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ABSTRACT 
 

The use of ionizing radiation in the medical field accounts for the largest contribution of 
radiation exposure to man. Use of ionizing radiation requires a careful balance of risks 
and benefits due to the somatic and hereditary which are well known to have no 
threshold level due to the random nature of radiation. The radiation doses received by 
patients undergoing radiographic examinations were measured in 189 randomly 
selected patients from three different x-ray rooms at a referral, teaching and research 
hospital in Kenya. The exercise was done on 54pediatric and 135 adult patients during 
the screening period between October and November 2005. The entrance surface dose 
(ESD) to the patients undergoing each of these procedures was measured using LiF-100 
thermoluminescent dosimeters (TLDs). The values obtained ranged from 0.33 mGy to 
143 mGy for adult patients and 0.12mGy to 4.32 mGy for pediatric patients. The mean 
values were found to be 8.44 mGy, 11.16 mGy and 1.44 mGy for rooms A, B and C 
respectively. The hospital’s average dose stood at 7.01 mGy. The mean patient thickness 
for adults in cm were 19.5 for chest PA/AP, 28 chest LAT, 27 lumbar sacral, 28 lumbar 
spine AP, 30 lumbar spine LAT and for children 9.5 chest AP, 19.5 chest LAT, 8 post 
nasal space (PNS) 11.5 lumbar spine AP and 15 for lumbar spine LAT. Adult ages 
averaged at 35 years and less than 15 years old for children. Generally, the ESD in most 
procedures in adults were found to exceed the International ESD reference levels. 
However, it should be noted that so far guidance levels (GL) for children do not exist. 
The x-ray units were tested for quality control performance. They failed with respect to 
kVp accuracy, focal spot size and total filtration tests. From the Radiologists image 
quality assessment of the radiographs, 52% were awarded grade A, 40% grade B and 
8% grade C. Film rejection analysis was measured to be 14% in overall. The following 
were the major causes; positioning, underexposure and overexposure. The film 
processor was evaluated for speed, average gradient, base plus fog density and 
temperature accuracy. From the results of the study a major policy and practice 
oriented measures were recommended. 

 
 

INTRODUCTION 
 
     Somatic and hereditary effects of ionizing radiation have been well shown through research and from 
the victims of nuclear fallouts (1, 2). Such effects do not have any threshold level due to the random 
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nature of radiation. However, the use of ionizing radiation in the medical field accounts for the largest 
contribution of radiation exposure to man. It use require a careful balance of risks and benefits. 
Justification of patients, avoiding repeats, optimization of x-ray examination and the use of guidance 
levels play a major role in an effective radiation protection practice. Technical factors and patient dose 
specifically are mainly influenced by the quality of the x-ray unit, the image receiver and the operator 
performance (3, 4). Routinely, the dose received by the radiation workers is monitored on a monthly basis. 
It is equally important to measure dose received by the patients in any radiological examination. This will 
give important information on the collective effective dose from radiological practice, an estimation of the 
risk involved and facilitates a comparison with the international guidance levels. These factors can be 
strongly maintained and optimized by using a well functioning x-ray unit that undergoes a comprehensive 
quality assurance tests program and consists of an inbuilt dose area product meter for patient dose 
measurements (5). 
 
     To achieve optimization and patient protection in general radiography, adoption of new technologies 
aimed at dose reduction and establishment of quality assurance program play a critical role. This project 
aims to achieve these objectives in two phases. Phase I undertakes the objective of determining the base 
line data for the x-ray units with respect to film rejects, quality assurance/control (QA/QC) and 
compliance of patient ESD with the guidance levels. Corrective measures will be done and a quality 
assurance/quality control programme established so as to prompt Phase II which will determine the same 
parameters under the new code of practice. This paper reports the results of phase I.  

 
METHODOLOGY 

Film Rejects 

Film reject analysis was done for all the three rooms considered during the period of the study. Film 
rejects were collected, counted and grouped according to the size, type and cause of the rejection with the 
assistance of an experienced imaging technologist.  
Patient Dose Assessment 
An open TLD card (LiF TLD 100) strapped using a tape was placed on the central position of the beam on 
the patient skin surface. Each of the patient’s thickness and the used exposures factors kVp, mA and time 
were recorded.  The dose from the TLD cards used for each patient was read using Harshaw 4500 TLD 
Reader at the National Radiation Protection Laboratory Nairobi. 
Image quality assessment 
The qualities of the radiographs were assessed by radiologists who awarded grades A, B and C. Grade A, 
meant accepted unconditionally (good quality), B accepted with reservations and C was for the rejected. 

