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Abstract: Variable bladder filling during radiotherapy for carcinoma cervix significantly affects the position of target 
volumes to be treated. This directly impacts the precision with which advanced radiotherapy plans are delivered using 
specific margins to target volumes. The aim is to study mean bladder volumes and mean range of bladder motion in all 
three dimensions in patients of carcinoma cervix treated with Image guided radiation therapy (IGRT), and compare them 
to the baseline planning Computed tomography (CT) scans. For this, a total number of 25 patients/ 150 CT scans, i.e. 25 
planning scan and 125 CBCT (cone-beam CT) were analyzed. The bladder volumes and bladder wall dimension were 
analyzed using offline views of CBCT imaging, conducted weekly for cervix cancer patients, thus adding considerable 
understanding to the bladder wall motions. The mean bladder volume for all 25 patients was 263.41 cc with standard 
deviation of 110.174 cc. When mean CBCT bladder volumes of each patient were compared to their respective planning 
CT bladder volumes, P was found to be insignificant (p=0.25), showing consistent bladder filling or reproducibility during 
treatment. The mean ± standard deviation of bladder’s transverse, anteroposterior and supero-inferior dimension was 
9.55 ± 0.923 cm; 6.92 ± 2.387 cm and 7.22 ± 0.967 cm. The mean supero-inferior bladder diameter had significant 
variation from that of the planning CT (7.84 ± 2.749 cm vs 6.92 ± 2.387) with p = 0.018. This study shows that more 
liberal margins should be considered in supero-inferior dimensions and considerable lesser margins could be given on 
the lateral sides, as there is less displacement in transverse diameter.  
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INTRODUCTION 

Chemoradiation is the standard treatment approach 
for cancer cervix patients. For radiotherapy planning, 
most of the centers follow conformal techniques with 
either three dimensional conformal radiotherapy 
(3DCRT) or Intensity modulated (IMRT) or Volumetric 
modulated arc radiotherapy (VMAT). With 
advancement in technology, image guidance has been 
utilized using cone beam CTs before every treatment 
delivery. These CBCTs help in positioning the patient 
daily in accordance to the planning CT scan taken as 
baseline, on which radiation plans are made. Other 
than utilizing these scans for bone to bone matching, 
the major use of these scans have been in conforming 
the bladder filling, as strict bladder protocols are given 
to these patients before planning CT scans and before 
daily treatments [1,2]. When bladder filling in daily 
CBCTs matches the bladder filling in planning CTs, 
radiation treatment is delivered. This study has been 
conducted to retrospectively analyze the bladder filling 
variations in cancer cervix patients treated at our centre 
with image guided radiation therapy (IGRT), so that 
necessary changes can be taken in the treatment 
protocols according to the results. Although several 
studies have examined bladder filling variations during 
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pelvic radiotherapy, most have relied on linear bladder 
diameters and limited imaging data, often focusing on 
prostate rather than cervical cancer patients. There is 
limited literature evaluating three dimensional bladder 
reproducibility using serial CBCTs during concurrent 
chemoradiation for carcinoma cervix, especially in the 
context of a standarized bladder filling protocol in 
routine Indian settings. The present study addresses 
this gap by performing weekly volumetric assessments 
of bladder filling on CBCTs throughout the course of 
treatment, and by statistically comparing these 
planning CT bladder volumes to determine 
reproducibility.  

MATERIAL AND METHODS 

The study is a retrospective analysis of 25 cancer 
cervix patients treated with chemoradiation from Jan 
2025 to June 2025, where radiation has been delivered 
using IGRT. All these patients were given bladder 
protocol before planning CT scan. All patients were 
advised to come in the morning after four hour fasting. 
They were asked to void, and then asked to drink 1 L of 
water in 15 minutes. After 40 minutes of finishing water 
intake, a planning CT scan was taken with contrast. 
Planning CT images were then sent to the Eclipse 
treatment planning station (TPS), where contouring of 
normal organs at risk i.e bladder, rectum, small bowel 
and bone marrow was done, along with contouring of 
target volumes (tumor and lymph nodes) according to 
RTOG guidelines for cancer cervix [3]. All bladder 
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volume contouring and bladder measurements were 
performed by a single radiation oncologist to ensure 
consistency and to avoid inter observer variability. All 
contours were reviewed by a second radiation 
oncologist in random cases, and any discrepancy was 
resolved by consensus. 3DCRT or VMAT plans were 
made for these patients. CBCTs were taken weekly for 
these patients before each radiation delivery to confirm 
the accurate bladder filling and bone matching. 

