
PEL VIS  IM AG ING:  ACHIEV ING  DOSE  RE DUC TION  WITH
DIF FER ENT  PA TIENT  PO SI TIONS

by

Anja RESNIK 1, Janez ŽIBERT 2, and Nejc MEKIŠ 2*

1Ra di ol ogy De part ment, Gen eral Hos pi tal Novo Mesto, Novo Mesto, Slovenia
2 Med i cal Im ag ing and Ra dio ther apy De part ment, Fac ulty of Health Sci ences,

Uni ver sity of Ljubljana, Ljubljana, Slovenia

Sci en tific pa per
https://doi.org/10.2298/NTRP190818037R

The pur pose of this re search was to de ter mine how dose area prod uct, ef fec tive dose, ab -
sorbed doses to spe cific or gans, and im age qual ity changed ac cord ing to dif fer ent au to matic
ex po sure con trol po si tions in pelvis im ag ing. The re search was car ried out in two parts. The
study was con ducted on an an thro po mor phic phan tom and 200 pa tients re ferred to pel vic
im ag ing. We mea sured the dose area prod uct, field size, height, and mass. Then we cal cu lated
the ef fec tive dose and ab sorbed dose for in di vid ual or gans ac cord ingly. Lat eral ion iz ing cells
were first po si tioned in line with the iliac crests (head to wards po si tion) and sub se quently,
with the fem o ral neck (head away po si tion).  All the im ages were in de pend ently eval u ated by
three ra di ol o gists us ing ViewDEX and ob jec tive im age anal y sis was per formed mea sur ing
con trast-to-noise ra tio and sig nal-to-noise ra tio.
We found no sig nif i cant dif fer ences in the Siemens Luminos unit in any of the in spected pa -
ram e ters. How ever, there was a sig nif i cant dif fer ence in dose area prod uct (37.3 %), ef fec tive
dose (35.7 %) and av er age ab sorbed dose to se lected in di vid ual or gans (36.7 %) when the
head away po si tion of the pa tient was used and the im age qual ity in creased. Based on these re -
sults, we can pro pose that the op ti mal po si tion of the pa tient re gard ing the ion iz ing cells is the 
head away po si tion.
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IN TRO DUC TION

In gen eral ra di og ra phy, the im ag ing of the pel vis
is con sid ered to be one of the ex am i na tion tech niques
with the high est ra di a tion bur den [1]. Ac cord ing to an
all-Eu ro pean study that in cluded 36 coun tries, the
most  com mon  dose  area  prod uct  (DAP) value for
im ag ing of  the  pel vis  in  gen eral  ra di og ra phy was
300 mGym2 with a range from 150 up to 700 mGym2

[1].
There are quite a few stud ies [2-8] in which the

au thors in ves ti gated dif fer ent op ti mi za tion tech niques 
to re duce the dose in pel vic im ag ing.

Jacobs et al. [2],  in ves ti gated dif fer ent tube volt -
ages to re duce ra di a tion dose in pel vic im ag ing. In the
study, they in ves ti gate a tube volt age from 50 to 135
kV with the use of au to matic ex po sure con trol (AEC).
They have con cluded that the best sig nal-to-noise ra tio 
was with the high est tube volt age (135 kV). They state
that the de crease in im age qual ity was up to 5.6 % with
the use of op ti mal tube volt age ac cord ing to the Eu ro -
pean Com mis sion guide lines. The other in ves ti gated

dose re duc tion tech nique was to in crease the
source-to-de tec tor (SID) dis tance [9-11]. Tugwell et
al. [3] in ves ti gated the in crease of SID in pel vic im ag -
ing and con cluded that the in crease from 110 cm to 140 
cm re sulted in a de crease of en trance sur face dose
(ESD) value by 41.8 % and ef fec tive dose (E) by 50.1
%. The de crease of the dose to the pa tient can also be
achieved us ing the air gap tech nique [5].

The use of dif fer ent ion iz ing cell se lec tion
(AEC) in pel vic im ag ing can re sult in dif fer ent doses
be ing re ceived by pa tients [4, 6]. The low est dose was
found with the use of both lat eral [4, 6] or right lat eral
cells [4]. This is in agree ment with the Eu ro pean
guide lines for pel vic im ag ing [12].

