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INDEPENDENT DOSE CALCULATION FOR DYNAMIC ARC
TREATMENTS DELIVERED WITH MICROMULTILEAF COLLIMATOR*

Juan Fernando Delgado’, André Mozart Miranda Vieira?, José Carlos Cruz®, Laura Natal
Rodrigues*

OBJECTIVE: In treatment techniques such as dynamic arc, the manual verification of treatment planning
system calculations is very difficult. In these cases, the use of computational tools is useful and becomes an
essential component of the quality assurance program. MATERIALS AND METHODS: A worksheet-based
software has been created to perform an independent dose or monitor unit calculation in treatments applying
the dynamic arc technique delivered with micromultileaf collimator. The dose values calculated per arc and
per complete treatment, are compared with values obtained from BrainScan v5.3 treatment planning sys-
tem. The software has been tested with 229 dynamic arc fields representing 42 skull treatments. From these
229 fields, 109 have been calculated in 3D reconstruction of patients CT images, 109 in reconstruction of
polymethylmetacrylate phantom images, and 21 in reconstruction of images from a water equivalent phan-
tom. RESULTS: The mean difference of total doses found in the 42 treatments (composites of one or more
dynamic arcs), between the verification software and the treatment planning system, was of +1.73% with
a 0.76% standard deviation. The maximum difference was 3.32% and the minimum -0.20%. When the
229 dynamic arcs were tested one by one, the average difference found was 1.61% with a 1.04% standard
deviation. Maximum and minimum differences were, respectively 4.01% and -2.04%. As a result of the
test, in 80.35% the doses calculated have presented a + 2.5% difference in relation to the doses generated
by the planning system. CONCLUSION: The software presented in this study is recommended for checking
point dose included in treatment plans as an integral part of the process of quality assurance in radiotherapy
and stereotactic radiosurgery when the dynamic arc technique is utilized in treatment with micromultileaf
collimator, where a manual calculation is very difficult or even impracticable due the technique complexity.
Keywords: Radiotherapy; Stereotactic radiosurgery; Linac; Quality assurance in radiotherapy; Monitor unit
calculation; Micromultileaf collimator.

Caélculo independente de dose para tratamentos de arco dindmico com colimador micromultilédminas.
OBJETIVO: Em técnicas de tratamento como o arco dindmico, a verificacdo manual dos calculos do sistema
de planejamento é muito dificil. Assim, a utilizacdo de ferramentas computacionais é de utilidade e torna-se
componente essencial do programa de controle de qualidade. MATERIAIS E METODOS: Foi criado um pro-
grama computacional de tipo planilha eletronica para realizar célculo independente da dose, ou equivalente
das unidades monitoras, nos tratamentos realizados pela técnica de arco dindmico com micromultilaminas.
Os valores de dose calculados, por arco e por tratamento completo, foram comparados aos valores obtidos
do sistema de planejamento BrainScan v5.3. O programa desenvolvido foi testado com 229 campos de arco
dindamico que representam 42 tratamentos de cranio. Desses, 109 campos foram calculados em reconstru-
cao tridimensional feita a partir das imagens de tomografia dos pacientes, 109 na reconstrucdo de um ob-
jeto simulador de polimetilmetacrilato e 21 na de um objeto simulador sélido equivalente a agua. RESULTA-
DOS: A diferenca média de doses totais encontrada nos 42 tratamentos (compostos de um ou mais arcos
dindmicos), entre o programa de verificacdo e o sistema de planejamento, foi de +1,73%, com desvio-pa-
drdo de 0,76%. A diferenca maxima encontrada foi de 3,32% e a minima, de -0,20%. No caso dos 229
arcos testados um a um, a diferenca média encontrada foi de 1,61%, com desvio-padrdo de 1,04%. Os
valores maximos e minimos das diferencas foram de 4,01% e -2,04%, respectivamente. Em 80,35% dos
arcos testados, as doses calculadas acham-se na faixa de + 2,5% de diferenca com relacéo as doses gera-
das pelo sistema de planejamento. CONCLUSAO: O programa apresentado é recomendado para a verifica-
cédo da dose pontual dos planos de tratamento, como parte do procedimento de garantia de qualidade em
radioterapia e radiocirurgia estereotaxica quando se utiliza a técnica de arco dinamico por meio de um colimador
micromultilaminas, nos quais um calculo manual é muito dificil ou inviavel, pela complexidade da técnica.
Unitermos: Radioterapia; Radiocirurgia estereotéxica; Acelerador linear; Controle de qualidade em radiote-
rapia; Calculo de unidades monitoras; Colimador micromultilaminas.
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INTRODUCTION

