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he role of brachytherapy as a component of curative radiotherapy in
patients with cervical cancer is well established.1, 2 The main purpo-
se of the intracavitary treatment to deliver a curative dose to the pri-
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AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Current study aims to detect the movements of a semiflexible applicator
(TÖRE’s applicator) in the first 24 hours and to analyze its effect on the calculated point A, bladder
and rectum doses in low dose rate brachytherapy (LDR-BT) applications. MMaatteerriiaall  aanndd  MMeetthhooddss::
Eighty films were evaluated on 18 cervical carcinoma patients (20 applications) who were treated
with curative radiotherapy. The comparison of the reference points and doses at critical organs were
performed by using a reference axis which was fixed to bony landmarks in the pelvis. To evaluate
the movement of the applicator, distance of the upper point and lower point of the tandem to the
reference axis were measured. Additionally, the angular deviation of the applicator was tested. RRee--
ssuullttss::  The movements of the upper point and lower point of the tandem in x, y, z axes were 5.30 ±
6.33 mm, 2.80 ± 2.24 mm, 6.65 ± 8.33 mm and 3.45 ± 4.32 mm, 3.75 ± 3.59 mm, 3.05 ± 3.08 mm, re-
spectively. The mean differences were 3.30 ± 2.99º in α-angle and 5.65 ± 4.76º in β-angle. The mean
percent dose changes in point A, bladder and rectum were 1.5±1.2%, 3.7±3.1%, 4.4±4.0%, respec-
tively. CCoonncclluussiioonn:: Our study demonstrates that there are some movements of the applicator during
LDR-BT, however these movements do not result in significant dose changes in target volumes and
critical organs. Therefore, positional correction is not required. In conclusion, CT-compatible TÖRE’s
applicator that allows an advantage for CT-based 3D planning is useful and safe for brachytherapy. 

KKeeyy  WWoorrddss::  Brachytherapy; uterine cervical neoplasms

ÖÖZZEETT  AAmmaaçç::  Çalışmamızın amacı, düşük doz brakiterapi (DDB) uygulamasındaki yarı-oynar
aplikatörün ilk 24 saatteki hareketlerini taramak ve ölçümü yapılan A noktası, mesane ve rektumdaki
etkilerini analiz etmektir. GGeerreeçç  vvee  YYöönntteemmlleerr::  Küratif radyoterapi alan 18 serviks karsinomu
hastasında (20 uygulama) 80 film değerlendirildi. Referans noktalarının ve kritik organlardaki
dozların karşılatırılması, pelviste kemik üzerinde merkez alınmış referans ekseni kullanılarak
gerçekleştirilmiştir. Aplikatörün hareketini değerlendirmede ise referans eksenine bire bir
uzaklıktaki en üst ve en alt noktalar arasındaki mesafe ölçülmüştür. Aplikatörün açısal sapması da
ayrıca test edilmiştir. BBuullgguullaarr::  Hareketlerin x, y ve z eksenine bire bir uzaklıktaki en üst ve en alt
noktadaki ölçümleri sırasıyla 5.30 ± 6.33 mm, 2.80 ± 2.24 mm, 6.65 ± 8.33 mm and 3.45 ± 4.32 mm,
3.75 ± 3.59 mm, 3.05 ± 3.08 mm bulunmuştur. Ortalama fark α-köşesinde 3.30 ± 2.99º, β-köşesinde
5.65 ± 4.76º’dir. Ortalama doz değişikliği yüzde olarak A noktasında, mesanede ve rektumda sırasıyla
% 1.5 ± 1.2, %3.7 ± 3.1, %4.4 ± 4.0 olarak tespit edilmiştir. SSoonnuuçç::  Çalışmamız, DDB sırasında ap-
likatörün bir takım yer değiştirmelerinin olduğunu fakat bu hareketlerin hedef hacim ve kritik or-
ganlarda kayda değer bir doz değişikliğine sebep olmadığını göstermiştir. Bu sebeple, çalışmamızda
konumsal düzeltme gereksinimi olmamıştır. Üç boyutlu tedavi planlaması için avantajlı olan BT
uyumlu TÖRE applikatörünün brakiterapi için kullanışlı ve güvenli olduğu sonucuna varılmıştır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Brakiterapi; uterin servikal tümörler
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mary tu mor whi le pre ven ting the ad ja cent nor mal
tis su e as much as pos sib le.3, 4 The ra pid fall of do se
which is ac hi e ved by brachy the rapy re sults in a
high do se on tu mor and lo wer do ses on cri ti cal or-
gans. Ho we ver, un su i tab le pla ce ment of so ur ces in-
cre a ses the pos si bi lity of un der do sing of the tu mor
or over do sing of the ne igh bo ring struc tu res. Thus,
the ap prop ri a te pla ce ment of the in tra ca vi tary ap-
p li ca tor is ne ces sary for a suc cess ful brachy the -
rapy.5

Alt ho ugh many dif fe rent app li ca tor systems
ha ve be en used over ye ars, lowe dose rate
brachytherapy (LDR-BT) is a well es tab lis hed met -
hod which isestablished on strong physi cal and bi-
o lo gi cal ba sis.6-10

The re la ti ons hip that is ma in ta i ned bet we en
the brachy the rapy app li ca tor and the ana to mic
struc tu res du ring the pro lon ged ex po su re ti me, cli -
ni cally sig ni fi cant mo ve ment of the app li ca tors and
do se al te ra ti ons du ring LDR-BT pro ce du re ha ve
be en stu di ed only in a few re ports.11,12

Sin ce 1993, CT com pa tib le and se mi fle xib le
TÖ RE’s app li ca tor is used for LDR in tra ca vi tary
brachy the rapy in pa ti ents with cer vi cal car ci no ma
at the Is tan bul Uni ver sity On co logy Ins ti tu te (Fig-
ure 1).

