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Purpose: The metal present in the implant creates artifacts during the treatment simulation, which impacts the treatment planning and
delivery of the prescribed dose to the target and sparing normal tissues. This retrospective study evaluated the uncertainties in the planning
and delivery of doses for prosthesis cases with dedicated phantom. Materials and Methods: In this retrospective study, 11 patients with a
hip prosthesis having cervix carcinoma were selected. Two treatment plans were generated on treatment planning system (TPS) for each case.
Plan_No_Res was without any beam restriction, and Plan_exit_only was the plan with restricted beam entry through the metallic implant. An
indigenous phantom was utilized to verify the accuracy of the treatment. In the phantom, some groves were present, which could be filled by
implants that mimic the patient’s geometries, like left, right and bilateral femur implants. The delivered doses were recorded using optically
stimulated luminescence dosimeters (OSLDs), which were placed at different positions in the phantom. The plans were further calculated using
megavoltage computed tomography (MVCT) scans acquired during treatment. Results: The patient data showed no significant dose changes
between the two planning methods. The treatment time increases from 412.18 + 86.65 to 427.36 + 104.80 with P=0.03 for Plan_No_Res and
Plan_exit only, respectively. The difference between planned and delivered doses of various points across phantom geometries was within +
9.5% in each case as left, right, and bilateral implant. The variations between OSLDs and MVCT calculated doses were also within + 10.8%.
Conclusion: The study showed the competency of tomotherapy planning for hip prosthesis cases. The phantom measurements demonstrate
the errors in dosimetry near the implant material, suggesting the need for precise methods to deal with artifact-related issues.
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INTRODUCTION Patients with implants possess problems during diagnosis and
treatment and may require special attention at every treatment

Cancer is a deadly disease if not treated in time. Cancer stage. The high Z material used for implants interacts with

cases are increasing rapidly with the changing lifestyle X-ray beam used for diagnosis and treatment, producing
and environmental conditions such as air pollution, water scattering and beam hardening, which causes artifacts

pollution, and the chemicals used in food items at production  jy the image.® Radiotherapy requires high accuracy and

and processing units.l'? According to a recent census precision to target the tumor and spare the normal organs
GLOBOCAN 2020, a 13% increase will be observed every  in the surroundings.” The carcinoma (Ca) cervix cases
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implant in the femur because of fracture or bone loss.[”)
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require advanced treatments such as intensity-modulated
radiotherapy (IMRT) and image-guided radiotherapy to
prevent unnecessary radiation doses to the bladder and
rectum.!'”

The tomotherapy Radixact X9 (Radixact X9, Accuray Inc.
Sunnyvale, CA) treatment delivery machine has a linear
accelerator installed on a slip-ring gantry that can deliver
flattening filter-free photon beams in Tomo-Direct, the
three-dimensional (3D) conformal radiotherapy form or IMRT
in helical form..'" Dynamic and fixed jaw treatment delivery
options are available. Three jaw settings are 40 cm x 1 cm,
40 cm x 2.5 cm, and 40 cm x 5 cm; dynamic jaw options
are available for the latter two. The binary multi-leaf
collimators (MLCs) have 64 leaves, each having projection of
6.25 mm at the isocenter. Helical treatment delivery involves
the couch moving continuously while the ring gantry delivers
a modulated fan beam continuously.l'?) To guide treatment,
3.2 MV megavoltage computed tomography (MVCT) was
on board.

Sibata et al.['! studied the dosimetric influence of hip
prosthesis in high-energy photons. They showed the
changes in the beam profile due to attenuation caused by
implant material. The American Association of Physicists in
Medicine Task Group (AAPM TG)-63['Y has recommended
the steps for planning and delivery in hip prosthesis cases.
In the report,l'¥ Reft et al. suggested avoiding the direct
entry of radiation beams through the implant material. Panda
et al." compared the treatment plans for Halcyon and helical
tomotherapy plans for cervix cases and found dosimetrically
equivalent results.

In radiotherapy, it is recommended to perform tests on phantoms
to find uncertainties; this allows the researcher to explore
multiple pathways without harming the patient. Designing a
specific phantom for the different cases and performing the
essential steps on the phantom provides a clear picture of the
challenges faced. Acquah et a/.l'" used CIRS phantom with
metal inserts to study the impact of the artifacts on calculation
algorithms. The 3D printing also helps in designing dedicated
phantoms for radiotherapy measurements.['¢!

