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Abstract 

Gastrointestinal (GI) toxicity is the most frequently encountered complication of pelvic radiotherapy with clinically significant 

acute and late toxicity occurring in up to 60% and 20% of patients, respectively. The current study was conducted to assess and 

compare irradiated small bowel volume and dose between prone position using belly board and supine position without belly 

board in pelvic radiotherapy. Methods: It was a quasi-experimental study conducted at the department of Radiation Oncology 

of NICRH. Sixty patients of rectal and cervical malignancy were included in the study. They were enrolled in either arm A or 

arm B to receive radiotherapy to pelvis in supine position or prone position with belly board, respectively by 3DCRT 

technique. Results: There were no statistically significant differences in distributions of the patients across the two arms 

regarding age and other various demographic data, abdominal girth etc. Irradiated volume was significantly low in arm-B 

(5189cm3 vs. 3485cm3, p-value<0.001). Small bowel volume which received 45Gy was also significantly low in arm-B 

(351cm3 vs. 191cm3, p-value<0.001). Radiation dose to 195cm3 of small bowel volume was 53Gy vs. 36Gy in arm-A and arm-

B respectively (p-value<0.001). Conclusion: Using belly board in prone position is comfortable, inexpensive, highly 

reproducible, and permits maximal bowel displacement from standard pelvic radiotherapy fields. 
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1. Introduction 

Radiation therapy to the pelvis is commonly used to treat 

patients with lower gastrointestinal tract cancers such as rec-

tal cancer, cervical cancer and uterine cancer etc [1]. Pre or 

postoperative radiotherapy alone or in combination with 

chemotherapy plays a significant role in the treatment of 

pelvic malignancy. For pelvic irradiation the small bowel is 

the most important dose-limiting structure. Therefore, the 

acute and chronic enteric toxicity is a widely known radia-

tion complication and mainly depends on the volume of irra-

diated small bowel [2]. However, the successes achieved 

with this treatment come at a risk of small bowel complica-

tions. These are among the most important toxicities of pel-

vic radiation and can result in significant long-term morbidi-

ty [3]. Frequently, large volumes of small bowel have to be 

included in the radiation ports to treat the tumor and regional 

lymph nodes adequately. Both the radiation dose to the small 

bowel and the volume of small bowel included in the radia-

tion field are factors known to influence the risk of complica-

tions. So, sparing of small bowel can improve the quality of 

life of patient [4]. Numerous surgical techniques have been 

used to reduce the small bowel volume within the radiation 

field. These procedures demonstrate a significant morbidity 

and have variable success. In addition, these techniques are 

relevant only during operative intervention. Due to the mo-

bility of the small intestine, a variety of noninvasive tech-

niques maneuvering the small bowel out of the field have 

been reported. Bladder distention, Trendelenburg position, 

and belly board devices (BBDs) have been reported to de-

crease gastrointestinal morbidity in rectal carcinoma patients 

[5]. 

After radical hysterectomy and postoperative RT small 

bowel obstructions occur in up to 5% of patients [6]. Devices 

and techniques such as the BBD may position the small 

bowel out of the radiation field and increase the therapeutic 

ratio. Many investigators have evaluated the volume of small 

bowel irradiated in prone position using belly board and su-

pine position. The volume of small bowel receiving radiation 

is significantly low when patient is positioned prone using 

belly board. Although this is a simple and noninvasive option 

for reducing small bowel toxicity, it has its own pitfalls. 

Treating the patient in a reproducible and comfortable posi-

tion is of utmost importance. Certain patient factors like slow 

healing surgical scar, obesity, and osteoarthritis influence the 

patient positioning on belly board. Setup variations using 

belly board has not been studied widely [7]. 

Patients of cervical and rectal carcinoma will be consid-

ered in this study for radiotherapy to pelvis in two treatment 

position. Experience with radiotherapy to pelvis in supine 

position and prone position with belly board will be re-

viewed. In this study, an analysis of all the patients who will 

receive external beam radiation therapy in two treatment 

position mentioned above will be carried out with an aim to 

assess the irradiated small bowel volume and other volumet-

ric and dosimetric data by evaluating treatment plan and dose 

volume histogram (DVH). 

2. Methods 

This Quasi-experimental study was conducted from From 

July 2018 to June 2019. It took place at National Institute of 

Cancer Research and Hospitals, Mohakhali, Dhaka, Bangla-

desh. Patients with histopathology report proven Rectal and 

cervical cancer were chosen for enrollment. After enrollment 

of the patients, preliminary data were collected regarding 

demography, history and physical examination. An interview 

usually lasted for 20 minutes. Sixty patients were divided 

into two arms, 30 patients in arm-A (control arm) and 30 

patients in arm-B (experimental arm). Intervention was given 

according to the planned radiotherapy position, that is supine 

position in arm-A and prone position with belly board in 

arm-B. The caudal edge of the belly board was placed at the 

level of highest point of iliac crest for each patient of arm-B. 

