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Abstract: The aim of this research was an assessment of the patient dose levels during X-ray
diagnostic imaging in King Khalid University Hospital (KKUH) using TLD reader and TL
dosimeters and comparing the results with that obtained in local and International places.
Moreover, to determine a reference radiation dose level for each human organ. Thus, the
routine X-ray examinations in some human organs such as chest (AP and LAT), knee
(AP and LAT), spine lumbar sacral (AP and OBL; LAT and OBL), spine cervical
(AP and OBL; LAT and OBL), shoulder (AP and LAT) and mammogram (AP and OBL) of
adult patients over than 18 years in KKUH were investigated. It became evident from the
results of the present study that the radiation doses for chest in PA and LAT, knee in AP
and LAT, spine lumber sacral in AP-OBL and LAT-OBL, spine cervical in AP-OBL and
LAT-OBL and mammogram in AP and OBL positions were different in KKUH and other
local places [Security Forces Hospital (SFH);, King Abdulaziz City for Science and
Technology (KACST) in Saudi Arabia] and International places [International Atomic
Energy Agency (TAEA); European Commission (EC); Health Physics Society (HPS); United
Kingdom (UK); China; Victoria; Greece; Taiwan; Canada; Italy; Malaysia]. The reference
radiation dose levels for chest in PA position and LAT projection were 0.32+0.05 mGy
(Mean+SE) and 1.02+0.38 mGy, respectively. The reference radiation dose levels for knee
in AP position and LAT projection were 0.28+0.02 and 0.29+0.05 mGy, respectively. The
reference radiation dose level for spine lumber sacral in AP-OBL position and LAT-OBL
projection were 9.194+2.69 and 21.22+3 .85 mGy, respectively. The reference radiation dose
levels for spine cervical in AP-ORL position and LAT-ORL projection were 2.28+1.56 and
5.794+4.85 mGy, respectively. The reference radiation dose level for mammogram in AP
position and OBL projection were 1.09+0.15 and 1.34+0.21 mGy, respectively. These
results suggest that the estimated mean radiation dose level for a specified human organ in
different positions could be considered as a reference radiation dose level for the same
human organ. Moreover, the experimental procedures, physical factors and patient data
should be fixed and specified carefully during each human organ examination by 3-ray.
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INTRODUCTION

X-ray has a high value in imaging technology for medical diagnostic purposes since Wilhelm
Roentgen discovery of X-rays in 1895, Relatively high values of radiation exposure have been
considered a necessary consequence of cardiac angiographic procedures (Cusma et af., 1999,
Pattee efal., 1993). With increasing complexity of the procedures, there has been growing concern
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regarding the magnitude of the exposure to operators and patients (Zorzetto ef al., 1997,
Bakalyar ef al., 1997, Watson, 1997, Patte ef al., 1993). The studies about diagnostic doses in different
countries have shown dissimilarity in diagnostic doses for every human organ (NG er al., 1998,
Padovani ef al., 1987). For example in the United States of America (USA) there is a difference in the
dose of ovary about three times more (United State Department of Health and Human Services, 1981).
It has been reported that the dose for the same examination may vary tremendously and the difference
between the lowest and the highest ovary dose was about two to three orders of magmitude
(CEC, 1985). In a random sample of 20 UK hospitals, the ratio of maximum and minirmun dose values
vary from about 20 for the effective dose equivalent of lumber spine examination to over 1600 for lung
dose during a barium meal were reported (Faulkner and Wall, 1988). In England, lumber spine has
suffered 30 mGy for LAT position while the same position in other study has suffered 22.8 mGy
(Faulkner and Wall, 1988), but the same organ with the same position has suffered 10.53 mGy in China
(Li ef al., 2001), 8.96 mGy in Victoria (Cardillo et al., 1997), 8.9 mGy in Saudi Arabia and 8.3 mGy
in Poland (Servomaa, 2001). Moreover, many specialized organizations in the radiation protection have
been published recommendations to limit these doses for protecting the patients, for example
International Commission on Radiological Protection (ICRP, 2007), World Health Orgamization (WHO,
1982), International Atomic Energy Agency (IAEA, 2002, 2004), Health Physics Society and
European Commission (European Commission, 2000). All these organizations require minimizing as
much as possible radiation doses received by patients As Low As Reasonably Achievable (ALARA).
In the recent years, these variations in dosimetric quantities observed in various countries have led to
establish reference levels by the various organizations (Tung ef al., 2001; Oresegun et af., 1999). These
guidelines have stimulated worldwide interest in patient doses and several major dose surveys have
been conducted in many countries (Jessen ef al., 1999; Fung, 2004). Thus, in the present research an
assessment of the patient dose levels during X-ray diagnostic imaging in KKUH (Saudi Arabia) was
studied using Harshaw TLD reader and TL dosimeters and compared with the results obtained from
local places [Security Forces Hospital (SFH), King Abdulaziz City for Science and Technology
(KACST) in Saudi Arabia] and International places [International Atomic Energy Agency (IAEA);
European Commuission (EC);, Health Physics Society (HPS); United Kingdom (UK); China; Victoria;
Greece; Taiwan, Canada; Ttaly; Malaysia]. Moreover, a reference radiation dose level for each human
organ was estimated.

