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ABSTRACT
In Intensity Modulated Radiotherapy (IMRT), radiation is delivered in a multiple of Multileaf Collimator (MLC)
subfields. A subfield with a small leaf-to-leaf opening is highly sensitive to a leaf-positional error. We introduce a
method of identifying and rejecting IMRT plans that are highly sensitive to a systematic MLC gap error (sensitivity to
possible random leaf-positional errors is not addressed here). There are two sources of a systematic MLC gap error:
Centerline Mechanical Offset (CMO) and, in the case of a rounded end MLC, Radiation Field Offset (RFO). In IMRT
planning system, using an incorrect value of RFO introduces a systematic error ARFO that results in all leaf-to-leaf gaps
that are either too large or too small by (2 - ARFO), whereas assuming that CMO is zero introduces systematic error

ACMO that results in all gaps that are too large by ACMO = CMO.
We introduce a concept of the Average Leaf Pair Opening (ALPO) that can be calculated from a dynamic MLC
delivery file. We derive an analytic formula for a fractional average fluence error resulting from a systematic gap error

of Ax and show that it is inversely proportional to ALPO; explicitly it is equal to , in which
ALPO+2-RFO+¢

& is generally of the order of 1 mm and Ax=2-ARFO+CMO. This analytic relationship is verified with independent
numerical calculations.
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1. INTRODUCTION

In Intensity Modulated Radiotherapy (IMRT), radiation is delivered in a multiple of Multileaf Collimator (MLC)
subfields'®. Subfields with a small leaf-to-leaf opening are highly sensitive to a MLC leaf-positional error’”.
LoSasso® noted that for a 1 cm sweeping window dynamic MLC delivery, a systematic 1 mm leaf-to-leaf gap error to all
leaf pairs will result in about 10% fluence error. Further, Chui et al.” have proposed several film and ion chamber tests
to ensure a Imm precision in leaf positions. ’

There are two sources of a systematic MLC gap error Ax : neglecting Centerline Mechanical Offset (CMO)'°, and
imprecise determination of Radiation Field Offset (RFO) in the case of a rounded end MLC*'""™, By a systematic
error, we mean an error of constant value to all leaves at every leaf position. Random leaf-positional errors are not
addressed in our analysis. CMO is used to prevent leaf-to-leaf collision at zero gap opening. For example for CMO =
0.5 mm and digital leaf-to-leaf separation encoded at 1 cm, the true light field size at Source to Axial Distance (SAD)
will be 1.05 cm'®. RFO is used by a treatment planning system to compensate for the penetration of radiation into
rounded leaf ends, e.g., with RFO = 1 mm, to create a radiation field of 1 cm at SAD, leaves must receive instruction to
create a geometrical field of (10-2-1) mm = 8 mm at SAD*""",

In IMRT planning system, using an incorrect value of RFO introduces a systematic error ARFO that results in all
leaf-to-leaf gaps that are either too large or too small by (2 - ARFO), whereas assuming that CMO is zero introduces
systematic error ACMO that results in all gaps that are too large by ACMO = CMO. Thus the total systematic error
becomes Ax=2 - ARFO + CMO. A new feature of calibrating an MLC for its use in IMRT is to determine the beam
energy dependent RFO value, and to verify that dosimetry for IMRT plans is accurate for the RFO and non-zero CMO
values that are used. For a brief outline of the MLC calibration procedure the reader is referred to Klein '°. Kung
and Chen'® have studied dose perturbations in IMRT plans resulting from these systematic gap errors. The magnitude
of dose perturbation to a target volume per mm of a systematic gap error was found to vary from one IMRT plan to
another; they introduced a method of calculating Equivalent Monitor Unit Error (EMUE) resulting from a dynamic
MLC delivery with a systematic gap error. The EMUE was used to estimate dose error to a target volume and to
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identify and reject IMRT plans (e.g., dynamic MLC delivery) that were highly sensitive to a systematic gap error. In
this technical note, we introduce a simpler concept of an Average Leaf Pair Opening (ALPO) as a counterpart to the
EMUE calculation. The utility of ALPO is as follows. A value of ALPO can be calculated from a dynamic MLC file of
an IMRT plan. We prove that fractional average fluence error from a systematic gap eror of Ax is

