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Abstract. Interfractional variations of the bladder, rectum 
and vagina may affect the accuracy of postoperative inten-
sity‑modulated radiotherapy in patients with cervical cancer. 
This study aimed to assess the interfractional variations with 
daily kV cone‑beam computed tomography (CBCT). All the 
patients were instructed to control the filling status of the 
bladder and rectum. CBCT images were obtained daily after 
set‑up and the bladder, rectum and vagina were contoured on 
each CBCT scan. All the contours were transferred to the plan-
ning CT following image fusion. Interfractional variations in 
pelvic organs were assessed with CBCT based on two reference 
lines, which were identified as A (the midsaggital line across 
the superior border of pubic symphysis) and B (a parallel line 
1.5 cm above line A). The mean volume (range) of the bladder 
and rectum was 156.5 (1.7‑626.5) and 48.2 (11.3‑139.7) ml, 
respectively. The uniform planning target volume (PTV) margin 
of 10 mm failed to encompass the vagina in 17.3 and 18.1% of 
the fractions on lines A and B, respectively. The motion of the 
vagina (standard deviation) was 0.3 (0.3) and 0.1 (0.5) cm on 
lines A and B, respectively. The anteroposterior dimension and 
position of the vagina were significantly affected by the filling 
status of the bladder (P<0.05), but not by that of the rectum. 
Although instructions were given, the interfractional variations 
of the vagina and other pelvic organs were significant, which 

may exceed the uniform PTV margin; therefore, more effective 
methods to decrease these variations should be investigated.

Introduction

The use of intensity‑modulated radiation therapy (IMRT) for 
postoperative cervical cancer has increased significantly over 
the last few years, due to its highly conformal dose distribu-
tion to the targets and favorable acute and chronic toxicity 
profile (1‑10). However, during this highly precise radiotherapy 
treatment, the movement of organs at risk (OARs) and targets 
may be a major issue and present the physicians with a signifi-
cant challenge.

There are several studies on radical radiotherapy for 
cervical cancer, which demonstrated that significant move-
ments of the uterus may be observed due to the filling of the 
bladder and rectum (11‑15). With the different daily filling 
status of OARs and the steep dose gradient, there is a potential 
risk of a geographical miss; this may result in a reduction 
of local control in gynecological cancer of ≤30% (16). For 
postoperative cervical cancer patients, there may be similar 
detrimental effects; however, the number of related studies is 
currently limited.

Cone‑beam computed tomography (CBCT)‑based 
image‑guided radiotherapy (IGRT) is a technology used for 
reducing positional set‑up errors in radiotherapy. In addition, 
CBCT may achieve 3D volume imaging of organs, with suffi-
cient soft‑tissue contrast to differentiate between these organs. 
Furthermore, the daily bladder, rectum and vagina motion 
may be studied based on CBCT scans.

The aim of this study was to determine the interfractional 
motion and deformation of the bladder, rectum and vagina in 
patients with postoperative cervical cancer treated with IMRT.

Patients and methods

Patients. Between January,  2008 and June,  2009, 
post‑hysterectomy patients with cervical cancer requiring 
postoperative radiotherapy or chemoradiotherapy due to 
positive pelvic lymph nodes or other high‑risk factors evaluated 
retrospectively. Patients were considered as ineligible if they 
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exhibited a positive vaginal cuff, disease outside the pelvis, or 
mental status alterations. A total of 8 patients receiving IMRT 
and IGRT in our institution were included in the analysis. The 
postoperative stages were classified as Ib‑IIb and the patient 
age ranged between 42 and 66 years.

Planning CT scan. The planning CT scan was performed 
in the supine position. A MedTech body frame (Elekta AB, 
Stockholm, Sweden) and thermoplastic body mask (Klarity 
Medical, Guangzhou, China) were utilized. The slice thickness 
was 3 mm and the scanned volume extended from the anus 
to L1. All the patients were instructed to control the filling 
status of the bladder and rectum in order to minimize organ 
deformation during the treatment. One hour prior to scanning, 
the patients were instructed to ingest 500 ml of water with 
the intention of achieving a moderately full and comfortable 
bladder for contrast CT scan acquisition and during each treat-
ment. The patients were also instructed to encourage bowel 
movement so as to have an empty rectum prior to the CT scan 
and each treatment.

