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Abstract
Purpose: To quantify the impact of treatment planning system beam model
parameters, based on the actual spread in radiotherapy community data, on
clinical treatment plans and determine which complexity metrics best describe
the impact beam modeling errors have on dose accuracy.
Methods: Ten beam modeling parameters for a Varian accelerator were modi-
fied in RayStation to match radiotherapy community data at the 2.5, 25, 50, 75,
and 97.5 percentile levels. These modifications were evaluated on 25 patient
cases, including prostate, non-small cell lung, H&N, brain, and mesothelioma,
generating 1,000 plan perturbations. Differences in the mean planned dose to
clinical target volumes (CTV) and organs at risk (OAR) were evaluated with
respect to the planned dose using the reference (50th-percentile) parameter
values. Correlation between CTV dose differences, and 18 different complexity
metrics were evaluated using linear regression; R-squared values were used to
determine the best metric.
Results: Perturbations to MLC offset and transmission parameters demon-
strated the greatest changes in dose: up to 5.7% in CTVs and 16.7% for OARs.
More complex clinical plans showed greater dose perturbation with atypical
beam model parameters.The mean MLC Gap and Tongue & Groove index (TGi)
complexity metrics best described the impact of TPS beam modeling variations
on clinical dose delivery across all anatomical sites; similar, though not identi-
cal, trends between complexity and dose perturbation were observed among all
sites.
Conclusion: Extreme values for MLC offset and MLC transmission beam mod-
eling parameters were found to most substantially impact the dose distribution
of clinical plans and careful attention should be given to these beam modeling
parameters. The mean MLC Gap and TGi complexity metrics were best suited
to identifying clinical plans most sensitive to beam modeling errors; this could
help provide focus for clinical QA in identifying unacceptable plans.
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1 INTRODUCTION

The accuracy with which a treatment planning system
(TPS) is commissioned determines how well, and how
robustly, its dose calculations for simulated dose delivery
represent the actual delivered dose distribution during
radiotherapy treatments.

While every instance of atypical beam modeling does
not necessitate a change in modeling parameters, there
is evidence that parameter values different from com-
munity median values can be a cause for concern.1,2

Previous studies have examined the impact multi-leaf
collimator (MLC) modeling errors can have on dose cal-
culation accuracy and found clinically impactful dose
errors.3–10 However, these studies have been based
on arbitrary parameter values and therefore may not
reflect the true realities of clinical TPS modeling errors.
The range of TPS modeling by the community was
recently compiled and published by the Imaging and
Radiation Oncology Core (IROC).1 A related study eval-
uated the dosimetric impact of atypical, but clinically
used,TPS parameters (particularly the 2.5 and 97.5 per-
centile values) on IROC’s IMRT head and neck (H&N)
phantom.11 This study showed that several parameters,
when substantially deviating from the median, resulted
in dramatic dose deviations to the target. This is partic-
ularly concerning because TPS modeling errors have
been identified in two-thirds of all failing phantom results
and the clinical use of such values was correlated with
failing to correctly irradiate the IROC phantom.11,12

There have been many studies conducted on how
various beam modeling parameters can impact simu-
lated dose delivery in phantoms or clinical cases using
various arbitrary values.3,11,13–15 However,what remains
unstudied,but also clearly warrants attention, is to better
understand how the spread of TPS parameter values,
and the use of atypical values, based on the actual clin-
ical distribution of radiotherapy community data, affects
the dosimetric accuracy of clinical patient plans. The
magnitude of the impact that dosimetric or physical TPS
beam modeling errors (based on current radiotherapy
community practices) have on the accuracy of simulated
dose delivery in clinical cases is currently unknown. A
community data-driven approach will yield results that
can improve upon our current understanding and quan-
tify the impact these modeling errors have on clinical
practice.

This evaluation of plan sensitivity to modeling param-
eters may allow for a related evaluation of plan com-
plexity metrics. Many complexity metrics have been
proposed, and studies have examined the ability of
complexity metrics to relate plan complexity and dose

calculation accuracy.16–20 However, little has been done
to determine which complexity metrics most compre-
hensively describe clinical plan sensitivity to known
sources of dose calculation error, including TPS beam
modeling parameters.

Therefore, this study sought to provide clinically rele-
vant insight into the impact of beam modeling variability
on the accuracy of simulated dose delivery, and to
evaluate which complexity metrics best capture this rela-
tionship. By introducing differences in TPS parameters
that are driven by radiotherapy community clinical val-
ues, we were able to determine which beam modeling
errors translated into clinically relevant dose calcula-
tion errors in patient plans.The evaluation of complexity
metrics provides novel and clinically guided insight into
which complexity metrics best describe clinical plan
sensitivity to TPS beam modeling parameters.