An other op ti mi za tion tech nique that can be used
is the change of the pa tient ori en ta tion in which the pa -
tient is in the su pine po si tion in both cases but ro tated
by 180 de grees. Ac cord ing to the o ret i cal bases [13],
im ages are lower in qual ity when an ob ject is not po si -
tioned at the cen ter of ion iz ing cells, as the AEC ter mi -
nates the ex po sure too quickly and the de tec tors re -
ceive in suf fi cient in for ma tion. With the head away
(HA) ori en ta tion, the lat eral ion iz ing cells cover part
of the pu bic bone, fem o ral neck and soft tis sue, mean -
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ing that ex po sure may end too soon, which would re -
duce both the dose and im age qual ity. A wider dy -
namic range of dig i tal de tec tors en ables the pro cess ing 
of im ages to a cer tain ex tent, so im ages may still be op -
ti mal al though of lower qual ity [14]. This was in ves ti -
gated by a few au thors [7, 8]. In the first study, the
men tioned po si tion was in ves ti gated in a phan tom
study. The change in po si tion re sulted in a de crease in
the E dose by 36.8 %. In the sec ond study, the re search
was car ried out on 255 pa tients that were re ferred to
gen eral pel vic im ag ing. In this case, the E dose was
lower by 31 %. In both cases, a de crease in im age qual -
ity is de scribed. In none of the men tioned stud ies was
an over view of the or gan doses found due to the
change of the po si tion.

Based on the lit er a ture re view, we de cided to in -
ves ti gate the dif fer ent ori en ta tion of the pa tient on two
gen eral dig i tal ra di og ra phy units with a dif fer ent ar -
range ment of ion iz ing cells. The po si tion of the ion iz -
ing cells may vary from unit to unit. 

This re search aims to es tab lish how the DAP, the
ef fec tive dose, and the ab sorbed or gan dose to se lected 
or gans change re gard ing dif fer ent po si tions of the pa -
tient gen eral ra di og ra phy of the pel vis. Be sides, we
were in ter ested in how chang ing the pa tient's po si tion
af fects the qual ity of the im age. 

MA TE RI ALS AND METH ODS

The re search was based on a cross-sec tional
study, us ing an ex per i men tal method. Mea sure ments
were taken in two parts. In the first stage, mea sure -
ments were per formed on an an thro po mor phic phan -
tom of the pel vis and the lum bar spine. The sec ond
stage of the re search was ex panded to 200 pa tients re -
ferred for pel vic im ag ing. Both phases were car ried
out at Novo Mesto Gen eral Hos pi tal, where Siemens
Ysio (year of pro duc tion 2015) and Siemens Ax iom
Luminos dRF (year of pro duc tion 2011) dig i tal X-ray
ma chines were used. The sec ond X-ray unit of fers flu -
o ros copy guid ance which was not used through out the
study.

The Qual ity as sur ance tests for both x-ray units
were done prior to the study. Ra di a tion out put
reproducibility, the ac cu racy of kilovoltage as sess -
ment of half-value layer, AEC de vices and tests of
DAP ac cu racy were per formed.

Phan tom mea sure ments

An an thro po mor phic her maph ro dite phan tom
[15] RS-113T that has an at ten u a tion co ef fi cient of a
pa tient  with  a  body  mass  of  74  kg and a height of
175 cm (Ra di ol ogy sup port de vices, 2009) was used in 
the first phase. Twenty im ages were per formed al to -
gether, ten on each unit. For the ten mea sure ments, the

phan tom was ori ented head to wards (HT) half of the
times, while it was ori ented HA for the re main der. For
each ex po sure, the phan tom was re moved from the ex -
am i na tion ta ble and then again po si tioned in that way
the er ror of the po si tion ing was in put into the mea sure -
ments. For all the im ages, the DAP and im ag ing field
size were col lated, the ef fec tive dose was cal cu lated,
and all the im ages were graded by three ra di ol o gists.  

