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Summary

In the period January 29th till March 9th 2007, we worked at the radiology department of Mulago Hospital in Kampala/Uganda. The project performed is our graduation project.


The main subject of the project was repeat analysis, we studied the number of repeats for plain radiographs in the currently active plain x-ray rooms (main, casualty and cancer). The number of repeats is 10% and the main reason for repeat is over- or underexposure. This is mainly caused by old and deteriorated cassettes and because chemicals are used longer than prescribed. 

We have also recorded the passed radiographs, which we would have rejected, this was only a limited amount and could be put into 4 specific categories. The projection techniques for chests, shoulders and long bones containing a metal pin needs to be improved. Further stretcher/trauma patients should be handled with more care, by using horizontal x-ray beams, so that movement, which can be dangerous for these type of patients, is prevented.

Together with students of Diploma in radiography we performed two experiments which have a connection to repeats. The experiments performed are light/x-ray beam alignment test and safe film handling time test.

The first test is to check whether the adjusted light field coincides with the x-ray field. If the x-ray field is much smaller than the light field, parts to be imaged can be missed, which could cause a repeat. This proved not to be the case.

The safe film handling time test is to find out how long exposed and non exposed films can be handled in the darkroom without fogging. We found that in the darkrooms of main and casualty too much white light leaks into the darkroom so that exposed films easily obtain fogging, which can result in repeats because of overexposure.

To obtain the opinion of the radiographers about the quality at the department questionnaires have been distributed among the employees, including the students working in the department. Of the distributed questionnaires 72% was returned, a good score. The department has a lot of young employees having 0 to 10 years of working experience, many of them are still students. Most of the employees think that the quality of the radiographs is moderate to well. The employees think that the main reason for reject is under- and overexposure, which coincides with the results of the repeat analysis.
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Repeat Analysis

Introduction

Definitions

International literature distinguishes between “rejects” and “repeats”.

The definition of a “reject” is a radiograph that has no function any more and is thrown away. A “repeat” is a radiograph which is retaken, because the original radiograph is of insufficient quality. The original radiograph can be kept, when it contains useful information.

In literature most often is spoken of “reject analysis”, in this study “repeats” have been analysed. 
Benefits of reject analysis
From [1]

“In every department a number of films are discarded for one reason or another. Incorrect exposure, poor positioning and processing are some of the common causes. Knowing exactly what the major reasons are is a big step towards correcting the faults and therefore reducing the number of unacceptable radiographs. It is not satisfactory to make judgements on impressions alone. A reject analysis can be an important part of the ongoing quality assurance programme.”
Also from [1]

“The benefits of a reject film analysis are
· to be able to identify the main errors and put measures in place to reduce them

· to save money by reducing wastage
· to reduce radiation dose to the patient by minimising the number of repeat films
· to save time and effort by reducing the number of repeat films
· to provide ongoing data for comparison
· to provide possible source of statistics to support claims for more funding to replace, modify or repair faulty equipment.”
According to [2] the aims of reject analysis are
· “to quantify the amount of waste films as a percentage of the total film used in the department
· to establish the baseline for a QA programme and thereafter monitor the effectiveness of that programme
· to provide a means of early detection of changes in reject rates and possible identification of causes.”
Literature on reject analysis
The Netherlands
In [3] a repeat analysis study in 1994 performed in 16 hospitals in the Netherlands has been described. In this study radiographers were asked to fill in a registration form for every repeat during 4 weeks. The repeat rates found in this study varied between 0.8% and 4.7%, with a mean repeat rate of 2.1%. Afterwards a quantitative control indicated repeat rates of 2.4% to 8.6%, with a mean repeat rate of 4.1%. Earlier studies mentioned in this report indicated a repeat rate between 4.5% and 8.8% in various Dutch hospitals. The overall conclusion of [3] was that the mean repeat rate in Dutch hospitals is about 4%.
More recent reject analysis studies in the Netherlands have shown 

· a reject rate of 4% (2003, see [4])

· a repeat rate of 2.1% (1998, see [5])

· a reject rate of 3.6% (1997, see [6])
United Kingdom

In [3] a country wide analysis in the United Kingdom is mentioned, it has shown repeat rates between 4.2% and 19.3%, the mean repeat rate found was 10.2%. In this study 18 radiology departments were included. However, in this research an independent expert judged the radiographs. Their conclusion was that 5% is the minimum achievable repeat rate. 
Mulago hospital

In Mulago hospital we have found 2 studies on reject analysis.
In [7] a reject analysis has been described, performed by a radiographer at “cancer”. An overall reject rate of 9.8% was found.
About the reasons of reject in [7] can be found:

“Of the films rejected, rejection due to exposure factors scored highest by 50.8%.

Films were either over- or underexposed mainly due to the variety of film screen combinations available.

Technical factors accounted for 23% of the rejects. Some loaded cassettes were found not to be locking properly at one end such films were discarded right away.

A small number of films discarded due to technical factors, were due to grid lines.

The percentage of 23% is rather high.

Darkroom conditions scored 13.8%.

Films were either over- or underexposed and some had streaks.

Technique and artefacts contributed 6.2% each.

Artefacts were mainly photographic.

No film rejects were recorded due to patient error or X ray equipment failure.”

It is recommended in this study that a reject percentage of more than 5% requires an immediate quality control programme whereas that of 5% and below requires to be checked from time to time. No source is given for this.

