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This study aims to de ter mine the de vi a tion of the rec tum from the ref er ence po si tion in the
var i ous parts of the rec tum. Fifty neoadjuvant pa tients were in cluded in the ret ro spec tive
study. All pa tients had long-course ra dio ther apy. At the time of treat ment, we ac quired six
cone-beam com puted to mog ra phy (CBCT) im ages. The an a tom i cal struc tures of the rec tum
and sa crum were vi su al ized on trans verse CBCT im ages us ing Eclipse soft ware. In the up per
rec tum, a sta tis ti cally sig nif i cant dif fer ence was found be tween the vari able's pos te rior  when 
aligned to bone struc tures (p = 0.017), while when aligned to the pos te rior  rec tal  wall,  the
vari ables pos te rior  rep re sent a bor der line sta tis ti cal sig nif i cance (p = 0.051). In the lower
rec tum, a sta tis ti cally sig nif i cant dif fer ence was found be tween the vari ables left  (p =
0.0001) and be tween right  (p = 0.008) when aligned to bone struc tures. When aligned to
the pos te rior rec tal wall, a sta tis ti cally sig nif i cant dif fer ence was found be tween left  (p =
0.006) and right  (p = 0.005). Daily CBCT im ag ing and adap tive ra dio ther apy should be
con sid ered, es pe cially in pa tients with tu mors in the highly mo bile up per third of the rec tum,
to min i mize these de vi a tions and en sure op ti mal treat ment ac cu racy.
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IN TRO DUC TION

The rec tum is a mov able struc ture that con tin u -
ously shifts po si tion due to fluc tu a tions in rec tal and
blad der fill ing, which should be con sid ered or gan mo -
tion. The rec tal mo tion can also be af fected by tem po -
rary mo tion such as peristalsis, and vol un tary and
in-vol un tary tens ing of pel vic mus cles of the rec tum
and mesorectum [1]. To make op ti mal use of the most
ad vanced ra di a tion tech niques, an ad e quate plan ning
tar get vol ume (PTV) mar gin and vi su al iza tion of the
tar get vol ume be fore the ap pli ca tion of each frac tion
are es sen tial. Safety mar gins in the pel vic re gion are
usu ally very ex ten sive due to daily vari a tions in tar get
vol umes [2]. In pa tients with rec tal can cer and pa tients
with other ma lig nant tu mors in the pel vis, the daily
fluc tu a tions in rec tal and blad der fill ing of ten lead to
con sid er able de for ma tions of the tar get vol umes,
which can not be cor rected by ad just ing the treat ment
couch. Blad der and bowel in ter ven tions, such as
drink ing pro to cols and di etary ad vice, have a lim ited
ef fect on or gan mo tion [3]. In pa tients with rec tal can -
cer, it is known that re duced safety mar gins of PTV

and con se quently re duced ra di a tion ex po sure to
healthy tis sue or the or gan at risk (OAR) can re duce
the neg a tive ef fects of ra di a tion treat ment [4]. The
study of mesorectal mo tion is im por tant for op ti miz ing 
the treat ment of rec tal can cer with ra di a tion ther apy in
which the mesorectum re ceives a ho mo ge neous dose
ac cord ing to short or long treat ment reg i mens [5]. In
rec tal can cer, the tar get and OAR vary dur ing the ir ra -
di a tion pro cess due to an a tom i cal changes in size and
po si tion, which is the main cause of daily vari a tions in
tar get vol umes [6, 7]. These changes can be caused by
move ments within or be tween the frac tions. In creas -
ing the dose poses a chal lenge be cause the tar get (the
rec tal tu mor) is not vis i ble on CBCT im ages. Us ing the 
pel vic bone as a sur ro gate for tu mor lo cal iza tion is un -
re li able be cause rec tal tu mors orig i nate in the rec tal
wall, which is vis i ble on a CBCT im age. Con se -
quently, align ing with the rec tal wall is more re li able
than align ing with the pel vic bone [7]. The rapid and
ef fi cient de vel op ment of im ag ing tech nol ogy has fa -
cil i tated the emer gence of adap tive ra di a tion ther apy
(ART), which en ables ad just ments to the dos age to
adapt to the chang ing po si tion of tar get vol umes dur -
ing ra di a tion ther apy [8]. Nijkamp et al. [9] sug gested
at the time that ART could be rather use ful in the treat -
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ment of rec tal can cer due to the sig nif i cant changes in
the clin i cal tar get vol ume. 

