


Supine vs prone positioning without belly board for rectal cancer : a practical dosimetric study in a resource-limited setting
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Abstract
Background:
This study aimed to evaluate the impact of patient positioning on dose distribution to the bowel and bladder in rectal cancer patients in a setting without access to a belly board or advanced techniques such as Intensity-Modulated Radiotherapy (IMRT).
Methods:
Between July and October 2014, 20 consecutive rectal cancer patients were prospectively enrolled. Computed Tomography (CT) simulations were performed with a full bladder in two positions: prone (without a belly board) and supine. Three-dimensional conformal radiotherapy (3D-CRT) plans delivering 46 Gy in 23 fractions were generated. Bowel volumes receiving 5-Gy increments (V5–V45) and bladder dose parameters were compared between positions.
Results:
The mean Planning Target Volume (PTV), bowel, and bladder volumes were similar between prone and supine positions (PTV: 1000.78 vs 1006.21 cm³, p=0.84; bowel: 752.04 vs 750.32 cm³, p=0.97; bladder: 225.48 vs 244.16 cm³, p=0.26). Across all dose levels (V5–V45), no statistically significant differences were observed in bowel or bladder irradiation.
Conclusion:
Although these findings do not introduce new dosimetric concepts, they provide practical evidence supporting the use of the supine position with a full bladder in preoperative 3D-CRT for rectal cancer, particularly in centers lacking a belly board or access to IMRT. Supine positioning offers comparable bowel sparing, improved patient comfort, and better reproducibility, making it a feasible alternative in resource-limited settings.
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Introduction
Patients with rectal cancer are often treated in the prone position to minimize the volume of small bowel included in the pelvic radiation field. Various strategies have been proposed to further reduce small bowel exposure, including treatment with a full bladder and the use of displacement devices, such as the belly board, which allows the abdominal contents to fall anteriorly [1,2].
The supine position is commonly used when prone positioning is not feasible, such as in patients with obesity or a colostomy. Supine positioning is generally more comfortable for patients and allows for more reproducible treatment setups. Although prone and supine positioning may result in small dosimetric differences, their clinical significance remains uncertain [3,4].
The objective of this study was to compare Dose-Volume Histogram (DVH) parameters of the bowel and bladder between supine and prone positions without the use of a belly board in patients with locally advanced rectal cancer.