This study was designed to find the dosimetric effect of
different optimization methods on a patient’s treatment plan.
The study includes the phantom study for different hip implant
cases: right hip, left hip, and bilateral hip implant and the effect
of the artifacts on the dose calculation in these cases. The
dose delivery on the phantom was recorded using optically
stimulated luminescence dosimeters (OSLDs) to validate the
treatment planning system (TPS) doses. The MVCT images
were reviewed for planning the implant cases.

MareriaLs AND METHODS

Patient selection and simulation
For this retrospective analysis, a total of 11 patients with hip
prostheses who had cervical cancer were selected. The patients

were divided into three groups: six for the right implant, three
for the left implant, and two for the bilateral implant. The
femoral heads ranged in size from 40 to 54 millimeters across.
The simulation was performed on a Somatom Sensation Open
computed tomography (CT) simulator (Siemens Healthineers,
Germany) with 5 mm slice thickness in the head first supine
position using thermoplastic immobilization.

Patient contouring and treatment planning

The contouring was done as per the EMBRACE II Study
Protocol.'” Gross tumor volume (GTV) was gross disease
visible of T2 magnetic resonance imaging (MRI) which was
co-registered to planning CT scan. High-risk CTV included
the entire cervix with gross disease as visible on T2 MRI.
Low-risk CTV (CTV-LR) included the entire uterus, fallopian
tubes, ovaries, parametria, and 2 cm of normal vagina inferior
to gross disease. Internal target volume (ITV) was generated
by giving 1 cm margin in the superior, anterior, and posterior
and 0.5 cm lateral direction to CTV-LR, to account for bladder
and rectum motion during treatment. Elective nodal CTV
included bilateral common iliac, external iliac, internal iliac,
obturator, and presacral nodes. ITV and elective nodal CTV
were combined to generate ITV final volume (ITV final).
Planning target volume (PTV) was generated by giving 5 mm
isotropic margin to ITV final volume. The femur, implanted
femur, bladder, rectum, and bowel structures were drawn, and
the posterior wall of the bladder (bladder wall) and the anterior
wall of the rectum (rectum wall) were also contoured. The dose
spillage outside the target was controlled by drawing 3 cm ring
around PTV. The Accuray TPS Precision (Accuray Precision
2.0.1.1 [5], Accuray Inc., Sunnyvale, CA) was used to create
inverse IMRT plans with a dynamic jaw width of 2.5, a pitch
of 0.43, and a modulation factor of 2.5 to optimize the plans.
Two plans were created for each patient; the first was optimized
without beam path restriction and named Plan No_Res. The
second was optimized for similar objectives and restricted
beam entry through the implanted femur, and it was named
Plan_exit only. The plans were optimized to achieve the target
dose of 45 Gray (Gy) in 25 fractions. The objectives used for
optimization were target PTV: V= 100% dose (desired),
Visay = 95% dose (acceptable), and D (point dose)
<105% for organs at risk. Bladder: V. <50%, V30Gy <70%,
rectum: V, . <70%, V30Gy <90%, bowel: \/45Gy <120 cc, and
Dmax <105%. The plans were calculated using the convolution
superposition algorithm with high resolution. Figure 1 shows
the isodoses of 95% and 50% for different cases of femur
implants.

Patient data evaluation and analysis

The PTV and OARs were assessed using Dose Volume
Histograms (DVH). The plan quality was assessed using
the following metrics: D, , D.,, D.,, and V_, of PTV.

. 95%° 98%° 2%’ N 95%
Furthermore, an estimate of the gradient index was also
cal.culated. D, mear} d0s§ (Dmean), V3OGy, and V40Gy were
estimated from the dosimetric data for the bladder and rectum,
Whlle DOAlcc’ chc’ Dch’ DScc’ VlOGy’ VZOGy’ V3SGy’ and Dmean were
estimated for the bladder and rectum walls. D Dmean,

0.lcc?
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Figure 1: The dose distributions of the 95% and 50% isodose colour
wash for various cases of femur implant were: (a) and (b) represent the
right femur implant. (c) and (d) depict the isodose lines for the left femur
implant. (e) and (f) show the isodoses for bilateral femur implants. (a),
(c) and (e) correspond to the plans with beam entry through the implant,
while (b), (d), and (f) correspond to plans without beam entry through
the implant

Visay Vioay and Vs, Were computed for the Bowel. Along
with these parameters, treatment time was also calculated. D
.. Signifies the dose received by organ in x cc volume, and D_
,, signifies the dose received by organ in x % of volume. V_
Gy signifies the volume of organ received x Gy dose, and V
x % signifies the volume of organ received x % of dose. The
gradient index (GI) is the ratio of the volume of 50% of the
prescription isodose to the volume of the prescription isodose

95%.!"8 The formula used for GI was denoted as gradient.