In [8] a reject analysis study has been described, performed in the x-ray unit of the assessment centre of Mulago hospital. This x-ray room is currently not used, as the equipment is broken down. In this study only chest x-rays were considered, chest x-rays are the most common type of investigation in this x-ray room. The overall reject rate was found to be 15.9%. The radiographs were rejected by the radiographer who made it, or the radiologist who reported it. The researcher, a radiographer, analyzed at the end of the day the reasons for reject. The reasons for reject are collected in the table underneath:

	Categories
	Faults
	Relative frequency

(in %)

	Image quality
	Cassette artefacts
Grid errors

Grid lines
	1.6
0.5

0.5

	Operator
	Identification

Patient name

Movement blur
	3.0

12.6

20.2

	Exposure 
	Over

Under
	12.7

13.0

	Film processor
	Roller marks

Stains

Light

Finger prints
	3.2
6.9

2.6

1.6

	Others
	
	11.6


Table 1 : Reasons for reject found in [8].
In the report an acceptable reject rate of 10% to 14% is mentioned, no source is mentioned for this range.

Further, 2 studies were found on film faults in Mulago hospital.
In [9] the films including film faults were studied at the x-ray unit of the casualty department. It has not been judged whether these films were still useful for diagnosis or should be rejected. The total percentage of films containing one or more faults was 21%.
The commonest faults include

· poor factor selection (25.0%)

· cassette artefacts (18.8%)

· motional blur (10.0%)

· no identification (7.5%)

· roller marks (6.3%) and

· chemical stains (5.0%)
The findings showed the operator as the major source of errors contributing 60%, followed by the inconsistent equipment at 27.5%, processing related faults are 10%, while other causes of film faults seen are at 2.5%. Some faults however, were as a result of 2 or more factors.

In [10] 110 radiographs were assessed at the x-ray room of the main unit (2nd floor). The types of film faults found and their frequency of occurrence can be found in table 2.
	Film faults
	Frequency

	A) Lack of identification
	

	No anatomical marker (L or R)
	24

	No Name
	21

	No marker + No name
	11

	B) Poor technique
	 

	Movement blur
	4

	Improper position of cassette 

(cassette not fully pushed)
	6

	Poor patient positioning
	7

	C) Artefacts
	

	Finger marks
	4

	Roller marks

	10

	Stains
	4

	D) Others
	

	Film fogging
	9

	Underexposed
	17

	Overexposed
	4

	Lack of conning
	49

	Fault free
	25


Table 2 : Type of film faults found in [10].
The major findings of the study were that 50.9% of the radiographs lacked identification, lack of proper conning was observed in 44.5%. Poor radiographic technique accounted for 15.5%. Artefacts accounted for 16.3%. Other faults accounted for 28.3%. Only 22.7% of the radiographs were fault free.

Conclusions and discussion
When comparing results of reject analysis studies in literature, it is important to compare the ways of working in the study. Have “repeats” or “rejects” been collected? Did the radiographers or an independent expert decide to repeat? Was there someone in the x-ray room during the collection? Were radiographs included which were not used by the radiologists for diagnosis? What technique is used in the hospital(s) considered? All these aspects can largely influence the repeat/reject rate which is found and are sometimes not clear from the report.
The overall conclusion from the reject analysis studies found in the Netherlands is that the common repeat rate is somewhere between 2% and 5%. All considered studies were done in hospitals using analogue technique with daylight development systems and using automatic exposure.

In Mulago hospital automatic exposure is not used as the sensitivity of the cassette/film combinations used differ too much, and the strength of the development chemicals varies too much in time. Further, manual processing or darkroom development systems are used. These aspects will most probably result in higher repeat rates. 

The reject rates found in Mulago in earlier studies were

· 9.8% (cancer institute)
main reason: under- or overexposure (50.8%)

· 15.9% (assessment centre)
main reason: under- or overexposure (25.7%)

The 2 studies on film faults have shown that 25% (casualty) and 19% (main) of the films are under- or overexposed. However, it is not clear whether these under- and overexposed films are still sufficient for diagnosis.

Way of working

In the repeat analysis the plain x-ray rooms of the main unit (2nd floor), the casualty unit and the cancer institute were included (these x-ray rooms will further be called main, casualty and cancer). 

During 3 weeks we have noted the repeats done by the radiographers. They decided to repeat or not. If the film was rejected, it was kept by us. For every repeat the registration form in appendix 1 was used to note the necessary data. Every repeat was included. One researcher was present in the x-ray room from February 13th until March 2nd from 8 to 12 and from 13 to 16 o’clock. Evening, night and weekend shifts at casualty were not included. Although this 3 weeks are a limited period of time, we think we have seen enough investigations during that period to make the study relevant.
The registration form and the way of working have been discussed beforehand with a number of senior radiographers and their recommendations were included.

We have divided the examinations performed into 20 groups, see table 3.
	 Skull
	 Elbow
	 C spine
	 Trachea
	 Knee

	 PNS
	 Lower arm
	 T/L spine
	 Abdomen
	 Tibia/fibula

	 Shoulder
	 Wrist
	 L/S spine
	 Pelvis/hip
	 Ankle

	 Humerus
	 Hand/finger
	 Chest
	 Femur
	 Foot/Toe


Table 3 : the 20 groups of investigations considered.
The number of examinations done of every type is recorded in every x-ray room. 
At main this is done at the desk were the patients go first. The administrative personnel writes down the type of examination done. If the radiographer decides to make different radiographs because of the indication, this is not corrected in the books.

