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Background

The setup accuracy plays an extremely important role in the local control of tumors. The purpose of this study is to verify the feasibility of "Sphere-Mask" Optical Positioning System (S-M_OPS) for fast and accurate setup.



Methods

From 2016 to 2021, we used S-M_OPS to supervise 15441 fractions in 1981patients (with the cancer in intracalvarium, nasopharynx, esophagus, lung, liver, abdomen or cervix) undergoing intensity-modulated radiation therapy (IMRT), and recorded the data such as registration time and mask deformation. Then, we used S-M_OPS, laser line and cone beam computed tomography (CBCT) for co-setup in 277 fractions, and recorded laser line-guided setup errors and S-M_OPS-guided setup errors with CBCT-guided setup result as the standard.



Results

S-M_OPS supervision results: The average time for laser line-guided setup was 31.75s. 12.8% of the reference points had an average deviation of more than 2 mm and 5.2% of the reference points had an average deviation of more than 3 mm. Co-setup results: The average time for S-M_OPS-guided setup was 7.47s, and average time for CBCT-guided setup was 228.84s (including time for CBCT scan and manual verification). In the LAT (left/right), VRT (superior/inferior) and LNG (anterior/posterior) directions, laser line-guided setup errors (mean±SD) were -0.21±3.13mm, 1.02±2.76mm and 2.22±4.26mm respectively; the 95% confidence intervals (95% CIs) of laser line-guided setup errors were -6.35 to 5.93mm, -4.39 to 6.43mm and -6.14 to 10.58mm respectively; S-M_OPS-guided setup errors were 0.12±1.91mm, 1.02±1.81mm and -0.10±2.25mm respectively; the 95% CIs of S-M_OPS-guided setup errors were -3.86 to 3.62mm, -2.53 to 4.57mm and -4.51 to 4.31mm respectively.



Conclusion

S-M_OPS can greatly improve setup accuracy and stability compared with laser line-guided setup. Furthermore, S-M_OPS can provide comparable setup accuracy to CBCT in less setup time.
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1 Introduction

Radiotherapy is an important treatment for cancer, which can be used alone or in combination with chemotherapy and surgery to improve patient survival or prolong life (1–3). And the accuracy of radiotherapy setup directly determines the effect of fractional treatment (2, 4). Nowadays, the most frequently setup method is using thermoplastic combine markers for the patient positioning in fractions, and re-acquiring images for the positioning verification when necessary (5, 6). Commonly used image acquisition technologies for setup include cone beam computed tomography (CBCT), electronic portal imaging device (EPID), magnetic resonance imaging (MRI), binocular X-ray image guidance (including implanted gold fiducial markers), etc. (5, 7). Among them, CBCT has become the most important imaging tool for the radiotherapy setup in the past several years considering its unique advantages: three-dimensional imaging, sufficient contrast and low radiation dose, etc. (8, 9). Recent studies have shown that acquiring image for positioning verification in each fraction is beneficial to improve positioning accuracy. But these image acquisition technologies not only make patients suffer from additional radiation, but also cause extra time consumption, burdening those countries and regions with insufficient radiotherapy resources (5, 10, 11). Taking China as an example, there were 4.57 million new cancer cases in 2020, accounting for 23% of the global new cancer cases (19.29 million cases) (12, 13). However, the rate of radiotherapy equipment per million population in China was only 1.5 (14), which was lower than the WHO requirement (4 devices per million population) (15). Furthermore, other low- and middle-income countries (LIMICs) have more scant radiotherapy resources (16). Therefore, considering the time consumption and additional radiation dose, the number of unnecessary image-guided setup should be generally minimized (17–19).

In view of the above problems, many new setup methods have been proposed, including Catalyst (20), Sentinel (21), ExacTrac (7, 22–24), etc. Catalyst and Sentinel use structured light to capture 3D surface of the patient, and register the acquired surface to the previous recorded one for setup error detection. ExacTrac is assisted by two orthogonal KV-level X-ray imaging systems. Although above methods adopt new technologies in clinic, the improvement of the speed, accuracy and stability is limited. In addition, for some daily setup methods, represented by the laser line, it is also difficult to achieve high-precision and high-stability tumor positioning.

In this study, in order to assess the setup speed, accuracy and stability of "Sphere-Mask" Optical Positioning System (S-M_OPS), we used S-M_OPS to collect clinical setup data, and used co-setup experiment of S-M_OPS, laser line and CBCT to verify the feasibility of S-M_OPS for fast and accurate setup.



2 Materials and methods


2.1 S-M_OPS

S-M_OPS is an infrared optical positioning system that enables non-invasive precise positioning during setup and real-time tracking during treatment (25). It adopts rigid registration, which has been proven reliable (26). S-M_OPS consists of the infrared binocular camera, thermoplastic mask, positioning spheres, and S-M_OPS treatment planning system (S-M_OPS TPS), which can provide functions such as calculation, registration, monitoring, recording and early warning.

Process of S-M_OPS can be mainly divided into preparation stage, planning stage and treatment stage, as shown in Figure 1:




Figure 1 | The workflow of S-M_OPS.



Preparation stage: The purpose is to record the position of treatment isocenter. The detailed procedures are listed as follows: 1) Through the stickum on the bottom of the spheres, fix an infrared positioning sphere on the front of the gantry arm and on the couch close to the linear accelerator, respectively; 2) Rotate the accelerator and the couch; 3) Track the positioning spheres by infrared binocular camera, and obtain the rotation axes of the accelerator and the couch; 4) Record the intersection of the two axes (or the midpoint of the common perpendicular line of the two axes) as the treatment isocenter. Note: Considering that the relative position between infrared binocular camera and couch is fixed, it is sufficient to register once. However, in order to reduce the influence of mechanical error on the setup accuracy, the isocenter position should be obtained once a day and the registration repeatability error of treatment isocenter should be kept within 0.5mm (If repeatability error is greater than 0.5mm, arrange for the staff to calibrate the accelerator).

