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Introduction

FFF beams have emerged as the treatment of choice 
for latest and Fast Treatment technique due to their brief 
treatment delivery time and the fact that the dose rate 
increases by a factor of two to four when the flattening 
filter is removed. FFF beams are especially advantageous 
for SRS and SBRT, but their increased intensity may 
be applicable to a variety of fields and treatments. The 
elimination of a flattening filter increases the dose rate 
and decreases the mean energy, head leakage, and lateral 
scattering, all of which have been demonstrated to be 
beneficial in specialized treatment procedures [1,2]. 
The absence of beam hardening effects results from 
the transformation of a beam into an FFF beam upon 
removal of the flattening filter. Once more dependent on 
the field size, the percentage depth dose pattern has been 
marginally diminished by the virgin bremsstrahlung beam. 
These causes for two reasons: (I) an increase in dose/
pulse-induced photon energy fluence for FFF beams; (II) 
off-axis spectra that are not significantly different from 
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those of the central axis for the FFF beam as opposed to 
a substantial shift in spectrum caused by the insertion of 
the flattening filter. By comparing the intensity patterns 
of various linear accelerators with regard to nominal field 
sizes and inhomogeneity patterns, the intensity of the FFF 
beam is determined. When calculating the penumbral 
widths of unflattened beams, the spatial distance between 
of 80% to 20% isodose lines that was previously applied 
to conventional beams is no longer applicable. Because 
the intensity of the FFF Beam differs with lateral distance 
and shapes gets changed [3]. In general, detectors that were 
favoured for measurements on ordinary flattened Linac 
beams were either less suitable for FFF beams or required 
modifications [4]. Commercially different ionization 
chambers (Semiflex, Semiflex three dimensional [3D], 
and Microion chambers), different types of shielded and 
unshielded diodes, and special detectors – microdiamond 
are available in the industry for absolute and relative dose 
measurements. However, there is no ideal detector that 
satisfies all dosimetric properties from tiny to big fields. 
In case of diodes, despite their tiny dimensions and great 
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sensitivity, diode detectors are not totally ideal due to 
their energy dependence at low energies and overresponse 
of shielded diodes (due to the high Z shield). However, 
for the ion chambers, because of the volume averaging 
effect and low air density, tiny volume ion chambers are 
less dependent on photon beam energy than diodes but 
are less appropriate for small field dosimetry. Another 
option is a microdiamond detector, which has qualities 
such as radiation hardness, near tissue equivalence, 
compact size, and independence from radiation quality 
[5]. To perform dosimetric measurements for acceptance 
of FFF Beams and followed by Beam data, various 
detectors and phantoms were used and studied [6]. To 
address this challenge, in numerous studies, distinct 
approaches for FFF Beam analysis were exhibited. In 
which different methods to perform inflection point 
analysis have been studied and discussed [3,7,8,9,10]. In 
these studies, Inflection Point was defined as a point at 
which physical field size occurs. Fogliata et al. established 
that the derivative method is among the straightforward 
and precise techniques utilized to analyse the profiles of 
unflatten beams [11]. G. Sahani et al. [12] have studied 
and established that the more practical approach to derive 
and analyse FFF beam parameters and the inflection 
point analysis for unflatten beam profiles were done by 
manual analysis using tangential curve method [12]. 
PTW has recently launched a software module that 
analyses inflection points for FFF beam profiles using 
the first-order derivative method. There is no study on its 
accuracy in finding inflection point as such. In this work 
we aimed to use different detector arrays having various 
resolution to find the accuracy of the software. Numerous 
previous studies, octavius Modals: 729, 1500, 1600 and 
Starcheck arrays (PTW Freiburg) and linac EPID panel 
having different detector resolutions have been used for 
profile measurement only for flattened beam but not for 
unflatten Beam [13-18]. 

Hence, as a pioneer work, using above array detectors, 
this study sought to assess the precision of the software 
module in locating inflection points and deducing the full 
width half maximum of an unflatten beam profile.

Materials and Methods

Materials
Linear Accelerator

Essential measurements were conducted using a 
TrueBeam™ system (Varian Medical System Palo Alto) 
[19], which is a high-end modal linear accelerator. This 
system featured both a flattened and unflattened beam. 
The photon energies of Linac are X6, X6FFF, X10, X15, 
and X10FFF. Field sizes ranging from 5x5 mm2 to 40x40 
cm2 are incorporated into the Linac. The maximal dose 
rates utilized in Linac are as follows: 600 MU/min for FF 
Beam Energies, 1,600 MU/min for X6FFF Beam Energies, 
and 2,400 MU/min for X10FFF Beam Energies. In this 
investigation, only X6FFF and X10FFF photon beams 
with higher dose rates were utilized.