2 METHODS

2.1 Clinical plan selection

Twenty-five standard fractionated IMRT and VMAT clin-
ical cases, including five of each of prostate, non-small
cell lung, head and neck (oropharynx), mesothelioma,
and brain plans, were retrospectively selected under
institutional Internal Review Board protocol 2020-0683.
We identified plans in the RayPlanning clinical database
(used for treatment planning) and then transferred them
to the RayPhysics research system (beam commission-
ing module) to run all of our perturbations outside of
the daily clinical workflow (both modules are within the
RayStation TPS platform). Once transferred, we evalu-
ated each plan to identify differences in the simulated
dose delivery between RayPlanning and RayPhysics.
The differences were less than 0.5% in the mean dose to
clinical target volumes (CTVs), and preserved prescrip-
tion dose coverage, average, minimum and maximum
dose, and dose to 95% of the target volume. The plans
were then recalculated (without re-optimization), with
fixed monitor units (MU), in RayPhysics version 10B
with collapsed cone algorithm, on a Varian Millennium
120 MLC (21EX) Clinac machine at 6 MV. The beam
model was built on a clinically commissioned TPS,using
the radiotherapy community median TPS data (50-
percentile level for every parameter) for non-dosimetric
parameter values and linac specific reference data col-
lected from IROC’s site visit program for dosimetric
values.1,12,21 This established a baseline for the simu-
lated dose delivered to CTV and organs at risk (OAR)
for each clinical plan.
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TABLE 1 Parameter values that demonstrated the greatest impact on simulated dose delivery (based on radiotherapy community data)
and those used to evaluate the interplay between plan complexity and plan sensitivity to atypical beam modeling.

Non-dosimetric parameters
2.5 percentile
values

25th percentile
values

50th percentile
values

75th percentile
values

97.5 percentile
values

MLC offset (cm) 0.000 0.017 0.040 0.055 0.116

MLC transmission (%) 0.007 0.015 0.018 0.022 0.025

Leaf tip width (cm) 0.177 0.200 0.320 0.400 0.500

2.2 TPS model parameter sensitivity
study

The beam model built using the radiotherapy commu-
nity median TPS data was used to create 40 additional
beam models. Each subsequent beam model was iden-
tical to the 50-percentile baseline version except for
one parameter perturbation. The following 10 beam
model parameters (the first seven are physical and
the final three are dosimetric) were modified to match
radiotherapy community data at the 2.5, 25, 75, and
97.5 percentile levels: Physical [multi-leaf collimator off-
set (MLC offset), transmission (MLC transmission), gain
(MLC gain; minor MLC offset tuning), curvature (MLC
curvature; second order MLC offset correction), source
size, leaf tip width (transmission along leaf through the
rounded end), tongue and groove (interleaf leakage)],
Dosimetric [percent depth dose (PDD), output factors,
and off -axis factors].22–24

Each clinical plan was recalculated on the 40 different
beam models, generating a total of 1,000 perturbations,
a sample of the parameters is shown in Table 1 (leaf -tip
width is included as it was a significant component in the
complexity study).21 The difference in the mean planned
dose to the CTV and parallel OAR, and the maximum
dose (D0.02) to the serial OAR, were then evaluated
with respect to the planned dose using the reference
beam model (50-percentile parameter values) to deter-
mine the clinical impact each parameter perturbation
had on calculated dose, and therefore simulated dose
delivery. Additional analysis was also done to determine
how changes to the beam modeling parameters affect
minimum and maximum dose, changes to the prescrip-
tion coverage, and dose to 95% of the target structures
(D95).

2.3 Complexity study

To determine the relationship between plan complexity
and plan sensitivity to modeling errors, we focused on
the parameters that had the greatest impact on dose cal-
culation accuracy.We tabulated the number of times that
each of the one thousand parameter perturbations intro-
duced greater than ± 1% dose deviation in the mean
CTV dose. The dose deviations greater than ± 1% were
then grouped by parameter. The number of deviations

for each parameter was compared to the grand total
number of deviations greater than ± 1% across all 10
parameters. Only parameters that were responsible for
at least 10% of the grand total number of plan per-
turbations (that demonstrated greater than ± 1% dose
deviation in the mean CTV dose) were considered for
the complexity study.