Planning stage: The purpose is to acquire the position of planning isocenter, the relative positional relationship between positioning spheres, and relative positional relationship between the planning isocenter and the positioning spheres. The detailed procedures are listed as follows: 1) Immobilize the patient with the thermoplastic mask, and fix the positioning spheres on the thermoplastic mask permanently according to the standard sphere positions (as shown in Figure 2, the positioning spheres are located at the bony markers). 2) Perform the CT scan. 3) The physicist delineates PTV, defines planning isocenter (the intersection of the lead marks) and designs the treatment plan. 4) S-M_OPS TPS loads CT images and recognizes positioning spheres positions in the CT images. 5) S-M_OPS TPS loads the treatment plan and obtains the planning isocenter. 6) S-M_OPS TPS calculates the relative positional relationship between positioning spheres according to the positions of positioning spheres in the CT image. 7) S-M_OPS TPS calculates the relative positional relationship between the planning isocenter and the positioning spheres according to the positions of positioning spheres and the position of the planning isocenter.




Figure 2 | Reference positions of the positioning spheres in different parts (Upper left: top view; Upper right: skeletal diagram; Lower left: left view; Lower right: right view).



Treatment stage: The purpose is to calculate the setup error. The detailed procedures are listed as follows: 1) S-M_OPS uses infrared binocular camera to obtain the positions of positioning spheres in real. 2) According to positions of positioning spheres and the relative positional relationship between the planning isocenter and the positioning spheres (obtained in the planning stage), S-M_OPS TPS calculates the position of the “planning isocenter” in real, denoted as the S-M_OPS tumor center. 3) According to the treatment isocenter obtained in the preparation stage, S-M_OPS TPS calculates the deviation from the S-M_OPS tumor center to the treatment isocenter, denotes as the current setup error. 4) The radiotherapist can move the couch according to the setup error calculated by S-M_OPS TPS. 5) Meanwhile, S-M_OPS TPS can calculate the mask deformation according to the change of the relative positional relationship between positioning spheres.



2.2 Supervision setting and population

We cooperated with 12 hospitals in China (Appendix p1) from 2016 to 2021. Use S-M_OPS to supervise 15441 fractions in 1981 patients (with cancers in intracalvarium, nasopharynx, esophagus, lung, liver, abdomen or cervix) undergoing intensity-modulated radiation therapy (IMRT), and to record the data such as registration time, mask deformation and setup error.

Note: Registration time referred to the time for aligning laser lines to crosshairs on the thermoplastic mask. Mask deformation was defined as the geometric distance Li (  ) between the sphere i’s position Bi during the treatment stage and the sphere i’s position Ai during the planning stage (i = 1…N, N was the number of spheres supervised). The setup error referred to the laser line-guided error calculated with CBCT-guided setup result as the standard.



2.3 Co-setup setting and population

We randomly selected 277 from 15441 fractions mentioned above for the co-setup of S-M_OPS, laser line and CBCT. The specific clinical experiment flow is shown in Figure 3. In addition, we performed the preparation stage of S-M_OPS before each fraction, and confirmed the repeatability error was less than 0.5mm.




Figure 3 | The workflow of clinical co-setup experiment.



In this study, we arranged three physicists with more than 5 years of work experience for manual verification of CBCT automatic registration results, and took the average of the manual verification results as final CBCT registration result. As shown in Figure 4, the CBCT tumor center location (denoted as CBCT tumor center) was obtained from CBCT registration, the laser line tumor center location (denoted as laser line tumor center) was obtained from laser line registration and the S-M_OPS tumor center location (denoted as S-M_OPS tumor center) was obtained from S-M_OPS registration. Taking CBCT registration result as reference, we calculated the laser line-guided setup error (denoted as DLaser, as shown in Figure 4) and the S-M_OPS-guided setup error (denoted as DS-M_OPS, as shown in Figure 4). DLaser was defined as the deviation from the laser line tumor center to the CBCT tumor center, and DS-M_OPS was defined as the deviation from the S-M_OPS tumor center to the CBCT tumor center.




Figure 4 | Schematic diagram of CBCT tumor center, laser line tumor center, S-M_OPS tumor center, DLaser and DS-M_OPS.



For laser line-guided setup errors and S-M_OPS-guided setup errors, F-test was adopted to test for equality of variances. Statistical significance was defined as p<0.05.Note: In the co-setup study, patients were scanned with the BrillianceTM Big Bore CT Scanner (PHILIPS, Eindhoven, Netherlands), with 3mm slice thickness for head and 5mm for chest and abdomen. The treatment planning system was Pinnacle treatment planning system (PHILIPS, Eindhoven, Netherlands) and the CBCT was XVI system (Elekta, Stockholm, Sweden).

This study was approved by the hospital ethics committee. All patients involved provided written informed consent before participating into the study.




3 Results


3.1 S-M_OPS supervision results

1981 patients consisted of 1223 males (61.7%) and 758 females (38.3%), with average age of 63.6 years and a median age of 66 years. We finally obtained 4949 valid data of registration time, 15441 valid sets of mask deformation (a total of 78443 valid reference points) and 13827 valid sets of setup errors.

Registration time: The average time was 31.75s, the standard deviation (SD) was 29.42s, and the median was 22s. The specific distribution is shown in Figure 5A.




Figure 5 | (A) Histogram of setup time of laser line; (B) Histogram of mask deformation; (C) Histogram of setup error in the LAT direction; (D) Histogram of setup error in the VRT direction; (E) Histogram of setup error in the LNG direction.



Mask deformation: The data distribution is shown in Figure 5B: the average deformation was 1.14±1.16mm, and the median was 0.90mm. Among all the reference points, 87.2% were deformed by less than 2mm, and 94.8% were deformed by less than 3mm.

Setup error: Taking the S-M_OPS registration result as the standard, the laser line-guided setup error distributions in different directions were shown in Figures 5C–E. In the LAT, VRT and LNG directions, the 95% CIs of the setup errors were -3.75 to 4.42mm, -3.92 to 4.84mm and -5.50 to 4.51mm respectively, and the setup errors (mean ± SD) were 0.34±2.09mm, 0.46±2.24mm and -0.49±2.55mm respectively.



