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In this study, we assessed the precision and repeatability of the daily patient positioning for three distinct immobilization devices
used for head-and-neck patients undergoing RapidArc radiation therapy using cone beam computed tomography (CBCT). An
analysis was conducted on the accuracy of patient setup for three distinct immobilization devices, resulting in 1204 CBCT images
for 189 patients in total. Using a typical posifix supine headrest and five fixation point podcast-plus-thermoplastic masks, the
first group of 39 patients (125 CBCTs) was immobilized. The identical method was used to immobilize the second group of
19 patients (158 CBCTs) in the same posture (supine), and AccuFormTM custom headrests were employed as an added measure.
Over 65% of the patients in the third group had a double shell positioning system (DSPS) covering their entire head and neck.
Patient-alignment-accuracy or couch shifts in the vertical, longitudinal, and lateral directions from CT-CBCT fusions were recorded
from ARIA. Our results showed that in 90% of the anteriorposterior (AP), 90% of the superior-inferior (SI), and 92.7% of the
right-left (RL) population in the first group, patient-alignment-accuracy or couch shifts were within 2 mm. For 99.4% (AP), 100%
(SI), and 98.7% (RL) of the second group’s total population, patient-alignment-accuracy was within 2 mm. In the third group, it
was within 2 mm for 92.1% (AP), ~89% (SI), and 93.3% (RL) of the total population. In conclusion, a significant improvement
was seen with the application of a mouth bite and a tailored backrest cushion to the five fixation point posicast mask. In addition,
significant improvement in the alignment of the lower neck area was observed with the use of DSPS. Virtually 100% of the head-
and-neck patients were aligned within an accuracy of 3 mm, which is the PTV margin in our department.
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1.INTRODUCTION

An accurate and repeatable patient setup is very
important in radiotherapy to precisely target the tumor and
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minimize the irradiation of healthy tissues for fractionated
radiotherapy [1]. An immobilization device helps the patient
stay in the same position for all radiation treatments and each
fraction [2]. Various studies have discussed the importance
of patient setup in head/neck and skull/brain tumors [3-17].
According to these studies, precise delivery on a daily basis
is crucial for treatment success. The thermoplastic mask
is the most commonly used immobilization device for
fractionated radiotherapy to the head-and-neck region [18].
There are different types and manufacturers of thermoplastic
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masks, several of which have been investigated in both
prospective [19] and retrospective [20] studies.

All immobilization systems designed for radiation
treatment should meet several conditions [21]. The ability
to reduce positioning errors and limit patient movements
is considered crucial. Good patient comfort and a short
construction time by radiotherapy technologists are also
important factors [22]. The conventional head-and-neck
immobilization device used in our department was the
five fixation point posicast-plus thermoplastic mask with
a standard posifix supine anterior/posterior headrest and
double shell. The posture fixation of patients during treatment
becomes a significant procedure and exerts a direct impact on
positioning accuracy [23]. Although the thermoplastic system
works well in clinical practice, the image-guided radiation
therapy (IGRT) technology introduced in the last decades
has allowed for the verification of patient positioning and
geometry. A Cone Beam Computed Tomography (CBCT)
taken before the treatment provided 3D images [24-27].
A customized headrest was assessed by Humphreys et al.
for the head-and-neck IMRT treatment [28]. They reported
that a customized headrest could achieve alignment accuracy
within 3 mm.