A program of quality control in exter-
nal beam radiotherapy should check the
monitor unitsindependently from the plan-
ning system calculation. In cases where
conventional treatment techniques are uti-
lized, this verification may be manually
performed in avery simple way.

With new treatment techniques like in-
tensity-modulated  radiation  therapy
(IMRT) and dynamic arc, the point dose
calculation and the dose distribution in the
treatment planning are extremely complex
so the manual verification is very difficult
or even unfeasible. In these cases, compu-
tational tools play an important role in the
verification and, together with the absolute
dose measurement, become an essential
element in the program of quality control
for the above mentioned techniques. Each
conformational dynamic arc treatment car-
ries a significant number of segments
which should be checked, since, the plan-
ning system generates a segment at each
10° of thearc. Usually, atreatment includes
several arcs.

One of thetreatment techniquesfor ste-
reotactic surgery isthe dynamic arc modal-
ity. The principle of this technique is the
target-volume conformation releasing a
high dose on it, and preserving the sur-
rounding healthy tissues. During the treat-
ment delivery, theaccel erator gantry rotates
forming an arc and the field shape formed
by the dynamic micromultileaf collimator
(mMLC) changes continuously.

This technique presents advantages in
relation to other dose conformation tech-
niques, provided theimplementation, diag-
nosis, planning, quality control and treat-
ment are rigorously performed.

Thisstudy presentsthe resultsachieved
by means of a worksheet-type software
developed as a quality control and verifi-
cation tool at Hospital Israelita Albert
Einstein. The algorithm utilized in the de-
velopment of the software allows the cal-
culation of monitor units or absorbed-dose
in dynamic arc treatments.

MATERIALSAND METHODS

The eguipment utilized in radiotherapy
treatments and radiosurgery with dynamic
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arc in Hospital Israelita Albert Einstein
Radiotherapy Department isa Clinac 600C
accelerator (Varian Medical Systems; Palo
Alto, Califérnia, EUA) coupled with a
MMLC system model m; (BrainLAB, AG;
Heimstetten, Germany). The system hasthe
capacity to produce conformed fields, in-
tensity-modulated fields in dynamic and
static modes, and dynamic rotationa
therapy, also known as dynamic arc treat-
ment®.

Brainscan v. 5.3 (BranLAB, AG;
Heimstetten, Germany) isthe planning sys-
tem employed to generate the treatments.
The calculation is accomplished in some
stages. the geometric definition of the arc
projections, the optimization considering
the leaves physical characteristics and, fi-
nally, the contribution of the transmission
through the mMLC. The direct calculation
of the dose distribution is based on the
strictly collimated beam agorithm (“pen-
cil beam”)®¥ and utilizes correction for
heterogeneity.

Once the planning of the dynamic arc
treatment is completed, it is reviewed and
discussed between radiotherapist and
physicist for approval. After approval, the
treatment plan data are forwarded through
the register and verification network to the
linear accelerator control.

