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Abstract

A study of patient entrance surface dose (ESD) received by adult patients was undertaken in five major
diagnostic facilities in Tanzania. Five selected X-ray projections for chest PA; Abdomen AP; lumbar spine AP;
lumbar spine LAT and pelvis AP were done in the study. The mean ESDs after introduction of dose reduction
methods were 0.34 mGy, 5.41 mGy, 3.7 mGy, 4.8 mGy and 8.8 mGy for chest PA; abdomen AP; pelvis AP;
lumbar spine AP and lumbar spine LAT respectively. The variations of doses observed in the study were
influenced by performance characteristic of X-ray equipment, patient shape and size, type of image receptor,
radiographic techniques as well as skills employed. The results show that increasing the tube voltage reduced the
ESD by 35.5%, while lowering of mAs reduced ESD in the range from 15% to 60%. The reduction of ESD by
increasing the filtration ranged from 11% to 58% while increasing of speed class of film-screen combination
reduced the ESD in the range from 33% to 57%. The corresponding results of image quality show that out of
1064 scores of image criteria 298,481 and 285 were rated for good, satisfactory and poor respectively. The
results of this study provide an evidence of existing potential for dose reduction in the diagnostic radiology
facilities and the most important factor for improvement is to increase awareness, both from reality of harm from
unnecessary radiation exposure and with relative ease doses can be reduced. The study should therefore be
implemented on the national scale as an approach to establish guidance levels of patient entrance surface dose for
good medical practice and regular monitoring purposes.

1. Introduction

In diagnostic radiology, measurements of radiation doses to the patients provide means for
setting and checking standards of good practices as an aid to the optimization of patient
protection. It is difficult for an X-ray facility to be aware of its performance without some
form of patient dose monitoring. In Tanzania, the medical use of X-rays for diagnosis of
diseases and injury started as early as 1938 and as technology and health care improved there
has been an increase in the usage of radiation. To date the country has more than 300
diagnostic X-ray units and it is estimated that about 1,000,000 X-ray examinations are carried
out annually in the country [2]. Despite such extensive use, there was no radiation protection
until the Protection from Radiation Act, 1983 came into force. The Act established the
National Radiation Commission (NRC), as the Competent Authority responsible for all
matters relating to radiation protection [1]. The increasing trend of the number of X-ray
examinations in absence of guidance levels prompted the NRC, to carry out a pilot study to
investigate the factors that influence patient dose from diagnostic radiology. The patient dose
assessment based on such pilot study would be a precursor of establishing the National
guidance levels of patient entrance surface dose for regular monitoring purposes. The range of
doses associated with the same procedures that were found in the study which have shown
huge potential for dose reduction were due to the diversity of diagnostic factors like, the
difference in patient size and shape, the variety of available imaging systems, processing
chemicals, skills employed and the range of technical parameters that were used, such as tube
potential, current, exposure time, filtration, field size, and distance. The study revealed that
different techniques and clinical factors that influenced the doses to patients from diagnostic
radiology, might give added knowledge for use in the optimization of diagnostic radiology
procedures. This paper presents and discusses some experiences from radiation protection of
patients undergoing X-ray examinations from five major diagnostic radiology facilities in
Tanzania.
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2. Materials and methods

The Entrance Surface Dose (ESD) study involved a total of ten X-ray rooms at four referral
hospitals and one regional hospital. The hospitals were the Muhimbili Medical Centre
(MMC), Kilimajaro Christian Medical Centre (KCMC), Bugando Medical Centre (BMC),
Mbeya Consultant Hospital (MCH) and Arusha Regional Hospital (ARH) which collectively
attend nearly 50% of patients undergoing X-ray examination in the country annually [2,7].
Five selected X-ray projections for chest PA; abdomen AP; lumbar spine AP; lumbar spine
LAT and pelvis AP were used in the study as recommended [3]. Ten adult patients whose
individual weights and thickness were close to 70 kg and 20 cm respectively had their ESD
measured. The ESD were determined using the LiF thermoluminescent dosemeter (TLD)
chips, which were calibrated at the National Calibration Laboratory (NCL) for ionizing
radiation, Arusha, Tanzania. A Harshaw TLD system model 4000B (No.3190) was used to
evaluate the TLDs. Two calibrated TL chips enclosed in a labelled 30 x 30 x 0.01 mm3

polythene sachet were used to determine the ESD by attaching the dosemeters at the middle of
the light field on the patient for each radiographic exposure. The quality assurance program
(QA) on x-ray equipment was undertaken before the introduction of the dose reduction
methods. The quality control (QC) tests on the X-ray equipment were undertaken by using a
non-invasive X-ray test device, Victoreen model 4000M+. The leakage measurements were
measured using a calibrated Radiation Alert Monitor 4. The beam alignment and the beam
perpendicularity were determined by using RMI test tools. During the X ray examination,
requirements and technical parameters of good imaging were closely followed. The quality of
the obtained radiographs per X-ray projection was tested for compliance with the European
guidelines on quality criteria for radiographic images [8] by five experienced radiologists. The
observers evaluated the image quality of all ten radiographs of each X ray projections and
scores good for feature detected and fully reproduced, detail visible clearly defined;
satisfactory for feature just visible, detail just visible but not clearly defined and poor for
feature invisible, detail invisible or not clear.