Materials and Methods
Study design and patients
This was a prospective, single-center study conducted between July and October 2014. Eligible patients had histologically confirmed rectal adenocarcinoma without distant metastases, no history of prior pelvic radiotherapy, and no previous abdominal or pelvic surgery. Diagnosis was established by colonoscopy with biopsy, and tumor staging was performed according to the Union for International Cancer Control (UICC) Tumor, Nodes, Metastasis (TNM classification). For tumor localization, the distance of the lowest margin of the tumor from the anal verge was measured. Tumors were classified as low (≤5 cm from the anal verge), mid (5–10 cm), or high (≥10 cm). The study protocol was approved by the Institutional Review Board (IRB) of the National Oncology Institute, Rabat, Morocco.
CT simulation
Patients were instructed to completely empty their bladder, then drink 1000 ml of water and wait 40 minutes before simulation. In the prone position, patients were positioned with arms raised above the head, without immobilization devices. An anal marker was placed at the anal margin. CT simulation was performed with 5-mm slice thickness, covering from the superior border of the fifth lumbar vertebra to the level of the small trochanters. Immediately after prone imaging, patients were repositioned supine with knee and ankle supports, arms resting on the chest, and a second CT scan was performed using the same parameters.
Target delineation
Two treatment plans were generated for each patient : one in the supine position and one in the prone position. CT scans were imported into the treatment planning system (TPS). Target volumes were delineated according to international consensus guidelines [5–9]. The gross tumor volume (GTV) included the macroscopic tumor and any involved lymph nodes. The clinical target volume (CTV) corresponded to the GTV plus a 10-mm margin and included the posterior bladder wall, the mesorectal subsite, the presacral space, and the internal iliac lymph nodes. The upper border of the CTV was set at the S1–S2 interspace for cases without mesorectal fascia involvement and without pathological nodes on MRI. When lymph node involvement was detected, the cranial border was extended to the bifurcation of the common iliac arteries. If the anal sphincter was directly invaded, it was included in the CTV, and the entire ischiorectal fossa was delineated in cases of extensive infiltration.The planning target volume (PTV) was defined by adding a uniform 10-mm margin around the CTV to account for setup uncertainties.Organs at risk (OARs) included the bladder and bowel. The bowel was contoured as the peritoneal cavity encompassing both small and large bowel loops. It extended superiorly four slices above the most superior PTV slice and inferiorly to the rectosigmoid junction or any bowel within the PTV. The bladder was delineated by its external wall.
Figure 1 illustrates the transverse computed tomography (CT) slices for a representative patient, showing the delineation of target volumes and organs at risk in both prone and supine positions. The bladder is depicted in white, the right and left femoral heads in light and dark blue, respectively, and the mesorectal subsite in orange. The gross tumor volume (GTV), clinical target volume (CTV), and planning target volume (PTV) are displayed in yellow, red, and green, respectively, allowing visual comparison of target coverage between the two treatment positions.
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(a)                                                                                         (b)
Figure 1. Transverse CT slices : bladder (white), right femoral head (light blue), left femoral head (dark blue). The mesorectal subsite is outlined in orange. Target volumes are shown as follows: GTV (yellow), CTV (red), and PTV (green), in prone (a) and supine (b) positions.
Figure 2 presents axial CT images from another patient, illustrating the contoured bowel loops (in magenta), presacral space (in pink), and internal iliac lymph node CTV (in light blue) in both prone and supine positions. This figure highlights the overall similarity in bowel distribution between the two positions and visually supports the quantitative dosimetric comparison performed in this study.
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Figure 2. Axial CT slice of another patient showing the total bowel (magenta), presacral space (pink), internal iliac lymph node CTV (light blue), CTV (red), and PTV (green), in prone (a) and supine (b) positions.
Treatment planning
Three-dimensional conformal radiotherapy (3D CRT) was used in this study because intensity-modulated radiotherapy (IMRT) was not available in our institution at the time. Preoperative radiotherapy (RT) was delivered in daily fractions of 2 Gy, five days per week, to a total pelvic dose of 46 Gy in 23 fractions. Treatment was performed using linear accelerators that produced photon energies between 6 and 18 megavolts (MV). The radiation fields were designed to include the rectum and pelvic lymph nodes located below the bifurcation of the common iliac arteries. Beam arrangements and wedge weightings were optimized to ensure adequate coverage of the planning target volume (PTV), maintaining a dose distribution between 95 % and 107 % of the prescribed dose.Dose–volume histogram (DVH) parameters were recorded for all patients. These included the mean volumes of the PTV, bladder, and bowel, as well as the minimum, maximum, and mean doses delivered to the PTV and to the organs at risk (OARs). The bowel volumes receiving 5 Gy, 10 Gy, 15 Gy, 20 Gy, 25 Gy, 30 Gy, 35 Gy, 40 Gy, and 45 Gy (V5–V45) were also calculated. All patients were ultimately treated in the prone position.
Statistical analysis
Statistical analyses were performed using SPSS software. Means of bowel and bladder volumes were compared using paired Student’s t-tests. Normal distribution was confirmed with the Kolmogorov–Smirnov test. A p-value <0.05 was considered statistically significant.
Results
A total of 20 patients were included in the study, of whom 13 (65%) were female. The median age was 51 years (range, 31–74 years). The majority of tumors, 16 patients (80%), were located in the lower rectum. Patient characteristics are summarized in Table 1.
Table 1. Patient characteristics
	Patient
	Sex
	Age (years)
	Stage
	Tumor site