MATERIALS AND METHODS

TLDs Preparation

TLDs used in the current study were Harshaw TLDs 100 made of Lithium Fluoride: Magnesium,
Copper, Phosphor (LIF: Mg, Cu, P). It have several features, its effective atomic number was 7. 8.2,
its size was 3.1x3.1x0.9 mm thickness and with light output equivalent to that obtained from 1R of
gamma radiation. It can be used to measure doses as law as uGy with a very good linear dose response
in range up to 10 Gy. The thermal luminescence major peak was at a wavelength equals 4000 A° with
a negligible fading. The time between irradiation and readout of all dosimeters was consistent in order
to keep fading the same from one calibration to the next. The specific length of this time was not as
important as its consistency. The fade time was not less than thirty minutes. Otherwise, any length
of time that suits the operations was acceptable, but it must be consistent from one time to the next.

Time Temperature Profile Setup (TTP)

TTP defines the temperature to which TL material is heated as a finction of time (Saint Gobain
Crystals and Detectors, 2001). To determine how long and to what temperature your dosimeters are
heated, chose a name to your TTP or select what you need from the title field. Change these regions;
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preheat, acquire and anneal, calibration and factors. So, preheat temperature = 50 and time = 0;
Acquire: maximum temperature = 260-300, fime = 26.67-33.33 and at a rate = 10, Anncal
temperature = 260-300 and time =0

Acquisition Setup (ACQ)

From ACQ icon access ACQ setup dialog box, Chose name to the ACQ or select what we need
from the title field and chose the purpose for using the dosimeters by choosing one mode from these
five modes; Anneal dosimeters, generate calibration dosimeters, calibrate dosimeters, calibrate reader
and read dosimeters.

Dosimeters Annealing

Chose the mode anneal dosimeters in ACQ), click read, a box will appear. Inter group 1D and
acquisition setup. Chose if it is chipset or manual, then press start to start read until we finish all
readings. In the present study the manual process was chosen and sometimes an oven was used to
annzal the dosimeters.

Calibration Dosimeters Generation

Generate calibration dosimeter mode was used to select some of TLDs to calibrate the reader later.
In this stage an element correction coefficient was done. To generate set of calibration dosimeters, you
must firstly clear them of any residual or spurious TL signals, expose them to a known source of
radiation (Saint Gobain Crystals and Detectors, 2001). Chose ACQ mode as generate calibration
dosimeters and then click read to read all TLDs until we finish all readings. Go to search in main merm,
the response database will appear, chose all calibration dosimeter readings and then highlight the group
recorded to determine the golden calibration dosimeters.

Reader Calibration

The purpose for reader calibration is to maintain a consistent output from the reader over a period
of time based on a convenient local souree of radiation. The calibration factor for reader is known as
Reader Calibration Factor (RCF). RCF converts the raw charge date from the photomultiplier tube in
nanocoulombs to dosimetric units. This option mode is to generate RCF for each dosimeter. RCF is
defined as an average response of the reader to a subset of calibrated dosimeters expressed in dosimetric
units (Saint Gobain Crystals and Detectors 2001). Chose ACQ mode as calibrate reader and read the
golden dosimeters ouly. Form search in main menu find the response database, chose all records in this
stage and highlight all the records. Select calibration from main mamu, chose a TTP title, a swtable value
for irradiation and units then compute RCF.

