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Current research progress of small-field dosimetry in radiotherapy
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Abstract: The application of small-filed photon beam has become one of the research hotspots in radiotherapy techniques such
as stereotactic radiotherapy, but the accuracy of its dosimetry is limited by many factors. Based on the domestic and overseas
research reports, the paper reviews those factors like radiation detectors of small-field dosimetry, correction factors for detector
response and the comparison of dose accuracy among different calculation algorithms. The sensitive volume, type and correction
factor of the detectors are very important to the measurement of small field. Monte Carlo simulation is an extremely effective tool
for the small-field dosimetry. By a comparison based on Monte Carlo simulation, the accuracy of dose calculation among different
algorithms are found different from each other, and the uniformity of the medium is one of the factors affecting the deviation of
the algorithm. For the dose verification of an individualized treatment plan, the difference in dose accuracy is related to the size
of planned target volume and depends on whether flattening filter has been used in the accelerator.
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Tab.1 Parameters of radiation detector for small field dosimetry

measurements

uiks RFAEFYmm®  RIPER/mm  JEE/mm
Sun Nuclear EDGE 0.019
IBA SFD 0.450 0.60 0.040
IBA PFD 1.760 1.60 0.080
IBA EFD 0.190 2.00 0.060
IBA Razor 0.017 0.60 0.060
IBA CCO1 10.000 2.00 3.600
IBA CC04 40.000 4.00 3.600
IBA Razor nano

et GO 3.000 2.00 1.300
IBA CC13 130.000 6.00 5.800
IBARazor chamber

(CCOL-G) 10.000 2.00 3.600
Exradin A26 15.000 3.30 2.900
ExradinA14SL 15.000 4.00 2.500
ExradinA1SL 53.000 4.00 5.700
Exradin A16 7.000 2.40 2.300
PTW31010 125.000 5.50 6.500
PTW 30013 600.000 23.00 6.100
PTW31014 15.000 2.00 5.000
PTW31015 30.000 2.90 5.000
PTW31016 16.000 2.90 2.900
PTW 60016 0.030 1.20 0.030
PTW 60017 0.030 1.20 0.030
PTW 60018 0.300 2.60 0.250
PTW 60019 0.004 2.20 0.001
PTWPinPoint(PP1) 0.015 2.00 5.000
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454 MC LU B 153 25 R gk A7 e g, ] ot —
A XF TPS L9 A SRT 115 it 70 348 435 SR ik A7
MR . 7 Gete 5514 3 F MC HELL14) 28 B 5%
S ik 3t 36 97 (Volumetric-modulated Arc Therapy,
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VMAT {4 & 574K 5E [ 75 5 16 97 (Stereotactic Body
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Ko il FF I FAE AR VMAT SABR 51 59 56 31E 2 1 < %
T 6 MV FEAR,, I 1 MC AL 8] 4 577) kS B 22
54 0.6%, 1fi 6 MV FFF # 3 T U 24 2.0%. Ojala
SRS A MC B R i A A 8 225, 430l
¥ JH Varian Eclipse i) PBC ,AAA . AXB 3 Fi 7| &
Xl SBRT X 47 103, 38 43 3D 34 43 Hr
RN T RS PTV , AXB B k8 1 Fl i o0 Ai
54 MC AR HBA B 1) — Bk, 75/ MAFL PTV
H, PBC 875 2 5 76 PTV AL 7] 4 (D) &b 75 ik
60% , AAA B35 FHE 20% , AXB 35 B AE AR R
255, UHCY PTVARBUN T 20~25 om’ B 25 5 1 3%
Kawai 25 PE45 70 HF AAA FIl AXB 8 1578 fifi SBRT 11
Rl /N AR RO 45 SRR A T AXB &
P AAABIEM R G R iR 25 K, Fogliata %
FEMili SBRT i1 Xi] o /N 70 i 155 030 oG, &5 SR e
PBC 59k AT A /N BF o1 ) 9 7] o2 31 58 (22 55 3k %)
20%~30%) ,CCC Fl AAA 1L RS FE 25 57340 10%

3R &

AW & JE 1% IMRT . VMAT . SRT 25 5E #E i 5 VAT
B 00 00 S R A ARG B R TR R 1Y
BER o FERNECHE AR FE R I A Ok I S e A
IR, R 1 REBUATR 5 Rk BdE B2,
/N B 50 1 D A AT SR A FE B R NI P . 3T MC
B A5 157 AU 771155 PDD | Profile ,OF
AN A B S A, s T SR T TR R gk
Rl e e R S RS R N TS N = R N g )

FE I UE , B /N R BT A S e T A,
H MC XF VMAT . SRT &5 31 R A 7 B EATS 2R I H 75 A
AR5 ) F S R ]

(5% k)

[1] SAITO T, MOROHASHI H, HASEBE T, et al. A review of stereotactic
radiotherapy (SRT) for lung metastasis of colon cancer[J]. Gan To
Kagaku Ryoho, 2014, 41(12): 1462-1464.

