Journal of the Nigerian Association of Mathematical Physics
Volume34(March, 2016, pp 367 — 376
© J. of NAMP

Patient Parameterand the Radiation Dose Estimation of Patientsndlergoing Lumbar
Spine Radiography in Selected Radio-Diagnostics Center in Lagos Statagsria

Fredrick O. AdeyemiChristopher J. OlowookereDeborah O. Olorod®
Babajide O.Balogun,Fatai A. Balogurf

!Department of Radiology, Lagos State University College of Medicine, Ikeja, Lagos S¢atNigeria
“Department of Physics, AjayiCrowther University, Oyo, Oyo state, Nigeria
3Department of Physics, University of Lagos, Akoka-Yaba, Lagos State, Nigeria
“Department of Physics, ObafemiAwolowo University, lle-Ife, Osun State, Neria.

Abstract

Radiation dose to organs of 50 adult patients ungeing Lumbar Spine
radiography from three selected publichospitals irmgos State were evaluatedfrom
the output generator of their X-ray machine (Radiab Output)using an indirect
dosimetricmethodwith some mathematical applicatioslevant to knowledge.Organ
and effective dose to thePatients were estimateédgidosecal. V2.31 software specific
machine data and tissue equivalent values.The orgdimat were exposed significantly
due to LS radiography were stomach, Liver,AdrenarRreas, Spleen,
Gallbladder,Heart, Lungs, kidney, testicle, esophagetc. Stomach recorded the
highest dose values 0f240+1.2uGy,113+0.3uGy andtP2PuGy respectively for each
of the selected hospitals and the mean of the meaaise 0f168.0+7.2uGy for LS(AP)
and theLiver also recorded the highest dose valud8@+ 2.3uGy, 140+1.4uGy
and151+1.7uGy respectively for each of the hospgitaind the mean of the means
value of 157.8+2.5uGy for LS (LAT). Entrance suda dose calculated for all the
hospitals were0.44+0.1mGy and 1.06+0.1mSvfor LS(ARY LS(LAT)which reflected
LS(LAT)value as been approximately 2.41 of LS(AM)eT effective dose were
estimated approximately as 0.051+0.02mSv and 0.0213mSv for LS(AP) and
LS(LAT) respectively an approximate factor of 2,4Bowing that the overall
stochastic health effect of radiation from all theelected centers at a whole averagely
depend on the projection of the examination(AP oAT).Local dose reference limit
were equally determined as0.44+0.1mSv and 1.064®30 for an irradiated mass of
18.7+1.4Kg and 28.5+2.1Kg respectively at 95% aderfice limit(P value 0.05) for
LS(AP) and LS(LAT).

Keywords:Radiation Output, Entrance Surface dose/Equivalese, Organ dose, Effective dose, Radiation Health
effect,Patient dose assessment, Lumbar Spine ([a®yral(LAT), Antero-posterior(AP).

1.0 Introduction

The use of X-ray for diagnostic imaging has corgthuo play a leading and a significant role in espf other imaging
techniques both in developed and developing casbf the world.

However, X-ray examination constitutes the mostangnt man made source of radiation exposure ofvitréd population

[1]. Although X-ray procedure is assumed to provitd benefit, the potential for radiation induceguiy to the patient
exists. Therefore understanding what the absorbed i and the factors that affect them become ivgpgrtant [2].

In diagnostic radiology, periodic assessment ofepatdose and quality control test of X-ray mackiree required and
compulsory to ensure compliance with recommendatif8}. The major lesson learned from these assegsnie the

recognition of the significant variations in thetipat dose among the radiological departmentsdarestype of procedure[4]
and these variations therefore justify dose measenéin order to optimize the diagnostic practisk [

Patient dose is often described by the patientrog surface dose, which is measured on the patskih at the center of
the X-ray beam while appropriate beam collimat@dfsize) is considered. An alternative methotbisake free-in-air
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measurements without the contribution of backscedteadiation from the patient andthese are expdessterm of incident
air kerma (1AK).