For this study, first planning CT scan was opened. 
Bladder volume was measured and Bladder wall 
measurements were noted down in transverse 
direction, superior-inferior direction (longitudinal) and 
anterior posterior direction, with respect to the uterus, 
in coronal and saggital views. Then bladder contouring 
was done in 5 CBCTs of every patient, done on the first 
day of every week of radiation therapy. Again on all 
these CBCTs, same bladder measurements were 
noted down. 

For statistical analysis, SPSS v 23 [4] has been 
utilized. Descriptive stats have been used to calculate 
mean and standard deviation, maximum, minimum and 
range of bladder volumes and bladder dimensions in 
the three dimensions. Paired T test was used to 
compare means. Chi square test was used to find 
patients with significant bladder dimension variations 
compared to planning CT scans. P < 0.05 was 
considered as significant. 

RESULTS 

A total number of 25 patients of cervical cancer 
underwent planning CT scan, then weekly CBCT scan, 
therefore minimum of 5 CBCTs were performed for 
each patient. Total 25 planning CTs and 125 CBCTs 
were analyzed. Urinary bladder was contoured in all 
125 scans by same radiation oncologist and bladder 
volume was measured. Also, the bladder measure-
ments were taken in all three maximum dimensions; 
transverse, superoinferior, and anteroposterior 
diameter. All these parameters were compared with the 
planning CT scan, considering it as baseline. 

The mean bladder volume of all 5 CBCTs in each of 
the 25 patients was calculated. Maximum mean 
bladder volume was 438.66 cc and minimum mean 
bladder volume was 96.02 cc Graph 1. The mean 
bladder volume in all 125 CBCTs was 263.41 ± 
110.174 cc. 

As shown in Graph 2, patients had maximum mean 
transverse diameter of 11.56 cm and minimum 

transverse diameter of 7.81 cm. The mean transverse 
diameter of bladder in all 125 CBCTs was 9.55 ± 0.923 
cm. 52 % of patients (n = 13) fall in between mean 
range of 9 to 10 cm, while 48 % (n =12) patients extend 
beyond this mean. This shows that there is moderate 
inter fraction variation in the transverse bladder 
dimension among patients.  

 
Graph 1: Mean bladder volume of 5 CBCTs of 25 patients. 

 

 
Graph 2: Mean bladder transverse diameter of 5 CBCTs of 
25 patients. 

 

Graph 3 shows that maximum mean as observed in 
superoinferior dimension was 12.29 cm and minimum 
mean was 3.59 cm. The mean superoinferior diameter 
of all 125 CBCTs was 6.92 ± 2.387 cm. 56 % (n = 14) 
patients fall in mean range of 4 to 8 cm, while 44 % (n 
=11) patients extend beyond this mean. This shows 
that there is significant inter fraction variation in the 
supero inferior bladder dimension among patients.  
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Graph 3: Mean bladder supero-inferior diameter of 5 CBCTs 
of 25 patients. 

As shown in Graph 4, the maximum mean 
anteroposterior diameter was 9.56 cm and minimum 
mean anteroposterior diameter was 5.34 cm. The 
mean anteroposterior diameter of all 25 CBCTs was 
7.22 ± 0.967 cm. About 40 % (n =10) patients fall in 
mean range of 7 – 8.5 cm and 60 % (n =15) extend 

beyond this mean. This shows that there is moderate 
inter fraction variation in the antero posterior bladder 
dimension among patients. 

When the mean CBCT bladder volumes of each 
patient were compared to their respective planning CT 
bladder volumes, using paired T test analysis, P was 
found to be insignificant (p 0.25). This signifies that the 
bladder filling was reproducible and consistent 
throughout the treatment, compared to the planning CT 
scans. 