Then CT simulation was done with adequate immobilization 

procedure. Every scan was done with full bladder filling pro-

tocol. CT simulation data were transferred to TPS (treatment 

planning system) for contouring the volumes, beam ar-

rangement and finally volumetric and dosimetric data were 

collected. Data were collected for about eight months. Pur-

posive sampling technique was used. Samples were selected 

through inclusion and exclusion method from the patients 

who are histologically proven cases of cervical carcinoma. 

Those who gave informed written consent were finally en-

rolled in the study. 

Inclusion criteria 

1. Histopathologically proved rectal and cervical cancer. 

2. Planned to treat with radiotherapy to pelvis. 

Exclusion criteria: 

1. Patient’s age is less than 18 years. 

2. Patient’s performance status is unsatisfactory (ECOG 

performance status: >2). Prior radiotherapy to pelvis. 

3. Pregnant women. 

4. Evidence of distant metastasis radiologically and clini-

cally. Recurrent cases. 

5. Patients who do not give consent to be included in the 

study. 

After cleaning and editing, all the relevant data were com-

piled on a master chart. Statistical analysis of the results was 

obtained by SPSS for Windows (IBM SPSS Statistics for 

Windows, version 22.0, Armonk, NY, IBM Corp.). Categor-

ical data were expressed as number and percentage and were 

compared via the Chi-squared test and Fischer’s exact tests. 

Continuous data were expressed as mean ± SD and were 

compared by Student “t” test. Two tailed p-value<0.05 was 

considered as significant. 
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3. Result 

Table 1 illustrated sociodemographic characteristics of re-

spondents. Most of the female patients in both arms were 

housewives (60% and 63.4% in arm A and in arm B respec-

tively). Businesses were leading profession among male pa-

tients in both arms (23.3%) followed by official jobs (10% in 

arm A and 3.3% in arm B). On the basis of monthly family 

income, most of the patients in both arms were from average 

class (90% in both arms). About 10% patients in arm A and 

6.7% patients in arm B were from poor class. Most patients 

in both arms (86.7% in arm A and 90% in arm B) were lit-

erate. 

Table 1. Sociodemographic characteristics of respondents. 

Distribution of the patients by occupation 

Occupation Arm A Arm B Fisher’s Exact Test p-value 

Business 7 (23.0) 7 (23.0) 

1.267 0.836 
Farmer 2 (6.7) 3 (10.0) 

Official 3 (10.0) 1 (3.3) 

Others 18 (60.0) 19 (63.4) 

Distribution of the patients by economic status 

Economic status Arm A (Control) Arm B (Case) Fisher's Exact Test p-value 

Poor 3 (10.0) 2 (6.7) 

1.201 1.00 Average 27 (90.0) 27 (90.0) 

Rich 0 (0.0) 1 (3.3) 

Distribution of the patients by education 

Education Arm A (Control) Arm B (Case) Fisher's Exact Test p-value 

Illiterate 4 (13.3) 3 (10.0) 

0.162 1.00 
Literate 26 (86.7) 27 (90.0) 

 

 
Figure 1. Age distribution of control patients (arm A). 

Figure 1 showed age distribution of control patients. Mean 

age was 44.03 years with SD±13.77 years. Most of the pa-

tients were from 40-60 years age group. 

 
Figure 2. Age distribution of case patients (arm B). 
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Figure 2 illustrated age distribution of case patients. Mean 

age was 44.33 years with SD±13.13 years. Most of the pa-

tients were from 35-55 years age group. 

Table 2 showed the comparison of abdominal girth of the 

patient in both arms. In Arm-A the mean abdominal girth 

was 37.2cm and in arm-B the mean abdominal girth was 

36.7cm. However, this difference was statistically not signif-

icant (p-value>0.05) 

Table 2. Comparison of abdominal girth at level of highest point of iliac crest across arms (n=60). 

 Arm Mean Volume (cm) SD t-value p-value 

Mean Abdominal girth 
A (control) 37.2 2.5 

2.01 <0.1 
B 36.7 1.9 

 

Table 3 shows the distribution of by the patients by type of 

cancer. Adenocarcinoma was leading cancer type in both 

arms (63.3% in arm A and 53.3% in arm B). The remaining 

patients were suffering from Squamous cell carcinoma. 

However, this difference was statistically not significant (p-

value>0.05). 

Table 3. Distribution of the patients by histopathology. 

 Arm Mean Volume (cm) SD t-value p-value 

Mean Abdominal girth 
A (control) 37.2 2.5 

2.01 <0.1 
B 36.7 1.9 

 

Irradiated small bowel volume across arms is compared in 

the above table (Table 4). In control patients the mean vol-

ume was 2987.07 ± 623.74 cm3 while patients with belly 

board (cases) had a mean volume of 2157.18 ± 720.33 cm3 

which is statistically highly significant (p- value<0.001). 

Table 4. Comparison of irradiated small bowel volume across arms (n=60). 

