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Abstract 

 
 

The measurement and prediction of scattered radiation dose in diagnostic radiology is particularly 

important, owing to the increased use and complexity of X-radiation. It is known that patients treated 

with ionizing radiation carry a risk of developing cancer in their lifetime. This study measures the 

exposure rate of patients due to scattered X-rays at an angle of 90O, estimates the dose rate received 

due to scattered X-ray and aims to provide an understanding of the possibility of minimising the amount 

of scattered radiation in diagnostic examination at the Teaching Hospital Complex of Obafemi Awolowo 

University, Ile-Ife. The X-ray machine used was Varian Medical System Rad 12 X-ray tube with serial 

number 2226680. Gamma-Scout with serial number 038339 calibrated across a wide scale (0.01 up to 

5,000 µSv/hr for easy reading of X-radiation) connected to computer system at a long distance (7 m) 

from X-ray source to display number of counts, pulse and dose rate in µSv/hr. The results revealed that 

scattered mean dose rate for skull is 5.93 µSv/hr, neck is 3.99 µSv/hr, chest is 10.42 µSv/hr, shoulder is 

4.24 µSv/hr, forearm is 3.32 µSv/hr, wrist and hand is 2.06 µSv/hr, plain abdomen is 9.06 µSv/hr, 

lumbosacral is 8.67 µSv/hr, pelvis and thigh is 8.67µSv/hr, knee and leg is 2.26 µSv/hr, and the foot is 3.20 

µSv/hr. The results of this study fall within the dose level limits recommended by the International 

Commissions on Radiological Protection (ICRP)on exposure dose which should not exceed <50 µSv 

annually or 100 µSv every 5 years. Radiation should be thoroughly blocked by the apron to protect the 

radiological technologist from radiation exposure. Finally, the exposure dose and working environment 

should be regularly assessed to help decrease the exposure dose of the radiologist in accordance with 

the ICRP recommendation.  
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Introduction 

X-radiation is a form of electromagnetic radiation with 
wavelength ranging between 0.01 to 10 nm and 
frequencies ranging between 3×1016 to 3×1019 Hz [1]. 
The use of X-ray has been expanded and has turned 
out to be very essential in both diagnostic and 

therapeutic radiology. X-ray examinations have 
numerous medical advantages. In very many ways, it 
has sealed its priority over other diagnostic techniques. 
Most of the time, X-ray is the foremost option of 
examination of the diagnostic algorithm. 

Whereas, scattered radiation is a form of secondary 
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radiation that occurs when radiation deflects off an 
object, causing it to be scattered. This scattered 
radiation has the capacity to move in different 
directions [2]. When x-rays completely go through the 
body, there is no interaction with matter, and no 
scattered radiation is produced as a result, but when 
they are absorbed in the body, conversely, their 
energy is “scattered,” or transformed into fresh 
scattered X-rays. The interactions that produce 
scattered radiation in radiography occur principally 
inside the patient. Some scattering also occurs on 
account of interactions between the X-ray beam and 
the table top and image receptor (IR), and any other 
matter that is within the radiation field [3]. During an 
X-ray examination the patient is themomentous 
source of scatter radiation. Most of the personnel‟s 
occupational exposure originates from scattered 
radiation, which is significant as observed by some 
research on radiation dose distribution in paediatric 
patients [4]. Therefore, using safety measures against 
scattered radiation will efficiently lessen the 
examiner‟s occupational exposure since the potential 
to cause carcinogenic effect of ionizing radiation is 
well known and has been comprehensively 
investigated. Many studies have shown that an 
exposure to radiation above 50 –100 mSv enhances the 
risk of cancer [5-10]. The cancer incidence rate at a 
given point in time is defined as the ratio of diagnosed 
individuals in a time interval divided by the interval 
period and the overall number of unaffected persons 
at the commencement of this interval. Cancer risk is 
either specified as the risk for incidence or the risk for 
mortality and dose–response relationships are 
characteristically defined as a function of age, gender 
and site. From the point of view of radiation 
dosimetry, a patient can be exposed to rather diverse 
intensities of scattered radiation depending on the 
distance of an organ to the treated volume [11]. Up till 
now, detailed dosimetric information for these organs 
is not available at all times. The relative biological 
effectiveness (RBE) depends on the nature of 
radiation, the particle energy, the dose and the 
biological endpoint. The RBE is normalized to a 
reference radiation (X-rays or gamma rays) for a given 
biological effect [12]. For radiation protection relating 
comparatively low dose levels, the „radiation 
weighting factor‟ is used as a conservative and 
simplified gauge of the RBE [13, 14]. Scattered 
radiation was measured by two methods, namely: (i) 
direct measurement through the use of a Geiger 
counter (Gamma Scout), placed beside a patient at a 
distance of angle of 900 and (ii) by mathematical 
approach (indirect), via the use of Klein Nishina 
formula to estimate the scattered radiation in µSv/hr. 
In Nigeria, most of the studies on patient dosimetry in 
routine X-ray examinations are usually dosimeter-