3. Results and discussions

3.1. Quality assurance program on X-ray equipment

The results of quality control (QC) checks done on X-ray equipment are given in table 1. By
comparing these results with the recommended tolerances [3,6], it can be seen that all the X-
ray machines under study, passed all QC tests done. However, in clinical situations where
diagnostic conditions for which equipment and technique related factors are variable, the use
of these X-ray machines may still lead to un -optimized diagnostic procedures. Therefore the
QC results provide guidance on the choice of exposure techniques and hence suggest the need
for optimized dose reduction methods. The lowering of mAs was found to be effective for X-
ray equipment with higher timer reproducibility than lower timer reproducibility. The
increasing of filtration was found to be effective for an X-ray machine of lower half value
layer. Likewise, the increasing of tube potential reduced the patient dose [4] more efficiently
for the X-ray machines that possessed better tube voltage consistency and higher accuracy.

3.2. Entrance surface dose measurement on patient

The mean ESD per examination before the introduction of dose reduction methods was found
to be in the range from 0.1 to 0.9 mGy for chest, 3.5 to 13.9 mGy for abdomen AP and 1.6 to
13.1 mGy for pelvis AP X-ray examinations. For Lumbar spine, AP and Lumbar spine, LAT
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the dose ranges were 3.6-12.7 mGy and 10.0-29.6 mGy respectively. It can be seen that about
70% of the mean doses are below the recommended ESD guidance levels [3, 5]. Indeed, the
dose results compare well with the results from similar studies [3]. Despite the fact that
majority of ESD values are below the Internationally recommended ESD guidance levels, the
corresponding ESD variations may not be fully justified.

Table 1. Results of QC checks on X-ray equipment at the five hospitals (maximum value of
performance indicated)

Parameters KCMC

kV accuracy (10%)*
kV reproducibility(4%)*
kV consistency (10%)*
HVL,mmAL (at 80kVp)*
Timer accuracy(10%)*
Timer reproducibility(5%)*
Output linearity
mGy/mAs(5%)*
Leakage radiation at 1 m
(lOOOjiSv/h)*
Light -radiation
Beam alignment
(Deviation at 1 m) (+2%)*
Beam perpendicularly(1.5°)>

Rl
4.1
1.0
6.0
4.1
0.4
1.0
3.9

9.5

A
N A

R4
8.0
0.5
2.1
4.0**
1.5
0.3
1.0

20.0

A
A

MMC
R4A
5.3
0.5
4.2
3.4
1.6
0.9
1.1

10.3

A
A

R4B
7.2
0.5
3.8
3.1
1.0
0.3
2.9

15.0

A
A

BMC
R203
4.1
1.1
7.8
3.7
1.5

0.5
3.9

20.8

A
A

ARH
R207

7.5
0.5
4.3
2.8
1.0
0.2
1.8

350

A
A

Rl
5.4
1.0
6.6
3.7
6.1
0.1
5.0

12.0

A
A

MCH
Rl
5.6
0.3
2.1
2.1
0.8
0.1
4.6

400

A
A

*Tolerance ** at 120 kVp A; Acceptable R: Room

Factors that influences ESD are comprehensively discussed elsewhere [3,4]. The choice of
film-screen combination influences the patient entrance surface dose [4]. A sensitive screen-
film combination requires much less exposure than a low sensitivity non-screen film system,
although shows less detail. Two types of speed classes of film-screen combination such as 200
and 400 were employed although majority of hospitals use the '200' type, as they are
relatively cheaper than the other class. The alternative use of high kV technique for chest X-
ray examination reduced the patient dose, as high energy X-rays are more penetrating than
low-energy X-rays [4]. The influence of filtration reduces the intensity of the beam. Filters
selectively remove many more low-energy X-ray than high -energy X-rays [3,4]. The
observed high rnAs variation in a majority of X-ray examinations for patients of similar size,
also suggested that the reduction of mAs could be effective in reducing patient dose.

Irrespective of the type of X-ray examination, the results show that increasing the tube voltage
reduced ESD by 35.5% while lowering of mAs reduced ESD in the range from 15% to 60%.
The reduction of ESD by increasing the filtration ranged from 11% to 58% while increasing of
speed class of film -screen combination reduced ESD in the range from 33% to 57%. These
include film -developing conditions, speed class of film combinations, filtration and exposure
factors such as kVp and mAs. Large variation of distance from the x-ray tube has also been
found to influence the ESD on patients [3].