Similarly, the mean bladder diameter in all the three 
dimensions was calculated in all 5 CBCTs in each 25 
patients. These means were compared to the bladder 
dimensions in all three directions, in baseline planning 
CT scans for each patient to test for significance. The 
mean supero inferior bladder diameter had significant 
variation from that of the planning CT as shown in 
Table 1.  

Table 2 shows the maximum and minimum mean 
diameters in each dimension, along with the most 
common mean range in 25 patients, along with number 

 
Graph 4: Mean bladder antero-posterior diameter of 5 CBCTs of 25 patients. 
 
Table 1: Mean ± Standard Deviation of Bladder Volume and Bladder Wall Movements in all 25 Patients in Planning CT 

and all 25 CBCTs 

 Planning Ct Mean Planning Ct Standard 
Deviation (Sd) Cbcts Mean Cbcts Standard 

Deviation (Sd) P Value 

Bladder Volume (Cc) 289.86 166.730 263.41 110.174 0.25 

Transverse Diameter (Td) 
Cm 9.85 1.540 9.55 0.923 0.18 

Supero-Inferior(Si) Cm 7.84 2.749 6.92 2.387 0.018 

Antero-Posterior (Ap) Cm 7.27 1.415 7.22 0.967 0.48 
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of patients having significant P value calculated by chi 
square test, with maximum bladder wall dimension 
range in supero inferior direction. 

DISCUSSION 

Precision of delivering radiotherapy to the contoured 
target volumes in cervical cancer patients is affected by 
variation in bladder and rectal filling during radiotherapy 
[5]. Though bladder filling protocols have long been 
used to assure reproducible bladder filling, still there 
are various factors which can affect the above 
protocols. The most important ones are patient related 
factors like daily variation in hydration status prior to 
giving bladder filling protocol, timing of fluid intake, 
fluctuations in bladder capacity during treatments, 
anxiety or co morbidities like diabetes that can increase 
urgency leading to premature voiding. Other are 
treatment related factors like waiting time before 
treatment, longer set up times, adaptive planning 
especially when CBCT s show inadequate filling. There 
are certain physiological factors also like diurnal 
variations in urine production by kidneys and overfilled 
rectum which can compress bladder. Last are the 
institutional or logistical factors like consistency of staff 
guidance and protocol flexibility.  

Though the bladder filling variations can never be 
controlled to null, still, in the present study, the attempt 
has been made to find out how much bladder filling 
variation occurs during radiotherapy and also, in which 
dimension the bladder filling is maximum. This can help 
us to decide whether in certain dimension, target 
volumes need to be given generous margins and 
where we require strict margins. 

We conducted weekly CBCTs in our patients 
compared to daily CBCTs, in accordance with the 
institutional protocol. Though we did not analyze the 
dosimetric data to calculate radiation doses received by 
each CBCT, still we wanted to avoid unwanted 
radiation doses. Many centres [ 6,7,8] though are doing 
daily CBCTs. Wang et al. [9] in his study in 2008, found 

that the a patient can receive 17.7 mGy dose while 
doing CBCT pelvis, which is almost negligible 
compared to radical radiation dose (50–76 Gy). 

Also, when the mean CBCT bladder volumes of 
each patient were compared to their respective 
planning CT bladder volumes, using paired T test 
analysis, P was found to be insignificant (p 0.25). This 
implies that reproducible bladder filling could be 
achieved while treating the patients on daily basis, and 
is comparable to planning CT bladder volumes. 

In our study, the mean bladder volume in all 125 
CBCTs was 263.41 ± 110.174 cc, ranging from 
maximum 438.66 cc to minimum 96.02 cc. The mean 
transverse diameter of bladder in all 125 CBCTs was 
9.55 ± 0.923 cm. The mean superoinferior diameter of 
all 125 CBCTs was 6.92 ± 2.387 cm. The mean 
anteroposterior diameter of all 25 CBCTs was 7.22 ± 
0.967 cm. The standard deviation is maximum in 
supero inferior direction and when compared to 
planning ct volumes, this variation is significant. This 
implies that while contouring the target volumes, we 
need to give generous margins along the supero 
inferior direction. 

