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To analyze the effect of jaw width in jaw tracking mode on the dose of radiotherapy partial arc VMAT 
(P-VMAT) for patients undergoing left breast-conserving surgery and to explore the best jaw width 
as the initial inverse optimization parameter. Twenty patients who underwent left breast-conserving 
surgery were randomly selected. Six groups of P-VMAT plans were designed (named Plan0, Plan0.3, 
Plan0.6, Plan0.9, Plan-0.3, and Plan-0.6). The width of the jaw of each plan was changed in 0.3 cm 
steps along the X direction (from − 0.6 to 0.9 cm) according to the beginning of the half beam (Plan0). 
The PTV coverage, conformity index (CI), homogeneity index (HI), monitor units (MU) and organs at 
risk (OARs) dose were evaluated by repeated measurement data analysis of variance between plan0 
and the other plans. Additionally, the correlations between CI, HI, MU and OARs to change in jaw 
width were analyzed using Spearman’s bivariate correlation analysis. The PTV dose distributions of 
Plan-0.3 and Plan-0.6, which have smaller jaw widths than those of Plan0, did not meet the clinical 
requirements. CI, HI and MU were correlated with jaw width (r = 0.554, -0.501, -0.641, p < 0.05, 
respectively). The V5, V10, V20, V40, Dmean and Dmax of the heart were correlated with jaw width 
(r = 0.288, 0.284, 0.191, -0.27, 0.186, -0.245, p < 0.05, respectively). The V2.5, V5, V10, V20, V40 and 
Dmean of the left lung (Lung-L) were correlated with jaw width (0.298, 0.421, 0.516, 0.391, -0.241, 
0.356, p < 0.05, respectively). Among all the plans to ensure PTV target coverage, Plan0 had the lowest 
clinical indicators for the heart and Lung-L (p < 0.05, respectively). The internal boundary of the jaw set 
as 0 cm (Plan0) represents the optimal jaw width for the initial optimization of the plan design. This 
method is the simplest and most effective for radiotherapy treatment planning for breast-conserving 
surgery for breast cancer as well as allows ideal dose distribution.
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Breast cancer is the most common malignancy in women1. Breast-conserving surgery (BCS) for early-stage 
breast cancer has become the standard treatment. After surgery, sequential tumor bed boost radiotherapy for 
the whole breast can reduce the risks of local recurrence and mortality2. The common complications of breast 
radiotherapy are radiation-related heart injury and lung injury, which are prone to cause secondary tumors3. 
Three-dimensional conformal radiation therapy (3D-CRT), intensity-modulated radiotherapy (IMRT), and 
volumetric modulated arc therapy (VMAT) have been used to treat breast cancer. The 3D conformal field in 
the field technique can make the radiotherapy dose to the breast more uniform4, but this technology may not 
be able to achieve full target coverage, and it brings a greater risk of giving a dose to organs at risk (OARs)5. 
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IMRT technology can improve the dose distribution in the target area and reduce the dose to OARs using an 
inhomogeneous intensity modulated beam6,7.

The use of multileaf collimation (MLC) to adjust the in-field intensity prolongs the treatment time, and 
breathing movement and displacement within the treatment fraction increase dose uncertainty8,9. Compared 
with IMRT, VMAT for breast cancer can improve the coverage of the planning target volume (PTV), reduce the 
dose received by the lung and heart on the diseased side, reduce the total number of MU, shorten the treatment 
time, and reduce the effects of changes in breast volume on overall tumor coverage10,11. Full arc or half arc 
VMAT can not only increase the low-dose volume of the contralateral lung, breast and heart but also increase 
the risk of second cancer12–14. Virén, Pasler, et al. compared the 50–60° partial arc VMAT technique (P-VMAT)15 
with full-arc or half-arc VMAT, and the results showed that the partial-arc technique improved dose projection 
accuracy by increasing the mean open field area at the beam control point while reducing the dose and volume 
of radiation to OARs on the contralateral side. Fogliata et al. studied the risk assessment of secondary cancers 
between VMAT and 3D-CRT radiotherapy techniques for breast cancer and reported that P-VMAT was as good 
as 3D-CRT at avoiding sectors, and it reduced the acute and late NTCP levels in the affected organs16.