3.2 Co-setup results


3.2.1 DLaser and DS-M_OPS

The specific distributions of DLaser and DS-M_OPS are shown in Figure 6. In LAT (left/right), VRT (superior/inferior), LNG (anterior/posterior) and D  directions, the setup errors (mean±SD) of DLaser were -0.21±3.13mm, 1.02±2.76mm, 2.22±4.26mm and 5.36±3.58mm respectively, and the 95% confidence intervals (95% CIs) of DLaser were -6.35 to 5.93mm, -4.39 to 6.43mm, -6.14 to 10.58mm and -1.65 to 12.38mm respectively. The setup errors (mean±SD) of DS-M_OPS were 0.12±1.91mm, 1.02±1.81mm, -0.10±2.25mm and 2.94±2.09mm respectively, and the 95%CIs of DS-M_OPS were -3.86 to 3.62mm, -2.53 to 4.57mm, -4.51 to 4.31mm and -1.15 to 7.04mm respectively. It indicated that S-M_OPS-guided setup accuracy and stability were better than those of laser line-guided in all directions. The results of F-test were showed in Table 1. A significant difference favouring S-M_OPS in all direction was observed (p<0.01 in all direction).




Figure 6 | Distributions of DLaser and DS-M_OPS in the LAT (left/right), VRT (superior/inferior) and LNG (anterior/posterior) and D ( ) directions. (A) DLaser -LAT; (B) DS-M_OPS -LAT; (C) DLaser -VRT; (D) DS-M_OPS -VRT ; (E) DLaser -LNG; (F) DS-M_OPS -LNG; (G) DLaser -D; (H) DS-M_OPS -D.




Table 1 | Comparisons among laser line-guided setup errors and S-M_OPS-guided setup errors.





3.2.2 DLaser and DS-M_OPS of different parts

We subdivided 277 sets of data into cancer in intracalvarium (24 cases), nasopharynx (21 cases), esophagus (80 cases), lung (35 cases), liver (25 cases), abdomen (28 cases) and cervix (64 cases). The mean±SD of DLaser and DS-M_OPS of above parts in the LAT, VRT, LNG and D directions are shown in Table 1, and the 95% CIs are shown in Figure 7.




Figure 7 | 95% Confidence intervals of DLaser and DS-M_OPS in different parts in the LAT, VRT, LNG and D directions. (A) Intracalvarium; (B) Nasopharynx; (C) Esophagus; (D) Lung; (E) Liver (F) Abdomen; (G) Cervix.






3.3 Clinical setup consistency

In addition to the SD and 95% CI, clinical setup consistency is also a crucial index of the setup stability. The clinical setup consistency can be defined as the proportion of the setup error meets the setup requirements clinically. For different parts, the clinical setup consistency has different requirements. For head, neck and thorax, setup error less than ±3.0 mm can be considered to meet clinical setup requirement, and for abdomen and cervix, setup error shouldn’t be greater than ±5.0 mm (27–29). Figure 8 shows the laser line-guided setup consistencies and S-M_OPS-guided setup consistencies in different parts and directions. It showed that S-M_OPS could better meet the clinical setup requirements on various parts in all directions.




Figure 8 | Comparison between laser line-guide setup consistency and S-M_OPS-guide setup consistency in different parts in the LAT, VRT, and LNG directions (A) Intracalvarium; (B) Nasopharynx; (C) Esophagus; (D) Lung; (E) Liver (F) Abdomen; (G) Cervix.






4 Discussion

We can evaluate a setup method from multiple perspectives generally, such as setup accuracy, setup stability, setup time and safety. High setup accuracy and setup stability can reduce additional radiation and improve safety. The shorter setup time can not only reduce patients discomfort caused by prolonged immobility, but also greatly improve the utilization efficiency of radiotherapy equipment, which is especially important for countries with insufficient radiotherapy resources. From the supervised results, the mean time for laser line-guided setup was 31.75s. In addition, through our records, the mean time for CBCT-guided setup was 228.84s (including the time for CBCT scan and the time for manual verification of automatic registration results). The mean time for S-M_OPS-guided setup was 7.47s. We find compared with CBCT-guided setup, S-M_OPS-guided setup does not require time for imaging and manual verification, which reduces setup time significantly. What's more, the CBCT-guided registration result or the laser line-guided registration result is physicist-dependent, which can be affected by personal experience. In contrast, S-M_OPS adopts point-optimized registration algorithm. It can provide unique registration result based on mathematical optimization calculations.

In addition to setup time, the mask deformation is also often overlooked by radiotherapists. It is generally caused by patient’s wrong posture, inaccurate setup, respiratory movement and body size change. The data (Figure 5B) showed that 12.8% of reference points had an average deviation of more than 2 mm and 5.2% had an average deviation of more than 3 mm in fractions. Therefore, if the setup error is small but the mask deformation is large, it may result from the patient's wrong posture. So the patient should be re-immobilized. What’s more, after a long treatment cycle, there may exist some changes of the patient's body size. Under this circumstance, the thermoplastic mask should be reshaped and the radiotherapy treatment plan should be remade, especially for obese patients.

Throughout the co-setup experiment, in order to reduce the uncertainties caused by mechanical error and human factor, we performed the preparation stage of S-M_OPS first to reduce the uncertainty caused by linear accelerator. In addition, we arranged three experienced physicists for manual verification in order to exclude the influence of human factors. However, we took the mechanical error of laser line and the human factor of laser line-guided registration into consideration, because these uncertainties were unavoidable for laser line-guided setup.

First, according to Table 1, it showed that S-M_OPS provided better setup accuracy than laser line, especially in the LNG direction. This was mainly due to the presence of slice thicknesses of 2 to 5 mm in CT data. In the radiotherapy planning stage, the lead marks were fixed on the thermoplastic mask, and lead marks were imaged by CT. The intersection of lead marks in the CT image was the planning isocenter, and the positions of lead markers on the thermoplastic mask were the positions where laser lines were aligned. Ideally, the intersection of the laser lines should be the location of the planning isocenter for radiotherapy. However, due to the thickness of CT slices, the lead markers appeared in multiple consecutive slices, and the center of the lead marker was not necessarily imaged on a specific layer. So this will lead to a deviation from the selected planning isocenter to the ideal planning isocenter. And it would lead to the deviation from the selected planning center to the intersection of laser lines (ideal planning isocenter), especially in LNG direction. While S-M_OPS uses the positioning spheres with diameter of 11mm, which can be imaged by the CT and show up in at least 2 slices. According to different cross-sections’ diameters of the same positioning sphere on consecutive CT slices, S-M_OPS can accurately calculate the position of positioning sphere’s center in combination with the geometric relationship. Therefore, there is no necessity to image S-M_OPS positioning sphere center on a specific CT slice, which makes S-M_OPS provide high setup accuracy in the LNG direction. And it can also qualitatively draw the above conclusion from the supervision results of S-M_OPS (mean, SD and 95% CI of Figures 5C, D, E), which shows laser line-guided setup results and S-M_OPS-guided setup results have the largest difference in the LNG direction.