. Volume of Isodose Receiving 50% Dose
Gradient =

Volume of Isodose Receiving 95% Dose

Phantom design

The study was conducted with a cylindrical phantom with
a length of 21 cm and a diameter of 20 cm. The phantom
consisted of perspex material with three grooves for inserting
implant rods. Two stainless steel inserting rods with a mass
density of 7.5 8 g/cc were used to mimic the implants. The
lengths of the rods were 20.9 cm and 22.5 cm, respectively,
with 2.1 cm diameter. The third inserting rod, hollow poly vinyl
chloride (PVC) pipe with a wall thickness of 2 mm, length
of 22 cm and diameter of 2 c¢m filled with wax, was used to
simulate normal bone tissue shown in Figure 2a. A rectangular
block (L =20 cm, width = 6.5 cm, height = 12.2 cm) with
multiple detachable layers was in the middle of the phantom
shown in Figure 2c, the ionization chamber CC13 at 6.7 cm
depth. We also placed OSLDs in different planes to stimulate
the bladder, bladder wall, rectum wall, and rectum. The OSLDs

were kept in grooves created on a 1 mm wax sheet shown in
Figure 2b. Figure 2d demonstrates the typical geometry of the
different layers in phantom. The phantom was scanned on a
CT simulator in pelvis protocol with a 1 mm slice thickness
using the same CT simulator. Figure 2¢ shows the CT axial
view of the right femur implant in the phantom. Three different
scans were performed to denote bilateral and unilateral scans.
We imported all the scans to the Accuray precise contouring
station. We contoured the chamber volume and named it GTV,
and the margin to it was the PTV. The different layers were
also contoured and named bladder, bladder wall, rectum wall,
and rectum. The bladder and rectum contours were shaped as
the actual clinical structures. Figure 2g shows the 3D view of
the phantom in TPS.

Treatment planning and dose delivery for phantom

Each implant set, such as the bilateral, left, and right implants,
had two distinct plans. All the plans were generated with
dynamic jaws 2.5 cm x 40 cm, 0.43 pitch, and a modulation
factor of 2.5 for the dose of 45Gy in 25 fractions utilizing
helical IMRT technique. The plans were calculated with a
convolution superposition algorithm in high resolution. The
plans that did not restrict beam entry through implants were
labeled with the suffix No_Res, while those that did restrict
beam entry and only permit radiation beam exit were labeled
with the suffix Exit Only. The plans had the following names:
IM_ R No ResandIM R _Exit Only for the right implant and
IM L No ResandIM L Exit Only for the left implant. Bl
No Resand Bl Exit Only were utilized for bilateral implants.
The plans were delivered to the phantom aligned with moving
laser red lasers used for patient setup, and an MVCT scan
was performed to ensure the phantom positioning. Figure 2f
shows the axial view of the MVCT scan of the phantom. After
applying shifts to the chamber and implants, the treatment was
performed. Figure 3 illustrates the dose distributions of the 95%
isodose and 50% isodose for various cases of femur implant in
the phantom. (a) and (b) depict bilateral femur implant cases,
(c¢) and (d) demonstrate the isodose for the left femur implant.
(e) and (f) represent the isodoses for the right femur implant. In
which 3((a), (c),(e)) correspond to the plans with beam entry
through the implant, while 3((b), (d),(f))correspond to plans
without beam entry through the implant.

Dosimetry instruments

The OSLDs used were BeO elements of dimensions
4.65 mm % 4.65 mm X 0.5 mm from RadPro International
GmbH (Freiberg Instruments GmbH, Freiberg, Germany).
The element was covered in a black-colored sheath of
Acrylnitril-Butadien-Styrol-Copolymer. An average of 5 chips
were placed in each plane to measure the doses. These chips
were contoured in the simulation CT to obtain the mean doses
calculated from TPS to the chip. A total of 21 OSLD chips
were in each set of measurements. The OSLDs were read using
light-emitting diodes of 460 nm wavelength light.