Ax/ (ALPO +2-RFO +6‘) where & is of the order of 1 mm. As an example, for Ax =1 mm , ALPO=1c¢m,

RFO=1mm, £&=1mm fluence error is 6 %.
Several authors have quoted different values of RFO for 6 MV Varan rounded end MLC, ie.,

RFO =(0.2 - 0.95) mm*""""*. With the concept of ALPO, we address the problem of discrepancies in quoted
values of RFO by different institutions. Further we answer the question of what would be a dosimetric consequence of
switching from one RFO value to another. We propose that ALPO can be used to identify and to reject a dynamic MLC
delivery that is highly sensitive to a systematic MLC gap error.

The layout of the technical note is as follows. The concept of ALPO is introduced in Sec. II A. Numerical and
analytical methods of calculating a fractional fluence error from a systematic gap error of Ax are explained in Sec. II
B & C and Sec. II D, respectively. The numerical simulation results are used as benchmark values to verify the
analytic relationship between a fractional fluence error and ALPO. In Sec. Il E & F, we describe two tests comparing
the analytic and numerical calculations; the results are given in Sec. IIl A& B. In this note, we use the term dynamic
MLC to mean both step & shoot and sliding window delivery techniques.

2. MATERIALS AND METHODS
2.1. The concept of Average Leaf Pair Opening (ALPO)
Let us consider a dynamic MLC file of an IMRT plan. We define a quantity of Average Leaf Pair Openings
(ALPO) of a dynamic MLC as

ZlexR - x|, AMU

. _ AMU,
s,j=0pen pairs

ALPO = M

where s= MLC subfield index, j = leaf pair index, AMU; = Monitor Units delivered in the subfield (s),

Xp(X,)= right (left) leaf positions at SAD in Beam’s Eye View (BEV).

In Eq. (1), the sum is over all subfields (s) and over all leaf pairs with a non-zero leaf-to-leaf opening. As an
example, consider a limiting case of a step and shoot dynamic MLC delivery that has only one segment delivered with
2MU (Fig. 1(a)). Then from Eq. (1),

2cin-2MU + 5cm -2MU +2cm - 2MU) _

2MU +2MU +2MU

A slightly more realistic example is a step and shoot dynamic MLC delivery with two segments of 2 MU and 6 MU
(Fig. 1(a) & 1(b)). Here ALPO is

(2:2+5-2+2-2)em-MU+(1-6+3-6+1-6)em- MU _
Q@+2+2)MU+(6+6 +6)MU

The definition of ALPO in Eq. (1) uses geometrical leaf positions taken from a dynamic MLC file. As mentioned
in the introduction, for a rounded-end MLC effective radiation field sizes along the leaf-to-leaf direction are larger than
the corresponding geometrical sizes at SAD by 2-RF(O. We could have as well introduced a concept of Average
Leaf Pair Opening using radiation field sizes, which would have differed from Eq. (1) by 2 - RFQO.

For a sliding window dynamic MLC delivery, in which leaves move while radiation is on, the discrete sum in Eq.
(1) can be evaluated if a continuous leaf motion is approximated by multiple of static leaf positions. An exact and
numerically simpler method of evaluating sum in Eq. (1) for a sliding window dynamic MLC can be understood with
the aid of Figure 1(c), which shows trajectories of a single leaf pair. The numerator of Eq. (1) is then recognized as a
sum of “area” generated by leaf pair trajectories in the phase space of leaf coordinates and monitor units (x-MU space).
The denominator is recognized as a sum of fractional MU during which a leaf pair was open.

