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Neck muscle training improving the setup
of reproducibility in patient with head
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Abstract

Background and purpose The aim of this study is to evaluate the effectiveness of a cervical muscle training
intervention in decreasing setup errors in patients head and neck cancer (HNC) undergoing radiotherapy (RT).

Materials and methods HNC patients opting for RT at our center. The patients were randomly allocated to either the
muscle training group or the control group in a 1:1 ratio. The magnitude of the setup error was measured at the levels
of the clivus, C4 and C7 vertebrae respectively. The Van Herk formula was used to determine appropriate planning
target volume (PTV) margins. (Trial Registration: ChiCTR2000041009, registration date: 12/16/2020)

Results A total of 221 patients were analyzed, with 109 assigned to the muscle training group and 112 enrolled in
the control group. Compared with the control group, the setup errors in the X and Z direction of the clivus and the
Z direction of C4 and C7 in the muscle training group were significantly lower (p=0.031, <0.001, <0.001, <0.001
respectively). The required PTV margins in the Z direction increased from 2.13 mm in the clivus to 3.63 mm in C7 in
the muscle training group and from 2.89 mm in the clivus to 4.37 mm in C7 in the control group. Multivariate linear
regression analysis demonstrated that the impact of neck muscle training, weight fluctuation, and cervical curvature
on the setup error in the Z direction at C7 differed significantly (p=0.000, 0.001, and 0.008, respectively).

Conclusion Neck muscle training can reduce setup errors and PTV margins in the anterior-posterior direction in
patients undergoing RT for HNC.
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Introduction

Radiotherapy is a vital therapeutic modality used in the
management of head and neck cancer (HNC). Recent
advancements in technology, such as intensity-modu-
lated radiotherapy (IMRT), volumetric-modulated arc
therapy (VMAT), and image-guided radiotherapy (IGRT)
devices, enable improved protection of critical organs
in proximity to the tumor region (organs at risk, OARs),
while ensuring optimal coverage of the tumor itself [1-3].
Consequently, they have become the standard approach
for HNC treatment. However, the steep dose gradients
inherent in these methods mean that even minor setup
errors can significantly reduce the radiation dose deliv-
ered to the target site while simultaneously increasing
exposure to OARs [4, 5]. Hence, it is imperative to miti-
gate setup errors to ensure the requisite treatment accu-
racy and quality for IMRT and VMAT.

Ensuring proper immobilization for head-and-neck
radiotherapy (RT) is a complex undertaking due to the
presence of 54° of freedom between the skull, mandible,
and C7 vertebra [6]. Previous studies have demonstrated
that despite adequate fixation measures, various sources
of uncertainty can substantially influence IMRT accuracy
[7]. These investigations have further revealed that ran-
dom deformation errors in HNC can range from 0.5 mm
to 3.6 mm, with differences of 2 mm to 6 mm observed
between different matching regions and discrepan-
cies of 4.7+2.5 mm and 4.4+2.5 mm observed between
the skull/mandible and C4-C6, respectively [8—10]. As
such, setup errors can vary considerably across different
regions of the HNC anatomy, with the neck region expe-
riencing the greatest discrepancy.

In our clinical experience, we have also observed that
patients undergoing RT for HNC frequently demonstrate
a reduction or straightening of their natural cervical cur-
vature which contributes to increased neck setup error
[11]. Furthermore, Ove et al. [12] noted an average ante-
rior displacement of 3.08+0.17 mm at the lower cervi-
cal spine, with no significant lateral or superior-inferior
displacement. Similarly, Zhong et al. [13] found that the
average anteroposterior error in nasopharyngeal carci-
noma patients after RT ranged from 0.5 mm to -0.3 mm
from C1 to C7, indicating a backward movement of the
cervical spine. Consequently, preserving the natural cer-
vical curvature poses a significant challenge in clinical
practice. Research suggests that complementary inter-
ventions, such as acupuncture or tailored massage tech-
niques, may help correct cervical straightening associated
with cervical spondylosis [14]. Additionally, Zou L et al.
[15] and Zhuang Q et al. [16] have proposed self-neck
movements as a safe and cost-effective intervention for
cervical spondylosis, offering simplicity and convenience.
Regular neck muscle training/exercises have been shown
to provide various benefits, including strengthening of
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the neck and back muscles, enhancing flexibility and sta-
bility of the neck and shoulders, and promoting cervical
spine stability. Furthermore, these exercises can reduce
muscle spasms, improve bone health, alleviate pain, pre-
vent muscle loss, restore and improve neck mobility and
function, and potentially prevent stiffness in the cervical
joints. They may also improve blood circulation in the
neck region and promote anti-inflammatory responses
[15]. However, the role of neck muscle training improv-
ing the setup of reproducibility in patient with head and
neck cancer receiving radiotherapy was not reported yet.

Hence, we conducted a prospective randomized con-
trolled clinical study in order to examine the impact of
neck muscle training on the reproducibility of setup in
patients with head and neck cancer (HNC) receiving
radiotherapy. Our objective was to assess the efficacy of
a neck muscle training intervention in reducing setup
errors, as well as to identify the potential variables that
may influence such errors. This is, to the best of our
knowledge, the first randomized controlled study to
investigate whether neck muscle training intervention
can improve the setup error in HNC patients receiving
RT.