Radiation dose to various organs or tissues itltly cannot be measured directly in patients urtdeggX-ray examination
without the anatomical knowledge of the organs iesuies that constitute and/or exist around the afeaxposure
(anatomical coordinate) and their radio sensitivityues [6]. These can then be estimated with redde accuracy while
sufficient reasonable amount of data on the X-raxan@nation parameters (radiological and patient
parameters/anthropometric information) are ava@ldi)8].

Therefore, patient’s radiation dose measuremeradiological procedure is an important and indisgadate way of assessing
the quality of procedure and the determinationsxpiosure to ionizing radiation and this is equedfierred to as patient dose
monitoring/assessment [9]. Monitoring of X-ray meehdose to patient during examination equally ined relating the
dose to patient with the efficiency of a machinéficiency of the machine is therefore inverselyatetl to dose to patient
while dose is direct proportionate to the riskte patient, hence monitoring of patient dose besomach more imperative
in the comparison of interdepartmental quality afgedures, modes of administration and their nehrteues [10,11,12].
This study will focus on the entrance surface dafspatients undergoing lumbar spine which is on¢ghefcommon radio-
diagnosis procedures for the equivalent dose etima The knowledge of the radio sensitivity valfeorgans/tissues as
determined in the computer base program softwaosé[@al. Version 2.31) will be applied for the effee dose estimation
of both the Lumbar Spine (AP) and (LAT) views.

2.0  Materials and Methods

This study was carried out in three selected puliispitals in Lagos State within secondary andagrievel using X-ray
machines. The machine data and hospital persalistabutions are presented in Tables 1land 2.

Table 1: X- rayfacility machine specific data

Hospitals | Manufacturer Model/type Year ofvear of | Filtration Tube Film type
manufacture | installation length current(mA)
(mmAl)

Hi Trex crop of| Trex with smart| 2000*6 Jan, 2001 2.5 300 AGFA
America UPS 2200

H, System Ag| System  multi| 2007*2 April 2009 2.5 400 RETINA
medical solution| swings. s/ng
PEG, Germany | 4121

Hs Micro-medical Varian-medical | 2005*9 March, 2007 25 400 Kodak
Co, Japan X-ray machine AGFA

H,;-Orile-Agege General Hospital, ,H General Hospital, Gbagada (Lasuth Annex) and &Hos University Teaching

Hospital(LUTH)

Table 2: Distribution of the Hospital personnel

Hospital Radiographer Radiologist

H; 2 1 (Resident)

H, 1 1 (Visiting)

Hs 16 6 (Resident)

Fifty (50) adult patients aged 18years and abowergoing Lumbar Spine radiography were randomlysictared for this
study. The examinations were performed by qualifediographers and the image quality of the exposwas passed by a
consultant radiologist at the different hospital$ie examination equally considered the lumbaresfli') antero- posterior
(AP) and the lateral (LA) performed on a patient.

PATIENT DOSE MEASUREMENT

Free- in- air measurement was carried out usinifpredd x-ray test device(Noninvasive evaluatiorrazfiation output by
Victoreen Inc. USA) 6000kv meter equivalent plae¢t meter away from the focal spot of the x-rdyetuvere made as an
alternative for the use of thermo luminescence daster (TLD) or any other direct measuring devices.

The measurement of radiation at different tube mate(kV) and a constant current- time product @hAalue of 10 were
taken and recorded at different meaningful rangglave on the machines.

Adequate conversions were carried out on the recboditput measurements in millirontgen (mR), usifip873mGy in air
as an equivalent of 1ImR for x-ray or gamma andethvesre divided by the current- time product (mA®) iormalization
purposes, obtaining their output ratio (MGy/mAsg3é was plotted against the varying tube voltagm@ymAs against
kV) to obtain the incident air kerma (1AK) curverfeach of the hospital’s X-ray machine.