The Eclipse 3D treatment planning system (version 15.5, Varian, USA) uses jaw tracking technology in 
VMAT to achieve jaw movement after MLC movement, which can significantly reduce leakage between the 
MLC leaves and the dose received by the surrounding OARs17,18. The maximum width of the open jaw at each 
beam control point is determined by the set starting position. Different jaw widths have a significant impact 
on the dosimetry and complexity of VMAT plans. An increased jaw width improves projection efficiency but 
reduces the protection of the OARs19–21. To date, VMAT plans for breast cancer focus on the number of rotation 
arcs, starting angle, and beam avoidance area in most cases22,23; additionally, either the starting position of the 
jaw is usually set as the automatically conformal target volume or the size of the jaw in the X direction should be 
set to not exceed 15 cm to ensure good modulation ability and projection efficiency of the beam24,25. No study 
of the dosimetric effects of different jaw widths on breast cancer target areas and surrounding OARs has been 
reported. This study analyzed the dosimetry influence of different jaw widths on the results of P-VMAT after left 
breast conserving surgery under jaw tracking mode and proposed the initial optimization optimal jaw width to 
provide a reference for clinical treatment.

Materials and methods
General patient information
Twenty female patients who underwent left breast-conserving surgery and who were admitted to the radiation 
therapy department of our hospital between January 2022 and December 2023 were randomly selected. 
Pathology revealed 16 cases of invasive carcinoma, one case of high-grade ductal carcinoma in situ, one case 
of intermediate-grade ductal carcinoma, one case of carcinoma in situ, and one case of mucinous carcinoma. 
In terms of TNM stage, 15 patients had T1N0M0 disease, four patients had T2N0M0 disease, and one patient 
had T3N0M0 disease. No patient had any other high-risk factors. After surgery, the left whole breast and 
tumor bed needed only boost radiotherapy. The median age was 45 years (36–60 years), and the median breast 
glandular target volume was 611.1 cm³ (314.6–996.8 cm³). No patient had any contraindications to radiotherapy. 
According to the ethical guide-lines of the Helsinki Declaration and was approved by the institutional review 
board of the First Affiliated Hospital of Gannan Medical University. Written informed consents were obtained 
from all patients prior to treatment.

CT scan and target volume delineation
All patients were fixed in a breast bracket and a vacuum negative-pressure cushion (Model R610-DCF 1, Klarity 
Company, China), with the head in the center and the hands raised and outstretched. Markers were established 
to affix lead pellets in the stable areas of the chest skin that are less affected by respiratory movements and arm 
movement. A free-breathing CT scan was performed on a 16-detector CT simulator (Model Discovery RT, 
GE, USA) with a scan voltage of 120 kV, current of 240 mAs, and layer thickness of 2.5 mm. The CT images 
were reconstructed and transmitted to an Eclipse 15.5 3D treatment planning system. The clinical target 
volume (CTV) was the whole breast tissue volume measured on CT with the assistance of wire markers, which 
were placed around the palpable breast tissue during the simulation. The CTV was limited posteriorly to the 
intercostal front and 5 mm from the skin. The boost region (GTVtb) encompassed the surgical bed or seroma. 
The PTV and PTVtb were expanded 5 mm based on the CTV and GTVtb, excluding the heart. According to the 
RTOG 1005, NCT04025164 protocol and Guideline of target delineation and treatment planning of adjuvant 
radiotherapy for breast cancer of China National Cancer Center26–28, in order to remove most of the buildup 
region for optimizing and evaluating dose, PTV and PTVtb should be expanded by 0.5 cm in all directions on 
the basis of CTV and GTVtb, respectively, and limited to a range of 0.5 cm below the skin surface and restricted 
posteriorly to the intercostal anterior region. The contoured OARs were the left lung (Lung-L), heart, right breast 
(Breast-R), right lung (Lung-R), spinal cord, and trachea. According to the dose-partitioning method reported 
by Wang et al., P-VMAT was used to irradiate the breast PTV at a prescribed dose of 42.56 Gy, and 16 fractions 
were completed29.