The point doses were measured using the ionization chamber
CC13 (0.13 cc) (IBA Dosimetry, Germany) with a Wellhofer
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Figure 2: (a) The rods used forimplant. (b) The placement of OSLDs in a layer. (c) Photograph of the phantom in axial plan. (d) The overall geometry of
the different layers in phantom. (e) The computed tomography axial view of the right femur implant in the phantom. (f) The axial view of the megavoltage
computed tomography scan of the phantom. (g) The three-dimensional-view of the phantom in treatment planning system

Figure 3: The dose distributions of the 95% isodose and 50% isodose for
various cases of femur implant in the phantom, were (a) and (b) depict
bilateral femur implant cases, (c) and (d) demonstrate the isodose for the
left femur implant. (e) and (f) represent the isodoses for the right femur
implant. In which 3((a), (c),(e)) correspond to the plans with beam entry
through the implant, while 3((b), (d),(f) )correspond to plans without beam
entry through the implant

Dose-1 electrometer. The chamber was at the center of the
target.

Megavoltage computed tomography dose calculation
The MVCT images acquired during plan implementation were
imported to the Mim software (MIM, version 7.1.90, Mim
software Inc., Beachwood, OH, United States) of the precise
ART module. This module enables the registration of the
planning CT images and the MVCT images. The structures in
the planning images get transferred to the MVCT images, and
we can evaluate the differences between planned and delivered
doses. The MVCT calibration curve was uploaded to this
software, and applying the curve, we calculated the doses to the
different structures present in CT. Figure 4 compares computed
tomography (CT) and megavoltage computed tomography
(MVCT) images alongside dose difference: (a) and (b) display
images for bilateral implants. (c) and (d) showcase images of
the left femur implant. (e) and (f) represent images for the
right femur implant. Where 4((b), (d), and (f) correspond to
the calculated dosage on MVCT pictures, while 4((a), (¢), and
(e)) reflect the dose distribution on CT images.

All computational statistics were performed with statistical
analysis in Python software (Spyder IDE version 5.1.5,
Raybaut, P.[19] The paired t-test was used to analyze the
difference in dosimetric parameters, and a P-value < 0.05
was considered statistically significant. The Microsoft Office
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Figure 4: The comparison between computed tomography and megavoltage computed tomography (MVCT) images and their respective noise levels:
(aand b) for bilateral implant, (c and d) for the left femur, and (e and f) for the right femur implant. The reduced noise levels in MVCT images (b), (d),

and (f) highlight their superiority over the CT images (a), (c), and (e)

Excel sheets were used to calculate the % differences, mean,
and standard deviation.

ResuLts

Dosimetric analysis for patients

The patient’s planning data are documented in Table 1. The two
plansPlan No ResandPlan_exit only were compared using the
dose-volume histogram (DVH) data, and there was no significant
variation in PTV dosimetry parameters, i.e., V, (P = 0.39),
D, (P=0.24),D,, (P=0.29), and D,,, (P =0.27). Similarly,
the organ-at-risk (OAR) doses and GI were comparable in both
the planning techniques with P > 0.05 for all the dosimetric
parameters evaluated for the bladder, bladder wall rectum,
and rectum wall. There was a significant increase in treatment
time from 412.18 + 86.65 to 427.36 + 104.80 with P = 0.03 for
Plan_No Res and Plan_exit_only, respectively.

Dosimetric analysis for Phantom

Table 2 summarizes the TPS and OSLDs received and
calculated MVCT average point doses for both No Res and
Exit Only plans. Detailed measurements for various marked
points in the Phantom were provided in Supplementary Table.

Bilateral femur implant case: The average difference between
OSLD received and TPS calculated dose in No_Res plans for
the Bladder was 3.53%, for the bladder wall was -6.53% and
-1.67% and 4.31% for the rectum and rectum wall respectively.
In Exit Only plans, the dose differences were 5.44%, 7.46%,
3.46% and 4.35% for the Bladder, Bladder wall, Rectum and
Rectum wall, respectively. The dose difference between OSLD
received and calculated on MVCT doses in No_Res plans were
5.35%, -1.71%, 3.52% and 10.80% for the Bladder, bladder
wall, rectum and rectum wall, respectively. Similarly, 6.04%,
6.29%, 4.40%, and 5.04% were for Bladder, bladder wall,
rectum, and rectum wall, respectively, in Exit_only Plans.