At “casualty” the radiographers themselves write down the investigations done during the day and the number of films used of the four available formats (14”x 17”, 14” x 14”,
10” x 12” and 6” x 8”). 
At “cancer” one of the radiographers writes down the investigations done of the day before including the number of films used for the four film formats. This will introduce some differences with the actual number of films used.

For every type of investigation we have estimated the average number of films used, to be able to determine the total amount of films used during the investigation period.
Results

Overall repeat rate
In this chapter the results of the repeat analysis will be described. In table 4 the total number of investigations can be found that were done during the investigation period. 
Further the top 3 type of investigations is indicated. For all three x-ray rooms the chest x-ray is done most frequently.
	 
	 Main
	 Casualty
	 Cancer

	 Number of 
 Investigations
	 732
	 474
	 736

	 Number 1
	 Chest

 51 %
	 Chest

 41 %
	 Chest

 89 %

	 Number 2
	 L/S spine

 10 %
	 Skull

 14 %
	 L/S spine

 2 %

	 Number 3
	 PNS

 7 %
	 Tibia/fibula

 6 %
	 Pelvis/hip

 1 %


Table 4 : Total number of examinations during the investigation period.
In appendix 2 further details can be found.
In table 5 the estimated number of films used for every group of investigations can be found.
	Investigation
	Films per Investigation

	Skull
	2

	PNS
	3

	Shoulder
	1

	Humerus
	1

	Elbow
	1

	Radius/Ulna
	1

	Wrist
	1

	Hand/finger
	1

	Chest
	1

	Trachea
	1

	C spine
	2

	T spine
	2

	L/S spine
	2

	Abdomen
	1

	Pelvis/hip
	1

	Femur
	1

	Knee
	2

	Tibia/Fibula
	1

	Ankle
	1

	Foot/Toe
	1


Table 5 : Average number of films used for the 20 groups of investigations.

So, in total 1942 investigations were observed during this project, for which an estimated number of 2372 films were used.

In total 229 repeats have been collected, which makes the overall repeat rate 10% (number of repeats divided by the total number of films used times 100%). For 12% of the investigations one or more repeats were done.

Division over the 3 x-ray rooms

The repeats were divided over the 3 considered x-ray rooms, to come to the following results.

	 
	 Main
	 Casualty
	 Cancer

	 Investigations
	 15 %
	 9 %
	 10 %

	 Films
	 11 %
	 7 %
	 10 %


Table 6 : Repeat rate based on investigations and based on films for the 3 x-ray rooms.

So, casualty has a repeat rate considerably less than the average and main only somewhat higher. As cancer makes chest x-rays in 89% of the cases and one film is used for such an investigation, the repeat rate based on investigations and on films is (almost) the same.
Division over the groups of investigations

In table 7 the repeat rates for the top 3 types of investigations can be found for the 3 x-ray rooms.
	 
	 Main
	 Casualty
	 Cancer

	 Number 1
	 Chest

 12 %
	 Chest

 6 %
	 Chest

 9 %

	 Number 2
	 L/S spine

 15 %
	 Skull

 5 %
	 L/S spine

 22 %

	 Number 3
	 PNS

 3 %
	 Tibia/fibula

 0 %
	 Pelvis/hip

 27 %


Table 7: Repeat rate (based on films) for the top 3 type of investigations.
In appendix 2 in table A.2 the detailed results can be found. For every group of investigations the repeat rate is calculated divided over the 3 x-ray rooms. Also, it has been calculated, what the ratio is between the repeat rate when one more repeat would have been found, and the actual found repeat rate. This ratio is considered as an indication of relevance. When this ratio is 1.4 or higher we consider the found repeat rate as irrelevant. This data has been stroke through in table A.2. For these cases the number of investigations seen during the investigation period is too low to make the results statistically significant.
Division over the reasons of repeat

The reasons of repeat which have been used during the period of collection, see appendix 1 question G, have been divided into 6 groups. Also the reasons mentioned under “other” have been divided over these 6 groups (where possible). These groups are:

· Human mistakes (radiographer)

· Incorrect positioning tube versus cassette

· Non exposed film

· Exposed twice

· Identification error

· Cassette not well closed

· Wrong type of exam

· Positioning

· Incorrect positioning of patient

· Incomplete view due to incorrect light field

· Incorrect exposure

· Underexposed

· Overexposed

· Darkroom
· Unloaded cassette

· Film development error

· Film not well placed in cassette (cut films)

· Two films in cassette

· Film exposed to white light in darkroom

· Movement blur 

· Other
With “human mistakes” we mean mistakes made by the radiographer which have more to do with concentration than with his or her technical skills. So, it does NOT include positioning mistakes or wrong exposure values. Something goes wrong because the radiographer did not pay enough attention, due to work pressure or too many people in the x-ray room.
“Positioning” and “incorrect exposure” indicate the technical skills of the radiographer, the technical site of his or her job is to put the patient into the right position and choose the right kV and mAs values.

With “darkroom” we mean all the repeats which happen because of something going wrong in the darkroom. 

“Movement blur” means the patient moved during the exposure and finally “other” indicates all other reasons, overall only 4%. Remember that the repeats originally placed under “other” have been divided over the categories as much as possible.
In table 8 the 3 main reasons for repeat can be found for the 3 x-ray rooms. For all 3 x-ray rooms under- or overexposure is the main reason for repeat.