Materials and methods

Study design and patient inclusion

Patients with HNC who underwent RT were consecu-
tively enrolled in this study, centre from February 2021
to October 2022. The inclusion criteria were as follows:
patients who received RT for HNC; receiving Volu-
metric Modulated Arc Therapy(VMAT); between 18
and 65 years old; Karnofsky Performance Status (KPS)
score>70; Patients should receive relevant examina-
tions to exclude radiotherapy contraindications; patients
must be informed of all aspects of the study and sign
an informed consent form. The exclusion criteria were
as follows: patients who had undergone previous cervi-
cal spine surgery with limited muscle movement in the
neck; those with neck diseases affecting muscle move-
ment; those with communication difficulty and unable
to cooperate; those who were unable to effectively repeat
neck muscle training. Patients were randomized into
two groups: one with neck muscle training and the other
with conventional treatment (control group). The study
was a prospective, registry-based randomized controlled
trial (Trial Registration: ChiCTR2000041009) and was
approved by the institutional review board (approval No.
KY20202071-F-1).

Neck muscle group training

The muscle training group began training one week
before the start of planned CT. Subjects performed neck
exercises three times a day and massage once a day [14].
Neck exercises were as follows: respectively turning the



Bai et al. Radiation Oncology (2025) 20:35

head down or up and to the left or the right, forward
extension, retraction and neck rotation in the clockwise
and counterclockwise directions, each for 5 min and
three times a day. The massage was conducted for about
6 min and focused on (1) muscle relaxation: massaging
along the neck bilateral transverse process and spinous
process, relaxing the upper trapezius muscle, sternoclei-
domastoid muscle and other neck muscle groups. Nota-
bly, massage force should be moderate to avoid patients
feeling pain and discomfort; (2) Seated retraction stretch-
ing exercise: Firstly, the mandible need to be retracted to
its maximum extent, and slowly stretched backwards to a
maximum stay of 3-5 S, followed by slowly returning to
the starting position. Do 3 sets of 10 each in succession;
(3) neck confrontation exercise: the patient’s abdomen is
then tightened, back straightened, and the hands crossed
under the occipital bone behind the neck. The patient
then inhales through the nose while extending the neck
backwards. Pressure is applied with both hands forward
and sustained for 3-5 s. This is followed by exhalation
through the mouth and slow restoration. Three sets of
10 reps each are performed. The massage was first per-
formed by a rehabilitation therapist. The control group
received routine treatment without a neck muscle train-
ing intervention.

Position fixation and computed tomography (CT)
simulation positioning

All patients were fixed with a head-shoulder thermo-
plastic mask and styrofoam. Simulated positioning
was performed on a Philips Large Aperture Computed
Tomography scanner (Big Bore Brilliance CT) to deter-
mine the approximate isocenter position and the initial
isocenter with a red marker line on the thermoplastic
film. The upper boundary of the scan was at the top of
the skull and the lower boundary was 3 cm below the
clavicle. The slice thickness was 3 mm and the slice dis-
tance was 3 mm. The scan was enhanced with an intrave-
nous contrast agent.

Daily setup and image guidance

All patients received VMAT on a Varian Clinac iX lin-
ear accelerator (Varian, Delaware, USA). Before the first
treatment, the treatment couch was moved to the accu-
rate treatment position according to the treatment plan
parameters and marked with a black treatment line on
the mask. For daily radiation therapy, the patient was
first immobilized with styrofoam and a head-shoulder
thermoplastic mask, and then the treatment laser light
was directed at the black treatment line. Cone-beam
CT (CBCT) scans were performed weekly to verify the
repeatability of the setup.
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Image analysis

The clivus, C2-C4 and C6-T1 (or C5-C7) were selected as
the three different regions of interest (ROIs) (Fig. 1A) for
automatic image registration of planning CT and CBCT,
to determine the setup error at the level of the clivus, C4
and C7 vertebral bodies [17] (C6 was used as a substitute
if C7 was not captured by CBCT). C4 and C7 vertebral
levels were chosen to represent the mid-neck and supra-
clavicular regions due to the correlation between the
hyoid body and the anatomical structures below the cri-
coid cartilage [18]. Notably, previous clinical studies also
divided the cervical nodes into II, III and IV levels [19].
For each setup verification, CBCT prioritized matching
the clivus region because of its proximity to the primary
tumor and vital organs such as the brainstem and optic
chiasm.

For each patient, setup errors in four dimensions (left-
right (x), head-foot (y), anterior-posterior (z) and the yaw
(RTN) were recorded for each anatomical segment (cli-
vus, C4 and C7) for all CBCTs during treatment. In this
study, during data collection, we initially examined the
setup error values of each CBCT online alignment. Sub-
sequently, we identified various regions of interest for
offline alignment. The resultant setup error values from
offline alignment were then combined with those from
online alignment to obtain the accurate setup error val-
ues of the regions of interest. For each patient and each
anatomical segment, the setup errors in the four dimen-
sions were analyzed separately to obtain the mean and
standard deviation (SD). The mean of all individual
patient means was calculated as the overall mean (M)
as systematic error. The system setup error (X) was cal-
culated as the SD of the individual means. The random
setup error (o) was calculated as the root mean square of
the SD for all patients. The planning target volume (PTV)
margin, expressed as [2.52 + 0.70], was derived using Van
Herk’s formula, ensuring that 95% of the isodose lines
covered 90% of the patients’ clinical target volume (CTV)
[20].