The primary objective of the current study was to
retrospectively assess and compare the random uncertainties
in patient positioning differences between online and offline
use of three immobilization systems for the head-and-neck
region. A mouth bite with a thermoplastic mask was added
to limit head rotation. To stabilize the neck curvature and
limit dispositions of the head in the right-left (RL) and
superior-inferior (SI) directions, a customized cushion was
also integrated to the standard headrest and molded to the
posterior aspect of the head and neck. In addition, we reported
the limitations of customized headrests for stabilizing neck
curvature in patients with short and long necks. Moreover,
we reported another type of immobilization system, i.e.,
the double shell positioning system (DSPS). Keywords of
the concept were simplicity, reproducibility, and patient-
friendliness. The DSPS replaced the headrest and cushions
under the head-and-neck area. The posterior shell can adopt
the patient’s natural supine posture and thus it was easy to
reproduce even toward the end of treatment. While the anterior
is rigid and molded around the head-and-neck area to limit
the patient’s movement before and during the treatment. The
data of each group were gathered and analyzed to evaluate the
effect of each added accessory separately. Furthermore, we
used customized headrests for all head-and-neck cases, and
for patients with short and long necks, it was quite difficult
to stabilize neck curvature. In evaluating the effectiveness
of various immobilization systems for head-and-neck cases,
it is essential to examine whether specific modifications can
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significantly improve patient stability during treatment. To this
end, we formulated a null hypothesis: The addition of a mouth
bite and a customized headrest does not significantly limit
the rotation of the head region, stabilize the neck curvature,
or minimize the longitudinal and lateral displacement of the
head-and-neck in head-and-neck immobilization systems.
This hypothesis served as the basis for our investigation,
guiding the analysis of whether these modifications could
provide measurable improvements in patient alignment.

2. METHODS
2.1. Patient data and immobilization devices

Between July 2021 and July 2023, a retrospective study
was conducted on a population of 370 patients, all diagnosed
with various cancers in the head-and-neck region, including
the nasal cavity, paranasal sinus, nasopharyngeal cancer, oral
and oropharyngeal cancer, salivary glands, larynx, parotid,
maxilla, and thyroid tumors. Using the Raosoft® sample size
calculator with a 5% margin of error and a 95% confidence
level [29], arecommended sample size of 189 was determined
for this study. Patients with tumors below the clavicles and
certain skull base tumors were excluded due to the challenges
in immobilizing these areas, given the rigid relationship of
the target to the skull.

This study was performed on 189 patients, involving 1204
CBCT images. The data were analyzed offline, and the applied
CBCT shifts for online and offline alignment accuracy were
compared among three groups to quantitatively evaluate the
position of random uncertainties with the new system. The
offline CBCT and CT fusion were done by a physicist and
carefully reviewed by the radiation oncologist specializing in
head-and-neck cancer. About 25-30% and 20-25% of patients
with Nasopharynx cases were included in the first and second
groups, respectively. While about 40-50% of Nasopharynx
cases were included in the third group. Patients were not
grouped based on any factor (gender, age, treatment intent,
duration, or technique of treatment) other than the type of
immobilization device used because the only aim of this study
was to compare the three immobilization systems, including
(1) the conventional immobilization system (CIS), (2) New
immobilization system (NIS), and (3) DSPS.

2.2. Ethical considerations

The ethics committee at the King Abdullah International
Medical Research Center (KAIMRC) approved this study
(Study Number: SP21J/095/03). The data were accessed for
research purposes on September 31, 2021. The following
methods of data anonymization were employed:

A- Removal of identifiers: The data were fully anonymized.
Any information that could directly or indirectly identify
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individual participants was removed or altered before
the data were accessed by the researchers. This process
ensured that the data could not be traced back to any
specific individual.

B- Access control: The data were stored in a password-
protected Microsoft Excel file. This step added an
additional layer of security, ensuring that only authorized
personnel could access the data.

Steps to ensure data integrity and confidentiality included:

A- Ethics approval: The study was approved by the ethics
committee at the KAIMRC, ensuring that the research
met ethical standards, including those related to data
protection.

B- Informed consent: Written informed consent was
obtained from all participants before data acquisition.
This step ensured that participants were aware of how
their data would be used and that they agreed to these
terms.

C- Controlled access: Researchers did not have access to any
information that could identify individual participants
during and after data collection. This controlled access
to sensitive data helped maintain confidentiality.

D- Data anonymization before access: All data were
anonymized before the researchers had access to
them, ensuring that the data could not be linked to any
individual participants.