Quality control tests for the x-ray device  

At the end of the period of the above measurements, the following quality control tests were performed 
using QC kit (6) on each of the x-ray machines in each room:  

a) kVp accuracy 
b) Reproducibility of Exposure 
c) Timer accuracy 
d) mA and exposure time linearity 
e) Radiation output  
f) Light/radiation beam alignment 
g) Focal spot size (mm) small/large 
h) Total Filtration (mm Al) 
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An x-ray machine was considered to have either ‘Passed’ or ‘Failed’ a particular quality control test 
according to manufacturer’s standards.  
Quality control tests for the film processor 
 
The film processor was tested for the developer temperature and pH consistency using HANNA HI9321 
Microprocessor pH meter. Sensitometry measurements were made using an eleven steps stepwedge. The 
optical density was read using an X-Rite densitometer and in accordance with the Radiation 
Measurements Inc standard method (6) 
 

RESULTS AND DISCUSSION 
 
Film Reject Analysis at Radiographers level 
 
The results in figure 1 indicate the distribution of the number of films rejected at the radiographer level 
which was 153 pieces (6%) of the total 2600 films used. Positioning, too light and too dark radiographs 
were the major causes of film rejects. They accounted for 24%, 22% and 18% respectively. These major 
categories accounted for two thirds of all the repeats in Mazzaferro et al findings (7). The other causes 
included image blur, improper collimation, fogging and processing failure. Heavy workload and lack of 
regular preventive and corrective measures caused this occurrence. Incorrect processing or x-ray generator 
variability as shown in the failed quality control tests were additional causes of too light and too dark 
films. 

 
 

Figure 1: The distribution of the overall rejects analysis for the hospital 
 
Image Quality Assessment 
 
      The image quality grading results in table 6 shows that in overall grade A accounted for 52%, B 40% 
and C 8% of all the images considered. The 6% film wastage of all the film rejected at radiographer level 
and 8% at the radiologist level is clear evidence that there is a total of 14% waste of resources and an 
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additional patient dose. This means that approximately 114 patient exposures were made to obtain 100 
useful diagnostic radiographs. In addition the 40% radiographs which were accepted with reservation also 
reveal the underlying problems that could be attributed to human as well as the performance of the x-ray 
units. The causes for grades B and C are closely related to those for film reject analysis. Machine 
contributions resulted from collimation, over-exposure, under-exposure, kVp accuracy, light/radiation 
beam alignment, focal spot size, filtration check among others. These effects are closely linked to the 
human factors especially in the absence of quality control programme. Considering, the several 
technologists and number of rooms involved in the study, the values obtained are considered to be 
representative of the performance status of the entire hospital. 
 

Table 6:  Image quality grading results 
 

  No. of films 
 Grade Room A Room B Room C Total Overall % 
Grade A 57 12 29 98 52 
Grade B 44 9 22 75 40 
Grade C 9 4 3 16 8 
Total 110 25 54 189 100 

 
     Even with experienced operators, there is a great tendency of increased retake if the machine 
performance is poor. This therefore shows the essential role that quality control plays in reducing the 
economic cost and enhancing safety.  
Examination Frequencies and Radiographic Techniques 
 

Table 2: Relative frequencies of the radiological examinations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Room A 

 
 
 
Room B 

 
 
 
Room C Total 

Adults

Relative 
Frequency 
(%) for 
Children 
 < 15 yrs 

Relative 
Frequency 
(%) for 
Adults

Annual 
Relative 
Frequency 
(%)Adults 
(Tole, 1986)