The stan dard pro to col for pel vic im ag ing used at
Novo Mesto Gen eral Hos pi tal was ap plied, how ever,
the ori en ta tion of the phan tom was changed at ran dom. 
The tube volt age of 80.9 kV was con stant through out
the whole study, with both lat eral cells se lected. The
se lected tube volt age was the same as the pro to col
where the study was con ducted. Be sides the tube volt -
age was in conformity with Eu ro pean guide lines for
dig i tal ra di og ra phy im ag ing [12]. Source-to-im age re -
cep tor dis tance of 115 cm was used, with a large fo cal
point of 1 mm and an ad di tional fil tra tion 0.2 mm of
cop per. On Siemens Ysio with the po si tion HT the av -
er age tube cur rent was 10.7 mAs and with HA po si tion 
8.0 mAs. On Siemens Luminos the av er age tube cur -
rent was 11.9 mAs with HT po si tion and 11.8 mAs
with the use of HA po si tion of the phan tom. Phan tom
and pa tient ori en ta tion were done as de scribed in the
pre vi ous study [7].

Head to wards ori en ta tion
of the phan tom

The phan tom was placed on its back on the ta ble.
The lat eral ion iz ing cells were po si tioned in line with
the iliac crests, as in di cated in the figs. 1 and 2. 

Head away orientation of the phan tom

In HA ori en ta tion, the phan tom was ro tated by
180°, so that the lat eral ion iz ing cells were in line with
part of the pu bic bone, the fem o ral neck, and the soft
tis sue sim u la tion.

Pa tient mea sure ments

Mea sure ments on pa tients were also per formed
at Novo Mesto Gen eral Hos pi tal un der the same tech -
ni cal con di tions as the mea sure ments on the phan tom.
The dose was mea sured in 200 pa tients, of whom 100
(32 male and 68 fe male pa tients) were placed on a
Siemens Ysio ma chine, while 100 (32 male and 68 fe -
male pa tients) pa tients were on a Siemens Ax iom
Luminos dRF. A ran dom 50 % of the pa tients were HT
ori ented, while the re main der were HA ori en tated. The 
ran dom.org web plat form was used to make the ran -
dom se lec tion.
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The ap proval of the Na tional Med i cal Eth ics
Com mit tee was ob tained prior to the study, all the par -
tic i pants were in formed about the pur pose of the study
and gave writ ten con sent to par tic i pate in the study.
None of the pa tients de clined par tic i pa tion in the
study.

Im age qual ity eval u a tion,
dose and data anal y sis

The im ages ob tained were eval u ated by three ra -
di ol o gists, each with a min i mum of seven years of ex -
pe ri ence in skel e tal re port ing. A blind ran dom ized
study was used, and all im ages were as sessed on the
same di ag nos tic mon i tor us ing the ViewDEX pro -
gram. Ac cord ing to the rec om men da tions of the Eu ro -
pean Com mis sion [12, 16], the cri te ria for an op ti mal
im age that ap ply to the an te rior-pos te rior pro jec tion of
the pel vis are as fol lows: 
– Sym met ri cal re pro duc tion of the pel vis,

– vi su ally sharp re pro duc tion of the sa crum and its
intervertebral fo ram ina,

– vi su ally sharp re pro duc tion of the pu bic and
ischial rami,

– vi su ally sharp re pro duc tion of the sa cro il iac
joints,

– vi su ally sharp re pro duc tion of the necks of the
femora which should not be dis torted by fore -
short en ing or ro ta tion, and

– vi su ally sharp re pro duc tion of cor ti cal and
trabecular struc tures in clud ing the tro chan ters

The rat ings were given by ap ply ing a three-step
scale, with 1 – in di cat ing a di ag nos ti cally un ac cept -
able im age, 2 – a di ag nos ti cally ac cept able im age, and
3 – an op ti mal di ag nos tic im age. The rat ings ac cord ing 
to all cri te ria were added up for ev ery im age, so the
low est to tal rat ing of an im age was 6 and the high est
18. In this way, each as ses sor con trib uted three dif fer -
ent rat ings for each im age; then the mean rat ing, which 
was the fi nal rat ing of an im age, was cal cu lated. 