E- Confidentiality measures: Anonymity and confidentiality
were rigorously upheld throughout the study. The use of a
password-protected file without identifiers demonstrates
a commitment to maintaining the confidentiality of
participant data.

2.3. Immobilization systems

For many years, we have been using a standard five
fixation point posicast-plus thermoplastic mask with a posifix
supine headrest. However, we faced difficulties in realigning
patients on a daily basis, i.e., rotation on the zygomatic arch
during brain treatment and anterior/posterior placement on
the lower neck from C3 to C7. Then, we added a customized
headrest (cushion). Nonetheless, the rotation improved,
and the head-and-neck alignments were yet to be fixed for
patients with short and very long necks. Finally, we changed
the immobilization devices and used DSPS shells to obtain
a better setup for most of the patients. We successfully
reproduced the same setup on a daily basis and eventually
adopted the DPSP system. As it locks and supports the lower
supine position, there was a minimal shift in all directions.

2.3.1.CIS

The first group of 39 patients was immobilized in the
supine position with five posicast-plus thermoplastic mask
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fixation points (head and shoulders). The five-point mask
was fitted to the carbon fiber baseplate (indexed onto the
couch top) laterally on both sides of the shoulders as well
as the head. A fifth cranial flap was fixed to the baseplate in
the superior aspect of the head. To soften, the thermoplastic
mask was submerged in a hot water bath (70°-71°) for
I min. The mask was placed directly on the patient’s head
and shoulders. The patient’s head was supported by supine
posifix standard headrests made of low-density polyethylene
foam in five color-coded different shapes to choose the best
fit for the patient’s neck and to obtain different neck positions
(Figure 1A).

2.3.2. NIS

The second group of 19 patients was immobilized in the
same position (supine) using the same system complemented
with AccuForm custom headrests. These cushions were soft,
cloth-covered pillows filled with beads coated in water-curable
resin. The cushion used was of a large size (20 % 25 cm). It was
briefly rinsed under tap water to become pliable. It was then
cantered under the patient’s head and molded to the patient’s
posterior contour. After a few minutes, the cushion formed a
rigid yet comfortable customized headrest. In addition, this
group also had a precise mouth bite manufactured before
the thermoplastic mask. The mouth bite was submerged in
hot water to soften and then placed in the patient’s mouth.
Initially, the patient was advised to bite hard to leave a proper
dental impression on the mouth bite. After the mouth bite set,
the thermoplastic mask was pulled over the patient and the
docking plate was snapped on top of the mouth bite to secure
it to the mask (Figure 1B).

2.3.3. DSPS

The third-largest group consisted of 131 patients who were
immobilized with DSPS. This group had the same concept
as the aforementioned two studies but with the exception
of the posterior (Base Shell) difference. The DSPS concept
was created around an ultra-light carbon fiber cradle/base
plate with maximum accessibility for the preparation of
individual masks. The DSPS system is equipped with two
different moldable thermoplastic sheets which are fixed in
precisely fitted frames. While the material is flexible, it shows
sufficient resistance to support the head of the patient during
the molding process. At the same time, it is adequately pliable
to customize the mask for each patient. The molding and
application processes were the same but the post-shell was
first dipped in warm water (70°—71°C) for 20 s. The post-shell
took 5 min to set and then the anterior shell was kept in warm
water for 2—3 min and then applied to the patient’s face, neck,
and shoulder (Figure 2).
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B Standard Headrest

Figure 1. (A) The conventional immobilization system for head and neck,
(B) Customized immobilization system for head and neck.
Source: https://ngha.med.sa/English/MedicalCities/Jeddah/

MedDepartments/PNOC[44].
w Posterior shell

DSPS with base plate

Figure 2. New double shell positioning system (double-shell-positioning-
system™) for the immobilization of head and neck.

Source: https://ngha.med.sa/English/MedicalCities/Jeddah/
MedDepartments/PNOC[44].

