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This study aimed to evaluate and verify a process for correcting the extended source-to-imager 
distance (SID) in portal dosimetry (PD). In this study, eight treatment plans (four volumetric 
modulated arc therapy and four intensity-modulated radiation therapy plans) at different treatment 
sites and beam energies were selected for measurement. A Varian PD system with portal dose 
image prediction (PDIP) was used for the measurement and verification. To verify the integrity of 
the plan, independent measurements were performed with the MapCHECK device. The predicted 
and measured fluence were evaluated using the gamma passing rate. The output ratio was defined 
as the ratio of the absolute dose of the reference SID (100 cm) to that of each SID (120 cm or 140 
cm). The measured fluence for each SID was absolutely and relatively compared. The average SID 
output ratios were 0.687 and 0.518 for 120 SID and 140 SID, respectively; the ratio showed less 
than 1% agreement with the calculation obtained by using the inverse square law. The resolution of 
the acquired EPIDs were 0.336, 0.280, and 0.240 for 100, 120, and 140 SID, respectively. The 
gamma passing rates with PD and MapCHECK exceeded 98% for all treatment plans and SIDs. 
When autoalignment was performed in PD, the X-offset showed no change, and the Y-offset 
decreased with increasing SID. The PD-generated PDIP can be used for extended SID without 
additional correction.
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Introduction

In radiotherapy, delivery techniques have been im-

proved considerably to deliver highly conformal dose dis-

tributions.1) Intensity-modulated radiation therapy (IMRT) 

and volumetric modulated arc therapy (VMAT) techniques 

can provide prescription doses to target volumes while 

avoiding normal tissue complications.2,3) These modern 

techniques by utilizing beam modulations (i.e. MLC posi-

tions, gantry rotation speeds, and dose-rates) increased the 

complexity of delivery methods and involve large uncer-

tainties.4) Therefore, patient-specific quality assurance (QA) 

should be performed prior to the first treatment fraction 

for a patient being treated with IMRT or VMAT.5-7)

In recent years, electronic portal imaging device (EPID) 

has been introduced for patient-specific dosimetry owing 

to the high resolution, temporal stability, negligible set-up 

time, and proven high accuracy.8) Portal dosimetry (PD) 

is one of the methods used to evaluate measured fluence 

using an EPID.9) PD was proven to be clinically effective in 

previous research.10-12) PD has been established utilizing 

EPID for pretreatment verification.13,14) 
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Modern radiotherapy has increased the need for online 

dose verification owing to the complexity and accuracy of 

the new delivery techniques. (e.g., VMAT or Stereotactic 

ablative radiotherapy (SABR)).15) Several studies have re-

ported the in vivo EPID dosimetry for IMRT and VMAT.10,16) 

They reported the successful clinical implementation of 

real-time verification using EPIDs.17) 

In general, the EPID is located at the isocenter (i.e., 

source-to-imager distance (SID)=100 cm) for pretreat-

ment verification.18) For in vivo treatment, the EPID should 

be placed at an extended SID to avoid the collision of the 

EPID and patient. However, calibration and portal dose 

image prediction (PDIP) configuration are performed for 

SID=100 cm. In the case of extended SID, the resolution of 

the measured dose distribution is different from the pre-

dicted dose distribution. The predicted dose was generated 

at the reference distance (i.e., SID=100 cm).19) Therefore, 

the measured dose should be corrected by a magnification 

factor according to SID.20)

In this study, we performed the PD with various SIDs to 

evaluate the dose distribution and absolute dose measure-

ment for SIDs. We compared measurement obtained for 

reference condition with those at various SIDs. The effect 

of SID on PD was evaluated. 

Materials and Methods

We selected four IMRT and four VMAT plans of Vital with 

Millennium 120 MLC (Varian Medical Systems, Palo Alto, 

CA, USA) with 6 MV, 6 flattening filter free (FFF), 10 MV, 

and 15 MV beam. The treatment sites were the lung, brain, 

spine, liver, and pelvis. All the plans were generated by 

Eclipse using Acuros XB algorithm (ver. 13.7, Varian Medi-

cal Systems, Palo Alto, CA).

The verification plan of each plan was generated for PD 

(ver. 13.7, Varian Medical Systems, Palo Alto, CA). PD was 

generated based on PDIP for each SID. MapCHECK2 (Sun 

Nuclear Corp., Melbourne, FL, USA) dosimeter with Map-

PHANTM (Sun Nuclear Corp., Melbourne, FL, USA) was 

used as a 2D-array dosimeter for the verification of plan 

integrity. 