We wrote programs in Interactive Data Language (IDL), (RSI Inc) to calculate ALPO. The input to the program
are the leaf positions from a dynamic (sliding window) MLC file (Varian format) of an IMRT plan.

ALPO = 3cem @)

ALPO = 2 cm 3)
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Figure 1. (a) A dynamic MLC subfield delivered with 2 MU. (b) A dynamic MLC subfield delivered with 6 MU. (c) An example
of a sliding window dynamic MLC trajectories for a leaf pair.
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2.2. Definition and numerical calculation of average fluence (CD)G( PIV)
Let (D(x, y) denote a fluence in Monitor Units (Fig. 2a) in air; x and y are coordinates in BEV. For step and

shoot dynamic MLC, CD(x, y) can be numerically calculated by ray tracing and Monitor Units projecting method'®.
We will restrict ourselves to the Varian type of dynamic MLC in which jaws are fixed during leaf motions, e.g.,
collimator scatter factor is constant. For each static subfield, we ray trace each subfield’s aperture area and project the
MU of a corresponding subfield onto a grid.  For regions inside the jaws but blocked by the MLC, we include 1.5%
of MU of the subfield as a transmission fluence. In the ray tracing, because of the RFO, all radiation field sizes along
the leaf end direction are larger than the corresponding digital leaf positions of dynamic MLC by the value of RFO.

An average fluence over BEV’s planning target volume’s (PTV) cross sectional area O'(PT V) is

'[(D(x, yYixdy
((I))U(PTV) = ﬂm.gxafy_ )

o(PTV)

For a sliding window dynamic MLC delivery, the above method can again be made to work without any change if
continuous leaf motions are approximated by a multiple of static leaf positions. However, as stated before, there exists
an alternate and numerically simpler method, which is equivalent to ray tracing and projection method. This alternate
method can be understood with the aid of Figure 2(b). At each point of (D(x, y) grid, we calculate fractional
Monitor Units for which a leaf pair was opened at (x,y). The contribution from a transmission fluence is again
calculated as 1.5% of fractional Monitor Units for which a leaf pair was closed at (x,y). As in the case of step and shoot
dynamic MLC, the effect of RFO is to make all radiation field sizes larger than the corresponding light field sizes by
2-RFO. For a sliding window dynamic MLC, a leaf opening can take almost any value from several cm to zero cm.
Therefore, we arbitrarily used a criterion of 1 mm in deciding whether a leaf pair was opened or closed, and only to
those open leaf pairs were radiation fields sizes made larger than the corresponding light fields by 2-RFO.

(&DAX)U!PZZZ

(Doipm)
If there is a systematic MLC gap error of Ax, either from using a non-zero CMO or inaccurate RFO value, then
there will be an error to leaf coordinates, i.e.,
Xp=Xp+Ax/2
X, =x, —Ax/2 ©)
Ax =CMO +2 - ARFO, where ARFOQs an error in RFO value used in a treatment planning system. In Eq. (5),

we have assumed that the gap error is symmetric for both right and left leaves, but as it will become clear this
assumption does not effect the calculation of average fluence error.

Let O Ax(x’ y) denote a composite fluence in air if there is a systematic gap error of Ax. The numerical

2.3. Definition and numerical calculation of fractional fluence error

calculation of @ Ax(x, y) is identical to calculation of q)(x, y) except that in ray tracing leaf position, besides the
RFO offset, there is an additional offset given by Eq. (5). Then
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[ @, (x.y)dxdy
o (PTV
((I)Ax>o(PTV)E ( )dedy ©

o(PTV)

We define an average fluence error (&D Ax> PTY) in air from a systematic gap error of AX by
(o)

(M)AX>0( PTV) = <q)Ax>G(p7V) - <q)>a(PTV) (7

A fractional average fluence error in air, for an individual IMRT field, can be calculated by (&I)Ax)qpm .