We were very in ter ested in con trib ut ing new re -
search to this field, as we are all in volved with this is -
sue in our daily clin i cal prac tice, as well as with pros -
tate can cer ir ra di a tion [10]. More over, there is a
lim ited num ber of pub lished ar ti cles fo cus ing on rec tal 
can cer mo tion. This is the first study con ducted in
Slovenia from the RTT per spec tive on rec tal can cer,
with a spe cific em pha sis on rec tal can cer mo tion. It
pro vides many ideas for fur ther in ves ti ga tion of this
is sue. More over, the re sults of fer im por tant in for ma -
tion on rec tal mo tion that can sup port ra di a tion
oncologists in treat ment plan ning and de ci sion-mak -
ing. This study aimed to de ter mine the de vi a tion of the
rec tum from the ref er ence po si tion in the up per, mid -
dle, and lower third of the rec tum us ing dif fer ent align -
ment meth ods.

MA TE RI ALS AND METH ODS

Pa tient se lec tion

Fifty neoadjuvant (pre-op er ated) pa tients were
in cluded in this ret ro spec tive study. We in cluded 30
males (60 %) and 20 fe males (40 %), which were se -
lected ran domly. All in cluded pa tients had long-
-course ra dio ther apy (22 frac tions with a to tal tu mor
dose of 48.40 Gy). Dur ing the treat ment, we ac quired
6 CBCT im ages (in the 1st, 2nd, 3rd, 8th, 13th, and 18th

frac tions), which were per formed ac cord ing to the
pro to col. We re viewed and an a lyzed 315 CBCT im -
ages, in to tal. Be fore the CT sim u la tion and ra di a tion,
all pa tients re ceived in struc tions on wa ter in take and
blad der prep a ra tion (0.5 L of wa ter 45 min utes ahead
of the pro ce dure). The plan ning CT scan was per -
formed on the CT sim u la tor (Somatom Def i ni tion AS
CT Sim u la tor – Siemens, Erlangen, Ger many). It
started at the L2-L3 junc tion and ended 5 cm be low the 
mark at the be gin ning of the anus. The scan thick ness
on the CT sim u la tor and the CBCT im ages was 3 mm.
All pa tients were ir ra di ated on a TrueBeam lin ear ac -
cel er a tor (Varian Med i cal Sys tems, Palo Alto, USA). 

Ex per i men tal pro ce dures

The an a tom i cal struc tures of the rec tum and sa -
crum were vi su al ized on trans verse (cross-sec tional)
CBCT im ages us ing Eclipse soft ware (Varian Med i cal
Sys tems, Palo Alto, USA). The CBCT ac qui si tion pa -
ram e ters were 125 kV and 1025 mAs. The en tire rec -
tum was also de lin eated on the ref er ence CT im age,
ex tend ing from the end of the sig moid co lon to the be -
gin ning of the anus. A CBCT im age (daily po si tion)
was fused with a plan ning CT im age (ref er ence po si -
tion) con cern ing the sa crum and the pos te rior rec tal
wall. At the same time, the out put of the col lected data
was ob tained for each part of the rec tum.

The align ment of the sa crum's bone struc tures
was achieved us ing the au to matic an a tom i cal align -
ment tool. It was per formed in all six di rec tions, i. e., in 
three translational and three ro ta tional di rec tions. For
each fu sion, the data ob tained was out put to pre de ter -
mined points on the sa crum. The mea sure ment points
are shown in the fig. 1 and in clude: the be gin ning of
the sa cro il iac joint of the in fe rior bor der in the
caudo-cra nial di rec tion for the up per rec tum, the dis tal 
end of the coc cyx for the lower rec tum, and for the
mid-rec tum (the mid point be tween the two pre de fined
points) when the fem o ral head merges with the fem o -
ral neck.