2.4.Planning CT

A helical CT scan was performed in all patients with an
intravenous contrast using 120 kV, 120 MAs, a slice thickness
of 2 mm, an extended field of view of 65 cm, and a pixel size of
1.27 mm x 1.27 mm. The scan started from the top of the head and
finished 5 cm below the clavicles. The zero slices were marked
on the mask as a CT origin reference using a superfine (0.3 mm)
permanent marker on silk tape. The zero slices were positioned
in a relatively stable location to facilitate reproducibility in the
treatment room. CT Simulator room laser system (LAP Iso-Mark,
Germany) features one ceiling-mounted movable sagittal laser
(RL) and two floor-mounted movable horizontal lasers (anterior-
posterior [AP]) with a fixed transverse laser (SI).

Head-and-neck cancer immobilization devices using CBCT

2.5. Treatment units

The patients were treated on one of the two linear
accelerators Trilogy TX and Trilogy HD (Varian Medical
Systems, Palo Alto, CA). Both machines are equipped with
an On-Board Imaging Device (OBI). For the treatment, the
patient was repositioned in the same immobilization device
manufactured in the CT stimulation session. The first step
was to position the customized headrest/DSPS perfectly in
relation to the standard headrest. As the patient lied down, the
therapist observed how the head of the patient fitted into the
headrest or posterior shell. If any gap was noticed, the patient
was advised to move accordingly to obtain the exact fit. The
therapist would assess the straightness of the patient’s body
anatomically (SSN and Xiphiod) using the sagittal laser. It
was crucial to fit the mask to the patient’s facial anatomy first
and then align it to the corresponding slots in the base plate
before fixing it. It was also important to clip the mask to the
base plate from both sides at the same time to avoid rotating
the head. The in-room wall-mounted lasers were aligned with
the visual external markers drawn on the mask during the CT
simulation as a reference. The midline tattoo was utilized to
further aid the straightening of the body in the RL direction.

2.5.1. IGRT: OBl and CBCT systems

The OBI device consists of an X-ray source and detector
mounted on a single exact arm perpendicular to the gantry
of the linear accelerator. The 2D/2D kV images are usually
taken in the anterior and right lateral direction and can be
reviewed against radiographs digitally reconstructed from
the planning CT. The CBCT was performed by rotating
the X-ray source around the patient from 22° to 178° and a
projection was captured every ten degrees of a scanning field
width (longitudinally) of 18 cm. The CBCT for the head-
and-neck region was acquired with a full-fan bowtie filter.
The head-and-neck CBCT exposure parameters are typically
80 kV, 25 mAs, and 8 mS using a 2.5 mm slice thickness
and pixel size of 0.65 mm X 0.65 mm. The acquired images
were reconstructed and registered to the reference planning
CT on the OBI software (version 1.6). The radiation therapist
reviewed the fused images on the coronal, sagittal, and
axial planes to examine anatomical matches and made any
necessary adjustments under the instruction of the radiation
oncologist (Figure 3). The set-up error was identified in terms
of anatomical displacement between the acquired CBCT and
the reference planning CT and expressed as translational couch
shifts in three directions, i.e., RL, SI, and AP directions. If a
rotational error was significant (more than 3°), the patient
was re-positioned and re-imaged. A second radiation therapist
verified the anatomical match identified to minimize operator
error. Once satisfactory, the patient’s position was corrected by
automatic and remote couch re-positioning. The isocenter was
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re-marked on the mask after the couch adjustment on day 1 and
the new mark was used to position the patient for subsequent
days. Following the departmental imaging protocol, all
patients underwent CBCT on day 1, followed by daily 2D/2D
kV imaging and weekly CBCT. The applied CBCT shifts
were collected from the Offline Review Application (ARIA
verification system 13.7) for analysis. A total of 1204 CBCT
were analyzed, and 125 of them belonged to the first group,
158 to the second group, and 921 CBCT were taken in the
third group. Only CBCT images were analyzed. All positioning
and imaging components such as OBI, laser, field size, and
table movements were checked daily for image quality and
geometric accuracy with a tolerance of + 2 mm for both the
CT simulator as well as the linear accelerator.