The aim of this study is to eva lu a te the mo ve -
ments’ mag ni tu de of the TÖ RE’s app li ca tor and al-
te ra ti ons in do ses that may oc cur du ring LDR-BT
and de ter mi ne the ef fect of po si ti o nal ins ta bi lity on
tre at ment re sults.

MATERIAL AND METHODS
PA TI ENTS

Bet we en Feb ru ary 2001 and No vem ber 2001, we
pros pec ti vely analy zed 80 lo ca li za ti on films of 18
con se cu ti ve pa ti ents with ute ri ne cer vix car ci no -
ma who we re tre a ted in our cli nic. The me di an age
of the patients was 54 ye ars (ran ge 32-71 ye ars).
Ele ven pa ti ents we re in International Federation of
Gynecology and Obstretrics (FI GO) sta ge IIB, four
pa ti ents in II IB, one pa ti ent in IB, one in II A, one
in IVA. All pa ti ents we re tre a ted with two or fo ur
op po si te pel vic fi elds ir ra di a ti on of me di an 50.4 Gy
(41.4–50.4 Gy), in 28 frac ti ons (23-28fr.) by 15 MV
pho tons. All fi elds that inc lu ded who le pel vis we -
re irradiated each day. LDR in tra ca vi tary brachy -
the rapy app li ca ti ons we re per for med two we eks
af ter the comp le ti on of ex ter nal ra di ot he rapy. The
me di an re fe ren ce do se which was gi ven to po int A
was 40.0 cGy/hr (25.0-65.0). The to tal bi o lo gi cal ef-
fec ti ve do se (BED) of ex ter nal be am ra di ot he rapy
and LDR-BT ran ged from 80 to 85 Gy10. Six te en
pa ti ents re ce i ved brachy the rapy in one frac ti on. In
two pa ti ents, app li ca ti ons we re do ne in two frac ti -
ons du e to high doses at blad der po int.

APP LI CA TOR AND BRACHY THE RAPY PRO CE DU RE

TÖ RE’s app li ca tor con sists of the fol lo wing pi e ces:
The ad jo i ning pi e ce is pro du ced in thre e dif fe rent
si zes (small, 2.5; me di um, 3.5; lar ge, 4.5 cm in
width) to su it va gi na of dif fe rent widths. The
length, which is 1.5 cm, and the thick ness, which
is 1.2 cm, are the sa me for all thre e si zes. In the
cen ter of ad jo i ning pi e ce, the re is a tan dem ca nal
with 4 mm in di a me ter, for the tan dem to pass
thro ugh. A rub ber fi xing pi e ce is pla ced on the part
that sett les on the cer vix ori fi ce in or der to ad just
the length of the tan dem ac cor ding to in tra u te ri ne
ca vity depth. The fi xing pi e ce con ta ins the ra di o -
lo gi cal mar ker which fits on to the ex ter nal os of
the cer vi cal ca nal. In the up per si de of the ad jo i -
ning pi e ce, on eit her si de of the tan dem ca nal, the -
re are two ca nals 4.2 mm in di a me ter and 18 mm in
length that al low in ser ti on of the ver ti cal pa ra cer -
vi cal so ur ces. The dis tan ce bet we en the two la te ral
ca nals, with res pect to si ze, is 2, 3 or 4 cm. Both the
tan dem and the pa ra cer vi cal tu bes that are 2.5 mmFIGURE 1: TÖRE’s applicator.
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in di a me ter are ma de of se mi fle xib le plas tic and
pre pa red so as to pro vi de smo oth in ser ti on of the
plas tic in ner tu bes. At the end of each tan dem and
the pa ra cer vi cal tu be, the re is a le ad pel let that ser -
ves as a ra di o lo gi cal mar ker. A rub ber strap is used
in or der to fas ten the tan dem and the pa ra cer vi cal
tu bes to get her along with a la va ge tu be. Un li ke
most of the com mer ci ally ri gid app li ca tors, this one
is dis po sab le and CT com pa tib le.

A ra di a ti on on co lo gist per for med the brachy -
the rapy pro ce du re to pa ti ents under ge ne ral anes-
t he si a. Rec to va gi nal exa mi na ti on was performed to
as sess tu mo r res pon se af ter ex ter nal ir ra di a ti on.
The cer vix was mar ked with a ra di o pa qu e se ed
which was put in the por ti o at 12 o’c lock le vel. Ini-
ti ally a Fo ley’s cat he ter was inf la ted with 7 cm3 of
ra di o-opa qu e con trast. At the be gin ning of the pro-
ce du re, the tan dem was in ser ted to the ute ri ne ca -
vity. Sin ce the tan dem is only 4 mm in di a me ter,
di la ta ti on is usu ally not ne ces sary. Af ter that, ad jo -
i ning pi e ce and pa ra cer vi cal tu bes we re pla ced
thro ugh the tan dem. They we re at tac hed with a
rub ber strap and fi xed on to the in tro i tus of va gi na
with a su tu re. Rec tal cat he ter with le ad mar kers
was pla ced. Ra di o ac ti ve so ur ce, Ir-192 wi re, was
lo a ded ma nu ally.