Measuring Tools
In this investigation, Octavius Detectors - 729, 1,500, 

and 1,600 SRS, as well as Starcheck (all from PTW 
Freiburg), were employed [20,21]. Varian’s amorphous 
silicon DMI, i.e., EPID with portal dosimetry, was used 
to compare these arrays. A Pinpoint 3D chamber (Modal: 
T31022) was also used to measure the profile along 
the PTW Beamscan 3D RFA System, which is usually 
considered a standard and conventional measurement 
[22,23]. Table 1 lists all measurement instruments and 
their parameters. Figure 1 depicts a visual representation 
of the resolution of several array systems. To place 
detector arrays in their reference point of measurement, a 
real water (RW3) slab phantom (white dense polystyrene 
material = 1.045 g/cm3) with a thickness of 1 cm, a 2 cm 
chamber, and 1 mm and 2 mm plates was utilized [24]. 
At appropriate locations, PTW Verisoft software [25], 
Beamscan Software [26] having Scan Data, and the Image 
Analysis module were used to measure and extract beam 
profiles.

Methods
Measurement Setup

Only X6FFF and X10FFF energies, as well as 10X10 
cm2, 15X15 cm2, and 20X20 cm2, were employed in this 
investigation. The output and beam profiles were adjusted 
in accordance with the international standards IAEA TRS 
398 [27] and IEC 60976 [28] prior to the measurement. For 
precise configuration, all PTW 2D arrays and their effective 
point of depth (as listed in Table 1) were maintained at 
a depth of 5 cm using RW3 slabs while considering 
four numbers of 1 cm, one 1 mm and two 2 mm plates. 
Backscatter of 10 cm slabs were used behind the array 
systems. To enhance the scattering from the posterior side 
of the array, 10-centimeter slabs were positioned. The 
parameters selected for the common beam were 10x10 
cm2, 15x15 cm2, and 20x20 cm2, with an SAD of 100 cm. 
Each array was irradiated with 100 MUs. Whereas the 
DMI panel was transported to the Linac Isocentre point, 
SAD, and delivered with the same 100 MU. The imaging 
files resulting from the irradiation process were saved in 
DICOM format which were transported to Beamscan’ s 
Film and Image Analysis software . Profiles were then 
created by utilizing Beamscan’ s Film and Image Analysis 
software. In contrast, the Pinpoint 3D chamber was 
kept at a depth of 5 cm using a Beamscan system SSD 
measuring 95 cm. The profiles were scanned for each 
field size for both energies, and data were extracted. In 
contrast to the other detectors, the 1600 SRS array was 
configured with the primary axis of 20x20 cm2 aligned 
with the diagonal axis of the array, thereby adhering to 
the field size restriction of 15x15 cm2. A measurement was 
subsequently obtained.  To make this study simple, only 
Inline axis profiles of each detector were considered. To 
ensure high reproducibility, all arrays and the Pinpoint 
3D Chamber were preirradiated with 2 Gy and zeroed 
prior to delivery. But for EPID Panel alone, image and 
dosimetric calibration was conducted in accordance with 
the vendor’s guidelines [29].

Inflection Point and FWHM
The point of inflection was determined by taking 

the first derivative at which the greatest dose difference 
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Detector Modal Detector type Technical details
Octavius 729 Vented Ion Chamber Chamber Volume and Nos: 0.125 cc & 729

Field Size Coverage: 2X2 cm2 to 27X27 cm2
Resolution of the array: 10 mm
Dose Rate range: 3 to 48 Gy/min
Energy Range: (Co ... 25) MV
Effective Point of Depth: 7.5 mm from Surface

Octavius 1500 Vented Ion Chamber Chamber Volume and Nos: 0.06 cc & 1405
Field Size Coverage: 2X2 cm2 to 27X27 cm2

Resolution of the array: 7.07 mm(Diagonal Axis)
Dose Rate range: 3 to 48 Gy/min
Energy Range: (Co ... 25) MV
Effective Point of Depth: 7.5 mm from Surface

aOctavius 1600 SRS Liquid Filled Ion Chamber Chamber Volume and Nos: 0.003 cc & 1521
Field Size Coverage: 1X1 cm2 to 15X15 cm2

