
CA PA BIL I TIES  OF  ELECTRET  ION  CHAM BERS  TO  MEA SURE
AB SORBED  DOSE  OUT SIDE  THE  TREATED  VOL UME,  DUR ING

EX TER NAL-PHO TON  RA DI A TION  THER APY 

by

Alexandros CLOUVAS 1*, Anna MAKRIDOU 2, and Michalis CHATZIMARKOU 2

1 De part ment of Elec tri cal and Com puter En gi neer ing, Ar is totle Uni ver sity of Thessaloniki, Thessaloniki, Greece
2 Med i cal Phys ics De part ment, Can cer Hos pi tal of Thessaloniki  "Theagenio", Thessaloniki, Greece

Sci en tific pa per
https://doi.org/10.2298/NTRP201113015C

The ca pa bil i ties of electret ion cham bers to mea sure non-tar get ab sorbed dose dur ing ra dio -
ther apy treat ment was in ves ti gated for the first time. Dur ing ra dio ther apy, non-tar get doses
can be clas si fied as one of three ap prox i mate dose lev els: high doses, in ter me di ate doses and
low doses.  Low doses (<5  % of the pre scrip tion dose) are not gen er ally con sid ered dur ing
treat ment plan ning, due to the fact that is dif fi cult to mea sure, char ac ter ize, or model them in
the plan ning sys tem. In this work were per formed mea sure ments with electret ion cham bers
of ab sorbed dose out side the treated vol ume (<5 % of the pre scrip tion dose), dur ing ex ter nal
pho ton ra di a tion ther apy in an Elekta In fin ity Lin ear Ac cel er a tor of Theagenio Can cer Hos pi -
tal of Thessaloniki, Greece. The ab sorbed dose val ues for dis tances 8-100 cm from the bor -
ders of  the ir ra di ated vol ume var ied from 0.3 to 17 mGy which cor re sponds to 0.01 % up to
0.6 % of the pre scrip tion dose (2660 mGy). Near the ir ra di a tion vol ume the ab sorbed dose
val ues were greater than the  up per  de tec tion  limit  of  the  electret ion cham bers (thresh old
40 mGy). The re sults are com pared with the cal cu lated ones by the Mo naco treat ment plan -
ning sys tem – TPS (Elekta Mo naco at No vem ber 5, 2003) in three po si tions dis tanced at 8 cm
and about 30 cm from the bor der of the ir ra di a tion zone. In the po si tion at 8 cm from the ir ra -
di a tion zone, where Mo naco TPS cal cu lates (within un cer tainty of about 15 %) the ab sorbed
dose, mea sured and cal cu lated doses are the same within ex per i men tal un cer tain ties. On the
con trary for the other two po si tions, where leak age ra di a tion be comes the dom i nant source of 
out-of-field dose the ab sorbed dose val ues cal cu lated by the TPS are se ri ously un der es ti mated
( by a fac tor of 4) due to the fact  that TPS does not take into ac count the leak age ra di a tion.
How ever, add ing to the TPS val ues  an es ti mated dose due to leak age ra di a tion, the dif fer ence  
be tween mea sured and cal cu lated doses are about 30 %.
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INTRODUCTION

Electret ion cham bers (EIC) are pas sive
charge-in te grat ing de vices for ac cu rate mea sure ment
of dif fer ent type of ra di a tions [1-6]. They are in ex pen -
sive, light weight, com mer cially avail able and are
mainly used for short- or long-term ra don mea sure -
ments. The use of EIC as gamma do sim e ter is un com -
mon in com par i son to thermoluminescent do sim e ter
(TLD) which is used in most of the en vi ron men tal
gamma mon i tor ing and med i cal ap pli ca tions. The
main scope of this work is to in ves ti gate the ca pa bil i -
ties of EIC to mea sure the ab sorbed dose, for ra di a tion
pro tec tion pur poses, out side the treated vol ume, dur -
ing ex ter nal pho ton ra di a tion ther apy.

Dur ing ra dio ther apy, non-tar get dose can be
clas si fied [7] as one of three ap prox i mate dose lev els.
High doses (>50 % of the pre scrip tion dose) are typ i -
cally di rectly op ti mized dur ing the plan ning pro cess.
In ter me di ate doses (5-50 % of the pre scrip tion dose)
are also of ten ad dressed dur ing op ti mi za tion but are
not gen er ally the fo cus of the treat ment plan. Low
doses (<5 % of the pre scrip tion dose) are not gen er ally
con sid ered dur ing treat ment plan ning, since is dif fi -
cult to mea sure, char ac ter ize, or model them in the
plan ning sys tem. Out of field do sim e try in ra dio ther -
apy be comes more im por tant re cently since sur vival
rate af ter ra dio ther apy has been pro longed sig nif i -
cantly. The TPS used in ra dio ther apy are not ad e quate
for han dling out-of-field dose cal cu la tions [8]. It is the
scope of this work to mea sure the ab sorbed dose with
EIC in the low doses (<5 % of the pre scrip tion dose)
re gions, dur ing ex ter nal-pho ton ra di a tion ther apy with 
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a 6 MV beam in the Lin ear Ac cel er a tor (Elekta
LINAC) of the Theagenio Can cer Hos pi tal of
Thessaloniki, Greece and com pare the re sults to cal cu -
lated ones by Mo naco Treat ment Plan ning Sys tem
(Elekta Mo naco at No vem ber 5, 2003) [9]. 