	 
	 Main
	 Casualty
	 Cancer

	 Number 1
	 Exposure

 37 %
	 Exposure

 54 %
	 Exposure

 45 %

	 Number 2
	 Human mistakes

 34 %
	 Positioning

 19 %
	 Positioning

 18 %

	 Number 3
	 Positioning

 13 %
	 Human mistakes

 11 %
	 Darkroom

 17 %


Table 8 : Division of the repeats over the reasons of repeat, only top 3 considered.
In appendix 2 table A.3 can be found with the percentages for all 6 reasons. 

Radiographer or student

Finally is has been investigated for the 3 x-ray rooms whether radiographers or students are responsible for the repeats. Sometimes this was not clear, than a question mark was indicated. 
	 
	Main
	Casualty
	Cancer
	Overall

	Radiographer
	54%
	43%
	100%
	68%

	Student
	13%
	45%
	0%
	14%

	?
	33%
	13%
	0%
	18%


Table 9 : Repeats caused by radiographers and students.
Review of rejects

The films of the top 3 investigations which have been rejected (and kept by the project members), have been shown to a radiologist, a student radiologist and 2 senior radiographers. The aim of this is to judge whether the rejects are actually a reject or could be used for diagnosis. 
	 
	 Main
	 Casualty
	 Cancer

	 Radiologist
	 12 %
	 18 %
	 41 %

	 Student radiologist
	 2 %
	 6 %
	 14 %

	 2 Senior 
 radiographers
	 11 %
	 6 %
	 23 %


Table 10 : Percentage of rejects that would NOT have been rejected by the mentioned experts.
Conclusions and recommendations
Conclusions

In 2005 54,164 plain x-ray examinations have been performed in the department (statistical information from prof. Kawooya). We estimate that on average 2 films are used for every examination, which means 108,328 films are used in one year for plain x-ray. Dr.Byanyima estimates the cost of each repeat to be 6,000 UGS and this covers the cost of film, personnel, equipment and processing of film. This means that with 10% repeat rate every year 65 million UGS (about EURO 30,000) are wasted on repeats. 

During the 3 weeks of the project we have seen in total 1,942 plain x-ray investigations, this would mean 33,700 investigations for a year (evening, night and weekend shifts of casualty not considered). So, it has not been a very busy period of the year.


Of the 1,942 investigations, 38% was performed at cancer, 38% at main and 24% at casualty. It can be seen that the cancer unit is nowadays just as busy as the main unit, which was not known to personnel working outside the cancer unit.

For all 3 x-ray rooms chest is the main type of investigation, at cancer even 89%. 
The overall repeat rate found is 10%, varying between 7% and 11% for the 3 x-ray rooms. However, if we consider the percentage of repeats which are unnecessary according to the review of the radiologist, these numbers reduce to the repeat rates in table 11.
	 
	Main
	Casualty
	Cancer
	Overall

	old repeat rate
	11%
	7%
	10%
	10%

	new repeat rate
	10%
	6%
	6%
	7%


Table 11 : Original and corrected repeat rates.
When this data is compared to the data in literature (taking the working conditions into account) these percentages are good!
For all 3 x-ray rooms under- or overexposure is the main reason for repeat. Correct exposure for a certain radiograph is the resultant of

·  speed of cassette plus film combination (will deteriorate with age)

·  development chemicals (concentration and temperature) 

·  patient size

·  exposure values (kV and mAs) and the actual output of the x-ray tube
To choose the right exposure values depending on body part, patient size and type of cassette/film combination is part of the professional skill of the radiographer. However, at Mulago many of the cassettes are old and have deteriorated with regard to their amplification (speed). Further, development chemicals are often used longer on the department than prescribed, which makes it necessary for the radiographers to increase the exposure values to compensate for the decreased development power of the chemicals. Further, the temperature of the development chemicals is not constant, which will results in exposure errors. This makes that the exposure values to be chosen depend on too many variables, making it impossible to make one exposure values list, which will only depend body part. And this makes it difficult for students to get experience. 
Students work with radiographers at main making it difficult to analyze what group makes the most mistakes. At cancer no students have been working during the investigation period. However, at casualty students are often working without the supervision of radiographers, that is why many repeats were caused there by students.

It can be concluded that the overall repeat rate at Mulago is 10%, which could be 7% according to the radiologist who judged the rejects to be useful for diagnosis. 

Recommendations

It is recommended 

· to renew the used cassettes, many are old and deteriorated (*)
· refresh the development chemicals as prescribed, so that decreased development power of the chemicals does not need to be compensated with increased exposure values

Further it is recommended

· to use “automatic exposure”, when the 2 recommendations above are fulfilled, this which will further reduce the repeat rate caused by under- and overexposure
· for radiologists to have more contact with “cancer” to improve their knowledge when to repeat 

· to use green sensitive cassette/film combinations as it will reduce the patient dose considerably compared to blue sensitive cassette/film combinations and will increase the visibility of details (needs further research, outside the range of this project)
· check the actual output of the x-ray tube, are the indicated kV and mAs actually produced (this is done at the moment by another group of students from Groningen University working at the radiology department of Mulago Hospital)
(*) At the moment many Western European hospitals have changed to digital or will change to digital. This means that many analogue cassettes are not used any more.