based measurement of either Entrance Skin Dose (ESD) 
or effective dose. However, the scattered radiation from 
patients during the examination procedure in the 
chosen centre is not known. Therefore, this work aims 
to: 

1) Measure the dose rate due to the scattered 
radiation from different parts of patients‟ body 
(at an angle of 900) undergoing common 
radiological examinations in the diagnostic 
examination centre; and 

2) Estimate the dose rate of the total scattered 
radiation with the use of Klein-Nishina formula. 

 

Materials and Methods 

Procedure 1 

This study was carried out at Obafemi Awolowo 
University Teaching Hospital Complex (OAUTHC), Ile-
Ife Western part of Nigeria. This centre was chosen for 
the study because of the large workload of patients re-
corded per day. Apart from this criterion, the centre is a 
referral centre for diagnostic examination in Western 
part of Nigeria. From the centre, information about the 
X-ray unit was obtained from the manufacturer‟s 
manual available. This information includes 
manufacturer‟s name, model of the X-ray unit, year of 
installation, film type/speed and tube filtration. A total 
number of 224 patients who consented to participate 
were enrolled in this study. Scattered X-ray irradiation 
of patients at different parts of the body was measured 
at an angle of 90o during patients‟ X-ray diagnosis using 
a Gamma Scout at 100cm. Geiger counter (Gamma 
Scout) was connected (with the use of cable cord) to 
Personal Computer at a long distance (approximately 
7m) from X-ray source to the cubicle to display patients‟ 
data (number of counts, pulse rate and dose rate). The 
patients‟ parameters were collected and the part of 
human body that emitted high scattered radiation was 
recorded. The amount of kilovolts (kV) and current 
(mA) released was recorded for each examination. 
Klein-Nishina formula (equation 1) was used to estimate 
the total scattered X-ray photons at an angle of 90o 
during the examination: 

 

P (Eᵞ , ɵ ) =  
𝟏

𝟏 +  
𝐄ᵞ

𝐦𝐞𝐜𝟐
   𝟏−𝐜𝐨𝐬ɵ 

   (1) 

where; me is the energy-equivalent of the mass of an  
electron (511 keV/c2), c is the speed of light, ɵ is the 
angle between the Patient and the Detector (90O), P (Eᵞ, 
ɵ) is the Estimated Scattered and Eᵞ is the beam output of 
the X-ray. The beam output was calculated using 
equation (2) below [6]. 
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Eᵞ = K * kVpn * mAs * 1/d2   (2) 

 

where; K is the slope of the mGy/mAs against kVp 
(see Table 1 and Figure 1. K = 0.000856). kVp is the 
selected kilovoltage, n is dependent on the type of the 
generator of an X-ray machine, mAs is the selected 
tube current, d is the Focus to Detector Distance (FDD) 
(100 cm). 