IAK CURVE FOR THE SELECTED HOSPITAL X-RAY MACHINE
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Fig. 1: Incidence air kerma (IAK) curve for the selecteeinters X-ray machine

OUTPUT RATIO (mGy/mAs)

Since emphasis has been on estimating from therpigiarameters using theoretical approach, thdentiair Kerma (IAK)
on top of the patient was evaluated using the fatig equation with a known focus to skin distan€8D) and the mAs per
examination [13].

IAK (kV, mAs ) = {(Output(mGy)/mAs ) x( FFD/FSB) mAs} Q)

Where FFD is the solid detector distance from theaytube focal spot measured on the X-ray tabfeaind FSD is the
patients’ skin distance from the focal spot of ¥xeay machine as measured using tape meter rulebtapf measuring at
least 0.1cm (1mm) to patients’ skin surface.

All relevant radiological and patients’ parametarevadequately recorded during the examinatioegtmation purpose.
Coordinate geometry system approach was applieth@mmeasureable parameter taken from the patiérmgstlg during
examination with special reference to the equiviatiameter of a reference man which was given aSca2 [14,15],
normalized the dose of any patient to reference dume, on the assumption that a patient is a aytialdtank of water and
the equivalent diameter ([) were been calculated from the patient’'s weightt haight. The thickness of the patient was
therefore considered to be the equivalent diantdténe patient at the antero-posterior positione Tickness wastherefore
calculated using the mathematical relationas

Cap = 2(&) ()

Weight (w), height (H) and AP thickness equivalé@tp) was represented in gramme (g) and centimeter (espectively.

The mass of the irradiated area were equally détednsince the area radiated is an elementalofitite body component
(compound) which was denoted by;"mand the mass of the whole body as the weighthef patient M are equally
represented. The weighting factors for each exptissde/organ within the irradiated region wereeatldnd represented as

W =""/y 3)

Where Wis the total radiosensitivity weighting factor fitve area irradiated (i).wap=0.275,> w 47=0.42).Therefore,mass
of the area exposed during this procedure is gagen

m; -MW; (4)

Area collimatedgiven by the field size on the maehivas considered thearea of irradiation. Assunfiagthe region were
uniformly irradiated without any heel effect togettwith the patient thickness asdetermined in &ouig), then the volume
of the irradiate region over the patient will he same as the volumes of solids of a revolutieengby

V = [my?dx (4a)

If rotatingabout the X-ax¥s through patient’s pimsitin line with the orientation of the X-ray beamits projection,indebt
knowledge therefore gives the field size measur¢émerording to the assumptionthat patient is andgr of water [14, 15,
16] and the equivalent diameter of the reference rmaolvedaround ‘X and Y’- directions for c=z te bonstantfor AP and
inrotating about Y-axis, through z=c with X-direari constant for Lateral (LAT) given by

V = [2nxydx 4(b)
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Reference to equation (4a)and(4b), equation (5)tépresent the volume over patient asa multiplegiratl considered for the
measurable length of the patients’ thickness aediéid size used during exposure.

V =[Adx = [[f dxdydz (5)

Wheredx,dyanddz are elemental changes in the ai@booordinate of the area exposedon the patidéwiieve=c and A =
dxdy. The density of the irradiated region as deiteed from the patient parameters is given by

— m
P ="l = m((f Ad)1) = m(fff (dxdydz)1) )
Where A is the field sizes determined on the mazlddjustment during examination, the total linetderaiation of the
machine used during examination is given as

K= P =/ 1 dyax IS dxdydz) 7] ()
w= [(A/m)m(f Adx)] = [(Am™) (m(f Adx)™V)] @)

wherel, is given as the body mass attenuation given as@eemass of the region uniformly irradiated.