2.6. Data analysis

Accuracy of patient alignment in each group was evaluated
in terms of the translational shift difference between online
and offline CBCT and reference CT fusions. The applied 3D
(RL, SI, and AP) shifts for the online and offline alignment
were collected from ARIA applications for each CBCT
and each patient. For each axis, the mean value (M) and
standard deviation (SD) of all errors were also calculated.
Percentages of CBCTs with shifts >2 mm (both + and —) were
calculated for the three groups. A 2-mm shift was chosen as a
threshold because a margin of 2-3 mm is often employed by
oncologists when planning Rapid Arc head-and-neck cases.
The Kruskal-Wallis test was utilized to evaluate the mean
shift differences among the three immobilization systems
across the longitudinal, vertical, and lateral axes. The level
of significance (o) was set at <0.05.

Figure 3. Modified image-guided radiation therapy, and anatomy match
performed on cone beam computed tomography (CT) image fused to
planning CT.

Source: https://ngha.med.sa/English/MedicalCities/Jeddah/
MedDepartments/PNOC [44].
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3. RESULTS

A total of 1204 CBCT images were analyzed, and 125
of them were obtained from the first group of patients
immobilized using the conventional system and 158 from the
second group immobilized using the new system. With DSPS,
921 CBCT images were taken and analyzed.

Figures 4-6 show the patient’s alignment percentage
as a function of the translational shift difference between
online and offline alignment in the longitudinal, lateral,
and vertical directions for three different immobilization
systems, respectively. For the conventional immobilization
group, translational shift differences greater than 2 mm were
observed in 22.4%, 13.6%, and 28.0% of SI, left-right, and AP
directions. For the new immobilization group, translational
shift differences >2 mm were observed in 2.5%, 2.0%, and
0.6% of SI, left-right, and AP directions, respectively. While
translational shift differences of more than 2 mm were seen
in 11.5%, 6.7%, and 7.9% in SI, left-right, and AP directions,
respectively, for DSPS shells dubbed the third group,
translational shift differences above 2 mm were seen between
offline and online alignments. The NIS yielded better results in
terms of a minimum shift in all three directions, which might
be attributed to NIS-treated nasopharyngeal cases being less
than those in the third group. For the conventional system,
the translational shift applied to the higher population in the
SI direction was due to the curved nature of the headrest in
the SI direction only, leaving a gap between the patient’s head
and the mask on both sides of the head. These remaining
gaps left room for displacement and rotation of the head in
the longitudinal direction. The DSPS showed more vertical
(AP) improvements in the lower C-spine, which maintained
the natural spinal curve from the beginning until the end
of the treatment, compared with the conventional group.
Table 1 summarizes the mean shift differences (in mm),
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Figure 4. Percentage of patient’s alignment as a function of the longitudinal
translational shift difference (online-offline).
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Figure 5. Percentage of patient’s alignment as a function of the lateral
translational shift difference (online-offline).
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Figure 6. Percentage of patient’s alignment as a function of the vertical
translational shift difference (online-offline).

Table 1. Mean shift differences for three different immobilization
devices

Shift axis Immobilization Mean shift Standard  P-value
system difference (mm)  deviation

Longitudinal ~ CIS 1.212 +0.41
NIS 0.832 +0.43 0.088
DSPS 0.984 +0.38

Vertical CIS 1.003 +0.39
NIS 1.047 +0.41 0.688
DSPS 1.119 +0.31

Lateral CIS 1.074 £0.33
NIS 0.848 +0.37 0.287
DSPS 0.961 +0.40

CIS: Conventional immobilization system; DSPS: Double shell positioning
system; NIS: New immobilization system

standard deviations, and corresponding P-values for three
immobilization systems (CIS, NIS, DSPS) across the
longitudinal, vertical, and lateral axes. The NIS system
consistently demonstrated lower mean shift differences,
particularly in the longitudinal and lateral axes, although these
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differences were not statistically significant. The CIS system
shows the highest mean shift differences, suggesting it might
be less effective in minimizing movement. The DSPS system
exhibited moderate performance across all axes but did not
show a significant improvement over CIS.