Yee et al. 2010 [6] analyzed bladder filling variation 
in 10 bladder cancer patients using daily CBCTs. In his 
study maximum shift was seen in anterior bladder wall 
with mean shift of -0.5 cm.  

Another study conducted in 15 patients of bladder 
cancer by Fokdal et al. 2004 [10], found maximum 
bladder wall movements in anterior and cranial 
directions. 

In our study also, bladder wall movements were 
studied in all three dimensions; transverse, supero 
inferior (longitudinal), and anteroposterior diameter. 13 
of the 25 (52%) patients showed significant changes in 
transverse diameter followed by superoinferior 
diameter which showed significant changes in 14 of the 
25 (56%) patients. In anteroposterior transverse 

Table 2: Bladder Diameter in 25 Patients in all Three Dimensions 

 Maximum Mean 
Diameter 

Minimum Mean 
Diameter Range Most Common 

Mean Range (Cm) 
P Value 

Significant In P Value 

Transverse Diameter 
(Td) Cm 11.56 7.81 3.75 9 - 10 13/25 0.002 

Supero-Inferior 
(Si) Cm 

12.29 3.59 8.7 4 – 8 14/25 0.007 

Antero-Posterior (Ap) 
Cm 9.56 5.34 4.22 7 – 8.5 10/25 0.005 
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diameter, only 10 of the 25 (40%) patients showed 
significant changes. Although the number of patients 
with significant changes was more in transverse 
diameter, variation was seen more in superoinferior 
diameter with a range of 8.7 cm as compared to 
transverse diameter which has range of 3.75 cm and 
anteroposterior diameter which has range of 4.22 cm 
as shown in Table 1. 

Jhingran et al. 2012 [8], implanted fiducial markers 
in 24 patients of carcinoma cervix and found maximum 
movements in anteroposterior direction, next in 
superior–inferior direction and least in the transverse 
direction. Mean diameter for 25 patients in our study 
was 9.55, 6.92, and 7.22 cm in transverse, supero 
inferior dimension and anteroposterior respectively. 
Standard deviation was 0.923, 2.387, and 0.967 cm in 
above directions respectively, and these results were 
consistent with above‑mentioned studies.  

In a study by Shah et al 2019 [11], 26 patients with 
different pelvic malignancies had undergone twice 
wekly CBCTs. The mean bladder volume for 26 
patients was 183.07 cc with standard deviation of 90.43 
cc. The mean +/- standard deviation of transverse, 
anteroposterior and longitudinal diameter was 8.35+/- 
1.03, 6.69+/-1.05 and 5.59+/-1.79 cm. The study 
concluded wider margins in on the lateral side, and 
more liberal margins in anteroposterior dimension and 
longitudinal dimensions. 

In a study by Nanda et al (2024) [12], a total of 90 
CBCT scans were analyzed in 15 cervical cancer 
patients (6 CBCTs for each patient). The mean bladder 
volume for all 15 patients was 183.346 cc with a 
standard deviation of 107.66 cc (p value = 0.792). 
Maximum transverse, anteroposterior and craniocaudal 
diameter was 10.975 cm, 8.273 cm and 10.493 cm 
while minimum was 6.30 cm, 4.936 cm and 3.711 cm 
respectively. The mean standard deviation of 
transverse, anteroposterior and craniocaudal diameter 
was 8.634 cm +/- 1.153 cm, 6.088 cm +/- 0.908 cm and 
5.38 cm +/- 1.69 cm respectively.  

The results of our study were in concordance with 
those of above mentioned studies. However on 
studying the literature further, we found that most other 
studies [13-15] focused on dosimetric effects of bladder 
volume changes in IGRT of cervical cancer patients. 
This is one of the limitation of our study as studying the 
dosimetric impact on normal organ sparing and target 
volume coverage can justify the CTV to PTV margin 
design, and can help guide adaptive planning. But 
studying the dosimetric correlation with bladder filling 

variations is beyond the scope of this study  

The other limitations of this study are small sample 
size and retrospective design. The most important 
constraint is weekly CBCTs done in our study 
compared to daily CBCTs done by most other studies, 
which can be a potential source of bias.  

