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Noncoplanar Versus Coplanar
Intensity-Modulated Radiation
Therapy (IMRT) for Protection
of the Lip and Buccal Mucosa

Zheng Lao, PhD, MD1,2,3 , Fan Bi, ME1,2,3, Wenhui Fan, ME1,2,3,
Xuanli Xu, MD1,2,3, Wenyong Tu, PhD, MD1,2,3, and Huifeng Shi, ME1,2,3

Abstract
Objective: In this study, by comparing coplanar and noncoplanar intensity-modulated radiation therapy (IMRT) treatment
planning in treating tongue cancer, the significance of noncoplanar fields in the protection of the lip and buccal mucosa was
determined, and a reasonable solution was selected. Methods: Forty-eight tongue cancer patients treated from June 2019 to
February 2021 were selected and randomly divided into a coplanar field group and a noncoplanar field group. The mucosal dose
limit changed from 15 Gy to 45 Gy for comparison of the two treatment plans. The evaluation indicators (conformal index (CI);
homogeneity index (HI); D5, D50, and D98 of the target volume; and the dose of normal tissues) were calculated under different
mucosal dose limits. The clinical observation of the lip and buccal mucosa of 48 cases was monitored and graded carefully
according to NCI-CTCAE V4.0. Statistical analyses were performed. Results: The differences in CI, HI, D98, D50 and D5
between the two groups in the target volume tended to decrease when the mucosal dose limit was less than 30 Gy, with a
significant difference (P < 0.05). When the limit exceeded 30 Gy, significant differences in other indicators except CI (P < 0.05)
were still noted. In normal tissue, differences in doses between the two groups existed when the mucosal limit was less than 20
Gy, with a significant difference (P < 0.05). When the limit exceeded 20 Gy, no significant difference was noted. Patients in the
noncoplanar group showed significantly better results than those in the other group in terms of the radiation-related toxicity of
the lip and cheek membrane(P < 0.001). Conclusions: Compared with coplanar field radiotherapy, noncoplanar field radio-
therapy can effectively reduce the exposure dose to the lip and buccal mucosa. The application of noncoplanar treatment plans
exhibits good clinical significance and deserves to be promoted.
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Introduction

Radiotherapy, which represents an effective management for

curing tongue cancer, plays a crucial role in improving the

prognosis of patients with the disease. However, the sur-

rounding normal tissue inevitably received various levels

of X-ray exposure when the target volume received a lethal

dose of irradiation. Oral mucositis, one of the most preva-

lent side effects resulting from radiotherapy, typically

occurs in the oral cavity, throat and pharynx. Approximately

all patients with head and neck cancer after radiotherapy

and 20%-40% patients receiving chemotherapy will eventu-

ally develop oral mucositis.1,2 The possibility of radiation-
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related complications is mainly impacted by the exact X-ray

dosage. A study showed that oral mucositis may develop

into hyperkeratosis upon exposure to 10-20 Gy irradiation3

with the manifestation of a slight lack of color; mucosal

erythema and related pain may appear when the exposure

dose exceeds 20 Gy.4 Once the cumulative radiation dose

reaches 30 Gy, the symptoms may become much more

severe with the occurrence of mucosal ulcers, which provide

an ideal environment for bacterial growth.4 In clinical prac-

tice, the distance from the target volume area of tongue

cancer to the lip and buccal mucosa is approximately 0.5

cm on average, whereas the mean dosage of mucous mem-

brane in the oral cavity is 40 Gy. Given that radiotherapy-

related side effects are inevitable, how to lower the

exposure dose and alleviate painful symptoms for patients

are the main clinical concerns and popular topics. This

study employed the noncoplanar radiation field method,

which added 2 vertical sagittal fields on the basis of 7 equal

fields. The technique optimizes the angle of the radiation

field to decrease the exposure doses by making the central

axis of the radiation field tangent to the region of the

mucous membrane. This study was approved by the ethics

committee of Shanghai Ninth People’s Hospital.

Patients and Methods

Patient Characteristics

We collected 48 cases (age from 34 to 78 with median age

56.9, 28 males and 20 females) with tongue cancer ranging

from stage T2-4, any N, M0 who underwent radiotherapy after

surgery between June 2019 and February 2021 at the Depart-

ment of Oral Maxillofacial Head and Neck Oncology at the

Shanghai Ninth People’s Hospital Affiliated to Shanghai Jiao

Tong University School of Medicine. All patients underwent

simultaneous glossectomy and rehabilitation of the primary

tongue tumor. Then, the pathological features indicated squa-

mous cell carcinoma as noted by experienced pathologists

after the operation. No residual tumor or positive margins

were recorded on the pathological reports. Postoperative

radiotherapies were arranged according to clinical guidelines.

