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Background: The detectors of both computed radiography (CR) and direct digital radiography
(DR) have a wide dynamic range that could tolerate high values of exposure factors without an
adverse effect on image quality. Therefore, this study aims to assess patient radiation dose and
proposes institutional diagnostic reference levels (DRLs) for two teaching hospitals in Ghana.

Materials and Methods: CR and DR systems were utilized in this study from two teaching
hospitals. The CR system was manufactured by Philips Medical Systems DMC GmbH, while
the DR system was manufactured by General Electric. The entrance skin doses (ESDs) were cal-
culated using the standard equation and the tube output measurements. Free-in-air kerma
(uGy) was measured using a calibrated radiation dosimeter. The proposed institutional DRLs
were estimated using 75™ percentiles values of the estimated ESDs for nine radiographic projec-
tions.

Results and Discussion: The calculated DRLs were 0.4, 1.6, 3.4, 0.5, 0.4, 1.1, 1.0, 1.2, and
1.7 mGy for chest posteroanterior (PA), lumbar spine anteroposterior (AP), lumbar spine lat-
eral (LAT), cervical spine AP, cervical spine LAT, skull PA, pelvis AP, and abdomen AP, re-
spectively in CR system. In the DR system, the values were 0.3, 1.6, 3.1, 0.4, 0.3, 0.7, 0.6,
0.9, and 1.3 for chest PA, lumbar spine AP, lumbar spine LAT, cervical spine AP, cervical
spine LAT, skull PA, pelvis AP, and abdomen AP, respectively.

Conclusion: Institutional DRLs in nine radiographic projections have been proposed for two
teaching hospitals in Ghana for the first time. The proposed DRLs will serve as baseline data for
establishing local DRLs in the hospitals and will be a valuable tool in optimizing patient doses.
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Introduction

The introduction of computed radiography (CR) and digital radiography (DR) in di-
agnostic radiology has been associated with patients” potential overexposure without
detection. The detectors of both CR and DR have a wide dynamic range that could tol-
erate high values of exposure factors without an adverse effect on image quality [1]. Ex-
posure to ionizing radiation is associated with the potential risk of cancer and heredi-
tary disorders [2]; therefore, its use must be optimized to minimize the risks to patients

www.jrpr.org 9



GyanE, etal.

JRPR

who undergo radiographic examinations. Medical exposure
to ionizing radiation is the largest source of artificial expo-
sure to ionizing radiation [3, 4]. The application of ionizing
radiation in medicine would keep increasing due to techno-
logical advancements in equipment and accessories. Regu-
lar auditing of patient radiation dose could help detect po-
tential overexposure and reduce patient radiation dose. In
addition, it could provide information for radiographers and
medical physicists for effective and efficient optimization
protocols. In the UK, an annual assessment of patient radia-
tion dose has contributed to reducing patient radiation dose
[5]. Establishing diagnostic reference levels (DRLs) also al-
lows for optimizing patient radiation dose. International
Commission on Radiological Protection first recommended
using DRLs in 1990 [6]. Since then, many regulatory, profes-
sional, and international bodies such as the American Asso-
ciation of Physicists in Medicine, International Atomic Ener-
gy Agency (IAEA), European Commission, and the United
Kingdom Health Protection Agency have adopted DRLs as
vital dose optimization management tool. The UK's National
Radiological Protection Board has reported a significant re-
duction in patient radiation dose since the introduction of
national and local DRLs (7, 8]. Every country must establish
its DRLs that are appropriate for their radiographic tech-
niques and practices for the effective optimization of patient
radiation protection [9]. However, there is no coordinated
program to audit patient radiation dose periodically in Gha-
na, and national DRLs are yet to be established. This study
aimed to assess patient radiation dose and propose institu-
tional DRLs for two teaching hospitals in Ghana. It will serve
as baseline data for establishing local DRLs in the hospitals.
It will be a valuable tool in assisting in optimizing patient
doses.