MATERIALS AND METHODS

The EIC con sists of a con duct ing plas tic cham -
ber con tain ing an electret, fig.1, and as men tioned in
the In tro duc tion is mainly used for short- or long-term
ra don mea sure ments. Ra don gas pas sively dif fuses
into the cham ber through fil tered in lets, and the al pha
par ti cles emit ted by the de cay pro cess of ra don ion ize
air mol e cules. Ions pro duced in side the cham ber's vol -
ume are col lected onto the sur face of the electret, caus -
ing a re duc tion of its sur face charge. The electret volt -
age de creases pro por tional to the in te grated ra don
con cen tra tion. A volt age reader is used to mea sure the
electret's sur face volt age. Us ing ap pro pri ate cal i bra -
tion fac tors and the ex po sure time, the mean ra don
con cen tra tion can be cal cu lated. How ever, with small
mod i fi ca tions EIC can be used for other type of ra di a -
tion mea sure ments. Par tic u larly, EIC can be come
gamma mon i tors when sealed in a ra don leak tight en -
clo sure. In this case the ion iza tion of air mol e cules is
due to the in ter ac tion of gamma ra di a tion with the ma -
te rial of EIC and not due to the de cay pro cess of ra don.

 Electret types of ion cham bers make use of the
drop of sur face volt age on a di elec tric ma te rial, usu -
ally Tef lon, which is quasi-per ma nently charged. The
electret has the shape of a disk about 0.13-1.5 mm
thick and 34 mm in di am e ter. Electrets are pre pared by
be ing heated and si mul ta neously ex posed to an elec -
tric field. Due to this pro cess, many di poles in the ma -
te rial be come ori ented in a pre ferred di rec tion. Af ter
the heat ing, the ma te rial is frozen and can keep the po -
si tion of its elec tric di poles for a long pe riod of time. A
volt age gra di ent of sev eral hun dred volts can be main -
tained be tween the sur faces of the electret disk. One
sur face of the electret is kept in con tact with the wall of 
an ion cham ber, which builds up an elec tric field in the

cham ber. Ion iz ing ra di a tion causes a de crease of
charge in that sys tem, re sult ing in a par tial neu tral iza -
tion of the charge at the electret. Mea sure ment of the
electret volt age dif fer ence be fore and af ter ir ra di a tion
al lows de ter mi na tion of the amount of ion iza tion.

The EIC are sup plied by Rad. Elec. Inc. The
most com monly used are avail able in six dif fer ent con -
fig u ra tions. Two dif fer ent charged Tef lon discs,
named short term electrets with high sen si tiv ity and
long term electrets with low sen si tiv ity are avail able.
The first type is the Tef lon electret made of PTFE Tef -
lon (polytetrafluoroethylene) with a thick ness of
1.588 mm and the sec ond type is Tef lon electret made
of FEP Tef lon (flu o ri nated eth yl ene pro pyl ene) with a
thick ness of 0.127 mm. The sen si tiv ity of the electrets
is pro por tional to the thick ness of the electret, which
means that short term electrets are 12.5 times more
sen si tive than long term electrets when same type of
cham bers are used. The short and long term electrets
can be as so ci ated with three dif fer ent cham bers named 
L (53 cm3), S (210 cm3), and H (960 cm3). In this work
the LST con fig u ra tion (short term electret as so ci ated
with L cham ber) and LLT (long term electret as so ci -
ated with L cham ber) were used.

The EIC were cal i brated in terms of ab sorbed
dose in the Ion iz ing Ra di a tion Cal i bra tion Lab o ra tory
(IRCL) of the Greek Atomic En ergy Com mis sion
(EEAE). The EEAE Ion iz ing Ra di a tion Cal i bra tion
Lab o ra tory is a sec ond ary stan dard cal i bra tion lab o ra -
tory which has de vel oped and main tains the na tional
stan dards of Gy, Sv, C kg–1 for gamma, X and beta ra -
di a tion in Greece. The cal i bra tions are per formed in
terms of air kerma, ab sorbed dose, per sonal dose
equiv a lent at depth 10 and 0.07 mm Hp(10) and
Hp(0,07), Am bi ent Dose Equiv a lent at depth 10 mm,
H*(10), and Ex po sure in the fields of ra dio ther apy, di -
ag nos tic ra di ol ogy and mam mog ra phy, as well as in
ra di a tion pro tec tion and in di vid ual mon i tor ing.