Observation items and time points

Weekly CBCT verification was conducted to assess setup
errors at clivus, C4 and C7 levels; lateral cervical x-rays
and PG-SGA nutritional status assessment were taken
before treatment, at week 3 and at the end of treatment
to assessment of cervical curvature (Fig. 1B) and nutri-
tional status of patient; assessment of skin toxicity reac-
tions (Common Terminology Criteria for Adverse Events
version 3.0, CTCAE V3.0) and pain assessment (numeri-
cal rating scale, NRS) were conducted weekly.

Statistical analysis
Data were statistically analyzed using SPSS 25.0 statisti-
cal software. Count data were expressed as frequencies
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Fig. 1 AThree different regions of interest (ROIs) are used for automatic registration of planning CT and CBCT: (1) clivus area; (2) C2-C4; (3) C5-C7 or C6-T1.
B is a schematic diagram of cervical curvature measurement. The angle between the lower edge of C2 and the line connecting the lower edge of C7 was

used to represent the value of cervical curvature [30]

(n) and percentages (%), and the x* test was used for com-
paring differences between groups. The measurement
data were expressed as mean (M) £ SD, and the t-test was
used for comparing differences between groups. Since
the setup errors in all directions did not obey a normal
distribution, they were expressed as median (25th per-
centile, 75th percentile), i.e. m (p25, p75). Comparisons
between groups were made using the Mann-Whitney U
test. Spearman correlation was used for analyses of cor-
relations. Multivariate linear regression was used to ana-
lyzed the correlates affecting the setup error. P<0.05 was
considered statistically significant.

Results

A total of 230 patients were randomized between Febru-
ary 2021 and October 2022. Eight patients discontinued
treatment due to financial constraints( Due to dispari-
ties in wealth and variations in health insurance reim-
bursement rates, some patients express that they cannot
afford the substantial costs associated with combined
treatments such as surgery, chemotherapy, and radio-
therapy.), and one patient withdrew from the study after
enrollment. Ultimately, 221 patients were included in the
analysis, with 109 assigned to the muscle training group
and 112 to the control group. The baseline characteris-
tics of these patients are presented in Table 1. Of the 221
individuals, 154 (69.68%) were male and 67 (30.32%) were
female. No significant differences in baseline characteris-
tics were observed between the two groups (p >0.05).

A total of 1,393 Cone Beam Computed Tomography
(CBCT) scans were examined in a cohort of 221 patients.
Among these, 686 CBCT scans were obtained from 109
patients assigned to the muscle training group, while the
remaining 707 CBCT scans were acquired from 112 sub-
jects in the control group.3 and 5 patients necessitated
repeat CBCT scans before the first treatment in the mus-
cle training and control group, respectively. The over-
all repeat CBCT scans were 32 (4.66%) and 37 (5.23%)
in the muscle training and control group, respectively.
Furthermore, among the patients in the muscle training
group, 14 individuals (12.84%) exhibited a setup error of
>3 mm from the clivus to C7. Notably, one of the three
patients classified as “special cases” experienced a sig-
nificant setup error during the initial treatment. Despite
the attending physician’s decision to re-perform an
enhanced CT localization scan, the setup error remained
substantial. As a result, a re-localization procedure was
performed using the unenhanced scan, satisfying the
treatment standard. It should be noted that the inability
to fully match the enhanced scan image with the treat-
ment image was attributed to the patients’ trypanopho-
bia and nervousness (Inadequate reproducibility in setup
resulting from patient nervousness during CT planning
can be addressed through re-planning of the CT scans;
similarly, suboptimal reproducibility due to patient ner-
vousness in the pre-treatment phase can be enhanced by
repeating the procedure multiple times.). In the second
case, the patient had a large setup error during treatment
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Table 1 Baseline characteristics of patients
Characteristic Muscle training group (N=109) Control group p
(N=112)
Age(years) mean (range) 51(20-66) 52.5(18-68) 0.068
Gender Male 78 76 0.549
Female 31 36
BMI mean (SD) 23.04(3.33) 23.23(3.33) 0.666
Tumor site Nasopharynx 40(36.70) 43(38.39) 0.200
Sinonasal carcinoma 3(2.75) 12(10.71)
Oral cavity 32(29.36) 23(20.53)
Salivary gland 14(12.84) 15(13.39)
Oropharynx 10(9.17) 12(10.71)
Hypopharynx 4(3.67) 4(3.57)
Others 6(5.5) 3(2.68)
Oral stent Yes 53 40 0.052
No 56 72
Surgery Yes 61 61 0.823
No 48 51
Cervical curvature 21.60(11.15) 22.56(11.07) 0.524
Pre-treatment nutrition mean (SD) 3.00(2.43) 2.84(2.00) 0.592
Education Primary and below 13 24 0.066
Secondary 55 59
Tertiary and above 41 29
Treatment RT 52 60 0.383
CCRT 27 30
IC+CCRT 30 22
RT Volume(cm?) mean (SD) 601.89(150.92) 592.98(147.32) 0.788
T stage N(%) 0.596
T 11(10.1) 18(16.1)
T2 33(30.3) 27(24.0)
T3 26(23.9) 24(21.4)
T4 38(34.9) 41(36.6)
Tx 1(0.9) 2(1.8)
N stage N(%) 0.360
NO 42(38.5) 35(31.3)
N1 26(23.9) 28(25.0)
N2 32(294) 42(37.5)
N3 8(7.3) 4(3.6)
Nx 1(0.9) 3(2.7)
M stage N(%) 0.834
MO 103(94.5) 104(92.9)
M1 4(3.7) 6(5.4)
Mx 2(1.8) 2(1.8)
Offline ART N(%) 45(41.3) 50(44.6) 0.614