Figure 4 shows that the longitudinal shift (SI) significantly
improved with the new immobilization device as well as
DSP. Furthermore, it exhibits that approximately 78% of
the population were aligned within the CIS range (2 mm).
New immobilization with a customized headrest and mouth
bite resulted in an alignment within 2 mm in 97.5% of the
population. The majority of patients received cooperative
radical treatment and were suitable for mouth bites. In the
third group, DSPS was aligned within 2 mm in 89% of the
population.

The DSPS showed more vertical (ANT-POST)
improvements in the lower C-spine, whereas the lateral shifts
were quite stable in all the groups (Figure 5). Using CIS,
86.5% of the population achieved alignment within 2 mm,
whereas with NIS, this figure increased to 98%. This high
alignment probability might be ascribed to a lower number
of lymph node cases in the first and second groups. In the
DSPS group, nearly 91% of patients attained alignment within
2 mm. As shown in Figure 6, the vertical shift was unstable
with CIS due to a lack of properly-sized headrests (only
one standard) and mouth bite. As a result, only 72% of the
population attained alignment within 2 mm of an AP shift. In
the NIS group, 99.4% of the population had alignment within
2 mm. However, this shift was not stable below C5. The DSPS
shell possessed more stability in the lower C-spine, although
the graph showed that 92.5% of the population achieved
alignment within 2 mm. Overall, the AP shift throughout the
spine was stable, and the oncologist gave the same margins
from the head until C7. In this study, we reported an advantage
of DSPS over customized headrests for head-and-neck cases,
with DSPS nicely stabilizing the neck curvature. In addition,
the residual shift in the lower neck area was less in cases with
lower neck fields at the level of C7.

4. DISCUSSION

The Rapidarc technique provides the fastest radiation
delivery, achieving better sparing of OARs, and more uniform
and conformal dose distributions to the target volumes, thanks
to continuous modulation of multi-leaf collimators (MLC),
field shape, fluence rate, gantry rotation speed, and collimator
angle [30].

One of the major factors affecting the accuracy of
treatment was the patient setup error. Hence, the use of an
immobilization device is imperative [22]. The immobilization
device must provide adequate rigidity to ensure maximum
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immobilization while providing sufficient comfort to ensure
patient compliance [31]. Several comparative studies [32-38],
using 2D kV and 3D cone beam CT images, reported the
addition of accessories to thermoplastic-based devices to
achieve more rigid immobilization. Comparing our results
to those of other studies was difficult because most of
these studies used different types of masks, mouth bites,
or customized headrests. Random setup error refers to the
interfraction variation of a patient’s setup from day to day and
can be of different values or in a different direction [17,39].
The random error represents the error distribution around
the systematic error [17]. In this study, online correction
was applied, the isocenter was re-marked on the mask on the
1’ day, and CBCTs were excluded from the data on the 1% day.
Therefore, systematic error was neglected. Based on the
results of this study, approximately 90% of patients achieved
alignment within a 2 mm shift in all x, y, and z directions.
The current DSPS system provides better results in patients
with lymph node involvement.

Although fixing the jaw can achieve a great gain
in immobilizing the head, jaw fixation devices can be
complicated and will suit only cooperative patients because
it requires a tight bite from the patient throughout the
session [40]. A simple bite block that can be attached to the
thermoplastic mask can achieve desirable jaw fixation with
minimum discomfort to the patient [41]. The mouth bite must
conform tightly to the patient’s dental impression to reproduce
a perfect fit when re-positioned daily for better performance.
It should be noted that the mouth bite used in our department
has room for dislocation in the patient’s mouth (Figure 7). In
the future, it can be improved by filling the mouth bite piece
with a dental material. We used a customized wax tongue
depressor for the oral cavity/buccal mucosa.