The re fe ren ce do se was gi ven to po int A in
brachy the rapy. Po int A was de fi ned as 2 cm abo ve
the ex ter nal cer vi cal os and 2 cm la te ral to the tan-
dem, as Manc hes ter System, whi le po int do ses of
the blad der and rec tum we re cal cu la ted fol lo wing
IC RU Re port No. 38 gu i de li nes.13 The tre at ment
plan ning system which has be en uti li zed was The -
rap lan 500 (The rat ro nix-Ca na da). The iso do se dis-
tri bu ti ons we re plot ted using the iso cen tric thre e
film re cons truc ti on tech ni qu es. Do ses to po ints A,
blad der and rec tum we re cal cu la ted. The blad der
was empty when the films we re ta ken. Af ter do si -
metry was do ne, blad der and rec tal cat he ters were
re mo ved.

EVA LU A TI ON OF THE APP LI CA TOR MO VE MENT

Two sets of ort ho go nal films we re ta ken iso cen tri -
cally for every app li ca ti on. The first set of ort ho -
go nal films was ta ken af ter the ra di o ac ti ve so ur ces
(Ir 192, wi re) we re lo a ded in the app li ca tor. The se -

cond set was ta ken at 24 ho urs la ter. The re a son to
eva lu a te the app li ca tor mo ve ment one day af ter the
pla ce ment was to cor rect the app li ca ti on and to see
whet her ad jo i ning pi e ce was tur ned clock wi se or
co un ter clock wi se. While meassuring the amount
of the mo ve ment of the app li ca tor, the up per po int
(UPT) and the lo wer po int of the tan dem (LPT)
we re de ter mi ned as re fe ren ce po ints. The com pa -
ri son of re fe ren ce po ints and do ses at cri ti cal or-
gans was per for med by using re fe ren ce axis fi xed
to bony land marks in the pel vis as fol lo wed:

1. In the co ro nal pla ne, x-axis was de fi ned as a
li ne jo i ning the su pe ri or por ti on of the ace te bu lum,
and y-axis was de fi ned as a line bi sec ting the x-axis
(Figure 2a).

2. In the sa gi tal pla ne, z-axis was de fi ned as a
li ne jo i ning the pu bic symphysis and in fe ri or bor-
der of the coccyx (Figure 2b).

3. The ang le bet we en the tan dem and the pa -
ra cer vi cal so ur ces’ axis was de ter mi ned as α ang le
(for shift of the tan dem axis to the right or left of
the mid li ne) on the AP film (Figure 2a).

4. The ang le bet we en z-axis and the li ne jo i -
ning the UPT to the pu bic symphysis was de ter mi -
ned as β ang le (for tan dem an te ver si on or
ret ro ver si on) on the la te ral film (Figure 2b). 

X and Y co or di na tes of the re fe ren ce po ints
we re me a su red on the AP films as po si ti ve and ne -
ga ti ve de vi a ti ons to left-right or cra ni al-ca u dal of
the app li ca tor. Z co or di na tes we re me a su red an te -
ri or or pos te ri or de vi a ti ons of the app li ca tor on la t-
e ral films. 

Vec tor analy ses we re do ne to find the ave ra ge
disp la ce ment of X, Y and Z co or di na tes of up per
po int and lo wer po int of the tan dem du ring the
brachy the rapy pro ce du re. The ave ra ge disp la ce -
ment was me a su red as ∆X, ∆Y, ∆Z. ∆R was cal cu -
la ted with for mu la ∆R= (∆X2 + ∆Y2 + ∆Z2) 0,5.
An gu lar de vi a ti ons of the app li ca tor we re cal cu la -
ted with for mu las ∆αo=|αo

(ini ti al) - αo
(24 ho urs)|

and ∆ βo=|βo
(ini ti al) - βo

(24 ho urs) |.

The do ses that we re gi ven by brachy the rapy
we re de ci ded upon the pa ra me ters of the ini ti al
plan ning. To eva lu a te the do se va ri a bi lity which is
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at tri bu ted to the app li ca tor mo ve ment, we con si -
de red that the app li ca tor was disp la ced im me di a -
tely af ter the so ur ces we re lo a ded. Then, 24 ho urs
af ter the app li ca ti on the do ses we re re cal cu la ted
ba sed on the chan ged pa ra me ters con si de ring the
who le tre at ment ti me.

STA TIS TI CAL ANALY SIS

Sta tis ti cal analy sis was car ri ed out to eva lu a te the
sig ni fi can ce of do se va ri a ti ons du ring LDR-BT pro-
ce du re and its at tri bu ti on to tre at ment re sults. De-
s crip ti ve sta tis tics we re gi ven for ∆X, ∆Y, ∆Z and
∆R va ri ab les. Kol mo go rov-Smir nov test was used
for nor ma lity. Pa i red t-test was used to com pa re
the me ans for po int A, blad der and rec tum do ses.
Spe ar man rank sta tis ti cal analy sis was per for med
to cor re la te the ini ti al and 24 ho urs af ter the app -
li ca ti on do ses for the po int A, blad der and rec tum.
A p va lu e <0.05 was con si de red as sta tis ti cal sig ni -

fi can t. SPSS 16.0 sta tis ti cal soft wa re was used for
sta tis ti cal analy sis.