((D)a(PTV)
] : (&)AX) PTV . . .,
We wrote programs in IDL to numerically calculate~——=2"C*) ' The input to the program is the leaf positions

(D>0'(PTV)
from a dynamic (sliding window) MLC file of an IMRT plan. We used MLC transmission T=1.5%, and RFO = 0.75
mm for a 6 MV Varian 26 leaf pair MLC.
The fluence d)(x, y) grid size was | mm along the direction of leaf motion direction and 1 cm for the leaf width.
For the numerical study, we used Ax = 1 mm. For a step and shoot dynamic MLC, the effect of a gap error is to
concentrate fluence errors only along leaf end positions, which are static. Therefore, the grid size along the leaf

motion direction must be finer than the dimension of gap error AX under investigation. This restriction does not
apply if a numerical calculation of d)(x , y) for sliding widow dynamic MLC is calculated with the method illustrated
in (Fig. 2(b)). This is because for a sliding window dynamic MLC, a change in gap essentially changes only the length
of time over which a leaf pair is opened at (x, y).
(@) (b)
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Figure 2. (a) A schematic of numerical calcylatiop of (I)(x ,y) from a step and shoot dynamic MLC file. (b) A schematic of
numerical method of calculating ®(x, yS for a sliding window dynamic MLC file.

X
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2.4. Analytic calculation of fractional average fluence error———2("T) an( its relations to ALPO and AXx
o(PTV)

We would like to evaluate the expression for ((I)> o (PTV) (Eq. 4) analytically. We will give the derivation for step
and shot dynamic MLC, but the result is also valid for sliding window dynamic MLC. The derivation will be in three
steps with each step of increasing complexity.

(i) T=0,RFO=0

Let us first consider a simpler case of zero MLC transmission (i.e., T = 0) and RFO = 0. Notice from Fig. 2(a),

(D) o (prv)€an be written as

jd)rzo’RF0=0(x,yﬂxdy ZAMUX A,
(‘DT=O,RFO=0> _ o(PTV) — s

o(PTV) o (PTV) ~ o(PTV) )
ZIxR—xLI AMU, - w

s.J s, j

o(PTV)
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where Ag, is area of MLC subfield with index (s), and AMUj{ is the number of monitor units delivered in MLC

subfield (s). We have substituted As = Z|xR -X Ll w, where lXR -X LI 5, is the leaf-to-leaf opening at SAD for
J 5,

leaf pair (j) in subfield (s), and W is the width leaf at SAD (e.g., 1 cm leaf width).

Eq. ( 8) allows for analytic development. Now, if there is a systematic MLC gap error of Ax, then by Eq. (5),

Y |xg—x, +Ax] AMU;-w

@ T0.RFO=0 _ S s,
Ax

otrmv) o(PTV) 9)

=0, RFO= w- Ax
= (q)T 0, RFO O)U(PTV) + O.(PTV) ZAMUS

$,j=openpair
And therefore from definition of ALPO Egs. (1) and (7),
=0, =0 T=0,RFO=0 _ T=0,RFO=0
(6(1)1:0 o )o(PTV) _ (q)“ ) S (PTV) ((I) )a(PTV) - Ax- Zs, Jj=open pairs AMU; _ Ax (10)
T=0,RFO=0 T=0,RFO=0
(o )G(Pm (@ >o(m) 2, Mo —xl, ,AMU, ~ ALPO

(i) T=0, RFO#0
Now, let us include the effect from RFO. With a non-zero RFO value for a rounded end MLC, all radiation field
sizes along leaf end directions are larger by 2-RFO,i.e.,

lxR _xL|s,j —’lxR_xLls,j‘Lz'RFO (11)
Therefore,
Yxe— x| AMUw S REO
o = L + = id AMU 12
(™ ety o(PTV) STy ., 2 MU e
7=0 T-0 w-Ax
((DAX )g(PTV) = (q) >o-(PTV) + o (PTV) s,j=§'n£i{wUs (12b)
It is straightforward to show from Eqgs. (7) and (12) that
T=0
(6(1)Ax >0'(PTV) _ Ax (13)