Previous physiological and biomedical studies leasaledwater content in the body to form about(@®4vof the total body
weightand also water as one of the important simgldroperties within the body system, as suchHhb# value layer with
reference to the body is determined using the aspoa

pvr = ~(n (0'5))/1% 9)

Since the filtration length is measured in mmaAl.
H; =Y DyWg(Wr: weighting factor for X-ray is 1), therefore eqalgnt dose becomes equal to the amount of ionizaiso
defined in Bragg'’s principle, hence the Entrande skirface dose was determine using

2
Hy = ESDyaq = 18K x (KV/g0) (10)
The linearity of the patients’ parameter to dodaretion was tested using the expression givenvbal®
D = Dye™#* (11)
Which showslinearity with the equation
InD + px = InD, (12)

Organ and effective dose to patients undergoindamspine radiography was estimated using dosez@1Vcomputer base
software developed by the radiological protectioanter,St.George’s hospital in London and this paogrused

computational hermaphrodite phantom defined by eratitical expressions to compute organ and effedibse to patient
of different ages and sizes in a freely adjustatley projections and other radiological examinasio The organ and
effective doses to patients were estimated by tmguiESD, clinically loaded kV,mAs and focus to rsldistance (FSD),

Patients’ weight, age, examination required forgdasis and the projection of the X-ray beam.Orgaah effective doses
calculated with this software were adequately cargbéo those using ICRP’1990publication 60 reconuiagions (815).

3.0 Results and Discussion
This study considered only the Lumbar Spine camigidon a patient (i.e.bothAnteroposterior(AP) aateral(LAT) view).
Table 3: Patientmeans anthropometricinformation with raingmthe selected Hospitals

HOSPITAL | AGE (yrs) WEIGHT (kg) HEIGHT (cm)

H, 47.8(34 - 56) 72.1(34 - 56) 165.0(159 - 169)

H, 44.3 (18 - 68) 56.0 (46 - 62) 166.2(1615 - 1p8.5
H, 47.8 (43 - 53) 75.6(69.8-80.5) 167.6 (163 — 171.5)
ALL 46. 6(18 - 68) 67.9(46 — 80.5) 166.3 (159 15)

The anthropometric information’s from all the sédethospitals revealed average patients age, waighteight with their
range as 47.8 (34 - 56)yrs., 72.1 (69.5 — 73.5)k&, (159 - 169) for K 44.3 (13 - 68)yrs., 56 (46 - 62)kg , 166.2 (162.5
168.5)cm for Hand 47.8 (43 - 53)yrs., 75.6 (69.8 — 80.5)kg afid.@ (163-s171.5)cm fordand a single data generated for
all these hospitals revealed the following avereaees as 46.6 (13 - 68) yrs., 67.9 (46-80.5)kd H66.3 (159 — 171.5)cm
respectively for their age, weight and height amaghin table 3.The average filtration usedby &l $klected hospitals in this
study rangebetween (1.3 — 1.7)mmAl approximatetybimth AP and LAT for all the peak tube voltageganThe area of
collimation(field size) on top of the patientwas eeagely calculatedto be 1101(38.22x28.8) and126G6%23.37)
cnfrespectively for both AP and LAT view for all thelected hospitals.

Table 4aDetails of theaverage exposure factors with rangerenthesis used in hospital during examination

Parameters AP LAT

kVp 90.0 (90 - 90) 96.0 (90 - 98)
mAS 80.7(80.6 - 81) 92.1(90.5 - 92.5)
FFD(cm) 100 (100 - 100) 100 (100 - 100)
FSD (cm) 76.0(73.4-79.5) 61.5(58.9-65.0)
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Table 4b:Details of theaverage exposure factors with rangearenthesis used in hospite, during examinatio

Parameters AP LAT

kVp 84.0 (81 - 90) 85.6 (77 - 90)

mAS 35.0 (25 - 40) 67.7 (40 100)
FFD(cm) 100 (100-100) 100 (100-100)