The EIC were ir ra di ated at dif fer ent pho ton en er -
gies (from 83 keV up to 1332 keV) at 0° in ci dence (ir ra -
di a tion field per pen dic u lar to the electret sur face). The
ab sorbed dose val ues were se lected to ob tain a volt age
drop of about 40-60 V, af ter which the volt age drop was
mea sured. For each pho ton en ergy three to five new, un -
used, EIC were used. Cal i bra tion fac tors (electret's volt
age drop due to ir ra di a tion in terms of ab sorbed dose in
VmGy–1) were de duced as func tion of the in ci dent's pho -
ton en ergy. In fig. 2 is shown the pho ton en ergy de pend -
ence of the cal i bra tion fac tors for short term and long
term electrets as so ci ated to L cham ber (LST and LLT
con fig u ra tion). Al most no en ergy de pend ence of the cal -
i bra tion fac tors is found. A mean cal i bra tion fac tor of 200 
± 20 V mGy–1 for the short term electrets (LST con fig u -
ra tion) is found. For long term electrets as so ci ated to L
cham ber (LLT con fig u ra tion)  the  mean cal i bra tion fac -
tor is 12.5 times smaller (16 ± 2 V mGy–1). A sen si tiv ity
ra tio equal to 12.5 be tween short and long term electrets
was found also [10] by ir ra di a tions of LST and LLT con -
fig u ra tions in the Poly tech nic of Milano in It aly us ing a
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Fig ure 1.  The EIC con tain ing a cham ber (53 cm3 ) and an 
electret



137Cs source.  In a re cent study [6], we have stud ied the
an gu lar de pend ence of short term electrets com bined to L 
cham ber for  dif fer ent ir ra di a tion   en er gies  (33 keV, 164
keV, 661.6 keV,  1173 keV, and 1332 keV). For most in ci -
dent pho ton en er gies (ex cept gamma rays from 60Co
source) an an gu lar de pend ence of the cal i bra tion fac tors
was ob served. As an ex am ple, the nor mal ized re sponse
of EIC to °0 in ci dence of gamma rays from 137Cs source,
var ied be tween 1 (for °0 in ci dence) and 1.24 (for 180° in -
ci dence), with a mean value of 1.1. With gamma rays 
from 60Co source, the an gu lar de pend ence of the nor mal -
ized re sponse of EIC to °0 in ci dence was prac ti cally con -
stant (0.96 to 1.01). The main dis ad van tage of the use of
EIC dur ing ra dio ther apy treat ment is that the max i mum
dose that can  be mea sured by the spe cific de tec tors is 3
mGy for short term electrets com bined to L cham bers
and 40 mGy for long term electrets com bined to L cham -
bers. These val ues are or der of mag ni tudes smaller, com -
pared to the up per limit val ues mea sured by TLD. On the
other hand, the ab sorbed dose mea sure ment with EIC is
easy and straight for ward, with ac cept able un cer tain ties.
Caresana et al. [10] per formed a de tail un cer tainty anal y -
sis of gamma ra di a tion and ra don mea sure ments with
EIC. Us ing the math e mat i cal ex pres sions pre sented in
that  work, an un cer tainty of about 4-6 % of the cal i bra -
tion  fac tors  (drop volt age per  ab sorbed dose) for short 
and long term electrets as so ci ated to L cham ber can be
de duced. About same un cer tain ties 3-6 % was found also 
by  Fjield et al. [3] for short term electrets. In this work,
the un cer tainty of the cal i bra tion fac tor for zero de gree
in ci dence is es ti mated  ±10 % . It is higher than 6 % due to 
the fact  that it in cludes also the (small) pho ton en ergy
vari a tion. In [3, 10] the cal i bra tion of the electrets were
per formed only with one pho ton en ergy (gamma rays
from 137Cs source).  It should be noted that the cal i bra tion 
fac tors mea sured in this work with short and long term
electrets for a spe cific pho ton en ergy (gamma rays from
137Cs source) are in very good  agree ment  with those
mea sured by Caresana et al. [10].