Study design
To compare the dosimetric effect of the change in jaw width in jaw tracking mode for patients after breast-
conserving surgery, we developed six groups of P-VMAT plans by changing the starting jaw width in steps 
of 0.3  cm (named Plan0, Plan0.3, Plan0.6, Plan0.9, Plan-0.3, and Plan-0.6). With reference to the report by 
Boman et al.22, the isocenter of the radiation field was placed on the median transverse section CT image of their 
planning target volume (PTV). The midpoint of the line between the medial boundary and the lateral boundary 
of the PTV target area was the isocenter of the radiation field to reduce the effect of the beam divergence angle on 
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the healthy lung and breast (Fig. 1). Four partial arcs were used to design six groups of P-VMAT plans. According 
to the shape of the breast PTV, the first partial arcs were rotated 160°~165° to 100°~95°counterclockwise and 
its inverse. second partial arcs were rotated 280°~285° to 350 ~ 355° clockwise and its inverse, with a collimator 
at an angle of 0 ~ 10° to ensure that the bottom edge of the jaw was parallel to the thoracic alignment to reduce 
radiation to the ipsilateral lung. In Plan0, the starting position of the jaw was set to the automatic conformal PTV 
to ensure that the PTV was exposed throughout the partial arc. Then, the internal boundary of the jaw (jaw X2) 
was set to 0 cm from 160°~165° to 100 ~ 95° in counterclockwise and inverse partial arcs. In contrast, the internal 
boundary of the jaw (jaw X1) was set to 0 cm from 280°~285° to 350 ~ 355° in clockwise and inverse partial arcs 
(Fig. 2). Compared with those in plan0, the jaws in the X2 direction are 0.3 cm, 0.6 cm, 0.9 cm, -0.3 cm and 
− 0.6 cm (from 160 ~ 165° to 100 ~ 95° of the partial arc), while the jaws in the X1 direction are − 0.3 cm, -0.6 cm, 
-0.9 cm, 0.3 cm and 0.6 cm (from 280 ~ 285° to 350 ~ 355° of the partial arc) in plan0.3, plan0.6, plan0.9, plan-0.3 
and plan-0.6, respectively; other settings are consistent with plan0. Plan0 was taken as the reference, and the jaw 
widths in the X direction of Plan0.3, Plan0.6, Plan0.9, Plan-0.3, and Plan-0.6 were increased by 0.3 cm, 0.6 cm, 
0.9 cm, -0.3 cm, and − 0.6 cm, respectively (Fig. 3). The jaw width in all plans in the x direction did not exceed 

Fig. 2.  Arc of rotation, collimator and Plan0 jaw setting (jaw X2 was set to 0 cm from 160° to 100° in 
counterclockwise and inverse partial arcs, and jaw X1 was set to 0 cm from 280° to 355° in clockwise and 
inverse partial arcs).

 

Fig. 1.  P-VMAT isocenter setup.
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15 cm. For the same patient, all six plans maintained the same initial objective function and weight in reverse 
optimization. Since it was required that at least 95% of the PTV volume should accept 100% of the prescribed 
dose, the weight of PTV can be adjusted appropriately to achieve the clinical dose target, but the objective function 
and weight parameters of OARs remain unchanged throughout the optimization process. With reference to the 
method proposed by Rossi et al., a 10-mm virtual bolus was used in the optimization design to open the MLC 
leaf in the air outside the target volume to compensate for the decreased dose coverage of the target region 
caused by respiratory movement, breast edema or breast deformation30, and this virtual bolus was removed from 
the final dose calculation. A Varian VitalBeam linear accelerator with a 6-MV photon energy beam, Millennium 
120 leaf MLC, jaw tracking mode, and 600 MU/min dose rate was used. Photon optimization types were used to 
optimize the VMAT plans, and dose calculations were performed with the Acuros XB algorithm with a 2.5-mm 
computational grid. By dose normalization, 95% of the PTV in all plans received 100% of the prescribed dose. 
The dose volume of the prescribed dose when exposed to more than 107% is less than 10%, the dose volume of 
the prescribed dose when exposed to more than 110% is less than 1%, the maximum dose to OARs (the Spinal 
cord and Trachea) was less than 30 Gy, the average dose to the contralateral breast was less than 4 Gy, the average 
dose to the lung on the ipsilateral side was less than 10 Gy, V20 < 20%, V5 < 40%, the contralateral lungs received 
V5 < 20%, and the average dose to the heart was less than 5 Gy, V20 < 5%, and V10 < 30%.

Acquisition of dose parameters
The PTVs and doses to the OARs of the six P-VMAT plans were assessed using a 3D dose–volume histogram 
(DVH) and relevant dosimetric data provided by Varian Eclipse 15.5 3D TPS.