Our study shows that to decide margin reduction for 
target volumes during image‑guided radiation therapy 
(IGRT) in cervical cancers, and to avoid geographical 
miss, its important to understand the variations in 
bladder wall movements and also ensure adequate and 
reproducible bladder filling protocols [16,17]. Daily 
CBCT imaging though is ideal to achieve 
reproducibility, still if not feasible in routine setting, 
decision to go for weekly/twice/thrice weekly CBCTs 
should be based on institutional studies and protocols. 
This study showed considerable reduction of margin 
could be done on the lateral sides, as there is less 
displacement on transverse diameter and more 
generous margins should be considered in 
superoinferior dimension.  

CONCLUSION 

This retrospective study was done to analyze 
bladder filling variation which can occur, despite 
following a strict bladder filling protocol. The most 
significant variation was seen in superoinferior 
(longitudinal) direction, indicating the need of generous 
margins required in this direction, compared to the 
other two dimensions.  

FINANCIAL SUPPORT AND SPONSORSHIP 

This study received no funding grant. 

CONFLICTS OF INTEREST 

There are no conflicts of interest. 

REFERENCES 

[1] Ahmad R, Hoogeman MS, Quint S, Mens JW, de Pree I, 
Heijmen BJ. Inter-fraction bladder filling variations and time 
trends for cervical cancer patients assessed with a portable 
3-dimensional ultrasound bladder scanner. Radiother Oncol 
2008; 89: 172-9. 
https://doi.org/10.1016/j.radonc.2008.07.005 

[2] Pos FJ, Koedooder K, Hulshof MC, van Tienhoven G, 
González González D. Influence of bladder and rectal 
volume on spatial variability of a bladder tumor during radical 
radiotherapy. Int J Radiat Oncol Biol Phys 2003; 55: 835-41. 
https://doi.org/10.1016/S0360-3016(02)04158-5 

[3] Lim K, Small Jr W, Portelance L, Creutzberg C, Jürgenliemk-
Schulz IM, Mundt A, Mell LK, et al. Consensus guidelines for 
delineation of clinical target volume for intensity-modulated  
 



80     Journal of Analytical Oncology, 2025, Vol. 14 Bansal et al. 

pelvic radiotherapy for the definitive treatment of cervix 
cancer. Inter J Rad Onc Bio Phy 2011; 79(2): 348-55. 
https://doi.org/10.1016/j.ijrobp.2009.10.075 

[4] IBM Corp. IBM SPSS Statistics for Windows, Version 26.0. 
Armonk, NY: IBM Corp 2019. 

[5] Liu H, Zhang Z, Guo X, Wang T, Hu J, Shao J, Chi F, He H. 
The Effect of Bladder and Rectum Volume Changes on 
Exposed Organ Volume During Intensity-Modulated 
Radiotherapy for Cervical Cancer. Clinical Medicine Insights: 
Oncology 2025; 19: 11795549251377910. 
https://doi.org/10.1177/11795549251377910 

[6] Yee D, Parliament M, Rathee S, Ghosh S, Ko L, Murray B. 
Cone beam CT imaging analysis of interfractional variations 
in bladder volume and position during radiotherapy for 
bladder cancer. Int J Radiat Oncol Biol Phys 2010; 76: 1045-
53. 
https://doi.org/10.1016/j.ijrobp.2009.03.022 

[7] Nishioka K, Shimizu S, Kinoshita R, Inoue T, Onodera S, 
Yasuda K, et al. Evaluation of inter-observer variability of 
bladder boundary delineation on cone-beam CT. Radiat 
Oncol 2013; 8: 185. 
https://doi.org/10.1186/1748-717X-8-185 

[8] Jhingran A, Salehpour M, Sam M, Levy L, Eifel PJ. Vaginal 
motion and bladder and rectal volumes during pelvic 
intensity-modulated radiation therapy after hysterectomy. Int 
J Radiat Oncol Biol Phys 2012; 82: 256-62. 
https://doi.org/10.1016/j.ijrobp.2010.08.024 