At thismoment the tasks of quality con-
trol of the treatment plan selected should
be developed. The planning system allows
the plan to be exported to a phantom on
which it is possible to perform absolute
dose measurements with an ionization
chamber, and dose distribution measure-
ments with a dosimetry verification film.
Then, the treatment data for each arc, such
as initial and final gantry angles, table
angle, isocenter points, mMMLC configura-
tions, monitor dose and units are verified.
The determination of absolute dose should
be based on the plan generated in the phan-
tom, in compliance with protocols for de-
termination of absorbed dose*®.

Other important stage of the quality
control program, is the verification of
monitor units calculated by the planning
system®9), A worksheet-type software has
been developed to facilitate the monitor
units calculation that, differently from the
conventional radiotherapy techniques, can-
not be performed in a direct and intuitive

way. Theinitial ideais checking the calcu-
lation with few entry data?.

In the process of monitor unitsverifica-
tion, the software depends on some param-
etersto calculate the dose estimated by the
planning system in the normalization point.
The following parameters are utilized:

—thefileswith the mMLC leaves posi-
tions for each arc, divided into segments
separated by a gantry angle of 10°, trans-
ferred by the planning system;

— the mean water-equivalent depth of
the normalization point for each arc;

— the monitor units (or dose) in the fi-
nal report of the plan selected.

In Figure 1, there is an example of a
screen displaying a text file (.txt) trans-
ferred by the planning system, including
the number of segments and the leaves
positions for each treatment field segment.

With these three data sets, the software
calculates the equivalent square of each
segment of the treatment arcs utilizing the
Sterling ratio™. With the equivalent depth
of each arc, the software determines the
values of maximum tissue ratio, scattering
factorsand off-axisratios, with basison the
values obtained in the equipment commis-
sioning?13),

For the purpose of determining the off-
axis ratios for each segment, the gravita-
tional coordinates must be calculated as
follows:

fxydx
Xg = XQQ @
j ydx
%]Zyzdx
Vg =— 2
J.ydx

The total number of monitor units for
each dynamic arc is equally distributed
among the arc segments. The contribution
of each arc segment (con;), on the pre-
scribed dose at the normalization point (on
the central axis) isdefined according to the
degree of the normalization point coverage
by the leaves. If the distance from the nor-
malization point to the edge nearest the
leavesis> 0.5 cm, theuncovered field con-
tribution is maximum (con, = 1.0). For the
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File Edit Format View Help
File Rev = G
Treatment = Dynamic Arc
LAST Name =

First Name =
Patient ID =
nNumber of Fields = 11
Number of Leaves = 52M
Tolerance = 0.50
Field -« BAN) I0LAQ2 G170
Index = 170.0
Carriage Group = 1
operator =
Ccollimator = 270.0
Leaf 1A = =-4.90
Leaf 2A = -4.90
Leaf 3A = =4.90
Leaf 4A = -4.60
Leaf 5A = -4.90
Leaf 6A = =4,.90
Leaf 7A = -4,.90
Leaf 8A = -4.90
Leaf oOa = 0.46
Leaf 10A = 1.01
Leaf 11A = 1.26
Leaf 12aA = 1.40
Leaf 13A = 1.48
Leaf 14A = 1.50
Leaf 15A = 1.48
Leaf 16Aa = 1.29
Leaf 17A = 1.05
Leaf 18A = 0.74
Leaf 194 = -4.90
Leaf 20A = =4,90
Leaf 21A = =-4.90
Leaf 22A = -=4.90
Leaf 23a = -4.90
Leaf 24A = =4,90
Leaf 25A = -4.90
Leaf 26A = -4.90
Leaf 1B = 4,90
Leaf 2B = 4,90
Leaf 3B = 4.90
Leaf 4B = 4.%90
Leaf 5B = 4,90
Leaf 6B = 4.90
Leaf 7B = 4.60
Leaf 8B = 4.90
Leaf 9B = 0.77
Leaf 10B = 1.15
Leaf 118 = 1.37
Leaf 12B = 1.44
Leaf 13B = 1.46
Leaf 14B = 1.45
Leaf 156 = 1.41
Leaf 168 = 1217
Leaf 178 = 0. 85
Leaf 188 = 0.27
Leaf 198 = 4.90
Leaf 20B = 4,90
Leaf 21B = 4.90
Leaf 228 = 4.90
Leaf 23B = 4.90
Leaf 24B = 4.90
Leaf 25B = 4.%0
Leaf 268 = 4,90
NOTEe = 0

