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This study aimed to investigate the different positioning of the patient in left and right lateral
position during lumbar spine radiography and its effects on effective dose and absorbed dose
for selected organs. The study was performed on a Siemens Multix/Vertix X-ray unit using
Agfa's computer radiography system. Two anthropomorphic phantoms (PBU 60 and RS
113T) were imaged in both lateral projections with a tube voltage from 79 kV to 90 kV. The
dose was measured with a DAP meter placed under the collimator of the X-ray unit. The effec-
tive dose and absorbed dose for selected organs were calculated using the Monte Carlo simu-
lation programme PCXMC 2.0. Based on Monte Carlo simulation calculations, the results of
effective dose on a PBU 60 phantom showed a decrease of 15.2 %, while the decrease in effec-
tive dose on a RS 113T phantom was 14.2 % in favour of the right lateral projection. An ab-
sorbed organ dose to selected organs showed a significant dose reduction for lymph nodes,
pancreas, small intestine, spleen, and stomach in favour of this projection. Based on the re-
sults, we can conclude that right lateral projection should be the method of choice when imag-
ing the lumbar spine in the lateral projection.
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INTRODUCTION

Lumbar spine radiography is one of the seven
most commonly performed imaging in general radiog-
raphy. In addition to the lumbar spine, the most com-
mon procedures are chest radiography, cervical spine,
thoracic spine, pelvis and hip radiography, abdominal
radiography, and mammographic imaging [1]. When
inspecting the dose, lumbar spine radiography pro-
vides the highest radiation dose to the patient, espe-
cially in the lateral position [2-6]. The most common
value of the dose area product (DAP) of lumbar spine
radiography, based on the results of research in 36 Eu-
ropean countries, is 420 uGy m”. The range of DAP is
from 275 to 800 uGy m? [7]. According to ICRP docu-
ment No. 103, the most radiosensitive organs are
breasts, bone marrow, colon, stomach, and lungs [8].
In lumbar spine radiography, some of the mentioned
radiosensitive organs are located in the primary fields
or close to the primary field. Therefore, it is crucial to
keep the radiation dose to the patient as low as reason-
ably achievable [9]. Dose reduction in general radiog-
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raphy can be achieved by various approaches, such as
the use of alternative exposure parameters, additional
filtration, use of proper collimation, and different pa-
tient positioning [9-11].

Since the position of the patient during imaging
of the lumbar spine in lateral position usually depends
on the orientation of the X-ray unit and the preferences
of the radiographer [12], we decided to investigate
whether the different positioning of the patient on the
left lateral and right lateral side (LLAT and RLAT) re-
sults in a different effective dose and absorbed dose for
selected organs.

MATERIALS AND METHODS

A prospective study was performed using an ex-
perimental method to investigate the effect of different
positioning in lateral lumbar spine radiography. The
study was conducted on a Siemens Multix/Vertix
X-ray unit with a total beam filtration of 2.5 mm Al
(Siemens AG, Germany). Prior to the study, quality
control tests were performed. The performed tests
were related to the reproducibility of the radiation out-
put, the accuracy of nuclear voltage assessment of the
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Figure 2. Positioning of the phantom PBU 60 in LLAT (a) and RLAT (b)

half-value layer, the AEC device, and the test of DAP
accuracy. All tests showed that the unit is working
within the expected tolerances [13]. Imaging was per-
formed on two different anthropomorphic phantoms.
The first phantom represents a patient with a height of
175 cm and a weight of 74 kg (RS 113T; Radiology
support devices, 2020), fig. 1, and the second phantom
represents a patient with a height of 165 cm and a
weight of 50 kg (PBU 60; Koyoto Kagaku, 2020), fig.
2. Imaging was performed with a computer radiogra-
phy (CR) system, using 35 cm X 43 cm image recep-
tors from Agfa (Agfa — Gevaert N. V., Belgium).