FSD (cm) 79.6 (73.5-81.0) 65.1(59.0-67.5)
Table 4cDetails of the average exposure factors with rangmare
Parameters AP LAT

kVp 82.0 (82 - 82) 99.3 (98 - 101)
mMAS 28.3(21.5 - 36.5)| 37.8 (36.5 - 38.5
FFD (cm) 100 (100 - 100) | 100 (100 - 100)
FSD(cm) 76.1(74.2-78.6) 65.3(59.7-64,1)

nthesis used in hospite; during examinatio

Table 4d:Details of the mean of the means exposure factithsrange in parenthesis used in all the hospaaitudyduring

examination (ALL)

Parameters AP LAT

KVp 85.3 (81 - 90) 93.6 (77 - 101)
mAS 48.0 (21.5 - 81) 65.9 (40 - 100)
FFD (cm) 100 (100 -1090) | 100 (100 - 100)
FSD(cm) 77.2(73.4-81.0) 64.0(58.9-67.5)

The kVpused for LAT examinations were generally highenttizat of the AP examinations, though the diffeesnin the
values was not so significant in,& H, (90.0 — 96.0)&(84.0 — 85.6) compared tq (82.0-99.3), averagely as a fact
0f1.07, 1.02 and 1.21 fd_AT:AP respectively as reflected in their respexiTable Also the currer-time product (mAs)
used for LAT shows a significant difference inthk hospitals especially in,, compared to AP as an average factor of !

1.93 and 1.34 respectively fofH,& H.

Table 5a:Details of the average calculated values for tfadiatedregion for LS (AP) for of the eachseleatedter

HOSPITALS | CALC. VALUES OF THE IRRADIATED REGION FOR LS(AI
MASS[m(kg)] | THICKNESS(cm | VOLUME(cm”3) | DENSITY(g/cm”3)] MASS
ATTENUATN(cm”2/g
H 19.83 23.99 25908.6 0.770 0.055
H 15.40 20.42 22450.3 0.690 0.071
H 20.79 23.95 27382.7 0.760 0.055
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Fig.2: showing the details of the irradiated region calted for each of the selected hospin LS (AP;

Journal of the Nigerian Association of Mathematic&hysic: Volume 34, (March, 2016)367 — 376

371



Patient Parameter and... Adeyemi, Olowookere, Olorode, Babajide, Balogun J of NAMP

Table 5b: Details of the average calculated values for ttagiated region for LS (LAT) in each of the seégthospitals

HOSPITALS | CALCULATED VALUES OF THE IRRADIATED REGDN FOR LS(LAT)

MASS | THICKNESS| VOLUME| DENSITY| MASS ATTENUATION
H; 30.28 | 23.99 27603.7 1.100 0.039
H, 23.52 | 20.42 28089.5 0.840 0.059
Hs 31.74 | 23.95 29959.4 1.070 0.039
100%
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Fig.3: showing the details of the irradiated region calted for each of the selected centers in LS (LAT)
Table 5c¢: Details of the mean of the means value of the iiatad region across each of the projections

PROJECTIONS CALCULATED VALUES OF THE IRRAATED REGION
MASS THICKNESS| VOLUME DENSITY| MASS ATTENUATION
AP 18.7+1.4| 22.8+1.7 2527741199 0.74+0.02 0.06#2.00
LAT 28.5+2.1| 22.8+1.7 28551+586 1.00+0.07 530.001

Figures2 and 3revealed those measurable paranus=duced for the irradiated area asequivalent eggecalues for this
type of examination irrespective of the gender svdble (5c) shows the expected mean values ctdduler the irradiated
region at 95% confident limitswith reference toithgojections. This is therefore expected to beltit for the area to be
irradiatedfor this type of common procedure.

Table 6:Details of the patients’ mean entrance surfacedagerange from each of the selected centers agid thspective
range factors.