The following 18 complexity metrics were consid-
ered: modulation complexity score, modulation index
total, plan irregularity, plan modulation, edge metric, leaf
travel/arc length, mean tongue and groove index, MLC
interdigitation, mean MLC speed, MLC speed modula-
tion,mean dose rate,dose rate modulation,mean gantry
speed, gantry speed modulation, mean MLC gap, first
quartile of the distribution of the MLC gap sizes,MU,and
number of arcs. These metrics were averaged across
all beams in each plan and were then extracted using
in-house created PlanAnalyzer software.25 The metrics
were obtained using software developed by a working
group of the Catalan Society of Medical Physicists. The
software was written in MATLAB (MathWorks, Inc.) and
calculates complexity metrics using the data contained
in the DICOM plan.25,26

For each complexity metric, the correlation between
the complexity score and the maximum CTV dose dif-
ferences (across the 2.5, 25, 75, and 97.5 percentile
levels) for each parameter was evaluated using linear
regression. The complexity metrics that best fit the clin-
ical data were selected based on the greatest average
R-squared value. Different numerical ranking systems,
weighted R-squared values,and root mean squared val-
ues were used to confirm the findings based on average
R-squared values.

3 RESULTS

3.1 TPS modeling parameter
sensitivity study

The delivered dose simulated in the TPS showed
changes in the average mean dose delivered to the
CTV and average mean and maximum dose to selected
OARs when TPS values were changed, as shown in
Figure 1, for all parameters. For the CTV, this was aver-
aged across all plans and anatomical sites and for OARs
this was averaged across all anatomically relevant plans.
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F IGURE 1 Dose perturbations relative to baseline 50th percentile values: (a) average mean dose to the CTV across all anatomical sites, (b)
average maximum dose to the brainstem in brain plans, (c) average mean dose to the parotid glands across H&N plans, and (d) the average
maximum dose to the mandible in H&N plans. LTW, leaf tip width; MLC(C), MLC curvature; MLC(G), MLC gain; MLC(O), multi-leaf collimator
offset; MLC(T), MLC transmission; OAF, off -axis factor; OF, output factor; PDD, percent depth dose; SS, source size; T&G, tongue and groove.

The MLC offset and MLC transmission parameters
had the greatest impact on simulated dose delivery to
CTVs and OARs. The MLC offset parameter, based on
the community 2.5 percentile level, resulted in under-
dosing CTV volumes, on average, by 1.7% (max: 3.2%).
The 97.5 percentile level resulted in overdosing CTV vol-
umes, on average, by 3.0% (max 5.7%) and overdosing
OAR structures, on average, by 6.2% (max 16.7%). The
MLC transmission resulted in underdosing of the CTV
volumes by 2.4% (max 5.0%) when the 2.5 percentile
value was used, and the 97.5 percentile level resulted in
overdosing CTV volumes by 1.3% (max 2.8%) and over-
dosing OAR structures by 3.6% (max 14.3%). Increased
simulated dose delivery to OARs routinely elevated the
dose above clinically acceptable limits based on these
clinical scenarios.There were 200 plan perturbations for
each of the five anatomical sites. Of the 200 H&N plan
perturbations (all H&N plans were prescribed 70 Gy),25
perturbations resulted in parotid glands receiving more
than 26 Gy.27 Similarly,41 of the 200 H&N cases resulted
in the mandible receiving more than 70 Gy.28 In both
instances, these changes were the result of parame-
ter perturbations that represented 75 or 97.5 percentile

community data values and in many cases overdosing
exceeded 6%.

At a lower magnitude, perturbations to PDD also
demonstrated an impact on simulated dose delivery.
Changes to this parameter resulted in underdosing
(when 2.5 percentile values were used) and overdosing
(when 97.5 percentile values were used) CTV volumes,
on average,by 1.4% (max 2.6%) and overdosing OAR by
1.1% (max 2.1%), where differences greater than 1.7%
were found only in the prostate cases.The average dose
deviations for the remaining seven parameters were all
less than 1%.

To understand how these differences manifested
across the five different anatomical sites, changes in the
average mean simulated dose delivered to the CTV, rel-
ative to the baseline 50th percentile values,are shown in
Figure 2 for each anatomical site. This figure highlights
that MLC offset and MLC transmission are the two most
impactful parameters for all anatomical sites.

