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Abstract

The number of orthopedic procedures requiring the af the fluoroscopic guidance has increased thwerecent years. Consequently patient

exposed to un avoidable radiation doses The aitheoturrent study w.

as to evaluate patient radiadiose during these procedures.37 patients

under went dynamic hip screw and dynamic cannulsteel were evaluated using Thermolumincent dogireétLDs, under c-arm fluoroscopic

machines ,in three centers in Khartoum-Sudan. Teannentrance skin
significant doses. No correlation was found betwB&D and body m

dose ESD was 7.9 mGy. the bon@wnand gonad organ exposed to
ass index BMI or patient weighthapedic surgeries delivered lower

radiation dose to patients than cardiac cathet@izar hysterosalpingraphy procedures.
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INTRODUCTION

The number of orthopedic procedures requiring the af the
fluoroscopic guidance has increased over the regears? It
is now accepted that closed operatipeocedures are the
treatment of choice in many types of complex freesibecause of
their lower infection and, smaller incision wounasd relatively
low morbidity at implant remov& so fluoroscopic guided
procedure in orthopedic surgeries now is common fandrite
practice. However patients exposed to un avoidahbbation
exposure during these procedures, consequentlgtiaaidose to
radiosensitive organ just like bone marrow or genadgans,
which addressed as an important issue that musaken into
consideration. Moreover, most of those patientssatgected to
additional exposure before surgery for diagnost alter surgery
for follow up. However, if the practice is justiieand the
protection optimised, the dose to the patient Wwél as low as
reasonably achievable (ALARA) and compatible wiike tedical
purposé? The radiation beam in interventional fluoroscopy
procedures is typically directed at a relativelyatimpatch of skin
for a substantial length of time. This area of skéteives the
highest radiation dose of any portion of the pasebody. The
dose to this skin area may be high enough to cawsmburn-like
injury, hair loss, or in rare cases, skin necrfsisTherefore, there
is an imperative need to optimise the radiationedaisd to assess
the radiation risk per procedure, since tissueti@as (stochastic
effects) are involved, in order to encourage ttedf gor further
optimisation of patient doses. Optimisation of @atidose could
be achieved by selection of modern equipment, sfotf good
radiographic technique, well-trained personnel aredl-defined
diagnostic reference level (DRL) in order to aveidnecessary
exposure to the Patiefif!
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Patient entrance skin dose (ESD) is significanapeter which
has been used to report patient doses, and thisdesstudied in
many parts of the world®*® In Sudan, as far as authors know, no
study has been published in open literature reggrgiatient
radiation doses during orthopedic procedures. Thight be
attributed to the lack of adequate monitoring fdes, lower
infrastructure in health care and the generally level of interest
among orthopedic surgeons as users of ionizing atiadi
Therefore this will seek to provide first-hand datapatients ESD
, and hence extrapolated effective dose E fronE®P value. The
current study intends to [I] evaluate radiation elds patients in
three different orthopedic centers and [ll] estienpatient organs
doses.

MATERIALSAND METHODS
Patients dose measur ements

A total of 37 patients were examined, and evaluated
this study. Patients were divided into two groupsoading to type
of orthopedic procedure (18 underwent Dynamic hipew ,
fixation of the proximal end of the femur [DHS] at@ dynamic
cannulated screw, fixation of the distal end offéraur [DCS].

The indications for the investigations included the
trauma fracture and pathologic fractures,which hadn well
diagnosed in the emergency department and outslifithics
and research committee at each targeted orthopmesfiter
approved the study and informed consent was olitdioen all
patients prior to the procedure. TLDs were packadachin
envelope made of transparent plastic foil to protee TLDs
from any contamination, and at the same time naipioear in
the final image or produce any image artifact .fEanvelope
contained three TLDs. The envelope kept in placeh wi
adhesive tape during the procedure.