Hospital | AP LAT

Dose+SE /range (MGY) RH Dose+SE / Range (mGy) RF

—

H; 0.6120.0 (0.51 - 0.66) 1.27 1.21+0.2(0.4936). | 2.78
H, 0.3320.1 (0.13 - 0.46) 3.50 0.99+0.0 (0.47 81.0| 2.30
H, 0.37#0.1 (0.14 — 0.68)] 4.60 0.98+0.2 (0.82 - 1.24)1.51

ALL 0.4420.1 (0.13 - 0.68)] 5.28 1.06+0.2 (0.47.36) | 2.89

Above table 6shows differences in the patient gquivalent dosebetween AP and LAT and their raragtofs.lt was
observed that the range factor for the dose giwgratients during AP projection in the selected@enranged differently as
a factors of 1.27, 3.50 and 4.60 respectively for H, and H and also for LAT as 2.78, 2.30 and 1.51 and forthed
hospitals it gives an average factors of 5.23 aB# for AP and LAT which shows a reflection of dleguacy in the dose to
patient distribution probably due to the radiogmptechnique or as a result of the variation i kWpandmAsused, of
which it is traceable to the randomly selectedquasi with varying weight and height. Since high kafig used for LAT
procedure, it is thereforeexpected that the entrancface air kerma (ESAK) for the procedure (LAWN be greatly high
compare to the AP as supported in some other i@sstudies as a result of increased attenuatitmeifateral region.

Table 7: Details of average calculated attenuation foretkemination across the selected hospitals

HOSPITAL | AP LAT
pm (cng) | p (cm™) um(cntg) W (cm™)

H, 0.06£0.0005 | 0.040.0002 | 0.04£0.0005  0.04:0.0002

H, 0.070.0045 | 0.05£0.0002 | 0.06+0.0005 _ 0.05:0.0002

Ha 0.06£0.0045 | 0.040.0002 | 0.04£0.0005  0.04:0.0002
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Table 8:Details of mean effective dose (mSv) calculated @8¥fident level for each of the selected centers

Hospital | Ap(mSv) LAT (mSv)

H; 0.074+0.01] 0.024+0.03
H, 0.037+0.02| 0.017+0.0%
Hs 0.041+0.03] 0.021+0.02

ALL 0.051+0.02| 0.021+0.03

Significant differences is observed in the effextdose presented as shows in the above tabldl fitreaselected centers
between theexamination’s projection(AP:LAT) as atdes of 3.1, 2.2 and 2.0 respectively forH4& Hs; and an overall

average factor of approximately 2.4 which refldcteat the overall radiation health effects on plagient due to lumbar
spine AP view is higher than that of the LateraWwiand of course contrary to the believes thatdd@tion effect due to the
procedure are independent of the projection (AP &T)of the radiation beam and samecan be expectadrin of the

equivalent dose to organs due to the lumbar spidiegraphy projection.

Table 9: Details of the meanorgan dose (uGy)calculate@&mh of the selected centers due to the examination

