. Step repeated 3 times.

1. 33 TLD-100H were sorted based on sensitivity and divided 
into 11 groups, each group consists 3 TLD-100H.

2. The TLD-100H were exposed to different doses in the 
ranges between 0 mGy and 2000 mGy.

Dose Linearity

 

Table 1: Parameter for MV energy calibration Table 2: Parameter for kV energy calibration
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Results & Discussion

Point Dose (mGy)

Organ 8 fractions (VMAT) 3 fractions (SBRT)

MV EPID kV orthogonal kV CBCT MV EPID kV orthogonal kV CBCT

Right lung 268.688 4.816 86.896 100.758 1.806 32.586

Heart 284.776 7.968 80.168 106.791 2.988 30.063

Left breast 326.696 5.352 54.408 122.511 2.007 20.403

Right breast 222.584 1.776 58.864 83.469 0.666 22.074

Skin 179.312 35.480 52.720 67.242 13.305 19.770

Table 3: Accumulated point dose in organs at chest region for MV EPID, kV orthogonal and kV CBCT techniques in 8 fractions 
and 3 fractions of IGRT for VMAT and SBRT treatment technique, respectively.

• For VMAT and SBRT treatment techniques, the IGRT 
technique practiced in HUSM is kV CBCT.

• The imaging dose accumulated from multiple fractions IGRT not 
necessary to be considered in treatment planning as it less than 5 
% of therapeutic dose (60 Gy) prescribed for VMAT and SBRT 
treatment technique as mentioned in AAPM TG 180.

Imaging Dose Accumulation

VMA
T• The accumulated dose at OAR was 

ranged from 52.72 mGy – 86.90 mGy

SBRT

• The accumulated dose at OAR was 
ranged from 20.40 mGy to 32.59 mGy 
except for skin (19.77 mGy)

• In certain centres, the IGRT procedure with combined MV and kV 
energy ranges are used, for example MV EPID + kV CBCT 
technique, therefore the accumulated dose was total up from 
individual IGRT technique. 6
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Conclusion, Limitation & Future Recommendation

• There is a significant difference in mean point dose between 2D and 3D IGRT 
techniques with p-value < 0.001.

• kV CBCT contributed 6.13-10.49 mGy higher mean dose than kV orthogonal 
technique, in the contrary, MV EPID contributed 34.04 mGy higher mean point 
dose than kV CBCT

• The point dose and effective dose measured in the organs at chest region was 
increased in the order from kV orthogonal, kV CBCT and MV orthogonal 

technique.

• kV energy generate better soft tissue contrast than MV energy but in 
certain case, MV EPID technique is sufficient to be used based on the 
bony landmark visualization.

• 3D IGRT produced volumetric OAR visualisation if compared to 2D IGRT.

Image Quality

Point Dose and Effective Dose between 2D and 3D IGRT Techniques

Limitations

Limited number of TLD- 
100H

Point dose measurement 
does not represent the 
dose received by entire 

volume of the organ.

Result from reference- 
sized anthropomorphic 

phantom might 
overestimate/ 

underestimate the 
patients of different 

sizes, genders and ages

Future 
Recommendations

Measure the organ dose 
instead of point dose in 

the organ

Monte Carlo 
simulation study
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