Materials and Methods

The study was conducted on 180 patients, which included
105 females and 75 males. The average age, weight, and height
of the patients were 54.0 + 13.0 years, 66.0 + 8.0 kg, and 165.0 +
8.0 cm, respectively. One of the teaching hospitals has a CR
system while the other uses a DR system. The CR system
was manufactured by Philips Medical Systems DMC GmbH
(Hamburg, Germany). The model number was SN11000366,
and the maximum kilovoltage peak (kVp) was 150. This
equipment was installed in 2012 and was operated with au-
tomatic exposure control. General Electric (Boston, MA, USA)

10 www.jrpr.org

manufactured the DR system. The model number was Dis-
covery XR656 Plus (GE HealthCare, Chicago, IL, USA). This
system was installed in 2016 with a maximum kVp of 150.
The equipment was operated with automatic exposure con-
trol. Quality control (QC) tests on the X-ray generator perfor-
mance were performed before the measurements. These in-
cluded kVp accuracy, kVp reproducibility, timer accuracy,
exposure linearity, and exposure reproducibility.

The dosimetric quantity used for assessing patient radia-
tion dose and the DRLs was the entrance skin dose (ESD).
The ESDs were calculated using the standard equation and
the tube output measurements. Free-in-air kerma (pGy) was
measured using RaySafe X2 (3.10R01f) radiation dosimeter
manufactured and calibrated by Unfors RaySafe AB in Bill-
dal, Sweden. The dosimeter was placed at a focus-to-detec-
tor distance (FDD) of 100.0 cm, and the radiation field was
collimated to 10 cm x 10 cm to avoid unnecessary scattering.
Peak tube voltage (kVp) settings of 50 to 110 with the incre-
mental step of 10 and tube current-time product of 4 milli-
ampere second (mAs) were the exposure factors used to de-
termine the tube output. Each kVp and mAs setting was ex-
posed three times, and the average dosimeter readings were
recorded. The tube output was selected as the ratio of dosim-
eter readings (free-in-air kerma) to the mAs used. A graph of
tube output (uGy/mAs) against kVp? was plotted from which
tube output (mGy/mAs) was obtained for every kVp used for
the actual examinations. The ESD (mGy) was then calculat-
ed using Equation (1) [10, 11].

FDD
FSD

ESD [mGy] = tube output [T:l—ii] X mAs X ( )2 x BSF (1)
where BSF is the backscatter radiation, FSD is the focus-to-
skin distance, and mAs is the product of current and time. A
backscatter factor of 1.37 recommended by the IAEA [12] was
used in this study, which has been used by some researchers
[10] for calculating the ESDs. Data analysis was carried out
using Microsoft Excel 2013 (Microsoft, Redmond, WA, USA).
ESDs and technical exposure factors were presented in mean
and standard deviations. One-way analysis of variance
(ANOVA) was used to determine the significant difference in
ESDs between the CR and DR systems. DRLs were estimated
using 75" percentiles values of the estimated ESD doses for a
particular examination [13]. The study was conducted in two
teaching hospitals in Ghana. One hospital is located in the
northern part, while the other is in the southern part of the
country.
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Results and Discussion

The exposure factors used to estimate ESDs are presented
in Table 1. Chest posteroanterior (PA) examination in both CR
and DR was performed using high kVp and low mAs with the
same FDD of 180 cm. However, the FDD for the remaining
examinations was 120 cm for the DR and 100 cm for the CR.

Table 2 shows the results of air kerma, tube output, and the
measured kVp for both CR and DR systems. Free-in-air ker-
ma and tube output values were higher in the CR system
than DR for all the selected kVp.

