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Optimization of exposure techniques for lumbosacral spine
radiographic examination: a phantom study
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Optimization of exposure techniques for lumbosacral spine radiographic examination: a phantom study

Abstract

Background: X-ray imaging of the Lumbosacral spine (LS-spine) is a routine procedure in patients. The patient dose
received from this examination is higher than that of X-rays taken in other areas. Therefore, it is essential to determine
the appropriate exposure technique by considering both the radiation dose received and the image quality. Objective:
The aim of this study was to identify the optimal parameters for LS-spine X-ray imaging, the radiation dose and image
quality should be evaluated based on routine and modified protocols at King Chulalongkorn Memorial Hospital. Methods:
A digital X-ray system (Digital Diagnost, Philips) with an image receptor and the human-like phantom (PBU-60, Kyoto
Kagaku) were used. Both LS-spine anteroposterior (AP) and lateral projections were performed using both routine and
modified protocols. The kerma area product (KAP), exposure index (El), and deviation index (Dl) were recorded
simultaneously. The qualitative image quality was scored by three experienced radiographers. Results: LS-spine X-ray
imaging in the AP projection with an applied voltage of 66 kVp and an increased filter thickness of 0.2 mmCu +1 mmAl,
along with the use of the AEC system, provides appropriate DI and KAP values and yields the highest quality assessment
scores. In the lateral projection, using 66 kVp and a filter thickness of 0.2 mmCu +1 mmAl along with the AEC system,
yields appropriate DI and KAP values and results in satisfactory image quality. Conclusion: Using the AEC system
combined with increased filter thickness for LS-spine X-ray imaging in both AP and lateral projections helps to reduce the

radiation dose while providing images of appropriate quality.

Keywords: Exposure technique, anthropomorphic phantom, kerma area product, exposure index
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@mmwmmmmﬁuﬁmﬁlam ESD iisiu usiliwupaany
WANGNNAENTEE A UBIAZUULLAIA I ATNTENIN
nwsneSETIAN ESD Wi 1.941 uas 4.882 mGy
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Optimization of exposure techniques for lumbosacral spine radiographic examination: a phantom study

a15197 1 Tslmmaanldonaniniantiad LS-spine luvinuaunanauazIian3duuu AP projection $aufiuszuu AEC

Protocol Exposure technical parameters
kVp mAs Filter AEC Thickness (cm)

1 (Default) 77 11.8 No Center 21
2 77 188 0.1 mmCU + 1 mmAl Center 21
3 77 18.2 0.2 mmCU + 1 mmAl Center 21
4 90 5.1 No Center 21
5 90 6.5 0.1 mmCU + 1 mmAl Center 21
6 90 7.5 0.2 mmCU + 1 mmAl Center 21
7 66 28.6 No Center 21
8 66 40.0 0.1 mmCU + 1 mmAl Center 21
9 66 49.9 0.2 mmCU + 1 mmAl Center 21

19199 2 ldslamaanldonaninantisd LS-spine lunuaunziaswas l9iansaduuu Lateral projection $aufiugzuy AEC waszlaild
32UU AEC

Protocol Exposure technical parameters
kVp mAs Filter AEC Thickness (cm)

1 (Default) 80 45 No No 30
2 (Default) 90 49.2 No Center 30

3 90 27.0 No Center 30

4 90 3.5 0.1 mmCU + 1 mmAl Center 30

5 90 38.1 0.2 mmCU + 1 mmAl Center 30

6 70 106.6 No Center 30

A9 3 insurinisdsziiunnuniwuaaniwiantisd LS-spine lurinuaunaauazliaisduuy AP projection

No Evaluation criteria Scoring scale

1 Visually sharp reproduction of the upper and lower-plate surfaces, represented as 1 = Criterion fulfilled

lines in the centered beam area 0.5 = Criterion partly fulfilled
Visually sharp reproduction of the pedicles 0 = Criterion not fulfilled
Reproduction of the intervertebral joints

Reproduction of the spinous and transverse processes

Visually sharp reproduction of the cortex and trabecular structures

Reproduction of the adjacent soft tissues, particularly the psoas shadows

Reproduction of the sacroiliac joints

o N OO O~ W N

Image detail at 3@ lumbar vertebral body: 0.3-0.5 mm in width
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A9 4 ineuTinisdsziliugniniwuaan wianisd LS-spine Tuvinuauszumsuazlian3sduuy Lateral projection