[2] SEUNTIJENS J. On the detector response and the reconstruction of the
source intensity distribution in small photon fields [D]. Quebec:
McGill University, 2016.

[3] BAGHERI H, SOLEIMANI A, GHAREHAGHAIJI N, et al. An
overview on small-field dosimetry in photon beam radiotherapy:
developments and challenges[ J . J Cancer Res Ther, 2017, 13(2): 175-
185.

[4] ALAGAR A G, MANI G K, KARUNAKARAN K. Percentage depth
dose calculation accuracy of model based algorithms in high energy
photon small fields through heterogeneous media and comparison with
plastic scintillator dosimetry[J]. J Appl Clin Med Phys, 2016, 17(1):
132-142.

[5] &, E0E, 24, 5 D FREHRF FEME A6 BT R -F 4L

Z W9 RHF Y ERAAR[T]. P EESFHEFLE, 2019, 36(4): 379-
383.
LI J, WANG H, WANG D, et al. Monte Carlo simulation of lateral
electron disequilibrium in different lung density phantoms after small-
field radiation[ J]. Chinese Journal of Medical Physics, 2019, 36(4):
379-383.

[6] ESBALLI A, DADGAR H, GHAREHAGHAIJI N, et al.A Monte Carlo
approach to lung dose calculation in small fields used in intensity
modulated radiation therapy and stereotactic body radiation therapy
[J].J Cancer Res Ther, 2014, 10(4): 896-902.

[7] GHAREHAGHAIJI N, DADGAR H A. Dosimetric verification of small
fields in the lung using lung-equivalent polymer gel and Monte Carlo
simulation[J]. J Cancer Res Ther, 2018, 14(2): 278-286.

[8] BEILLA S, YOUNES T, VIEILLEVIGNE L, et al. Monte Carlo dose
calculation in presence of low density media: application to lung
SBRT treated during DIBH[J]. Phys Med, 2017, 41: 46-52.

[9] YUICHI A, MASATERU F, KEITA O, et al. Characterization of a
microSilicon diode detector for small-field photon beam dosimetry[J].
J Radiat Res, 2020, 61(3): 410-418.

[10] E 0. AR5 Anik 209 R4 FH HABEX AL ARAT A 2 A [ D).

Sl F EAFHAKE, 2015,
WANG W. The key technologies and application of medical linear
accelerator and patient phantom modeling based on Monte Carlo
method[ D . Hefei: University of Science and Technology of China,
2015.

(1] Fifak, RE =, 2246, F . AL ik B Ef b g FRX THEK

JRAe ST B B T 69 MCAEM S i k4[], o B B 42 5
2 &, 2016, 33(6): 548-552.
YUE H Z, ZHANG Y B, LIU Z L, et al. Comparison between Monte
Carlo simulation and measurement of beam quality and output factor
with flattened and flattening filter-free of linear accelerator [J].
Chinese Journal of Medical Physics, 2016, 33(6): 548-552.

[12] 3k4r. Varian Trilogy FLZ& mik 55 6 MV X & L3 5 8 440 T A 4%
Py R FEAT D] 4R sk X 5, 2014,

ZHANG H. Monte Carlo study of dosimetric properties of flattening
filter free 6 MV X ray from Varian Trilogy linear accelerator[D].
Hengyang: University of South China, 2014.

[13] FENG Z, YUE H, ZHANG Y. et al. Monte Carlo simulation of beam

characteristics from small fields based on TrueBeam flattening-filter-



12 ,

- 1481 -

free mode[ J]. Radiat Oncol, 2016, 11: 30.

[14] POPPINGA D, DELFS B, MEYNERS J, et al. The output factor
correction as function of the photon beam field size-direct
measurement and calculation from the lateral dose response functions
of gas-filled and solid detectors[J]. Z Med Phys, 2018, 28(3): 224-
235.

[15] FUKATA K, SUGIMOTO S, KUROKAWA C, et al. Output factor
determination based on Monte Carlo simulation for small cone field
in 10-MV photon beam[J . Radiol Phys Technol, 2018, 11(2): 192-201.