Resolution of the array: 5 mm (> 6.5X6.5 cm2)
Dose Rate range: 0.8 to 24 Gy/min
Energy Range: (Co ... 25) MV
Effective Point of Depth: 9 mm from Surface

Starcheck Vented Ion Chamber Chamber Volume and Nos: 0.05cc & 527
Field Size Coverage: 4X4 cm2 to 26X26 cm2

Resolution of the array: 3 mm
Dose Rate range: 2 to 80 Gy/min
Energy Range: (Co... 25) MV
Effective Point of Depth: 8.5 mm from Surface

Pinpoint 3D (T31022) Vented Ion Chamber Volume: 0.016 cc
Energy Range: Co ... 25 MV photons
Measurement Resolution: 1 mm
Field size: 2 x 2 cm2 to 40 x 40 cm2

Max Dose Rate: 91.6 Gy/s
Varian EPID (DMI) Amorphous Silicon detector Field Size Coverage: up to 43X43 cm2

Resolution: 0.3 mm
Energy Range: (Co... 25) MV
Effective Point of Depth: 8.5 mm from Surface

Table 1. Technical Specification of Different Detector Arrays

a, The measuring length at the diagonal axis of the 1600 SRS array is 21 cm; SRS, Stereotactic Radio Surgery; EPID - Electronic Portal Imaging 
Device; DMI, Digital Megavolt Imager; MV, Mega Voltage 

occurred on both extremes of the profile. Furthermore, the 
distance between the left and right inflection points of the 
profiles was calculated and termed the FWHM (depicted 
in Figure 2) [13]. 

Manual Analysis (Raw Data)
The measured profile was utilized to extract the 

measured dosages of each array, which were subsequently 
employed for manual analysis. The first-order derivatives 
were computed for each dataset obtained from every 
profile. The mathematical formula provided below was 
employed to compute the first-order derivatives for each 
dataset [30]. The formula was utilized within the Microsoft 
Excel software application to compute the inflection point.

dy/dx = ∆y/∆x……………………. (1)  [31]

Here dy/dx – First derivative of the measured sample
∆y – change in y and ∆x – change in x 

where x is the distance across the profile in mm and y 
is the relative dose of a measured profile as a percentage.

Software Analysis
The measured field size was computed by Beamscan 

software [31] using inflection point data samples from 
all instruments. By means of linear interpolation, the 
software augments the existing measuring points with new 
data points to obtain equidistant data points. Following 
this, the curve is smoothed. Although the penumbra is 
obscured by the smoothing operation, its impact on the 
X-values of the inflection points (position) is minimal. It 
is possible to compute the first derivative of the smoothed 
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to generate suitable curves for the first-order derivative 
with regard to distance. These curves are depicted in 
Supplementary Figures 6 (a...f), 7 (a...f), 8 (a...f), 9 (a...f), 
10 (a...f), and 11 (a...f) for X6FFF and X10FFF Photon 
Beams for Field Sizes 10X10 cm2, 15X15 cm2 and 20X20 
cm2 respectively. The FWHM values of the manual 
analysis were obtained by determining the inflection 
points using an Excel spreadsheet and analysing the 
resulting curves. In a similar manner, the FWHM values 
of the software analysis were derived from the obtained 
data. The FWHM values were recorded and subsequently 
compared in Tables 2 and 3. The results presented in 
supplementary Figures (12 a and b) and Tables 4 and 5 
demonstrate the difference in FWHM values obtained 
from manual analysis and software calculations for 
both energies. The decreasing order of the difference 
in field width between manual and software analysis is 
observed for detectors including 729, 1,500, 1,600 SRS, 
Starcheck, Pinpoint, and EPID, for field sizes of 10X10 
cm2 and 20X20 cm2. In the case of 15×15 cm2 field size, 

trajectory. The process of locating the global maximum 
of the first derivative utilizes brute force. To mitigate the 
influence of noise, all adjacent points to this maximum 
are taken into account if their weighted average of 
X-values exceeds a specified threshold (e.g., half the 
maximum). The coordinates (X-values) of the inflection 
points on the left and right are ascertained. By linear 
interpolation, the corresponding Y-values are derived 
from the original curve; however, the Y-values of the 
left and right inflection points may not be identical. The 
two Y-values are subsequently averaged. Through the 
process of linear interpolation, the X-values (positions) 
are adjusted to match the averaged Y-value. FWHMs are 
ultimately deduced.