RE SULTS
The me di an du ra ti on of the brachy the rapy tre at -
ment was 79.3 (ran ge 26.2-118.2) ho urs re sul ting in
a me di an do se of 31.9 Gy (10-39). The me di an Ir 192
wi re ac ti vity was 25.72 (16.69-34.67) μGymh-1cm-1.
Tan dem length was 5 cm in five pa ti ents, 6 cm in
nine pa ti ents, 6.5 cm in two pa ti ents, 7 cm in one
pa ti ent and 7.5 cm in one pa ti ent. The ad jo i ning pi -
e ce was small in two pa ti ents, me di um in 13 pa ti -
ents and lar ge in three pa ti ents. In two pa ti ents with
two brachy the rapy app li ca ti ons, the tan dem and ad-
ja cent pi e ces we re the sa me with the first one.

The mo ve ments of the UPT in x, y, z axes we -
re 5.30 ± 6.33 mm, 2.80 ± 2.24 mm and 6.65 ± 8.33
mm, res pec ti vely. The mo ve ments of the LPT in x,
y, z axes we re 3.45 ± 4.32 mm, 3.75 ± 3.59 mm and
3.05 ± 3.08 mm, res pec ti vely .The me an dif fe ren ces
we re 3.30 ± 2.99º in α-ang le and 5.65 ± 4.76º in β -
ang le. The dif fe ren ces in the co or di na tes and ang -
les of the tan dem are shown in Tab le 1a.

On vec tor analy sis, the me di an shift was 6.96
mm (3.61-32.83 mm) for the UPT and 6.36 mm
(2.00-16.76 mm) for the LPT (Figure 3, Tab le 1b).
The ob ser ved va ri an ce of β and α–ang le is shown in
Figure 4.

The me an to tal do ses from ex ter nal ra di ot he -
rapy and in tra ca vi tary brachy the rapy that ha ve be -
en cal cu la ted on po int A, the blad der and the
rec tum we re 81.38 ± 5.73 Gy, 72.72 ± 7.73 Gy and
68.24 ± 5.19 Gy for the ini ti al do si metry, res pec ti -
vely. Af ter 24 ho urs, re cal cu la ted do ses we re 81.16
± 5.43 Gy, 71.14 ± 8.47 Gy and 67.07 ± 4.43 Gy, re-
s pec ti vely (Tab le 2).

For to tal tre at ment, the do se dif fe ren ce was
sta tis ti cally sig ni fi cant on the blad der po int (p<
0.05), but not on the rec tum and po int A. The
brachy the rapy do se va ri an ces on po int A, blad der
and rec tum for every pa ti ent are shown in Fi gu res
5-7.

Sta tis ti cal analy sis was do ne to cor re la te the
pres cri bed do ses at the ini ti al plan ning and 24 ho -
urs af ter so ur ces we re lo a ded. Scat ter grams we re

FIGURE 2: The applicator geometry parameters and the coordinate system
used to measure applicator movements in (a) the anterior-posterior radi-
ograph and (b) the lateral radiograph.

a

b
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plot ted to show the do se va ri ab les in po ints A,
blad der and rec tum (Figures 8-10).

The ho ri zon tal axis rep re sents the pres cri bed
do se in the se cond plan ning do ne 24 ho urs af ter the
app li ca ti on, and the ver ti cal axis rep re sents the ini-
ti al pres cri bed do se. For po int A, the cor re la ti on
was 0.96. Ho we ver, in the blad der and rec tum, the
cor re la ti ons of the va lu es were 0.81 and 0.62, res -
pec ti vely.

The me an do se chan ge ra ti os on po int A, blad-
der and rec tum we re 1.5 ± 1.2%, 3.7 ± 3.1% and 4.4
± 4.0%, res pec ti vely. 

When the pa ra met ri um was in vol ved, the ap-
p li ca tor was de vi a ted to the in vol ved si te in 65% of
the ca ses. If the re was bi la te ral pa ra met ri um in va -
si on or no in va si on at all, the app li ca tor was in the
cen ter in 71% of the pa ti ents. In one pa ti ent who -
se ute rus was ret ro vert, the tan dem was de vi a ted
back wards. 

DIS CUS SI ON
In tra ca vi tary brachy the rapy im pro ves out co me
dra ma ti cally and so it is the most im por tant com po-
nent of de fi ni ti ve ra di ot he rapy for cer vi cal can-
cer.14 Ra di ot he rapy sho uld inc lu de an ade qu a te

Ref..P Coordinates Mean abs. dif.± SD (n=20) Median (minimum- maximum) (n=20)

UPT (mm) ∆X 5.30 ± 6.33 2.50 (0.00-20.00)

∆Y 2.80 ± 2.24 2.50 (0.00-8.00)

∆Z 6.65 ± 8.33 3.50 (0.00-31.00)

LPT (mm) ∆X 3.45 ± 4.32 2.00 (0.00-14.00)

∆Y 3.75 ± 3.59 3.50 (0.00-14.00)

∆Z 3.05 ± 3.08 2.00 (0.00-10.00)

∆αº 3.30 ± 2.99 2.50 (0.00-11.00)

∆βº 5.65 ± 4.76 4.50 (0.00-16.00)

TABLE 1A: Variations found in Cartesian coordinates of upper and lower point of the tandem during LDR brachytherapy procedure.