Shape = 0
Magnification = 4.0
Field = BAN) I01A402 G160
Index = 160.0

Figure 1. Screen displaying a text file exported by
the planning system including the positions of
leaves for an arc segment.
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points covered by the leavesin at least 0.5
cm, the contribution is that determined by
the multileaf system transmission resulted
from the system commissioning®. When
the normalization point is between the
points previously described, localized at
0.5 from the leaves edges and covered up
to 0.5 cm, the algorithm determines the
contribution by linear interpolation, de-
pending on the normalization point posi-
tion in relation to the leaves.

So, the monitor units of each segment
are determined as follows:

UM; = UMgp X w; X con; 3

where UM g, are monitor units calculated
by the planning system and UM, are moni-
tor units of each segment.

The dose whereby each segment con-
tributesto the normalization point is calcu-
|ated as follows:

D, = UM,x TMR;x S, ,x OAR, (4)

cp,i

where D; isthe dose of each segment; UM;
are monitor units of each segment; TMR,
is the maximum tissue ratio at the equiva
lent depth for each segment;, S ;isthetotal
scattering factor for the equivalent field of
the segment being calculated.. OAR; isthe
off-axis ratio from the position of the seg-
ment gravitation point.

Thetotal arc doseisobtained by thesum
of segments contributions:

DAD—VER = ZD:' ®)
j

The doses calculated by the software
(Dap.ver) have been compared with the
doses calculated by the planning system

(Dap-sp):

DAD—VER - DAD—SF’ %100 (6)

AD-SP

%dif =

Also, results were compared with basis
on the total doses in different treatments.
In these cases, the differences between the
treatment dose generated by the verifica-
tion (DroraL.ver) @Nd the total dose calcu-
lated by the planning system (D;gra -sp)
have been found as follows:

%dlf — DTOTAL—VER B DTOTAL—SP % 1 00 (7)
TOTAL-SP

All of the fields tested have been com-

pared with the respective planning system

calculations. In some cases, the calcula-

tions have been based on patients CT im-
ages (Dap.verpac), iN other, the calcula-
tions have been based on CT images of a
solid water-equivalent phantom (Solid
Water® — SW), the doses being calculated
by the system (D pp.yer.gw) @nd, findly, the
cases where a polymethylmetacrylate
(PMMA) phantom (Dp.yver-puma), thelat-
est being developed just to test dynamic arc
and intensity-modul ated fields, simulating
a skull. In all the cases included in the
present study, the material-density correc-
tion factor inherent in the planning system
has been utilized.

Asalready described, each treatment arc
presents a certain number of segments,
depending on the arc amplitude. In the
present study, the highest number of seg-
ments per arc utilized in calculations was
13, and the lowest was seven segments,
corresponding respectively to 120° and 60°
arcs.

Figure 2 shows a screen displaying the
results of the worksheet with an example
of a nine-segment arc calculation.

RESULTS

The software has been tested with 229
dynamic arc beams with the above men-
tioned agorithm. These 229 beams corre-
spond to 42 skull treatments. Of these 229
fields, 109 have been calculated inthe plan-
ning system on patients CT images, 109in
polymethylmetacrylate (PMMA) phantom
images, and 21 in a solid water-equivalent
(SW) phantom.

The difference found in total doses of
the 42 dynamic arc treatments between the
verification software and the planning sys-
tem was +1, 73%, with 0.76% standard
deviation. The maximum difference found
was 3.32% and the minimum,—020%. The
results are shown in Figure 3.