Treatment. Following simulation, the CT images were trans-
ferred to the Elekta PrecisePLAN (Release 2.10) workstation 
to design the external beam IMRT plan. The clinical target 
volume (CTV) delineation was referred to the consensus 
guidelines of the Radiation Therapy Oncology Group (11) and 
included the common, external, internal iliac and presacral 
lymph node regions, the upper 3 cm of the vagina and the 
paravaginal soft tissues. The CTV‑to‑planning target volume 
(PTV) margin was 1 cm in all directions. The prescribed 
radiation dose was 50 Gy, delivered in 25 daily fractions of 
2 Gy. All the patients were treated with 6 MV X‑ray delivered 
by the Elekta Synergy S system (Elekta AB).

Prior to each treatment, the patients underwent CBCT 
scans to obtain daily images and set‑up errors. The parameters 
of CBCT imaging were 120 kV, 25 mA, with rotation starting 
from 182˚ to end at 180˚ for 620 frames. Subsequently, the 
CBCT images were matched to the planning CT using the 
bony alignment of the entire pelvis to obtain set‑up errors; if 
the translational error exceeded 2 mm, the patients' position 
was corrected by adjusting the treatment couch. Rotation errors 
were not corrected due to the limitations of the treatment couch.

Definition of the bladder, rectum and vagina on CBCT 
scans. Following treatment, the CBCT scans and planning 
CT images were transferred to the TomoCom 3.0 workstation 
(Elekta AB). The bladder, rectum and vagina during each 
treatment were contoured on these CBCT scans after the soft 
tissue value was adjusted to fit for anatomical identification 
(Fig. 1). The part of the rectum lying between 2 cm below and 
3.5 cm above the superior border of the pubic symphysis was 
contoured. The vagina was differentiated by identifying the 
tissue between the posterior border of the bladder and anterior 
border of the rectum on daily CBCT scans. Two physicians 
jointly defined the contours when these organs were not clearly 
identified on CBCT scans. The CBCT scans were then fused 
with the planning CT images. The quality of the contours and 
each registration were reviewed and verified by a senior physi-
cian and the structures contoured on the CBCT scans were 
transferred to the planning CT images.

Analysis of organ motion. The bladder motion was first 
defined as the movement of the bladder border relative to that 
on the planning CT. On the midsagittal plane, the vertical 
distance of the anterior, posterior, superior and inferior bladder 
borders between the planning CT and each CBCT scan was 
measured. The bladder motion of the left and right borders 
was measured on the plane vertical to the posterior side of the 
pubic symphysis.

In order to assess the motion of the vagina, the posterior 
bladder border and the anterior rectal border, two reference 
lines were identified on the axial images using the sagittal 
and coronal images on each planning CT image. Line A was 
defined as the midsagital line across the superior border of the 
pubic symphysis; and line B was the parallel line 1.5 cm above 
line A (Fig. 2). The interfractional motion of the posterior 
bladder border and anterior rectal border were measured on 
lines A and B, respectively. As the apical extent of the vagina 
could not be consistently identified on the CBCT scan without 
implanted markers and the cephalad extent of the vagina was 
variable according to the differences in the bladder filling 
status (12), the motion of the vagina in the anteroposterior (AP) 
direction and the AP dimension of the vagina were measured 
on lines A and B, in the midline on which the vagina was 
more readily identified. The bladder and rectal volumes were 
also calculated and the correlation between organ motion and 
changes in these volumes was analyzed.

As regards organ motion, the mean ± standard deviation 
(SD) of all the data was calculated. Motion in the posterior 
direction was defined as positive and in the anterior direction 
as negative. Similarly, motion in the superior direction was 
defined as positive and in the inferior direction as negative. 
The Pearson's correlation coefficient was utilized to investi-
gate the correlation between the margins and the changes in 
the volumes of the rectum and bladder.