Ref.P: Reference points, UPT: Upper point of tandem, LPT: Lower point of tandem.

Vector Ref..P Mean dif.± SD (n=20) Median (minimum- maximum) (n=20) %95 CI for medians

∆R UPT (mm) 10.64 ± 8.93 6.96 (3.61-32.83) 2.05 – 11.87

LPT (mm) 7.47 ± 4.42 6.36 (2.00-16.76) 3.93 – 8.79

TABLE 1B: Variations found in vector analysis of the reference points of tandem during LDR brachytherapy procedure.

FIGURE 3: Delta R in tandem movements during LDR 
application.

FIGURE 4: Deviations in degrees of tandem movements during LDR 
application.
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pa ra cen tral do se thro ugh the use of in tra ca vi tary
brachy the rapy for op ti mal lo cal con trol in all sta ges
of cer vi cal can cer.3,15 Tech ni cally ac cu ra te in tra ca -
vi tary app li ca ti ons with pro per ge o met ric re la ti -
ons hip bet we en tan dem and ovo ids im pro ved
pel vic con trol com pa red to the pa ti ents tre a ted
with un sa tis fac tory pla ce ment.5 The re are se ve ral
fac tors that ef fect the app li ca tor po si ti on such as
the app li ca ti on pro ce du re, shrin ka ge of tu mor vo l-
u me and chan ges in the ad ja cent or gan vo lu mes
du ring brachy the rapy. Po tish emp ha si zed that ex-
pe ri en ce of the physi ci an was an im por tant is su e in
op ti mal app li ca ti ons.16

Our study de mons tra tes that the re are so me
mo ve ments of TÖ RE’s app li ca tor du ring LDR-BT.
The me di an shift was 6.96 mm (3.61-32.83 mm) for
the UPT and 6.36 mm (2.00-16.76 mm) for the
LPT. Ho we ver, ra di o ac ti ve so ur ce mo ve ment do es
not re sult in sig ni fi cant de vi a ti ons from plan ned
do se over the co ur se of the imp lants for po int A
and rec tum. Alt ho ugh de vi a ti on was sta tis ti cally

sig ni fi cant for the blad der po int, the me an do se
chan ge ra ti o was 3.7±3.1%.

Corn et al. fo und a sta tis ti cally sig ni fi cant de-
c re a se in lo cal con trol with su bop ti mal app li ca ti -
ons com pa red to op ti mal app li ca ti ons (34%-68%,
res pec ti vely; p=0.02).17 Ljung gren et al. eva lu a ted
app li ca tor mo ve ment in eight ran domly se lec ted
pa ti ents that we re tre a ted with LDR re mo tely con-
trol led Se lec tron af ter lo a der, and they ob ser ved
that a sig ni fi cant mo ti on was pre sent (±100 in ro ta -
ti on and/or ±8 mm in trans la ti on) in 87.5% of the

Reference points Mean ± SD Statistical
(n) significance (p)*

BRACHYTHERAPY Dose (Gy)

Point A

Initial 28.82 ± 8.18 (20) t= 1.01; df= 19;

24 hours 28.63 ± 8.16 (20) p=0.59

Bladder 

Initial 21.08 ± 7.72 (20) t= 1.55; df= 19;

24 hours 20.20 ± 7.39 (20) p= 0.14

Rectum

Initial 17.00 ± 5.42 (20) t= 1.24; df= 19;

24 hours 15.95 ± 4.72 (20) p= 0.23

TOTAL TREATMENT

Point A

Initial 81.38 ± 5.73 (18) t= 1.02; df=17;

24 hours 81.16 ± 5.43 (18) p= 0.58

Bladder 

Initial 72.72 ± 7.73 (18) t=2.09; df=17;

24 hours 71.14 ± 8.47 (18) p= 0.05

Rectum

Initial 68.24 ± 5.19 (18) t=1.96; df=17;

24 hours 67.07 ± 4.43 (18) p= 0.25

TABLE 2: Mean doses in Point A, bladder and rectum
between initial planning and recalculation after 24 hours
according to the tandem movement for brachytherapy

and total treatment. 

*: paired t-test.

FIGURE 5: Histogram showing the changes in brachytherapy dose from de-
tected applicator movement for reference point A.

FIGURE 6: Histogram showing the changes in brachytherapy dose from de-
tected applicator movement for bladder reference point.