For PD, the fluence map was obtained using aS1200 

EPID at 100 cm, 120 cm, and 140 cm SID. The EPID was 

supported by the arm. The area of the active layer was 

43×43 cm2, with 1280×1280 pixel resolution. The EPID was 

calibrated in the dosimetry acquisition mode at 100 cm 

SID. Dark and flood-field correction was applied for abso-

lute calibration with a 10×10 cm2 field. The calibrated unit 

(CU) was defined as 100 MU to correspond to 1 for each aSi 

detector.

MapCHECK2 dosimeter has 1527 diode detector, which 

is of the size 0.8×0.8 mm2, with 7.07 mm spacing, and 50 ms 

sampling rate. The field size of MapCHECK2 is 32.0×26.0 

cm2.21) MapPHAN is made of a water equivalent material 

with a mass density of 1.05 g.cm−2 for rotational dosimetry. 

The measured dose with the EPID was analyzed with the 

predicted dose generated by PDIP (ver. 13.7, Varian Medi-

cal Systems, Palo Alto, CA) in PD of ARIA (ver. 13.7, Varian 

Medical Systems, Palo Alto, CA) console. SID output ratio 

was defined as the ratio of absolute dose of reference SID 

(100 cm) to the absolute does of each SID (120 or 140 cm). 

For PD, automated align adjustment was applied to check 

the center of measured fluence map.

The gamma passing rate was calculated for both PD 

and MapCHECK using SNC patients program. The global 

gamma evaluation was used with a normalization point se-

lected in minimum difference point. For all the plans, the 

gamma criterion was 2%/2 mm. Point doses less than 10% 

of the maximum dose were excluded for gamma analysis.

Results

The average SID output ratio was 0.687 and 0.518 for 120 

cm SID and 140 cm SID, respectively. For 120 and 140 cm 

SID, the ratios by the inverse square law were 0.694 and 

0.510, respectively. 

The resolutions of the acquired EPID were 0.336, 0.280, 

and 0.240 for 100, 120, and 140 cm SID, respectively.

Table 1 lists the used the energy, site, average X- and 

Y-offset, and gamma passing rate for each patient. The 

gamma passing rate was above 98% for all the SIDs. Fig. 1 

shows the fluence distribution acquired by EPID for three 

SIDs. The size of the measured fluence was the same for 

all SIDs. However, the total area decreased as the SID in-

creased. The absolute and relative dose profile at the mea-

sured center is shown in Fig. 2. The measured center was 
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automatically determined by the PD. The absolute dose 

profiles differed from the SID output ratio. The relative 

dose profiles almost had the same shape. 

When MapCHECK was used for QA, the gamma passing 

rate of verification plan was over 95% for all the patients.

Discussion

In this study, the effect of SID on PD with PDIP was eval-

uated for three SIDs. As the reference condition, PD was 

performed at 100 cm SID. Extended SID setup is necessary 

on clinical demand, especially, to perform online dosim-

etry (i.e, in vivo verification), extended SID is required to 

Table 1 The energy, treatment site, SID, X and Y offset, and average gamma passing rate for each patient.

Patient Energy Site SID (cm) X offset Y offset
Gamma passing 

rate (%)

1 6X Lung 100 0.432 0.592 92.7

120 0.262 0.407 93.6

140 0.242 0.107 93.9

2 6X H&N 100 0.392 0.582 99.5

120 0.132 0.357 99.7

140 −0.093 0.337 98.7

3 6XFFF Lung 100 0.102 0.557 99.6

120 −0.105 0.317 99.4

140 0.125 0.227 99.9

4 6XFFF Lung 100 0.101 0.557 99.9

120 0.473 0.307 100

140 0.027 0.267 100

5 10X Prostate 100 0.137 0.657 99.6

120 −0.033 0.332 100

140 −0.243 0.222 100

6 10X Pelvis 100 0.097 0.377 99.5

120 −0.153 −0.013 99.9

140 −0.438 −0.153 99.7

7 15X Cervix 100 0.222 0.592 99.8

120 0.022 0.342 99.9

140 −0.163 0.202 99.6

8 15X Abdomen 100 0.137 0.572 99.6

120 −0.053 0.237 99.4

140 −0.243 0.132 99.5

SID: 140 cm(a) SID: 120 cm(b) SID: 100 cm(c)

Fig. 1. Dose distribution acquired 
by electronic portal imaging device 
(EPID) in Portal dosimetry for (a) 
140 cm, (b) 120 cm, and (c) 100 cm 
source-to-imager distance (SID).
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measure with the EPID when the beam is turned on. In 

general, absolute calibration and field calibration are per-

formed at 100 cm SID. However, PD can be performed at 

an extended SID. Therefore, the evaluation of SID depen-

dency is important. 