Second, according to the shorter confidence intervals (Figures 6, 7) and smaller SDs (Table 1), it also concluded that S-M_OPS could provide higher setup stability (p< 0.01 in all directions). High setup stability was attributed to the fact that S-M_OPS used multiple reference markers (6 positioning spheres) and selected 3 to 6 markers for registration. These selected marks were most consistent with the relative positional relationship between positioning spheres obtained during the treatment planning stage. So S-M_OPS is more likely to reduce setup errors and provides the higher setup stability.

Compared with the laser line, S-M_OPS significantly improved the clinical setup consistency in all parts. Especially in the areas with many bony structures such as the intracalvarium and pelvis, the setup consistencies of S-M_OPS all reached 100% in LAT, VRT and LNG directions. In addition, our experiments also showed that the S-M_OPS-guided setup consistencies were not prominent when applied in the esophagus and lungs, where S-M_OPS-guided setup consistencies were less than 90% in most directions. It was mainly due to the influence of respiratory movement, and deformation of thermoplastic mask was difficult to reflect the position changes of organs and tissue accurately. However, it might also be caused by the following reason: this study was based on CBCT-guided setup results, and CBCT was not suitable for monitoring intra-fraction motion considering the time spent on scan and reconstruction. Therefore, it remains to be further studied whether the S-M_OPS-guided setup consistency can be calculated based on CBCT-guided setup result in the esophagus and lung.

And finally, compared with the Sentinel, Catalyst and ExacTrac, S-M_OPS-guided setup errors were smaller than those of Sentinel and Catalyst in all parts and directions. And S-M_OPS-guided setup errors were smaller than those of ExacTrac in the vast majority of the setup results (shown in Table 2) (20–22, 30, 31). For Sentinel and Catalyst, the setup accuracy is mainly affected by the following three factors. First, there is not enough light reflected from the surface (20, 21). Second, due to the posture changes in different fractions, the surface is prone to deformation. Third, the surface is symmetrical along the VRT direction, which can affect the positioning accuracy in LNG and VRT direction (32). Different from Sentinel and Catalyst, S-M_OPS enhance the reflective light by coating positioning sphere’s surface with reflective material. Second, S-M_OPS used thermoplastic mask to immobilize the patient to maintain a relatively invariant posture. Third, the distribution of positioning spheres is asymmetric. Therefore, S-M_OPS-guided setup accuracy and stability are higher. For ExacTrac, it needs X-ray imaging to assist with setup. However, X-ray imaging not only brings additional radiation, but also takes a lot of time. According to Linthout N's clinical trial report, the average time of ExacTrac-guided setup was 191s (33), which was much greater than time consumption of S-M_OPS-guided setup (7.47s). In addition, in terms of the complexity of the operation, ExacTrac needs X-ray imaging. Sentinel and Catalyst need to adjust parameters (gain and integration time) (20, 21), but S-M_OPS doesn’t need additional operation, which bring convenience to radiotherapists.


Table 2 | Comparisons among S-M_OPS-guided setup errors, Sentinel-guided setup errors, Catalyst-guided setup errors and ExacTrac-guided setup errors.





5 Conclusion

In conclusion, the setup accuracy and stability of S-M_OPS are significantly higher than those of laser line, Sentinel, Catalyst and ExacTrac. What’s more, S-M_OPS has the comparable setup accuracy to CBCT and the shorter setup time, which is especially suitable for countries with insufficient radiotherapy resources.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Medical Technology Access Management Committee, Medical Department, Nantong Tumor Hospital. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

YZ and YG contributed to the concept of the study. YZ, HZ, YG, WS, YC and XH reviewed the manuscript. YZ, YG designed the study and did the literature search. YZ, KC, CW, YG, GS, JZ, JC and JJ collected the data. YZ, KC, CW, YG, GS, JZ, JC and JJ contributed to the data analysis and data interpretation. YZ and YG drafted the manuscript. YZ, HZ, YG, YC and XH revised the manuscript. YZ and YG have verified the data and had final decision to submit for publication. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the Jiangsu Provincial Social Development Key R&D Program (BE2020685), the National Natural Science Foundation of China (81973872), the Natural Science Foundation of Jiangsu Province (BK20191250) and the Nanjing Medical University Science and Technology Development Fund (NMUB2020271).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Chang, JY, Senan, S, Paul, MA, Mehran, RJ, Louie, AV, Balter, P, et al. Stereotactic ablative radiotherapy versus lobectomy for operable stage I non-Small-Cell lung cancer: A pooled analysis of two randomised trials. Lancet Oncol (2015) 16(6):630–7. doi: 10.1016/S1470-2045(15)70168-3

2. Citrin, DE. Recent developments in radiotherapy. New Engl J Med (2017) 377(11):1065–75. doi: 10.1056/NEJMra1608986

3. World Health Organization. Who list of priority medical devices for cancer management. Geneva, Switzerland: World Health Organization (2017) Available at: https://www.who.int/publications/i/item/9789241565462

4. Hong, TS, Tomé, WA, Chappell, RJ, Chinnaiyan, P, Mehta, MP, and Harari, PM. The impact of daily setup variations on head-and-Neck intensity-modulated radiation therapy. Int J Radiat Oncol Biol Phys (2005) 61(3):779–88. doi: 10.1016/j.ijrobp.2004.07.696