Differences in technique

Introduction

During our Repeat Analysis project at the radiology department Mulago Hospital we have noticed differences in techniques, which we think results in less quality of the radiographs comparing to the radiographs made in our hospitals. The literature we refer to is [11].
Chest x-ray

When we saw radiographers move the tube into position we were very surprised. We saw them centrering the beam centre at thoracic vertebra 4. This involves a large x-ray field at the upper side and unnecessary radiation of the lower-skull area. Their motivation was that with this method the heart will be enlarged more at the radiograph then with centrering at thoracic vertebra 7. No radiologists of Viecuri Medical Centre (Venlo/Venray) could confirm the benefit of  this centrering point. We also checked the literature we use nowadays, but did not find any suggestion to centre at thoracic vertebra 4.

To comply with the ALARA principle, we suggest to centre at about thoracic vertebra 7, so that the lungs are just in the light field and no unnecessary radiation is given to the patients. In fact, in our hospitals, we do not pay attention to the centrering for a chest x-ray. We make sure that the lungs are completely visible and as little tissue around them as possible.
For the chest x-rays for adults we have noticed that 85 kV is used. This leads to radiographs with bones which are more visible and at the hazard of missing pathologic abnormality of lung tissue. By using high kV contrasts will decrease. A high kV also leads to a better transmission ratio which leads to less absorption of the radiation energy (ALARA). The high kV we suggest is 125 kV. Also for better visibility of the lung tissue, the vessels and sharp imaging of the pleura recess. Because of the more blackening of the mediastinum, the contours of the spinal column and the trachea, inclusive the bifurcation, are just shown.
Shoulder

The shoulder AP radiographs do not show open joints. And the bones are projected on top of each other. For good diagnostics the following criteria are recommended:

· an open glenohumeral joint

· the glenoid fossa should be projected as a line (rotation patient 40°-45°)

· the acromion does not project over the humeral head, should be open (x-ray beam 15° craniocaudal)

To gain a uniformly distributed exposure of the film use a special shoulder filter.

Metal pin

More than once we saw that extremities with surgical fixation were not projected completely and just in one direction. We suggest to use a 14” x 17” cassette diagonally so the surgical fixation will be projected in total (inclusive both joints) or make two radiographs per direction with overlap. Making 2 directions will give a better diagnosable result. 

Stretcher/trauma patients

For stretcher/trauma patients movement can have harmful consequences. It can cause unnecessary pain, irreversible damage (such as nerve of brain damage) and fatal internal blood loss. For all these patients we suggest to minimize movements (only if necessary and as safe as possible), no rotations of the patient or body parts and the use of horizontal x-ray beams for lateral view.

Quality tests

Introduction

In complete agreement with the department of radiology of  Mulago Hospital and the school of radiology, students of the school of radiology have performed quality tests supervised by us. The students are second years students who work part-time at the plain x-ray rooms of  Mulago Hospital. The students have performed the quality tests in their spare time so due to the limited amount of time only two tests have been performed. Two quality tests have been chosen from the book [1] by the students in agreement with us.

· Light/x-ray beam alignment test

· Safelight efficiency test (Safe film handling time darkroom)

These quality tests have been chosen because a deviation can have influence on the quality of the radiographs, so can cause repeats. The results of these quality tests are quantitative so that reporting will be objectively.

Light/x-ray beam alignment test

Introduction
The test is to check if the light beam coincides with the x-ray-beam. The light beam relies on the accurate position of the light bulb and angled mirror inside the collimator.

If one is dislodged, then errors in collimation might occur, resulting in areas of interest being excluded from the field, or too large an area being exposed, causing unnecessary dose.

Way of working
The test should be done every 6 months or as necessary.

The equipment which was used were an 10” x 12” loaded cassette, 8 coins (in this case 500 UGS) and a lead marker.

The table is set in level and the central ray at 90° to the tabletop. The cassette is placed faced up on the table. The FFD is set at 100 cm. The collimator light is switched on and centred at the middle of the cassette. The light field is collimated within the edge of the cassette, so that there was a border of 3 cm on the cassette outside the light field. The coins are placed in pairs, so that, where the coins touched, coincided with the edge of the light area. The lead marker is placed in one of the light corners so that position of the film regarding the table is clear. The film is exposed sufficiently to blacken and processed.

Criteria
For perfect alignment, the light field (where the coins touch) should coincide with the x-ray field. The exposed area must not be greater than the area covered by the light. At 

the FFD of 100 cm the exposed area must not be more than 10 mm smaller than the area covered by the light (this represents a 1% tolerance). 

Results and conclusions
In table 12 the results of the measurements are shown. At the x-ray rooms of main and casualty the test is done twice and at the x-ray room of the cancer only once. The –n means that the exposed border is n mm smaller than the light border. The +n means that the exposed border is n mm greater than the light border.
	in mm
	Main
	Casualty
	Cancer

	Right
	- 6        - 6
	0           0
	+ 3

	Left
	+ 7       + 9
	+ 5        + 4
	0

	Front
	+ 1       + 3
	+ 5        + 6
	- 3

	Behind
	+ 3          0
	+ 2        + 6
	+ 2


Table 12 : Results of the measurements of the light/x-ray beam alignment test.

The 0’s are ok, because these x-ray borders are coincide exactly with the light borders. The values –n are within tolerance, because they are not more the 10 mm smaller than the light borders. The +n are all unacceptable, because this means that the exposed area is greater the area covered by the light! And that is not in accordance with the ALARA principle

According to the repeat analysis (where repeats can be caused due to missed parts), these results are not of large influences, because the deviations are within in tolerance. 