	1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
	M
M
F
F
F
F
M
F
F
M
M
M
F
F
F
F
F
F
M
F
	59
53
40
64
58
59
59
63
74
47
36
54
34
42
35
64
55
53
31
40
	T3N2b M0
T3N1b M0
T3N1a M0
T3N1a M0
T3N1b M0
T3N1a M0
T3N1a M0
T3N1a M0
T3N1b M0
T4N1b M0
T3N1a M0
T3N1a M0
T3N1c M0
T3N2a M0
T3N0 M0
T3N0 M0
T3Nx M0
T3N1b M0
T3N2b M0
T4N0 M0
	Low rectum
Low rectum
Low rectum
Low rectum
Low rectum
Mid rectum
Low rectum
Mid rectum
Low rectum
Low rectum
Low rectum
Low rectum
Low rectum
Low rectum
Low rectum
Mid rectum
Mid rectum
Low rectum
Low rectum
Low rectum


The mean bowel volume was 752.04 cm³ (range, 434.34–1108.82 cm³) in the prone position and 750.32 cm³ (range, 256.69–1260.33 cm³) in the supine position. The mean bladder volume was 225.48 cm³ (range, 65.52–656.17 cm³) in the prone position and 244.16 cm³ (range, 83.41–797.57 cm³) in the supine position. The mean planning target volume (PTV) was 1000.78 cm³ (range, 756.07–1365.56 cm³) in the prone position and 1006.21 cm³ (range, 768.14–1215.30 cm³) in the supine position, as shown in Table 2.
	Table 2 : Comparisons of mean volumes to PTV and organs at risk between prone and supine position.

	Volumes(cm3)
	Prone position
	Supine position
	p

	PTV
	1000.78
	1006.21
	0.84

	Bowel
	752.04
	750.32
	0.97

	Bladder
	225.48
	244.16
	0.26



 No statistically significant differences were observed in the mean bowel volume (p = 0.97), bladder volume (p = 0.26), or PTV (p = 0.84) between the two positions. Dose distributions to the organs at risk (OARs) are presented in Table 3. 

Table 3. Comparison of mean doses to OAR between prone and supine positions
	OAR
	Dose type
	Prone (Gy)
	Supine (Gy)
	p-value

	Bowel
	Mean dose
Maximum dose
Minimum dose
Mean dose
Maximum dose
Minimum dose
	19.05
47.06
0.81
29.40
46.34
16.47
	20.05
47.33
2.33
31.16
47.24
16.99
	0.607
0.604
0.240
0.017
0.077
0.408



There was no significant difference in mean bowel dose between the prone and supine positions (p = 0.607). Dose–volume comparisons revealed slightly larger differences at lower dose levels (V5, V10, and V15), although these differences were not statistically significant. Across all dose levels from 5 Gy to 45 Gy, no significant variations were observed between the prone and supine positions (Table 4).
Table 4. Dose–volume distribution in the total bowel in prone and supine positions
	Dose (Gy)
	Mean bowel volume – prone (cm³)
	Mean bowel volume – supine (cm³)
	p-value

	5
10
15
20
25
30
35
40
45
	647.19
552.20
463.18
258.03
200.36
167.58
141.02
115.30
71.32
	679.04
616.92
453.13
283.77
196.44
162.16
135.15
112.52
77.35
	0.50
0.15
0.85
0.054
0.85
0.79
0.74
0.84
0.65


Table 5 summarizes the dose–volume distribution to the bladder in both treatment positions. Similar to the bowel findings, no statistically significant differences were observed at any dose level from 5 Gy to 45 Gy, although slightly higher bladder doses were noted in the supine position. These differences remained minor and clinically irrelevant.
Table 5. Dose–volume distribution in the bladder in prone and supine positions
	Dose (Gy)
	Mean bladder volume – prone (cm³)
	Mean bladder volume – supine (cm³)
	p-value

	5
10
15
20
25
30
35
40
45
	225.48
225.48
219.99
156.18
116.65
101.66
89.72
77.16
47.14
	244.16
244.16
237.33
182.77
146.84
131.53
119.25
105.56
67.54
	0.260
0.260
0.290
0.060
0.075
0.088
0.054
0.095
0.130