The exposure parameters used in our study were
based on the European recommendations for computer
radiography and digital radiography systems, which state
that the range of lumbar spine radiography in the lateral
position is between 80 kV and 90 kV [14]. Both anthro-
pomorphic phantoms were imaged with a tube voltage
from 79 kV to 90 kV, using a central chamber of auto-
matic exposure control (AEC), a large focal spot of 1.0
mm, and a source-to-image receptors distance (SID) of
115 em. Both phantoms were positioned following pa-

tient positioning recommendations for lateral lumbar
spine radiography [9, 12]. The central beam was placed
four centimetres above the iliac crest [12]. The image
field size with the phantom PBU 60 was 31 cm % 16.5 cm
and with the phantom RS 113T was 37 cm % 17.5 cm
Both mentioned imaged fields were determined based on
the anthropomorphic phantom anatomy so that all diag-
nostically important structures were shown on the image,
the entire lumbar spine, the last thoracic vertebra (Th 12),
and the first sacral vertebra (S1) [9, 12]. The DAP values
were measured with the Diamentor M4-KDK,
T11017-0044 DAP meter (PTW Freiburg, Germany),
which was placed under the collimator of the X-ray unit.
Each phantom was imaged five times under the same
tube voltage conditions and same lateral position (LLAT
or RLAT). Between each exposure, the phantom was re-
moved from the examination table and repositioned so
that positioning error was also included in the measure-
ments. In the projection, the first letter L for left and R for
right describes the entry side of the primary beam.

In this study, image quality was not assessed be-
cause we used exposure parameters based on Euro-
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pean guidelines [14] and a change in positioning
should not affect image quality. After all, the profes-
sional literature describes that both projections are
possible [12].

The effective dose and the dose to selected or-
gans were calculated using the Monte Carlo simula-
tion software PCXMC 2.0 (STUK, Radiation Protec-
tion and Nuclear Safety Authority of Finland). The
weight, height, image field size value, total filtration,
tube voltage, and imaging projection were entered into
the program separately for each phantom. The number
of photon particles was one million to ensure a low cal-
culation error. After the simulations, a depth value and
the exact tube voltage were entered to calculate the ef-
fective dose and the absorbed dose for the organs. The
absorbed dose is presented with the selected organs lo-
cated in the primary field or close to the primary field.
These organs are adrenal glands, colon, gall bladder,
kidneys, liver, lungs, lymph nodes, pancreas, small in-
testine, spleen, stomach, and uterus.

Data were analysed using IBM SPSS statistics
version 26 (IBM, USA). A Shapiro-Wilk test wasused
to determine the normal distribution of the sample.
Since the data were not normally distributed, a
nonparametric Mann-Whitney U test was performed.
Asignificance of p <0.05 was used for all tests. The re-
sults are presented in the form of tables and boxplot di-
agrams.

RESULTS

One hundred and twenty exposures were made
(60 exposures on a PBU 60 phantom and 60 on a RS
113T phantom). There were no statistically significant
differences (p = 1.000) in DAP values between LLAT
and RLAT on both phantoms. Descriptive statistics for
effective dose on the PBU 60 phantom are shown in
tab. 1 and for the RS 113 T phantom in tab. 2.

The results show that with RLAT, the effective
dose decreases by 15.2% compared to LLAT on a
phantom PBU 60. Statistical comparison was per-
formed using a Mann-Whitney U showing a statisti-
cally significant difference (p <0.001) in the effective

Table 1. Descriptive statistics value for effective dose on a
phantom PBU 60

Projection Mean |Std. dev.| Median | Minimum | Maximum
[1Sv] | [pSv] | [pSv] | [pSv] [1Sv]

LLAT | 1923 14.1 188.3 171.5 223.1
RLAT | 163.2 12.2 159.7 145.1 189.7

Table 2. Descriptive statistics value for effective dose on a
phantom RS 113T

Projection Mean |Std. dev.| Median | Minimum | Maximum
[1Sv] | [pSv] | [pSv] | [pSv] [1Sv]

LLAT | 1584 11.9 158.5 140.0 181.8
RLAT | 1359 | 10.6 135.9 119.5 156.5

dose between LLAT and RLAT on the previously de-
scribed phantom. The results are also shown in the
boxplot diagrams in fig. 3.

On the phantom RS 113 T, the decrease in effec-
tive dose in the RLAT position was 14.2 % compared
to the LLAT position. A Mann-Whitney U test was
performed which showed a statistically significant dif-
ference (p <0.001) between the LLAT and RLAT posi-
tions of the phantom. The results are shown graphi-
cally in fig. 4.

Since we have proved statistically significant dif-
ferences in effective dose at both phantoms, the ab-
sorbed dose at selected organs is also presented to show
which of the organs influence the difference in effective
dose. The comparison of absorbed organ doses in LLAT
and RLAT is presented in tab. 3 for a PBU 60 phantom
and in tab. 4 for a RS 113 T phantom.