Safe film handling time test (Safelight efficiency test)

Introduction

This test is done because unexposed and exposed films which are not in a box or cassette might get fogged during handling and become rejected. The name safelight efficiency test is replaced by safe film handling time test, because there was also white light leakage in some darkrooms, which cause fogging.

Way of working
The test should be done every 6 or 12 months.

The equipment which is used was an 14” x 17” loaded cassette, a lead apron, two

14” x 17” carton cards and a watch with second hand.

The following has taken place three times at one x-ray room, namely of the casualty department. The cassette is placed faced up on the table. The FFD is set at 100 cm. One third of the cassette (part C) is covered with the lead apron. The light field is collimated to the uncovered part of the cassette. The film is exposed to 45 kV and 2 mAs.

Each exposed film is taken to the darkroom of the main, the casualty or the cancer department for performing the following steps. The cassette is unloaded in a darkroom in `total´ darkness (safe light switched off). Total between brackets, because it can be easily seen that white light was leaking into the darkrooms of the main and casualty departments. The film is placed on the workbench. Half of the exposed part is 

covered with one of the carton cards (part A). The areas B and C are covered with the 
Fig. Diagram of the test film image 

second carton card, except for a 3 cm strip at the top. The safe light is turned on and the time is monitored. The second sheet is moved down 3-4 cm every 30 seconds until a total period of 4 minutes has been reached. The safelight is switched off and the film is processed. 

Part A:
Sensitised by radiation

Not exposed to light in the darkroom

Part B:
Sensitised by radiation

Exposed by light in the darkroom in 8 strips varying in length of exposure from 30 seconds to 4 minutes.

Part C:
Not sensitised by radiation

Exposed by light in the darkroom in 8 strips varying in length of exposure from 30 seconds to 4 minutes.

3 minutes is considered to be the limit of acceptable film handling time.

Criteria
For the exposed film:

The strip in part B which has a noticeable increase in density compared to its equivalent strip in part A is identified. The safelight exposure time of this strip is noted. This exposure time is the extreme limit of exposed film handling time and compared with the 3 minutes acceptable film handling time.

For the unexposed film:

In part C the strip which has a noticeable increase in density is identified. This exposure time is the extreme limit of unexposed film handling time and is to be compared with the 3 minutes acceptable film handling time.

Results and conclusions
In table 13 the results of the measurements are shown. The numbers show the minutes in which density is noticeable increased. 

	in min
	Main
	Casualty
	Cancer

	Exposed
	2
	< 0.5
	> 4

	Non Exposed
	> 4
	> 4
	> 4


Table 13 : Results of the measurements of the safelight efficiency test.

In the darkrooms of the main and the casualty departments the increasing of the density of the exposed parts is less than 3 minutes acceptable film handling time. An increasing of the density of the exposed part in the darkroom of the cancer department is not shown at all in the test period of 4 minutes.

For non exposed films it can be said that for all the three darkrooms the safe film handling time is more than 4 minutes, which is ok.

For to the repeat analysis (repeats can be caused due to fogging), these results can be of influences, because the time in which films can get fogged in the darkrooms of the main and casualty departments are not within in tolerance. In our opinion this is caused by the white light leaking into the darkrooms through the entrances.

We suggested that the action which should be taken is to stop the leakage of the white light from outside the darkroom.

Questionnaire 

Introduction

In agreement with the department of radiology of  Mulago Hospital and the tutors of the school of radiology we performed a qualitative investigation by handing out a questionnaire among the radiographers and the student-radiographers (called students further on). The intention of the questionnaire is to determine what the radiographers and students think the main reason is for the repeats, so that it can be compared with the results of the repeat analysis.

The questionnaire as we have handed out is put in appendix 3.

Results
47 Questionnaires have been distributed among the radiographers and the students and 34 (72%) were returned. 22 Questionnaires were filled in by radiographers, according to the their administration that is equal to 71% of all radiographers. So this is representative for the department.

Occupation

The department has a lot of young employees. More than 60% of all the employees have not reached the age of 31 yet. 52% Of this group is a student. 45% Of all the radiographers are at the age of 21 up to 30.

Together with the students the department has a big group of employees (76%) with experience of 0 up to 10 years. 54% Of this group is a radiographer and 46 % is a student.

Quality

According to the questionnaire almost all the responders think the quality of the radiographs of the department are moderate (41%) or well (53%). 

Repeats

The question “If an x-ray picture is repeated, what is normally the cause?” was answered with the most common reasons were overexposure (17%), underexposure (16%), film processing defect (15%) and movement blur (12%). 
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Figure 1 : Reason of repeat
Comparing this result with the results of the repeat analysis (both exclusive the group “Other reason”) we see that the reasons movement blur, identification error and film processing defect (darkroom) were overestimated by the employees and underexposure was underestimated. A remark about identification error is that some of these were corrected by the radiographer, so in that case they were not collected as rejects.
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Figure 2 : Comparing reasons of repeat of the questionnaire versus the repeat analysis

Feedback

82% of the employees say that feedback is given to them about the quality of the radiographs. Mostly the feedback is given by radiographers (45%) and radiologists (40%). The aspects which are discussed are mainly exposure factors and positioning of patient versus cassette.

All the employees think all the aspects to achieve good quality as working experience, feedback, materials (films etc.), standard working methods, equipment (x-ray and darkroom) and supervision are important. Especially the equipment of the darkroom and the working experience are the aspects which they think are very important to be in good condition.