Figs. 1, 2 show a graph of tube output versus kVp? for DR
and CR systems. The minimum and maximum tube output
for DR were 10.6 and 60.3 pGy/maAs, which occurred at 50
and 110 kVp, respectively. Therefore, Equation (2) describes
the relationship between tube output and the kVp? for the
DR systems with R?=0.9972.

y = 0.0052x — 1.5475 (2

Where y is the tube output and x is the kVp®.
The CR system has its minimum and maximum tube out-

put at 48.0 and 124.0 pGy/mAs, and occurred at 50.0 and
109.0 kVp, respectively. Equation (3) describes the relation-
ship between tube output and the kVp? for the CR system
with R*=0.9533.

y = 0.0093x + 11.402 (3)

Where y is the tube output and x is the kVp?.

Generally, the tube output for DR and CR has a linear rela-
tionship to kVp?, and that increase in kVp has a correspond-
ing rise in the tube output. The calculated ESDs (mGy), esti-
mated local DRLs (mGy), and p-values of DR and CR sys-
tems are presented in Table 3.

The lowest ESD recorded in DR was 0.2+ 0.1 mGy for chest
PA examination, while lumbar spine lateral (LAT) recorded
the highest ESD of 2.6 £ 0.5 mGy. In the CR system, the ESD
for chest PA examination was 0.3+ 0.1 mGy, while the lum-
bar spine LAT was 2.8+ 0.4 mGy. ESDs for pelvis anteropos-
terior (AP) and abdomen AP in DR were 0.8+0.1 and 0.9+
0.3 mGy, respectively, lower than the same examinations in
CR. However, higher exposure factors of 80.0 kVp, 12.3 mAs
and 80.0 kVp, 13.6 mAs for pelvis AP and abdomen AP, re-

Table 1. Technical Factors Used for the Estimation of Entrance Skin Dose (mGy)

CR DR

Examination

kVp mAs FDD (cm) FSD (cm) kVp mAs FDD (cm) FSD (cm)
Chest PA 118.6+8.3 1.8+0.2 180 157121 121.0+£3.3 1.56+1.4 180 1568.0+2.1
Lumbar spine AP 79.7+6.1 9.8+6.1 100 76.1+4.1 80.0+0.0 20.0+4.3 120 96.8+1.7
Lumbar spine LAT 95.1+8.9 10.9+4.3 100 73.6+4.7 90.0+0.0 31.5+3.7 120 93.6+1.7
Cervical spine AP 70.0+£0.0 58+1.3 100 87.8+1.4 75.5+2.8 53+2.1 120 109.0+1.0
Cervical spine LAT 74.3+3.9 7.0+1.5 100 856.8+1.4 78.5+2.4 4.4+05 120 107.0+1.1
Skull PA 70.8+1.9 16.7+1.4 100 85.0+£2.9 75.0+£0.0 10.9+4.5 120 103.8+2.2
Skull LAT 70.0+£0.0 16.5+2.3 100 83.0+£3.0 70.0+£0.0 53+2.1 120 102.0+1.8
Pelvis AP 76.2+2.2 6.8+2.2 100 78.0+£2.6 80.0+0.0 12.3+7.8 120 96.9+1.9
Abdomen AP 79.7+3.7 9.3+21 100 77.8+2.2 80.0+0.0 13.6+7.8 120 97.1+25

Values are presented as mean + standard deviation.

CR, computed radiography; DR, digital radiography; kVp, kilovoltage peak; mAs, milliampere second; FDD, focus-to-detector distance; FSD, focus-to-skin

distance; PA, posteroanterior; AP, anteroposterior; LAT, lateral.

Table 2. Tube Output and Air Kerma for Both DR and CR Systems

CR system
Selected kVp  Measured kVp  Air kerma (UGy) Tube output (UGy/mAS)
50 485 1921 48.0
60 59.3 1451 36.3
70 69.0 203.6 50.9
81 80.0 277.5 69.4
90 89.4 343.3 85.8
102 101.3 439.0 109.6
109 108.2 496.1 124.0

DR system
Selected KVp  Measured kVp  Air kerna (UGy)  Tube output (LGy/mAS)
50 49.2 42.4 10.6
60 59.6 68.8 17.2
70 68.9 97.2 24.3
80 79.3 128.9 322
90 89.9 166.4 41.6
100 100.1 202.3 50.6
110 110.1 2411 60.3