After introduction of the dose reduction methods the change of the ESD median from second
round ESD measurement was 0.41 mGy to 0.36 mGy for chest PA, 8.9 mGy to 6.4 mGy for
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abdomen AP and 5.21 mGy to 3.3 mGy for pelvis AP. For Lumbar spine AP, the ESD
changed from 6.7 mGy to 4.94 while for lumbar spine LAT, it changed from 15.6 mGy to 6.2
mGy. The changes corresponded to about 12%, 28%. 37%, 26% and 60% for chest
respectively. Table 2 gives the summary of ESD measurements before and after the
undertaking of quality control checks. The mean ESD values for second round were 0.34
mGy, 5.41 mGy, and 3.7 mGy for chest, A, abdomen, AP and pelvis respectively. For lumber
spine AP and lumbar spine LAT the mean ESD were 4.8 mGy and 8.8 mGy respectively.
Assuming the mean ESD, it can be seen that about 56%, 50%, 75%, 43% and 57% of
measurements respectively for chest PA, abdomen AP, pelvis AP, lumbar spine AP and
lumber spine LAT X-ray projections, achieved the mean ESD level of dose reduction.

Table 2. Summary of the measurements of patient entrance surface doses

Examination

Chest PA
Chest PA

Chest PA
Chest PA
Chest PA
Abdomen AP
Abdomen AP
Abdomen AP

Abdomen AP

Pelvis AP
Pelvis AP

Pelvis AP

Pelvis AP
L/spine AP
L/spine AP

L/spine AP
L/spine AP
L/spine AP

L/spine LAT
L/spine LAT

L/spine LAT

L/spine LAT

dose range
prior to QC

(mGy)
0.2- 1.1
0.3- 0.72

0.93
0.15
0.4-0.60
3.5-12.6
3.0
9.8

9,8-10.0

5.1-13.9
4.94-5.7

4.03

5.7
4.0-9.7
7.3-9.47

3.5
7.4
7.3

8.4-18.3
20.4

8.51

6.7

dose range
after QC

(mGy)
0.13-0.6
0.20-0.31

0.60
0.10
0.30-0.39
2.8 -9.6
2.3
5.53

4.8-7.54

3.9-5.5
2.9-3.1

3.07

3.0
3.3-7.1
4.4-5.78

3.1
4.3
3.6

5.9-12.50
11.8

4.5

4.4

dose corrective measures
reduction

(%)
17-50
33-57

35.5
33.0
25-58
20-30
23
44

25-51

24-60
41-46

24

47
27-48
39-40

11
42
51

15-49
42

47

34

Lowering of mAs
Increase of speed class of film- screen

combinations
Increase of kVp
Lowering mAs and increase filtration
Increase of filtration
Lowering of mAs
Lowering mAs and Increase filtration.
Increase speed class of film-screen
combination.
Lowering of mAs, increase of speed class
of film-screen combination.
Lowering of mAs
Increase speed class film-screen

combinations
Lowering of mAs, increase of
speed class of film-screen combinations
Increase of filtration
Lowering of mAs
Increase speed class film-screen

combinations.
Increase filtration
Lowering mAs and increase filtration
Lowering mAs and Increase speed
class of film screen combinations
Lowering of mAs
Increase speed class film-screen

combinations.
Lowering of mAs and increase of speed of

film -screen combinations
Increase of filtration

Other factors observed to influence patient doses were unnecessary exposure due to improper
film development as previously presented [7]. Retaking of X-rays was also a common cause
of unnecessary radiation and was done for several reasons such as unqualified X-ray operator
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and loss of the original films and chemicals. This leads to the conclusion that lack of
necessary attention or awareness about the levels of doses and risk associated with particular
procedures and particular techniques may also contribute to patient dose.

In a rapidly changing field of modern x-ray diagnostics, the referring physician and the
radiologist/radiographer who are responsible for clinically directing the examination must
build their decision upon a correct assessment of the indications for X-ray examination and
the way the results are likely to influence diagnosis and subsequent patient dose. The above
facts should take into consideration the physical properties and biological effects of ionizing
radiation and the concepts of benefits and risks in radiological protection. Generally, the
effectiveness of dose reduction was observed to be independent of the type of x-ray
examination and X-ray equipment type. This suggests that the influence of the technique used
and skill employed may be significant to the ESD reductions.

3.3. Image quality assessment

The results of image quality assessment based on the European guidelines show that out of
1064 scores of image criteria 298 (28%), 481(45%) and 285 (27%) were rated for good,
satisfactory and poor respectively. Majority of observers noted the detailed nature of the
quality criteria and were of opinion that slight variations in film processing conditions could
be a source of significant number of radiographs rated satisfactory otherwise could be good
radiographs. Despite that the guidelines were less familiar to some observers, they have been
found useful and their adoption in the country is recommended. The need to provide relevant
education and training to staff in the radiology department has been seen.

4. Conclusions

Some experiences from radiation protection of patients undergoing X-ray examinations in
Tanzania have been presented. The results of the study provide evidence of the existing
potential for dose reduction in the country's hospitals and the most important factor for
improvement is to increase safety culture, both from reality of harm from unnecessary
radiation exposure and of the relative ease with which doses can be reduced. This requires
familiarity with the levels of doses connected with the various X-ray projections and with
techniques of quality control. The study should therefore be implemented on the national scale
as an approach to establish national guidance levels of patient entrance surface dose
associated with particular procedures for good medical practice and regular monitoring
purposes.
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