Conclusions
The department has a lot of young employees having 0 to 10 years of working experience, many of them are still students. Most of the employees think that the quality of the radiographs is moderate to well. The employees think that the main reason for reject is under- and overexposure.
Overall conclusions and recommendations

Overall conclusions

· the mean repeat rate of the plain x-ray rooms main, casualty and cancer of Mulago Hospital is 10%, this means that the department wastes 65 million UGS a year (based on our repeat analysis)
· the major cause of the repeats is under- and overexposure, this is mainly caused by the use of old and deteriorated cassettes and the development chemicals are often used longer than prescribed (based on our repeat analysis)
· the projection technique used for chests, shoulders and pipe bones containing a metal pin can be improved (based on our observations)
· the handling of stretcher/trauma patients should be improved (based on our observations)
· the light/x-ray beam alignment test did not show large deviations, this quality aspect has no influence on the number of repeats (based on the results of our quality tests)
· the safe film handling time test of exposed films, showed that white light leakage should be decreased in the darkrooms of main and casualty, this quality aspect can have influence on the number of repeats as it can produce fogging making well exposed films overexposed (based on the results of our quality tests)
· most of the employees think that the quality of the radiographs is moderate to well (based on the results of our questionnaire)
· the employees think that the main reason for reject is under- and overexposure, which coincides with the results of the repeat analysis (based on the results of our questionnaire)
Overall recommendations

· to use the outcome of this repeat analysis for quality improvements 

· to renew the used cassettes, many are old and deteriorated

· refresh the development chemicals as prescribed

· to use “automatic exposure”, when cassettes are renewed and the development chemicals are refreshed as prescribed, this which will further reduce the repeat rate

· for radiologists to have more contact with “cancer” to improve their knowledge when to repeat a radiograph
· to use green sensitive cassette/film combinations as it will reduce the patient dose considerably and will increase the visibility of details

· improve the projection techniques for chests, shoulders and pipe bones containing a metal pin

· improve the handling of stretcher/trauma patients, use horizontal x-ray beams

· decrease the white light leakage into the darkrooms of main and casualty

· redo the repeat analysis on a regular basis and let the outcome be the direction for further quality improvements
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Appendix 1 Registrationform repeated radiographs.

The radiograph has been executed at the department
1. Main

2. Casualty

3. Cancer

A Date (mm-dd-yy): ………………………………………………

B Moment of failure: 

1. 0800-1200
2. 1200-1600
C Examination (e.g. cervical spine or shoulder)
Lijst van onderzoeken nog te bepalen

D View
1. AP

2. PA

3. Lateral

4. ¾

5. Axial

6. Other view, namely…………………………………….

E Film-format

1. 6 x 8

2. 10 x 12

3. 14 x 14

4. 14 x 17

5. Other format, namely…………………………………….

F Cutted Film

1. Yes

2. No

G Reason for repeating
1. Incorrect positioning patient (e.g. not fully lateral/incorrect angle )

2. Incomplete view due to incorrect light field positioning

3. Incorrect positioning tube vs. cassette

4. Movement blur
5. Incorrect exposure

I. Underexposed

II. Overexposed

6. No cassette (no official reject)

7. Film less cassette (no official reject)

8. Non exposed film

9. Exposed twice

10. Identification error

11. Film processing-defect (Darkroom)

12. Other reason, namely…………………………………….

H Place cassette

1. In the bucky table (horizontal support)

2. In the bucky vertical support

3. Direct contact cassette vs. patient

I The radiograph has been executed by
1. Graduated radiographer

2. Student

3. Darkroom employer

J Who decided that the radiograph had to be redone?
1. Graduated radiographer

2. Student

K The radiograph which was rejected was

1. Disposed (reject)
2. Kept (repeat)
3. Other, namely…………………………………….

Appendix 2 Detailed results repeat analysis
	 
	 
	main
	casualty
	cancer

	A1
	Skull
	5,3
	13,7
	0,4

	A2
	PNS
	6,8
	0,0
	0,4

	B1
	Shoulder
	1,5
	3,0
	0,5

	C1
	Humerus
	0,7
	1,5
	0,0

	C2
	Elbow
	0,8
	0,8
	0,1

	C3
	Radius/Ulna
	0,8
	4,6
	0,1

	C4
	Wrist
	0,4
	0,8
	0,1

	C5
	Hand/finger
	0,7
	1,7
	0,3

	D1
	Chest
	51,2
	40,9
	88,7

	D2
	Trachea
	0,4
	0,2
	0,1

	E1
	C spine
	2,5
	1,7
	0,1

	E2
	T spine
	1,0
	0,6
	0,4

	E3
	L/S spine
	10,2
	5,7
	2,3

	F1
	Abdomen
	1,9
	4,0
	0,5

	G1
	Pelvis/hip
	3,7
	3,0
	1,5

	H1
	Femur
	2,2
	2,3
	0,8

	H2
	Knee
	3,1
	5,1
	1,6

	H3
	Tibia/Fibula
	4,0
	5,9
	1,2

	H4
	Ankle
	1,4
	3,2
	0,1

	H5
	Foot/Toe
	1,4
	1,3
	0,4


Table A.1 : Detailed division over the 20 groups of the examinations during the investigation period (percentages).
	Category
	Investigation
	repeat rate "main"
	indication of relevance "main"
	repeat rate "casualty"
	indication of relevance "casualty"
	repeat rate "cancer"
	indication of relevance "cancer"