Results

The measured profiles are presented for two different 
energies and three distinct field sizes in Figures (3a, 3b, 
4a, 4b, 5a and 5b). The manual analysis approach was used 

Figure 1. Shows the Individual Array and Its Detector Resolution Pattern. EPID, Electronic Portal Imaging Device; 
PP3D, Pinpoint 3D

10X10 cm2 15X15 cm2 20X20 cm2

Manual Analysis 
(mm)

BS Software 
(mm)

Manual Analysis 
(mm)

BS Software 
(mm)

Manual Analysis 
(mm)

BS Software 
(mm)

Array 729 94.00 99.16 150.00 149.91 196.00 199.40
Array 1500 103.50 99.43 148.50 148.55 203.20 199.66
Array 1600 95.50 99.56 148.50 149.83 203.30 200.47
Starcheck 99.00 99.72 150.00 149.67 201.00 199.45
PP3D 100.50 99.71 150.50 149.81 201.00 199.91
EPID 99.60 99.53 150.15 149.82 200.10 200.04

Table 2. Measured FWHM by All Detectors for the 6FFF Beam.

FWHM, Full Width Half Maximum; FFF, Flattening Filter Free; PP3D, Pinpoint 3D; EPID, Electronic Portal Imaging Device; BS, Beamscan 
Software; mm, milli meter  
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10X10 cm2 15X15 cm2 20X20 cm2

Manual Analysis 
(mm)

BS Software 
(mm)

Manual Analysis 
(mm)

BS Software 
(mm)

Manual Analysis 
(mm)

BS Software 
(mm)

Array 729 93.90 98.92 150.00 149.86 194.50 199.16
Array 1500 103.00 99.22 148.50 148.55 202.90 199.35
Array 1600 97.50 99.53 147.50 149.76 203.00 200.31
Starcheck 99.00 99.67 149.30 149.55 201.00 199.25
PP3D 100.00 99.61 149.50 149.65 200.00 199.76
EPID 99.60 99.44 149.70 149.75 200.10 199.92

Table 3. Measured FWHM by All Detectors for the 10FFF Beam.

FWHM, Full Width Half Maximum; FFF, Flattening Filter Free; PP3D, Pinpoint 3D; EPID, Electronic Portal Imaging Device; BS, Beamscan 
Software; mm, milli meter

Figure 2. Schematic Diagram for Determining Inflection Point. IP, inflection point; RDV, Reference Dose Value 

Figure 3. a, 6FFF_10X10 cm2 Profiles; b, 10FFF_10X10 cm2 Profiles. EPID, Electronic Portal Imaging Device; 
PP3D, Pinpoint 3D; BS, Beamscan Software; SRS, Stereotactic Radio Surgery 

a b

the similar trend was not observed, and the less difference 
was noticed in field width. The given figures demonstrate  
that the peak of the first-order derivative did not occur 
in any of the chambers inside the 729 and 1,500 arrays, 
particularly for field sizes of 10X10 cm2 and 20X20 cm2. 
An identical outcome was observed in the 1,600 SRS array 
when utilizing a 15×15 cm2 field size. However, this was 
not the case for Starcheck, Pinpoint 3D, and EPID. In a 

similar vein, it can be observed that the peak of the first 
order derivative is consistently located at the chamber 
position for all detectors, with the exception of the 1,600 
SRS array, when considering a field size of 15×15 cm2. 
The greatest difference was noted in the 729 arrays for 
dimensions of 10×10 cm2 and 20×20 cm2, measuring 
5.16 mm and 3.40 mm, respectively, for X6FFF and that 
of 5.02 mm and 4.66 mm were recorded for the X10 FFF. 
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a b

Figure 4. a, 6FFF_15X15 cm2 Profiles; b, 10FFF_15X15 cm2 Profiles. EPID, Electronic Portal Imaging Device; PP3D, 
Pinpoint 3D; BS, Beamscan Software; SRS, Stereotactic Radio Surgery

Figure 5. a. 6FFF_20X20 cm2 Profiles; 5b. 10FFF_20X20 cm2 Profiles. EPID, Electronic Portal Imaging Device; 
PP3D, Pinpoint 3D; BS, Beamscan Software; SRS, Stereotactic Radio Surgery 

a b

10X10 cm2 15X15 cm2 20X20 cm2

Array 729 5.16 0.09 3.40
Array 1500 4.07 0.05 3.54
Array 1600 4.06 1.33 2.83
Starcheck 0.72 0.33 1.55
PP3D 0.79 0.69 1.09
EPID 0.07 0.33 0.06

Table 4. Difference in (mm) FWHM between the Manual 
Analysis and the Software Analysis for 6FFF Beam. 