In rare cases, the pre de fined mea sure ment points 
could not be reached due to the low an a tom i cal po si -
tion of the rec tum. In these cases, the se lected points
were sim u lated and in cluded: the be gin ning of the rec -
tum or the end of sig moid flex ure in the cranio-cau dal
di rec tion for the up per rec tum, the be gin ning of the
fem o ral neck for the mid-rec tum and the mea sured dif -
fer ence be tween the two points men tioned above for
the lower rec tum. These points are shown in fig. 2. In
this case, a fixed point was es tab lished in the lower
rec tum. Af ter fu sion with the pos te rior rec tal wall, the
de vi a tion was mea sured, rep re sent ing the de vi a tion of
the bone struc tures (the sa crum).
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Fig ure 1. The mea sure ment points for the up per,
mid dle, and lower third of the rec tum

Fig ure 2. The sim u lated mea sure ment points for the
up per, mid dle and lower third of rec tum



Af ter the align ment to the bone struc ture (sa -
crum), which was per formed by au to matic fu sion, the
ra di a tion ther a pist did the align ment on the pos te rior
rec tal wall, which was per formed man u ally in the
anteroposterior di rec tion on the sagittal scan, fig. 3. 

In ad di tion to the de vi a tion in the rec tal wall, the
de vi a tion in the bone struc tures (sa crum) was also
mea sured at all three de fined points. The pos te rior rec -
tal wall was con sid ered mis aligned un less it had al -
ready been aligned with the sa crum or if the mis align -
ment was due to the pitch of the rec tal wall. The
de vi a tion of the bone struc tures was per formed in the
anteroposterior di rec tion.

Dur ing the mea sure ments, de vi a tions of the rec -
tal wall were mea sured in the an te rior, pos te rior, left,
and right di rec tions. The mea sure ments in the su pe rior 
and in fe rior di rec tions were not per formed due to the
pre de fined mea sure ment points for the up per, mid dle,
and lower third of the rec tum. When mea sur ing de vi a -
tions, the val ues were mea sured in a pos i tive value if
the rec tal wall de vi ated out side the ref er ence po si tion
and in a neg a tive value if the rec tal wall was in side the
ref er ence po si tion. The mea sure ments were al ways
per formed on a ref er ence CT im age in the trans verse
scan. When per form ing the mea sure ments, pos i tive
val ues were given pri or ity. The mea sure ment was also
per formed at the point of max i mum de vi a tion rel a tive
to the ref er ence po si tion fig. 4, (where the bold line
rep re sents the ref er ence po si tion while the thin line
rep re sents the daily po si tion.

Sta tis ti cal anal y sis

Microsoft Ex cel 2010 and the Sta tis ti cal Pack age
for the So cial Sci ences, Ver sion 26.0 (SPSS Inc., Chi -
cago, IL, USA) were used to an a lyze and eval u ate the
col lected data. The gen eral data were pre sented us ing de -
scrip tive sta tis tics. The Shapiro-Wilk test was used to de -
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Fig ure 3. Ex am ple of the same case with dif fer ent align ment meth ods; (a) im age shows align ment to the bone
struc ture – the sa crum (au to mat i cally by fu sion) vs. (b) im age show ing align ment to the pos te rior rec tal wall 
(per formed man u ally in an an te rior-pos te rior di rec tion). The bold line rep re sents the ref er ence po si tion while the thin line 
rep re sents the daily po si tion

Fig ure 4. Ex am ple of how the mea sure ments were taken
in our study (the bold line rep re sents the ref er ence



ter mine the nor mal ity of the sam ple dis tri bu tion. Sub se -
quently, the para met ric (ANOVA, T-test, Mann-Whit ney 
test) or non-para met ric tests (Wilcoxon test, Kruskal-
-Wil lis test) were ap plied based on the re sults. Spearman
cor re la tion was uti lized to per form var i ous anal y ses. A
sta tis ti cally sig nif i cant dif fer ence was as sessed at a
p-value p  0.05 (at a risk level of 5).