No Evaluation criteria

Scoring scale

1 Visually sharp reproduction, as a single line, of the upper and lower-plate surfaces

with the resultant visualization of the intervertebral spaces

Full superimposition of the posterior vertebral edges

Visualization of the spinous processes

o O~ W DN

Image detail 0.5 mm in width

1 = Criterion fulfilled
0.5 = Criterion partly fulfilled

0 = Criterion not fulfilled

Reproduction of the pedicles and the intervertebral foramina

Visualization sharp reproduction of the cortex and trabecular structures

NANIFANEI

A1 DI WavAN KAP fILaAIuussuUa 8N IWEad LU
AaTa ANNsEan wanTsEuIIaaalausnauee
uFiaeu LS-spine luvnuaunanauazlianfeaduuy AP
projection 39U Uz UUAAFIFamIuTA (Automatic
exposure control; AEC) m1uldslnmaadszdnuas
TUslnaaadsulmi wanedanisneil 5 wudn@n DI was@
KAP ann1gaanniantisdaiulusinaaatsyaninnu -
1.6 waz 60.63 uGy.m? mudnau tnaan DI Juualdy
isRustas kVp AL AU ANTRLAN mAS $auFUNS
RUAUMUILEUNTD I T denalian KAP anas Tns
TdsTonaalunstnanmitlia DI snan wazen KAP snam
Ao Wslaraad 9 wazluslanaadl 6 mudEy

AINANTNT 6 WAAIAN DI UAZAN KAP TILERIUUI UL
ENINFIFUUUAITA 2INN19E18NINLANTLSEUI1a89
ilausINNENY LS LS-spine luriuaunzuauaz 1y
A%9duuu Lateral projection anulisTamaatszaniialald
wazld AEC wazluslnmaaddulnidnuingn DI a1nn1g
dranmantsdaullsinaaatsyindialalduazld AEC
Winfiu -0.6 WAz -0.2 ANa1SU IaalA1 KAP 21nN19
dnantantisfiuinudindnaullsinaoalsyniialy
Tduazld AEC 1vinfiu 250.00 waz 273.33 pGy.m?
pudny TnansiiiuAn mAs $aufunsiuAI LU LAY
nenefedtansdanaliian KAP anas deluslnmaalunng
dnanmilian DI rﬁwqm UazA1 KAP ﬁwqmﬁa Tuslnmaati
6 uazluslnmaati 5 mudsu

A19°99 5 A1 El, DI, KAP LazAzuutladeliiannnmaasn wiantiss LS-spine lurnuaunieauarlid3sduuu AP projection 2y

szuu AEC luusazluslnmaa

Protocol Exposure technical parameters Dose evaluation Mean IQ score = SD
kVp  mAs Filter El DI KAP (uGy.m?)
1 (Default) 77 11.8 No 173 -1.6 60.63 6.72 £ 0.38
2 77 156 0.1 mmCU + 1 mmAl 175 -1.5 34.53 6.67 £ 0.29
3 77 18.2 0.2 mmCU + 1 mmAl 177 -1.5 28.37 6.61+£0.35
4 90 5.1 No 158 -2.0 36.07 6.50 £ 0.71
5 90 6.5 0.1 mmCU + 1 mmAl 161 -1.9 2217 6.25 + 1.06
6 90 7.5 0.2 mmCU + 1 mmAl 163 -1.8 19.00 6.83+0.94
7 66 28.6 No 183 -1.4 107.33 7.83 £0.29
8 66 40.0 0.1 mmCU + 1 mmAl 183 -1.4 57.73 7.8310.29
9 66 49.9 0.2 mmCU + 1 mmAl 188 -1.2 46.95 7.8310.29
NIIRInafia 171 49 afufl 1 unAN - Funaa 2567
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A19197 6 A El, DI, KAP LaZAZLULIRALTNAMAINUBININENTSE LS-spine Tuvuaunzwawaz1iidn¥sduuy Lateral projection

Fauffuszuu AEC wazlildszuu AEC Tuusazlislnmaa

Protocol Exposure technical parameters Dose evaluation Mean IQ

kVp mAs Filter AEC El DI KAP (LGy.m?) score + SD

1 (Default) 80 45 No W/O 216 -0.6 250.00 478 £0.25
2 (Default) 90 49.2 No W 238 -0.2 273.33 494 +0.10
3 90 27.0 No W 232 -0.3 190.67 5.00 £ 0.50