Chest  233 23 91 256 34.5 37.1 28.9 
PNS  0 2 33 2 12.4 0.3 - 
Skull  5 1 0 6 0.0 0.9 - 
Cervical Spine 4 2 11 6 4.2 0.9 - 
Pelvis 8 4 8 12 3.0 1.7 - 
Lumbar Spine 105 26 25 131 9.5 19.0 5.0 
Lumbar Sacral 19 9 0 28 0.0 4.1 - 
Thoracic  5 1 0 6 0.0 0.9 - 
Thoracic 
Lumbar  11 3 0 14 0.0 2.0 - 
Abdomen  4 84 0 88 0.0 12.7 3.5 
Femur  40 5 21 45 8.0 6.5 - 
Knee Joint  7 8 32 15 12.1 2.2 - 
Elbow  5 3 12 8 4.5 1.2 - 
Shoulder  3 1 7 4 2.7 0.6 - 
Others 53 15 24 68 9.1 9.9 - 
TOTAL 502 187 264 689 100 100  
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      The relative frequencies in the three rooms are shown in table 2. The adult examinations shows the 
distribution of the examinations as 37.2% for chest, 19.0% for lumbar spine, 12.8% for abdomen, 6.5% for 
femur and 4.1% for lumbar sacral. In the pediatric room A the frequencies for chest, PNS, lumbar spine 
and knee joints were found to be 34.5%, 12.5%, 9.5% and 12.1% respectively. Considering the average 
age of 35 years for adults and <1 year for children and the high ESD, both the genetic and somatic risks 
from the x-ray exposure is of concern.  
 
     The young patients’ especially children have high child expectancy and a longer life expectancy during 
which the latent period of radiation effects may be reached. This situation is made worse when we 
consider the results of the IAEA (1995) study that showed breast and thyroid radiation doses being 
directly proportional to ESD. (8)  
 
      The relative frequency was calculated on the basis of the number of examinations performed without 
reference to the complexity of the procedures. The results obtained in this study are higher than the value 
reported by Tole et al (9). For the adult examinations there has been an increase of 7%, 14% and 9% with 
respect to chest, lumbar spine and abdomen examinations. The increase may be attributed to lung 
infections, HIV/Aids, accidents, constipations and intestinal obstruction. For the children examination the 
chest and PNS constituted 47% of all the radiological examinations.  
 
      The increase in the children examinations may be attributed to chest, tonsillar and adenoidal 
infections. There is also an increase in frequency with regard to the limbs and extremities examinations, 
which may be associated with increased population, vulnerability and malnutrition in children. 
 
      In general the increased radiological examinations shows that there is an appreciation of the important 
role of radiological examinations in patient management and this therefore shows the important need of 
considering equipment performance especially those whose generators can sustain more than 50 mA-min 
per week. Such equipment according to Papp (2002) requires a quality control test to be performed every 
six months (10).  The workload in mA-min per week for the three machines was found to be 22, 505 and 
142 for room A, B and C respectively. Therefore Room B and C fall in this stated category 
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Table 3: Mean Exposure factors used in different radiographic examinations for each room. 
 

  Room A Room B Room C 
Organ/Site/View Kv mAs ms Kv mAs ms Kv mAs ms 
CXR PA 70 17 33 70 17 69 - - - 
CXR AP 68 10 17 - - - 55 5 9 
CXR LAT - - - 86 36 145 68 11 28 
PNS - - - - - - 59 6 29 
Lumbar Sacral LAT 79 117 746 - - - - - - 
Lumbar Sacral AP 87 102 387 - - - - - - 
Lumbar Spine AP 81 72 272 - - - 62 19 48 
Lumbar Spine LAT 90 86 319 - - - 66 17 41 
Abdomen AP 72 45 75 85 54 217 - - - 
Thoracic Lumbar AP 74 45 141 - - - - - - 
Thoracic Lumbar LA 75 107 425 - - - - - - 
Thoracic AP 78 32 100 - - - - - - 
Thoracic LAT 77 160 626 - - - - - - 
Pelvis AP 72 40 115 - - - - - - 
Pelvis LAT 73 43 135 - - - - - - 
Femur AP 58 5 10 - - - - - - 
Femur LAT 62 5 12 - - - - - - 
Knee Joint AP 55 4 11 55 4 16 - - - 
Knee Joint LAT 56 5 14 55 4 14 - - - 
Elbow AP 51 3 12 - - - - - - 
Skull LAT 67 35 77 - - - - - - 
Skull OSP 81 45 75 - - - - - - 
Cervical Spine AP 66 32 83 - - - - - - 
Cervical Spine LAT 69 35 91 - - - - - - 
Elbow AP - - - - - - 51 4 12 
Elbow LAT 52 4 12 - - - - - - 
Shoulder AP 70 16 38 - - - - - - 
Shoulder LAT 69 16 34 - - - - - - 
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Patient Dose Assessment 
 

Table 4: Entrance Surface Dose Measurements for the each room. 
 