RE SULTS

Fifty neoadjuvant (pre-op er ated) pa tients were
in cluded in this ret ro spec tive study. We in cluded 30
males (60 %) and 20 fe males (40 %), which were se -
lected ran domly. The mean age was 60.5 years (37-81
years). At the time of treat ment, we ac quired 6 CBCT
im ages (on the 1st, 2nd, 3rd, 8th, 13th, and 18th frac tions).
On av er age, we re viewed and an a lyzed 6.30 CBCT
scans per pa tient (rang ing from 5 to 9 CBCT scans per
pa tient). We re viewed and an a lyzed 5 CBCT scans for
4 pa tients, 6 scans for 31 pa tients, 7 scans for 12 pa -
tients, 8 scans for 2 pa tients, and 9 scans for 1 pa tient.
We ob tained more than 6 CBCT im ages when the pa -
tient did not have a full blad der. How ever, we an a lyzed 
less than 6 CBCT im ages be cause we had to elim i nate
some due to the pres ence of ex ces sive ar ti facts, such as 
those caused by a very gassy co lon. We re viewed and
an a lyzed 315 CBCT im ages in to tal. Most pa tients
were di ag nosed with stage T3, ac count ing for 76 % of
pa tients. Stage T4 was iden ti fied in 22 % of pa tients,
while stage T2 was found in 2 %. Stage N2 was ob -
served in 58 % of pa tients, N1 in 24 %, and stage N0 in
18%. 96 % of pa tients had no dis tant metastases (M0),
while 4 % were as sessed as stage M1 in di cat ing sol i -
tary liver me tas ta sis. The larg est num ber of pa tients
had a tu mor in the lower/mid dle third (26 %), fol lowed
by pa tients with a tu mor in the lower third (24 %). An
equal pro por tion of pa tients had tu mors in the mid dle
and mid dle/up per thirds (22 %), with the few est pa -
tients hav ing tu mors in the up per third (6 %).

The main part of the anal y sis was di vided into
two parts: the align ment to bone struc tures and the
align ment to the pos te rior rec tal wall. In both parts, the
fol low ing de pend ent vari ables were an a lyzed: an te rior 
, pos te rior , left , right , and bone . The anal y sis
was di vided based on the sec tion of the rec tum: the up -
per, mid dle, and lower third. A pos i tive value (+)
means that the po si tion of the rec tal wall was larger and 
out side the ref er ence po si tion. A neg a tive value (–)
means that the po si tion of the rec tal wall was smaller
and in side the ref er ence po si tion. 

The high est de vi a tions were ob served in the an -
te rior di rec tion for the up per rec tum. When aligned to
the bone struc tures, the max i mum de vi a tion was in the
an te rior + di rec tion (24.67 mm) and the an te rior – di -
rec tion (25.18 mm). When aligned to the pos te rior rec -
tal wall, the max i mum de vi a tion was found in the an te -
rior + di rec tion (23.75 mm) and the an te rior – di rec tion 

(25.18 mm). In the mid dle rec tum, the left  di rec tion
showed the great est de vi a tion for both meth ods, with
slightly higher val ues for align ment with the bone
struc tures. For align ment with the bone struc tures, the
max i mum de vi a tion for the left + di rec tion was 20.70
mm, while for the left – di rec tion it was 18.50 mm.
When aligned to the pos te rior rec tal wall, the max i -
mum de vi a tion for the left + di rec tion was 20.20 mm,
while for the left – di rec tion it was 18.50 mm. The
high est de vi a tions for the lower rec tum were ob served 
in the an te rior and pos te rior di rec tions for both meth -
ods. When align ing to the bone struc tures, the max i -
mum de vi a tion for the an te rior – di rec tion was 16.28
mm, while for the pos te rior + di rec tion it was 15.12
mm. When aligned to the pos te rior rec tal wall, the
max i mum de vi a tion for the an te rior – di rec tion was
15.77 mm, while for the pos te rior + di rec tion it was
14.65 mm. The re sults of our study are shown in tab. 1.

In the up per rec tum, a sta tis ti cally sig nif i cant
dif fer ence was found be tween the vari able's pos te rior
 when aligned to bone struc tures (p = 0.017). In 30
pa tients, the value of pos te rior – was greater than that
of pos te rior +, while in 20 pa tients, it was smaller.
When aligned to the pos te rior rec tal wall, the vari ables 
pos te rior  rep re sent a bor der line sta tis ti cal sig nif i -
cance (p = 0.051). In the mid dle rec tum, no sta tis ti -
cally sig nif i cant dif fer ences were found, ei ther when
aligned to bone struc tures or the pos te rior rec tal wall.
In the lower rec tum, a sta tis ti cally sig nif i cant dif fer -
ence was found be tween the vari ables left  (p =
0.0001) and be tween right  (p = 0.008) when aligned
to bone struc tures. The value of left – was smaller than
that of left + in 37 pa tients, while it was larger in 13 pa -
tients. The value of right – was lower than that of right
+ in 33 pa tients, whereas it was higher than 17 pa -
tients. When aligned to the pos te rior rec tal wall, a sta -
tis ti cally sig nif i cant dif fer ence was found be tween left 
 (p = 0.006) and be tween right  (p = 0.005). The
value of left – was smaller than that of left + in 37 pa -
tients, while it was larger in 13 pa tients. The value of
right – was smaller than right + in 34 pa tients, while it
was larger in 16 pa tients.