 

Procedure 2 

The collection of data was through Proforma and 
Personal Computer. The Proforma records the patients 
data (such as, age, gender, body mass index BMI, body 
thickness, kilovoltage potential kVp, tube current 
mAs, focus to skin distance FSD, examination type 
and initial diagnosis while Personal Computer records 
the number of radiation counts, pulse rate (PRate) and 
dose rate (DRate) in µSv/h). Klein-Nishina formula 

was the mathematical method used in this study to 
calculate the total scattered radiation. Some of the 
quantities required for calculation of total scattered for 
each patient include tube loading (mAs), tube voltage 
(kVp), focus to skin distance (FSD), focus to film 
distance (FFD), collimator size (beam area), and beam 
output of an X-ray machine and the K-curve (0.000856) 
of the graph was determined by the random selection of 
data from tube potentials (kVp) and tube current (mAs). 
The body mass index (BMI), which is derived from 
weight/(height)2, is a useful classification scheme for the 
size and shape of a person. Therefore, the BMI of 
patients was also calculated. The radiographic films 
used, in this centre selected for this study were Kodak 
(Eastman Kodak Company, Rochester, NY) with speed 
of 200. All data from patients and X-ray machines were 
analysed with SPSS 16.0 for Windows. 

 

Results 

The schematic representation of the experimental setup 
is illustrated in Figure 1 and the results obtained in this 
study are shown in the subsequent illustrations. 

 

 

 
Figure 1. Schematic representation 
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Figure 2. The graph showing the curve of K-Slope for the random selection of data from tube potentials (kVp) and tube current (mAs) 

 

Table 1. Template of the results obtained of the scattered radiation during diagnostic X-ray examination  

PI PA SEX ET 

Neck 

TP 

(kVp) 

TC 

(mAs) 

FSD 

cm 

Thickness(cm) HEIGHT 

(cm) 

WEIGHT 

(kg) 

BMI 

kg/m2 

Counts PRate DRate CBO Ts 

Ad.A 2 M Neck 

AP 

52 10 87 14.3 121 23 15.8 609 10.15 5.27 0.0023 0.998 

Ad.A 2 M Neck 

Lat 

52 10 89 15.2 121 23 15.8 396 6.6 3.299 0.0023 0.998 

A.M 40 M C-

Spine 

55 6.3 97 22 167 62 22.2 321 5.991 3.672 0.0016 0.999 

A.Ad 61 M Neck 

AP 

75 25 108 17.3 170 84 29.1 405 6.75 3.379 0.012 0.993 

A.Ad 61 M Neck 

Lat 

75 25 108 18.8 170 84 29.1 498 8.967 5.041 0.012 0.993 

A.Ju 66 M Neck 

AP 

70 25 93 17.7 173.4 78 25.9 436 7.267 3.658 0.0105 0.994 

A.Ju 66 M Neck 

Lat 

77 25 93 19.3 173.4 78 25.9 367 7.333 3.126 0.0127 0.993 

                

PI PA SEX ET 

Neck 

TP 

(kVp) 

TC 

(mAs) 

FSD 

cm 

Thickness 

(cm) 

HEIGHT 

(cm) 

WEIGHT 

(kg) 