FWHM, Full Width Half Maximum; FFF, Flattening Filter Free; PP3D, 
Pinpoint 3D; EPID, Electronic Portal Imaging Device; mm, milli meter

10X10 cm2 15X15 cm2 20X20 cm2

Array 729 5.02 0.14 4.66
Array 1500 3.78 0.05 3.55
Array 1600 2.03 2.26 2.69
Starcheck 0.67 0.25 1.75
Pinpoint 3D 0.39 0.15 0.24
EPID 0.16 0.05 0.18

Table 5. Difference in (mm) FWHM between the Manual 
Analysis and the Software Analysis for 10FFF Beam 

FWHM, Full Width Half Maximum; FFF, Flattening Filter Free; PP3D, 
Pinpoint 3D; EPID, Electronic Portal Imaging Device; mm, milli meter

The 1,500 Array exhibited the second highest results. The 
resolution of these detector arrays caused this deviation. 
A discrepancy of less than 0.5 mm was noted among the 
measurements obtained by Pinpoint 3D, Starcheck, and 
EPID. Among all the detectors, it was observed that the 
EPID exhibited a higher degree of agreement with the 
software-generated data.

Discussion

Our findings and analysis proved that inflection 
points and field sizes were more accurate when a detector 
with a higher measurement resolution was exhibited. 
Additionally, it was noted that, with the exception of the 
Starcheck and EPID detector arrays, the effective built 
depths of the remaining arrays (729, 1,500, and 1,600) 
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varied. As an illustration, chambers in 729 arrays were 
positioned at a distance of 7.5 mm; as a result, the actual 
radiation field in each chamber was not aligned. This 
factor contributed to the greater discrepancy between 
manual and software FWHM analyses for 10x10 cm2 and 
20x20 cm2. Despite Starcheck’s 3 mm resolution along the 
Primary and Diagonal axes of Field, which is in contrast 
to Pinpoint 3D’s 1 mm and EPID’s 0.3 mm, the inflection 
point is situated in close proximity to the measuring 
chambers. This produces FWHM that is comparable in 
precision to that of Pinpoint 3D and EPID detectors. The 
FWHM obtained with PinPoint 3D at a resolution of 
1 mm was greater than 0.5 mm, with a maximal value 
of 1 mm observed. The discrepancy was notified to be 
less than 0.3 mm exclusively with EPID. According to 
Pichandi et al. [7], the 50% intensity level is observed 
in the steeply descending portion of the beam profile, 
which is a high gradient region. The field dimension of 
FFF beams deviates from the conventional definition. As 
Falk Ponisch et al. [32] and Fogliata et al. [12] already 
explained, the resolution of measurements constituted the 
sole cause of this discrepancy. The more the resolution, the 
lesser the variation in FWHM. However, the 15X15 cm2 
radiation field precisely intersected a chamber, causing 
the inflection point to be located there. The result was a 
negligible variation in FWHM. In contrast, a difference of 
greater than 2 mm was observed across all field diameters 
for a 1,600 array with a resolution of 5 mm for the 
15X15 cm2. At this location, the inflection point is absent 
at the chamber level. It is indisputable that the FWHM 
encountered distinctions because of detector resolution. 

In conclusion, the results indicate that the detector’s 
resolution has an impact on the inflection point and 
field width. The accuracy of identifying the inflection 
point increases as the resolution increases. While these 
detector arrays can be used to obtain consistent data for 
regular tests, this work emphasizes the need for high-
resolution measurements, namely, at a minimum of 1 
mm at a high gradient dose. Nevertheless, the inflection 
point determined through manual estimation aligns 
with the results obtained from program analysis solely 
in cases where the observed profile possesses a greater 
resolution. In addition, irrespective of the resolution of the 
detector, the software generates accurate measurements 
of the inflection point and field width. Ensuring enough 
resolution in the high gradient zone is of utmost 
importance when measuring the FFF beam profile. The 
efficacy of the PTW Software Module for Inflection Point 
Analysis has been found to be higher, rendering it suitable 
for routine quality assurance applications. 
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