RT, radiotherapy; CCRT, Concurrent chemoradiotherapy; IC, induction chemotherapy; ART, adaptive radiotherapy;

Pre-treatment nutrition, nutritional status of patients was assessed using PG-SGA scores. PG-SGA: Patient-generated subjective nutrition assessment

because the patient laryngeal mucosa was scratched dur-
ing laryngoscopy, causing the patient hesitance to lift his
chin. In the third case, another substantial setup error
occurred following a plan revision because the mask
was overly tight. When a mask with significant constric-
tion is employed to secure the patient, they may experi-
ence pressure, discomfort, and severe mask constriction,
forcing their neck backward, particularly for head and

neck tumors, resulting in significant setup errors. How-
ever, this error was rectified after adjusting the mold.
In the control group, the setup error from clivus to C7
was 23 mm in 22 patients (19.64%). There was 1 special
patient with a large error due to the mold being too tight.

The error range in X, Y and Z directions was -7
to +6 mm (Mean, -0.19 mm), -5 to +5 mm (Mean,
-0.15 mm) and -7 to +6 mm (Mean, 0.33 mm),
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Fig. 3 Weekly positioning error line graph

respectively in the muscle training group and -7
to +9 mm(Mean, -0.23 mm), -5 to +4 mm (Mean,
-0.08 mm) and -8 to +6 mm (Mean, 0.73 mm), respec-
tively in the control group. The error range in the RTN
rotation direction was —-2.5-3.4 and -3.1-3.0° in the
muscle training and control groups respectively. The
setup errors greater than 3 mm in the X, Y and Z direc-
tions were 1.02, 1.31 and 1.02% at the clivus level, 3.79,

2.48 and 3.21% at the C4 level and 9.77, 3.06 and 6.27%
at the C7 level respectively, in the muscle training group,
and 1.02, 1.70 and 7.50% at the clivus level, 7.78, 3.11 and
7.35% at the C4 level and 10.61, 3.82 and 11.74% at the C7
level respectively, in the control group. In contrast to the
muscle training group, the control group exhibited a two-
fold higher incidence of setup errors exceeding 3 mm in
the Z direction (refer to Fig. 2). In the line graph (Fig. 3)
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of weekly setup errors during the whole treatment pro-
cess, it can also be found that the average weekly setup
errors in the Z direction of the training group are smaller
than those of the control group in all three regions of
interest. It is also found that with the increase of the
number of treatments, the setup error in the Z direction
has a tendency to increase, and there is no obvious pat-
tern of change in the other directions.

Table 2 Shows the overall setup errors for 221 patients
in the muscle training and control groups (m (p25, p75)).
Compared with the control group, the mean value of
setup errors in the X and Z direction of the clivus and
the Z direction of C4 and C7 in the muscle training
group were lower (Mean comparison is 0.88 vs. 0.99 mm,
1.04 vs. 1.61 mm, 1.15 vs. 1.56 mm, 1.35 vs. 1.75 mm
respectively). Notably, there were significant differ-
ences between the two groups in the above directions
(p=0.031, <0.001, <0.001, <0.001 respectively).

The proportion of the difference between clivus and C4,
clivus and C7 and C4 and C7 (C14, C17 and C47) >3 mm
was 1.02 vs. 0.24, 7.43 vs. 8.20 and 1.02 vs. 1.55% respec-
tively in the X direction; 4.81 vs. 9.19, 8.45 vs. 19.09 and
0.29 vs. 0.43% in the Z direction; and 1.46 vs. 0.85, 1.89
vs. 1.98, and 1.6 vs. 0.85% respectively in RTN>2°. The
difference in the Y direction was almost within 3 mm in
all comparison groups. A comparison of the difference
between the two groups is shown in Fig. 4. C14 and C17
of the muscle training group in the Z direction were bet-
ter than those of the control group (p=0.009 and 0.033
respectively). C14 and C17 of the muscle training group
in the RTN direction were better than those of the con-
trol group (p=0.004 and 0.029 respectively). The control
group was superior to the muscle training group in C17
in the X direction (p=0.014), the other two groups had
no statistical difference.

Table 3 shows systematic and random errors and the
required PTV margins for each axis at the three anatomi-
cal levels for both groups. Comparative analysis at the
anatomical level revealed that both systematic and ran-
dom errors increase progressively along the craniocau-
dal direction. This was true for both the muscle training
and control groups. The systematic error in the Z direc-
tion was 0.77, 1.05 and 1.30 mm from the clivus to C7
respectively, for the muscle training group, and 1.03,
1.37 and 1.59 mm respectively, for the control group. As
the setup error increased, the required PTV margins in
the Z direction also increased along the neck from 2.13
for the clivus to 3.63 mm for C7 in the muscle training
group and from 2.89 in the clivus to 4.37 mm in C7 in
the control group. The control group had larger errors in
the X and Z directions, which were most pronounced in
C7 and least in the clivus. The largest margin was in the
Y direction rather than the X or Z direction at the clivus
level. The muscle training group had a larger margin in

Table 2 Comparison of setup errors between the two groups of 221 patients (m (p25, p75), unit: mm)

c7

c4

Clivus

Group

RTN

RTN

RTN

100,2)

1(1,2)
1(1,2)

0.679

1(1,3)
1(1,2)

1(0,1) 100,2) 1(0,2) 3(1,7) 10,2) 1(1,2) 100,2) 4(2,6)
1(1,2)
0.997 0.271

686
707

Muscle training
Control

4(2,6.5)