However, mouthpieces may only be used for patients
with good dental health. Disadvantages associated with
the addition of a mouthpiece should be taken into account,
such as the possible increase of mucosal reaction inside the
mouth [42]. Moreover, proper cleaning and disinfection
between sessions must be carried out without causing erosion
of the mouthpiece [43]. All patients tolerated the mouth bite
well as it was tasteless and odorless. However, some patients
temporarily felt uncomfortable with the initial warmth of
the mouth bite. Only a few patients with diseases in the oral
cavity had difficulty tolerating the mouth bite at the end of the
treatment due to the mucosal reaction of radiation treatment.
Gagging reflection was witnessed only in one patient.

The standard headrest used in our department was only
curved in the SI direction, leaving a gap between the patient’s
head and the mask on both sides of the head. These remaining
gaps leave room for the mal-position and rotation of the head
in both the lateral and longitudinal directions [22]. Other types
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Figure 7. Precise mouth bites with and without the dental material filling.
https://ngha.med.sa/English/MedicalCities/Jeddah/MedDepartments/
PNOC [44].

of commercially available standard headrests are curved in
two directions (SI and RL), which renders it difficult to find
a good fit for patients of different sizes and neck lengths. In
addition, standard headrests are composed of soft, pliable
materials designed to enhance patient comfort. As a result,
these materials undergo compression in response to the
applied biomechanical load from the patient’s body. The
individually customized headrest outperforms the standard
headrest by conforming to the gaps and curvatures of the
head-and-neck region, giving full support over a larger
area of the head-and-neck in both the SI and RL directions,
effectively restricting head movement along these two axes.
However, care should be taken when molding the customized
headrest around the patient’s head. Depending on the size of
the patient’s head, the customized headrest might bulge out
laterally, superiorly, or under the patient’s neck, creating an
additional gap.

Although the gain in the setup accuracy was noticeable,
adding the mouth bite and customized headrest to the
immobilization system significantly increased the treatment
cost. However, the DSPS technology showed good results in
the head-and-neck. Nonetheless, further improvements are
needed for the posterior shell because it takes a long time
to become rigid in patients and a long time in a hot water
bath. None of these accessories can be re-used for hygiene
reasons. The manufacturing of additional immobilization
accessories added at least 15 min of extra time to the CT
simulation session. However, repositioning the accessories
in the treatment room daily took no more than a few seconds.

The lower neck immobilization did not benefit from the
NIS because the residual shifts did not show a significant
improvement. Residual shifts were measured manually and
subsequently subject to operator judgment [22]. The DSPS
immobilization system showed greater accuracy with respect
to the C-spine compared with the new immobilization. This
study has several limitations. First, although we included
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189 patients, we did not stratify them by key clinical factors
such as gender, age, or tumor location, focusing solely on the
type of immobilization device used. This absence of detailed
grouping may influence the robustness of our conclusions,
potentially limiting the applicability of the findings across
diverse patient profiles. In addition, the study’s outcomes
may have been influenced by the disproportionately high
number of nasopharyngeal cases, particularly within the
DSPS group. This overrepresentation may have skewed
the outcomes, affecting the overall generalizability of our
findings.

5. CONCLUSION

It is essential to evaluate the current practice in radiation
therapy to identify areas of potential improvement. This task
has become easier with the new technologies available in the
field of radiation therapy, such as IGRT. This study compared
the online and offline alignment shifts for head-and-neck
cases for three immobilization systems. Our findings provided
strong evidence to confidently reject the null hypothesis. The
data clearly demonstrated that the addition of a mouth bite
and a customized headrest not only effectively limited head
rotation but also stabilized neck curvature and significantly
minimized the displacement of the head-and-neck. These
results underscore the value of these modifications in
enhancing patient stability during treatment. For RapidArc
cases with a margin of 2-3 mm, the new system is highly
recommended. However, immobilization of the lower neck
area using a DSPS immobilization device for the shoulder
area is very helpful for patient alignment.
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