Organ/Site/View 

 Room A Room B   Room C   
ESD 
(mGy) 

ESD 
(mGy) 

GL 
(mGy)¤ 

ESD 
(mGy) GL (mGy) 

Chest PA 1.85 1.32 0.4 - - 
Chest AP 1.02  # 0.36 * 
Chest LAT - 0.91 1.5 0.91 * 
PNS  - - - 0.79 * 
Skull OSP 14.61 - # - - 
Skull LAT 6.37 - 3 - - 
Cervical Spine AP 3.81 - # - - 
Cervical Spine LAT 3.89 - # - - 
Pelvis AP 9.02 - 10 - - 
Pelvis LAT 10.35 - # - - 
Lumbar Spine cone view 68.47 - # - - 
Lumbar Spine AP 20.56 - # 2.64 * 
Lumbar Spine LAT 34.5 - 30 8.99 * 
Lumbar Sacral AP 39.11 - # 14.21 * 
Lumbar Sacral LAT 59 28.78 40 - - 
Thoracic Lumbar LAT 23.28 - # - - 
Abdomen AP 9.07 16.46 10 - - 
Abdomen LAT 17.4 - # - - 
Femur AP 0.98 - # - - 
Femur LAT 2.68 - # - - 
Knee Joint AP 0.65 0.56 # - - 
Knee Joint LAT 0.53 0.76 # - - 
Elbow AP 0.5 - # 0.41 * 
Elbow LAT 0.47 - # - - 
Shoulder AP 3.56 - # - - 
Shoulder LAT 3.48 - # - - 

¤IAEA (2004) # Adult GL not in record * Pediatric GL not in record 
 
The performance of x-ray equipment is an important factor that influence patient dose in any radiological 
investigation. Regular quality assurance of the machines and radiographic techniques are important in 
patient dose reduction. Exposure factors used for the pelvic and lumbar examinations were uniquely high. 
As shown in table 3, there is no relation between the applied mAs and the selected kVp. As reflected in 
table 5 the ESD is also quite high. This is reflective of the difficulty of approximating the exposure factors 
from the observed patient size estimation. A change in the routine exposure factors is essential. Good 
radiographic techniques include the high kVp technique and the use of faster film/screens especially for 
the examinations that constitute radiosensitive sensitive organs like thyroid (PNS), thymus (chest), 
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stomach, ovaries, bladder (abdomen) and cervix, gonads (pelvis). The measured ESD for the examinations 
mentioned indicates the need to employ these alternative methods so as to achieve radiological protection. 
 
 
 In the three x-ray rooms in KNH a weekly average of 278 pediatric patients in room A 105 and 607 adult 
patients are examined with respect to room C and B respectively. The ESD for each examination in each 
room is tabulated in table 5. The results show an average cumulative ESD of 400.32 mGy per week for 
room A (pediatric) 4236.88 mGy for room B and 1,718 mGy for room C. Most procedures were found to 
deliver doses exceeding the International Atomic Energy Agency guidance levels by a factor of 1 to 5. 
Dose reduction is essential with special consideration that no diagnostic information may be lost by 
employing high speed film screen system. This could also be enhanced by adequate patient preparations 
and instructions, good performing x-ray devices and use of protective devices e.g. gonad shields. The 
availability and use of protective gear was not adequate. The failure of the x-ray units in the collimation 
test and inadequate use of protective gear indicates that breast and thyroid glands could be receiving high 
doses during the frequently done examinations. The results also show that lumbar spine, abdomen and 
lumbar sacral, though moderately frequent, recorded high ESD values.  
 
Quality Control Tests 
 
Equipment Identification 
The three x-ray machines used were Philiphs Medio Model RO 1230 with generator type Rotarix Philips 
MEDIO 50 CP installed in 1992. Trained radiographers performed the examinations. An automatic film 
processor Kodak RP X-OMAT model M6B installed in 2002 was used to process standard blue speed-100 

films produced from Calcium Tungstate screens.  
 