Tu mor lo cal iza tion

We di vided the anal y sis of dif fer ences based on tu -
mor lo cal iza tion into the up per, mid dle, and lower third
of the rec tum, sep a rately for both align ment meth ods
(bone struc tures – sa crum and the pos te rior rec tal wall).
For all thirds of the rec tum, we first per formed the
Shapiro-Wilk test to as sess the nor mal ity of the sam ple
dis tri bu tion. Based on the Shapiro-Wilk test val ues for
the dis tri bu tion of the de pend ent vari able (an te rior ,
pos te rior , left , right , bone ) we ap plied the
non-para met ric Kruskal-Wallis's test in cases of
non-nor mal dis tri bu tion of vari ables. For nor mally dis -
trib uted vari ables, we used the para met ric ANOVA test.
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In the up per rec tum, when aligned to bone struc tures –
sa crum, the vari ables pos te rior – and left + were nor -
mally dis trib uted, while the other vari ables were not. A
sta tis ti cally sig nif i cant dif fer ence was found in left + (p =
0.043), with re sults pre sented in tab. 2.

When aligned with the pos te rior rec tal wall, the
pos te rior ± mea sure ments fol lowed a nor mal dis tri bu -
tion, while the other vari ables did not. No sta tis ti cally
sig nif i cant dif fer ence was found (p > 0.05). In the mid -
dle rec tum, when aligned with bone struc tures - the sa -
crum, the an te rior + and right + vari ables ex hib ited a
nor mal dis tri bu tion, whereas the other vari ables did
not. No sta tis ti cally sig nif i cant dif fer ences were found 
in the de pend ent vari ables (p > 0.05). When aligned to
the pos te rior rec tal wall, the pos te rior – and right +

mea sure ments were nor mally dis trib uted, while the
other vari ables were not. No sta tis ti cally sig nif i cant
dif fer ence was found (p > 0.05). The ho mo ge ne ity of
vari ance test showed sig nif i cance in the de pend ent
vari able pos te rior – (p = 0.007 from the Ro bust Test of
Equal ity of Means). No sta tis ti cally sig nif i cant dif fer -
ence was found (p  > 0.05). In the lower rec tum, when
aligned to bone struc tures – sa crum, the an te rior + and
left + vari ables were nor mally dis trib uted, while the
other vari ables were not. No sta tis ti cally sig nif i cant
dif fer ences were found in the de pend ent vari ables (p >
0.05). When aligned to the pos te rior rec tal wall, the
an te rior + and left + mea sure ments were nor mally dis -
trib uted, while the other vari ables were not. No sta tis -
ti cally sig nif i cant dif fer ence was found (p > 0.05).
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Ta ble 1. Rep re sents mean, stan dard de vi a tion (SD), min i mum and max i mum value, and p-value for up per, mid dle,
and lower rec tum for dif fer ent align ment meth ods (bone struc tures – sa crum vs. pos te rior rec tal wall) obtained by
Wilcoxon Signed-Rank test. All mea sure ments are in mil li me ters

Up per rec tum
Align to bone struc tures – sa crum Align to pos te rior rec tal wall

Mean SD Min Max p-value Mean SD Min Max p-value
An te rior + 6.31 5.28 0.00 24.67

0.490
6.28 5.24 0.00 23.75

0.347
An te rior – 5.68 5.89 0.00 25.18 5.43 5.67 0.00 25.18
Pos te rior + 2.80 2.25 0.00 8.04

0.017
2.75 2.04 0.00 6.85

0.051
Pos te rior – 4.23 2.94 0.00 11.14 3.98 2.73 0.00 11.14

Left + 5.42 3.47 0.00 15.87
0.612

5.51 3.83 0.00 17.30
0.553

Left – 5.12 4.78 0.00 18.50 5.10 4.61 0.00 17.96
Right + 6.11 3.25 0.00 15.98

0.133
6.25 3.81 0.00 16.27

0.146
Right – 4.75 3.95 0.00 15.40 4.69 3.89 0.00 15.40
Bone + 0.00 0.00 0.00 0.00

/
1.17 1.59 0.00 5.14

0.465
Bone – 0.00 0.00 0.00 0.00 1.39 1.60 0.00 5.27

Mid dle rec tum
Align to bone struc tures – sa crum Align to pos te rior rec tal wall