4 % 335 0.1 mmCU + 1 mmAl w233 -03 115.67 5.28 +0.48

5 90 38.1 0.2 mmCU + 1 mmAl W 236 -0.2 96.50 5.28 £0.48

6 70 106.6 No W 245 -0.1 450.33 5.94 +£0.10

AZLUULTTIIUANAN W URINWIBNTLSE LS-spine Tu
Muaunaauwaz1ia159aduwuY AP projection wazluvinuau
AruPAILazlanFIduuy Lateral projection lTunmas
TUsTnmaaiivinnisineu Fedszifiumuinos EUR16260
Tnafedmaiia wanedanisei 5 uaz 6 wuinlu AP
orojection TsTamaatsy37ild AEC aulumsdnaniw 19
mammmuuﬂa‘uﬁu@mmwLaﬁﬂaﬁﬂﬁﬂﬁxLﬁu%aawuﬂu
wirfiu 6.72+0.38 Taaiiiavinnnsusus kVp &g $aufunng
LAY mAS Wudm:uuuﬂa‘uﬁu@mmwLaﬁlﬂﬁmqﬁu
u1nni1 7.50 lunnldslnAaavasnisdianin unziilu
Lateral projection TUsTamaatsy 37 lailduaz1d AEC $au
lunnsdranm Winasueziuulszidugunmiadeiiy
4.7810.25 uaz 4.94+0.10 MuUdSU Waiuaumnusiy
ﬂiaﬁqﬁwudm:LLuuﬂ?:Lﬁu@mmwLa?{aﬁmqﬁumm’h
5.00 AINNNTANEINUINNNTRBNINENTLSE LS-spine Tu
AP projection TUslamaad 7, 8 uay 9 Fazuuulssiiiu
AN Mgty auzillslanaadildazuuulss iy
Aninmgeaalu Lateral projection #a TusTnaaadi 6

= =
anusiauanIsANEN
neiruAmAtAluNsaNgnwWENTTE RNz duL Ty
dountldlunisilaafiudiunsiaainiedlifiugios uanain
ngsaAntladenanuariladesaslunisliised nnsmsiasau
AUFINuSFRaznssziliugun s witudud Ay
alg o a - a \
nlflun1snasudanmatalunisananiw! 2 390
N & A a ' s
N19ANEIL WalszdiumA DI aINN1901en IWLantse LS-
spine lu AP projection k@< Lateral projection 6 134
TWslamaadsziuazllslanaatfunistmasivi wudnag
lununnaaudulantagndi £33 adnelsfinunin
WIauweuu@An Elr wuanan El 1lAnnisangninany
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TUslnmaasenantifensiiAtiaanin@n El anatilaanan
A lvasgUnsalfuninuaznisdiuiiiauiinfeduas
F2UUARSIF TR IUITR sﬁqwqmnﬁﬁﬂamﬂéaaéﬁ%ﬁalﬁ%’u
Buisdiieamasanaifianmiziaainm o
MsiuAn kvp denalipzuuulsziiunniniwann
ana Ha9INAINLANAIaLanEnIn (Contrast) 7
anas mﬂma‘Lﬁuwé’wmﬁqﬁuﬁﬂﬁémwmaﬁw:a’mm
Sediuiy unausdnssidafiniiy wazannuuananly
n19eANaYU (Differential absorption) UFu1au59da1n
Fananasnrtiaanad’” UaNaNTLNNTLRLA kVp fl9dana
1Aade KAP anat annanisanundiaauiisuiu
Alade KAP 71 90 kVp WUIIALRAY KAP anad 40
WadiFus was 66 Wasifus annswasuan kvp lu 77
kVp waz 66 kVp Auaisu LANIFRLAILMUNT B
nsasseddenaliian KAP anawunnndn 10 wadifus e
FanPaIiuNI9ANEIUAY Bak KA Lazmus!'®
21NN19U9LUAY DI waz KAP faufunigulszidu
punmaasnwautilslnaaalssinfildeuilagiuuag
Tslamaalsunisiimaslmilunisinuni wuinnns
fran wiantiad LS-spine U AP projection N19ARUARY
KVp 71 66 KVp Wasn1sIi AU UNLEUNSa959d T 0.2
mmCU +1 mmAl $2ufunngldszuu AEC %A1 DI uag
KAP fimunzay Tnedpzuuulsnidununmanian anzily
Lateral projection N19AUUART KVp ﬁ 90 kVp kazng
LUAMUMUNLRUNSD9559ET 0.2 mMmCU +1 mmAl saufiy
nsldfszuu AEC TWiAn DI, KAP uazazuuulssiiugounn
wanzay Teanunsatitislnaaadanandludssgnadldm
nacanmiantad LS-spine lugthailnaAtluuinsn
UMY agnalsfimuaudieiviinimaassanizly
yudnaaaaliauseniauyudinesanuuaes taeldls
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