Based on the results from tab. 3, we can see that
there are no statistically significant differences in absorbed
organ dose between LLAT and RLAT on active bone mar-
row, adrenals, kidneys, and uterus. A Mann-Whitney U
test showed statistically significant differences between
lymph nodes (22.8 %), ovaries (3.9 %), pancreas (80.2 %),
small intestine (4.8 %), spleen (97.7 %), and stomach
(89 %) in favour of the RLAT position. Based on the
Mann-Whitney U test, a statistically significant difference
was found in the colon (9.6 %), gallbladder (70 %), liver
(95.9 %), and lungs (12.0 %) in favour of LLAT position
using PBU 60 phantom. The results are also shown graph-
ically in fig. 5.
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Figure 3. Comparison of effective those between LLAT
and RLAT positions of the PBU 60 phantom
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Figure 4. Comparison of effective those between LLAT
and RLAT positions of the RS 113T phantom
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Table 3. Descriptive statistic values for absorbed organ dose in the phantom PBU 60
Organ Projection Mean [uGy] | Median [uGy] |Std. dev. [uGy]| Min [uGy] Max [uGy] p-value
Active bone LLAT 190.7 186.8 12.9 171.7 219.5 o734
marrow RLAT 190.3 186.4 12.8 171.4 218.9 p=o
LLAT 2262 226.5 13.9 205.7 257.9
Adrenals RLAT 230.6 2268 14.1 209.8 262.5 p=0.114
LLAT 3245 317.6 27 291.1 374.7
<0.
Colon RLAT 358.9 351.1 256 321 415.1 p <0001
LLAT 151.5 149.5 6.7 141.9 168
1ibl <0.001
Gallbladder RLAT 504 494.2 332 454.6 578 p=0.00
Kidn LLAT 858.6 843.1 70.1 755.4 1008.4 0715
1 =VU.
cys RLAT 862.8 846.9 70.7 758.6 1013.1 4
. LLAT 471 46.6 16 445 513
<0.
Liver RLAT 1149 1126.1 112.5 984.1 1380 p <0001
LLAT 2.1 217 1.1 205 247
<0.
Lungs RLAT 25.1 24.6 13 23.1 28.1 p <0001
LLAT 267.6 261.9 18.9 239.8 309.2
Lymph <0.001
ymph nodes RLAT 206.7 202.9 133 187 2365 p=0.00
. LLAT 2415 2375 14.1 220.8 274 -
Ovaries RLAT 232.1 228 13 213 262 p=0.003
Pancreas LLAT 964.3 680.8 53.6 615.4 810.2 — o001
RLAT 190.6 187.5 9.5 176.8 2132 =0
LLAT 471.4 462.2 31.4 425.1 5415
11 intesti =0.
Small intestine ™= "7 449 4402 297 405.1 515.2 p=0.003
Sl LLAT 1981.7 1943.9 187 1707.7 2396.3 0001
pleen RLAT 456 454 13 427 489 p=o
LLAT 525.5 515.2 402 466.1 612.6
<0.
Stomach RLAT 58 572 21 549 633 p <0001
LLAT 1212 119.6 5.4 113.4 134.5
Uterus RLAT 121.6 120.0 5.4 113.8 134.9 p=0487

In tab. 4, we can see that there are no statistically
significant differences in absorbed organ dose be-
tween LLAT and RLAT on bone marrow, adrenals, co-
lon, kidneys, ovaries, and uterus. Using the Mann-
Whitney U test, we found statistically significant dif-
ferences in the lymph nodes (30.9 %), pancreas (80.9
%), small intestine (4.9 %), spleen (98.8 %), and stom-
ach (91.8 %) in favour of the RLAT position. Statisti-
cally, significant differences based on the Mann-Whit-
ney U test were found for gallbladder (74.8 %), liver
(97.3 %), and lungs (14.6%) in favour of the LLAT po-
sition using the phantom RS 113T. The results are also
shown graphically in fig. 6.

DISCUSSION

This study aimed to investigate whether differ-
ent patient positions (LLAT and RLAT) and lateral
projection provide a difference in the effective dose
and absorbed dose for selected organs during imaging
of the lumbar spine. When comparing the DAP values
between different lateral projections of the lumbar
spine, we found that there were no statistically signifi-
cant differences between them. Such a result was ex-
pected since we only changed the position of the phan-
tom from one side to the other.