(q>T=°)G(Pm " ALPO+2-RFO

(i) T#0, RFO#0
Now let us include non-zero MLC transmission T. There is a simple algebraic relationship between primary
ﬂuence,(DT_o(x ,y), and total fluence, (I)(x R y). The total fluence included fluence from MLC transmission. From

Figure 3,
O(x,y)= O"°(x,y) + T-(MU,,,, — ©"~(x,))
=(1-T)-®"°(x,y)+T-MU,

total

(14)

Where MU, ,, is the total MU required to deliver the dynamic MLC field, e.g., MU, = ZAM U,. And

therefore using Eq. (12),
(q>)o-(prv) = (1 - T) <(DT=O )G(pTV) +T- MUtoral (15a)
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w- Ax
_— AMU, 15b
O-(P T V) s, j=§e;npair y ( )

Again it is straightforward to demonstrate from Eqgs. (12) and (15) that

<5q)Ax>o-(PTV) _ Ax

(cDAx)a(m/) ={®), ¢y + 1 - T)-

(16)
(qa) ALPO+2-RFO+¢
o(PTV)
in which & can be expressed as
e T O'(PTV) MU,o_m, a7

1-T w Zs,j =open pairs AMUS

Notice that even though in the derivation we assumed step and shoot dynamic MLC, the final results (Eqs. (16) and
(17)) are general and valid for sliding window dynamic MLC. & is generally of the order of 1 mm. The magnitude

of & can be estimated as follows. Notice that Z AMU =MU, ,. Therefore,
5
M ljloml ZS AMUS = ZS AMUS
ZSJ wopca pais AMU, zs’j wopen pains AMU, Zs(number of open leaf pairs in subfield )MU, (18)

1
- average number of open leaf pairs for DMLC field

For example, if o(PT V) =10x10 em’ , w=1cm, T= 2%, and approximating average number of open leaf
pairs to irradiate a 10 x 10cm” field to be 10, we get £ =2 mm. Similarly, for o(PT V)=5x5 cm’, and
approximating the average number of open leaf pairs to irradiate 5% 5 cm’® tobe s, we get € =1mm.

s _ ro A
MLC Tansmisssion fluence =Te mezatal - 0™ (xy) J

MU 4 \\ MiXtotal)
\

/mT.B(x’y)
X

Figure 3. Fluence contribution from MLC transmission.

[ 5D \
2.5. Numerical verification of the analytic relationship Y &Sopy Ax
(o >u(m) ALPO+2-RFO +¢

The analytic relationship (Eq. 16) between a fractional fluence error from a systematic gap error of Ax and ALPO
is elegantly simple. We tested the validity of this relationship with a numerical simulation.

At Massachusetts General Hospital, the HELIOS sliding window IMRT system was commissioned for 6MV
Varian CL2100 with rounded end 26 pair MLC (Varian Oncology System, Palo Alto, CA). Leaf width is 1 cm at 100
SAD projection. We used RFO = 0.75 mm and T =1.5% for the MLC transmission. Helios IMRT plans were
generated for sites, i.e., head & neck, lung, and abdomen. Each IMRT plan had 5 to 8 portal fields. For each of the

)
portal field, we calculated ..(_T“(ﬂl both analytically, Eq. (16), and numerically, Egs. (4) —(7), and the results
o(PTV)

were compared.  We used the numerical simulation results as benchmark values.
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2.6. Dosimetric Study
According to Eq. (16), average fluence error incident on skin from a systematic gap error of Ax is