Be side sub jec tive (vi sual grad ing) im age anal y sis 
an ob jec tive im age anal y sis was per formed mea sur ing

A. Resnik, et al.: Pel vis Im ag ing: Achiev ing Dose Re duc tion with Dif fer ent ....
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2019, Vol. 34, No. 4, pp. 375-383 377

Fig ure 2. Po si tion dem on stra tion of the pel vic bones ac cord ing to the ion iz ing cells on Siemens Luminos (a) and
Siemens Ysio (b)

Fig ure 1. Po si tion dem on stra tion of the pel vic bones ac cord ing to the ion iz ing cells on Siemens Luminos (a) and
Siemens Ysio (b)



con trast-to-noise ra tio (CNR) and sig nal-to-noise ra tio
(SNR). The mea sure ments were per formed us ing
imageJ soft ware. The CNR and SNR were then cal cu -
lated based on the next two for mu las [17]

CNR = 20 log10[m1-m2)/std2]
SNR = 20 log10(m/std2)

where m1 is av er age ROI1, m2 – the av er age ROI2
(back ground), m – the av er age value from the com -
plete im age, std2 – the stan dard de vi a tion from ROI2.

To cal cu late the ef fec tive and ab sorbed dose to
se lected or gans, PCXMC soft ware (STUK, Ra di a tion
and Nu clear Safety Au thor ity in Fin land) was used.
The pro gram en ables the dose re ceived by pa tients in
med i cal X-ray ex am i na tions to be cal cu lated by ap ply -
ing a Monte Carlo sim u la tion. The weight, height, im -
ag ing field size, DAP and to tal fil tra tion were in serted
into the pro gram for each pa tient sep a rately. Dur ing
the sim u la tion, the max i mum en ergy of pho tons was
set (90 keV) and the num ber of pho ton par ti cles
tracked was 1,000,000.

Data were an a lyzed us ing IBM SPSS STA TIS -
TICS 25 soft ware. To de ter mine the nor mal sam ple dis -
tri bu tion, the Shapiro Wilk test was first ap plied. With a
nor mal sam ple, the in de pend ent sam ple T-test was con -
ducted, while the Mann-Whit ney U-test was ap plied
with a non-nor mal dis tri bu tion. To pro cess the agree -
ment lev els of rat ers, the Co hen Kappa co ef fi cient and
Spearman Cor re la tion co ef fi cient was per formed. The
sig nif i cance of p < 0.05 was used for all the tests.

RE SULTS

Re sults of mea sure ments on the phan tom

The ba sic sta tis ti cal char ac ter is tics of 20 phan -
tom-based mea sure ments are pre sented in tab. 1

(Siemens Ax iom Luminos) and tab. 2  (Siemens Ysio). 
No sta tis ti cally sig nif i cant dif fer ences in the size of the 
im ag ing field (p = 1.000), the DAP (p = 0.690), ef fec -
tive dose (p = 0.222) or mean im age rat ing (p = 0.310)
were found for the Siemens Ax iom Luminos. For the
Siemens Ysio, the DAP was 9.5 % (p = 0.032) lower in
HT ori en ta tion. There were no sta tis ti cally sig nif i cant
dif fer ences con cern ing other pa ram e ters on the men -
tioned unit: field size (p = 0.841), ef fec tive dose (p =
=.0.836) and mean im age rat ing (p = 0.994).

Re sults of the mea sure ments on pa tients

The ex am i na tions of pa tients in cluded re cord ing 
their BMI, the size of the im ag ing field, the DAP, ef -
fec tive dose, ab sorbed dose to se lected or gans and im -
age rat ings. The re sults of 200 sta tis ti cal mea sure -
ments on pa tients are pre sented in tab. 3 (Siemens
Ax iom Luminos), tab. 4 (Siemens Ysio), and figs. 3
and 4. 

First, the BMI was checked, whereby no sta tis ti -
cally sig nif i cant dif fer ences were found for ei ther the
Siemens Ax iom Luminos dRF (p = 0.990). More over,
no sta tis ti cally sig nif i cant dif fer ences with re gard to
the size of the vi sual field (p = 0.391). That meant that
the pos si ble changes in the doses mea sured would be
due to the change of the pa tient po si tion. With the
Siemens Luminos, the DAP, ef fec tive dose and ab -
sorbed dose to se lected or gans were not sta tis ti cally
sig nif i cant (p = 0.951; 0.836; 0.994).