DR, digital radiography; CR, computed radiography; kVp, kilovoltage peak; mAs, milliampere second.
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Fig. 1. Relationship between tube output and kVp? for the digital ra-
diography system. kVp, kilovoltage peak; mAs, miliampere second.
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Fig. 2. Relationship between tube output and kVp? for the comput-
ed radiography system. kVp, kilovoltage peak; mAs, milliampere
second.

spectively, were used in DR, while 76.2 kVp, 6.8 mAs, and
79.7 kVp, 9.3 mAs for pelvis AP and abdomen AP, respective-
ly, were used in CR. FDD in DR for these examinations was
120 cm, while in CR, the FDD for the same studies was 100 cm.
Generally, the ESDs in CR were higher than the ESDs in DR
for all the examinations. There were significant differences in
ESDs for some examinations; however, the ESDs for lumbar
spine AP, spine LAT, and pelvis AP examinations show no sig-
nificant differences, as indicated by p-values in Table 3. The
results of this study were compared to local DRLs established
by Tonkopi et al. [14], for DR and CR, as shown in Table 4. This
comparison was made because Tonkopi et al. [14], estimated
local DRLs for both CR and DR similar to the current study.
Screen-film, CR, and DR systems are the imaging modali-
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Table 3. Estimated ESD (mGy) and Local DRLs (mGy) for CR and
DR

CR DR

Examination ESD  DRLs ESD  DRLs Lolales
for ESD
(mGy)  (mGy) (mGy)  (mGy)

Chest PA 03+0.1 04 02+01 03 0001173
Lumbar spine AP 1.9+02 1.6 1.4+03 1.6 0.367662
Lumbar spine LAT  2.8+0.4 3.4 26+05 31 0.755391
Cenvical spne AP 0.3+0.1 05 03+0.1 04 0026233
Cervical spine LAT  0.4+0.1 0.4 02+0.1 0.3 0.000889
Skull PA 1.0+02 1.1 06+£02 07 0.000123
Skull LAT 09+01 1.0 05+02 0.6 0.002769
Pelvis AP 1.0+04 1.2 08+0.1 09 0.331000
Abdomen AP 15+05 1.7 09+03 1.3 0.019636

Values are presented as mean + standard deviation.

ESD, entrance skin dose; DRL, diagnostic reference level; CR, computed
radiography; DR, digital radiography; PA, posteroanterior; AP, anteroposte-
rior; LAT, lateral.

Table 4. Comparison of DRLs (mGy) of Present Study with a Study
of Tonkopi et al. [14]

DRLs (mGy)

Examination Present study Tonkopi et al. (2012) [14]

CR DR CR DR
Chest PA 0.4 0.3 1.1 0.1
Lumbar spine AP 1.6 1.6 10.8 4.1
Lumbar spine LAT 3.4 3.1 29.0 8.9
Cervical spine AP 0.4 0.3 - -
Cervical spine LAT 0.4 0.3 - -
Skull PA 1.1 0.7 - -
Skull LAT 11 0.6 - -
Pelvis AP 1.2 0.9 3.7 2.9
Abdomen AP 1.7 1.3 5.3 4.8

Hyphen (-) in the table indicates absence of data. From the comparison,
this study presents local DRLs lower than Tonkopi et al. (2012) [14] except
for chest PA in DR and CR.

DRL, diagnostic reference level; CR, computed radiography; DR, digital ra-
diography; PA, posteroanterior; AP, anteroposterior; LAT, lateral.

ties employed in diagnostic radiography examinations in
Ghana. However, screen-film is gradually being replaced by
CR and DR due to the superiority of digital systems. The CR
system is commonly used in Ghana due to its cheap initial
setup cost. There is the possibility that CR and DR could be-
come the preferred imaging modality in Ghana due to the
ongoing transition from screen-film to digital radiology sys-
tems. Hence, patient radiation doses in CR and DR should
be well understood to provide appropriate optimization pro-
tocols to ensure the safe use of the digital systems. The results
of QC tests showed that the two X-ray equipment performanc-
es were clinically acceptable. QC tests are necessary to en-
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sure that timely and accurate diagnoses are achieved [15].