Program evaluation
The dose received by the most exposed 2% of the PTV was regarded as the maximum dose (D2%), and the dose 
received by 98% of the PTV was regarded as the minimum dose (D98%). The mean dose (Dmean), median dose 
(D50%), monitor units (MU), and PTV volume percentages (V95, V107, and V110) for 95%, 107%, and 110% 
of the prescription dose, respectively, were recorded. The conformity index (CI) and homogeneity index (HI) 

Fig. 3.  Six plans Jaw setup and relative position of the jaw and PTV when the gantry is rotated to the tangential 
direction for the six plans in 280°~285° to 350 ~ 355° arc segments.
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of the PTV target volume were based on the recommendations of the International Commission on Radiation 
Units and Measurements (ICRU) 83 report31:

	
CI = VT,ref

VT
× VT,ref

Vref
� (1)

where VT, ref is the volume of the PTV that receives the prescribed dose, VT is the volume of the PTV, Vref is 
the total volume that receives the prescribed dose, and CI ranges from 0 ~ 1. The closer the CI is to 1, the more 
conformal the target volume is.

	 HI = (D2%−D98%)/D50%� (2)

The closer the HI is to 0, the more uniform the target volume. The V2.5, V5, V10, V20, V30, V40, and Dmean of 
the left lung (Lung-L) and the heart. The Dmax of the heart; the V5, V2.5, and Dmean of the right lung (Lung-R); 
the V5, V10, Dmean, and Dmax of the right breast (Breast-R); and the Dmean and Dmax of the spinal cord and 
trachea were recorded, where Vx represents the volume exposed to dose X, and Dmean and Dmax represent the 
mean dose and the maximum dose to OARs, respectively.

Correlation analysis
The correlation of the PTV and OAR indicators and the jaw width were used to reverse-map the effect and 
variation trend of the jaw width on the doses received by the PTV and OARs.

Statistical methods
All DVH data were input into and analyzed by SPSS 16.0. Quantitative data are expressed as the mean ± standard 
deviation (x ± s). The correlations between two variables were analyzed via Spearman’s bivariate correlation, 
and two related samples were compared via repeated measurement data analysis of variance with a p value < 0.05 
indicating a statistically significant difference.

Results
PTV dosimetry
The statistical indicators of the PTV are shown in Table 1. The D98% and V95 of Plan-0.3 and Plan-0.6 decreased 
to a greater extent than did those of Plan0, suggesting that the dose coverage of the target volumes decreased. The 
CI of Plan-0.3 and Plan-0.6 decreased, D2%, V107, V110, D50%, HI, and MU increased, the high-dose volume 
of the tumor target area increased, the uniformity decreased, and the dose delivery efficiency also decreased (all 
P < 0.05). The average DVH curves of the PTVs for the six groups of plans in Fig. 4 also showed that Plan-0.3 and 
Plan-0.6 could not meet the clinical requirements of a V107 less than 10% and a V110 less than 1%.

Dose to oars
Table 1 also lists the statistical indicators of the OARs and a comparison between Plan0 and the other groups. 
The average DVH curves for each OAR are shown in Fig. 5. The differences between the Plan0 group and the 
other groups for the heart, left lung, right breast and spinal cord were significant (P < 0.05), while the differences 
for the right lung and trachea were not significant (P > 0.05).

Correlation analysis
The mean CI, HI, and MU versus jaw width are shown in Fig. 6. CI, HI, and MU were correlated with increasing 
jaw width (r = 0.554, -0.501, and − 0.641, respectively, P < 0.05). Figure 7 shows that the heart and Lung-L mean 
values change with jaw width. The V5, V10, V20, and Dmean of the heart were positively correlated with 
increasing jaw width (r = 0.288, 0.284, 0.191, and 0.186, respectively; P < 0.05). The V40 and Dmax of the heart 
were negatively correlated with the increase in jaw width (r= -0.27 and − 0.245, respectively, P < 0.05). Lung-L 
V2.5, V5, V10, V20, and Dmean were positively correlated with the increase in jaw width (r = 0.298, 0.421, 0.516, 
0.391, and 0.356, respectively; P < 0.05). The V40 of the Lung-L was negatively correlated with the increase in jaw 
width (r= -0.241, P < 0.05).