Patients were excluded if concurrent comprehensive therapies

(chemoradiotherapy, targeted therapy and immunotherapy)

were planned, previous surgeries or radiation treatments for

head and neck cancer were performed, or the patient has a

history of tumor elsewhere in the body in the past 5 years.

This study was approved by the Ethical Committee of the

institution, and informed consent was obtained from all cases

included.

Methods

Scout scan. The patient was fixed with a foam mat and mask for

a scout scan by CT (GE, USA). The positioning center was

placed in the central region of the tongue. The CT imaging

covers from the top of head to subclavian.

Target volume contouring. The scout CT images were trans-

mitted to the Monaco treatment planning system

(ELEKTA, Sweden) and fused with contrast-enhanced

MRI imaging. Physicians contoured the target area based

on the fused images, pathological features postoperatively

and other high-risk characteristics. The final contouring

targets were confirmed by 2 experienced physicians of

radiation oncology. The radiation dose of the target area

was normally 60 Gy.

Treatment planning. Radiation planning is determined by both

the target volume above and dose limitation of surrounding

normal tissue. Normal tissue and organs include the spinal

cord, throat, bilateral parotid gland, pharyngeal constrictor

and oral mucosa (including the lip and upper and lower

buccal mucosae). The treatment planning of the oral cavity

mucous membrane adopted a serial function with a radiation

dose between 15-45 Gy and 5 Gy per interval. The function

of other tissues remained the same, and the calculation

method took normal tissue as a priority. All 48 cases were

randomly divided into a coplanar field group and a nonco-

planar field group with 24 patients each. The former group

used 9 fields on average, whereas the latter group adopted 7

fields simultaneously with 2 other fields that required turn-

ing the bed 270 degrees to make the angle of radiation rays

tangent to the region of the mucous membrane. Every field

control points were set 20. With the other dose-limitation

function of surrounding tissue unchanged, different calculat-

ing data were produced according to the changes of function

on oral membrane. Otherwise, one plan was determined

without any mucous membrane function. After the calcula-

tion procedure was completed, all the radiation doses were

integrated as the prescription dose included a 95% target

volume. Each patient in the 2 groups underwent a calcula-

tion process 8 times, and the corresponding functions were

as follows: 15 Gy, 20 Gy, 25 Gy, 30 Gy, 35 Gy, 40 Gy, 45

Gy and no limitation.

Comparison of plans. To investigate the treatment plans above

and calculate the results of normal tissue, the evaluation indi-

cators included conformal index (CI), homogeneity index (HI),

D5, D50, and D98. The conformal index was calculated from

CI¼VPTV � VTV/TV2
PV to determine the extent of the pre-

scription dosage covering the target volume. Here, VPTV indi-

cates the volume of PTV, VTV indicates the total volume of

prescription isodose curve coverage, and TVPV means the exact

volume of PTV covered by VTV. The lower the CI, the better

the conformity of the target dosage is. The homogeneity index

equals D5%/D95%, and D5% and D95% indicate the minimum

dose of 5% and 95% target volumes, respectively. The lower

the HI, the better the homogeneity.

Clinical follow-up. The 48 patients were strictly monitored dur-

ing the radiotherapy process to assess radiation-related side

effects of the oral cavity, especially the lip and buccal

mucosa. The patients were regularly checked by 2 physicians
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every week during the 6-week treatment period, and accurate

clinical manifestations were precisely recorded, classified and

graded using the National Cancer Institute (NCI) Common

Terminology Criteria for Adverse Events, version 4.03

(CTCAE, v. 4.03). Finally, the grades of the manifestations

of lip and buccal mucositis after 6 weeks of radiotherapy were

managed by statistical analysis for the comparison between

the 2 groups.

Figure 1. The left and right images are the corresponding transverse and sagittal images of the coplanar field (A) and noncoplanar field (B) of the

same patient. The red line represents the dose line, the yellow line represents the target volume, and the blue line contours the area of the lip and

cheek membrane.

Table 1. The Results of Evaluation Indexes of Target Areas in 2 Groups Under Different Dose Limitations of the Oral Membrane. Group 1 Is the

Coplanar Radiation Field, and Group 2 Is the Noncoplanar Field.