For the Siemens Ysio, BMI and im age field size
showed no sta tis ti cally sig nif i cant dif fer ence (p = 0.267;
p = 0.534), re spec tively, but there was a sta tis ti cally sig -
nif i cant DAP re duc tion of  37.3  % with HA ori en ta tion
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Ta ble 1. Ba sic sta tis ti cal char ac ter is tics of the phan tom study on Siemens Luminos

Ori en ta tion Mean ± Std Me dian Min i mum Max i mum p-value

Im ag ing field size [cm2]
HT 1548.00 ± 67.98 1548.00 1462.00 1634.00

1.000
HA 1548.00 ± 67.99 1548.00 1462.00 1634.00

Dose-area prod uct [µGym2]
HT 57.84 ± 3.37 58.65 52.59 61.88

0.690
HA 56.28 ± 5.75 56.02 50.67 64.51

Ef fec tive dose [µSv]
HT 90.92 ± 12.35 99.08 77.21 100.40

0.222
HA 84.67 ± 10.04 85.99 74.43 97.56

Mean im age es ti ma tion
HT 16.73 ± 0.50 16.67 16.00 17.30

0.310
HA 16.47 ± 0.30 16.67 16.00 16.70

Ta ble 2. Ba sic sta tis ti cal char ac ter is tics of the phan tom study on Siemens Ysio

Ori en ta tion Mean ± Std Me dian Min i mum Max i mum p-value

Im ag ing field size
[cm2]

HT 1076.93 ± 146.82 1066.06 882.50 1296.00
0.841

HA 1057.33 ± 161.45 1075.12 907.21 1296.00

Dose-area prod uct 
[µGym2]

HT 60.72 ± 12.17 61.98 55.65 64.43
0.032

HA 54.98 ± 4.45 53.76 49.75 61.70

Ef fec tive dose
[µSv]

HT 133.39 ± 14.92 139.51 107.48 144.02
0.548

HA 157.26 ± 87.59 118.48 110.11 313.22

Mean im age
es ti ma tion

HT 16.00 ± 0.41 16.00 15.30 16.30
0.151

HA 15.67 ± 0.24 15.67 15.30 16.00



(p = 0.002)  and  lower ef fec tive  dose  by  55.23 µSv
(35.7 %) (p = 0.002). 

Ab sorbed dose to se lected or gans for both X-ray
units are pre sented in tabs. 5 and 6.

There was no sta tis ti cally sig nif i cant dif fer ence
found in Siemens Luminos on the ab sorbed dose to se -
lected or gans be tween po si tions HT and HA.

We showed sta tis ti cally sig nif i cant dif fer ences
in fa vor of the HA po si tion of the pa tient in co lon (p =
=.0.007),  pel vic   bones  (p < 0.001), uri nary  blad der
(p < 0.001), uterus (p = 0.003) and ova ries (p  = 0.003).
The re sults are pre sented in fig. 5.

The av er age rat ing of im ages in ei ther HT or HA
ori en ta tion are not sta tis ti cally sig nif i cant with re gard
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Ta ble 3. Re sults of the pa tient study on Siemens Luminos

Ori en ta tion Mean ± Std Me dian Min i mum Max i mum p-value

Body mass in dex
HT 29.05 ± 4.96 29.49 20.31 44.06

0.964
HA 29.06 ± 5.00 29.17 20.37 41.14

Im ag ing field size
[cm2]

HT 1275.06 ± 129.75 1333.08 1030.92 1428.00
0.391

HA 1303.10 ± 161.99 1312.68 999.00 1614.54

Dose-area prod uct 
[µGym2]

HT 97.18 ± 62.18 83.10 33.70 385.60
0.951

HA 95.64 ± 51.64 87.70 30.02 256.05

Ef fec tive dose
[µSv]