Dosimeters Calibration

The purpose of calibrating TLDs is to ensure that all dosimeters in a system will give essentially
the same response to a given radiation exposure, because of the natural variation in TL material
responsiveness and in the physical mass of manufactured TL chips, there is a variation in response of
as much as 30% from a mean population of dosimeters. The calibration factor for dosimeters is called
Element Correction Coefficient (ECC). ECC is used as a multiplier with the reader output (in
nanocoulombs) to make the response of each dosimeter comparable to an average response of a
designated group of dosimeters maintained as calibration dosimeters. Thus, this option mode creates
ECC for each dosimeter in the system. To calibrate a group of dosimeters, you must firstly clear them
of any residual or spurious TL signals and then expose them to a known source of radiation
(Saint Gobain Crystals and Detectors 2001). Chose ACQ mode as calibrate dosimeters and apply
RCF. Read TLD, from search in main manu find the response database, chose all records. From main
manu click calibration, chose dosimeter calibration, then enter a suitable irradiation value and compute
ECC.
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Where:
Exposure = ECCxCharge/RCF

Read Dosimeters
Chose the mode read dosimeters in ACQ, click read, then read until finish all the readings. It is
noted that the readings taken in read dosimeter mode (Saint Gobain Crystals and Detectors, 2001).

Assessment of X-Ray Fxaminations in Some Human Organs

Only one of the hospitals of Kingdom of Saudi Arabia was selected and X-ray examinations were
assessed using Harshaw reader 3500 and TL dosimeters. The routine X-ray examinations in some
human organs such as chest (AP and LAT), knee (AP and LAT), spine lumbar sacral (AP-OBL; LAT-
OBL), spine cervical (AP-OBL; LAT-OBL), shonlder (AP and LAT) and mammogram (AP and OBL)
of adult patients over than 18 years in KKUH were investigated. KKUH was selected to participate
in the survey and the selection of this hospital was based on the convenience and the willingness of
the hospital to participate in the survey. Thus, Twenty readings for each human organ in KKUH were
studied. TLDs were prepared by annealing, were placed in a black plastic to isolate them from any
external radiation and were savedin a box made from lead. TLDs were assigned and placed in the center
of field of view of X-ray beam to get an Entrance Skin Dose (ESD) for each patient. For every image,
some physical factors such as TLD mumber, tube current, tube potential, beam field of view, distance
to patient were recorded. Other date related to patient such as patient weight, length and age were
recorded. After we finish, each TLD was returned back to the black plastic and TLDs were read by
Harshaw reader. To assess the patient radiation dose levels in KKUH during X-ray diagnostic imaging,
the resnlts obtained in KKUH were compared with the measured radiation dose levels in local places
(SFH and KACST) in Saudi Arabia and International places (IAEA; EC; HPS; U.K.; China; Victoria;
Greece; Taiwan, Canada; Italy, Malaysia) using Harshaw TLD reader and TL dosimeters. Moreover,
a reference radiation dose level was estimated as an average value for each human organ.

RESULTS

Table 1 shows mean patient radiation dose level (20 readings of each human organ) during X-ray
examination and some of the physical factors recorded for every patient organ during each field of view:
The physical factors recorded for each field of view were human organ position, tube potential, tube
current, field size, distance to patient, in addition to some data of the patient such as age, length, weight
and measured dose.

The estimated mean radiation dose level from KKUH, local and International places, the lowest
radiation value, the highest radiation value, the highest radiation value and the range of radiation values
for each human organ during X-ray diagnostic imaging were shown in Table 2.

The patient radiation dose level during X-ray diagnostic imaging in KKUH compared with local
and International radiation dose levels were shown in Table 3.

The radiation doses for chest (AP and LAT), knee (AP and LAT), spine lumbar sacral (AP and
OBL; LAT and OBL), spine cervical (AP and OBL; LAT and OBL), shonlder (AP and LAT) and
mammogram (AP and OBL) positions are shown in Table 3. These radiation doses were different in
KKUH and other local places [(SFH) and (KACST) in Saudi Arabia] and International places [(TAEA),
(EC), (HPS). (U.K)), China, Victoria, Greece, Taiwan, Canada, Italy and Malaysia]. Table 3 shows
that the mean radiation dose for chest in PA position was 0.32+0.05 mGy (Mean+SE), the lowest
radiation dose was 0.02 mGy in HPS, the highest radiation dose was 0.69 in Greece, the range of
radiation dose values was 0.67 mGy and the radiation dose in KKUH was 0.13 mGyv. However, the
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Table1: Patient mean (20 readings for each human organ) dose level during X-ray diagnostic imaging in KKUH as well as some
of the physical factors recorded for every patient during each field of view
Potential Current  Fieldsize Distanceto Age length  Weight Dose Dose