[16] ANDREO P. Monte Carlo simulations in radiotherapy dosimetry[J].
Radiat Oncol, 2018, 13(1): 121.

[17] PARWAIE W, REFAHI S, ARDEKANI M A, et al. Different
dosimeters/detectors used in small-field dosimetry: pros and cons
[J].J Med Signals Sens, 2018, 8(3): 195-203.

[18] DOERNER E, CAPRILE P. Implementation of a double Gaussian
source model for the BEAMnrc Monte Carlo code and its influence
on small fields dose distributions[ J]. Appl Clin Med Phys, 2016, 17
(5): 212-221.

[19] ZOROS E, MOUTSATSOS A, PAPPAS E P, et al. Monte Carlo and
experimental determination of correction factors for gamma knife
perfexion small field dosimetry measurements[J]. Phys Med Biol,
2017, 62(18): 7532-7555.

[20] CZARNECKI D, ZINK K. Monte Carlo calculated correction factors
for diodes and ion chambers in small photon fields[ J]. Phys Med Biol,
2013, 58(8): 2431-2444.

[21] TYLER M, LIU P Z, CHAN K W, et al. Characterization of small-field
stereotactic radiosurgery beams with modern detectors[J]. Phys Med
Biol, 2013, 58(21): 7595-7608.

[22] PASQUINO M, CUTAIA C, RADICI L, et al. Dosimetric

characterization and behaviour in small X-ray fields of a

microchamber and a plastic scintillator detector [J]. Br J Radiol,

2017, 90(1069): 20160596.

Mg, B8R, BRA, 4 R T g ikt IR A 2 I AR T

RIS M 5 72 &, 2017, 26(9): 1077-1079.

CHEN N, ZHOU J L, QIU J, et al. A comparative study of

measurement of small field data and calculation based on Monte Carlo

method[ J . Chinese Journal of Radiation Oncology, 2017, 26(9): 1077-

1079.

(24] &, Wan s, RER, 5 R FIIRM B0 Z 4000 4 s B0k
AT, P Ak SR 5 4 &, 2017, 26(11): 1322-1326.

LIJ, YANG R J, ZHANG X L, et al. Comparison of different detectors
in output factor measurement for the CyberKnife system[J]. Chinese
Journal of Radiation Oncology, 2017, 26(11): 1322-1326.

[25] KAWAHARA D, OZAWA S, NAKASHIMA T, et al. Evaluation of
beam modeling for small ficlds using a flattening filter-free beam|[J].
Radiol Phys Technol, 2017, 10(1): 33-40.

[26] DIETERICH S, SHEROUSE G W. Experimental comparison of seven
commercial dosimetry diodes for measurement of stereotactic
radiosurgery cone factors[ J]. Med Phys, 2011, 38(7): 4166-4173.

[27] CRANMER-SARGISON G, WESTON S, EVANS J A. Monte Carlo
modelling of diode detectors for small field MV photon dosimetry:

—
(353
W

[l

detector model simplification and the sensitivity of correction factors
to source parameterization[J]. Phys Med Biol, 2012, 57(16): 5141-
5153.

[28] LECHNER W, PALMANS H, SOLKNER L, et al. Detector
comparison for small field output factor measurements in
flattening filter free photon beams|[J]. Radiother Oncol, 2013, 109
(3): 356-360.

[29] CIANCAGLIONI I, MARINELLI M, MILANI E, et al. Dosimetric
characterization of a synthetic single crystal diamond detector in
clinical radiation therapy small photon beams[ J]. Med Phys, 2012, 39
(7): 4493-4501.

[30] DE COSTA V, FRANCESCON P, MARINELLI M, et al. Is the PTW
60019 microDiamond a suitable candidate for small field reference
dosimetry?[J]. Phys Med Biol, 2017, 62(17): 7036-7055.

[31] MARINELLI M, PRESTOPINO G, VERONA C, et al. Experimental
determination of the PTW 60019 microDiamond dosimeter active area

and volume[J]. Med Phys, 2016, 43(9): 5205-5212.

[32] 25, EMA, LT, F. AL B L NFLEET R TN T4
AT (1], M F 5% & 2018(2): 9-12.

LUO C, FAN Y D, WANG H N, et al. Performance study of three
ionization Chambers in small field dosimetry measurements [J].
Measuring and Equipment, 2018(2): 9-12.

