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Abstract Medical Imaging accounts for the largest radiation exposure of population from artificial sources of radiation.
The radiation dose received by patients from medical X-ray examinations in Nigeria has shown large variations within and
among diagnostic centers for similar examinations. This could be traced to lack of imaging protocols and availability of local
or national diagnostic reference levels. The purpose of this study is to use film densitometry to estimate radiation absorbed
dose to patients undergoing chest X-ray examination in the hospitals where this study was carried out, in order to determine
their levels of exposure and compare with internationally recommended limits. Although the radiation doses resulting from
diagnostic X-ray examinations are routinely measured in terms of entrance surface dose and effective dose using
thermoluminescent dosimeter (TLD), optically stimulated luminescent dosimeter (OSLD), film badges, pocket dosimeter and
electronic personal dosimeter (EPD). In this study for the purpose of radiation protection, the radiation doses from chest
X-ray examination were estimated in terms of Mean Optical Density (MOD), by means of densitometer; model MA 5336,
with a range of 0 to 4.0 optical density, an accuracy of + 0.02 density and reproducibility of + 0.01 density, manufactured by
Gammex, U.S.A. The hospitals where this study was carried out are: hospital A in Ondo State; hospital B in Oyo State;
hospitals C and D in Osun State. A total of one hundred and fifty five (155) chest X-ray radiographic films were collected
from these hospitals in South — West Nigeria. The optical density of each radiographic film was measured five times at
different spots. The MOD was obtained and a mathematical relation was used to convert the MOD to absorbed radiation dose
in centi Gray (cGy). The results obtained in this study show that the mean absorbed X-ray dose was 4.04 + 2.06 cGy in
hospital A, 2.77 + 1.45 c¢Gy in hospital B, 3.01 £ 1.33 cGy in hospital C and 4.23 + 1.98 c¢Gy in hospital D. These values were
compared with the excess dose of 0.10 Gy recommended by International Commission on Radiological Protection (ICRP,
2000), which is considered injurious or harmful to the human body. The absorbed radiation doses to patients at the different
hospitals were observed to vary slightly and the percentage of mean absorbed dose above the excess dose was 1.9% of the
total number of the films.
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international procedures has led to the use of a variety of
techniques to monitor patience dose [3-6]. Some X-ray
machines of recent design are able to provide information on
radiation exposure in the form of absorbed dose. An example
of such device would be a large area ionization chamber
installed in the X-ray machine, which would allow radiation
input to be measured directly. For X-ray machines lacking
similar capability, it would be desirable to find an alternative
means to measure radiation output. Radiographic film is use
to record the skin entrance radiation exposure. It has the
ability to record high radiation dose [7]. The radiographic
film could therefore be an alternate means to record absorbed

1. Introduction

One of the most frequently required diagnostic procedures
used in clinical practice is chest X-ray examination and it
may also be implemented in screening programs for large
populations with significant impact on the collective dose [1].
According to ICRU report 70, chest radiography is
responsible for approximately twenty five percent (25%) of
all X-ray examination performed [2]. Increasing concern for
the potentially high radiation dose in  fluoroscopy guided
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dose. Such possibility was investigated here by placing the
film at the output of an X-ray tube assembly and then
measuring the film response by a hand held densitometer [8].
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Optical density (D) is the degree of blackening of the
radiographic film image, as a result of the X-ray energy
deposited on the film. It is a dimensionless quantity. The
radiographic film is the image-receptor, where the image of
the X-rayed object is formed [9-11]. The final image of the
object can be developed for further use by the radiographer
or radiologist. Note that there are different types of
radiographic film manufacturers, but they all achieve the
same purpose of X-ray radiography [12]. When measuring
the dose absorbed in a human due to X-ray exposure, unit of
absorbed dose is used, which is the centi Gray (cGy), in the
SI system of units [13].

In this study, for the first time in Nigeria, the radiation
doses from chest X-ray examination were obtained in terms
of MOD of radiographic films via an established equation.
The result obtained was compared with the work of Artur,
2003 and the excess dose of 0.10 Gy. This study is a pilot
study to estimate patients absorbed radiation dose in chest
X-ray examination using radiographic films in Nigeria. This
research work is intended to provide users of X-ray
equipment one means of achieving compliance with the
International Commission on Radiological Protection
recommendation [14].

2. Materials and Method

Samples of adult chest X-ray radiographic films were
collected from four public and busy hospitals across the
South - West Zone of Nigeria. The hospitals are: Hospital A,
in Ondo State; Hospital B in Oyo State and Hospitals C and
D in Osun State.