Organ Organ dose (UGy

H H, Hs ALL

AP LAT AP LAT AP LAT AP LAT
LUNGS 13.0 6.50 6.10 4.40 6.60 5.50 8.6010.4 5.5D+1
LIVER 143.0 182.0 | 22.9 140.0 81.0 151.G 82.316.9 7.852.5
STOMACH 240.0 78.0 126.0 50.0 138.0 67.0 168.0+7.2 21.5+2.9
ADRENAL 40.0 49.0 19.0 37.0 20.4 41.0 26.0+1.4 4P.3
KIDNEY 41.0 121.0 | 20.0 88.0 215 101.0 27.5+1.4 083.9
PANCREAS 114.0 26.0 56.2 18.0 61.1 23.0 77.0£3.7| 3825
SPLEEN 55.0 6.0 26.90 3.80 29.10 5.30 37.0+1.8 GH+
GALL BLADDER 220.0 65.0 113.0 45.0 122.0 55.0 1560 55.0+1.2
HEART 20.0 45.0 10.0 2.90 10.80 3.90 13.6+0.6 308D+
SKIN 31.0 42.0 16.70 33.0 18.6 34.0 22.1+0.9 36.8+0
SMALL INTESTINE 17.0 61.0 85.3 43.0 93.3 51.0 16601 51.7+1.0
URINARY BLADDER 110.0 9.10 54.4 5.9 59.7 7.8 74.7%3 7.610.2
UTERUS 160.0 32.0 81.0 21.0 88.4 27.0 109.845.0 0H¥6
ESOPHAGUS 24.0 4.0 11.7 2.6 12.7 3.4 16.1+0.8 3B+0
TRUNK REGION 73.0 56.0 37.1 42.0 40.8 46.0 50.3+2.3 | 48+0.8
SKELETON 29.0 32.0 14.5 24.0 15.6 27.0 19.8+0.9 7205
ACTIVE(RED)MARROW 21.0 29.0 10.2 20.0 11.0 25.0 .7 24.7+0.5
TESTICLE 31 | - 15 | - 16 | - 21401 | -—-—--
OVARIES 123.0 64.0 6.2 44.0 6.7 55.0 45.3+7.8 54.2+
UPPER LARGE INTESTINE | 200.0 82.0 102.0 58.0 112.p 9.06 138.046.2 69.7+1.4
LOWER LARGE INTESTINE | 93.0 6.2 46.8 3.9 51.2 5.3 .G2.9 5.13+0.1

Total radio sensitivity values for Lumbar Spine ARd LAT as considered in this study are 0.275 adA@d Bespectively [16].
Values presented as: Mean for each of the seleetetétrs and mean+ standard for all as mean of ganswalue,(-)means
the value not significant. Population number(N)daients. AP: Antero-posterior, LAT: Lateral

The organs recording high doses in each of thrextal centeras reflected in this study were predenttable 9. The organ
doses then varied across the procedures (AP & loAThe radiography (LS) due to the position of tingans with respect to
the interaction of the incident radiation on théigrat during exposure. It was observed that doggtobladder,stomach and
the upper large intestine recorded approximatedysduime values for both lumbar spine radiograplaach of the facilities
across the procedurewith a factor difference odddl.2 for AP and 1.1 and 1.3 for LAT respectivielyH; H, and H which
might be attached to the patient’s presentatioinduexamination with respect to the anatomical fimsiof these organs.
Stomachandliverrecorded the highest dose for L&#dPLS LAT radiography respectively. It might bsikly observed that
if radio-sensitivity values are used for this orgbrse estimation as recommended in the ICRP 168,dlgans like stomach,
liver, Pancreas, spleen and heart will have recbrdere higher dose than as reported in this stydpdssibly greater
fractions while lungs and stomach is expected ¢ons same values due to same radio-sensitivityegaQ.12). Testicle and
Esophagus recorded lowest dose for LS AP and LS tadiography respectively in all the centers. ONeaasessment
shows that stomach and gall bladder recorded highewith a non-significant factor difference offdrall AP while also
liver and kidney is considered higher for all LATithvfactor of 1.5 and dose to skin is seen morédnign lateral of the
procedure than it AP. Itis expected that therghtnbe a value difference as a factor recordeddmtvthe input
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Values from thissoftware, Monte Carlo basecompatdtware design for this purpose, and the recomenélues from
ICRP 103.

Further evaluations and deductions from this stmépn of the means and appropriate standard efdciat®d correlated at
P (<0.01) are shown in the below tables for posdiital diagnostic reference limit determination.