Two short term electrets as so ci ated with L cham -
bers were po si tioned, one in side each pocket (left and
right side) of the trou ser of the pa tient (male age 65,
183 cm height, 89 kg weigth) who had a post-mas tec -
tomy ex ter nal pho ton ra di a tion ther apy (6 MV beam)

in the Lin ear Ac cel er a tor (LINAC) of the Theagenio
Can cer Hos pi tal of Thessaloniki, Greece. This LINAC 
is one of the two matched ac cel er a tors (Elekta In fin ity) 
which were do nated to the hos pi tal from March 2017
to Sep tem ber 2018 by Stavros Niarchos Foun da tion. 

The ex ter nal pho ton ra di a tion ther apy (6 MV
beam) to the pa tient was per formed for 16 days from
11/8/2020 to 1/9/2020. The dose re ceived in each frac -
tion was 2.66 Gy which cor re sponds to a to tal dose of
42.56 Gy. The ir ra di ated vol ume (vol ume  re ceiv ing 95
% of the pre scrip tion dose) ac cord ing to the treat ment
plan ning sys tem is 944,73 cm3 and is shown in fig. 3. The 
phys i cal di men sions of this vol ume are ap prox i mately:
~16 cm craniocaudal, ~23 cm ax i ally, ~3.6 in depth.

In fig. 4 is shown the lo ca tion of the ir ra di a tion
zone and the po si tion of the two de tec tors (short term
electret as so ci ated with L cham ber). The volt age of the 
electrets was mea sured just be fore and af ter each ir ra -
di a tion. Due to the rel a tive high X-ray doses and the
very short time of ir ra di a tion, there is no need to seal
the de tec tors in a ra don leak tight en clo sure. In to tal  
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Fig ure 2. En ergy de pend ence of the cal i bra tion fac tors for
short-term electrets (open cir cles) and long-term electrets
(close cir cles) as so ci ated with L cham ber in V mGy–1

Fig ure 4. Ir ra di a tion zone and lo ca tion of the de tec tors
(EIC);  the  ab sorbed  dose  in  the  ir ra di a tion  zone  was
2.66 Gy each day for 16 days (to tal ab sorbed dose 42.56 Gy)

Fig ure 3. The ir ra di ated vol ume, the isocenter po si tion,
the mea sur ing po si tions, and the beam ar range ment as it
is shown on the body (3-D) of the patient



32 electrets were used (2 per ir ra di a tion day). From the 
volt age drop of the electrets due to ir ra di a tion the ab -
sorbed dose in mGy was de duced.

The 15th (31/8/2020) and 16th (1/9/2020) ir ra di a -
tion days, 16 short term electrets and 17 long term
electrets (as so ci ated with L cham bers) were po si -
tioned re spec tively in dif fer ent po si tions of the pa tient
as sche mat i cally shown in fig. 5. Again, the volt age of
the electrets was mea sured just be fore and af ter each
ir ra di a tion. The use of long term electrets, as it will be
shown in the re sults sec tion, turned to be nec es sary in
or der to mea sure ab sorbed dose higher than 3 mGy
(up per limit of short term electrets).

In par al lel to ex per i men tal mea sure ments,
Monte Carlo al go rithm cal cu la tions were per formed
by Mo naco TPS [9] (Elekta AB, Stock holm, Swe den)
based on the Vir tual Source Model (VSM) in tro duced
by Sikora  [11]. This model was ini tially cre ated for the 
Elekta Pre cise SLI LINAC and in cludes three vir tual
sources:
– Pri mary pho ton source to model pho tons gen er -

ated in the tar get.
– Sec ond ary pho ton source to model pho tons scat -

tered from the pri mary collimator, flat ten ing fil ter, 
anti-back scat ter plate and the rest of the LINAC
head com po nents.

– Elec tron con tam i na tion source.
All three sources are de fined to have a spa tial

Gaussi an dis tri bu tion. The pri mary source has a fixed
ra dial dis tri bu tion, and the two other sources have en -
ergy de pend ent ra dial dis tri bu tions. Par ti cle and en -

ergy fluency for each source are de rived from ap pro -
pri ate phase space data stored dur ing Monte Carlo
sim u la tions. Model pa ram e ters (e. g., con tri bu tion of
each source, source size) are then ad justed by com par -
ing cal cu lated dose in wa ter phan tom against wa ter
mea sure ments for an in di vid ual LINAC. In the Mo -
naco beam model, the multi leaf collimator (MLC) as
well as the jaws are in cluded and mod elled us ing trans -
mis sion prob a bil ity fil ters. Re sult ing par ti cles from
the model are fi nally used as in put to the XVMC
(X-ray Voxel Monte Carlo) dose cal cu la tion al go rithm 
for dose cal cu la tions within the pa tient.