100,2)

101,2)
9.156
0.001

1(1,2)

101

0.688

5.369
0.001

0.519

6.457

0.092

0.294
0.769

0923

2.163
0.031

0492

0497

0.319 0.001 0.604 0.786

0.927

0.356
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Table 3 Summary data of systematic setup error and random setup error and PTV margin for 221 patients (bold requirement>3 mm
PTV margin)

Muscle training group Control group
X Y z X Y z
> Systematic setup error Clivus 0.87 1.04 0.77 0.98 1.06 1.03
C4 1.21 118 1.05 1.19 135 1.37
c7 1.51 125 1.30 1.57 1.39 1.59
o Random setup error Clivus 0.33 038 0.30 0.39 040 045
c4 046 045 0.51 043 042 0.55
Cc7 0.59 0.46 0.55 0.57 046 0.57
PTV margin Clivus 241 287 213 2.72 293 2.89
C4 3.35 3.26 298 3.28 3.67 3.81

c7 4.19 3.45 3.63 4.32 3.80 4.37
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the X direction, with the largest margin at C7 and the
smallest at the clivus. The largest output was also in the
Y direction at the clivus level. A comparison of the two
PTV margins showed that the muscle training group had
smaller margins than the control group, except at the C4
level where the muscle training group had larger margins
than the control group in the X direction.

The Spearman correlation analysis of setup errors
across different directions between the two groups
revealed several noteworthy associations: In the muscle
training group, the X direction was significantly nega-
tively correlated with the RTN direction at both cli-
vus and C4 levels (r = -0.502 and - 0.464, respectively).
Similarly, the Y direction exhibited a moderate negative
correlation with the Z direction at C4 and C7 levels (r =
-0.248 and -0.302, respectively). Other correlations, all
with p<0.05, exhibited weak associations (r=0.089 and
-0.123, respectively). In the control group, the X direc-
tion was strongly negatively correlated with the RTN
direction at clivus and C4 levels (r = -0.504 and -0.451
respectively); the Y direction was weakly correlated with
the Z direction at clivus, C4 and C7 levels (r=0.101,
-0.188 and -0.226 respectively); and the Y direction was
weakly correlated with the RTN direction at clivus and
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C7 levels (r=0.13 and - 0.13 respectively). Detailed in see
Fig. 5.

The mean change in cervical curvature was 1.91
degrees(Cervical curvature before treatment minus cer-
vical curvature at end )in the muscle training group and
3.46 degrees in the control group, which was not statis-
tically significant when the two groups were compared
(p=0.143). However, the change in cervical spine curva-
ture in the control group was significantly greater than
that in the muscle training group. The proportion of skin
toxicity was 0% (0 cases) of grade 0, 26.6% (29 cases) of
grade 1, 67.0% (73 cases) of grade 2 and 6.4% (7 cases) of
grade 3 in the muscle training group and 0.9% (1 case) of
grade 0, 20.5% (23 cases) of grade 1, 75.0% (84 cases) of
grade 2 and 3.6% (4 cases) of grade 3 in the control group.
The difference between the two groups was not statisti-
cally significant (x> =3.64, p =0.303). Mild, moderate and
severe pain accounted for 20.1, 5.5 and 12.8% and 24.1,
6.3 and 11.6 in the muscle training and control groups
respectively. The difference between the two groups was
not statistically significant (x*=8.97, p=0.345). The pain
reported by patients was due to more severe oral muco-
sitis. Our analysis revealed no significant difference in
body mass index (BMI) between the muscle training and
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Table 4 Multi-factor linear regression results
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Variable B b-value standard error Beta t P-Value 95%Cl
Lower Upper
Clivus Y Oral stent(No") -0.128 0.053 -0.126 2435 0.016 -0.232 -0.024
Clivus Z Muscle group traimng(Yes*) 0.21 0.052 0.264 4033 0.000 0.107 0313
C4z Muscle group training(Yes’) 0.245 0.073 0.224 3362 0.001 0.101 0.389
C7X Sex(Females”) -0.223 0.097 -0.177 2.291 0.023 -0415 -0.031
C7z Cervical curvature 0.009 0.003 0.173 2.721 0.007 0.002 0.016
Muscle group training(Yes’) 0.303 0.072 0.263 4.196 0.000 0.161 0.445
Weight change 0.050 0.016 0.272 3.080 0.002 0.018 0.082

*Control group

control groups at either the third week (22.65+3.17 vs.
22.80+3.22, p=0.721) or the treatment’s end (22.08 + 3.96
vs. 22.05+3.23, p=0943). Similarly, no statistically
significant differences were observed in body weight
comparisons. Changes in weight and BMI between pre-
treatment and the end of the treatment were also not sig-
nificant (weight: 3.54+3.30 vs. 3.38 +3.04, p=0.714; BMIL:
1.24+1.16 vs. 1.19+1.05, p=0.710). Notably, the weight
and BMI were decreased in both groups throughout the
study, with no significant difference between them.
Multivariate linear regression equations were for-
mulated by incorporating variables that had an effect
on each level and direction as a result of univariate lin-
ear regression (see Table 1 in the Supplementary Infor-
mation). The results revealed that there were statistical
differences in the effects of the presence or absence of
muscle group training, weight change (used absolute
value of maximum weight difference from baseline,
including either weight loss or gain) and cervical curva-
ture on the C7 Z-directional setup error (b =0.303, 0.050
and 0.009; t=4.196, 3.080 and 2.721; p =0.000, 0.002 and
0.007 respectively). There were statistical differences in
the effects of the presence or absence of muscle group
training on the C4 Z-directional setup error (b=0.245,
t=3.362, p=0.001). There was also a statistically sig-
nificant difference in the effect of gender on the C7
X-directional setup error (b = -0.223, t=2.291, p=0.023).
Moreover, the effect of the presence or absence of muscle
group training on the clivus Z-directional setup error was
statistically significantly different. There was a statisti-
cally significant difference in the effect of an oral stent on
the clivus Y-directional setup error (b = -0.128, t=2.43,
p=0.016). More information is detailed in see Table 4.