Volume cm
3 

Arm Mean SD t-value p-value 

Irradiated bowel volume 
A (Control) 2987.07 623.74 

10.06 <0.01 
B (Case) 1687.18 334.08 

 

Table 5 showed comparison of mean small bowel volume 

which getting 45Gy radiation dose across arms. In control 

patients the mean volume was 351.85 ± 36.74 cm3 while 

patients with belly board (cases) had a mean volume of 

191.84 ± 21.08 cm3 which is statistically highly significant 

(p-value<0.001). 

Table 5. Comparison of small bowel volume getting 45Gy across arms. 

Volume cm
3 

Arm Mean SD t-value p-value 

Mean small bowel volume 

getting 45Gy of radiation 

A (Control) 351.85 36.74 
7.965 <0.001 

B (Case) 191.84 21.08 
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Table 6 resembled at 195 cc volume of small intestine 

control patients got 53.40 Gy radiation dose while patients 

with belly board (cases) received only 36.99 Gy which is 

statistically highly significant (p-value<0.001). At 100% 

volume of bladder control patients got 52.13 Gy radiation 

dose while at the same volume patients with belly board 

(cases) received only 49.79 Gy which is statistically not sig-

nificant (p-value<0.1). 

Table 6. Comparison of different doses across arms. 

Arm Mean Dose (Gy) SD t-value p-value 

At 195 cc volume of A (control) 53.403 4.2132   

small intestine   13.219 <0.001 

B (case) 36.987 5.3405   

At 100% volume of A (control) 

bladder 
52.133 4.0079 6.314 <0.1 

B (case) 49.793 5.0882   

At 5% volume of right A (control) 

femoral head 
45.773 3.9938 2.920 <0.1 

B (case) 44.750 4.1673   

At 5% volume of A (control) 

left femoral head 
46.113 3.3672 2.015 <0.1 

B (case) 46.803 3.7690   

 

4. Discussion 

Gastrointestinal (GI) toxicity is the most frequently en-

countered complication of pelvic radiation therapy with clin-

ically significant acute and late toxicity occurring in up to 60% 

and 20% of patients, respectively [8]. Radiation damage to 

small bowel tissue can cause acute or chronic radiation enter-

itis producing symptoms such as pain, bloating, nausea, fecal 

urgency, diarrhea and rectal bleeding which can have a sig-

nificant impact on patient’s quality of life [9]. Prone posi-

tioning on a belly board (PBB) is a simple but effective 

method for physically displacing small bowel away from 

target structures within the pelvis. Three-dimensional treat-

ment planning studies have demonstrated that PBB signifi-

cantly reduces the volume of small bowel receiving prescrip-

tion doses [4]. In this study the mean volume of small bowel 

received 45Gy is 351.85cm3 in arm A (control) and 191.84 

cm3 in arm B (case) (p-value<0.001). In an American study 

patients received 45Gy in 299 cm3 of small bowel volume 

without belly board insupine position and received 45Gy in 

102 cm3 of small bowel volume with belly board in prone 

position [10]. In this study, the total irradiated mean volume 

of small bowel was 2987.07cm3 in arm-A (control) whereas 

the total irradiated meal volume of small bowel was 1687.18 

cm3 in arm-B (case) (p-value<0.001). This almost 50% re-

duction of irradiated mean small bowel volume resulting less 

acute and late complication thus improving patient compli-

ance which is also supported by Shanahan T. et al. (1990). In 

their study they showed that 66% of displacement of small 

bowel volume in prone position with belly board. 

In the current study, 195cc of small bowel volume re-

ceived radiation dose considerably low in arm-B (53.40Gy 

vs. 36.99Gy, p-value<0.001). While some other structures 

like urinary bladder (52.13Gy vs. 49.79 Gy, p-value<0. 1), 

right femoral head (45.77Gy vs. 44.75Gy p-value<0. 1) and 

left femoral head (46.11Gy vs. 46.80Gy, p-value<0. 1) re-

ceived almost equal dose in both treatment position. Similar 

result was observed in a study conducted in Finland where 

dose to the bladder and other pelvic structures in both supine 

and prone position with belly board was almost same [11]. 

Because of the proven efficacy of combined treatment 

with chemotherapy and radiotherapy to the pelvis for carci-

noma cervix and carcinoma rectum, a higher rate ofgastroin-

testinal and genitourinary toxicity can be anticipated. There-

fore, non- interventional modalities that reduce gastrointesti-

nal symptoms yet allow sufficient tumoricidal dose delivery 

without increasing morbidity are desired. The belly board 

device offers a simple, inexpensive, noninvasive modality to 

decrease the toxicity associated with chemoradiation. 

http://www.sciencepg.com/journal/ijcocr
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5. Conclusion 

This small bowel volume reduction is seen in pre and 

postoperatively irradiated patients, might result in a reduced 

Gastro-intestinal morbidity. The patient position did not in-

fluence the required PTV margins for radiation planning of 

pelvic malignancy. In resource challenged setting where 

IMRT facilities for sparing vital organ like small bowel are 

limited this prone treatment position with belly board could 

be a reasonable choice. 
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