RESULTS AND DISCUSSION

In tab. 1 are pre sented the re sults of ab sorbed dose
val ues mea sured by the de tec tors po si tioned in two po si -
tions of the pa tient fig. 4 as func tion of the ir ra di a tion day. 
In the same ta ble are pre sented the electrets volt age, mea -
sured just be fore and af ter each ir ra di a tion of the pa tient.
Fif teen ra dio ther apy treat ments were per formed in the
same Elekta lin ear ac cel er a tor (the so-called first
LINAC). The ra dio ther apy treat ment dur ing the sec ond
(ir ra di a tion) day (12/8/2020) was per formed in an other
Elekta lin ear ac cel er a tor (the so-called sec ond LINAC)
which is matched to the first one. In fig. 6 are shown the
ab sorbed dose val ues mea sured by the de tec tors in the
two po si tions of the pa tient (dur ing the ra dio ther apy
treat ments with the first LINAC), as func tion of the ir ra -
di a tion day. It is clearly ob served in fig. 6, that the vari a -
tion (as func tion of the ir ra di a tion day) of the ab sorbed
dose val ues is rel a tively small. The val ues are clus tered
around a mean ab sorbed dose value 1.08 mGy ± 15 % for 
de tec tor Po si tion 1 and  0.89 mGy ± 8 %  for de tec tor Po -
si tion 2. The ab sorbed dose val ues mea sured by the de -
tec tors in Po si tion 1 are greater com pared to those mea -
sured in Po si tion 2. This should be ex pected due to the
fact that Po si tion 1 is closer to the tar get ir ra di a tion zone
than Po si tion 2, fig. 4.

In the 15th (31/8/2020)  ir ra di a tion day, 16 short
term electrets were po si tioned in dif fer ent po si tions of
the pa tient (as sche mat i cally shown in fig. 5(a). Again,
the volt age of the electrets was mea sured just be fore
and af ter the ir ra di a tion. In tab. 2 are pre sented the re -
sults of ab sorbed dose mea sured by the 16 de tec tors
(EIC). In the same ta ble are pre sented the electrets volt -
age, mea sured just be fore and af ter the ir ra di a tion of the
pa tient. Short term electrets as so ci ated to L cham ber
can mea sure ab sorbed dose val ues up to 3 mGy. The ab -
sorbed dose val ues in 50 % of the po si tions (8/16) are
greater than this thresh old. For this rea son, the ex per i -
ment was re peated the next day (1/9/2020), which was
the last day of ir ra di a tion of the pa tient, us ing long term
electrets as so ci ated with L cham bers in stead of short
term electrets. The long term electrets, as men tioned in
the pre vi ous chap ter, are less sen si tive to gamma ra di a -
tion com pared to short term electrets. For gamma ra di a -
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Fig ure 5. (a) Sche matic pre sen ta tion of the po si tion
of the 16 short-term electrets dur ing the 15th (31/8/2020)
ir ra di a tion day and (b) sche matic pre sen ta tion of the
po si tion of the 17 long-term electrets dur ing the 16th

(1/9/2020) ir ra di a tion day; the dose in the tar get vol ume
(ir ra di a tion zone) is 2.66 Gy



tion, the volt age at ten u a tion per mGy is 16 V for long
term electrets com pared to 200 V for short term
electrets. This sen si tiv ity dis ad van tage of long-term
electrets com pared to short term electrets has on the
other way round the ad van tage that long term electrets
can mea sure higher ab sorbed dose val ues up to 40 mGy. 
In tab. 3 are pre sented the re sults of ab sorbed dose mea -
sured by 17 de tec tors (long term electrets as so ci ated to
L cham bers) dur ing the last ir ra di a tion day of the pa tient 
(1/09/2020). In the same ta ble are pre sented the
electrets volt age, mea sured just be fore and af ter the ir -
ra di a tion of the pa tient.

In fig. 7 are shown the ab sorbed dose val ues in
mGy mea sured with short term electrets, the 15th ir ra -
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Table 1. Absorbed dose (AD) measured by the two detector positions (shown in fig. 4) and electrets voltage in V measured
just before and after each irradiation of the patient

Date D1 initial voltage
[V]

D1 final voltage
[V]

Detector 1 AD
[mGy]

D2 initial voltage
[V]

D2 final voltage
[V]

Detector 2 AD
[mGy]