For independent verification, patient-specific QA was 

performed with MapCHECK2 and MapPHAN. The gamma 

passing rate was above 95% for all analyses. The integrity of 

the plan was verified. 

In PD, the gamma passing rate was above 98% with rela-

tive comparison for all of verification. The measured does 

with extended SID was projected to 100 cm SID with mag-

nification factor. In addition, the predicted dose was also 

generated at extended SID and scaled down with the ap-

propriate magnification factor. Therefore, the passing rate 

did not shown any correlation to SID.

As SID increased, the resolution of the acquired EPID 

became finer. The resolution of the fluence generated by 

MLC remained constant. The resolution of the projected 

fluence on the EPID for extended SID increased. The pro-

jected fluence reduced by the magnification calculated us-

ing the inverse square law. Therefore, in PD, the resolution 

was lower for extended SID.

The shift by auto alignment reduced as SID increased in 

the Y-direction. The resolution of the measured dose in-

creased with the increase in SID. The resolution increased 

proportionally with SID. The dose distribution of the ex-

tended SID needed a small shift owing to the fine resolu-

tion. However, there was no offset in the X-direction. For 

VMAT or IMRT, the gantry was rotated during measure-

ment. The EPID can be affected by gravitational forces. The 

effect of gravity in the X-direction is greater than in the Y-

direction. 

For the absolute comparison, CU was determined at 100 

cm SID according to the standard procedure. The CU de-

creased according to the inverse square law. The corrected 

CU (by the inverse square law) at 100 cm SID showed a 

difference less than 1 % when compared with the standard 

CU. If PD is used for online dosimetry and the EPID is lo-

cated at extended SID, the measured CU can be corrected 

by the inverse square law for absolute comparison. 

However, in the case of the extended SID for the EPID, 

the field size can be limited. As 1200 detector can measure 

the 43×43 cm2 at 100 cm SID. When the EPID was placed 

at 140 cm SID, the measurable field size was limited to 

30.7×30.7 cm2. For the head and neck or pelvic cancer, the 

field size of the treatment can be greater than the limited 

size. In this case, PD is impossible. However, such cases are 

rare in a real clinic. 

Conclusion 

We evaluated the effect of SID on PD for 100, 120, and 

140 cm SID. The absolute dose and measured fluence were 

accurately corrected following the inverse square law. 

Therefore, the PD can be performed for extended SID with-

out additional correction.

a b

15 10 5 0 5

2.0

1.5

1.0

0.5

C
a
li
b
ra

ti
o
n

u
n
it

(C
U

)

Axis (cm)

0.0

10

SID 140-X Axis

SID 120-X Axis

SID 100-X Axis

SID 140-Y Axis

SID 120-Y Axis

SID 100-Y Axis

2.5

15

Absolute dose

15 10 5 0 5

80

60

20

R
e
la

ti
v
e

d
o
s
e

(%
)

Axis (cm)

0

10

SID 140-X Axis

SID 120-X Axis

SID 100-X Axis

SID 140-Y Axis

SID 120-Y Axis

SID 100-Y Axis

100

15

Relative dose

40

Fig. 2. (a) Absolute (b) and relative X- and Y-axis dose profile for 140 cm, 120 cm, and 100 cm source-to-imager distance (SID).



Progress in Medical Physics   Vol. 29, No. 4, December 2018 141

www.ksmp.or.kr

Acknowledgements

This work was supported by Radiation Technology 

R&D program through the National Research Founda-

tion of Korea funded by the Ministry of Science and ICT 

(2017M2A2A7A02020641 and 2017M2A2A7A02020643).

Conflicts of Interest

The authors have nothing to disclose.

Availability of Data and Materials

All relevant data are within the paper and its Supporting 

Information files.

References

1. Wolff D, Stieler F, Welzel G, et al. Volumetric modulated 

arc therapy (VMAT) vs. serial tomotherapy, step-and-

shoot IMRT and 3D-conformal RT for treatment of pros-

tate cancer. Radiotherapy and Oncology. 2009;93(2):226-

33.

2. Park JM, Kim J-I, Park S-Y, Oh DH, Kim S-T. Reliability 

of the gamma index analysis as a verification method of 

volumetric modulated arc therapy plans. Radiation Oncol-

ogy. 2018;13(1):175.

3. Davidson MT, Blake SJ, Batchelar DL, Cheung P, Mah K. 

Assessing the role of volumetric modulated arc therapy 

(VMAT) relative to IMRT and helical tomotherapy in the 

management of localized, locally advanced, and post-op-

erative prostate cancer. International Journal of Radiation 

Oncology*Biology*Physics. 2011;80(5):1550-58.