Mean SD Min Max p-value Mean SD Min Max p-value
An te rior + 5.23 3.69 0.00 16.34

0.671
5.23 3.69 0.00 15.62

0.569
An te rior – 5.06 4.68 0.00 18.86 4.94 4.37 0.00 16.30
Pos te rior + 2.34 1.80 0.00 7.61

0.062
2.16 1.69 0.00 7.61

0.132
Pos te rior – 3.08 2.06 0.00 9.50 2.77 2.09 0.00 9.50

Left + 5.64 4.43 0.00 20.70
0.224

5.07 4.42 0.00 20.20
0.732

Left – 4.77 4.61 0.00 18.50 4.84 4.66 0.00 18.50
Right + 4.96 3.07 0.00 12.70

0.935
4.97 3.10 0.00 12.70

0.992
Right – 5.17 3.79 0.00 14.48 5.29 3.83 0.00 15.43
Bone + 0.00 0.00 0.00 0.00

/
1.14 1.55 0.00 5.10

0.664
Bone – 0.00 0.00 0.00 0.00 1.29 1.57 0.00 5.08

Lower rectum
Align to bone struc tures – sa crum Align to pos te rior rec tal wall

Mean SD Min Max p-value Mean SD Min Max p-value
An te rior + 3.58 2.80 0.00 10.13

0.647
3.59 2.62 0.00 10.13

0.758
An te rior – 4.01 3.99 0.00 16.28 4.05 3.86 0.00 15.77
Pos te rior + 3.69 3.02 0.00 15.12

0.372
3.70 2.80 0.00 14.65

0.130
Pos te rior – 3.07 2.32 0.00 11.35 2.80 2.34 0.00 10.70

Left + 4.96 2.90 0.00 12.94
0.0001

4.52 2.87 0.00 12.94
0.006

Left – 2.89 2.97 0.00 10.75 3.02 3.33 0.00 13.00
Right + 4.36 2.38 0.00 11.63

0.008
4.37 2.35 0.00 11.63

0.005
Right – 2.91 3.28 0.00 13.78 2.84 3.15 0.00 13.74
Bone + 0.00 0.00 0.00 0.00

/
0.96 1.31 0.00 4.50

0.387
Bone – 0.00 0.00 0.00 0.00 1.26 1.44 0.00 4.33



DIS CUS SION

The study aimed to de ter mine the de vi a tion of
the rec tum from its ref er ence po si tion in the up per,
mid dle, and lower thirds, and whether these de vi a tions 
are in flu enced by the dif fer ent align ments of the an a -
tom i cal struc tures. The re sults are based on an anal y sis 
of 315 im ages ob tained from fifty pa tients. They pro -
vide valu able in sight into the align ment of the rec tal
wall rel a tive to the bone struc tures and the pos te rior
rec tal wall, in which the rec tum was di vided into the
up per, mid dle, and lower thirds. We have not found
any sim i lar stud ies in our re view of the lit er a ture.
Many re search ers have de scribed the im pact of rec tal
fill ing fluc tu a tions on pros tate can cer treat ment, but
very lit tle is known about the ef fects of these fluc tu a -
tions on the treat ment of rec tal can cer [11,12].