For each patient, the following parameters werendsd
i.e. fluoroscopic data: tube voltage, tube cureent total screening
time and patient data: name, age, weight, heidihical indication
and radiologist name, start and end time ofpgtecedure.
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X-Ray machines

Three different x-ray machines were used throughast
study, all of them equipped with high frequency JHjenerator
and have last image hold capability. All machinesrav not
equipped with Kerma air product (KAP), but havelighito be
operated in continuous beam and pulse fluoroscopgies: (0.2
sec/ pulse) during different procedures. The texdini
specifications of the machines used during thidysare shown in
Table 1. All the three machines passed the quabtytrol tests
performed by Sudan Atomic Energy Commission (SAEC).

Estimation of organ dose and effective dose

ESD was used to assess the equivalent dose organ
dose for selected organs during orthopedic proesdu®rgan
dose (MGy) estimation was made using computer softw
provided by the National Radiological Protection aBb
(NRPB-SR262)(9). Organs doses from DHS and DCS were
obtained from the average value of conversion factor
anteroposterior pelvis view. The organ or tissuectjc
weighting factor accounts for the variations in thgk of
cancer induction or other adverse effects for leeic organ.

Table 1: Thetechnical specifications of the C-arm machines used in this study

M ach ine Origin M od el Max | Generator | Beam In st allat ion Last im ageh old
country kV p |type Filtr ation d ate
AL (mm)
Siemen German Sire m obl 12C HF 2.% 200¢ Yecs
2000
Siemen German Sire m obi 12C HF 2.1 2004 Yes
4K
W olversol Ita ly T CA3M9/E 14C HF 2.5 199¢ Yec

Thermo luminescence dosimeters (TLD-GR200A) of

lithium fluoride (LiF:Mg,Cu,P).TLD calibrated under

Thirty seven patients were included in this stutlye
main indications for orthopedic surgery was trauceses

Siemens siremobil mentioned in table one at72Kwe mA
and three pulses of pulsed fluoroscopy. againstizabion

examined with conventional x-ray prior to surgerpgedure,
and also have imaged after surgery procedure tirednhd

chamber PTW.CONNY EE connected to radiation monitoP?% have done two to three x-ray image as follow (alb

controller at standard distance of focal spot anthge
intensifier of the C-arm (this approach the averaigergy used
during most orthopedic procedures encounteredenrsthdy )
.Both the chamber and electrometer were calibrébedhe

energy range 30-120 kv at the national standardrébry.

The calibration was performed manually, a numberl®®

TLDs irradiated on a Perspex calibration test badhich had
been constructed having dimensions of 25x25x1cm thed
area of holes is 13x16x1cm irradiated at field siz20x20cm.
Perspex slab was used to accommodate the TLD ahips

array of slots 10 column x 12 rows of holes .

Each TLD was identified by its position in the arra

(raw, coulomb) three exposure performed, the iditina
chamber and the measuring doses were 0.512mG\2raGy
and 0.548mGy .Individual calibration factors welgained by
irradiating the entire group to the same dose. Measured
signal of each TLD obtained by the reader was éidy the
mean signal of the group this process was repehted times
to remove the effect of statistical variations, aodletermine
the stability and reproducibility of the signal t&f completing
the calibration process, any element exceeded 20%ems
excluded (9 chips) and the remaining chips werel tsearry
out the study measurements (111 chips).

Determination of detector correction factor (Ci)
Ci = (TLi — BGR) / (TL — BGR) mea

Ci: TLD correction factor. TLi: Thermoluminiscensé TLD
chip after irradiation

BGR: mean background radiation.

TLmean: Mean TL signal

pathologic fracture patients)Patients demographta ¢ height,
age , weight, BMI), screening time per procedura mummber of
fluoroscopic images are presented in Table 2.

Table 3 presents the minimum , median, mean third
quartile and maximum values of the ESD. Effectivegdds
radiation dose (mMSv) was estimated using computirveare
provided by the National radiological protectionaBd (NRPB
SR 262) (9), as showed in Table 4.