4. Park J, Wu H, Kim J, Carlson J, Kim K. The effect of MLC 

speed and acceleration on the plan delivery accuracy of 

VMAT. The British journal of radiology. 2015;88(1049): 

20140698.

5. Jornet N, Carrasco P, Beltrán M, et al. Multicentre valida-

tion of IMRT pre-treatment verification: comparison of 

in-house and external audit. Radiotherapy and Oncology. 

2014;112(3):381-88.

6. Park JM, Park S-Y, Kim JH, Carlson J, Kim J-I. The effect of 

extremely narrow MLC leaf width on the plan quality of 

VMAT for prostate cancer. Radiation Oncology. 2016;11(1): 

85.

7. Wendling M, Louwe RJ, Mcdermott LN, Sonke JJ, Van Herk 

M, Mijnheer BJ. Accurate two‐dimensional IMRT verifi-

cation using a back‐projection EPID dosimetry method. 

Medical physics. 2006;33(2):259-73.

8. Mccurdy B, Greer P. Dosimetric properties of an amor-

phous‐silicon EPID used in continuous acquisition mode 

for application to dynamic and arc IMRT. Medical physics. 

2009;36(7):3028-39.

9. Liu B, Adamson J, Rodrigues A, Zhou F, Yin F-F, Wu Q. A 

novel technique for VMAT QA with EPID in cine mode on 

a Varian TrueBeam linac. Physics in Medicine Biology. 

2013;58(19):6683.

10. Spreeuw H, Rozendaal R, Olaciregui‐Ruiz I, et al. Online 

3D EPID‐based dose verification: Proof of concept. Medi-

cal physics. 2016;43(7):3969-74.

11. Van Esch A, Depuydt T, Huyskens DP. The use of an aSi-

based EPID for routine absolute dosimetric pre-treatment 

verification of dynamic IMRT fields. Radiotherapy and 

oncology. 2004;71(2):223-34.

12. Woodruff HC, Fuangrod T, Van Uytven E, et al. First ex-

perience with real-time EPID-based delivery verification 

during IMRT and VMAT sessions. International Journal of 

Radiation Oncology* Biology* Physics. 2015;93(3):516-22.

13. Park S-Y, Park JM, Kim J-I, Lee S, Choi CH. Validation of 

new transmission detector transmission factors for online 

dosimetry: an experimental study. Radiation Oncology. 

2018;13(1):156.

14. Kim J-I, Choi CH, Park S-Y, An H, Wu H-G, Park JM. 

Gamma Evaluation with Portal Dosimetry for Volumetric 

Modulated Arc Therapy and Intensity-Modulated Radia-

tion Therapy. Progress in Medical Physics. 2017;28(2):61-

66.

15. Iori M, Cagni E, Paiusco M, Munro P, Nahum A. Dosimet-

ric verification of IMAT delivery with a conventional EPID 

system and a commercial portal dose image prediction 

tool. Medical physics. 2010;37(1):377-90.

16. Van Uytven E, Van Beek T, Mccowan PM, Chytyk‐Praznik 

K, Greer PB, Mccurdy B. Validation of a method for in vivo 

3D dose reconstruction for IMRT and VMAT treatments 

using on‐treatment EPID images and a model‐based for-

ward‐calculation algorithm. Medical physics. 2015;42(12): 



 Jaeman Son, et al：Extended SID Correction Validation142

www.ksmp.or.kr

6945-54.

17. Mans A, Wendling M, Mcdermott L, et al. Catching er-

rors with in vivo EPID dosimetry. Medical physics. 2010; 

37(6Part2):2638-44.

18. Mcdermott LN, Wendling M, Sonke J-J, Van Herk M, Mijn-

heer BJ. Replacing pretreatment verification with in vivo 

EPID dosimetry for prostate IMRT. International Journal 

of Radiation Oncology* Biology* Physics. 2007;67(5):1568-

77.

19. Talamonti C, Casati M, Bucciolini M. Pretreatment verifi-

cation of IMRT absolute dose distributions using a com-

mercial a‐Si EPID. Medical physics. 2006;33(11):4367-78.

20. Bailey DW, Kumaraswamy L, Bakhtiari M, Podgorsak MB. 

A two‐dimensional matrix correction for off‐axis portal 

dose prediction errors. Medical physics. 2013;40(5):051704.

21. Jursinic PA, Sharma R, Reuter J. MapCHECK used for rota-

tional IMRT measurements: step‐and‐shoot, TomoThera-

py, RapidArc. Medical physics. 2010;37(6Part1):2837-46.