Organ Position kVp) (mAs) (cm?) patient (cm)  (years) (cm) (kg) (mR)  (mGy)
Chest PA 90.00 5.84300 40.99x40.9 173.05 38.55 15505  66.60 15.40 0.135
LAT 8990  454.66000 4090x41.0 173.05 40.15 158035 71.30 25.58 0.224
Knee AP 70.00 1232500 34.60x32.3  97.915 4515 15650  72.895 34.76 0.305
LAT 70.00 13.74000 31.40x27.6 101.85 5045 16000  78.50 38.12 0.334
Spine AP-OPL 7925 27.67750 40.10x31.2 105.74 40.05 15860  72.545 74.72 0.655
lumbar sacral LAT-OPL 8545 41.80500 3935x28.5 112.39 43.90 15895  77.59 133.91 1.173
Spine cervical AP-OPL 7525 18.48950 3099x26.1 171.95 4510 15760  68.275 19.97 0.175
LAT-OPL 75.75 14.32950 31.24x25.9 173.80 4520 15665  70.075 22.88 0.201
Shoulder APILAT 7025 14.87500 27.61x29.2 174.25 50.00 15890  72.55 9.23 0.081
Mammogram AP 28.30 67.85000 - 52.45% 4745 160.15  74.85 155.34 1.361
OPL 29.25 86.12500 - 67.95% 47.85  160.55  72.80 197.44 1.729

*Thickness to the organ (mm), AP: Anterior Posterior, PA: Posterior Anterior , Lateral (LAT) projection, Oblique (OBL)
projection

Table 2: The estimated mean radiation dose level from KKUH, local and Intemational place, the lowest radiation value,
the highest radiation value and the range of radiation values for each human organ during X-ray diagnostic

imaging
Lowest radiation Highest radiation Range of radiation N (radiation
Human organ Mean+SE value (mGv) value (mGy) values (mGv) values)
Chest (PA) 0.320£0.05  0.02 0.69 0.670 13
Chest (LAT) 1.020+0.38  0.04 2.90 2.860 7
Knee (AP) 0.280+0.02  0.26 0.30 0.040 2
Knee (LAT) 0.290£0.05  0.24 0.33 0.090 2
Spine lumbar sacral (AP-OBL) 9.190+2.69  0.65 40.00 39.350 14
Spine lumbar sacral (LAT-OBL) 21.220+3.85 117 42.56 43.730 12
Spine cervical (AP-OBL) 2.280x1.56  0.17 10.00 9.830 6
Spine cervical (LAT-OBL) 5.790+4.85  0.20 30.00 29.800 6
Shoulder (AP-LAT) 0.080£0.00  0.08 0.08 0.000 1
Mammogram (AP) 1.020£0.19  1.00 1.36 2.825 4
Mammogram (OBL) 1.365¢0.37  1.00 1.73 0.730 3

Patient doses levels during X-ray diagnostic imaging in KKUH compared with local and Intemational radiation dose
levels are shown in Table 3

Table 3: The patient radiation dose levels during X-ray diagnostic imaging in KETUH compared with local and Intematicnal radiation dose levels
KKUH SFH KaCST IAEA EC HPE UK China Victoria Greece Taiwan Canada Italy Malaysia

Organ Position (v
Chest PA 0.135  0.220 04 04 03 002 0l 034 - 0.69 052 011 0.57 0.28

LAT 0224 - 04 15 15 004 057 - - 239 - - - -
Knee AP 0305 0.260 - - - - - - - - - - - -

LAT 0.334  0.240 - - - - - - - - - - - -
Spine lumbar AP-OBL  0.655 35.230 400 0.0 100 070 610 518 317 18.9 591 334 8.9 10.56
Sacral LAT-OBL 1173 8900 40.0 300 300 - 16.00 10.53 896 442 1890 - 267 18.60
Bpine AP-OBL 0175 0670 0.0 - - - - 028 - - 155 - - 1.02
Cervical LAT-OBL 0.201 0.995 300 - - - - 036 - - 161 - - 1.60
Sheulder AP-LAT 0081 - - - - - - - - - - - - -
Mammogram AP 1361 - 13 1 - 070 - - - - - - - -

(4 views)
OBL 1728 - 1.3 1 - - - - - - - - - -

KKUH: King Khalid University Hospital in Saudi Arabia, SFH: Security Forces Hospital in Saudi Arabia, KACST: King Abdulaziz City for Science
and Technology in Baudi Arabia, IAEA: Intemational Atomic Energy Agency, EC: European Cormrnission, HPS: Health Physics Society,
UE: United Kingdom

mean radiation dose level for chest in LAT projection was 1.02+0.38 mGy, the lowest radiation dose
was 0.04 mGy in HPS and the highest radiation dose was 1.5 mGy in ITAEA and EC and the radiation
dose in KKUH was 0.22 mGy.