Results

CBCT images. CBCT ensures adequate image quality to 
define the structure and boundaries of soft tissue organs, 
including the bladder, rectum and vagina in the pelvis. A total 
of 200 sessions of CBCT were performed for the 8 patients, 
and the structures and boundaries of the bladder, rectum and 
vagina were delineated on 176 CBCT images that were of good 
quality. On average, 22 CBCT images/patient were usable for 
analysis.

Variability of bladder and rectum volume. The repeated CBCT 
scans revealed extensive organ motion and variations in the 
volume and shape of the bladder and rectum. The mean volume 
(range) of the bladder was 158.5 (15.4‑626.5) ml, with an SD of 
134.3 ml. Significant differences were observed between the 
planning CT scan and the following daily CBCT scans, ranging 
from ‑471.0 to 264.4 ml. The mean volume on weeks 1,  2, 3, 4 
and 5 was 156.2, 162.5, 143.2, 138.7 and 159.2 ml, respectively. 
However, there were no significant differences among weekly 
scans due to the instructions (P>0.05).

The mean volume (range) of the rectum was 
48.2  (11.3‑139.7)  ml, with an SD of 18.9  ml. Differences 
ranging from ‑71.1  to 102.4  ml compared with the plan-
ning CT were observed. The mean volume of the rectum on 
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weeks 1, 2, 3, 4 and 5 was 43.5, 44.7, 50.8, 48.8 and 53.2 ml, 
respectively. The differences among weekly scans were also 
not significant due to the instructions (P>0.05).

Motion of the bladder and rectum boundaries. The motion 
and deformation of the bladder were significant according 
to the daily CBCT scans. The results of bladder motion are 

presented in Table I. The motion data of the posterior and 
superior boundaries, which indicated the most significant 
movement, are displayed in Fig. 3. The motion of the inferior 
boundary was found to be the smallest (0.1 cm; SD = 0.7 cm).

The motion of the posterior boundary was intensively 
analyzed, as it may significantly affect the delineation of CTV. 
In addition, obvious motion and deformation of the rectum 

Figure 1. Cone‑beam computed tomography image of a patient obtained after conventional set‑up presenting the contours of the bladder (anterior), rectum 
(posterior) and vagina (middle). (A) Transverse plane, (B) midsagittal plane.

Figure 2. Reference lines delineated to measure the motion of organs and targets. (A) Axial plane across line A (midsagital line across the superior border of 
the pubic symphysis). (B) Axial plane across line B (parallel line 1.5 cm above line A). (C) Midsagittal plane of the TomoCom workstation.
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were also observed based on daily CBCT scans. Similar to 
the posterior boundary of the bladder, only the motion of the 
anterior boundary of the rectum was intensively analyzed. 
These two types of motion along lines A and B, respectively, 
are shown in Table II.

Position of the vagina relative to the PTV. We reviewed the 
position of the vagina relative to the margins of the PTV on 
lines A and B based on daily CBCT scans, to assess whether 
the vagina was adequately covered by the planning. For the 
176 sessions of CBCT, the uniform margin of 10 mm failed to 
encompass the vagina in 17.3 and 18.1% of fractions on lines A 

and B, respectively. The variability of the AP dimension of 
the vagina was used as a representative measure for vaginal 
deformation and was also measured based on daily CBCT 
scans. The mean ± SD of the AP dimension of the vagina was 
1.3±0.8 cm on line A and 1.5±0.9 cm on line B. The mean (SD) 
motion of the vagina was 0.3 (0.3) cm and 0.1 (0.5) cm on 
lines A and B, respectively; and in the AP direction in the 
midline the range of motion was ‑2.1 to 2.3 cm and ‑2.2 to 
2.1 cm, respectively (Fig. 4).

Table II. Motion of bladder and rectum boundaries (cm).