This study observed that patients' radiation doses were
lower in DR than in CR. QC results indicated lower tube out-
put values in DR than in CR for the same exposure factors.
Therefore, the lower radiation doses in DR could be due to
the low tube output values. Again, the total filtration in CR
was lower than in DR for the same exposure factors. High fil-
tration values ensure that soft X-rays that would have caused
an unnecessary increase in patient radiation doses are ab-
sorbed, thereby increasing the quality of the X-rays and their
penetrability in tissue. Also, the FDD in DR was longer than
in CR. The examinations in DR were performed using FDD
of 120 cm except for chest PA. At the same time, 100 cm was
used in CR. Due to the divergent nature of X-rays, the inten-
sity decreases as the distance increases, and therefore doses
to patients reduce equally per the inverse square law. These
factors might explain why exposure factors were higher in
DR for pelvis AP and abdomen AP examinations, although
patient doses were lower than CR. Aldrich et al. [1], made a
similar observation in patient radiation doses and reported
that doses in CR were higher than DR for chest PA, abdomen
AP, and pelvis AP examinations. The higher doses in CR were
primarily attributed to higher mAs used for CR examina-
tions. Patient doses for similar examinations were higher in
CR than DR by a factor of 1.2 to 3.0 [14]. A study by Brennan
et al. [16], showed that increasing FDD from 100 to 130 cm
could reduce patient radiation dose by 44.0% and 33.0% for
lumbar spine AP and pelvis AP examinations, respectively.
Another study reported a patient radiation dose reduction of
59.5% when the FDD was increased up to 150 cm in lumbar
spine examination [17].

Another reason for the lower doses in DR that were ob-
served was the use of anatomical programmed radiography
software in the DR system, which was not available in the CR
system. This anatomical programmed radiography software
automatically selects exposure factors for the radiographer
when the patient is correctly positioned and appropriate im-
aging protocols are selected from the console. It eliminates
the possibility of human errors in manually setting the expo-
sure factors as inexperience or fatigue on the part of the tech-
nologist could lead to potential overexposure of patients.

DRLs are an investigational tool used to identify high pa-
tient radiation doses which require corrective action if con-
sistently exceeded. Dose reduction of about 16.0% to 30.0%
[18] had been achieved due to the introduction of DRLs in the
United States. However, in Africa, no evidence exists from any
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country showing the establishment of national DRLs [18].

The proposed DRLs in this study indicated lower values
for DR (Table 3). It means that different DRLs should be set
for DR and CR even if the two modalities are in the same fa-
cility. A comparison of the current study to Tonkopi et al. [14],
showed variations in the DRLs values for DR and CR. Diop et
al. [19], estimated DRLs for seven radiographic examinations
using CR systems and reported variations in DRLs values.
These variations could arise from the X-ray equipment char-
acteristics, the knowledge and the experience of the radiog-
raphers in digital systems, exposure factors, and patient sizes.
Therefore, in setting up DRLs, QC tests must be performed on
the X-ray equipment to ensure that the equipment performs
optimally and that proper training of technologists operating
digital systems has been organized.

Conclusion

Institutional DRLs in nine radiographic projections have
been proposed for two teaching hospitals in Ghana for the
first time. It would serve as baseline data for establishing lo-
cal DRLs in the hospitals, which would be a valuable tool in
optimizing patient doses. The patient doses in DR are lower
than in CR. Therefore, different DRLs should be set for DR
and CR due to the difference in patient radiation doses. The
radiographers and technologists should also be educated on
the principles of DRLs as an optimization tool to manage pa-
tient radiation doses.
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