The mean radiation dose for knee in AP position was 0.28+0.02 mGy, the lowest radiation dose
was 0.26 mGy in SFH, the highest radiation dose was 0.30 mGy in KKUH and the range of radiation
dose values was 0.04 mGy. However, the mean radiation dose for knee in LAT projection was
0.29+0.05 mGy, the lowest radiation dose was 0.24 mGv in HPS and the highest radiation dose was
0.33 mGy in KKUH and the range of radiation dose values was 0.09 mGy as shown in Table 3.
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The mean radiation dose for spine lumber sacral in AP-OBL position was 9.19+2.69 mGy, the
lowest radiation dose was 0.65 mGy in KKUH, the highest radiation dose was 40 mGy in KACST
and the range of radiation dose values was 39.35 mGy. However, the man radiation dose for spine
lumber sacral in LAT- OBL projection was 21.2243 .85 mGy, the lowest radiation dose was 1.17 mGy
in KKUH, the highest radiation dose was 44.9 mGy in Greece and the range of radiation dose values
was 43.73 mGy as shown in Table 3.

The mean radiation dose for spine cervical in AP-OBL position was 2.28+1.56 mGy, the lowest
radiation dose was 0.17 mGy in KKUH, the highest radiation dose was 10 mGy in KACST and the
range of radiation dose values was 9.83 mGy. However, the mean radiation dose level for spine
cervical in LAT-OBL projection was 5.79+4.85 mGy, the lowest radiation dose was 0.2 mGy
in KKUH, the highest radiation dose was 30 mGy in KACST and the range of radiation dose values
was 29.8 mGyv as shown in Table 3.

The mean radiation dose for mammogram in AP position was 1.38+1.19 mGy, the lowest
radiation dose was 0.175 mGy in HPS, the highest radiation dose was 3 mGy KACST and the range
of radiation dose values was 2.825 mGy. However, the mean radiation dose for mammogram in OBL
projection was 1.48+1.198 mGy, the lower radiation dose was 0.175 mGy in HPS, the highest
radiation dose was 3 mGy in KACST and the range of radiation dose values was 2.825 mGy
as shown in Table 3.