Ax .
/( ALPO+2- RFO+ 8). This implies that an average dose error to PTV per IMRT field from a gap error of Ax

should also be approximately Ay( ALPO+2- RFO+ g)' A direct verification of this would require an ionization

chamber with an active volume of PTV for proper dose averaging. Because of this difficulty, we verified this
statement for a very specific type of dynamic MLC field. A sweeping window dynamic MLC file (fixed leaf-to-leaf
separation) was made to deliver a “uniform” 14x25cm’ fluence (Fig. 4). In order to simulate a systematic MLC
calibration error of Ax =1 mm, a second sweeping window dynamic MLC file was created with each leaf position
offset by 0.5 mm from the original dynamic MLC file (Eq. 5). A 0.1cc active volume Farmer chamber was placed at d
= 10 cm SAD, irradiated with the original and the offset dynamic MLC files, and the electrometer readings were
recorder. This experiment was repeated for sweeping window dynamic MLC with different fixed leaf-to-leaf openings
ranging from 0.5 cmto 5 cm.

MU 4 Constant leaf separation

XL
*r Figure 4. Leaf trajectories for a sweeping window dynamic

X MLC delivery with a constant leaf- to-leaf separation, e.g.,
> (xg - x,) = constant .

Direction of leef motion

3. RESULTS

(&DA")U(PTV)

3.1. Results for comparing analytic and numerical calculation of ( )
o(PTV

Tables I (a, b, ¢) show three IMRT plans and the corresponding ALPQO values, as well as analytically and
(&)A) PTV

numerically calculated values of o) The agreement between the analytic and numerical calculation is
(CD >o’(PTV)

clear. If dosimetry is to be accurate to within 5%, than all of these IMRT plans are too sensitive to a systematic MLC

gap error Ax of 1 mm and the plans should be rejected. At Massachusetts General Hospital, our estimate for the

systematic MLC gap accuracy is approximately Ax = 0.5 mm . Therefore, all the predicted fluence error of Tables I(a,

b ,c) were reduced by a factor of 2.

Table 1 (a), b), (c) Three IMRT plans for various sites showing ALPO for each field. Columns 3 and 4 show comparisons of analytic
and numerical calculations of average fluence error from a systematic MLC gap error of AX.

(a) Head & Neck 6MV,T=1.5%,RFO=0.75mm Ax=Imm

Numerical Calculation of
Fi;ld ALPO+2-RFO+¢ Ax/(ALPO+2-RFO+%) {0} orTvy/ (P} oeTvy
1 1.31 7.6% 7.0%
2 1.32 7.5% 6.4%
3 1.41 7.1% 7.5%
4 1.35 7.4% 6.3%
5 1.38 7.2% 8.3%
6 1.35 7.4% 8.2%
7 1.31 7.6% 7.8%
8 1.32 7.6% 8.3%
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(b)Lung 6MV,T=1.5%,RFO=0.75mm Ax=I1mm

Numerical Calculation of
Field | ALPO+2-RFO+¢ Ax/(ALPO+2-RFO+€) {8y }o@rvy {P} stV

#

1 1.72 5.8% 6.8%
2 2.01 5.0% 4.1%
3 237 4.2% 5.1%
4 1.24 8.1% 7.7%
5 1.43 7.0% 6.3%

(c) Abdomen 6MV,T=1.5%,RFO=0.75mm Ax=I1mm

Field Numerical Calculation of

# ALPO+2-RFO+¢ Ax/(ALPO+2-RFO+¢) {8DPax}o@vy {P} eV

1 1.20 8.3% 8.3%
2 1.14 8.8% 8.7%
3 1.16 8.6% 8.7%
4 1.35 7.4% 7.4%
5 1.70 5.9% 6.1%
6 1.07 9.3% 9.1%
7 1.34 7.5% 7.4%
8 1.28 7.8% 7.7%

3.2. Results for dosimetric studies

Table II, summarizes the dosimetry study for sweeping window of various sizes. Because dose for a sweeping
window test is uniform across the field, one-point ionization chamber measurement was sufficient and there was no
measurement due to a possible miss-positioning of the detector. For these sweeping window dynamic MLC delivery,

Ay( ALPO+2- RFO+ 8) is shown to be an estimator of both average fluence and dose errors.