The mean fluoroscopic factor for both procedure #és
+2.07 kV,1.1240.2mA and 0.62 +0.16 mins. DHS showed
higher exposure factor (mean 74 £2.2 kV,1.15+0.2amnél 0.64
+0.18 mins) compared to DCS (72.3 £1.9 kV,1.09+tA8and
0.6 +0.14 mins). Moreover more fluoroscopic imageraev
obtained during DHS compared to DCS, which willulesn
more ESD delivered to patient in DHS technique (Egide 8.2
and 7.9 mGy for DHS and DCS procedure respectively)

DISCUSSION
Patient demographic data and exposure factors

The main factors affecting patients dose in
fluoroscopic guided orthopedic surgery as well th&ioimaging
proceduress were: exposure factors, filtrationyemto surface
distance, collimation, pathology and patient sidgere were no
significant differences between the two patientsugs in terms
of height, weight, BMI and number fluoroscopic ireag

A correlation was not found between ESD and patient
weight (Figure 1) .Significant correlation was foluinetween kvp
applied and ESD radiation dose (Figure 2) , whére(R9
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Table 2: Patients physical characteristics (height ,age, weight and BM 1), screening time per exposure and number
of fluor oscopic exposur e (mean and the rangein the parentheses.

Grour | N Height(cm || Patient Weight BMI Screenint || No of fluoroscopi
age (Kg) time pe image:
exposure
All 37 163.¢ 49.5 69.€ 25.¢ 0.€ 6
(151-179)| (29-67) (50-89) (21.4-30.1 (0.2-0.9) (3-7)
DHS 18 166.Z 46.7 71.€ 25.€ 0.7 5.8
(151-177)] (29-62) (58-89) (22.9-27.8 (0.4-0.9) (4-7)
DCS 19 1160. 52.2 67.t 2€ 0.t 45
(152-179) (35-67) (50-80) (21.4-30.1) (0.2-0.9 z(3-6)
Table3: Minimum , median, mean, ,third quartile and maximum values of ESD (mGy)
Group N o Minimum | Median Me an 31 quartile Maximum
All 37 5.2 8.1 7.9 9.2 14.2
DHS 18 5.5 7.8 8.2 9.1 14.2
DCS 19 5.2 8.3 7.9 8.8 10.8
Table 4 : Estimation of patient organ radiation doses (mGy)
from ESD. Correlation between Weight (Kg) and ESD
H 100
Tissueor organ | Wt E(mSv) . (T >
Gonad 0.2 0.15¢ P ol me  TLENEE "' i ol R
Bone marro\ 0.1z 0.094¢ o : Linear (Series1)
Bladde 0.0 0.039¢ 20
Breas 0.0t 0.039¢ o
Thyroid 0.0t 0.039¢ 0 5 10 15 2
Bone surfac 0.00¢ 0.039: =P ey
Remainde 0.0t 0.80¢ Figure 1: correlation between ESD (mGy), patient weight
Total 1 1.217 (Kg)
Where A is area irradiated at the patients input surfédeis
Correlation between Kvp and ESD the field area at the intensifier input face, dpthis distance
100 from the x-ray tube focus to patients and dii is dlistance from
V= 333Tex 7 38832 ) x-ray tube focus to the input image intensifier fad’hey
sof R =°-“W : revealed that the first, third quartiles and medamAP (Gy-
Z e 60 % Sereesi cm?2) for the patients in DHS were to be 1.7,3.7(&§-cm2)
40 —— Linear (Series1) respectively. and hence the average ESD for the
2 aforementioned procedure was 4.76 mGy per procedure
0 . s o - " Compared the results of Crawely et al to the curren
£5D mGy study, the current study showed higher value, argddould be
attributed to varied x —ray C-arm machine useddohestudy

and the type of practice used by different orthapedirgeon.

Figure 2: correlation between tube kilovoltage (kVp) And the latter depend on the experience of thé. staf

applied and ESD ( mGy)

Bone marrow and Gonad organ showed the higher atgse From the values of the mean entrance skin dosenelta
compared to other organ and about 2% and 1.2% BESM of  during this study, and compared to values in thelystarried by
aforementioned organs respectively. Klaus et al (2007} for Transarterial oily chemoembolization in

) _interventional cardiology, this study showed lowefue and this
In this study no dose area product DAP were used ifyight be attributed to different procedure in whichuring

all hospitals encountered throughout the study,exawall of . qiology procedure cardiologist required a camsitile number

available literature DAP found to be an importaool$ in ot images taken with increased mA value (Techninewn by
determining the ESD values for patients and hencenqtospot imagin§® in this technique mA value increased (pulsed