HT 157.91 ± 93.47 138.86 20.99 569.62
0.836

HA 156.31 ± 76.55 143.80 49.40 365.79

Mean im age
es ti ma tion

HT 15.68 ± 1.65 16.00 10.70 18.00
0.994

HA 15.61 ± 1.78 16.00 10.30 18.00

CNR
HT 32.23 ± 1.85 32.82 26.82 34.24

0.970
HA 32.50 ± 1.29 32.89 28.86 34.83

SNR
HT 30.02 ± 1.53 30.26 26.64 31.91

0.553
HA 30.11 ± 0.93 30.23 27.61 31.66

Ta ble 4. Re sults of the pa tient study on Siemens Ysio

Ori en ta tion Mean ± Std Me dian Min i mum Max i mum p-value

Body mass in dex
HT 26.15 ± 4.28 25.05 19.03 36.44

0.267
HA 26.55 ± 3.81 26.36 18.21 34.60

Im ag ing field size [cm2]
HT 1506.20 ± 101.15 1508.50 1156.00 1720.00

0.534
HA 1529.44 ± 94.43 1512.86 1284.50 1711.40

Dose-area prod uct [µGym2]
HT 94.89 ± 75.80 79.11 20.67 414.10

0.002
HA 59.52 ± 27.42 55.85 9.30 154.40

Ef fec tive dose [µSv]
HT 154.74 ± 114.89 126.86 35.50 626.61

0.002
HA 99.51 ± 43.38 94.15 15.97 251.81

Mean im age es ti ma tion
HT 15.26 ± 1.91 15.50 10.00 18.00

0.041
HA 16.06 ± 1.38 16.67 12.30 18.00

CNR
HT 31.74 ± 1.72 32.16 25.71 33.99

0.011
HA 32.45 ± 1.61 32.80 26.63 34.60

SNR
HT 28.45 ± 1.66 28.76 25.98 31.14

<0.001
HA 29.96 ± 1.48 30.40 25.85 32.78

Fig ure 3. The com par i son of the DAP ac cord ing to pa tient ori en ta tion HA or HT on Siemens Luminos (a) and
Siemens Ysio (b)



to the Siemens Ax iom Luminos dRF (p = 0.994), but
we found a sta tis ti cally sig nif i cant dif fer ence in the
Siemens Ysio (p = 0.041) in fa vor of the HA pa tient
po si tion.

Cohens Kappa co ef fi cient showed very low
match ing be tween the as ses sors. With greater pre ci -
sion, the Spearman cor re la tion co ef fi cient be tween the 
as ses sors shows a me dium pos i tive cor re la tion with
the Siemens Ax iom Luminos dRF (p = 0.472, p =
=.0.494, p = 0.486), while with the Siemens Ysio, the
cor re la tion be tween rat ers is me dium pos i tive (0.474),
strongly pos i tive (p = 0.759) and slightly pos i tive (p =
= 0.220).

DIS CUS SIONS

This study in volved 200 pa tients that were re -
ferred to pel vic im ag ing and were evenly dis trib uted
among two dif fer ent ra di og ra phy units. Our pur pose
was to es tab lish how the DAP, the ef fec tive dose, and
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Fig ure 4. The com par i son of the ef fec tive dose ac cord ing
to pa tient ori en ta tion HA or HT on Siemens Luminos (a)
and Siemens Ysio (b)

Ta ble 5. Re sults of ab sorbed dose to se lected or gans on Siemens Luminos

Or gan Pro jec tion Mean ± Stan dard
de vi a tion [µSv]

Me dian [µSv] Min i mum [µSv] Max i mum [µSv] p-value

Co lon
HT 248.89 ± 152.49 217.51 97.81 855.66

0.535
HA 216.42 ± 92.47 198.83 80.47 498.87

Small in tes tine
HT 177.13 ± 152.68 125.11 38.13 833.12

0.352
HA 124.66 ± 64.95 102.04 54.79 357.76

Pel vic bones
HT 446.84 ± 176.65 409.08 207.39 1049.51

0.659
HA 424.47 ± 154.24 410.56 166.31 810.89

Uri nary blad der
HT 937.38 ± 541.92 837.18 346.97 3569.03

0.929
HA 933.93 ± 484.77 873.08 262.35 2324.18

Uterus*
HT (n = 34) 436.99 ± 223.53 368.55 188.56 1117.31

0.883
HA (n = 34) 441.34 ± 211.21 413.53 154.95 962.79

Ova ries*
HT (n = 34) 302.92 ± 167.87 250.95 33.89 791.60

0.556
HA (n = 34) 313.03 ± 142.43 291.87 111.00 669.32

Tes ti cles*
HT (n = 16) 844.73 ± 473.91 721.74 457.50 2468.69

0.642
HA (n = 16) 766.62 ± 345.99 689.53 378.33 1718.27

Pros tate*
HT (n = 16) 1919.32 ± 1319.45 1617.32 872.23 6512.61

0.696
HA (n = 16) 1715.18 ± 881.05 1507.95 822.33 4116.13

*The or gan doses for these or gans were cal cu lated only for the rel e vant sex

Fig ure 5. Com par i son of
ab sorbed dose be tween the HT
and HA pro jec tions by se lected
or gans on Siemens Ysio unit
(*mean was cal cu lated only for
the rel e vant sex)



the ab sorbed or gan-spe cific dose changed with the pa -
tients in dif fer ent po si tions, and how this af fects im age 
qual ity.