Table 2. Chamber measurement demonstrating, for sweeping window dynamic MLC delivery, that Ax is an
& ping ;n 2 AALP0+2- RFO+¢)

average dose error. Sweeping window tests 1-4 were performed for various ALPO values.

Field# | ALPO+2-RFO+t Ax/(ALPO+2-RFO+¢) Numerical Calculation of AD/D chamber
{Sd)Ax}a(PTV)/ {(D} o(PTV)
1 5.4 1.9% 1.1% 0.9%
2 34 2.8% 2.3% 2.2%
3 2.0 4.7% 4.4% 4.0%
4 0.5 18.9% 21.9% 22.9%

4. DISCUSSION AND CONCLUSION

We introduce a concept of Average Leaf Pair Opening (ALPO). We derived an analytic relationship between an
average fluence error and a systematic MLC gap error of Ax, e.g., A% ALPO+2- RFO+ 8)' This analytic

result was verified with numerical simulations. We also demonstrated for a sweeping dynamic MLC delivery that not
only fluence but also average dose error to PTV from a systematic gap error of AXx is also approximately

Ax . 1 o .
/( ALPO+2- RFO+ 8). As an example, for dosimetry to be accurate within 5% for a dynamic MLC file

with ALPO+2-RFO=1 cm, the MLC gap error (Ax) must be smaller than 0.5 mm. In the future work with
phantom measurements, we will further investigate the relationship between the average fluence error, Eq. (16), and the
average dose error to the PTV.

As mentioned in the introduction, several authors have quoted different values of RFO for 6 MV Varian rounded
end MLC, e.g., 0.2 mm'!, 0.75 mm", 0.95 mm®, 0.6 mm'*. With the concept of ALPO, we can now readily address
the question of dosimetric effect of using an inaccurate RFO value into an IMRT treatment planning system. At
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Massachusetts General Hospital (MGH), we commissioned the Helios IMRT system with RFO = 0.75 mm, and the
dosimetry along the central axis in water equivalent solid phantom with ionization chambers was within 5%. With a
feeler gauge, we estimated an upper bound on CMO to be 0.5mm. At MGH, we only accept dynamic MLC plans with
ALPO+2-RFO>1cm. Consider a hypothetical situation of switching to RFO = 0.95 mm without changing
CMO. Then all MLC gaps change will change by Ax =2ARFO=2-(0.95 - 0.75) mm=0.4 mm .
Therefore the dosimetry will change by at most by 4% for ALPO+2 - RFO =1 cm. On the other extreme,
switching to RFO = 0.2 mm will change all gaps by Ax =2 -(0.75 - 0.2) mm = 1.1 mm, and dosimetry can
change by as much by 11% for 4LPO+2 - RFO 21 cm.

We can find two reasons why different departments were able to commission IMRT for 6MV and Varian MLC
using different values of RFO without noticing serious dosimetric errors. A) Because Ax = CMO +2ARFO, it is
possible to have several combinations of CMO and ARFO resulting in the same small Ax. B) Fractional fluence
error is proportional to Ax/ ALPQO. 1If an IMRT treatment planning system consistently produce plans with large
ALPO values for dynamic MLC deliveries, then even with wrong combination of CMO and RFO values, dose error
would not have been unnoticeable. These sample calculations show the utility of ALPO concept.

We propose to use parameters like ALPO to identify and reject a dynamic MLC delivery that is highly sensitive to
a systematic MLC gap error. Should one wishes to decrease the sensitivity of MLC delivery to gap errors, we suggest:
(a) reduce CMO and improve determination of RFO in order to decrease Ax, and (b) enlarge ALPO. However, the latter
can only be done by the manufacturer of an IMRT system.
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