BMI 

kg/m2 

Counts PRate DRate CBO Ts 

A.Ad 3 F Neck 

Lat 

55 6.3 147 14.2 121 22 15.1 494 7.767 4.651 0.0016 0.999 

A.Ad 3 F Neck 

Lat 

55 6.3 150 19.8 121 22 15.1 498 8.967 5.041 0.0016 0.999 

A.Ru 25 F C-

Spine 

AP 

77 25 109 38.7 162 56 21.4 514 8.402 4.103 0.0127 0.993 

A.Ru 25 F C-

Spine 

Lat 

77 25 92 40.9 162 56 21.4 469 7.817 3.959 0.0127 0.993 

A.Fol 35 F Neck 

PA 

77 25 87 23.1 156 58 24.2 317 4.283 2.107 0.0127 0.993 

A.Fol 35 F Neck 

Lat 

75 20 172 24.3 156 58 24.2 272 5.2 2.475 0.0096 0.995 

A.Fol 35 F Neck 

AP 

78 32 171 17.4 156 58 24.2 399 6.65 3.325 0.0167 0.991 

K.Te 36 F Neck 

AP 

75 32 150 16.7 161 57 22 214 4.233 2.131 0.0154 0.992 

K.Te 36 F Neck 

Lat 

75 32 169 18.3 161 57 22 558 8.3 5.997 0.0154 0.992 

Ibi.R 39 F Neck 

AP 

75 20 87 20 168.9 79 27.7 615 10.25 5.328 0.0096 0.995 

Ibi.R 39 F Neck 

Lat 

77 25 91 29.7 168.9 79 27.7 698 10.43 5.218 0.0127 0.993 
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Table 2. Frequency distribution of table showing subjects’ biodata and regions examined during X-ray examination  

PARAMETERS N OUTCOME 

Gender, n(%) 136 N  (%) 

Male  73 (53.7) 

Female  63 (46.3) 

Age in years 136  

mean±sd  43.20 ± 23.20 

(Range)   

All  2-98 

Male  2-98 

Female  2-88 

Body mass index in kg/m2 136  

mean±sd  24.87 ± 4.72 

(Range)  (13.72 - 40.24) 

Underweight (under 18.5)n(%)  8 (5.9) 

Normal (18.5 to 25) n(%)  74 (54.4) 

Overweight (25 to 30) n(%)  38 (27.9) 

Obese (over 30) n(%)  16 (11.8) 

Region Examined 136  

Skull (PA, lat, OMV)  3 (2.2) 

Neck (AP, lat, obl)  9 (6.6) 

Chest (PA, AP, lat)  55 (40.4) 

Shoulder (AP)  4 (2.9) 

Forearm (AP, lat)  5 (3.7) 

Wrist and hand (AP, lat)  5 (3.7) 

Abdomen (erect, supine)  6 (4.4) 

Lumbosacral spine (AP, lat)  17 (12.5) 

Pelvis and thigh (AP, lat, obl)  12 (8.8) 

Knee and leg (AP, lat)  16 (11.8) 

Foot (AP, lat.)  4 (2.9) 

Thickness of the imaged region in cm 136  

mean±sd  18.61 ± 4.72 

(Range)  3.20 - 40.90 

N-Total number of valid cases, PA-Posteroanterior, AP-Anteroposterior, lat-lateral, obl-Oblique, OMV-Occipitomental 
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Table 3. Result obtained for various set-ups during X-ray examination  

PARAMETERS N OUTCOME 

Tube potential (kVp) 224  

mean±sd  69.50±11.75 

(Range)  (52.00-100.00) 

Tube current (mAs) 224  

mean±sd  23.20±17.55 

(Range)  (4.00-100.00) 

Focus skin distance, FSD (cm) 224  

mean±sd  73.195±33.99 

(Range)  (52.00-100.00) 

Counts 224  

mean±sd  656.78±510.84 

(Range)  (85.00-2648.00) 

Pulse rate (pulses/seconds) 224  

mean±sd  23.20±17.55 

(Range)  (1.42-44.13) 

Dose rate (µSv/hour) 224  

mean±sd  6.07±5.05 

(Range)  (0.57-27.01) 

Calculated beam output (mGy/mAs) 224  

mean±sd  0.121±0.011 

(Range)  (0.001-0.066) 

Total scattered radiation (Rem) 224  

mean±sd  0.991±0.017 

(Range)  (0.779-0.999) 

 

Table 4. Scattered radiation from different regions imaged during X-ray examination 

REGION EXAMINED 

(Projections) 

N 

(%) 

AGE (years) 

mean±sd (Range) 

BMI  (Kg/m2) 

mean±sd (Range) 

THICKNESS (cm) 

mean±sd (Range) 

DOSE RATE (µSv/hour) 

mean±sd (Range) 