Anal y sis of the up per third of the rec tum re -
vealed sta tis ti cally sig nif i cant dif fer ences in align -
ment with the bone struc tures, par tic u larly in the pos -
te rior di rec tion. This in di cates a re mark able vari ance
in rec tal move ment in this re gion. When align ment to
the pos te rior rec tal wall was an a lyzed, no sta tis ti cally
sig nif i cant dif fer ences were found, al though the pos -
te rior di rec tion was a sig nif i cant cut-off point. In the
mid dle third of the rec tum, sta tis ti cally sig nif i cant dif -
fer ences were found in align ment with ei ther bone
struc tures or the pos te rior rec tal wall. This may in di -
cate a more uni form pat tern of move ment of the rec -
tum in this third. In the lower third of the rec tum, a sta -
tis ti cally sig nif i cant dif fer ence was found in the
align ment of the bone struc tures, par tic u larly in the
left and right di rec tions. This in di cates a dif fer ent
align ment pat tern in the lower third of the rec tum com -
pared to the other two thirds. Sim i larly, a sta tis ti cally
sig nif i cant dif fer ence was found in the align ment to
the pos te rior rec tal wall, in di cat ing a no ta ble dif fer -
ence in the po si tion of the rec tal wall when the align -
ment to the pos te rior rec tal wall is used. The re sults re -
gard ing align ment with bone struc tures rel a tive to the
pos te rior rec tal wall also pro vide valu able in sights.
When com par ing the dif fer ent align ment meth ods,
sta tis ti cally sig nif i cant dif fer ences were ob served for
sev eral vari ables, sug gest ing that these align ments
may not al ways coincide.

When com par ing the re sults of the de scrip tive
sta tis tics for the up per, mid dle, and lower thirds of the
rec tum in the case of align ment with bone struc tures
and the pos te rior rec tal wall, the larg est de vi a tions of

the rec tum from the ref er ence po si tion were ob served
in the up per rec tum. How ever, the small est de vi a tions
were ob served in the lower rec tum. Nu gent et al. also
found a larger move ment of the rec tal wall in the up per
third of the rec tum [12], while Ingle et al. em pha sized
that rec tal move ment is greater in the mid dle rec tum
[13]. It was also ob served that the de vi a tions of the
rec tum from the ref er ence po si tion were smaller when
aligned to the pos te rior rec tal wall com pared to align -
ment with bone struc tures, i. e., the sa crum, which was
ex pected based on the align ment method.

When ob serv ing a pos i tive (+) value, it is im por -
tant to con sider that the tar get vol ume was out side the
in tended ra di a tion tar get vol ume and was not suf fi -
ciently ir ra di ated with the ther a peu tic dose or that the
safety mar gins were in suf fi cient. When a neg a tive (–)
value was ob served, the tar get vol ume was too large,
re sult ing in an un in tended in clu sion of a greater part of 
the OAR within the ir ra di a tion field. De spite smaller
av er age de vi a tions in the de scrip tive sta tis tics, the
larg est in di vid ual vari able de vi a tions show val ues not
within the ac cept able range in mod ern ra dio ther apy.
Fo cus ing on the max i mum mea sure ment val ues in the
up per rec tum, which is the most mov able third of the
rec tum it can be ob served that most vari ables ex hibit
the larg est de vi a tions with an av er age of 10 mm, and
some times up to 20 mm and more. This is very con -
cern ing be cause the PTV mar gin we use is 8 mm. Be -
cause of that, we would sug gest at least daily use of
CBCT and if pos si ble, im ple men ta tion of ART, es pe -
cially for the pa tients with rec tal can cer in the up per
third. It is im por tant to rec og nize that our anal y sis re -
lies on av er age val ues of the de vi a tions, mean ing that
in cer tain cases, ex ceeded val ues may be higher. To
achieve more pre cise re sults, a larger pat tern should be 
ap plied. Van Beek et al. re ported that, within the treat -
ment plan li brary, the most fre quently se lected plan
had smaller safety mar gins than the orig i nal. In rare
cases, treat ment plans with larger safety mar gins were
se lected in stead [14]. Ingle et al. [13] stud ied the re -
duc tion of safety mar gins and found that it is both safe
and ac cept able when us ing ART. De Jong et al. [15] re -
ported that ART was needed in 50 % of frac tions
which in di cates sig nif i cant intrafractional rec tal
move ment high light ing the ben e fits of us ing ART. Our 
find ings sug gest that align ing to bone struc tures of ten
leads to greater de vi a tions in rec tal po si tion ing than
align ment to the pos te rior rec tal wall, po ten tially re -
sult ing in suboptimal ra di a tion dose tar get ing. There -
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Ta ble 2. Nor mal dis tri bu tion of vari able left + in the up per rec tum (aligned to bone struc tures – sa crum) with
num ber of pa tients, mean, SD, stan dard er ror, 95 % con fi dence in ter val for mean, min i mum and max i mum value

Left + N Mean SD SE 95 % CI Min Max
Lower third 12 5.20 4.28 1.24 [2.48, 7.92] 0.00 15.87
Mid dle third 11 5.37 2.59 0.78 [3.63, 7.11] 0.00 8.77
Up per third 3 8.67 4.79 2.76 [–3.22, 20.57] 3.20 12.09