5. Ding, GX, Alaei, P, Curran, B, Flynn, R, Gossman, M, Mackie, TR, et al. Image guidance doses delivered during radiotherapy: Quantification, management, and reduction: Report of the aapm therapy physics committee task group 180. Med Phys (2018) 45(5):e84–99. doi: 10.1002/mp.12824

6. Paluska, P, Hanus, J, Sefrova, J, Rouskova, L, Grepl, J, Jansa, J, et al. Utilization of cone-beam ct for reconstruction of dose distribution delivered in image-guided radiotherapy of prostate carcinoma–bony landmark setup compared to fiducial markers setup. J Appl Clin Med Phys (2013) 14(3):99–112. doi: 10.1120/jacmp.v14i3.4203

7. Willoughby, T, Lehmann, J, Bencomo, JA, Jani, SK, Santanam, L, Sethi, A, et al. Quality assurance for nonradiographic radiotherapy localization and positioning systems: Report of task group 147. Med Phys (2012) 39(4):1728–47. doi: 10.1118/1.3681967

8. Scarfe, WC, and Farman, AG. What is cone-beam ct and how does it work? Dental Clinics North America (2008) 52(4):707–30. doi: 10.1016/j.cden.2008.05.005

9. Bissonnette, JP, Balter, PA, Dong, L, Langen, KM, Lovelock, DM, Miften, M, et al. Quality assurance for image-guided radiation therapy utilizing ct-based technologies: A report of the aapm tg-179. Med Phys (2012) 39(4):1946–63. doi: 10.1118/1.3690466

10. Sun, H, Lin, T, Xie, K, Gao, L, Sui, J, and Ni, X. Imaging study of pseudo-ct images of superposed ultrasound deformation fields acquired in radiotherapy based on step-by-Step local registration. Med Biol Eng Comput (2019) 57(3):643–51. doi: 10.1007/s11517-018-1912-2

11. Webster, A, Appelt, A, and Eminowicz, G. Image-guided radiotherapy for pelvic cancers: A review of current evidence and clinical utilisation. Clin Oncol-Uk (2020) 32(12):805–16. doi: 10.1016/j.clon.2020.09.010

12. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: Globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

13. Ferlay, J, Ervik, M, Lam, F, Colombet, M, Mery, L, Piñeros, M, et al. Global cancer observatory: Cancer today. Lyon: International Agency for Research on Cancer; 2018 (2020).

14. Ye YJ-L, Z, Wei, J, Ji-Ping, L, Kun-Kun, Ma, Shi-Gong, K, Jin-Yi, L, et al. Survey on the basic information of personnel and facilities of radiotherapy in Chinese mainland in 2019. China Cancer (2020) 29:321–6. doi: 10.11735/j.issn.1004-0242.2020.05.A001

15. Huh, SJ, Nishimura, T, Park, W, and Nakamura, K. Comparison of radiotherapy infrastructure between Korea and Japan. Jpn J Clin Oncol (2019) 49(11):1024–8. doi: 10.1093/jjco/hyz124

16. Grover, S, Xu, MJ, Yeager, A, Rosman, L, Groen, RS, Chackungal, S, et al. A systematic review of radiotherapy capacity in low-and middle-income countries. Front Oncol (2015) 4:380. doi: 10.3389/fonc.2014.00380

17. Parikh, NR, Lee, PP, Raman, SS, Cao, M, Lamb, J, Tyran, M, et al. Time-driven activity-based costing comparison of ct-guided versus Mr-guided sbrt. Jco Oncol Pract (2020) 16(11):e1378–e85. doi: 10.1200/JOP.19.00605

18. Zhao, Y, Zhang, L, Fu, Y, Wang, M, and Zhang, L. Socioeconomic disparities in cancer treatment, service utilization and catastrophic health expenditure in China: A cross-sectional analysis. Int J Env Res Pub He (2020) 17(4):1327. doi: 10.3390/ijerph17041327

19. Colceriu-Şimon, IM, Băciuţ, M, Ştiufiuc, RI, Aghiorghiesei, A, Ţărmure, V, Lenghel, M, et al. Clinical indications and radiation doses of cone beam computed tomography in orthodontics. Med Pharm Rep (2019) 92(4):346. doi: 10.15386/mpr-1434

20. Stieler, F, Wenz, F, Shi, M, and Lohr, F. A novel surface imaging system for patient positioning and surveillance during radiotherapy. Strahlenther Oncol (2013) 189(11):938–44. doi: 10.1007/s00066-013-0441-z

21. Stieler, F, Wenz, F, Scherrer, D, Bernhardt, M, and Lohr, F. Clinical evaluation of a commercial surface-imaging system for patient positioning in radiotherapy. Strahlenther Onkol (2012) 188(12):1080–4. doi: 10.1007/s00066-012-0244-7

22. Sarkar, B, Ganesh, T, Munshi, A, Manikandan, A, Roy, S, Krishnankutty, S, et al. Rotational positional error-corrected linear set-up margin calculation technique for lung stereotactic body radiotherapy in a dual imaging environment of 4-d cone beam ct and exactrac stereoscopic imaging. Italy: La radiologia medica (2021). p. 1–10. doi: 10.1007/s11547-021-01355-7

23. Jin, J-Y, Yin, F-F, Tenn, SE, Medin, PM, and Solberg, TD. Use of the brainlab exactrac X-ray 6d system in image-guided radiotherapy. Med Dosim (2008) 33(2):124–34. doi: 10.1016/j.meddos.2008.02.005

24. Gevaert, T, Verellen, D, Tournel, K, Linthout, N, Bral, S, Engels, B, et al. Setup accuracy of the novalis exactrac 6dof system for frameless radiosurgery. Int J Radiat Oncol Biol Phys (2012) 82(5):1627–35. doi: 10.1016/j.ijrobp.2011.01.052

25. Zhang, J, Ge, Y, Chen, Y, and Chen, X. (2013). A study on the positioning accuracy of patient positioning based on optical positioning system for nasopharyngeal carcinoma: Compared with conventional method, in: 2013 IEEE International Conference on Medical Imaging Physics and Engineering (ICMIPE), IEEE Beijing Sect, Shenyang, CHINA 11–3. doi: 10.1109/ICMIPE.2013.6864493