[9] Wang J, Li T, Xing L. Low-dose CBCT imaging for external 
beam radiotherapy. Int J Radiat Oncol Biol Phys 2008; 72: 
S109-10. 
https://doi.org/10.1016/j.ijrobp.2008.06.1015 

[10] Fokdal L, Honoré H, Høyer M, Meldgaard P, Fode K, von der 
Maase H.Impact of changes in bladder and rectal filling 
volume on organ motion and dose distribution of the bladder 
in radiotherapy for urinary bladder cancer. Int J Radiat Oncol 
Biol Phys 2004; 59: 436-44. 
https://doi.org/10.1016/j.ijrobp.2003.10.039 

[11] Shah M, Agarwal S, Agarwal R, Subramanian B, Gupta S, 
De S, Mishra S. Observational study of cone beam computed 
tomography based interfractional urinary bladder filling 
variation during image guided radiation therapy in pelvic 

malignancies. Journal of Cancer Research and Therapeutics 
2021; 17(1): 152-6. 
https://doi.org/10.4103/jcrt.JCRT_626_18 

[12] Nanda DS, Meher DP, Mishra DS, Parihar DA, Dhakar DM. 
Observational Study Based on Interfractional Urinary Bladder 
Filling Variations during Image Guided Radiotherapy in 
Cervical Cancer Patients Using Cone Beam Computed 
Tomography. International Journal of Radiation Oncology, 
Biology, Physics 2024; 120(2): e92. 
https://doi.org/10.1016/j.ijrobp.2024.07.1985 

[13] Zhang F, Zhou M, Wang G, Li X, Yue L, Deng L et al. 
Evaluation of bladder filling effects on the dose distribution 
during radiotherapy for cervical cancer based on daily CT 
images. Journal of Applied Clinical Medical Physics 2023; 
24(11): e14097. 
https://doi.org/10.1002/acm2.14097 

[14] Wang H, Li Z, Shi D, Yin P, Liang B, Zou J et al. Assessing 
intra-and interfraction motion and its dosimetric impacts on 
cervical cancer adaptive radiotherapy based on 1.5 T MR-
Linac. Radiation Oncology 2024; 19(1): 176. 
https://doi.org/10.1186/s13014-024-02569-5 

[15] Koca T, AKSOY R, Atak E, Kizilkaya M, BİLEK Y, Tunçel N 
et al. Evaluation of the Dosimetric Effects of Bladder and 
Rectum Filling in Patients with Gynecologic Cancer 
Receiving Adjuvant Radiotherapy. Turk Onkoloji Dergisi 
2025; 40(1). 
https://doi.org/10.5505/tjo.2024.4429 

[16] Nair SR, Gupta S, Krishnan AS, Chophy A, Rastogi A, Kumar 
RR, Namitha RS, Joseph DM, Gupta M. Volumetric and 
Dosimetric Changes in Bladder and Rectum and Target 
During Intensity-Modulated Radiotherapy in Patients of 
Locally Advanced Carcinoma Cervix. Indian Journal of 
Gynecologic Oncology 2025; 23(1): 31. 
https://doi.org/10.1007/s40944-024-00954-2 

[17] Fischer J, Fischer LA, Bensberg J, Bojko N, Bouabdallaoui 
M, Frohn J, Hüttenrauch P, Klingebiel M, Schmitt D, Tegeler 
K, Wagner D. CBCT-based online adaptive radiotherapy of 
the bladder–geometrical and dosimetrical considerations 
compared to conventional IGRT. Radiation Oncology 2025; 
20(1): 128. 
https://doi.org/10.1186/s13014-025-02710-y 

 

Received on 27-08-2025 Accepted on 25-09-2025 Published on 29-10-2025 
 
https://doi.org/10.30683/1927-7229.2025.14.12 
 
© 2025 Bansal et al.; Licensee Neoplasia Research. 
This is an open-access article licensed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the work is properly cited. 
 

 