Discussion

In this study, we sought to reduce the setup error through
a prospective randomized controlled trial by neck muscle
training. Our findings indicate that such interventions
may indeed lead to an improvement in the neck setup
error among HNC patients, particularly with statisti-
cally significant improvement in the Z direction spanning
from the clivus to the neck level. It was observed that

the setup error exhibits a gradual increase from the cli-
vus to the neck. Notably, PTV margins of 3 mm, 3.8 mm,
and 4.4 mm were determined to be necessary at the cli-
vus, C4, and C7 levels, respectively. In the muscle train-
ing group, PTV margins of 2.2 mm, 3.0 mm, and 3.6 mm
were required, while in the control group, the corre-
sponding margins were measured at 2.9 mm, 3.8 mm,
and 4.4 mm in the Z direction at the clivus, C4, and C7
levels, respectively. Multivariate analysis identified neck
muscle training, weight loss, cervical curvature, gender,
and the use of an oral stent as factors influencing the
setup error.

To our knowledge, this represents pioneering research
exploring methods aimed specifically at mitigating neck
deformation errors through a patient-centric lens while
employing a multidisciplinary approach addressing
clinical challenges encountered within this domain. The
intervention incorporated an amalgamation of exercise
therapy coupled with traditional massage techniques
[14], which have garnered recognition within China due
their efficacy preventing alterations associated with cer-
vical curvature thereby reducing resultant deformations
effectively. This approach boasts simplicity in its acqui-
sition, as it can be readily grasped by patients’ families
under the guidance of a rehabilitation therapist, and
is more likely to be sustained over the long term. It has
been reported that effective massage and systematic
neck exercises following RT can facilitate the dissipa-
tion of heat generated by radiation, enhance local tissue
blood circulation, eliminate inflammatory byproducts,
and impede the progression of fibrosis in the neck [21].
To ascertain whether the sustained adherence to this
method can engender improvements in long-term toxic
effects, further follow-up investigations are warranted.

Numerous studies have indicated that the presence of
multiple bony landmarks that can move freely poses a
significant challenge when it comes to accurately align-
ing skeletal structures in the treatment area [8]. Attain-
ing an optimal match across the entire length of the
neck is unlikely for head and neck cancer patients, and it
may be possible to prioritize the matching of regions of
interest (ROI) based on biological factors. However, this
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approach may result in a poorer overall alignment out-
side the ROI [12]. Our study confirmed this phenomenon
by observing a gradual increase in setup errors between
the clivus and C7, as well as an increased error range for
all patients. Moreover, the frequency of errors larger than
3 mm, particularly in the X and Z directions, also demon-
strated a notable increase. Interestingly, the muscle train-
ing group exhibited a significantly smaller proportion of
errors larger than 3 mm in the X and Z directions com-
pared to the control group. This finding indicates that the
muscle training group achieved a more consistent and
reproducible setup error.

Based on the error division diagram (Fig. 2), it can
be observed that the error in the Z direction exhibits a
positive skew at the clivus level and gradually decreases
to negative values at the C4 and C7 levels. This pattern
suggests the occurrence of deformations in the neck.
These findings align with previous research conducted by
Zhong et al. [13] and Kam et al. [7], who also reported
setup-induced neck deformation errors. Ahn et al. [6]
demonstrated that the movement of the skull is semi-
independent compared to the neck. Additionally, the cer-
vical curvature varies in an unpredictable manner, but it
is somewhat related to the pitch and yaw of the skull. It
was also found that with the increase in the number of
treatments, there was a gradual increase in the Z-direc-
tion setup error in both groups. The probable reason for
this is due to some combination of factors such as the
occurrence of toxic side effects with the increase in the
number of treatments and the deformation error of the
neck. The errors in both groups approximated a maxi-
mum at about five weeks, and one possible reason for this
is that some patients underwent offline ART at this time.
The analysis showed that the mean setup error in the
Z-direction in both groups was smaller after ART than
before ART. This further suggests that ART may have had
arole in reducing setup errors.

During the setup process for head and neck radio-
therapy, mandibular and neck movements introduce
notable uncertainties that can potentially result in rota-
tional errors in the neck. These significant deformation
errors necessitate careful consideration in clinical prac-
tice. To effectively mitigate issues arising requires priori-
tization two key strategies: enhancing postural fixation
and improving the setup quality. Aiming to minimize
rotation deformation errors, efforts should be concen-
trated on achieving robust postural fixation. In this par-
ticular study, our objective was to quantify the errors in
setup at various positions, namely the clivus, C4, and
C7, and subsequently analyze the differences in setup
errors after implementing an intervention. Our findings
revealed a progressive increase in setup error from the
clivus to C7 in both the left-right and anterior-poste-
rior directions, with C7 being the smallest at RTN. The
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group that underwent muscle training exhibited signifi-
cantly less setup error in the anterior-posterior direction,
from the clivus to C7, compared to the control group
(p<0.001). Additionally, it displayed less error than the
control group in the left-right direction at the ramp level
(p=0.031). Lin et al. [22] also reported a gradual increase
in setup error from the clivus to the neck. The decrease
RTN may be attributed to the flexibility of the head rela-
tive to the neck, which aligns with clinical practice. Fur-
thermore, further analysis demonstrated that regardless
of whether surgery was performed or not, the muscle
training group consistently exhibited less setup error in
the anterior-posterior direction compared to the con-
trol group (refer to Tables 2 and 3 in the Supplementary
Information). Additionally, we found that neck muscle
training improved the positional repeatability of radio-
therapy for head and neck tumors.