Mucosal dose limit (Gy) Group CI HI D98 (Gy) D50 (Gy) D5 (Gy)

15 1 0.54 + 0.13 1.34 + 0.15 49.18 + 3.81 77.24 + 8.17 80.83 + 8.91

2 0.80 + 0.04 1.11 + 0.02 56.87 + 1.07 64.38 + 0.87 66.82 + 1.06

20 1 0.70 + 0.07 1.18 + 0.05 53.27 + 2.44 66.41 + 3.58 70.67 + 2.76

2 0.87 + 0.01 1.09 + 0.01 58.58 + 0.47 62.91 + 0.44 65.17 + 0.53

25 1 0.78 + 0.06 1.13 + 0.01 56.12 + 2.70 65.16 + 2.32 67.80 + 2.55

2 0.88 + 0.01 1.07 + 0.00 59.19 + 0.14 62.44 + 0.19 64.44 + 0.26

30 1 0.86 + 0.01 1.09 + 0.01 58.65 + 0.51 63.12 + 0.50 65.39 + 0.66

2 0.88 + 0.00 1.07 + 0.00 58.90 + 1.89 62.38 + 0.15 64.27 + 0.22

35 1 0.88 + 0.00 1.08 + 0.01 59.02 + 0.31 62.62 + 0.41 64.74 + 0.65

2 0.89 + 0.01 1.07 + 0.00 59.28 + 0.07 62.30 + 0.14 64.22 + 0.26

40 1 0.88 + 0.01 1.07 + 0.00 59.18 + 0.13 62.46 + 0.22 64.50 + 0.42

2 0.88 + 0.01 1.07 + 0.00 59.27 + 0.07 62.29 + 0.25 64.17 + 0.41

45 1 0.88 + 0.00 1.07 + 0.00 59.22 + 0.08 62.34 + 0.22 64.29 + 0.27

2 0.89 + 0.00 1.06 + 0.00 59.29 + 0.08 62.20 + 0.27 64.00 + 0.47

n 1 0.88 + 0.00 1.07 + 0.00 59.21 + 0.10 62.48 + 0.26 64.58 + 0.39

2 0.89 + 0.01 1.07 + 0.00 59.30 + 0.10 62.22 + 0.21 64.07 + 0.33
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Statistics

The results were analyzed using SPSS 18.0, and measurement

data with a normal distribution are expressed as X+S. The

mean between groups was analyzed by paired t test, whereas

the nonnormal distribution was investigated by nonparametric

test. The classification of lip and cheek mucositis grades

between the 2 groups was compared by the rank sum test

(Mann-Whitney U test). The test level was a ¼ 0.05.

Results

Comparison of Dosages Between Coplanar Fields and
Noncoplanar Fields With a Dose Limit of 20 Gy on the
Oral Membrane

As shown in Figure 1, the left panel (1A) shows transverse and

sagittal imaging of the coplanar field, and the right panel (1B)

shows the noncoplanar field of the same patient (Figure 1). The

Table 2. The Dose Results on Normal Tissues in 2 Groups Under Different Dose Limitations of the Oral Membrane. Group 1 Is the Coplanar

Radiation Field, and Group 2 Is the Noncoplanar Field.

Mucosal dose

limit (Gy) Group

Spinal cord

(Gy) Throat (Gy)

Left parotid

(Gy)

Right parotid

(Gy)

Mucous mem-

brane (Gy)

Constrictor

naris (Gy) MU

15 1 46.58 + 4.55 40.34 + 4.51 31.94 + 3.28 30.73 + 2.75 18.22 + 2.25 46.92 + 5.49 1244.58 + 166.16

2 39.22 + 1.08 32.70 + 0.97 24.32 + 1.90 24.70 + 1.43 14.47 + 0.44 38.44 + 1.01 1104.33 + 55.15

20 1 41.31 + 1.93 34.34 + 1.59 27.70 + 1.34 26.77 + 1.26 21.05 + 0.95 40.81 + 2.35 1122.01 + 101.59

2 37.06 + 0.56 32.47 + 0.35 24.01 + 1.72 25.08 + 0.89 18.44 + 0.54 37.31 + 0.78 1100.83 + 77.21

25 1 41.24 + 6.16 32.88 + 1.45 26.64 + 0.84 25.77 + 1.02 23.33 + 1.91 39.15 + 2.13 1112.02 + 86.92

2 37.02 + 1.05 32.81 + 0.73 24.39 + 1.29 25.25 + 0.80 22.77 + 0.61 37.95 + 0.75 1159.16 + 37.93