26. Al-Saleh, MA, Alsufyani, NA, Saltaji, H, Jaremko, JL, and Major, PW. Mri and cbct image registration of temporomandibular joint: A systematic review. J Otolaryngol-Head N (2016) 45(1):1–7. doi: 10.1186/s40463-016-0144-4

27. Mohandass, P, Khanna, D, Kumar, TM, Thiyagaraj, T, Saravanan, C, Bhalla, NK, et al. Study to compare the effect of different registration methods on patient setup uncertainties in cone-beam computed tomography during volumetric modulated arc therapy for breast cancer patients. J Med Phys (2018) 43(4):207. doi: 10.4103/jmp.JMP_67_18

28. Velec, M, Waldron, JN, O'Sullivan, B, Bayley, A, Cummings, B, Kim, JJ, et al. Cone-beam ct assessment of interfraction and intrafraction setup error of two head-and-Neck cancer thermoplastic masks. Int J Radiat Oncol Biol Phys (2010) 76(3):949–55. doi: 10.1016/j.ijrobp.2009.07.004

29. Batumalai, V, Holloway, L, and Delaney, GP. A review of setup error in supine breast radiotherapy using cone-beam computed tomography. Med Dosim (2016) 41(3):225–9. doi: 10.1016/j.meddos.2016.05.001

30. Clemente, S, Chiumento, C, Fiorentino, A, Simeon, V, Cozzolino, M, Oliviero, C, et al. Is exactrac X-ray system an alternative to cbct for positioning patients with head and neck cancers? Med Phys (2013) 40(11):111725. doi: 10.1118/1.4824056

31. Castro, A, Bardella, L, Panichella, J, Erlich, F, and Batista, D. Su-E-J-49: Pelvic treatment setup differences between skin markers-based and bony references using brainlab exactrac. Med Phys (2013) 40(6Part7):160. doi: 10.1118/1.4814261

32. Pallotta, S, Simontacchi, G, Marrazzo, L, Ceroti, M, Paiar, F, Biti, G, et al. Accuracy of a 3d Laser/Camera surface imaging system for setup verification of the pelvic and thoracic regions in radiotherapy treatments. Med Phys (2013) 40(1):011710. doi: 10.1118/1.4769428

33. Linthout, N, Verellen, D, Tournel, K, Reynders, T, Duchateau, M, and Storme, G. Assessment of secondary patient motion induced by automated couch movement during on-line 6 dimensional repositioning in prostate cancer treatment. Radiother Oncol (2007) 83(2):168–74. doi: 10.1016/j.radonc.2007.04.015



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhang, Zhou, Chu, Wu, Ge, Shan, Zhou, Cai, Jin, Sun, Chen and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




Appendix

Jiangsu Provincial Hospital of Chinese Medicine

Nantong Tumor Hospital

Subei People's Hospital of Jiangsu Province

Suzhou Municipal Hospital

Huai'an Second People's Hospital

YYixing Tumor Hospital

Baoying People's Hospital

Yangzhou First People's Hospital

Zhejiang Cancer Hospital

Xinghua City People's Hospital

The People's Hospital of Yizheng

Jiangsu Corps Hospital of Armed Police Forces




OEBPS/Images/fonc-12-918296-g007.jpg
0 P . o s 0 P . S
95 é) CIsof D Laser and D s-m ops 1M different parts in LAT direction 951 go CIs of D L aser and D s-m ops 1D different parts in VRT direction
T T T T T T T T T T T 1 T T T T T T T T T T T T T 5 T T
6.90
o Laser B g B 6-35 O Laser TR0 76
6L | © sMoPs Q 478 484467 _ gl | © sMmops & y
e
al 3.24 7 3'26 4k 5'28 5.29 5'; 200 ]
4.5
174, 155 1.91 3.873.72 ? 435 | 389 | 423
2r . 7 71.09 4 4+ 2.84 o ]
= £ 2772
g g
E [0 R EEEREES RS SRS ETE B 5 TR F— — 5 I SRR R RR——" S— S— o \: 2F -
2 2
& o Z
8 2} _1‘32_1 10 4 8 e e e e e s eTeTe oo TSI ERCSOS SIS BOSR N F o)
L;j 251 -2.37 I}j
-4 ) o | 3371 2 -1.22 P 144
422 395 431 | -4.05 O -4.24 ) L & © 209
6+ N ¢) 1 4 -2.95 @) 1
S e e 320 362 -358-3.39 508
8l -6.74 1 &l S o |
ol o ede S 640 O
(A) (B) (©) (D) (E) (F) ©) (A) (8) © (D) (E) (F) )
Different Parts Different Parts
% e g G . i : S
920/0 CIs of D aser and Ds- M ops ™ different parts in LNG direction 2095 % CIs of D Laser and D s ops 1M different parts in D direction
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
18.00
O Laser O Laser
O  S-M_OPS 1 %53 O  S-M_OPs ?
Br 1 15l 14.36
110.55
1177
g 107 g 8% 20 1 g 1065  Q T
g 7.02 [ 6.76 725 506 10 613 9.(%0 .
Rema
4 2.95 338 | B 5.87
&9 m 3.51 i
0 | P AT RN SN SRR RS D S— R— 5 NN S R R SR—— S— -
-0.99
] 03-2.16 -1.80 & ok
5L -3. O _ -3.63 -3.67 '
5 380,404 421 -0.09 056 O 056 | -0.31
0 -5.61 -1.11 O 145
-6.69 -6.49 247 : o
-9.54 -2.897 -2.77
e A R U B sy
(A) (B) (©) (D) (E) (F) (©) (A) (8) © (D) (E) (F) ©)

Different Parts

Different Parts





OEBPS/Images/fonc-12-918296-g002.jpg
1.1cm above left end of left eyebrow bone
2.1cm above the end of right eyebrow bone
3.1cm directly below the right alar nose
4.1cm above the left mandibular

5.1.5cm above the right mandible

6.the tip of the mandible (chin)

Head

£ @

1.1.5cm above the left mandibular Angle
2.1cm above the right mandible Angle
3.the tip of the mandible (chin)

4 the left clavicle articulates with scapula
5.the right clavicle articulates with scapula
6.the second costal joint with the sternum