In a previous study [17], statistically significant dif-
ferences in setup errors were observed across various
regions of radiotherapy for nasopharyngeal carcinoma.
Specifically, significant differences were noted between
the clivus and C4 regions, as well as between the C4
and C7 regions. These findings highlight the importance
of considering regional variations when assessing and
addressing setup errors in nasopharyngeal carcinoma
radiotherapy. We analyzed the difference between the
two groups of patients in the different matched regions
and found that the range of difference between the mus-
cle training and control groups was (-6 to 7 vs. -7 to 6)
mm in the X direction; (-3 to 4 vs. -2 to 4) mm in the Y
direction; and (-5 to 7 vs. -6 to 8) mm in the Z direction,
with both groups showing a large variation in error in the
X and Z directions. Zhang, L et al. [9] and Polat, B et al.
[10] obtained similar results. The statistical analysis com-
paring the percentage of differences exceeding 3 mm in
different directions between the two groups yielded clear
results. Specifically, in the Z direction, the control groups
(C14 and C17) exhibited a percentage of differences that
was more than twice as large as that of the muscle train-
ing group. Further analysis revealed no statistical dif-
ference between the two groups of operated patients in
the Z-direction difference (see Fig. 1 in the Supplemen-
tary Information), but in the Y-direction and RTN the
C14 muscle training group was smaller than the control
group (p=0.031, 0.004). A potential explanation for this
observation could be attributed to the disparity in head
and neck mobility between surgical and non-surgical
patients. Surgical patients typically have reduced mobil-
ity due to the surgical procedure, resulting in less defor-
mation in the neck region. Consequently, this limited
neck deformation may contribute to the absence of a sig-
nificant difference in the Z-direction error between the
two groups. In non-operated patients, significant differ-
ences were observed between the muscle training group
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and the control group in the Z-direction for C14 and C17
(p=0.014 and 0.005, respectively), with the muscle train-
ing group outperforming the control group. In addition,
in the C47 muscle training group, although there was an
improvement compared to the control group, the differ-
ence was not statistically significant (p=0.051). No statis-
tical differences were found in other directions (Fig. 2 in
the Supplementary Information).This highlights the need
to explore ways to reduce the neck deformation error in
non-operated patients.

Currently, there is a certain deformation error in the
neck region during radiotherapy of head and neck can-
cer, which increases gradually from top to bottom. Most
scholars [9, 12, 17, 23] believe that different PTV margins
should be used for head and neck tumors from top to
bottom to solve the large error caused by position change
and variability of different regions. Our results are con-
sistent with this, demonstrating that a maximum of
3 mm PTV margins of extension is required at the clivus,
3.8 mm at C4, and 4.4 mm at C7 (Table 3). In the experi-
mental group, 2.13-3.63 mm margins were needed from
the clivus to C7 in the anteroposterior direction The con-
trol group required 2.89-4.37 mm of margins. Cheo T et
al. [17] reported that nasopharyngeal carcinoma requires
2.33-6.52 mm of margins from clivus to C7, with the
largest in X, followed by 4.7 mm in Z. After the neces-
sary correction, the setup error was reduced to a range of
1.2-6.08 mm, with the maximum error observed in the
X directions, and a magnitude of 4.01 mm in the Z direc-
tions. When comparing these results to the control group
in our study, it is evident that the correction yielded simi-
lar improvements in the Z directions. However, notably,
the correction was more effective in reducing errors in
the X directions compared to the control group. Because
we use a combination of styrofoam and 9-point head and
neck shoulder membrane, it effectively immobilizes the
neck and shoulder region, and provides optimal stability
and fixation. This results in a significantly smaller margin
requirement in the X direction. Further analysis revealed
that a 3 mm margin was sufficient for muscle training
in non-operative patients, with the exception of a 4 mm
margin needed in the X direction of C7. In the control
group, a margin of more than 3 mm or even 4 mm was
required (Supplementary Data Table 5). Comparatively,
there was no significant decrease in the required PTV
margins in the muscle training group of surgical patients
when compared to the control group (Supplementary
Data Table 4). It appears that interventions are more
effective for non-surgical patients, highlighting the need
for new fixation methods or interventions to improve
treatment accuracy in surgical patients. Considering the
results of this study, the daily use of neck muscle train-
ing has the potential to reduce the frequency of necessary
ART adaptations (patients with large setup errors in the
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routine method will need to be re-planned), However,
the daily CBCT setting should not be reduced because
setup errors in the neck region still vary widely.