While the trends are similar across all anatomical
sites, there are differences in the magnitude of dose
deviations as can be seen in Figure 2. CTV volumes
for H&N and mesothelioma cases have the greatest
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F IGURE 2 Changes in the average dose to the CTV, relative to the baseline 50th percentile average dose, by anatomical site: (a) H&N, (b)
mesothelioma, (c) prostate, (d) brain, (e) lung.

sensitivity to MLC offset, followed by prostate, brain,
and finally non-small cell lung cases. The MLC trans-
mission showed a similar trend, having the largest
impact on H&N and mesothelioma cases, followed
by prostate, non-small cell lung, and finally brain
cases.

We also examined the changes in the maximum, min-
imum, D95, and prescription dose coverage across the
entire cohort (Figure 3) and found trends similar to
observed changes in the mean CTV dose.These results
reinforce that even when considering additional end-
points, that are commonly used in plan evaluation, the

dose was most impacted by perturbations to the MLC
Offset and MLC transmission parameters.

Changes to plan parameters most clearly affected the
mean simulated dose delivered and induced system-
atic dose perturbations. Changes to parameter values
had little effect on homogeneity, even with changes in
off -axis factors. There were a total of five instances,
in a thousand cases, where plan perturbations resulted
in ± 1% change in plan homogeneity. These instances
occurred in mesothelioma or H&N plans for changes in
the MLC offset or MLC transmission. This may be the
result of most targets being of modest size and depth
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F IGURE 3 Changes in the average maximum, minimum, D95, and prescription dose coverage to the target structures, relative to the
baseline 50th percentile dose, across all anatomical sites: (a) average minimum dose, (b) average maximum dose, (c) average D95, and (d)
average prescription dose coverage.

and centered on isocenter. Substantial dose deviations
from perturbations to the off -axis factor and PDD were
only seen in the cases with larger tumors such as the
head and neck and mesothelioma, or with deep tumors
such as the prostate where the PDD perturbation was
particularly important.

3.2 Complexity metrics

The results from the TPS model parameter sensitiv-
ity study demonstrated an underlying difference in how
each anatomical site was impacted by changes to mod-
eling parameters. Thus, the relationship between plan
complexity and plan sensitivity to modeling errors was
evaluated. While the greatest impact on dose calcula-
tion accuracy (simulated dose delivery) was determined
by the average dose deviations in both CTV and OAR
structures (across the cohort) in the sensitivity study, we
focused on the total number of instances that a param-
eter perturbation resulted in dose deviations of great
than± 1% for the complexity study.Of the 10 beam mod-
eling parameters evaluated, perturbations to the seven
parameters shown in Figure 4 caused dose deviations

greater than 1% in CTV volumes; there were a total of
186 plans with such deviations out of the 1,000 plans.

The MLC offset, MLC transmission, PDD, and leaf-
tip width parameters comprised the vast majority of
dose deviations greater than 1%. These were therefore
included in the complexity metric evaluation, except for
the PDD which was excluded as the impact of altering
this parameter was found to rely on the geometry and
anatomy of each case versus plan complexity.

For each of the three relevant modeling parameters
(MLC offset, transmission, and leaf-tip width), the corre-
lation between the maximum percent dose deviation in
the CTV and the corresponding plan complexity metric
score was evaluated using linear regression. The R-
squared values for correlation between each complexity
metric score and the maximum percent dose deviation in
CTV volumes were extracted,per anatomical site, for the
MLC offset, MLC transmission, and leaf-tip width beam
modeling parameters (Figure 5). It is clear that different
metrics have different predictive powers to identify dose
perturbations associated with TPS modeling errors.

The mean MLC Gap (meanGap) and Tongue &
Groove index (TGi) complexity metrics best fit the clini-
cal data. The meanGap is the average leaf pair opening

 15269914, 2024, 5, D
ow

nloaded from
 https://aapm

.onlinelibrary.w
iley.com

/doi/10.1002/acm
2.14318 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [13/05/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



7 of 11 BROOKS ET AL.

MLC Offset: 27.2%

MLC Transmission 
25.0%

PDD: 24.5%

: 14.1%

Output Factor: 6.0%

Off-Axis Factor: 2.2%
Tongue&Groove:

1.1%

F IGURE 4 Relative contribution from each beam modeling parameter with a minimum impact of ± 1% to dose calculation accuracy.
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modeling errors and each of the 18 complexity metrics. The bottom line of each box represents the first quartile, the top line represents the third
quartile, the line inside each box corresponds to the median value, “x” represents the mean value, and the vertical lines extend to the minimum
and maximum values.

at each control point weighted by the corresponding
fractions of MUs, which is related to the size of the
MLC aperture. And the TGi is defined as the ratio of
the difference between adjacent leaf positions and their
MLC gap, averaged over all the leaves in the beam and
all control points, which is related to the irregularity of
the MLC aperture shape.19,29 The complexity metrics

remained constant despite the MLC parameter values
used because complexity metrics depend on the plan
characteristics, not on the MLC parameters used in the
TPS configuration.