Discussion
In this study, we used a stepped jaw width of 0.3 cm as a variable to design six-group plans to determine the 
optimal width interval of P-VMAT for patients after BCS. When the field width relative to Plan0 is less than 
0.6  cm, the plan coverage of the PTV in most patients does not meet clinical requirements. Moreover, two 
important organs at risk, the left lung and the heart, were positively correlated with jaw width. Therefore, in 
the planning group, the change interval of the jaw width was only designed to be 0.9 cm to -0.6 cm. Compared 
with those of Plan0, the dose coverage of the target areas of Plan-0.3 and Plan-0.6 significantly decreased, the 
CI of the target areas worsened, and the uniformity and dose projection efficiency also decreased. This may be 
because the average open area of the jaw is mainly in the tangential direction32,33. When the gantry is rotated in 
the tangential direction, due to the small jaw width, some parts of the target volumes are outside the jaw, and 
the plan cannot meet the clinical requirements. If the direction other than the tangent was taken as the main 
direction of PTV exposure, the dose to the left lung and heart would greatly increase. When the jaw width is 
greater and the internal boundary of the jaw in the tangential direction exceeds the medial boundary of the PTV, 
the distance between the movement of the internal boundary of the jaw and the medial boundary of the PTV 
is greater, the MLC leakage more, which leads to low-dose-volume linearity in the heart and left lung. This may 
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also explain why the V5, V10, V20, and Dmean of the heart and the left lung were positively correlated with 
increasing jaw width.

Darby et al. reported that the incidence of radiation myocarditis caused by radiotherapy for breast cancer 
increases linearly with the average dose to the heart, with a significant increase of 7.4% for every 1 Gy increase, 
and there is no significant threshold3. Therefore, it is particularly important to minimize the received dose and 
volume of the heart while ensuring that the dose reaches the target region. This study revealed that the average 
dose to the heart increased linearly with increasing jaw width. To reduce the average dose to the heart, the jaw 
width should be reduced as much as possible. Nilsson analysis of coronary angiography data from patients 
revealed that the location of coronary stenosis was correlated with the dose hotspot area34. Therefore, along with 
the average dose, V40 and the maximum dose Dmax should be considered during actual treatment. However, as 
jaw width gradually decreased, the V40 volume and Dmax of the heart significantly increased; the mean dose to 
the heart in Plan0 was the lowest without increasing V40 or Dmax.

The dose to the contralateral breast is a key factor in the induction of second primary tumors during 
radiotherapy35,36. The results of this study showed that with decreasing radiation jaw width, all the statistical 
indicators of the contralateral right breast increased to different degrees, but the index values of each plan group 
were generally lower. Therefore, the probability of a second primary tumor being induced by radiotherapy is 
lower.

Wang et al.37 noted that the size of the lung V5 was an important predictor of radiation pneumonitis, and 
low-dose and high-volume lung radiation caused greater damage to lung function than did high-dose and low-

Structure Parameters Plan0.9 Plan0.6 Plan0.3 Plan0 Plan-0.3 Plan-0.6

PTV

V95 (%) 99.26 ± 0.23 99.26 ± 0.23 99.2 ± 0.25 99.22 ± 0.28 98.9 ± 0.45* 98.31 ± 1.01*

V107 (%) 4.81 ± 2.76 4.26 ± 2.55 4.12 ± 2.63 4.28 ± 2.47 10.36 ± 8.06* 39.0 ± 32.07*

V110 (%) 0.09 ± 0.15 0.09 ± 0.12 0.12 ± 0.19 0.13 ± 0.16 1.65 ± 2.39* 19.71 ± 27.87*

D98% (cGy) 4161.3 ± 12.97 4161.8 ± 13.84 4159.9 ± 15.84 4159.4 ± 15.64 4134.6 ± 38.42* 4016.3 ± 269.92*

D2% (cGy) 4582.6 ± 29.59 4578.5 ± 29.15 4578 ± 26.52 4581.8 ± 25.11 4644.2 ± 76.52* 4831.4 ± 276.3*

Dmean (cGy) 4408.2 ± 15.24 4405 ± 13.36 4403.7 ± 15.56 4402.2 ± 16.62 4425.9 ± 30.29* 4538 ± 162.19*

D50% (cGy) 4409.9 ± 15.8 4407.2 ± 13.96 4406.2 ± 17.29 4403.7 ± 19.55 4427.8 ± 32.11* 4553.3 ± 181.18*