11/8/2020 699 486 1.1 ± 0.2 677 492 0.9 ± 0.2

12/8/2020 715 568 0.7 ± 0.2 718 591 0.6 ± 0.2

13/8/2020 698 471 1.1 ± 0.2 697 501 1.0 ± 0.2

14/8/2020 701 512 0.9 ± 0.2 701 525 0.9 ± 0.2

17/8/2020 728 503 1.1 ± 0.2 698 511 0.9 ± 0.2

18/8/2020 715 Failure – 714 554 0.8 ± 0.2

19/8/2020 690 471 1.1 ± 0.2 699 506 1.0 ± 0.2

20/8/2020 706 506 1.0 ± 0.2 712 540 0.9 ± 0.2

21/8/2020 709 453 1.3 ± 0.2 720 537 0.9 ± 0.2

24/8/2020 722 561 0.8 ± 0.2 727 557 0.9 ± 0.2

25/8/2020 716 467 1.2 ± 0.2 691 488 1.0 ± 0.2

26/8/2020 690 Failure – 715 567 0.7 ± 0.2

27/8/2020 707 441 1.3 ± 0.2 712 535 0.9 ± 0.2

28/8/2020 722 564 0.8 ± 0.2 681 500 0.9 ± 0.2

31/8/2020 693 461 1.2 ± 0.2 686 527 0.8 ± 0.2

1/9/2020 683 Failure – 708 528 0.9 ± 0.2

Table 2. Absorbed dose values measured by the 16 detectors (short term electrets) during the 15th  ( 31/8/2020)   irradiation
day; the position of the detectors is shown in fig. 5(a); short term electrets associated to L chamber can measure absorbed
dose values up to 3 mGy

Position of detector Initial voltage [V] Final voltage [V] AD [mGy]

1 698 <10 Greater than 3

2 690 <10 Greater than 3

3 718 <10 Greater than 3

4 708 <10 Greater than 3

5 735 510 1.1 ± 0.2

6 691 577 0.6 ± 0.2

7 703 633 0.4 ± 0.1

8 694 619 0.4 ± 0.1

9 685 566 0.6 ± 0.2

10 654 363 1.5 ± 0.3

11 725 <10 Greater than 3

12 717 272 2.2 ± 0.5

13 687 223 2.3 ± 0.5

14 680 <10 Greater than 3

15 709 <10 Greater than 3

16 604 <10 Greater than 3

Fig ure 6. Ab sorbed dose val ues mea sured by the two
de tec tor po si tions dur ing the ra dio ther apy treat ments
with the first LINAC, as a func tion of the ir ra di a tion day



di a tion day fig. 7(a) and the ab sorbed dose val ues in
mGy mea sured  with long term electrets , the 16th  ir ra -
di a tion day fig. 7(b), H means greater than the max i -
mum dose that can  be mea sured by the  spe cific  de tec -
tors (3 mGy for short term electrets com bined to L
cham bers and 40 mGy for long term electrets com -
bined to L cham bers). It is clear from fig. 7 that the ab -
sorbed dose val ues mea sured (in the same po si tions)
by the two dif fer ent types of EIC (short and long term
electrets) are quite sim i lar tak ing also into ac count the
un cer tain ties of the val ues shown in tab. 2 and tab. 3.
For the dif fer ent po si tions the ab sorbed dose val ues
vary from 0.3 to 17 mGy which cor re sponds to 0.01 %
up to 0.6 % of the pre scrip tion dose (2660 mGy). Stud -
ies [12] at seven Swed ish clin i cal ac cel er a tor cen tres
show that leak age pho ton ra di a tion may give an ab -
sorbed  dose  con tri bu tion of up  to 1 mGy for one treat -
ment  of 2000 mGy  to the tar get vol ume to  or gans and
tis sues well out side the treat ment vol ume of the pa -
tient. If scat tered ra di a tion is  in cluded this num ber 
rises to about 3 mGy. These re sults are in the same  or -
der to those pre sented in this work, fig.7. 

As far as dose cal cu la tion is con cerned, Monte
Carlo al go rithm cal cu la tion was per formed by the Mo -
naco TPS (Elekta Mo naco at No vem ber 5, 2003):
– Cal cu la tion al go rithm Monte Carlo (VSM) with a

sta tis ti cal un cer tainty of 0.5 % per con trol point. 
– The TPS (treat ment plan ning sys tem) does not

con sider the leak age ra di a tion com ing from the
LINAC (Elekta In fin ity, Agil ity head) head out -
side the M area which is about 0.1 % in av er age
(less than 0.2 %). The M is the area out side the
collimator (leaves and di a phragms) field of view,

where the leak age co mes from LINAC com po -
nents be sides leaves – MLC and di a phragms
(tar get, flat ten ing fil ter etc).  The LINAC is cal i -
brated to have an out put of 1cGy/MU for a 10X10
field size in 10 cm depth in wa ter in a dis tance of
1m from the source.

– Tak ing into ac count that:

· The to tal mon i tor unit (MU) of the treat ment was
341,8 and the es ti mated treat ment time given by MO -
NACO TPS was 109,6 sec onds = > ~186 MU/per
min ute.

· The ir ra di a tion tech nique used was tan gen tial
IMRT in dMLC mode.