DISCUSSION

In the present study, the routine X-rays examinations in some human organs such as chest (AP
and LAT), knee (AP and LAT), spine lumbar sacral (AP-OBL; LAT-OBL), spine cervical (AP-OBL;
LAT-OBL), shoulder (AP and LAT) and mammogram (AP and OBL) of adult patients over than
18 years in KKUH were investigated. The results obtained were compared with the measured radiation
dose levels in local places (SFH; KACST) in Saudi Arabia and International places (IAEA; EC; HPS,
U.K.; China; Victoria; Greece, Taiwan, Canada; Italy; Malaysia). The present study demonstrates that
the radiation doses for chest in PA and LAT, knee in AP and LAT, spine lumber sacral in AP-OBL
and LAT-OBL, spine cervical in AP-OBL and LAT-OBL and mammogram in AP and OBL positions
were different in the local and the International places. The previous studies about diagnostic doses
in different countrics have shown dissimilarity in diagnostic doses for every human organ (Li et a/.,
2001; Servomaa, 2001; NGef al., 1998; Cardillo et af., 1997; Faulkner and Wall, 1988; Padovani ez al.,
1987, CEC 1985; United State Department of Health and Human Services, 1981). As ESD results
obtained with all dosimeters were similar, it is suggested as one of the possible causes for these changes
that it is not easy to find similar results for the same conditions due to problems with the classification
of the radiological procedures as, for example, patient size, examination technique, clinical condition
as well as the skill of the radiologist. As another possible cause, some physical factors such as kand
of TLD, tube current, tube potential, beam field of view, distance to patient and frequency of radiation
dose might influence patient dose. Moreover, other date related to patient such as patient weight,
length and age. Another question has been reported considering the magmtude of the total procedure
exposures, it has been expected to report a high frequency of skin effects (Cusma et al., 1999). The
increase in exposure with patient size agrees with the results reported by Boone and Levin (1991), who
looked at the changes in scatter radiation to persounel as patient thickness increases. If all the radiation
has delivered over the same area of skin as illustrated in the comprehensive analysis by Stern ef al.
(1995), the distribution of X-ray exposure during a typical catheterization procedure varies greatly
over the range of typical views. It has been reported that comparison of doses with two typical
exposures at 120 and 70 kVp shows that the high kVp technique delivers a higher ESD, ovary dose and
testes dose (Fung, 2004). Hence, from the radiation protection perspective, a high kVp techmque with
gnd for chest PA radiography is not recommended. Early studies that investigated radiation exposure
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during cardiac angiography in relatively large numbers of patients were limited to approximating the
value of X-ray exposure using indirect measures. These approaches do not take into account variations
in patient size, position of the patient relative to X-ray tube and detector and the angulations of the
X-ray image intensifier relative to the patient (Cusma ef af., 1999). Tt has been reported that different
types of TLDs gave different responses and TLDs induced an over response in the range from
16-145 keV where the photoelectric effect was strong (Cusma ef al., 1999). So, Harshaw TLDs 100
made of Lithium Fluoride: Magnesium, Copper, Phosphor (LIF: Mg, Cu, P) were used in the present
study. The TLDs 100 has a good tissue equivalence, low correction factors and excellent linearity in
the TL response as a finction of different X-ray energies in the range from 0.05-1 Gy. The equivalence
to the human tissue allows a very precise and accurate measurement of the absorbed dose, which is of
primary importance in marny applications of iomzing radiations, particularly in clinical applications
as well as in therapeutic treatments and radio diagnostic examinations. Furthermore, the high sensitivity
is also important for enviroumental applications, where the dose levels are normally very low. These
TLDs 100 were more capable of detecting radiation at uGy levels and it can be appropriately applied
to monitor staff or patient dose from both scattered and direct beam radiations in one single radiological
procedure such as cardiac catheterisation and interventional (Zorzetto ef ai., 1997). So, these detectors
may have a prominent role in envirounental radiation monitoring applications in places such as nuclear
power plants, X-ray rooms and radiation laboratories both for short or long term monitoring. It has
been reported that the technique used with TLDs (LiF: Mg,Cu,P) has almost been optimized in the
field of radiation dosimetry and these materials were regarded as a well established tool in radiation
dosimetry with its very favourable dosimetric characteristics such as high sensitivity, tissue
equivalence, low minimmum detectable dose, very good linearity over a wide dose range and a relatively
flat energy response (Fung, 2004). Moreover, it can be applied in particular in low radiation dose level
measurements as in medicine and enviroument. The present study also demonstrates that radiological
installation should be kept under strict surveillance with regard to radiological protection and quality
control of the equipments and patient dose measurements in conjunction with checks on image quality
will provide valuable guidance on optimization of radiclogical technique to ensure that the required
diagnostic information is obtained with minimum radiation hazard to patient. Tt has been reported that
largest portion of the total dose from medical radiation sources arises from diagnostic radiology due
to their relatively high frequency and the personal annual effective dose averaged over the population
fromall diagnostic examinations was 1.1 mSv (Charn, 2000). In the recent years, these variations in
dosimetric quantitics observed in various countries have led to establish reference levels by the various
organizations. These guidelines have stimulated worl dwide interest in patient doses and several major
dose surveys have been conducted in many countries (Jessen ef al., 1999; Fung, 2004). The present
study suggests choosing mean radiation dose level for each human organ as a reference radiation dose
level, because most of the measured radiation dose values in the local and International places were
around the mean value. Thus, the estimated reference radiation dose level for chest in PA position and
LAT projection were 0.32+0.05 and 1.02+0.38 mGy, respectively. The estimated reference radiation
dose level for knee in AP position and LAT projection were 0.28+0.02 and 0.29+0.05 mGy,
respectively. The reference radiation dose level for spine lumber sacral in AP-OBL position and LAT-
OBL projection were 9.1942 .69 and 21.22+3.85 mGy, respectively. The reference radiation dose level
for spine cervical in AP-OBL position and LAT-OBL projection were 2.28+1.56 and 5.79+4.85 mGy,
respectively. The reference radiation dose level for mammogram in AP position and OBL projection
were 1.09+0.15 and 1.34+0.21 mGy, respectively. The present study also demonstrates that the
radiation dose level measured for a human organ in a specified hospital or a country may be lowest
radiation dose, however, the radiation dose level measured for other human organ in the same hospital
or country may be highest radiation dose value, for example, lowest radiation dose values were
measured for spine lumbar sacral AP-OBL and LAT-OBL and spine cervical AP-OBL and LAT-OBL
in KKUH, while highest radiation dose values were measured for mammogram AP and OBL in the
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same KKUH. Also, lowest radiation dose value was measured for mammogram OBL in TAEA, while
highest radiation dose value was measured in chest LAT in the same IAEA. Moreover, highest
radiation dose levels were measured in some countries such as Greece (chest PA; spine lumbar sacral
LAT-OBL), EC (chest LAT) and KACST (spine lumbar sacral LAT-OBL; spine cervical AP-OBL
and LAT-OBL). As another possible cause for these changes, it is suggested that used experimental
procedures, physical factors and patient data should be fixed and specified during each human organ
examination by X-ray, e.g., it should be changed from organ to other to get the lowest radiation dose
required. Among possible factors of importance which were not dealt in the present study, the effect
of routine X-rays examinations on fetes, children, teenagers and teeth. Further research needs to be
continued to investigate the effects of different kinds of TLDs materials on sensitivity, tissue
equivalence, detectable dose, linearity over a wide dose range and energy response and on the
manufacturing process to improve the problems of this TL phosphor, namely high residual sigual after
readout and the limitation of heating above 240°C.