CI 0.88 ± 0.02* 0.88 ± 0.02* 0.87 ± 0.02* 0.86 ± 0.02 0.85 ± 0.03* 0.81 ± 0.05*

HI 0.09 ± 0.01 0.09 ± 0.01 0.09 ± 0.01 0.1 ± 0.01 0.12 ± 0.02* 0.18 ± 0.1*

MU 874 ± 96.11* 911.5 ± 116.66* 959.9 ± 134.17* 1026.8 ± 168.13 1148 ± 174.82* 1235.7 ± 207.05*

Heart

V40 (%) 0.04 ± 0.08 0.07 ± 0.14 0.11 ± 0.21 0.11 ± 0.19 0.24 ± 0.33* 0.33 ± 0.44*

V30 (%) 1.0 ± 0.94 1.0 ± 0.93 1.07 ± 0.99 1.03 ± 0.92 1.03 ± 1.05 0.91 ± 0.93

V20 (%) 2.68 ± 2.17* 2.58 ± 2.0* 2.54 ± 1.96* 2.32 ± 1.77 2.0 ± 1.76* 1.59 ± 1.43*

V10 (%) 5.1 ± 3.52* 4.85 ± 3.17* 4.68 ± 3.16* 4.09 ± 2.75 3.4 ± 2.58* 2.73 ± 2.16*

V5 (%) 8.06 ± 5.01* 7.74 ± 4.48* 7.36 ± 4.46* 6.37 ± 3.83 5.56 ± 3.65* 4.84 ± 3.31*

V2.5 (%) 16 ± 8.17* 15.64 ± 7.68* 15.37 ± 7.63* 14.53 ± 7.19 13.89 ± 7.48* 13.42 ± 7.1*

Dmean (cGy) 236.69 ± 108.33* 232.17 ± 100.42* 230.28 ± 100.93* 218.08 ± 91.32 205.94 ± 93.42* 193.62 ± 84.45*

Dmax (cGy) 3797.2 ± 668.67* 3867.2 ± 662.91 3903 ± 709.37 3912.8 ± 691.56 4011.5 ± 770.8* 4170.9 ± 971.83*

Lung-L

V2.5 (%) 38.17 ± 4.72* 37.53 ± 4.67* 36.68 ± 4.65* 35.57 ± 4.69 34.48 ± 4.85* 34.23 ± 4.78*

V5 (%) 24.5 ± 3.81* 24.0 ± 3.80* 23.32 ± 3.77* 22.31 ± 3.85 21.27 ± 3.97* 20.59 ± 3.9*

V10 (%) 17.08 ± 3.4* 16.78 ± 3.33* 16.25 ± 3.29* 15.28 ± 3.41 14.07 ± 3.61* 13.03 ± 3.52*

V20 (%) 11.59 ± 2.87* 11.45 ± 2.8* 11.26 ± 2.79* 10.73 ± 2.81 9.9 ± 3.0* 8.95 ± 3.06*

V30 (%) 7.17 ± 2.45 7.18 ± 2.45 7.27 ± 2.44 7.12 ± 2.51 6.92 ± 2.72 6.46 ± 2.68*

V40 (%) 1.63 ± 1.42* 1.67 ± 1.33 1.87 ± 1.5 1.96 ± 1.74 2.49 ± 2.23* 3.05 ± 2.35*

Dmean (cGy) 625 ± 110.38* 618.03 ± 109.01* 609.65 ± 108.38* 589.01 ± 111.60 566.87 ± 121.5* 547.46 ± 122.39*

Lung-R

V5 (%) 0.01 ± 0.22 0.01 ± 0.45 0.01 ± 0.45 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

V2.5 (%) 0.07 ± 0.16 0.07 ± 0.18 0.09 ± 0.22 0.07 ± 0.16 0.07 ± 0.14 0.06 ± 0.17

Dmean (cGy) 15.40 ± 6.89 15.50 ± 6.98 16.38 ± 8.06 16.26 ± 7.64 16.65 ± 8.22 16.16 ± 7.65

Breast-R

V5 (%) 2.54 ± 3.45 2.66 ± 3.43 2.95 ± 3.95 2.92 ± 4.06 3.51 ± 4.57* 3.67 ± 4.28*

V10 (%) 0.39 ± 0.99* 0.45 ± 1.06* 0.64 ± 1.61* 0.81 ± 1.92 1.01 ± 2.08* 1.01 ± 1.90

Dmean (cGy) 63.64 ± 41.19 65.05 ± 41.66 68.69 ± 49.01 69.6 ± 54.72 77.51 ± 60.16* 77.25 ± 55.8

Dmax (cGy) 1002.7 ± 604.47* 1033.6 ± 611.45* 1089.3 ± 623.53 1117.8 ± 673.18 1153.4 ± 720.08 1208.9 ± 664.73*