It appears that different institutions in China do not
currently utilize varying PTV margins from top to bot-
tom, as the standard 3 mm margin is uniformly applied.
The lack of consensus on the optimal matching of bone
structures may contribute to the observed findings. Addi-
tionally, since the target volume and organs at risk in
radiotherapy mainly consist of soft tissues, the deforma-
tion errors obtained may not completely reflect the over-
all accuracy of radiotherapy. Consequently, accurately
calculating the impact on dose distribution becomes
challenging due to various factors that go beyond the
measured deformation errors [7]. Therefore, it is impor-
tant for therapists to continuously innovate new fixation
devices or interventions to reduce the setup error of head
and neck tumors within the entire target area to less than
3 mm. In the future, a regression analysis of neck setup
errors with regard to survival and recurrence will be con-
ducted, provide new reliable evidence for different neck
PTV margins.

In this study, we utilized Spearman correlation analy-
sis to examine setup errors across all directions — an
approach that is infrequently employed in prior research.
Our objective was to determine whether variations
in setup errors in one direction were correlated with
changes in other directions. The results showed that
there was a moderate negative correlation between Y
and Z-direction setup errors at C4 and C7 level (r=0.209,
0.258). At both the clivus and C4 level, a strong negative
correlation was observed between X-direction errors
and RTN (r=0.504, 0.458). This was also the case in the
analysis of the data for each of the two groups (Fig. 5).
Additionally, these findings were consistent with obser-
vations made in clinical practice, which have demon-
strated that increases in the Y-directional setup error,
specifically towards either the head or foot side, are often
correlated with specific anatomical changes in the neck
region. Larger setup errors in the headward direction
are associated with a forward bending of the neck, while
larger errors in the footward direction are associated
with a backward tilting of the neck. The muscle training
group exhibited a higher correlation coefficient between
the Y and Z directions compared to the control group.
This suggests that, when influenced by errors in the Y
direction, the Z direction error was smaller in the mus-
cle training group than in the control group. This find-
ing further demonstrates the efficacy of the intervention
measures. At both the clivus and C4 level, an increase
in X-direction error resulted in an increase in bed angle
rotation error. This finding aligns with a study by Li et al.
[24] on intracranial tumors, underscoring the importance
of selecting a device with superior fixation capabilities
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and high repeatability for patients with head and neck
tumors. Furthermore, it emphasizes the critical role of
the therapist in meticulously adhering to the position-
ing process to minimize errors in any direction that may
arise from the setup procedure.

Several factors can influence the setup error, includ-
ing the fixation device, the general characteristics of the
patient (weight, gender, etc.), and the expertise of the
therapist during the setup process. The fixation devices
reported for head and neck tumor radiotherapy are
mainly five-point and nine-point head-shoulder ther-
moplastic mask, the head is secured with a fixed head-
rest and a personalized vacuum pad, as well as the
currently popular styrofoam [3, 22, 25]. Lin, CG et al. [22]
reported that the combination of styrofoam and thermo-
plastic membrane for head, neck and shoulder fixation
resulted in better effect and higher setup accuracy. This
is consistent with the present study. This may be one of
the reasons for the smaller setup error compared with
other studies. The influence of general characteristics of
patients on setup error has rarely been reported in head
and neck tumors. Contesini, M et al. [3] showed that the
increase in BMI correlated with a decrease in error for 29
patients. Pan CZ et al. [26] found that weight loss during
treatment was an important factor affecting setup error
in 30 patients with nasopharyngeal carcinoma. This study
showed that women, weight loss, and cervical curvature
increased the setup error. Neck muscle group training
and oral stent were the factors influencing the reduction
of setup error (Table 4). Previous studies have reported
that the expertise of the therapist affect the setup error
[27-29]. All therapists in this study had more than 10
years of working experience, hence the effect of different
therapists on setup error can be ignored.

This study also has some limitations. First, this study
is a single-center randomized controlled trial, hence
its generalizability may be limited. However, it is worth
highlighting that this trial represents the first prospective
investigation to employ neck muscle training as a means
to mitigate setup errors in HNC radiotherapy. Second, it
is worth mentioning that in this study the implementa-
tion of neck muscle training was initially facilitated by
rehabilitation physiotherapists, with subsequent involve-
ment of patients’ families. However, the sequential trans-
fer of responsibility from healthcare professionals to
families may have potential implications on patient com-
pliance, potentially leading to an underestimation of the
true effectiveness of the interventions. Third, the cervi-
cal curvature measurement method is relatively simple
[30], but it may be influenced by various factors that
could alter the accuracy of the measurement. Finally, a
significant limitation of the study is the absence of daily
volumetric imaging using CBCT, which affects the ability
to accurately account for interfractional changes in soft
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tissue position, especially along the tongue, oropharynx,
and larynx. This prevents us from clarifying the effec-
tiveness of the intervention on soft tissues. In the future,
we aim to enhance the image quality of CBCT using the
dual-domain parallel deep learning network model with
attention waning mechanism (AWM-PNet) proposed by
our institution [31]. Moreover, we plan to investigate the
impact of cervical deformation errors on cervical CTV
and changes in soft tissue position and the effects of
physical exercise on overall survival, late neck toxicities,
and neck muscle mass change in both groups. We will
also conduct multicenter randomized controlled trials to
improve the level of evidence and validate the findings of
this study.

Conclusion

In conclusion, the results obtained from this prospec-
tive study present compelling evidence to support the
integration of neck muscle group training into the treat-
ment protocol for head and neck cancer patients receiv-
ing radiotherapy. The study revealed a marked decrease
in both the setup error in the anterior-posterior direction
and the planning target volume (PTV) margin, indicating
substantial benefits associated with this intervention.
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