RECOMMENDATIONS

Popularization this study to all hospitals of Saudi Arabia and to make this technique available to
all radiologists, promotion of all hospitals to become interest with patient dose level for each human
organ and to allow equipments such as Harshaw reader and Harshaw TLDs 100 to be available in every
hospital. For higher radiation dose levels received by TLDs, the repeated anneals was found effective.
The number of repeats required depends on the dose level received and could be easily assessed by the
evaluation of the residual dose at any time by a quick readout with the glow-curve appeared directly
on the TLD reader display screen. To ensure accurate dose measurements, it is recommended that after
initialisation of TLDs, it should be calibrated at specific low, medium and high dose levels all the time
and these dose records are kept and traceable. Using TLDs with 8 cycles of anneal initialisation
demonstrate the favourable unique dosimetric characteristics of these TLDs as favoured by previous
researchers (Fung, 2004). The anode heel effect can be exploited by placing the head of a female patient
at the cathode end of X-ray tube to achieve a significant dose reduction to the ovaries and hence a lower
effective dose in lumbar spine radiography, e.g., patients in particular females should be positioned
with the head placed towards the cathode end of X-ray tube for this radiclogical examination.
Comparison of radiation doses with two typical exposures at 120 and 70 kVp shows that the high
kVp technique delivers a higher ESD, ovary dose and testes dose. Hence, from the radiation protection
perspective, a high kVp technique with grid for chest PA radiography is not recommended. Although
all researchers agree that the highest quality diagriostic images are the primary consideration during
angiography, any precautions that can reduce unnecessary exposure should be taken into consideration.
Thus, careful monitoring of the performance of equipments used in diagnostic imaging, especially X-
ray tube and TLD reader should be performed. Harshaw TLDs 100 (LIF: Mg, Cu, P) were more
capable of detecting radiation at pGy levels, it can be appropriately applied to monitor staff or patient
dose from both scattered and direct beam radiations in one single radiological procedure such as cardiac
catheterisation and interventional. TLDs 100 have a prominent role in enviroumental radiation
monitoring and it can be applied in particular in places such as nuclear power plants, X-ray rooms and
radiation laboratories both for short or long term monitoring.

ACKNOWLEDGMENTS

The authors are very grateful to the Diagnostic Radiographers of King Khalid University Hospital
for their assistance, encouragement and guidance throughout the entire period of study. Further thanks
are due to Lab Technician Mr. Nabil Nemr Abdelwahead (Research Centre, College of Scientific, King
Saud University) for irradiating the dosimeters for calibration. This study was financially supported
by College of Science, Research Centre Project No. Phy/2008/04, King Saud University, Saudi Arabia.

79



Trends Med. Res., 3 (2): 72-81, 2008
REFERENCES

Bakalyar, D.M., M.D. Castellani and R.D. Safian, 1997. Radiation exposure to patients undergoing
diagnostic and intervenfional cardiac catheterization procedures. Cathet Cardiovasc Diagn,
42:121-125.

Boone, I.M. and D.C. Levin, 1991. Radiation exposure to angiographers under different fluoroscopic
conditions. Radiology, 180: 861-865.

Cardillo, L., T.J. Boal and P.F. Einsiedel, 1997. Patient doses from chest radiology in Victoria. Phys.
Eng. Sci. Med., 20: 92-101.

CEC, 1985. Radiation protection 33 EUR 9728EN, (office for official of the European Community,
Luxembourg). United State Department of Health and Human Services.

Cusma, J.T., M.R. Bell, M.A. Wondrow, J.P. Taubel and D .R. Holmes, 1999. Real-time measurement
of radiation exposure to patients during diagnostic coronary angiography and percutanzous
interventional procedures. I. Am. College Cardiol., 33: 427-435.