When comparing the effective dose on the PBU 60
phantom, we found that the dose decreased by 15.5 %
(29.1 uSv) when the RLAT projection was chosen. Simi-
lar results were found on the phantom RS 113 T in the
RLAT position, which was 14.2 % (22.5 uSv) lower
compared to the LLAT position of the phantom. When
we compare the absolute values of the effective dose be-
tween the two phantoms, we can see that the effective
dose in both projections is much higher on the PBU 60
phantom, which represents a smaller patient than on the
RS 113T phantom, which represents a standard patient
(175 cm and 74 kg). This is due to the absorption of the
higher energy photons in a larger phantom (RS 113 T).
The results of our study are consistent with the results of
the simulation study by Ben-Shlomo et al. [15], where
they have found a mean difference 0£26.9 % in the effec-
tive dose between LLAT and RLAT in lumbar spine radi-
ography. The difference between LLAT and RLAT pro-
jections is about 10 % greater in their study, which could
be due to different exposure parameters. The absolute
values of effective dose in their study are 163 pSv in
RLAT position and 223 uSv in LLAT position. They de-
scribe that their study is a simulation study using the
Monte Carlo simulation program PCXMC 2.0 and not a
study based on phantom or patient measurements. A
study similar to our study was conducted by Chaparian et
al. [16] where they have measured entrance skin dose in
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Table 4. Descriptive statistic values for absorbed organ dose in the phantom RS 113T
Organ Projection | Mean [uGy] | Median [uGy] |Std. dev. [uGy]| Minimum [uGy] Maximum [pGy]|  p-value
Active bone | LLAT 173.6 173.8 12.8 153.8 198.8 0824
marrow RLAT 173.8 173.8 12.7 153.9 199 p==
LLAT 204.5 204.8 12.8 184.3 2303
Adrenal =0.61
drenals RLAT 203.1 203.2 12.1 183.7 228 p=0.615
ol LLAT 2653 265.5 18.8 236.1 302.4 055
oron RLAT 262.4 262.6 18.5 2332 299.2 p=o
LLAT 80.2 79.9 3.1 75.1 87.2
<0.
Gallbladder =5 "7 3183 318.8 20.1 286.2 359.1 p <0001
4 LLAT 633.9 633.7 54.1 551 737.8
Kidneys RLAT 638.5 638.1 545 554.4 743 .4 p=0701
LLAT 26.5 26.5 0.8 25.1 284
L <0.001
tver RLAT 986.1 983.9 100.6 833.5 1174.9 p=0.00
LLAT 234 234 13 213 26.1
L <0.001
ungs RLAT 24 274 1.6 24.8 30.7 P
LLAT 2023 202.5 14.9 179.3 2316
Lymph nod <0.001
YMPA NOGes I e L AT 139.7 139.8 9 1254 157.9 p
_ LLAT 301 301.3 18.3 2722 3382
Ovaries RLAT 301 301.1 17.7 272.6 337.4 p=0976
b LLAT 586.2 586.2 476 513.1 678.4 - 0.001
ancreas RLAT 111.9 111.6 5.1 103.5 123 p=0
LLAT 3259 326.4 217 292 369.4
Small intesti =0.008
matl ntestne = p L AT 309.8 310.1 204 277.4 350.9 4
Sl LLAT 1822.3 1819.8 179.6 1550.6 2160.1 0,001
een .
P RLAT 225 225 0.4 21.8 237 p
LLAT 364.8 365.1 279 3216 419.4
h <0.001
Stomac RLAT 29.9 29.9 0.8 28.6 13.9 p=0.00
Ul LLAT 140.3 140 6.3 130.2 154 0250
erus RLAT 1422 141.9 6.6 131.5 156.4 =0
Projection
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the patient study for abdomen, lumbar spine, and pelvic
examinations. They reported a mean difference in effec-
tive dose between LLAT and RLAT positions of 19.2 %.
The absolute values in their study are much higher,
which describes a mean effective dose in the LLAT pro-
jection of 450 uSv and the RLAT of 557 uSv. There is
also a difference between the LLAT and RLAT positions
in their study and ours, which could be due to a different

interpretation of the LLAT and RLAT positions. As de-
scribed in our methodology, the letter before the lateral
projection is the position where the primary beam enters
the phantom's body. The difference in the absolute values
of the effective dose could be due to the different expo-
sure parameters used in their [16] and our studies.