30 1 37.89 + 1.58 32.42 + 0.76 25.25 + 0.88 25.00 + 0.88 28.61 + 0.66 37.87 + 0.31 1127.50 + 69.47

2 36.96 + 0.64 32.34 + 0.88 24.99 + 1.12 24.99 + 1.12 27.36 + 0.40 38.35 + 1.01 1152.83 + 66.12

35 1 37.06 + 1.30 32.24 + 1.27 24.53 + 1.08 25.12 + 0.78 33.21 + 0.64 37.81 + 0.52 1161.83 + 70.95

2 36.50 + 0.76 32.30 + 0.69 24.01 + 1.71 24.64 + 0.98 32.75 + 0.61 37.45 + 1.00 1116.23 + 83.88

40 1 37.27 + 1.21 32.43 + 0.80 24.41 + 1.61 25.26 + 0.97 37.64 + 1.94 37.32 + 0.68 1149.33 + 70.13

2 36.38 + 0.56 32.61 + 0.82 24.29 + 1.79 24.87 + 0.81 37.83 + 1.30 37.62 + 1.39 1076.02 + 62.91

45 1 37.27 + 0.65 32.50 + 0.69 24.04 + 1.61 25.42 + 0.97 41.00 + 3.37 37.12 + 0.73 1156.01 + 102.31

2 36.44 + 1.02 32.54 + 0.81 24.99 + 1.41 24.68 + 1.27 40.10 + 2.61 37.87 + 1.24 1094.66 + 80.38

n 1 36.99 + 1.28 32.21 + 0.93 24.08 + 1.47 25.44 + 0.73 40.82 + 3.06 37.25 + 0.69 1116.02 + 103.34

2 36.70 + 1.17 32.92 + 1.24 24.46 + 1.83 24.81 + 1.29 39.99 + 2.94 38.27 + 1.07 1134.50 + 50.16

Figure 2. The bar chart shows the results of D98, D50 and D5 of the target areas between the coplanar field and noncoplanar field under

different mucosal dose limits. The curve shows the CI and HI results of the target areas between the coplanar field and noncoplanar field

under different mucosal dose limits. The X-axis is the dose limitation of oral mucosa. The left-Y axis is the radiation dose, and the right

Y-axis is the index rate.
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principle of the noncoplanar radiation field underscores

the notion that the angle of the X-ray should be tangent to the

region of the mucous membrane for protection purposes.

The Results of 2 Treatment Plans Under Different Dose
Limitations of the Oral Membrane

Tables 1 and 2 show the results of evaluation indexes of the

target areas and normal tissues in 2 different treatment meth-

ods when the mucosal dose limit changed from 15 to 45 Gy or

without limitations. Figures 2 and 3 present the bar chart, line

chart and curves obtained according to the above data. For

the target area, when the membrane dose limit increased from

15 to 30 Gy, the difference in the evaluation indicators,

including CI, HI, D50, D98 and D5, between the 2 groups

tended to gradually decrease. However, when the limit

exceeded 30 Gy or there was no dose limitation, minimal

differences were noted. In terms of normal tissue, a gap

between the effect of doses on normal tissues exists between

2 groups when the mucosal limit was less than 20 Gy but is

gradually reduced. However, when the limiting dose exceeds

20 Gy or there is no dose limitation, the difference in doses

between the 2 methods is not statistically significant. The

curve of monitor unit (MU) in the 2 groups indicates that the

lower the mucosal dose limit, the greater the gap of MU

between coplanar and noncoplanar fields, and the lower the

energy utilization efficiency of the coplanar field treatment

plan. When the limit exceeds 25 Gy, the difference between

the 2 methods is minimal, and the noncoplanar field seems to

have a certain advantage.

Statistical Analysis of 2 Treatment Plans Under Different
Mucosal Function Settings

Table 3 shows that there were significant differences (P < 0.05)

in D98, D50, D5, CI and HI of the target area between the

2 groups when the mucosal function setting was less than

30 Gy. When the mucosal function setting exceeded 30 Gy,

there was no significant difference in CI, but significant differ-

ences in the other settings were noted (P < 0.05). In normal

tissue, there was a significant difference (P < 0.05) between the

2 treatment plans when the mucosal function setting was less

than 20 Gy. If the dose exceeded 20 Gy, no significant differ-

ence was noted.