We observed a linear relationship between complex-
ity values and the magnitude of dose deviation from the
50th percentile level.For example,plans with greater TGi
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values were more sensitive to parameter perturbations
using 2.5 or 97.5 percentile values (e.g., resulting in a
dose deviation of 4%), while plans with lower TGi val-
ues were less sensitive to parameter perturbations (e.g.,
resulting in a dose deviation of 2%). An approximate
linear relationship between plan complexity values and
changes in dose deviation from 50th percentile values
was found, thus demonstrating that some complexity
metrics can identify plans that are more sensitive to
atypical beam modeling. Each additional ranking sys-
tem identified the same complexity metrics as most
appropriate for describing the relationship between plan
complexity and plan sensitivity to beam modeling errors.

4 DISCUSSION

Our study quantified the impact of TPS beam model-
ing errors on patient dose calculation using TPS beam
modeling parameter perturbations that match the cur-
rent spread (for MLC and source terms) or error (for
PDD and off -axis and output factors) seen in radiother-
apy community practices. And our results indicate that
clinical delivery to our cohort would reveal errors in the
delivered dose. Over or underdosing the CTV is prob-
lematic for clinical outcomes as is the overdosing of
OAR.Variation in the MLC offset,MLC transmission,and
PDD resulted in the greatest maximum dose difference
across all anatomical sites, up to ± 5.7% and +16.7
to the CTV and OAR, respectively. Generally, the great-
est dose impact occurred for the H&N plans, and the
least occurred for the lung or brain plans.The meanGap
and TGi were found to be the best complexity metrics
at describing the impact of TPS beam modeling vari-
ations on clinical dose calculations across all sites. For
these metrics,all anatomical sites showed similar trends
between complexity and dose perturbation. In general,
plans demonstrating greater complexity also exhibited
greater dose deviations.

While not all atypical beam modeling values are nec-
essarily incorrect, they are significantly associated with
poorer performance and outright failure in IROC audits.1

It is expected that there will be some spread in com-
munity parameter selection to account for differences
between machines, however, discrepancies of 1−2%
(among matched or unmatched machines) are not large
enough to account for the observed dose deviations with
respect to 50-percentile community values.1,21,22,30–33

A recent publication by Saez et al.2 found minimal dif-
ferences between machine physical characteristic (less
than 2%) compared to the differences in TPS mod-
eling (resulting in differences of greater than 10%
between calculated and measured doses). As such,
we can expect that the differences in modeling will be
much larger than the differences in the actual physical
characteristics.2 Great care must be taken when using
atypical values to ensure errors associated with sub-

optimal modeling are avoided, as they lead directly to
errors in phantom audits and subsequently, incorrect
dose in the patient.A comparison between selected and
published 50-percentile parameter values, followed by a
dosimetry audit, can provide valuable insight as to the
accuracy of beam model configuration.

The impact of dose differences due to parameter
perturbations in beam modeling in this study are consis-
tent with prior studies in both RayStation and Eclipse.34

Koger et al.3 found that in RayStation, parameters
related to the modeling of the MLC had the great-
est impact on dose calculation accuracy. Perturbations
of ± 1 mm to the MLC offset parameter introduced dose
deviations up to 10% in PTV structures and 15% in
OARs for disease in H&N cases.Nithiyanantham et al.35

found that perturbations in MLC offset of 1 mm induced
dose deviations up to 8.4% in the PTV and 10.8% in
the OAR in anatomical sites similar to the current study.
In our study, the 97.5 and 2.5 percentile values, corre-
sponding to an offset of 1.1 mm, induced dose deviation
of up to 5.7% and 16.7% in the CTV and OAR, respec-
tively. As variations in TPS dose translate directly into
changes in dose delivery, these results add the impor-
tant and novel framework of evaluating the impact of
TPS beam modeling errors on dose delivery based on
the spread in TPS parameter selection currently seen
by the radiotherapy community. These results are there-
fore especially relevant to the radiotherapy community
at large.