_extrapolated effeclt{ve dose E from the ESD valisg as DAP fluoroscopy) to provide single spot image with adse image

IS easy to assess: quality with lower image noise, and this increas¢ignt dose by

. 0.5 pGy for single shot which could result of pati@radiation

In a study car.rled by Crawely et al (ZO(ﬁéb,authors equivalent to two second of screening with typidaiage

calculated the ESD using the formula intensifier dose rate of 0.25 PGy/d¥¢.Also mean ESD in

_ / Endoscopic retrograde cholangiography resultedighdr patient

ESD= DAP;AP radiation dose than orthopedic procedure (> 11%) s also

Ap = Ai(dy/d;) might be due to different interventional procedures
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As general any way most orthopedic procedure iatadbatient

with lower radiation than in most cardiology &RCP
procedures.
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Table 5 Comparison of the average entranceradiation dosein this study and literature

Authors Noof Pt | Procedure Median |3 quartil Mean Effective
type DAP ESD dose
or ESD (MmGy) (msV)
Sulieman et al (200™) 37 HSG 3.4( 4.9¢ 3.6( 0.47
Crawely et &’ 43 lorthopedic [2.58 Gy-cmB.74 Gy-cm[, N A 0.72
Suleiman et al (207" %) 57 | ERCF 44.79 mG [86.10 mG| 75.€ 4.1€
Kirousis et al (200" 25 I orthc 2.87 Gy-cm” 4.47 Gycm® 4.1 N.A
IMN
Klaus et al (200" 60 TOCE 4.5ZGy-cnm” [12.3 Gyremq  34.Z 4.€
IC
Mehdizadeh et al (200 "™ 18 IC 256 MG |3.24 mG\| 2.97 N.A
Current stud 37 | orthc 8.1 mGy |9.02 mGy 7.8 1.21

Pt=patients TOCE=Transarterial oily chemoembol@atiC interventional cardiology HSG =Hysterosalggraphy ERCP=
Endoscopic retrograde cholangiography | ortho=rimetional orthopedic IMN=Intramedullary nailing

From the values of the mean entrance skin dosdneldta REFERENCES

during this study, and compared to values in theystarried by
Klaus et al (2007}! for Transarterial oily chemoembolization in
interventional cardiology, this study showed lowatue and this
might be attributed to different procedure in whichuring
cardiology procedure cardiologist required a cozrgitile number 2.
of images taken with increased mA value (Technignewn by
photospot imagin§® in this technique mA value increased
(pulsed fluoroscopy) to provide single spot imagéhvadequate
image quality with lower image noise, and this #age patient
dose by 0.5 pGy for single shot which could resiltpatient
irradiation equivalent to two second of screeninighwypical
image intensifier dose rate of 0.25 pGy/$8cAlso mean ESD in
Endoscopic retrograde cholangiography resultedighdr patient
radiation dose than orthopedic procedure (> 11%) this also 4.
might be due to different interventional procedurds general

any way most orthopedic procedure irradiate patieitih lower
radiation than in most cardiology or ERCP procedure

1.

Compared the results of this study with other ssidi
in orthopedic proceduré¥! this study showed higher value *
and this might be due to the physical of individpebcedure,
type of machine used and /or experience of surgeon.

In the study performed by Goldstone et'@lthe
experiences of the staff play a gold role in thedution of the
radiation dose to both staff themselves and patialso in
review study carried by Osman et al (20423% agreed with
the findings of the current study in patient raidiat in
orthopedic surgery

CONCLUSION
8.

This study evaluated the patients radiation dose in
orthopedic surgery under C arm fluoroscopic madhimsing
TLDs. The mean ESD was 7.9 mGy. And high organ desse

estimated for bone marrow and gonad organ (2% a@®b 1 9.
from ESD respectively. No correlation was foundwastn

ESD and BMI. Orthopedic procedure radiation dospedd
mainly on orthopedist surgeon procedure, and delivdess 10.
radiation  doses to patients than cardiac or

hysterosalpingography procedures.
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