With the Siemens Luminos, there was no sta tis ti -
cally sig nif i cant dif fer ence with re gard to DAP and an
ef fec tive dose be tween the HT and causal ori en ta tion
of the pa tient. The re sults can be ex plained by the
shape of the ion iz ing cells, which are dis trib uted
across the en tire vi sual field. How ever, there are sta tis -
ti cally sig nif i cant dif fer ences in the DAP be tween the
HT and HA ori en ta tions with the Siemens Ysio X-ray
unit, both with the phan tom, for which the dif fer ence
was 9.5 % and in pa tients, for whom the dif fer ence was 
37.3 % in fa vor of the HA ori en ta tion. The smaller dif -
fer ence in the phan tom can be ex plained by the fact
that the size of the phan tom does not vary, un like the
200 pa tients. We found that the DAP val ues on both
units were lower than the most com mon value for the
DAP (300 µGym2) in all Eu ro pean study [1].

More over, with the Siemens Ysio, the ef fec tive
dose was re duced by 35.7 % if the pa tient was ori ented
HA rather than HT. These re sults were found to be con -
sis tent with ear lier stud ies in which the de crease of the
ef fec tive dose was 36.8 and 31 % re spec tively [7, 8].
There was no sta tis ti cally sig nif i cant dif fer ence in ef -
fec tive doses be tween HT and HA po si tions in the
Siemens Ax iom Luminos dRF, ei ther with re gard to
the phan tom or with pa tients. The cause for that is the
same as for the DAP value, which is the shape of the
ion iz ing cells.

Doses ab sorbed by se lected in di vid ual or gans
were also ex am ined in greater de tail. The high est dose
was re ceived by the tes tis and blad der, and the low est
by the co lon. For the most part, mea sure ments on the
phan tom did not re veal sta tis ti cally sig nif i cant dif fer -

ences be tween HT and HA set tings on ei ther the
Siemens Ysio or the Siemens Ax iom Luminos dRF.
With the mea sure ments on pa tients, there were sta tis ti -
cally sig nif i cant dif fer ences in fa vor of the HA po si -
tion in the av er age dose ab sorbed on the Siemens Ysio
in the fol low ing or gans: the blad der (36.5 %), lower
co lon (35 %), pel vic skel e ton (33 %), uterus (32.8 %),
ova ries (32.4 %), and the co lon (28.8 %).

Ev ery dose re duc tion tech nique can af fect im age 
qual ity [8]. Ac cord ing to our re search, there were no
sta tis ti cally sig nif i cant dif fer ences in the qual ity of the
im ages be tween the HT and HA po si tions of the phan -
tom and the pa tients on the Siemens Luminos. That
was also con firmed with the use of ob jec tive mea sure -
ment  anal y sis of CNR and SNR. How ever, sta tis ti -
cally sig nif i cant dif fer ences were found be tween the
po si tions on the Siemens Ysio, for which the rates are
2.5 % higher when pa tients were in the HA po si tion.
These re sults were also sup ported by the ob jec tive
mea sure ment anal y sis CRN and SNR. The study con -
ducted by Har ding et al. [8] re vealed a sta tis ti cally sig -
nif i cant lower im age qual ity of 7.5 % with HA com -
pared to HT ori en ta tion, but they state that the im ages
were still op ti mal for di ag nos tic pur poses. The dif fer -
ences were most ap par ent in the pu blic and ischial
rami, fem o ral neck and, the last cri te rion, which rates
the sym met ri cal re pro duc tion of spongiosa and
corticalis.