Spinal cord
Dmax (cGy) 35.11 ± 8.94 34.47 ± 8.5 34.47 ± 8.16 34.26 ± 8.78 33.41 ± 8.08 34.26 ± 8.45

Dmean (cGy) 13.70 ± 5.05* 13.41 ± 4.92* 12.95 ± 4.5* 12.53 ± 4.36 12.14 ± 4.34* 11.72 ± 4.53*

Trachea
Dmax (cGy) 64.05 ± 18.55 63.63 ± 18.55 63.63 ± 17.6 64.27 ± 17.41 63.63 ± 18.29 65.97 ± 17.82*

Dmean (cGy) 36.08 ± 12.88 36.29 ± 13.03 36.25 ± 12.25 36.47 ± 11.95 36.31 ± 12.19 36.7 ± 11.72

Table 1.  Dose comparison of the PTVs of the six groups. *Statistically significant difference (p < 0.05) in 
pairwise comparisons against Plan0.
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volume lung radiation. Recht A et al. studied radiation-related lung injury caused by radiotherapy for breast 
cancer and reported that the risk of radiation pneumonitis caused by a relatively low dose of lung exposure 
to Volumes V5 and V10 after radiation was more important38. Rodrigues et al. also proposed that the V20, 
V30, and Dmean of the ipsilateral lung are important parameters for predicting radiation pneumonitis after 
radiotherapy for breast cancer39. This study revealed that the V5, V10, V20, and Dmean of the left lung were 
positively correlated with jaw width. Only for V30 was the difference between the six groups not statistically 
significant. Under the premise of ensuring dose coverage of the target volume, Plan0 can minimize the low-dose 
irradiation volume of the left lung.

The greatest limitation of the present study is that the sample size was relatively small. The optimal jaw 
width may be related to the total volume of the PTV, the curvature of the patient’s thorax, the distance between 
the PTV and the heart, and the percentage of the lung in the tangential direction. The breathing pattern of the 
patient during treatment may also have an impact on the optimal jaw width. Compared with free breathing, 
deep inspiration and breath-holding can increase the lung volume while keeping the PTV away from the heart; 
ultimately, the optimal jaw width may be further reduced to better protect the surrounding normal tissues.

Although the individualized factors of the breast of the patient and the breathing pattern of the patient 
during the CT scan may have an impact on the optimal jaw width, the present study showed that relatively ideal 
dosimetry results could be obtained for the jaw widths corresponding to Plan0. In the initial optimization of 
radiotherapy plan for patients receiving left breast-conserving surgery, we can significantly reduce the number 
of repeated adjustments of the jaw width parameters by directly defining the internal boundary of the jaw at the 
half-beam field, thus greatly improving the efficiency of the radiotherapy plan and reducing the workload of 
radiotherapy medical dosimetrists.

In future studies, we will use this study and the method reported by Huang Y et al. as a basis from which to 
automate the search for VMAT jaw settings for each patient individually through the API scripting program and 
RapidPlan knowledge-based planning for large-sample data40.

Conclusions
The internal boundary of the jaw set as 0 cm (Plan0) represents the optimal jaw width for the initial optimization 
of the plan design. This method is the simplest and most effective for radiotherapy planning for breast-conserving 
surgery for breast cancer as well as allows ideal dose distribution.

Fig. 4.  The mean DVH for the PTV under the six plans.

 

Scientific Reports |        (2025) 15:16195 7| https://doi.org/10.1038/s41598-025-01267-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 5.  The mean DVH for the heart, Lung-L, Lung-R, Breast-R, spinal cord, and trachea under the six plans.
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Fig. 6.  The variation in the mean CI, HI, and MU versus jaw width. (A) The variation in the mean CI and HI 
versus jaw width. (B) The variation in the mean MU versus jaw width.
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Data availability
All data generated and analyzed during this study are included in this published article. The data that support the 
findings of this study are available from the corresponding author, Huai-wen Zhang, upon reasonable request.

Fig. 7.  Variations in each indicator of OARs on the ipsilateral side versus jaw width. (A) Variations in the 
mean volume of the left lung at doses of 2.5, 5, 10, 20, and 40 Gy versus jaw width. (B) Heart exposure mean 
volume at doses of 5, 10, 20, and 40 Gy versus jaw width. (C) Mean and maximum doses to the heart and left 
lung versus jaw width.)
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