Left femur implant point: The average difference between
OSLD received and TPS calculated dose in No_Res plans,

for the Bladder, bladder, rectum, and rectum wall were 4.49%,
2.56%, 5.84%, and 2.96%, respectively. For Exit_Only plans,
these discrepancies were 9.37%, 2.7%, -0.14%, and 3.02%,
respectively. The difference between OSLD received and
calculated on MVCT doses in No Res plans were 5.77%,
4.70%, 8.0%, and 5.27% for the Bladder, bladder wall, rectum,
and rectum wall, respectively. In Exit Plans, these differences
were 9.91%, 3.56%, 1.36%, and 4.31%, respectively.

Right Femur Implant: The average difference between OSLD
received and TPS calculated dose in No_Res plans, for the
Bladder, bladder wall, rectum, and rectum wall were 2.88%,
-5.92%, 1.85%, and -0.17%, respectively. Meanwhile, for
Exit Only plans, these discrepancies stood at 3.43%, 1.27%,
3.47%, and 1.92%, respectively. Regarding the difference
between OSLD received and calculated on MVCT doses, in
No_Res plans was 4.38%, -2.77%, 4.49%, and 2.84% for the
Bladder, bladder wall, rectum, and rectum wall, respectively.
For Exit_Plans, these differences were 4.36%, 2.43%, 4.91%
and 3.62% respectively.

Point dose measurements

Table 3 illustrates the disparity in dose between the measured
values by the ion-chamber and the TPS-calculated doses
for all bilateral, left femur implant, and right implant cases
in both NO_Res and Exit Only plans. The variations were
within £ 2%.

Discussion

The tomotherapy planning and delivery system is different
from the C-linac. The fan beam of radiation was used to deliver
the dose in a helical pattern. The patient dosimetry data showed
no significant dose changes between the two planning methods.
Our previous study derived similar results when the patients
were planned for the Clinac-ix 2300-CD. Singh et al. concluded
that the beam avoidance required for the volumetric-modulated
arc therapy (VMAT) plans was not significant in the planning
of hip prosthesis cases.?” David et al.?Y different VMAT
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Table 1: Patient treatment plan data and plan

comparisons
Structure  Parameter  Planning technique (mean=+SD) P
Plan_No_Res  Plan_exit_only
PTV Vv, (%) 99.13+0.52 99.17+0.52 0.39
D, (cGy)  4448.73+29.47  4442.734#31.01 0.4
D, (%) 4554.64£16.96 4535456234 0.29
D,, (%) 4383.36£58.99  4404.27£72.45 0.7
Bladder Ve (%) 48.815.96 49.467£6.29  0.12
Vi (%) 82.55£16.25 83.9+14.64 059
D, . (cGy)  4625:49.97 4612.09+27.22  0.23
D, (cGy) 3785.55£160.33 3812.91£176.86  0.39
Bladder Ve, (%) 100 100
wall Vi, (%) 99.3241.43 98.8442.13 0.25
Visey (%) 69.3049.12 73.16£1035  0.15
D,,. (cGy) 459436+£29.92  4591.82+24.81  0.72
D,,. (cGy) 4559.18423.97  4558.27+16.46  0.87
D,, (cGy) 454527+£19.72  4546.18+13.6  0.83
D,,. (cGy)  4526.0+15.5 4526+15.5 0.93
D, . (cGy) 391027+141.1  3921.09+123.25  0.69
Rectum Vg, (%) 48.84+10.60 50.9+10.2 0.20
Vi, (%) 79.06+8.3 81.71£9.98 0.45
D,,. (cGy) 4635.64+4590  4643.09460.17  0.58
D, (cGy) 3965.45+324.89 3731.914329.43  0.49
Rectum Vo, (%) 96.39£10.74 96.38+10.74 034
wall Vi, (%) 94.65+11.89 93.48+11.90  0.28
Vi, (%) 65.04+7.22 66.85+7.29 0.34
D, (cGy) 46274544557  4629.45+58.58  0.88
D,,. (cGy) 4565452349  4566.73£31.76  0.86
D,,. (cGy) 4537.55£31.16 45422742514  0.53
D,,. (cGy) 4501.09£23.51  4499.18426.7  0.58
D, (cGy) 3684.55£378.19 3717.274387.45  0.49
Bowel Vi, (€ 36+56.73 37.38+61.61 0.65
Voo (o) 16021£143.04 1546414681  0.44
vm; (cc)  307.13£154.63  249.13%154.63  0.35
D,,. (cGy)  4560+75.01 4540.64+61.96  0.12
D, (cGy) 2057.73£378.63  2028.09+389.31  0.22
Gradient 3.07+0.33 3.05+0.30 0.84
Treatment 412.18+86.65  427.36£104.80  0.03
time (s)