FIGURE 7: Histogram showing the changes in brachytherapy dose from de-
tected applicator movement for rectum reference point.
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ca ses.18 Grigsby et al. de mons tra ted 0-26 mm shift
of the app li ca tor in the vec tor analy sis.11 They sho -
wed that the re was a sig ni fi cant mo ve ment in the
stan dard re fe ren ce po ints in the ti me in ter val bet -
we en the first and the se cond LDR brachy the rapy.
The app li ca ti on re sul ted in -33% to +19 % chan ge
in the do se to po int A. This chan ge was du e to the
tu mor shrin ka ge and fib ro sis of nor mal tis su e over
ti me. Thus, they fo und that the ti me in ter val bet -
we en the imp lants was the fac tor which cor re la tes
best with the mo ve ment in most si tu a ti ons.2 In our
study, the me di an do se chan ge in the do se po int A
was 0% (ran ge -4% to +3%). The tre at ment po licy

in our ins ti tu te is to ini ti a te brachy the rapy one to
two we eks af ter the comp le ti on of ex ter nal ir ra di -
a ti on. The re fo re, ma xi mum shrin ka ge sho uld be
per for med. This co uld be the re a son for the dif fe -
ren ce.

Tre at ment plan ning re sults of 25 con se cu ti ve
pa ti ents with cer vi cal car ci no ma we re re vi e wed by
El ha fany et al.19 They ob ser ved an ave ra ge disp la -
ce ment of 7.9 mm in each of the po int A bet we en
high dose rate (HDR) frac ti ons. The shift ran ged
from 10-13 mm re sul ted in a do se dif fe ren ce of >
20% for the blad der and rec tum po ints, but less
than 8% for the po int B. Ana to mi cal chan ges of the
cer vix and up per va gi na du ring a co ur se of the tre -
at ment re sul ted a chan ge of vo lu me gre a ter than
10% in 40% of the pa ti ents.

In the de sign of our study, we used the “ wor -
se ca se” mo del which was men ti o ned by Corn et al.
pre vi o usly.20 Alt ho ugh we did not know the exact
ti ming, we con si dered that the app li ca tor was dis-
p la ced im me di a tely af ter the so ur ces we re lo a ded.
In spi te of this ove res ti ma ti on, the me an do se chan -
ges we fo und we re 3.7%, 4.4% and, 1.5% in the
blad der, rec tum and po int A, res pec ti vely. In the ir
study, King et al. ob ser ved sig ni fi cant app li ca tor
mo ve ment and de vi a ti ons from the prep lan ned po -
int A, blad der and rec tum do ses over the co ur se of
LDR-BT.12 They we re unab le to cor re la te app li ca -
tor mo ve ment with pa ti ent age, we ight, tu mor sta -

(Spearman rank correlation), rs= 0.957, p< 0.001.
FIGURE 8: Initial and recalculated total Point A dose (Gy) correlation.

(Spearman rank correlation), rs= 0.806, p< 0.001.
FIGURE 9: Initial and recalculated total bladder point dose (Gy) correlation.

(Spearman rank correlation), rs= 0.622, p= 0.006.
FIGURE 10: Initial and recalculated total rectal point dose (Gy) correlation.
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ge, du ra ti on and the type of imp lant or physi ci an
per for ming the pro ce du re. In this study, po int A
and B cor re la ti ons we re gre a ter than 0.90. On the
ot her hand, the cor re la ti ons of blad der and rec tum
ma xi mum and ave ra ge do ses we re much we a ker,
var ying from 0.676 to 0.786. They no ti ced that a
small mo ve ment in the app li ca tor po si ti on could
re sult in lar ge do se va ri a ti ons.  In our study, the
cor re la ti ons we re 0.96, 0.81, and 0.62 for po int A,
blad der and rec tum, res pec ti vely. For po int A the
cor re la ti on was al most per fect whe re as in blad der
it was we ak and in rec tum it was we a ker. The re are
una vo i dab le and un cor rec tab le mo ti ons of blad der
and rec tum in pa ti ents du ring LDR-BT in addition
to app li ca tor mo ve ment. The re fo re, blad der and
rec tal do se va ri a ti ons can be de mons tra ted wit hin
the pro lon ged tre at ment ti me. 

Katz and Ei fel analy zed 808 LDR-BT app li ca ti -
ons that ha ve be en per for med in 389 pa ti ents.21

Brachy the rapy was ad mi nis te red using a Fletc her-
Su it-Delc los tan dem and va gi nal ovo ids or cylin-
ders. The du ra ti on of each app li ca ti on was 40-48
ho urs. They fo und that the tan dem was de vi a ted a
me di an of 0.8 cm (IQ ran ge, 0.4-1.3 cm) from the
mid li ne of the pa ti ent. They al so no ted that the ap-
p li ca tor was de vi a ted to the in vol ved pa ra met ri um
in 65% of ca ses. Alt ho ugh it can be ex pec ted much
mo re sin ce the app li ca tor is se mif le xib le, in our
study the de vi a ti on of the tan dem to the di rec ti on of
the in vol ved pa ra met ri um was si mi lar. Hypot he ti -
cally, de vi a ti on to the in vol ved pa ra met ri um can re-
sult in hig her do ses in the re gi ons with high risk.
Dat ta et al. sho wed a sig ni fi cant va ri a ti on in the spa-
ti al po si ti on of po int A du ring the mul tip le high do -
se ra te brachy the rapy (HDR-BT) for eit her ri gid or
fle xib le app li ca tor.1 The ave ra ge disp la ce ment was
3.8-6 mm for fle xib le app li ca tor (Rals tron) and 3.5-
6.6 mm for ri gid app li ca tor (Rot ter dam). The me an
∆R for both right po int A and left po int A was 9.5-
10.2 mm, res pec ti vely for the fle xib le app li ca tor and
11.1-10.8 mm for the ri gid app li ca tor. The re fo re,
the re was a sig ni fi cant disp la ce ment of co-or di na tes
of po int A du ring mul tip le HDR-BT pro ce du re,
however this was in de pen dent of the na tu re and ri -
gi dity of the app li ca tor. On the other hand, in a pre-
vi o us re port, the aut hors re por ted that the ran ge

and the ex tent of the va ri a bi lity bet we en the 75 ap-
p li ca ti ons we re sig ni fi cantly mo re with the fle xib -
le Rals ton app li ca tor.22