Table 5: Quality Control Tests results for each x-ray device 
 
      The three x-ray units failed the kVp accuracy test which contributed to high beam energy and resulted 
in high ESD. The x-ray unit of room A failed the reproducibility of exposure test. This shows that the x-
ray generator doesn’t produce the same intensity of radiation each time the same set of exposure factors is 
used. This is an additional factor that caused the high ESD measured. The x-ray unit in room C failed the 
light/radiation beam alignment test. This shows that there is no proper mounting of x-ray beam in the 

 ROOM A ROOM B ROOM C 
Quality Control Test Result Comments Result Comments Result Comments 
kVp accuracy (%) 37 > 5 Fail 19 > 5 Fail 32 > 5 Fail 
Reproducibility of 
Exposure (%) 2.06 < 5 Pass 0.53 < 5 Pass 8.5 > 5 Fail 
Timer accuracy (%) 0.01 < 5 Pass 0.08 < 5 Pass 0.95 < 5 Pass 
mA and exposure time 
linearity (%) 9.12 < 10 Pass 0.56 < 10 Pass 8.2 < 10 Pass 
Radiation output (%) 0.68 < 10 Pass 1.42 < 10 Pass 1.31 < 10 Pass 
Light/radiation beam 
alignment (%) 3 > 2 Fail 1.5 < 2 Pass 0.5 < 2 Pass 
Focal spot size (mm) 
small/large 2.2/2.2 0.6/1.0 Fail 2.2/2.2 0.6/1.2 Fail 2.2/2.2 0.6/1.2 Fail
Total Filtration (mm Al) 4.4 2.3-3.1 Fail 3.5 2.3-3.1 Fail 3.67 2.3-3.1 Fail
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metal housing implying a deviation from the perpendicular alignment with the bucky. The failure of this 
test causes image distortion and unnecessary dose to the patient. This could have resulted from poor 
handling of the housing due to the increased workload. The failure of this test also suggests the 
possibility of clipping important anatomy, grid cut off and high film wastage due to poor positioning. 
 
      All the three x-ray units failed the focal spot test. This has a significant impact on the image sharpness 
and potential decrease in the visibility of radiographic image. These radiographic units therefore are not 
compliant with the requirement that the focal spot size be consistent throughout the lifetime of the x-ray 
unit (6). This state could have been precipitated by the workload of over 1000 exposures per machine per 
week, considering the absence of a quality assurance programme. These reasons overshadow the accuracy 
of the test tool, which is limited to 16% due to the group-size change by steps of the same percentage (6). 
All the x-ray units failed the filtration check due to the filtration of beam energy photons being excess. 
This could result in reduction in the image contrast as well as diagnostic information. This failure may 
have been caused by a fault in the x-ray generator. 
 
      The overall performance per room were as follows, Room C failed light/radiation beam alignment, 
focal spot test, filtration check and kVp accuracy tests. This accounts for 50% of the quality control tests 
that were carried out. Room A failed by the same percentage whereas room B failed by 37.5%. These 
results show a great contribution of device performance to the high ESD and film rejection rates.  
 

Table 7: Quality control tests results for the film processor 
 

Quality control tests 
 p H Temperature Temperature Speed (s) 
  Displayed (0C) Measured (0C)  
Day 1 10.38 34.8 35.4 104 
Day 2 8.97 34.8 35.2 107 
Day 3 8.84 34.8 35.2 112 

 
Sensitometry Results 

 Step position  OD (Day 1) OD (Day 2) 
 0 0.25 0.27 
 1 1.43 1.44 
 2 0.79 0.8 
 3 0.45 0.45 
 4 0.32 0.32 

 
The film processor results in table 7 shows that the speed for processing a film was 105 seconds instead of 
the manufacturers recommended speed of 90 seconds. This indicates a high deviation in the processor 
speed. The film speed failure was also confirmed from the sensitometry result of ± 0.21 OD (optical 
density). The average gradient (gamma) test also failed with ± 0.4 OD, which is a representation of a 
reduction of contrast quality in a processed film. The base plus fog density test passed with ± 0.01 OD, 
which represents a good dark room condition.   
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CONCLUSION 
      Replacement of the x-ray tubes with excess focal spots, scheduled servicing and calibration of the x-
ray generators 
 
      Use of faster film-screen systems, tighter beam collimation, increased focus-film distance and 
correction of excess beam filtration.  
  
       Establishment of a code of practice constituting quality assurance/quality control programme, 
trainings, patient preparations, protective clothing and all radiation safety requirements. 
The revival of all the non-operational x-ray units so as to reduce the workload on the ones which were 
functional. 
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