European Commission, 2000. Guidelines on education and training in radiation protection for medical
exposures. Directorate-General Environment.

Faulkner, K. and B.F. Wall, 1988. Are X-tay safe enough? Patient dose and Risks in Diagnostic
Radiology. Report No. 55 of the Institute of Physical Sciences in Medicine, pp: 32-53.

Fung Karl, K.L., 2004. Investigation of dosimetric characteristics of the high sensitivity LIF: Mg, CU,
P thermoluminescent dosimeter and its applications in diagnostic radiology-a review.
Radiography, 10: 145-150.

IAEA, 2002. Radiological protection for medical exposure to ionizing radiation 2002. International
Atomic Energy Agency, No. RS-G-1.5, Vienna, 2002.

IAEA, 2004. Optimization of the radiological protection of the patients undergoing radiography
fluoroscopy and computed tomography. Final Report of a Coordinated Research Project in
Affica, Asia and Eastern Europe, TECDOC-1423, Vienna, International Atomic Energy Agency.

ICRP, 2007. International Commission on Radiological Protection, Protection of the Patient in
Diagnostic Radiology. 1st Edn., Pergamon Press, Oxford.

Jessen, KLA., P.C. Shrimpton, J. Geleijns, W. Panzer and G. Tosi, 1999. Dosimetry for optimisation
of patient protection in computed tomography. Applied Radiat. Isotopes, 50: 65-172.

Li, L.B., I.P. Wang, X.E. Yu, S.8. He, F.H. Yu and C.H. Ding, 2001. Medical radiation usage and
exposures from medical X-ray diagnosis in Shandong province of China. Radiat. Protect.
Dosimetry, 93: 261-266.

NG, K.H., P. Rassiah, H.B. Wang, A.8. Hambali, P. Muthuvellu and H.P. Lee, 1998. Doses to patient
in routine X ray examinations in Malaysia. Br. I. Radiol., 71: 654-660.

Oresegun, M., J. LeHeron, C. Maccia and R. Padovani, 1999. Radiation protection and gnality
assurance in diagnostic radiology-an TAEA coordinated research project in Asia and Eastern
Ewrope. Applied Radiat. Isotopes, 50 50: 271-276.

Padovami, R., G. Contento, M. Fabretto, M.R. Malisan, V. Barbina and G. Gozzi, 1987. Patient doses
and risks from diagnostic radiology in Nearth East Italy. Br. J. Radial., 60: 155-165.

Park Charn, L.I.., 2000. Improvements in Diagnostic Techniques in Medicine with Lower Exposure
of the Patient and Staff. 1st Edn., Seoul National University, Korea, pp: 1-4.

Pattee, P.L. and P.C. Johns, 1993. Radiation risk to patients from percutancous transluminal coronary
angioplasty. J. Am. Coll. Cardiol., 22: 1044-1051.

Saint Gobain Crystals and Detectors, 2001. Model 3500 mannal TLD reader with winREMS operators
manual 2001. U.S. A, Radiation Measurement Products.

Servomaa, A., 2001. Current level of radiation dose to patients. Proceedings of an International
Conference on Atomic Energy. March 26-30, 2001.

80



Trends Med. Res., 3 (2): 72-81, 2008

Stern, S., H. Stern, M. Rosenstein, L. Renaud and M. Zankl, 1995. Handbook of selected tissue doses
for fluoroscopic and cineangiographic examination of the coronary arteries. Health and Human
Services Publication FDA 95-8288.

Tung, C.J., HY. Tsai, S.H. Lo, C.N. Guan and Y.B Chen, 2001. Determination of guidance level of
dose for diagnostic radiography in Taiwan. Med. Phys., 28: 850-857.

United State Department of Health and Human Services, 1981. Effect of ionizing radiation on the
developing emberues and fetus: A review FDA 81-8170. Food and Drug Administration, USA.

Watson, R.M., 1997. Radiation exposure: clucless in the cath lab, or Sayonara ALARA. Cathet.
Cardiovasc. Diagn, 42: 126-127.

WHO, 1982. Quality Assurance in Diagnostic Radiology. 1st Edn., World Health Organization,
Geneva.

Zorzetto, M., G. Bernardi, G. Morocutti and A. Fontanelli, 1997. Radiation exposure to patients and
operators during diagnostic catheterization and coronary angioplasty. Cathet. Cardiovasc. Diagn,
40: 348-351.

81



	Trends in Medical Research.pdf
	Page 1