Clinical Manifestations of the Lip/Cheek Membrane
During Radiotherapy

Radiation-related toxicity includes difficulty swallowing, pain

with swallowing, decreased appetite, dry mouth, hoarse voice,

pain, mouth or throat sores, nausea, vomiting, pain in the mouth

or throat, cough, skin burns from radiation, skin cracking at the

mouth, and increased phlegm. Given that the tongue and mouth

floor were all included in the target volumes, the presentation

of mucositis was observed on the tongue and mouth floor in all

included cases. Nevertheless, the manifestation of mucositis on

the lip and cheek membrane differed between the 2 groups.

Figure 3. The line chart shows the results of D98, D50 and D5 of the normal tissues between the coplanar field and noncoplanar field under

different mucosal dose limits. The curve shows the MU of the treatment plan between the coplanar field and noncoplanar field under different

mucosal dose limits. The X-axis is the dose limitation of oral mucosa. The left Y-axis is the radiation dose, and the right Y-axis is the MU.
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In the noncoplanar field group, the incidence rate and clas-

sification of severity were considerably lower than those in the

other group. Patients typically developed lip and buccal muco-

sitis after the fourth week during radiotherapy, and symptoms

of most cases were classified as mild. After all the patients

completed their radiotherapy treatments, the manifestations

of lip and buccal mucositis were recorded and graded accord-

ing to NCI-CTCAE V4.0. The statistical analysis of the data

revealed significant differences (P < 0.001) between the

2 groups. In the coplanar group, 5 patients developed grade

II lip and buccal mucositis; grade III toxicity occurred in the

other 19 patients. In the noncoplanar group, the manifestations

of the symptoms were mild or moderate. Classifications of

21 cases ranked grade I, whereas the remaining 3 ranked grade

III. No grade IV side effects were reported in either group with

the application of mouthwash and antibiotics (Table 4).

Discussion

When rotating the treatment bed, the central axis of each radia-

tion field is not in the same plane, and multiangle and multi-

radian irradiations in geometric space are realized with the

noncoplanar field technique.5 Irradiation of the noncoplanar

field has been effectively applied among different kinds of

tumor radiotherapy treatments. Panet-Raymond et al6 found

that in radiotherapy for frontotemporal high-grade glioma

invading the optic path, the noncoplanar technique can reduce

equivalent uniform doses of the contralateral anterior globe,

temporal lobe and retina. However, superior sparing of contral-

ateral optic organs was also achieved. Park et al7 suggested that

the dose delivered to parotid glands and lenses could be

reduced with the aid of a noncoplanar field in whole-brain

radiotherapy. Kim et al8 discovered that noncoplanar partial

arc volumetric-modulated arc therapy(VMAT) exhibited more

favorable plan quality than coplanar VMAT in stereotactic

ablative radiotherapy of lung cancer tumors located close to

the heart.

Table 4. Cases of Lip and Cheek Mucositis in the Coplanar Field

Group and the Noncoplanar Field Group.

Grade of lip

and buccal mucositis Coplanar field Radiation technique

I 0 21

II 5 3

III 19 0

IV 0 0

Table 3. The Statistical Results of 2 Treatment Plans Under Different Mucosal Function Settings.