Neck

1.0.5cm left end of sternum

2.center of right clavicle

3.the second costal joint with the sternum
4 xiphoid process

5.left outer end of the ninth rib

6.right outer end of the ninth rib

Thorax

1.0.5cm left end of sternum

2 left outer end of the ninth rib
3.right outer end of the ninth rib
4.belly button

S.left hipbone alar

6.right hipbone alar

Abdomen

1.top of the left hipbone

2.top of the right hipbone

3.among the sacrum 4.lateral to the
junction of the left hipbone and femur
S.lateral to the junction of the right
hipbone and femur 6.the coccyx

Pelvis





OEBPS/Images/fonc.2022.918296_cover.jpg
, frontiers ‘ Frontiers in Oncology

Setup error assessment based
on “Sphere-Mask” Optical
Positioning System: Results
from a multicenter study





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Setup error assessment based on “Sphere-Mask” Optical Positioning System: Results from a multicenter study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 S-M_OPS

          



          		

            2.2 Supervision setting and population

          



          		

            2.3 Co-setup setting and population

          



        



        



        		

          3 Results

        

          		

            3.1 S-M_OPS supervision results

          



          		

            3.2 Co-setup results

          

            		

              3.2.1 DLaser and DS-M_OPS

            



            		

              3.2.2 DLaser and DS-M_OPS of different parts

            



          



          



          		

            3.3 Clinical setup consistency

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



        		

          Appendix

        



      



      



    



  



OEBPS/Images/fonc-12-918296-g005.jpg
20.21% - - - - - - : 25.50% : ! ! -
18.19% 22.95%
16.16% 20.40%
14.14% 17.85%
2 12.12% 15.30%
=
[
§1o.1o% 12.75%
= 8.08% 10.20%
6.06% 7.65%
4.04% | 5.10%
2.02% 2.55%
0% 0%
0 20 40 60 80 100 120 140 160 180 200 0 1 3 4 5 6 1 8
Setup time/s Deformation/mm
21.70% 21.70% 21.70%
18.08% 18.08% 18.08%
14.46% 14.46% 14.46%
) = =
Z 3 3z
5 5 5
g
2 1085% 2 1085% 2 1085%
2 2 2
5% =9 5%
7.23% 7.23% 7.28%
3.62% 3.62% 3.62%
0% 0% 0%
10 5 0 5 10 10 5 0 5 10 -10 5 0 5

LAT-Setup error/mm

VRT-Setup error/mm

LNG-Setup error/mm






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-918296-g003.jpg
. . [ ] Laser line

Patient immobilization with
the thermoplastic mask . | S-M_OPS

Fix infrared positioning spheres
on the thermoplastic mask

Attach crosshairs with lead markers
on the thermoplastic mask

i

Define the planning isocenter and
design the treatment planning

Define relative positional
relationship between positioning
spheres and the tumor center

Patient immobilization

Track positioning spheres in real time ‘

Align laser lines to crosshairs

on the thermoplastic mask Calculate the setup error and display
the setup error in real time

CBCT scanning
v

CBCT registration

Adjust couch position based
on CBCT registration result

(Adjustment value of couch
equals to the setup error D,,,,,)

Record the setup error Dy, ,»s (Equal to the
deviation from the S-M_OPS registration
result to the CBCT-guided setup result)

d3e)S Suruue[q

o3e1S 1uoUNEaI],

________





OEBPS/Images/table2.jpg
LAT

VRT

LNG

$-M_OPS
Sentinel
Catalyst
ExacTrac
S-M_OPS
Sentinel
Catalyst
ExacTrac
S-M_OPS
Sentinel
Catalyst
ExacTrac

Head and neck/mm

0.1+2.1
09+ 18
03+24
41+27
1.0+21
-2.7+38
-3.7+34
1.2.£0.5
0417
-0.8+3.6
-0.2+34
1.1.3:0.7,

Values are shown in mean + SD with best shown with shading.

NA, not applicable.

Thorax/mm

0.1+19
12+36
0.7:£33
0.1+18
1L1+18
08 +5.1
-0.7 £ 3.8
02+24
02:2:32
0.8 £4.3
24+32
-06+ 1.8

Pelvis/mm

0.6+ 16
-25+4.1
12+25
-0.6 2.7
1.0+ 18
-46+73
02+37
-0.3+23
-0.4+24
-5.1+74
1.8+37
1.6 £ 3.5

Overall/mm

-02+19
-1.0 £3.6
-07£28
N/A
1.0+ 1.9
1.0 £6.3
-13 £4.0
N/A
-03£23
-18£59
1.5:£3.6
N/A





OEBPS/Images/fonc-12-918296-g001.jpg
________________________________________________________________________________

Fix an positioning sphere on Fix an positioning
the front of the gantry arm sphere on the couch

i Rotate the accelerator and Rotate the couch and i
! obtain the rotation axis of obtain the rotation i

S-M_OPS

the accelerator axis of the couch

Record the intersection of the two

axes as theltreatment isocenter

Immobilize the patient with the
thermoplastic mask; Fix positioning
spheres and lead markers

and design the treatment|planning positioning spheres positions

Calculate the |relative
positional relationship
between positioning spheres

Calculate the |relative positional
relationship between the planning
isocenter and the positioning spheres

! [Delineate PTV, define Define |

Use the infrared binocular camera to obtain

the|positions of positioning spheres|in real

Calculate the position of the|“planning isocenter” Calculate Mask i
in real, denoted as the[S-M_OPS tumor center deformation :

Calculate the deviation from the S-M_OPS tumor]center to
the treatment isocenter, denoted as the current|sctup error