	 Motion of posterior	 Motion of anterior
	 boundary of bladder	 boundary of rectum
	 ---------------------------------------------	 ---------------------------------------------
Values	 Line A	 Line B	 Line A	 Line B

Mean	 0.08	 -0.4	 -0.5	 -0.7
SD	 1.1	 0.7	 1.1	 1.2
Max	 2.9	 1.9	 2.1	 1.7
Min	 -1.7	 -2.1	 -3.9	 -3.7

Max, maximum; min, minimum; SD, standard deviation.

Figure 3. Motion of the (A) posterior and (B) superior bladder boundary 
compared with the planning computed tomography.

Figure 4. Motion of the vagina in the anteroposterior (AP) direction in the 
midline along (A) line A and (B) line B. The positive values indicate that the 
vagina moved posteriorly and the negative values indicate motion anteriorly.

Table I. Bladder motion (cm).

Values	 Anterior	 Posterior	 Inferior	 Superior	 Left	 Right

Mean	 0.5	 -0.7	 0.1	 -0.9	 -0.5	 -0.5
SD	 0.9	 1.0	 0.7	 3.3	 0.8	 0.7
Max	 2.9	 1.6	 2.0	 8.1	 1.7	 1.1
Min	 -1.6	 -7.2	 -1.1	 -9.1	 -3.6	 -3.2

Max, maximum; min, minimum; SD, standard deviation.
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Correlation between organ volume and organ motion. The 
change in the posterior bladder boundary relative to the 
bladder volume was found to be significant on lines A and B 
(P<0.05 for both; the Pearson's correlation coefficient was 0.32 
and 0.31, respectively). In addition, the change in the anterior 
rectal boundary was found to be correlated with the volume of 
the rectum on lines A and B (P<0.05 for both; the Pearson's 
correlation coefficient was 0.29 and 0.18, respectively).

The change in the AP dimension of the vagina relative to 
the bladder volume was found to be subtle but significant on 
lines A and B (P<0.05 for both; the Pearson's correlation coeffi-
cient was 0.37 and 0.30, respectively). No correlation was found 
between the change in the AP dimension of the vagina and 
rectum volume on lines A and B (P>0.05 for both; the Pearson's 
correlation coefficient was 0.092 for both). The correlation of 
the motion of the vagina in the AP direction in the midline with 
bladder volume was found to be weak but significant on lines A 
and B (P<0.05 for both; the Pearson's correlation coefficient 
was 0.37 and 0.44, respectively). However, no correlation was 
found between the motion of the vagina and rectal volume on 
lines A and B (P>0.05 for both; the Pearson's correlation coef-
ficient was 0.026 and 0.011, respectively).

Discussion

The motion and deformation of the target and OARs may 
significantly affect the accuracy of radiotherapy, particu-
larly IMRT. Quantification of organ motion may help define 
appropriate PTV margins, optimize target volume coverage 
of the vagina and spare normal tissues. Previous studies have 
addressed these problems in patients with advanced cervical 
cancer  (13‑16). However, studies on patients with cervical 
cancer postoperatively are sparse. As regards the methodology 
for studying motion and deformation, different modalities have 
been reported, including ultrasound (17), magnetic resonance 
imaging (MRI) scans (18,19), repeated CT scans and on‑board 
imaging (OBI)  (15). CBCT is increasingly used for online 
set‑up correction, soft tissue targeting, safety margin calcula-
tion (20,21) and image‑guided adaptive radiotherapy (22,23). 
CBCT is more convenient for daily imaging compared with MRI 
and CT. Therefore, in this study, CBCT was used daily to assess 
the motion and deformation of the bladder, rectum and vagina 
during postoperative radiotherapy in cervical cancer patients.

In previous studies, large variations and a time trend of 
bladder filling were reported in patients undergoing radical 
radiotherapy for cervical cancer when no bladder control 
instructions were provided (14,24). Ahmad et al (17) reported 
that the bladder volume ranged from 30 to 770 ml. Without 
instructions, the bladder volume was reported to gradually 
decrease weekly, and it was usually significantly different 
by week  4  (14,24,25). The bladder volume reduction was 
considered to be a treatment‑related side effect (17). For post-
operative radiotherapy, the variation of the bladder was also 
significant. It was reported that, despite instructions regarding 
the significance and method of pretreatment fluid intake, 
differences between the pretreatment full bladder and each 
subsequent CT scan ranged from 53.2 to 698.0 cc (12). In our 
study, similar results were reported and the differences ranged 
from ‑471.0 to 264.4 ml. No obvious time trend was observed 
in our study due to the specific drinking instructions. In order 

to achieve a more constant bladder volume with instructions, 
certain researchers suggested a personal drinking advice each 
treatment day based on the biofeedback (26), or to maintain a 
smaller initial bladder volume and use a patient information 
sheet (27).