The following abbreviations were adopted for the purpose
of this study:

Optical density: D

Absorbed X-ray dose: X

Mean Optical Density: MOD

Min: Minimum

Max: Maximum

kVp: kilovolt peak (X-ray tube voltage)

mAs: milliampere second (X-ray exposure time)

SD: Standard Deviation

1* Q: First Quartile

3" Q: Third Quartile

The optical density (D), of the radiographic films was
measured repeatedly five times at different spots on each
film as optical densities D1, D2, D3, D4 and D5 with a
densitometer, model MA5336, with a range of 0 to 4.0
optical density an accuracy of + 0.02 density and
reproducibility = 0.01 density, manufactured by Gammex,
U.S.A. This was done for each radiographic film.

The mean of the five optical densities was then taken to
obtain the Mean Optical Densities (MOD). The optical
densities were converted to the absorbed X-ray radiation
doses X, in centi Gray (cGy), which is the amount of X-ray

radiation dose that each patient has absorbed. The various
standard deviation (SD) was also estimated for each Mean
Optical Densities (MOD) of the radiographic film and the
absorbed X-ray radiation dose X.

The blackening of the film after X-ray radiation exposure
is expressed in terms of its optical density as [15]:

D =log 1 (1)
10 I

where /, and / is the light intensities before and after passing
through the exposed film material.

Optical density is a numerical value indicating the degree
of blackening on an X-ray radiographic film.

The correlation between the optical density D and the
maximum number of sensitized grains results in a relation
between the optical density D and the absorbed dose X, as,

Dyop = Dmax[l_eikX} (2)

where, D,,.,=4 and k=9.36 [15]
Therefore, equation (2) for the optical density becomes,

D,,p = 4[1 _ e—Q.SGX} 3)

Solving equation (3) for the absorbed X-ray radiation dose

X, gives,
(- Viog[1-Puen
9.36 4

Equation (4) was developed into a densitometric software
simulator to perform the task of calculating the amount of the
absorbed X-ray dose X (cGy) for each radiographic film
from the MOD. The software runs on the WAMP server
(Windows Apache MySQL PHP), with the following
languages used PHP, MySQL, JavaScript, Html, and CSS,
which can be applied remotely with internal or external
networks anywhere. The standard deviation (SD), o, of
each of the measured optical densities (D) was estimated
from the relation:

o= [ L350 Duo)|
G J

i=1

“

(6))

where:
N: is the total number of times the optical densities were
measured per radiographic film.

D, : is the optical density of each radiographic film.

D, o, : is the Mean Optical Density (MOD) of the
radiographic film.

3. Results and Discussion

Exposure parameters were collected from the selected
hospitals. The results are summarized in Tables 1, 2 and 3.
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Table 1. Exposure parameters and descriptive statistics of the estimated absorbed dose

Exposure parameters and Hospitals
MOD A B C D
kVp (Min / Max) 80/90 50/75 50/75 60 /75
mAs (Min / Max) 5/20 0.5/12.5 10/12.5 5/10
MOD (Min / Max) 0.30/0.59 0.24/2.06 0.40/1.64 0.32/2.24
Estimated Absorbed Dose (cGy)
Min 0.83 0.67 1.13 0.90
Max 11.11 7.73 5.62 8.77
Mean 4.04 2.77 3.01 4.23
Range 10.28 7.06 4.49 7.87
SD 2.06 1.45 1.33 1.98
Kurtosis 4.467 4.674 2228 2.179
1" Q 0.0253 0.0173 0.0211 0.0262
3Q 0.0500 0.0326 0.0344 0.0559
Total No of films 54 47 22 32

Table 2. X-ray machine type, manufacturer, place of manufacturer, year of installation and estimated mean X-ray dose (cGy) with standard deviation

Hospitals X-ray machine X-ray machine X-ray machine place of Year of installation Estimated mean
P type manufacturer manufacture absorbed dose (cGy)
A GEC R(g(l)ié\l TGEN General Electric Japan January, 2000 4.04 +£2.06
SILHOETEE VR .
B MACHINE General Electric US.A October, 2002 2.77+1.45
C GEMSS GEMSS Medical Korea August, 2014 3.01 +1.33
Systems Co. Ltd
FLEXA VISION Shimadzu
+
D SHIMADZU Corporation Japan March, 2006 4.23+1.98
Table 3. Percentage of estimated mean absorbed dose above and below excess dose
Hospitals No of films % Above EXCESS No of films % Below EXCESS
P Above EXCESS DOSE DOSE Below EXCESS DOSE DOSE
A 01 1.9 53 98.1
B 00 00 47 100
C 00 00 22 100
D 00 00 32 100
Total No of films above excess Total No of films below excess
dose =01 dose =155

Table 1 presents the exposure parameters of the X-ray
machines and the descriptive statistics of the estimated
absorbed dose. The values of the absorbed X-ray radiation
doses, X (cGy), vary from one hospital to the other. The
characteristic curves for the optical density (D) against the
absorbed X-ray radiation dose (X) for each of the four
hospitals were plotted as shown in Figures 1 to 4.