Adjust couch position





OEBPS/Images/fonc-12-918296-g006.jpg
Excursion/mm Excursion/mm Excursion/mm

Excursion/mm

15 15
10+ " 1 10 E
Lower confidence limit: 5.93 € x x
IS x
S stLower conﬁdence limit: ME 1
Re) i Fj
G g
%3 0 ;‘?‘ * ’ﬁe %-ﬁ;ﬁ? ,«— *-x;ﬁ* {%.*_
< & Hg%t **
Ll o* ﬁw X
5 Upper conﬁdence 11m1t -3. 86 1
Upper confidence limit: <6.35 .
D
20 2F 3
15 { 15t E
. IS
E
10+ 1& 10f x 1
xx () %
7]
s Lower co;lﬁdem;é,,llnut *6 43 * ] ‘g s Lower confldenee;;&mlt 4. 5J
X - *EOx T
mni ******i;*ﬁ *;&* }eﬁ* - 4
HK* *;& ** * ** *
Mﬁ%wwff%fi AR ey
Upper conﬁdence limit: -2.53 x
F
20+ . 4 20+ 4
15 x x ) ) 1 15+ x ]
€
€ 1of |
c
O |Lower confidence limit: 4. 31 &
[ 1
5 ¥ * x* **4&* Fax * *&e
&) *g ﬁg* f*’%g*ﬁf Bk * g -*
L< 0% *ﬁf *Sk* *I%* %&H £ *glw**
** * w * g\w * ak *
[ Upper coﬁﬁdence limit: -4.51 el
-10
H
20 i x 1 20 A
15 B . {E s )
Lower confidence limit: 12.38 £
x = x
* % (=]
r Fo mex * % yk :*** *3:: E or |
* X X % ..
. o * . W £ 5 | Lower confidence limit: 7 .04 -
* *f g WK xR % Kk &} E3 7
sk % 2 *3***#**;;*’@*** 5 L>]j5, e B, a* *
Tx **&*:ﬁi*** % ¥ x ¥ * **ﬁ***} Ko E * ;pe i* f‘*; &j‘
******* *5::*#*%* £ e &*%; ;&w o
%:;***** i o e K R x *&ﬁeﬁ* x o #"#*fg iﬁe M** **
i 1
0 - ORI - O
Upper confidence limit: -1.65 15






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-918296-g008.jpg
100%

Consistency »»
3
2

o
X
o

1.2 3 4 5 6
LAT-Excursion/mm

_.
g 8
N

Consistency
R

=)
X
o

2 3 4 5 6
VRT-Excursion/mm

_\
g 8
=

Consistency
X

0% <
K 2 3 4 5 6

a
g 8
=

Consistency m
R

0% “
012345678910

LAT-Excursion/mm

Z100%
c

o}

2 50%
S ;
O 0%

0123456738910
VRT-Excursion/mm

100%

50%

Consistency

0% &
0123456782910

LNG-Excursion/mm

Consistency m

Consistency

Consistency

Consistency Consistency =

Consistency

0 1 2 3 4 5 6

LAT-Excursion/mm

0 1 2 3 4 5 6

100%

50%

0% %
0123456780910

LAT-Excursion/mm
100%

50%

0% &
0123456780910

VRT-Excursion/mm

100%

50%

0% £
012345678910

LNG-Excursion/mm

(o]
100%
=
2
2 50%
B
s
0%
© " 1 2 3 4 5 6
LAT-Excursion/mm
100%
4
k]
Z 50%
s
0%
© "1 2 3 4 5 6
VRT-Excursion/mm
100%
S
2
2 50%
w
S ;
0%
© "1 2 3 4 5 6
LNG-Excursion/mm
G
2100%
[
i
2 50%
a 5
8 %
012345678910
LAT-Excursion/mm
2100%
=
g 7 i
2 50% i
g I
0%
© "o 12345678910
VRT-Excursion/mm
&100%
f
]
2 50%
g g
o 0%

012345678910
LNG-Excursion/mm

Consistency ©

Consistency

Consistency

g 8
R ¥

N
5

100%

8
=

o
X

=)

0

1. 2 3 4 5 6

LAT-Excursion/mm

1.2 3 4 5 6
VRT-Excursion/mm

1.2 3 4 5 6
LNG-Excursion/mm

—Laser
—mm S-M_OPS






OEBPS/Images/im1.jpg
LATZ + LNG? + VRT%)





OEBPS/Images/fonc-12-918296-g004.jpg
O Real Tumor Center

O S-M_OPS Tumor Center

© CBCT Tumor Center
LNG Laser Tumor Center
D Laser

~** Dg.yr ops

| AT





OEBPS/Images/table1.jpg
LAT VRT LNG D

Mean + SD 4 Mean + SD P Mean + SD ?r Mean + SD P

All Laser 021 + 313 <10™"® 1.02 £2.76 <10 222£426 <10 536 + 3.58 <107
S-M_OPS 012 + 191 1.02 + 1.81 -0.10 £2.25 294 +2.09

Intracalvarium Laser 124 £1.52 001 022 £ 1.52 021 200 +2.56 <10 367+ 1.72 <10
S-M_OPS -0.66 + 0.94 032 +1.29 -0.03 £ 1.09 1.85 + 0.84

Nasopharynx Laser -1.20 + 1.40 0.02 0.13 + 1.91 003 209 +3.00 <10°® 392 +2.15 <10
S-M_OPS -0.64 + 0.8 125+ 1.26 -0.06 + 0.89 193 + 1.15

Esophagus Laser -030 +3.29 <10? 1.05 +2.36 029 2.18 + 3.46 <10® 5.10 + 2.83 <10
S-M_OPS 023 +2.32 095 222 -054 +1.78 3.15+217

Lung Laser 165 + 3.83 <10” 139 +2.21 0.06 291 +3.34 0.44 5.84 +3.02 045
S-M_OPS -0.40 + 1.86 121 + 1.68 0.03 £3.43 315 +3.08

Liver Laser 279 £2.10 0.06 202 £ 191 0.05 643 £5.15 <107 7.76 522 <10
S-M_OPS 1.87 + 1.51 1.67 +1.37 204 £ 1.55 354 +2.09

Abdomen Laser -0.28 +2.52 0.12 140 + 3.98 <10? 082 +3.28 043 493 +3.25 0.02
S-M_OPS -0.29 +2.01 -0.04 +2.01 -026 +3.17 364 +2.14

Cervix Laser -0.25 +3.16 <10 0.98 £ 3.49 <10 1.00 + 5.38 <10 579 £4.37 <10
S-M_OPS 073 £ 1.35 1.39 + 1.45 041 +1.94 278 + 1.58

Values are shown in mean + SD and p-value (F-test).