As regards the rectal volume, the results may be quite 
different, as different regions of the rectum were delineated 
in different studies. For patients receiving postoperative radio-
therapy, marked variations in rectal volume were observed 
without instructions, ranging from 46  to 193 cc  (12). The 
average rectal volume reported in our study was smaller, 
which may be explained by the fact that only part of the 
rectum was delineated in our study, as the upper and lower 
parts of the rectum were difficult to differentiate on CBCT 
scans. However, the difference in volume was similarly signifi-
cant (range, ‑71.1 to 102.4 ml), even with instructions. Another 
study also reported variations in bowel volume, despite using 
laxatives to minimize bowel content (28).

It was reported that the movements of the uterus were found 
to be larger compared with those of the cervix, particularly in 
the superoinferior (SI) and AP directions (29). Buchali et al (16) 
revealed that the uterus and cervix moved for ≤1.5 and 0.6 cm, 
respectively, comparing a full bladder with an empty bladder. 
Ahmad et al (17) reported that the displacement of the uterus 
was 2 cm/100 ml bladder volume change. The daily cervical 
movement represented by 2 seeds placed in the cervix was 
reported to be 1.9, 4.1 and 4.2 mm in the right‑to-left (RL), 
SI and AP directions, respectively, using OBI (15). However, 
these results were all based on patients not treated surgically.

To the best of our knowledge, the number of available 
studies focusing on vaginal motion in postoperative patients is 
limited (12,25,30,31). The motion of the vaginal apex in post-
operative patients appeared to be more significant compared 
with the motion of the cervix in patients receiving radical 
radiotherapy. The motion of fiducial markers placed at the 
vaginal apex, which represented the motion of the apex, was 
previously assessed. Harris et al (32) reported that the median 
motion of the fiducials was 5.8 mm (range, 0.6‑20.2 mm) and 
the directional margins along the RL, SI and AP axes were 
3.1, 9.5 and 12.1 mm, respectively, using daily megavoltage 
CT scans. Jhingran et al (12) reported that the median move-
ment of the markers was 0.59 cm (range, 0‑0.9 cm), 1.46 cm 
(range, 0.8‑2.79 cm) and 1.2 cm (range, 0.6‑2.1 cm) in the RL, 
AP and SI directions, respectively, using repeat CT scans.

In addition to the motion of the vaginal apex, the 
displacement of the vagina may also vary due to the differences 
in the filling status of the bladder and rectum (12). However, 
these displacements have not been extensively investigated. It 
was reported that the vaginal CTVs change their position with 
a maximum displacement in the AP direction using weekly 
MRI scans, with a 95% confidence level of 2.3 cm (25). In our 
study, we obtained similar results on vagina motion compared 
with those in the literature, by measuring the motion on two 
levels where the vagina could be easily differentiated. In the 
majority of the cases, the vagina could be differentiated from 
the bladder and rectum on CBCT scans, with daily CBCT 
scans providing accurate daily details on interfractional 
location and the status of the soft tissues at the treatment time. 
The motion of the vaginal apex was not assessed in our study, 
as the apical extent of the vagina could not be consistently 
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identified on the CBCT scans, and no marker was implanted to 
help differentiate the vaginal apex.

To standardize the CTV delineation of the vagina, it was 
suggested to maintain a 1.5‑cm distance between the anterior 
and posterior borders of the CTV at the midline (11). In our 
study, we measured the daily AP dimensions of the vagina 
on two levels in the midline and our results revealed that the 
mean AP distance of the vagina on lines A and B was 1.3 and 
1.5 cm, respectively, consistent with the recommendations.