In a study on 15 con se cu ti ve cer vi cal can cer
pa ti ents tre a ted by de fi ni ti ve ra di ot he rapy, Corn et
al. de mons tra ted that ac cep tab le ge o met ric re la ti -
ons hips and do si met ric out co mes could be ma in ta -
i ned thro ug ho ut LDR pro ce du re.20 The me di an
disp la ce ment which they ob ser ved was 3 mm (ran -
ge 0-9 mm). A 9 mm-disp la ce ment was fo und in
only one pa ti ent who mo bi li zed du ring the tre at -
ment. The me di an du ra ti on of the in ser ti on was
56.5 ho urs whe re as it was 79.3 ho urs in our study.
One of the di sad van ta ges of LDR-BT is the con fi -
ne ment in the bed du ring the long tre at ment ti me.
The mac hi ne re la ted ri gid app li ca tors can be very
un com for tab le and le ads to comp li ca ti ons du e to
im mo bi li za ti on. In con trast to mac hi ne re la ted af-
ter lo a ding pro ce du re, the pa ti ents are fre e to mo ve
with TÖ RE’s app li ca tor in a pro tec ted ro om, pre-
ven ting throm bo tic phe no me na.

Ca re ful se lec ti on and pla ce ment of the app li ca -
tors and the so ur ces are the cri ti cal is su es for a suc-
cess ful in tra ca vi tary brachy the rapy.21,23 Po si ti o nal
ins ta bi lity of the app li ca tors is una vo i dab le eit her in
LDR or in HDR pro ce du re. The re are so me the o re -
ti cal ad van ta ges of each brachy the rapy stra te gy. Al-
t ho ugh one of the ex pec ted ad van ta ges of HDR-BT
is the fi xed re la ti ons hip ma in ta i ned bet we en gyne -
co lo gic app li ca tor and ana to mic struc tu res du ring
the short ex po su re ti me, the mar ked po si ti on va ri a -
ti ons bet we en frac ti ons ha ve be en re por ted.24-26 The
short tre at ment ti me of HDR may al low the app li -
ca tor to re ma in in a fi xed po si ti on, but ge o met ric po-
si ti on of the app li ca tor may vary bet we en mul tip le
frac ti ons.The do se va ri a ti ons du e to the dif fe rent ge -
o met ric po si ti on of the app li ca tor in di ca te tre at ment
plan ning not only for the first frac ti on but for every
frac ti on in HDR-BT. Wulf et al. analy zed po si ti o nal
va ri a bi lity of a tan dem app li ca tor system in HDR-
BT for cer vi cal can cer and they fo und that the re was
a con si de rab le va ri a bi lity of the app li ca tor, usu ally
abo ut 20-30 mm with an im pact on the pres cri bed
do se to po int A of 20-35%.27 In the ir study, the im-
pact of tu mor sta ge and in cre a sed mo bi lity of the
ute rus that were du e to tu mor shrin ka ge du ring tre -
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at ment co ur se did not ha ve a sig ni fi cant ef fect on
the app li ca tor po si ti on. Ho we ver, they po in ted that
in di vi du al ana to mic po si ti on of the ute rus and tis-
su e elas ti city that dif fer among the pa ti ents might
be re la ted fac tors. Ba he na et al. eva lu a ted the in te -
rac ti on bet we en the ge o met ric va ri a ti on of the ring
and the tan dem HDR cer vix app li ca tor as well as the
im pact on tre at ment re sults in 18 pa ti ents tre a ted
with se ven frac ti ons.28 They fo und the disp la ce ment
of the app li ca tor with a stan dard de vi a ti on of 6.5
mm in su pe ri or- in fe ri or, 5.9 mm in right-left, 7.7
mm in an te ri or-pos te ri or (AP) di rec ti on in 18 pa ti -
ents. The greatest mo ve ment was in the AP di rec ti -
on and it was 10 mm in 17% of the app li ca ti ons.
They al so de mons tra ted that the app li ca tor po si ti on
was mo re stab le in the pa ti ents with small-vo lu me
tu mors when compared to tho se with bulky tu mors.
Ba he na et al. fo und a cor re la ti on bet we en tu mor sta -
ge and app li ca tor po si ti on, in con trary to da ta from
Grigsby et al.11,28