The amount of leak age ra di a tion com ing from
the head in the bor der  of  the M area, is cal cu lated at
ap prox i mately 3.5 ± 1.5 mGy.
– Struc tures were cre ated sim u lat ing the electrets in

di men sion and po si tion in which we cal cu lated the 
mean dose.

The cal cu lated ab sorbed dose (in mGy) was per -
formed (due to the lack of CT data) only for the po si -
tions 11,12, and 16 of fig. 5(b). Po si tion 12, is dis tanced
8 cm of the bor ders of the ir ra di ated vol ume and in side
the M area where Mo naco TPS (Elekta Mo naco at No -
vem ber 5, 2003) rather pre cisely cal cu lates the ab -
sorbed dose, within un cer tain ties (as stated by the al go -
rithm less than 15 %) which are get ting larger with
in creas ing dis tance from the ir ra di ated vol ume. Po si -
tions 11 and 16, are in side the M area but in a lon ger dis -
tance, ap prox i mately 30 cm from the ir ra di ated vol ume
near the out bound bor der of the M area, where the TPS
cal cu lates the ab sorbed dose, within un cer tain ties (as
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Table 3. Absorbed dose values measured by the 17 detectors 
(long-term electrets) during the 16th (1/9/2020) irradiation
day; the position of the detectors is shown in fig. 5(b);
long-term electrets associated with the L chamber can
measure absorbed dose values up to 40 mGy

Position of
detector

Initial voltage
[V]

Final voltage
[V] AD [mGy]

1 654 585 4.3 ± 1

2 668 <10 Greater than 40

3 687 <10 Greater than 40

4 655 542 7.1 ± 2

5 650 626 1.5 ± 0.3

6 622 614 0.5 ± 0.1

7 615 609 0.4 ± 0.1

8 603 598 0.3 ± 0.1

9 614 602 0.8 ± 0.2

10 629 600 1.8 ± 0.3

11 630 514 7.3 ± 1.8

12 646 371 17.2 ± 3.5

13 602 553 3.1 ± 0.8

14 658 <10 Greater than 40

15 645 <10 Greater than 40

16 626 499 7.9 ± 2

17 618 557 3.8 ± 1

Fig ure 7. (a) Ab sorbed dose val ues in mGy mea sured
with short term electrets, the 15th ir ra di a tion day, H
means greater than 3 mGy which is the thresh old for
short term electrets as so ci ated with L cham bers;
(b) absorbed dose val ues in mGy mea sured with
long term electrets, the 16th ir ra di a tion day, H means
greater than 40 mGy which is the thresh old for
long term electrets as so ci ated with L cham bers



stated by the al go rithm less than 55 %) be cause of the
larger dis tance from the ir ra di ated vol ume. Also, in
such dis tance, the leak age ra di a tion com ing from the
LINAC (Elekta In fin ity, Agil ity head) head be comes
the dom i nant com po nent which is not taken into ac -
count by the TPS. For these po si tions (11 and 16) the
ab sorbed dose due to leak age ra di a tion com ing from the 
head was es ti mated at ap prox i mately 3.5 ± 1.5 mGy and 
is added to the ab sorbed dose cal cu lated by TPS.

In tab. 4 the mea sured and cal cu lated ab sorbed
doses for three de tec tor po si tions (11, 12, and 16 of fig. 
5(b) are com pared. The ab sorbed dose cal cu lated val -
ues were de duced by Monte Carlo al go rithm in cor po -
rated into the Mo naco TPS by man u ally add ing for Po -
si tions 11 and 16 the cal cu lated ab sorbed dose of 3.5 ±
1.5 mGy due to leak age.It is clear from tab. 4 that in
Po si tion 12, where Mo naco TPS cal cu lates (within un -
cer tainty of about 15 %) the ab sorbed dose, mea sured
and cal cu lated doses are the same within ex per i men tal
un cer tain ties. On the con trary for the other two po si -
tions, where leak age ra di a tion be comes the dom i nant
source of out-of-field dose the ab sorbed dose val ues
cal cu lated by the TPS are se ri ously un der es ti mated (
by a fac tor of 4) due to the fact  that TPS does not take
into ac count  the leak age ra di a tion  How ever,  add ing 
to the TPS val ues  an es ti mated  dose due to leak age ra -
di a tion the dif fer ence be tween mea sured and cal cu -
lated doses are about 30 %.