      
Skull (PA, lat, OMV) 3.1 36.00±3.83 (32.00-40.00) 25.90±2.59 (22.20-27.90) 22.06±2.84 (15.90-24.50) 5.93±4.05 (0.98-11.20) 

Neck (AP, lat, obl) 8 33.83±21.33 (2.00-66.00) 22.71±4.69 (15.1-29.1) 21.54±7.65 (14.20-40.90) 3.99±1.17 (2.11-6.00) 

Chest (PA, AP, lat) 27.2 48.85±23.20 (6.00-98.00) 24.60±4.54 (16.10-40.20) 25.31±4.69 (12.30-36.20) 10.42±5.46 (2.22-27.01) 

Shoulder (AP, lat) 3.6 35.25±19.82 (4.00-52.00) 21.88±5.46 (13.70-27.60) 11.95±5.99 (7.10-20.70) 4.24±2.19 (1.83-8.20) 

Forearm (AP, lat) 5.4 18.50±24.48 (2.00-68.00) 21.80±7.80 (13.70-24.20) 7.29±3.62 (3.20-13.20) 3.32±1.56 (0.61-6.00) 

Wrist and hand (AP, lat) 4.5 39.40±15.81 (23.00-65.00) 25.92±3.63 (20.90-30.30) 7.29±1.14 (5.70-9.20) 2.06±1.21 (0.65-3.70) 

Abdomen (erect, supine) 3.1 46.29±21.24 (17.00-78.00) 27.54±5.76 (20.40-34.10) 22.81±7.18 (15.90-24.50) 9.06±5.61 (2.84-17.36) 

Lumbosacral spine (AP, lat) 13.8 45.58±17.50 (2.00-90.00) 26.07±3.45 (14.00-33.30) 29.87±5.84 (15.30-35.70) 8.67±5.01 (1.59-17.36) 

Pelvis and thigh (AP, lat, obl) 10.3 45.58±17.50 (2.00-90.00) 26.07±3.45 (14.00-33.30) 29.87±5.84 (15.30-35.70) 8.67±5.01 (1.59-17.36) 

Knee and leg (AP, lat) 15.6 45.97±17.36 (19.00-83.00) 25.66±2.52 (20.40-28.10) 9.25±2.46 (5.00-14.00) 2.26±1.46 (0.57-5.98) 

Foot (AP, lat) 5.4 38.50±35.75 (2.00-88.00) 27.77±7.38 (16.10-37.70) 8.42±3.59 (3.20-14.70) 3.20±0.89 (1.21-4.55) 

N-Total number of valid cases, PA-Posteroanterior, AP-Anteroposterior, lat-lateral, obl-Oblique, OMV-Occipitomental 
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Discussion 

Results obtained from the Scattered Radiation during 
Diagnostic X-ray Examination 

The template of some of the results of the patients 
examined for the measurement of scattered radiation 
during diagnostic X-ray examinations are shown in 
the Table 1. Data for each patient was arranged 
according to sex (male and female). These include the 
patient parameters such as patient initials (PI), patient 
age (PA), patient thickness, height, weight, body mass 
index in kilogram per meter square (BMI kg/m2), 
patient examination type (ET), as well as the machine 
parameters such as tube potential in kilovoltage (TP 
kVp), tube current in milliampere second (mAs), focus 
skin distance in centimetre (FSD cm). The measured 
parameters were radiation counts, dose rate (DRate), 
pulse rate (PRate) and the calculated values include 
the beam output (CBO), and total scattered radiation 
(Ts). It is to be noted that the number of count, pulse 
rate, dose rate of 609, 10.15, 5.27 were measured by 
Gamma Scout as scattered radiation for the patient 
A.Ad undergoing X-ray examination on neck 
anteroposterior. Similarly, number of count, pulse 
rate, dose rate of 469, 7.817, 3.959 were measured by 
Gamma Scout for patient A.Ru undergoing X-ray 
examination on C-Spine lateral. The results showed 
that selected machine parameters such as kilovoltage 
potential (kVp), milliampere second (mAs), focus skin 
distance (FSD), all contributed to scattered radiation. 
Also, patient parameters such as thickness, weight and 
height (BMI), contributed immensely to scattered 
radiation.  