SD: Standard deviation

planning strategies for bilateral hip prostheses for the prostate
and concluded that the optimizer-constrained methods were
sparing the oars in an improved manne. Prabhakar et a/. studied
beam avoidance using two arcs in VMAT plans for a bilateral
hip prosthesis in prostate cases, and they found the constrained
methods helpful in respecting doses toward the implant.*?

Parenica et al.?® used full arc to optimize the VMAT plans
without any avoidance and with the Mote Carlo calculation
methods found better plan quality for hip prosthesis prostate
cancer cases. In this study, the results did not indicate the
avoidance of the implanted material. The small increase in
the treatment time was the only concern with the plans used
the avoidance. Therefore, except for the treatment time, the
avoidance method can be well recommended because it avoids

Singh, et al.: Planning of hip prosthesis patients on tomotherapy

the uncertainties related to calculation algorithms. There were
Monte Carlo studies*! which show the variation in data due
to the presence of metal implants.

In the tomotherapy plans, the optimizer had increased
freedom due to the high gantry rotational speed, constant
couch movement, and pneumatically moving binary MLCs.
These helped to get plans without any significant variation
in the gradients of the two different optimization methods.
The significant variation in the treatment time was due to the
restricted entry of the beam; the gantry had to take multiple
rotations to cover the same area because of the constant speed
of the couch. According to the AAPM TG-63, the entry of
radiation beam through the implanted material should be
avoided to avoid uncertainties in the treatment planning of
the patients.

The phantom study was required to understand the dosimetric
uncertainties in hip prosthesis cases; the present study includes
all three possibilities of the implant in the femoral region. The
end-to-end test simulating the actual scatter conditions provided
clearer insight into these cases. Kumar®! studied the end-to-end
test on tomotherapy for planning bilateral implant cases and
concluded that the avoidance methods less affected the helical
IMRT plans.?? Furuya et al. studied the spine SBRT cases
for spine metal implants and were able to get the results with
uncertainties within + 5% among five different institutes. Gurjar
et al P highlighted the dose perturbations due to scattering from
high-density bone material at bone tissue interface. Further,
high-density material causes significant attenuation of the
incident radiation beam, which leads to the dose perturbation
in the shadow region and gives rise to a dose peak up streaming
from the material surface due to backscattering.

The phantom study results showed significant discrepancies
when compared with the OSLDS, TPS, and MVCT calculated
doses. The OSLD measurements were up to = 10% from the
TPS and the MVCT doses. The OSLDs were distributed in the
phantom such that it covered all the measure junctions of the
target and OARSs, the bladder wall and rectum wall were present
in the target region, and the bladder and rectum OSLDS were
giving an overview of the OAR doses. OSLDs were reliable
dosimeters for photon dosimetry,**) and BeO used in the
study had tissue equivalence and could detect smaller doses
t00.% They used the alkaline dosimeters to study the dose
uncertainties in the planning and delivery of human cadavers
having metallic implants inside; they marked the variation in
doses up to 33% between planned and delivered. In this study,
the differences in planned doses within the target region and
measured using an ionization chamber, were found to be within
+ 2%. However, discrepancies observed at various points
through OSLD raised concerns and warrant comprehensive
evaluation from all angles. One possible explanation for these
variations could be the presence of interface scattered photons
near metallic implants.

The MVCT images and the dose calculation could be a better
option for planning hip prosthesis cases. The phantom CT scan
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Table 3: Chamber point dose measurement details in target

Case No_Res Plans Exit Only Plans
lon Chamber Planned (TPS) Measured vs lon Chamber  Planned (TPS) Measured vs
Measured Doses cGy (B) Planned Dose Measured Doses cGy (E) Planned Dose
Doses cGy (A) %Difference (A-B) Doses %Difference (D-E)
cGy (D)
Left Femur Implant 179.47 181 -0.85 178.95 181.64 -1.5
Right Femur Implant 177.98 180.36 -1.36 180.1 180.68 -0.32
Bilateral Femur Implant 181.95 181 0.52 182.64 179.44 1.75
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