In our study, we also compared the absorbed dose
between LLAT and RLAT projections in lumbar spine
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radiography. On the phantom PBU 60, the results of ab-
sorbed organ doses showed statistically significant dif-
ferences between lymph nodes, ovaries, pancreas, small
intestine, spleen, and stomach in favour of RLAT. In the
phantom RS 113 T, there were statistically significant
differences in favour of RLAT projection in lymph
nodes, pancreas, small intestine, spleen, and stomach.
We see that mainly the same organs receive a lower ab-
sorbed radiation dose, except for the ovaries, which is
due to the priority mentioned higher energy photons in
the larger phantom. When we compare these results with
the results of the study by Chaparian ef al. [16], we see a
large difference in the dose to the organs. This could be
due to different exposure parameters and a different size
of the patients, as their study was performed on patients,
while our study was performed on two different anthro-
pomorphic phantoms.

The main limitation of our study is that the re-
search was conducted on phantoms only and we did
not include any patients in our study. Another limita-
tion is that we used a smaller phantom (PBU 60) and a
phantom representing a standard patient (RS 113 T).
An additional phantom representing a larger patient
would also be beneficial to our study.

CONCLUSION

In our study, we have inspected whether the dif-
ferent positioning of the phantom in the lateral projec-
tion during radiography of the lumbar spine results in
the different effective dose and absorbed dose for se-
lected organs. We have proven a statistically signifi-
cant reduction in the effective dose of 15.2 % and
14.2 %, respectively, and a significant reduction in the
absorbed dose for lymph nodes, pancreas, small intes-
tine, spleen, and stomach in favour of the RLAT pro-
jection in the lateral lumbar spine radiography. Based
on these results, we can conclude that the method of
choice for lumbar spine radiography and lateral posi-
tion is the RLAT position. We recommend repeating

the study on patients to obtain the results in a clinical
environment.
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Heju MEKUII, Epna AJIYKUh

YTULAJ PASINYINUTUX TTOJOKAJA ®PAHTOMA Y BOYHUM
PAINOTPA®PUIAMA JTYMBAJ/IHE KUYME HA E®EKTUBHY U
AIICOPBOBAHY J103Y Y OJABPAHUM OPTAHMUMA

Lnm pajia je ma ce ucTpaXku pa3inuuTo NO3MIUOHNPAkE NAUjeHTa Y JIEBOM U JECHOM OOYHOM
MOJIOKA]y TOKOM pajuorpaduje JymMOaTHOr fiella KMUMe M HUXOB yTHIA] Ha e(EeKTHBHY 103y U
arcopb6oBaHny 103y Ha offabpaHuM oprannMa. MictpaskuBame je n3BefieHo Ha anapaTy Siemens Multix/Vertix
X-ray kopucrehu Arda Kommjyrepcku paguorpadcku cucteM. Y o0e 004He NpojeKIyje cIuKaHa cy aBa
anTporniomopdHa panroma (PBU 60 u RS 113T) ca Hantonom nesu oft 79 kV 1o 90 k V. [lo3a je mepena JJATI
METPOM NOCTAaBJLEHUM HCIIOJ] KOJIMMATOpa peHreHcke jenunauie. EdexTuBHa no3a u ancop6oBaHa jjo3a
opmabpaHux opraHa u3padyHare cy KopumrheteM MonTte Kapno cumynanuonor nporpama PCXMC2.0. Ha
ocHoBu Monte Kapno cumynauwmje, pesynratu edektuBHe fo3e Ha PBU 60 cdanTomy nokaszanu cy
cMambembe e(peKTHBHE 103€ 32 15,2 %, 0K je cMamee epeKTuBHe o3¢ Ha (paHTOMy RS 113T 6110 14,2 %
y KOPHCT JIeCHOT GOYHOT Mmojioxkaja. AncopboBaHa jjo3a Ha ojadpaHNM OpraHuMa MoKa3alla je 3HauajHO
cMamele J03€ 3a JNUMQHE YBOPOBE, ITAaHKpeac, TAaHKO LPEBO, CIE3UHY M Kelyjall y KOPUCT UCTOT
nosoxaja. Ha ocHOBY JoOMjeHuX pe3ysTaTa MOXKeMO 3aKJbyUNUTH 1a OU IeCHU OOYHU 11010k aj MOTrao OUTu
MeTofia u36opa npu paguorpaduju IyMOaTHOr eja KUuMe y JaTepalHOj NPOjeKIHjH.

Kwyune peuu: paouozpagpuja aymbanne xuume, cmarberbe 003e 3padersa,
PAaoOUOCEeHIUTHUBHUL OPZAH