CON CLU SIONS

A com par i son of the two X-ray units in spected in 
the study leads to the con clu sion that there are no sta -
tis ti cally sig nif i cant dif fer ences for the Siemens Ax -
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Ta ble 6. Re sults of ab sorbed dose to se lected or gans on Siemens Ysio

Or gan Pro jec tion Mean ± Stan dard
de vi a tion [µSv]

Me dian [µSv] Min i mum [µSv] Max i mum [µSv] p-value

Co lon
HT 244.51 ± 171.88 206.88 63.63 887.63

0.007
HA 174.20 ± 97.75 157.71 24.99 639.49

Small in tes tine
HT 161.57 ± 110.00 132.91 35.07 541.97

0.054
HA 117.48 ± 62.20 107.55 15.98 295.04

Pel vic bones
HT 492.79 ± 337.13 428.79 126.10 1827.94

0.001
HA 330.18 ± 133.35 310.61 48.35 738.15

Uri nary blad der
HT 879.96 ± 654.90 718.02 183.27 3474.44

0.001
HA 559.08 ± 250.15 521.27 92.66 1419.23

Uterus*
HT (n = 32) 460.96 ± 294.79 395.13 107.09 1730.74

0.003
HA (n = 36) 309.99 ± 135.22 288.92 58.60 746.27

Ova ries*
HT (n = 32) 340.48 ± 205.59 299.25 81.47 1194.11

0.003
HA (n = 36) 230.23 ± 93.54 215.99 41.26 510.55

Tes ti cles*
HT (n = 18) 1461.58 ± 1353.77 1101.36 436.42 6056.48

0.267
HA (n = 14) 869.52 ± 397.55 779.88 144.04 1772.64

Pros tate*
HT (n = 18) 732.12 ± 644.69 567.33 253.73 2864.30

0.220
HA (n = 14) 428.82 ± 175.46 407.40 69.34 795.70

*The or gan doses for these or gans were cal cu lated only for the rel e vant sex



iom Luminos ac cord ing to any mea sured pa ram e ter
due to the po si tion or shape of the ion iz ing cells. In
con trast, for the Siemens Ysio, with the usual po si tion
of ion iz ing cells, it has been shown that the HA ori en -
ta tion on the DAP is re duced by 37.7 % the ef fec tive
dose by 35.7 % and av er age ab sorbed dose to se lected
or gans by 31.8 % re spec tively. In ad di tion, im age
qual ity im proves. Based on that, we can pro pose the
HA po si tion of the pa tient re gard ing the po si tion of the
ion iz ing cells in gen eral ra di og ra phy pel vic im ag ing.
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Awa RESNIK, Janez @IBERT, Nejc MEKI[

SLIKAWE  KARLICE  ‡ POSTIZAWE  SMAWEWA  DOZE  SA
RAZLI^ITIM  POZICIJAMA  PACIJENATA

Svrha istra`ivawa je bila da se sazna kako se proizvod doze i povr{ine, efektivna doza,
apsorbovana doza za odre|ene  organe i kvalitet slike mewaju u skladu sa razli~itim pozicijama 
kod slikawa karlice. Studija je bila sprovedena u dva dela. Prvi deo je izveden na antropomorfnom 
fantomu, a drugi deo na 200 pacijenata, koji su imali slikawe karlice. Merili smo proizvod doze i
povr{ine, veli~inu poqa, visinu i masu. Izra~unali smo efektivnu i apsorbiranu dozu za
odre|ene organe. Strane jonizuju}e }elije su prvo bile postavqene na iliakalnim vrhovima
karlice (NT polo`aj), a kasnije na vratu butne kosti (NA polo`aj). Sve slike su nezavisno
procewene od strane tri radiologa koriste}i pro gram ViewDEX i objektivna analiza slike je
izvr{ena merewem odnosa kontrast-{um i odnosa sig nal-{um. Zna~ajne razlike kod aparat Siemens 
Luminos nisu bile prona|ene u bilo kojem od ispitivanih parametara. Me|utim, na{li smo
razlike izme|u proizvod doze i povr{ine (37.3 %), efektivne doze (35.7%) i prose~ne apsorbirane
doze za izabrane pojedina~ne organe (36.7 %) kada je kori{}en NA polo`aj pacijenata, a i kvalitet
slike se pove}ao. Na osnovu ovih razlika mo`emo predlo`iti, da je optimalna pozicija pacijenata
u odnosu na jonizuju}e }elije NA polo`aj.

Kqu~ne re~i: slikawe karlice, optimizacija doze, kvalitet slike