As obvious movement of the vagina, bladder and rectum 
was demonstrated, the margin of the target should be carefully 
considered to avoid the underdosage of the target. In this study, 
we found that a uniform margin of 10 mm failed to encompass 
the vagina in 17.3 and 18.1% of the fractions on lines A and B, 
respectively. However, this encompassment rate appeared to 
be higher compared with that of intact cervical cancer (33) 
and the vaginal apex postoperatively (31). For intact cervical 
cancer, a uniform margin of 10 mm reportedly failed to encom-
pass the CTV in 59% of the fractions and failed to encompass 
the cervix and fundus in 36 and 54% of the fractions, respec-
tively (33). It was recently reported that the probability of cuff 
excursion outside the CTV was reduced to 4.2% as margin 
size increased to 2.0 cm in patients receiving postoperative 
irradiation (31). It was also revealed that interpatient variation 
was the predominant component of high variation in margin 
estimates  (33). Therefore, it is crucial to individualize the 
internal target volume (ITV). To measure individualized ITV, 
certain studies used fused planning CT scans obtained with 
a full and empty bladder (11,12). However, from our study as 
well as others, it is known that the difference between the full 
and empty bladder would be more obvious during the radia-
tion treatment course compared with baseline (12). In order 
to reduce the uncertainty of target location, filling the bladder 
with a fixed volume of saline was attempted; however, this 
may not practical for all patients or entirely tolerable during 
radiotherapy (12). Apart from the bladder, the filling status of 
the rectum may also affect the target location, but has been 
less extensively investigated in gynecological patients. It 
was reported that a Fleet enema was given to patients with 
prostate cancer to decrease the uncertainty of the prostate 
position caused by rectal filling; however, it was not practical 
for gynecological patients due to the more severe diarrhea 
and hemorrhoids caused by the larger irradiation volume. 
Moreover, certain researchers suggested evaluating the rectal 
volume prior to simulation and trying to limit the variations 
in rectal volume by advising patients to attempt and evacuate, 
or by decreasing the gas in the rectum using a rectal tube (12). 
Otherwise, a 5‑10‑mm margin would be suggested to be added 
to the posterior border of the target (12).

The association between bladder and rectal volume 
and shifts in the position of uterus, cervix and vaginal apex 
markers were analyzed by several studies (12,13,16,25). The 
association between bladder filling and uterine movement 
was controversial (13,16), while rectal filling was reported 
to be correlated with the movement of the cervix and upper 
vagina (13,25). Jhingran et al  (12) revealed that rectal and 
bladder volume were both correlated with significant displace-
ment of the vaginal apex. In our study, it was demonstrated 
that the position of the vagina was significantly affected by 
the filling status of the bladder, but not by that of the rectum.

The disadvantage of CBCT is the relatively poor soft 
tissue contrast, particularly for the distal rectum and vagina. 
Therefore, we only assessed the volume of the rectum that lies 
between 2 cm below and 3.5 cm above the superior border of 
the pubic symphysis, and assessed the motion of the vagina 
on line A (the horizontal line across the superior border of 
the pubic symphysis) and line B (the parallel line 1.5  cm 
above line A), which could be easily identified. However, the 
predominant advantage of CBCT is that it enables the acquisi-
tion of daily images and online corrections.

In conclusion, daily kv‑CBCT scanning may be used to 
effectively evaluate the interfractional motion and defor-
mation of the OARs and the target during postoperative 
radiotherapy of cervical cancer. It was demonstrated that 
there remain obvious variations in target location and organ 
volume, even with specific patient instructions. In addition, 
the variations in the filling status of the bladder may signifi-
cantly affect the position of the vagina. During treatment, it is 
crucial to consider that any uncertainty regarding the position 
of the OARs and the target may affect treatment accuracy. 
The uniform PTV margin of 10 mm failed to encompass 
the vagina in 17.3  and  18.1% of the fractions on lines  A 
and B, respectively. Therefore, a more effective approach to 
decreasing this uncertainty is required.
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