	A1
	Skull
	12,8
	1,1
	5,4
	1,1
	16,7
	2,0

	A2
	PNS
	3,3
	1,2
	0,0
	0,0
	33,3
	1,3

	B1
	Shoulder
	18,2
	1,5
	7,1
	2,0
	25,0
	2,0

	C1
	Humerus
	20,0
	2,0
	0,0
	0,0
	0,0
	0,0

	C2
	Elbow
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0

	C3
	Radius/Ulna
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0

	C4
	Wrist
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0

	C5
	Hand/finger
	0,0
	0,0
	50,0
	1,3
	0,0
	0,0

	D1
	Chest
	12,0
	1,0
	6,2
	1,1
	8,1
	1,0

	D2
	Trachea
	0,0
	0,0
	0,0
	0,0
	100,0
	2,0

	E1
	C spine
	0,0
	0,0
	12,5
	1,5
	0,0
	0,0

	E2
	T spine
	7,1
	2,0
	0,0
	0,0
	16,7
	2,0

	E3
	L/S spine
	14,7
	1,0
	11,1
	1,2
	20,6
	1,1

	F1
	Abdomen
	14,3
	1,5
	5,3
	2,0
	0,0
	0,0

	G1
	Pelvis/hip
	11,1
	1,3
	7,1
	2,0
	27,3
	1,3

	H1
	Femur
	6,3
	2,0
	0,0
	0,0
	50,0
	1,3

	H2
	Knee
	13,0
	1,2
	8,3
	1,3
	8,3
	1,5

	H3
	Tibia/Fibula
	0,0
	0,0
	0,0
	0,0
	11,1
	2,0

	H4
	Ankle
	20,0
	1,5
	13,3
	1,5
	0,0
	0,0

	H5
	Foot/Toe
	10,0
	2,0
	0,0
	0,0
	0,0
	0,0


Table A.2 : Detailed results of the repeat rate per group of investigations. In grey the main type of investigations. The numbers stroke through are not considered to be statistically significant.
	 
	Main
	Casualty
	Cancer
	Overall

	Exposure
	37%
	54%
	45%
	42%

	Human mistakes
	34%
	11%
	15%
	24%

	Positioning
	13%
	19%
	18%
	15%

	Darkroom
	10%
	8%
	17%
	12%

	Other
	5%
	0%
	5%
	4%

	Movement blur
	2%
	8%
	0%
	2%


Table A.3 : Division of the reasons of repeat.

Appendix 3 Questionnaire

Dear Mr/Ms, 

We are three students who are busy with a graduation project for the study medical imaging and radiotherapeutic technology in the Netherlands. We want to spread an inquiry among the employees of the radiology department of Mulago Hospital. 

Using this inquiry we want to get an impression of the quality of the röntgenopnames. With the results of this inquiry and the remaining results of our project we want to do suggestions for increasing this quality. Your completed inquiry will remain anonymous.

Many thanks for joining this inquiry.

Sonja Voorn, 

Barbara van Tol, 

Evelien Creemers

1. Are you male or female?

· male

· female

2. What is your age?

· 15-20 year

· 21-30 year

· 31-45 year

· 45-55 year

· 55+ year

3. What is your level?

· Student

· Radiographer

4. How long have you been working as a radiographer?

· 1-2 years

· 3-5 years

· 6-10 years

· 11-15 years

· 16-20 years

· over 20 years

5. What do you think of the quality of radiographs at the department?

· very well

· well

· moderate

· bad

6. If an radiograph is repeated, what is normally the cause (more answers are possible)?

· Incorrect positioning patient (e.g. not fully lateral/incorrect angle )

· Incomplete view due to incorrect light field positioning

· Incorrect positioning tube vs. cassette

· Movement blur
· Incorrect exposure 

· Underexposed

· Overexposed

· No cassette (no official reject)

· Film less cassette (no official reject)

· Non exposed film

· Exposed twice

· Identification error

· Film processing-defect (Darkroom)

· Other reason, namely…………………………………….

7. Which x-ray examination is usually difficult for you to perform?

· Paediatric
· Bed patients

· Accident patients

· Other, namely ………………..

8. It could be concluded that an x-ray examination has to be redone. Who normally decides this?

· Graduated radiographer

· Student

9. What will happen with the radiograph which is repeated?

· Disposed

· Kept

10. Do you get feedback about the quality of an x-ray examination?

· Yes

· No (go further with question 13)

11. From who do you get feedback about the quality of an x-ray examination?

· Graduated radiographer I/C

· Graduated radiographer

· Radiologist

· Student

· Other, namely………………………

12. Which aspects are discussed?

· Image quality

· Correct projections according to the indication

· Others, namely………………………………………..

13. Below are a number of subjects concerning quality. What do you think about these items? What is important to achieve the quality?




Not so

Reasonably
Important
Very




important
important


important

Working Experience

0
      0

       0

      0

Feedback


0
      0

       0

      0

Materials (films etc.)

0
      0

       0

      0

Standard working methods
0
      0

       0

      0

Equipment (x-ray)

0
      0

       0

      0

Equipment (darkroom)
0
      0

       0

      0

Supervision


0
      0

       0

      0

            A	B                C





3 min





3,5 min





4 min





2,5 min





2 min





1 min





1,5 min





0,5 min





Exposed to light in darkroom in steps of half a minute





Exposed to 45 kV, 2 mAs
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