[33] REGGIORI G, MANCOSU P, SUCHOWERSKA N, et al.
Characterization of a new unshielded diode for small field dosimetry
under flattening filter free beams[J]. Phys Med, 2016, 32(2): 408-413.

[34] 902, B3 IR, 5. A TIAEA483 F4R445 NS5 ir b W 1
M F AN Ty k[ T]. P AR F 4 &, 2019, 28(6): 452-456.
LIM H, MA P, TIAN Y, et al. Small field output factor measurement
and correction method based on IAEA report No.483[J]. Chinese
Journal of Radiation Oncology, 2019, 28(6): 452-456.

[35] TANNY S, SPERLING N, PARSAI I. Correction factor measurements
for multiple detectors used in small field dosimetry on the Varian Edge
radiosurgery system|J]. Med Phys, 2015, 42(9): 5370-5376.

[36] CHENG J Y, NING H, ARORA B C, et al. Output factor comparison
of Monte Carlo and measurement for Varian TrueBeam 6 MV and 10
MV flattening filter-free stereotactic radiosurgery system[J]. J Appl
Clin Med Phys, 2016, 17(3): 100-110.

[37] CHARLES P H, CRANMER-SARGISON G, THWAITES D , et al.
A practical and theoretical definition of very small field size for
radiotherapy output factor measurements|[J]. Med Phys, 2014, 41(4):
041707.

[38] KRISHNA G S, SRINIVAS V, REDDY P Y. Clinical implications of
Eclipse analytical anisotropic algorithm and Acuros XB algorithm for
the treatment of lung cancer[ J]. J Med Phys, 2016, 41(4): 219-223.

[39] ik, AR, JLK . DI T MNP AT H F H ke iz
BRI P BIAREF & E, 2011, 21(10): 1161-1164.

YANG Z, JING J G, HU Y M. Comparison of photon dose algorithms
of lung under small fields[J]. China Journal of Modern Medicine,
2011, 21(10): 1161-1164.

[40] STATHAKIS S, ESQUIVEL C, QUINO LV, et al. Accuracy of the
small field dosimetry using the acuros XB dose calculation algorithm
within and beyond heterogeneous media for 6 MV photon beams[ J].
Int ] Med Phys Clin Eng Radiat Oncol, 2012, 3(1): 78-87.

[41] ALGHAMDI S, TAJALDEEN A. Evaluation of dose calculation
algorithms using different density materials for in-field and out-of-
field conditions[ J]. Exp Oncol, 2019, 41(1): 46-52.

[42] VANGVICHITH M, AUTRET D, TIPLICA T, et al. Comparison of
five dose calculation algorithms in a heterogeneous media using
design of experiment[ J]. Phys Med, 2019, 61: 103-111.

[43] FOGLIATA A, NICOLINI G, CLIVIO A, et al. Dosimetric evaluation
of Acuros XB advanced dose calculation algorithm in heterogeneous
medial J]. Radiat Oncol, 2011, 6: 82.

[44] SINGH N, PAINULY N K, CHAUDHARI L N, et al. Evaluation of
AAA and XVMC algorithms for dose calculation in lung equivalent
heterogeneity in photon fields: a comparison of calculated results with
measurements[ J]. ] Biomed Phys Eng, 2018, 8(3): 223-230.

[45] GETE E, DUZENLI C, MILETTE M P, et al. A Monte Carlo approach
to validation of FFF VMAT treatment plans for the TrueBeamlinac[J].
Med Phys, 2013, 40(2): 021707.

[46] BERGMAN A M, GETE E, DUZENLI C, et al. Monte Carlo modeling
of HD120 multi leaf collimator on Varian TrueBeam linear accelerator
for verification of 6X and 6X FFF VMAT SABR treatment plans[J].
J Appl Clin Med Phys, 2014, 15(3): 4686.

[47] OJALAJ J, KAPANEN M K, HYODYNMAA 8 J, et al. Performance
of dose calculation algorithms from three generations in lung SBRT:
comparison with full Monte Carlo-based dose distributions[J]. J Appl
Clin Med Phys, 2014, 15(2): 4662.

[48] KAWAI D, TAKAHASHI R, KAMIMA T, et al. Variation of the
prescription dose using the analytical anisotropicalgorithm in lung
stereotactic body radiation therapy[J]. Phys Med, 2017, 38: 98-104.

[49] FOGLIATA A, COZZI L. Dose calculation algorithm accuracy for
small fields in non-homogeneous media: the lung SBRT case[ J . Phys
Med, 2017, 44: 157-162.