This study directly generated numerical relation-
ships between complexity scores and dose perturba-
tions associated with atypical modeling parameters
(Figure 5). Overall, plans with higher meanGap and
lower TGi complexity scores were less sensitive to atyp-
ical beam modeling. It is therefore possible to provide an
approximate guide to a complexity threshold that could
maximize plan robustness by limiting dose errors even
in the case of suboptimal beam modeling. In general,
lung, brain, and prostate plans are less susceptible to
beam modeling errors because they are less complex
plans, while H&N and mesothelioma plans demonstrate
greater sensitivity (Figure 2). Across anatomy, dose
errors can be limited to less than approximately 2% if
the meanGap is > 34.0 mm and the TGi is < 0.224 (as
long as TPS parameters are not outside of the 97.5
percentile). Alternately, threshold values of > 20.0 mm
and< .300 for the meanGap and TGi,respectively,would
limit most dose errors to approximately 4%. If plan
complexity scores are greater than these values, these
plans will be particularly sensitive to suboptimal TPS
modeling.Because different TPS and delivery platforms
manifest complexity in different ways, these metrics are
likely to be specific to the TPS/delivery platform eval-
uated: RayStation and Varian.25 A related limitation of
this work is that complexity has been shown to manifest
differently on different TPS/linac combinations.22 There-
fore, while this work is descriptive of a common clinical

 15269914, 2024, 5, D
ow

nloaded from
 https://aapm

.onlinelibrary.w
iley.com

/doi/10.1002/acm
2.14318 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [13/05/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



9 of 11 BROOKS ET AL.

system, it is unclear how other platforms may behave.
For example, while some evaluations have been done
using an Elekta platform, further work is needed before
clinical decisions can be made concerning complexity
metric selection.21,36

A wide range of complexity metrics have been pro-
posed over the past several years in an effort to best
predict plans that have,or might have,errors.16–20 In this
study,we reviewed 18 complexity metrics and found that
the best metrics (for the Varian/RayStation combina-
tion) to predict clinical plan sensitivity to TPS parameter
perturbations were the meanGap and TGi. In general,
we found that aperture shape-based complexity metrics
best captured the correlation between plan sensitiv-
ity to TPS modeling errors and plan complexity when
compared to metrics that were based on: MU, fluence,
gantry speed, dose rate variation, or the leaf distance
traveled.

Additionally, in this study, we have focused on the
correlation between plan complexity and TPS errors
using five different anatomical sites; we did not evaluate
how other sources of error might manifest or expand
our cohort to include additional treatment sites. Fur-
ther, while we evaluated how complexity predicts dose
calculation accuracy, this study did not address deliver-
ability accuracy, which is an issue that warrants further
consideration. Therefore, these results should not be
interpreted to be a complete and comprehensive review
of complexity. Nevertheless, this study is an important
step towards a better understanding of how complex-
ity metrics relate to an important and prevalent failure
mode, and how they may be used in the clinic to limit
dose calculation errors.36 Moreover, other error modes,
such as a delivery error arising because of incorrect
physical MLC leaf positioning, might reasonably follow
the same trends with complexity metrics as incorrectly
commissioning the MLC offset, although further study is
required to confirm this theory.37

5 CONCLUSION

The parameters related to the modeling of the MLC
offset and MLC transmission exhibited a substantial
impact on the D95, prescription dose coverage, mini-
mum, maximum and mean dose to CTV and relevant
critical structures; modeling of the PDD, leaf tip width,
and output factors were also important for dose calcula-
tion accuracy. It was found that these dose perturbations
were related to plan complexity.The mean MLC Gap and
Tongue & Groove index complexity metrics were best
suited to identifying clinical plans that are more sensitive
to beam modeling errors.

Use of atypical parameter modeling values requires
careful attention by clinical physicists. Physicists should
pay particular attention to MLC modeling parame-
ters, as they can cause substantial dose deviations in

clinical plans. Further, it is possible that aperture-based
complexity metric scores may be utilized to limit plan
complexity, which in turn may reduce the overall impact
of potential errors in the beam model. Ideally the cor-
rect approach would be for everyone to have a very
robust model. However, given the observed challenges
on that topic, a complexity threshold can serve as a
safeguard against modeling errors negatively impacting
accurate dose delivery. Thus, allowing for the time and
effort necessary for an institution to implement a more
robust beam model. For the Varian Clinac series, the
mean MLC Gap complexity metric was best suited for
identifying thresholds that have the potential to be used
in clinical practice to reduce the sensitivity of treatment
plans to beam modeling uncertainties, thus increasing
the accuracy of radiation therapy treatment delivery.
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