Serial ¼ 15 Serial ¼ 20 Serial ¼ 25 Serial ¼ 30

t P t P t P t P

D98 -9.728 0.000 -12.135 0.0000 -5.732 0.000 -0.686 0.001

D50 8.053 0.000 2.349 0.0000 6.157 0.000 7.331 0.000

D5 8.149 0.000 10.216 0.0000 7.08 0.000 8.230 0.000

CI -9.994 0.000 -10.997 0.0000 -7.100 0.000 -6.496 0.000

HI 8.11 0.000 10.107 0.0000 6.730 0.000 9.379 0.000

Spinal cord 8.729 0.000 12.894 0.0000 3.522 0.002 4.274 0.013

Throat 7.784 0.000 5.729 0.0030 0.230 0.820 0.324 0.749

Left parotid 11.182 0.000 9.581 0.0000 7.647 0.000 3.502 0.002

Right parotid 8.684 0.000 6.288 0.0010 1.654 0.112 0.064 0.950

Lip 8.876 0.000 20.536 0.0000 1.251 0.224 14.393 0.000

Constrictor naris 7.939 0.000 8.483 0.0000 2.795 0.10 -2.593 0.016

MU 4.135 0.015 0.919 0.4880 -2.343 0.028 -1.153 0.261

Serial ¼ 35 Serial ¼ 40 Serial ¼ 45 n

t P t P t P t P

D98 -4.170 0.000 -3.897 0.001 -5.100 0.000 -4.861 0.000

D50 4.220 0.000 3.489 0.002 5.460 0.000 3.788 0.001

D5 4.218 0.000 4.087 0.000 4.500 0.000 4.816 0.000

CI -3.871 0.001 -3.245 0.004 -2.900 0.008 -4.237 0.000

HI 4.376 0.000 2.505 0.200 6.309 0.000 4.053 0.000

Spinal cord 1.963 0.062 4.298 0.000 3.780 0.001 1.671 0.108

Throat -0.274 0.786 -0.745 0.464 -0.168 0.868 -2.382 0.026

Left parotid 1.615 0.120 0.531 0.600 -4.218 0.000 -1.543 0.137

Right parotid 2.071 0.052 1.824 0.081 3.614 0.001 2.847 0.009

Lip 8.966 0 -0.745 0.464 1.915 0.068 2.168 0.041

Constrictor naris 2.296 0.031 -1.796 0.086 -3.115 0.005 -9.435 0.000

MU 2.007 0.57 4.894 0.000 4.082 0.000 -1.316 0.201
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Different intensity-modulated techniques produce different

dose distributions because of various X-ray fields and incident

angles.9 The advantage of the noncoplanar field is that radia-

tion rays can reach the target area via a much shorter distance

or avoid normal tissue with adequate dose exposure of the

target area. This is considered the ideal method to optimize

the incident angle of X-rays, which optimizes the beam path

as the ultimate purpose.5

The appearance of radiation-related oral mucositis is due to

the target volume covering the oral cavity area.10,11 X-rays

interfere with the normal physiological function of the mucous

membrane and salivary gland, which decreases the production

of saliva and oral self-cleaning ability in addition to hyperemia

and edema of the membrane in the irradiation field.12 Li et al10

concluded from the clinical analysis that V30Gy was the deter-

mining factor for inducing severe radiation-related oral

mucositis.

Different irradiation volumes and mucosal limits have

a significant impact on the severity of radiation oral

mucositis.13,14 Trotti et al15 found that patients with head and

neck cancer receiving altered fractionation radiotherapy pre-

sented severe mucositis compared to those prescribed conven-

tional radiotherapy. This study aims to reduce the radiation

dose to the oral membrane in patients, especially the lip and

buccal mucosa. For tongue cancer patients, the membrane of

the lip and cheek is located at the lateral margin near the target

area of the tumor bed. In the radiotherapy plan of the coplanar

field, greater than half of the incident angles near the mem-

brane must pass through membrane tissue before reaching the

target volume. During the optimization process, to meet the

prescription dose of the target volume, it is inevitable for TPS

to increase the weight of this incident angle, leaving the oral

cavity membrane unprotected. In contrast, with the recruitment

of the noncoplanar field, the problem could be resolved to some

extent. The X-ray path is tangent to the mucosal tissue, which

guarantees an adequate radiation dose to the target area and

keeps membrane tissue away from exposure. The same result is

concluded from our study analysis. When the dose limitation of

the membrane is set to less than 20 Gy, there is an obvious

advantage of the plans using a noncoplanar field for both

normal tissue and the target volume. Significant differences

(P < 0.05) were found compared with the coplanar field, and

all the parameters conformed to the regulation of IMRT treat-

ment in the clinic. In the IMRT plans of 9 radiation fields, the

control of hot and cold spots in the target volume does not

satisfy the clinical standard, and the dose of the normal tissue

also highly surpasses the RTOG limitations. However, along

with the increase in dose limitation on the membrane, the gap

in IMRT plan quality between the noncoplanar field and 9

normal fields is narrowed. Specifically, the advantage of the

noncoplanar field on the target area still exists but is not obvi-

ous. This fact indicates that the 9-field plan could complete the

modulation of the IMRT plan effectively under this mucosal

dose limit, and there is no indispensable request to use a non-

coplanar angle when considering facilitating clinical practice.

In reality, if the noncoplanar field technique is performed in

the IMRT plan, multiple fields from different angles could only

be achieved with precise cooperation between the treatment

bed and gantry. Given that this method further increases the

higher demand for quality control accuracy and positioning by

technicians, a noncoplanar field is not recommended when

presenting the same effect of tissue protection. Furthermore,

the inflammation severity of oral cavity membrane tissue, as

the second type of protective organ, was influenced by multiple

factors, including the application of chemotherapy, sanitary

condition of the oral cavity and patients’ physical status.

Physicians and physicists should take reality into account. On

one hand, the noncoplanar field technique can be adopted in the

IMRT plan. On the other hand, individualized and personalized

therapy should be proposed to a single patient with the consid-

eration of feasibility and optimization.
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