Frequency distribution of subjects’ biodata and regions 
examined during X-ray examination 

The frequency distribution of subjects‟ biodata and 
regions examined during X-ray examination is 
presented in Table 2. The age range varies from 2 to 98 
years in which that of male is 2-98 and female is 2-88 
years respectively. The participant‟s average age is 50 
for male and 45 for female. For body mass index 
(BMI), the table is arranged according to numbers and 
percentage of patients where, underweight 8 (5.9%), 
normal 74 (54.4%), overweight 38 (27.9%) and obese 16 
(11.8%), with mean of 24.87 ± 4.72 years and the range 
of (13.72 to 40.24) are indicated. The scattered 
radiation is proportional to mass of tissue contained 
within the primary X-ray beam. It is noted that body 
thickness (18.61 ± 4.72) and Body Mass Index (24.87 ± 
4.72) contribute to the amount of scattered X-ray 
recorded. The age range (2–98 years) of patients 
considered in this study is wider than the previous 
patient dose survey (40–85 years) conducted in 
Nigeria according to an earlier study [6]. However, the 

study sample is within age range considered in 
Malaysia (14-96 years), UK (16–98 years), and the Sudan 
(16–97 years) as reported in an ealier study [6]. 

Result obtained for various set-up during X-ray examination 

The result of the machine set up is presented in Table 3. 
The tube potential (kVp) mean is 69.50±11.75 and range 
is from 52.0 to 100.00. For tube current (mAs) the mean 
is 23.20±17.55 and range is from 4.00 to 100.00. For focus 
skin distance (FSD), the mean is 73.195±33.99 and range 
is from 52.00 to 100.00. At these various machine set-up, 
the measured parameters were the radiation count, 
pulse rate (PRate) and dose rate (DRate). The counts 
varied between 85.00 and 2648.00 with a mean of 
656.78±510.84. The pulse rate (pulses/seconds) varied 
between 1.42 and 44.13 with a mean of 23.20±17.55. The 
dose rate (μSv/hour) was between 0.57 and 27.01 with a 
mean of 6.07±5.05.  

The derived calculated parameters such as CBO 
(mGy/mAs) varied between 0.001 and 0.066 with the 
mean of 0.021± 0.011 while the Ts (total scattered 
radiation) was between 0.779 and 0.999 with a mean of 
0.991 ± 0.017. The results obtained for the dose rate, total 
scattered radiation as well as body thickness for each 
type of examination are shown in Table 3.  It would be 
observed that the dose rates are lower with respect to 
the selected kVp of tube voltage and the exposure 
conditions. The proportionality of dose rate with 
milliampere is verified. Increasing the field size, 
increases the total amount of scattered radiation. The 
inclusion of X-ray filtration, as an exposure parameter 
for 100 kVpof tube potential, can make the presented 
results applicable in clinical conditions such as coronary 
angiography, where added filtration and tube potential 
are utilised for obese patients. A related study [15] 
stated that the dependence of scattered radiation dose 
rate from X-ray tube voltage used was found to follow 
the following equation mSv/h=2.10-7 (kVp)3.853. The 
dose rate per unit tube current (mSv/hr mA-1), for tube 
current of 25 mA is demonstrated. Where the dose rate 
of the X-ray tube voltages are at 60, 80, and 100 kVp, 
with irradiation conditions of 25 mA, 2.5s is 
demonstrated, for distances of 1.0, 1.5 and 2.0m from the 
phantom. It is interesting to notice that at 3150 at 
distance of 1.0 m, the dose rate increased significantly to 
22 mSv/hr compared with the other angles. 