CONCLUSIONS

The ca pa bil i ties of EIC to mea sure ab sorbed
dose out side the treated vol ume dur ing ra dio ther apy
treat ment   was in ves ti gated, ac cord ing to our knowl -
edge, for the first time. This first test has some in ter est -
ing re sults.
· In most of the re gions, the ab sorbed dose val ues could
be mea sured at least with long term electrets as so ci ated
with L cham bers. The ab sorbed dose val ues var ied from
0.3 to 17.2 mGy which cor re sponds to 0.01 % up to 0.6 % 
of the pre scrip tion dose (2660 mGy). Near the ir ra di a tion 
vol ume the ab sorbed dose val ues were greater than the
up per de tec tion limit of the EIC (thresh old 40 mGy).
This is a dis ad van tage for the use of EIC near the ir ra di a -
tion zone.

· Us ing two dif fer ent type of electrets (short and long
term electrets) the ob tained ab sorbed dose val ues (in
the same po si tions) were quite sim i lar a fact which
gives con fi dence to the re li abil ity of the re sults.
· In the non tar get ra di a tion re gion where Mo naco TPS 
cal cu lates the ab sorbed dose within un cer tain ties
vary ing up to 15 % (Po si tion 12), mea sured and cal cu -
lated doses are the same within ex per i men tal  un cer -
tain ties. On the con trary in Po si tions 11 and 16 where
leak age be comes the dom i nant source of out-of-field
dose the ab sorbed dose val ues cal cu lated by the TPS 
are se ri ously un der es ti mated (by a fac tor of 4)  and as -
sump tions of leak age con tri bu tion should be taken
into ac count. In ad di tion TPS ac cu racy on cal cu lat ing
the ab sorbed dose de creases with in creas ing dis tance
from the ir ra di ated vol ume (55 % for Po si tions 11 and
16 com pared to 15 % for Po si tion 12).
· Over all, the first test of the use of EIC to mea sure
non-tar get  ab sorbed  dose  in dis tances  vary ing  from
8 cm to 100 cm from the ir ra di ated vol ume dur ing ra -
dio ther apy treat ment for ra di a tion pro tec tion pur poses 
was pos i tive.
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Aleksandros KLUVAS, Ana MAKRIDU, Mihalis  HAXIMARKU

MOGU]NOSTI  ELEKTRET  JONSKIH  KOMORA  ZA  MEREWE
APSORBOVANE  DOZE  VAN  TRETIRANE  ZAPREMINE,  TOKOM

TERAPIJE  EKSTERNIM FOTONSKIM  ZRA^EWEM

Prvi put su istra`ene mogu}nosti elektretnih jonskih komora za merewe apsorbovane
doze u okolini mete u toku tretmana radioterapijom. Tokom radioterapije, doze u okolini mete
mogu se klasifikovati u  tri pribli`na nivoa: visoke doze, sredwe doze i niske doze. Niske doze
(<5 % propisane doze) generalno se ne uzimaju u obzir tokom planirawa le~ewa zbog ~iwenice da ih 
je te{ko izmeriti, okarakterisati, ili modelovati u sistemu planirawa. U ovom radu izvr{ena su
merewa sa elektretnim jonskim komorama apsorbovane doze van tretirane zapremine (<5 %
propisane doze), tokom terapije eksternim fotonskim zra~ewem u Elekta In fin ity linearnom akce-
leratoru u onkolo{koj bolnici “Theagenio” u Solunu, Gr~ka. Vrednosti apsorbovane doze za
rastojawa 8-100 cm od granica ozra~enog volumena varirale su od 0,3 mGy do 17 mGy, {to odgovara
od 0,01 % do 0,6 % propisane doze (2660 mGy). U blizini zra~ewem ciqane zapremine vrednosti
apsorbovane doze bile su ve}e od gorwe granice detekcije elektretnih jonskih komora (prag 40
mGy). Rezultati su upore|eni sa prora~unima Monako sistema za planirawe tretmana (Electa Mo -
naco 5.11.03) u tri pozicije udaqene 8 cm i oko 30 cm od granice zone ozra~ivawa. Na poziciji 8 cm od
zone ozra~ivawa, gde Monako sistem za planirawe tretmana izra~unava apsorbovanu dozu (unutar
nesigurnosti od oko 15 %), izmerene i izra~unate doze su iste u okviru eksperimentalnih
nesigurnosti. Naprotiv, za druge dve pozicije, gde curewe zra~ewa postaje dominantan izvor doze
izvan ciqanog poqa, vrednosti apsorbovane doze izra~unate Sistemom planirawa tretmana
ozbiqno su potcewene (sa faktorom 4) zbog ~iwenice da Sistem planirawa tretmana ne uzima u
obzir curewe zra~ewa. Me|utim, ako se izra~unatim vrednostima doda procewena doza zbog curewa 
zra~ewa, razlika izme|u izmerenih i izra~unatih doza je oko 30 %.

Kqu~ne re~i: elektretna jonska komora, terapija zra~ewem, apsorbovana doza