Mid dle third/up per third 11 7.12 2.66 0.80 [5.33, 8.91] 3.18 11.80
Lower third/mid dle third 13 3.47 2.73 0.76 [1.82, 5.12] 0.00 8.68



fore, daily CBCT im ag ing and ART should be con sid -
ered, es pe cially in pa tients with tu mors in the highly
mo bile up per third of the rec tum, to min i mize these de -
vi a tions and en sure op ti mal treat ment ac cu racy. Fu -
ture stud ies could ob tain more pre cise re sults by in cor -
po rat ing a larger, gen der-bal anced pa tient sam ple.

CONCLUSION

In this ret ro spec tive study, we an a lyzed CBCT
im ages of fifty pa tients who un der went neoadjuvant
ra dio ther apy for rec tal can cer. The an a tom i cal struc -
tures of the rec tum and sa crum were vi su al ized on
trans verse (cross-sec tional) CBCT im ages us ing
Eclipse soft ware (Varian Med i cal Sys tems, Palo Alto,
USA) and mea sured to bone struc tures and the pos te -
rior rec tal wall. The anal y sis re vealed sig nif i cant de vi -
a tions, es pe cially in the up per and lower third, which
carry im por tant clin i cal im pli ca tions for ra dio ther apy.
In con clu sion, daily CBCT align ment to the pos te rior
rec tal wall in clin i cal prac tice may en hance treat ment
out comes and im prove the qual ity of life for pa tients
with rec tal can cer. This ap proach im proves over all
treat ment pre ci sion by ac count ing for daily or gan
move ment and en sur ing ac cu rate dose de liv ery to the
tar get while min i miz ing OAR ex po sure and tox ic ity
risks. More over, the pos si bil ity of mon i tor ing daily
an a tom i cal changes pro vides op por tu ni ties for adap -
tive ra dio ther apy and fur ther op ti mi za tion of pa tient
outcomes.
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Klemen SALMI^, Irena OBLAK, Valerija @AGER MARCIU[

PROCENA  REKTALNIH  FLUKTUACIJA  TOKOM  RADIOTERAPIJE
REKTALNOG KANCERA  KORI[]EWEM  KONUSNO-ZRA^NE

KOMPJUTERIZOVANE TOMOGRAFIJE,  MERENO  NA  KO[TANIM
STRUKTURAMA  I  ZADWEM  ZIDU  REKTUMA

Rad ima za ciq da utvrdi odstupawe rektuma od referentne pozicije u razli~itim
delovima rektuma. Pedeset neoadjuvantnih pacijenata ukqu~eno je u retrospektivnu studiju. Svi
pacijenti primali su dugotrajnu radioterapiju. U vreme le~ewa, snimqeno je 6 snimaka
kompjuterizovane tomografije konusnim snopom. Anatomske strukture rektuma i sakruma
vizualizovane su na snimcima popre~ne kompjuterizovane tomografije konusnim snopom
kori{}ewem softvera . U gorwem delu rektuma, utvr|ena je statisti~ki zna~ajna razlika
izme|u pos te rior varijable kada je poravnata sa ko{tanim strukturama (p = 0,017), dok kada je
poravnata sa zadwim zidom rektuma, pos te rior varijable predstavqaju grani~nu statisti~ku
vrednost (p = 0,051). U dowem delu rektuma, utvr|ena je statisti~ki zna~ajna razlika izme|u
varijabli levo (p = 0,0001) i izme|u varijabli desno (p = 0,008), kada su poravnate sa ko{tanim
strukturama. Kada su poravnate sa zadwim zidom rektuma, utvr|ena je statisti~ki zna~ajna razlika
izme|u levo (p = 0,006) i desno (p = 0,005). Treba razmotriti svakodnevno snimawe konusnom
kompjuterizovanom tomografijom i adaptivnu radioterapiju, posebno kod pacijenata sa tumorima
u visoko mobilnoj gorwoj tre}ini rektuma, kako bi se minimizovala ova odstupawa i osigurala
optimalna ta~nost le~ewa.

Kqu~ne re~i: karcinom rektuma, pomerawe rektuma, preoperativno zra~ewe, metoda
..........................poravnawa