Discussion
Preoperative radiotherapy for rectal cancer has traditionally been delivered using three-dimensional conformal radiotherapy (3D-CRT), most often in the prone position with a belly board (BB). This setup was designed to reduce the irradiated volume of small bowel and thereby minimize gastrointestinal toxicity. However, the supine position is increasingly used in clinical practice, as it offers greater patient comfort, easier setup, and improved reproducibility, even though concerns remain about its impact on bowel sparing [2]. Several dosimetric and clinical studies have confirmed that the use of a belly board can significantly reduce the irradiated small bowel volume in both 3D-CRT and IMRT techniques [11–16].
Nevertheless, the present analysis showed no significant difference in bowel irradiation between prone and supine positions when a BB was not used. This observation is consistent with randomized and prospective series reporting that supine positioning, in the absence of a BB, achieves similar bowel sparing to prone positioning, while providing smaller setup deviations and better patient tolerance [3,18]. Some studies, however, have reported that the supine position may increase low-dose bowel exposure. Drzymala et al. [4] observed significantly larger irradiated bowel volumes at V5 and V10 in the supine position, although differences disappeared at higher dose levels. This suggests that the clinical impact of positioning may depend on dose range and contouring method, particularly when delineating individual bowel loops.
Comparative planning analyses have demonstrated that IMRT and VMAT reduce clinically relevant bowel doses compared with conventional 3D-CRT, particularly at intermediate and high dose levels, translating into lower acute gastrointestinal toxicity in some series [10,19–21,24–26]. Mok et al. [10] specifically reported that IMRT significantly improves clinically relevant small bowel doses in rectal carcinoma, highlighting the dosimetric advantages of highly conformal techniques. In this context, the relative benefit of a BB is attenuated: modern highly conformal techniques with daily image guidance often achieve comparable or superior bowel sparing in the supine position, while maintaining setup reproducibility and patient comfort [12,19]. Recent data also confirm similar findings in rectal cancer patients treated with highly conformal techniques in the supine position [27]. Nonetheless, in institutions where 3D-CRT is still the standard, or where high-dose small bowel avoidance is critical, prone positioning with a BB may remain advantageous and should be considered on a case-by-case basis [1].
The small bowel and bladder continue to represent the most important dose-limiting structures in pelvic radiotherapy. The small bowel demonstrates both serial and parallel behavior: small irradiated volumes may trigger focal complications, whereas larger irradiated volumes correlate with higher risks of acute toxicity [20–21]. Multiple clinical studies have established dose–volume relationships, showing that parameters such as V15 and mean small bowel volume are strongly associated with the risk of grade ≥3 diarrhea in patients receiving chemoradiotherapy [20–23]. While our results are consistent with previously published data, they do not provide novel dosimetric insights. However, they confirm that, even with standard 3D-CRT techniques, supine positioning with a full bladder achieves similar bowel protection as prone positioning. This approach improves patient comfort, enhances setup reproducibility, and is easily applicable in routine practice, particularly in centres where advanced techniques or belly boards are not available [17,18].
Our study thus provides practical evidence supporting the adoption of supine positioning in daily clinical workflow under resource-limited conditions.

Limitations of the study
This study was limited by its small sample size and the use of conventional 3D CRT techniques rather than modern approaches such as IMRT or VMAT. Prone positioning with a belly board has been shown in other studies to provide better small bowel sparing. However, these techniques were not available in our institution at the time of the study.
Conclusion
Our study confirms that supine positioning with a full bladder provides comparable bowel sparing to prone positioning without a belly board in preoperative 3D-CRT for rectal cancer. Although these findings do not introduce new concepts, they are particularly relevant in our setting, where advanced techniques such as IMRT or Volumetric Modulated Arc Therapy (VMAT)  are not available. Supine positioning is therefore a practical, safe, and patient-friendly alternative that can be readily implemented using the resources available in our institution.
What is already known and what this study adds
The supine position with a full bladder is a feasible treatment setup for rectal cancer patients when a belly board is unavailable. In our institution, patients were initially treated in the prone position without immobilization devices. This study demonstrated that supine positioning with a full bladder provides bowel sparing comparable to the prone position, leading to a change in routine clinical practice in our center.
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