Table 10aRadiological parameter by examination’s projection

EXAMINATIONS Tube Voltages(kVp) Currentime Values| Focus to film distance(FFD
(mAs) (cm)
AP 85.3+2.0 48.0+1.9 100+0.0
LAT 93.6 +3.4 65.9+1.8 100a0.
Table 10b:Patient parameter by examinations and their exgdextgunt of ionization for the exposed radiation
Examinations| mass of IrradiatedPatient Field Size| Volume(n?) Density(g/cm) Expected Dose
region(Kg) Thickness(cm) | area(cr) Equivalent
(mSv)
AP 18.7+1.4 22.8+1.7 1101412 25.3+1.2 0.7020. 0.05+0.02
LAT 28.5+2.1 22.8+1.7 1263147 28.6+0.6 1.0@70 0.02+0.03

Above revealed the expected radiological and papamameters for each examinations’ projection eterchined from the
combine cohort of the selected hospitals in theestdich might be used as apossible local diagr®séference limits for
adequate and control radiological practice. Fomnet&(AP) examination of an equivalentmass of iraéetl area and field
size within the range specified above, a peak geltand current-time values range of 85.3+x2.0 and89are
recommended as the loading valuesrespectively Ifer above calculated equivalent dose range to ber inbile for
LS(LAT), 93.6+3.4 and 65.9+1.8 is recommended appately for significant mass of irradiated regigratient thickness,
volume and density respectively as shown in table10

Table 11:Details of thecomparisonbetween Entrangéa&e doses (ESD) and Entrance surface air ker@#sffrom this
study with other studies

LUMBAR SPINE RADIOGRAPHY
STUDIES

Entrance Surface dose(mGy) ESAK (mGy)

AP LAT AP LAT

H, 0.61 1.21 0.48 84.
H, 0.33 0.99 0.30 0.87
Hs 0.37 0.98 0.35 6.
ALL 0.44 1.06 0.38 0.78
(13 0.15 0.45
(19 5.1 11.0
(5 4.07 8.53

AP = Antero posterior, LAT = Lateral LS= Lumbanirse

The entrance surface dose and the entrance swifakermarecordedin each of the selectedcenterstegeith the mean of
themeans in this study are compared with otheriesudsing appropriate backscatter conversion vakién Table 9. It
becomes evident that the average entrance suréeees decorded for both lumbar spine (LS) radiogygpbjections in this
study were not high compared to what were recordesbme studies [5, 13, 14]. This might be linkeithvéome fact as
number of X-ray facilities considered for the studifferences in the X-ray machine’s output,X-rape manufacturer and
possibly the radiographertechnique. Entrance ecerfair kerma in this study were far lower compated(5) for
bothprojectionsconsidered for this examination anduch make this study finding consistent wittep#tudies findings.
Therefore, values recorded from this study can basidered at been reasonably control in line wile 1CRP
recommendations and so be used as a local refedeseefor common procedure of this type and alsa @presentation of
the radiological practice in the state.

4.0  Conclusion

All deductions in this study are basically from thatient parameters applying adequate conversictorgawith physicist
application. The normalized beam output of eactaymachine used in this study as determined aG26%b, 0.004010 and
0.005338 for KHH, andH; respectively. Organ dose and effective doses aligmbar spine has been assessed using dose cal.
V2.31 software and excel computer base programa#t found averagely in all the facilities considketkat stomach and
liver received the highest doses for LS AP and IAS kkespectively while testicle and esophagus ressbihe lowest doses.

Journal of the Nigerian Association of Mathematic&hysics Volume 34, (March, 2016), 367 — 376
374



Patient Parameter and... Adeyemi, Olowookere, Olorode, Babajide, Balogun J of NAMP

The effective dose to patients in this procedurdEsnd LAT) recorded a higher significant differescand so
definitelysuggest that the overall stochastic tealfect of radiation to patient during lumbar spiradiography depends
greatly on the projection of the examination (ARLAT) in all the centers evaluated as a represiataif the practice in the
state. Local diagnostics reference limit was s@&586 confident level from the analyzed data forqa@ée and control radio-
diagnostics practice in the state as far as thegplare is concern.
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