In a pre vi o us pa per, Kim et al. ob ser ved that
ma jor de vi a ti ons oc cur red mo re com monly in the
col pos tats than in the tan dem, at tri bu ted to va gi -
nal pac king.29 Af ter wards they com pa red the fre-
qu ency of ma jor ge o met ric va ri a ti ons bet we en LDR
(50 pa ti ents, 100 app li ca ti ons, 2 frac ti ons per pa ti -
ent) and HDR (20 pa ti ents, 85 app li ca ti ons, 3-8
frac ti ons per pa ti ents) systems in a con se qu ent
study.7 They co uld not ob ser ve ma jor dif fe ren ces
in the fre qu ency and types of va ri a ti on bet we en
LDR and HDR app li ca ti ons. The aut hors po in ted
that va ri a ti ons in col pos tat pla ce ments were mo re
com mon among ma jor ge o met ric va ri a ti ons and
they were cli ni cally im por tant than the va ri a ti ons
in tan dem pla ce ment. We fo und hig her mo ve ment
in the UPT than in the LPT which was fi xed with
ad jo i ning pi e ce (10.64 ± 8.93 mm v.s 7.47 ± 4.42
mm, res pec ti vely). Va gi nal pac king was not used
for the eva lu a ted pa ti ents in the cur rent study. Rut-
ten et al. men ti o ned that va gi nal app li ca tors sho -
uld fit pro perly wit hin the for nix to mi ni mi ze the
mo ve ment.29 To mi ni mi ze the pro ba bi lity of over-
do sa ge of cri ti cal or gans or un der do sa ge of tar get,
incorrectly pla ced in tra ca vi tary app li ca tors sho uld
re po si ti o ned.30,31 The Ame ri can Brachy the rapy So-
ci ety (ABS) do es not re com mend one app li ca tor

system over anot her, ex cept the one which the ra-
di a ti on on co lo gist is fa mi li ar with, to im pro ve the
pro per brachy the rapy app li ca ti on.32

Pham et al. eva lu a ted the va ri a ti on in the ap-
p li ca tor po si ti on du ring mul tip le HDR-BT pro ce -
du res with an un fi xed tan dem and ovo id app li ca tor
system (HDR Fletc her Su it app li ca tors, Om nit ron,
Ho us ton, TX).33 They fo und that the disp la ce ment
of the tan dem and ovo ids we re 5 and 4 mm, res -
pec ti vely in the AP di rec ti on. The disp la ce ments
we re smal ler in la te ral and lon gi tu di nal di rec ti ons.
This shift re sul ted in a blad der do se dif fe ren ce of
17.4% bet we en the in ser ti ons. Si mi larly, in our
study UPT mo ve ment in AP di rec ti on was hig her
than in la te ral and lon gi tu di nal di rec ti on. 

The im por tan ce of in di vi du a li zed tre at ment
plan ning has be en ac cep ted in ex ter nal tre at ment;
ho we ver this do es not apply to in tra ca vi tary
brachy the rapy of car ci no ma of the cer vix. The use
of CT or MRI com pa tib le app li ca tors will al low
con for mal do se de li very in brachy the rapy. The qu -
a lity of the in tra ca vi tary brachy the rapy and type
of the app li ca tor re le vant tech ni cal fac tors ha ve be -
en fo und to inf lu en ce the mor bi dity of ra di ot he -
rapy in pa ti ents tre a ted for car ci no ma of the
cer vix.34 To im pro ve the the ra pe u tic ra ti o of the
tre at ment in the se pa ti ents, the physi ci ans sho uld
fo cus on reducing the comp li ca ti on ra tes. The de-
ter mi na ti on of cri ti cal or gan do ses with con ven ti -
o nal ort ho go nal film tech ni qu e may be ina de qu a te.
Furt her mo re, the cal cu la ted po int do ses fre qu ently
un de res ti ma te the ma xi mum do se to nor mal tis sue
or ma xi mum do se to tar get.35 CT is an ef fi ci ent and
po wer ful met hod in de li ne a ting the va ri o us or gans.
CT-ba sed lo ca li za ti on al low the cor re la ti on of ana -
to mic da ta with so ur ce po si ti o ning. The re fo re CT
plan ning system for ex ter nal and in tra ca vi tary ra-
di a ti on with do se op ti mi za ti on may ca u se fe wer
comp li ca ti ons. The ra pe u tic ra ti o may be im pro ved
with CT- ba sed 3-D tre at ment plan ning. Ho we ver,
me tal app li ca tors used for the gyne co lo gic imp lants
can pro du ce stre a king ar ti facts that may le ad to in-
ac cu ra te de li ne a ti on of the cri ti cal struc tu res. Al lo -
wing high qu a lity CT lo ca li za ti on is a po ten ti al
ad van ta ge of TÖ RE’s app li ca tor, sin ce it is ma de up
of plas tic and is CT com pa tib le.
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CONC LU SI ON
In cur rent study, we pre sen ted that mo ve ment of
the se mi fle xib le app li ca tor and do se va ri a ti ons in
LDR brachy the rapy for cer vi cal car ci no ma were
ac cep tab le. The li mi ta ti on of the pre sen ted da ta is
that app li ca tor po si ti ons are me a su red from con-

ven ti o nal ort ho go nal films. No da ta on vo lu mes of
the tar get and cri ti cal or gans are ava i lab le. The re -
fo re, stu di es that are ba sed on mo re ad van ced (CT-
MRI) ima ging are re qu i red to ac hi e ve furt her
in for ma ti on con cer ning do se-vo lu me his tog rams
and tre at ment re sults in brachy the rapy.
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