Figure 5 is a bar chart of mean doses in this study
compared with excess dose. While it is not possible to
attribute the causes of variations in the doses at the hospitals

to only one factor, the causes are however, multifactorial.
Such factors include: technical parameters, patients size, film
screen speed, filtration, radiographic technique and perhaps
the condition of the X-ray machine with particular emphasis
on the year of installation. It is observed in this study, from
the X-ray machine in hospital D, the highest mean absorbed
dose value was obtained.

According to [16], National Diagnostic Reference Levels
(NDRLs) is not universal but specific to a country,
equipment and training of personnel. They concluded their
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study with emphasis on the need for national diagnostic
reference levels and local diagnostic reference levels for
dose optimization in Nigeria. Although mean absorbed dose
disparity is expected among the hospitals, presently there is
no NDRLs in Nigeria to compare the results of this study
with. However, a comparison of the results of the study with
the work of Artur (2003) shows that the mean absorbed doses
in this study compare favorably with the mean absorbed
doses of 7.61 cGy and 10.8 cGy respectively obtained in two
hospitals where Artur’s study was carried out. The values of
the absorbed X-ray radiation doses can be seen to be large for
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optical densities greater than 1.0 and tends to a maximum
value around optical density of 4.0.

The curve fittings in this study were done using Matlab
and the best fit was obtained using a custom equation. The
result of the fit contains General model, coefficients
(confidence bounds), the maximum optical densities and the
conversion constant k. The Goodness of fit also contains the
Sum of Square Error (SSE), R — Square, Adjusted R — Square
and Root Mean Square Error (RMSE). These results are
replicated throughout the hospitals.

2.4

MOD 15

0.5

MOD vs_ X (cGy)
Chest A

-
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Figure 1. (a). Graph of mean optical density (Dwmop) vs absorbed X-ray

General model: 2
fix) = Dmax*(l-expi(-kK*=x)]
Coefficients (with 95% confidence bounds) :
Dmax = 4.012 ({3.988, 4.035)
k= 9.32 (2.25, 9.39)
Foodness of fit:
S3E: O.0D0D05Z7&
E-square: 1
Adjusted B-sguare: 1
FEMSE: 0.003185 v
(b)

radiation dose (X) for chest examination in hospital A (b). Results of the fit
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2+ +  MODvws. X (cGy)
Chest B

MOD

General model: &
fix) = Dmax*(l-expi-kK¥*x))
Coefficients (with 25% confidence bounds) :
Dmax = 4,019 (3.977, 4.0&1)
k = 9,299 (9.182, 2.41&)
Goodness of fit:
SSE: 0.00038%2
B-square: 0.929%2
Adjusted P-square: 0.9299
EMZE: 0.00294
W

(b)
Figure 2. (a). Graph of mean optical density (Dmop) vs absorbed X-ray radiation dose (X) for chest examination in hospital B (b). Results of the fit
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(a)
General model: &
fix) = Imax*{l-=sxpi-k*x)]
Cosefficients (with 2953% confidence bounds) :
Dmax = 4.284 (3.£12, 4.949)
k = 8.871 {7.185, 10.15)
Goodness of fit:
S3E: 7.487e-00&
B-square: 0.9292
Adjusted P-square: 0.9299
EMZE: 0.001578
W

(b)
Figure 3. (a). Graph of mean optical density (Dmop) vs absorbed X-ray radiation dose (X) for chest examination in hospital C (b). Results of the fit
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22r +  MODvs. X (cGy) []
Chest D

MOD

Feneral model:
fix) = Dmax*(l-expi-kK*x))
Coefficients (with 95% confidence bounds):
Dmax = 4.003 (3.9g84, 4.041)
k= 9.349 (9.232, 9.4&8)

Foodness of fit:
33E: 0.000315
B-square: 1
Adjusted F-square: 1
EM3IE: 0.003241

(b)
Figure 4. (a). Graph of mean optical density (Dyop) vs absorbed X-ray radiation dose (X) for chest examination in hospital D (b). Results of the fit
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Figure 5. Bar chart of mean X-ray radiation dose in the four hospitals and excess dose

4. Conclusions

This study has shown that the absorbed radiation doses to
patients at the different hospitals were observed to vary
slightly and 1.9% of the total films available recorded excess
dose. This study can be adopted for Quality Assurance (QA)
and Quality Control purposes, to guide against excess
radiation dose to patients during the course of an X-ray
examination. Further work is necessary to define appropriate
procedures for optimization of patient’s dose and adopting
correction actions.
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