For the 229 arcs, the mean difference
found was 1.61%, with a 1.04% standard
deviation. These results are shown in Fig-
ure 4. The maximum and minimum differ-
enceswere respectively 4.01% and —2.04%.

The 229 arcs have been analyzed ac-
cording to the medium where the planning
system calculations were performed (pa-
tients CT images, PMMA phantom or SW
phantom). Results are shown in Figures 5,
6 and 7, and Table 1.
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result. For amore accurate calculation, the
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i) [T 4% 3% kY] U5 1

AP o5 G oa o5 Qe s | rether thanthe mean segments depth. How-
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o e |i (oo fuew fowec fewa [use | Plied by the trestment report and can be
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oI ) R [ s i | i | = Another reason for differences is that

- 2 2 L a 3 o " | theverification softwarealgorithm consid-
ers the calculation medium as a homoge-

Figure 2. Screen displaying results of calculations for eight segments forming a treatment field.

From the total of cases, 80.35% of
beams were in the range of + 2.5% differ-
ence related to the doses calculated by the
planning system. The values found in the
present study are similar to those found in
studies published in the literature by
Linthout®™ and Linthout et al.®®,

DISCUSSION

A reason for deviations found in the
present study is the utilization of asingle
mean depth (called “equivalent depth” by
the planning system) for all the segments
of a same arc, generating an approximate

neous medium, without heterogeneities
(bones, air cavities, etc.), notwithstanding
resolving the problem with the utilization
of the equivalent depth.

The algorithm utilized permits the
method to be extrapolated to IMRT fields,
since the calculation of these fields in the
planning system is performed by means of
the strictly collimated beam agorithm®),
For this purpose, it should be taken into

8.00
8.00 i
600 4 o + . -
o Cepit, B gl 3 o] St g8 3
D& 2 5 1§.1 . 1T Il : SE, Py ¢
bt gyt g § i N B RS T, X RS
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NUMBER OF TREATMENTS FIELDS WITH DYNAMIC ARC

Figure 3. Comparison between total dose values cal

tion software and the values calculated by the planning system for the 42 skull

culated by the verifica-

Figure 4. Comparison between the doses calculated by the verification soft-
ware and by the planning system for the 229 tested arcs.

treatments.
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FIELDS WITH DYNAMIC ARC FIELDS WITH DYNAMIC ARC

Figure 5. Comparison between doses calculated and those planned on pa-

tients CT images.
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Figure 6. Comparison between doses calculates and those planned on the
PMMA phantom.
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Table 1 Comparison between results of the calculations performed by the verification software and by

the planning system in different mediums.

Mean Standard Maximum Minimum Number of fields
Medium difference deviation percentage percentage tested
Paciente 1.32 0.97 4.00 -2.04 104
PMMA 1.92 1.00 3.71 -1.59 104
SW 1.55 1.22 4.01 -1.32 21

PMMA, polymethylmetacrylate; SW, solid-water.

considerationthat in IMRT fields, thenum-
ber of segments per treatment field is
higher, and that many of these segments
will contribute to the total dose due only to
the leaves transmission.

CONCLUSIONS

The verification software developed is
an useful tool in dynamic arc treatment
quality control programs utilizing the
BrainLab system and with fields shaping
by BrainScan strictly collimated beam al-
gorithm.

The use of the software described inthe
present study is recommended for radio-
therapy services which utilize this type of
equipment/technique, since it adds a
method for checking data resulting from
the planning system calculations for dy-

Radiol Bras 2006;39(5):355-359

namic arc treatments. In 80.35% of tested
arcsthe doses calculated were in the range
of £ 2.5% difference related to the doses
calculated by the planning system.

This algorithm can be implemented in
services of Radiotherapy which utilize the
MMLC system BrainLab m;, provided the
dosimetry data of the equipment are en-
tered together with the val ues of beam pen-
umbraand lesf transmission obtained inthe
equipment commissioning.
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