Scattered radiation from different regions imaged during X-
ray examination 

The result obtained for the scattered radiation from 
different region image during X-ray examination is 
shown in Table 4. These region include 3.1% for skull 
(PA, lat, OMV) with a total number of seven (7) valid 
cases of, 8.0% for neck (AP, lat, obl) with a total number 
of eighteen (18) valid cases, 27.2% for chest (PA, AP, lat) 
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with a total number of sixty one (61) valid cases, 3.6% 
for Shoulder (AP, lat.) with total number of valid cases 
of eight (8), 5.4% for Forearm (AP, lat) with a total 
number of twelve (12) valid cases, 4.5% for wrist and 
hand (AP, lat) with a total number of ten (10) valid 
cases, 3.1% for plain abdomen (erect, supine) with a 
total number of seven (7) valid cases, 13.8% for 
lumbosacral spine (AP, lat) with a total number of 
thirty one (31) valid cases, 10.3% for pelvis and thigh 
(AP, lat, obl) with a total number of seventy three (23) 
valid cases, 15.6% for knee and leg (AP, lat) with a 
total number of thirty five (35) valid cases, 5.4% for 
foot (AP, obl) with a total number of twelve (12) valid 
cases. The results of this study were compared with 
the work of Kim et al. [16]: the average irradiation dose 
for single shooting for hand is 7.19±2.01 µSv, chest is 
46.74±11.22µSv, thyroid is 24.76±8.97 µSv, skull is 
144.88±20.60µSv, abdomen spine is 296.60±87.18 µSv, 
and kidney is 4.56 ± 0.78µSv. While high scattered 
radiation was noted in skull and abdomen spine in the 
study [16], the findings of this study showed that high 
dose rate of scattered radiation was noted in the chest 
and abdomino-pelvic region with 10.42 and 9.06 
µSv/hr respectively. 

The mean dose rate and standard deviation in 
µSv/hour ranges from 2.06±1.21 to 10.42±5.46. High 
dose rates of scattered radiation are noted in the chest 
and abdominopelvic region with the highest dose rate 
of 10.42±5.46 μSv/hour in the chest as shown in Table 4. 
Low dose rate of scattered radiation is noted in the 
wrist and hand 2.06±1.21μSv/hour, followed by knee 
and leg 2.26±1.46μSv/hour, followed by foot 
3.20±0.89μSv/hour, followed by forearm 3.32±1.56 
μSv/hour, and followed by neck 3.99±1.17μSv/hour, 
followed by shoulder 4.24±2.19μSv/hour, and followed 
by skull 5.93±4.05 μSv/hour. Lumbosacral and pelvis 
and thigh have the same dose rate of 
8.67±5.01μSv/hour. This result correlates with the work 
of Niklason et al. [17] on luminance scattered fractions 
measured for patients and phantoms in various 
regions of the chest film, which opined that scattered 
fractions were found to be highly variable, being quiet 
high in the region of the chest with a large equivalent 
tissue thickness e.g. chest wall and sub-diaphragmatic 
areas. For example, approximately 90% of the 
radiation reaching the mediastinum region of the chest 
film was found to be scattered radiation when a grid 
was not used. 

From the results, it is visible that increase in selected 
machine parameters such as kilovoltage potential 
(kVp) and milliampere second (mAs), increase the 
level of scattered radiation. Also, patient parameters 
such as thickness, weight and height (BMI), also 
contribute to scattering. 

Conclusions 

The results of this study fall within the dose level limits 
recommended by the International Commissions on 
Radiological Protection (ICRP) on exposure dose which 
should not exceed <50 µSv annually or 100 µSv every 5 
years. Since no dose of radiation is small for stochastic 
effects, we therefore recommend that the radiation 
should be thoroughly blocked by the apron to protect 
the radiological technologist from radiation exposure. 
The exposure dose and working environment should be 
regularly assessed to help decrease the exposure dose of 
the radiologist in accordance with the ICRP 
recommendation. Finally, a review of the quality 
assurance programme (QAP) in Obafemi Awolowo 
University Teaching Hospitals Complex, Ile-Ife, Nigeria 
is required.  
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