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GENERAL RADIOGRAPHY (X-RAY)

• General radiography or plain X-Ray is a basic medical imaging 

examination. 

• It is an examination that produces images of the internal structures 

and extremities to assist in diagnosis.
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INTRODUCTION



• One of the common request for extremities in General Radiography is 
knee X-Ray. 

• In the year 2021, knee X-Ray constitutes 13% of the medical imaging 
requests for extremities. 

• Skyline view is a common request of the knee X-Ray projection.
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INTRODUCTION



Normal

Osteoarthritis/Osteophytes

Dislocation
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CLINICAL INDICATIONS: KNEE SKYLINE VIEW VARIOUS METHODS TO PROJECT KNEE SKYLINE VIEW

KNEE SKYLINE VIEW



BACKGROUND OF PROBLEM
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1. Frequency of repetition of X-ray skyline (about >10%) due to blurred image caused by patient movement during exposure. 

2. Existing mobility devices are not compatible or ergonomic for some patients, especially patients who are old, weak or not strong

SKYLINE VIEW

Out of collimation

Detector was unstable and had high tendency of falling as patient had to hold it in position manually

X-ray detector (weighs 

4kg) have a risk of 

falling during skyline 

view positioning



CURRENT WORKFLOW IN DEPARTMENT

Patient arrives at registration 

counter
Staff verifies patient ID Patient wait to be called

Patient called and ID verified 

prior to examination
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Examination Performed LAURIN METHOD

(without motion prevention device)

Detector was 

unstable, risk of 

motion artifact and 

had high tendency of 

falling as patient had 

to hold it in position 

manually



Cephalad direction, increases radiation dose to the patient's eyes, thyroid, breast and pelvis regionNo proper knee flexion and X-Ray beam angulation

X-ray detector (weighs 4kg) 

have a risk of falling during 

skyline view positioning
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CURRENT PRACTICE – POSITIONING METHOD

Cost of 1 X-Ray 

detector 

~ RM200K



A demonstration video on current positioning for knee skyline X-Ray

8

CURRENT PRACTICE – POSITIONING METHOD

Click the link or QR 

code to view the 

current workflow:

https://youtube.com/short

s/4rcpR0dw1HM?feature

=share

https://youtube.com/shorts/4rcpR0dw1HM?feature=share
https://youtube.com/shorts/4rcpR0dw1HM?feature=share
https://youtube.com/shorts/4rcpR0dw1HM?feature=share


Reported incidents “FALL IMPACT” of the 

detectors (14 times in year 2021) >3%

Total detector FALL IMPACT in year 2021
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14 in the year 2021
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Shock impact
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detectors (14 times in year 2021) >3%
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Cost of 1 X-ray detector 

~ RM200K

Estimated cost of 

damage

~RM2.8 million!!!



To 

reduce 

01

02 04

11

General objective:

• to reduce the high retake rate of knee skyline X-Rays 
(>10%)

Specific 
objectives

OBJECTIVE

radiation dose

time

cost



LITERATURE REVIEW 1
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Overall rate of repeat / retake analysis

should not exceed 

10%
Recommended by Conference on Radiation Protection 

Quality Assurance Director in Diagnostic X-Ray. 

(http://www.crcpd.org/)

Risk of radiation induced cancer

https://lorettez0p-images.blogspot.com/2020/12/stochastic-effects-of-radiation.html



LITERATURE REVIEW 2

The repetition of 

radiographs 

should not 

exceed 10%
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>10% 

correction 

action should 

be conducted



BRAINSTORMING SESSION FOR TEAM MEMBERS
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No Problems identified

1 No standard method for knee 

skyline view

2 No suitable positioning device for 

knee skyline view

3 High risk of detector falling during 

the knee skyline view positioning

4 Repetition of examination due to 

motion artefacts

5 Poor image quality due to improper 

knee flexion



PROBLEM DEFINITION - SMART CRITERIA

SPECIFIC

• Technique protocol not reviewed (no standardisation)

• Increased number of repeated patients

• Increased risks of radiation dose to patients 

• Increased costs due to damaged detectors 

• Increased time spent positioning

MEASURABLE Data can be easily obtained

APPROPRIATENESS
Producing optimised image quality is part of core business in the 

Department of  Biomedical Imaging

RELIASTIC
The solution is possible with the guidance from previous studies 

done

TIMELINESS The study can be completed within one year
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No Problems identified

1 No standard method for knee 

skyline view

2 No suitable positioning device 

for knee skyline view

3 High risk of detector falling 

during the knee skyline view 

positioning

4 Repetition of examination due 

to motion artefacts

5 Poor image quality due to 

improper knee flexion

EVALUATION BASED ON 5 PROBLEMS

4 GROUP MEMBERS - RATING SCALE:  1=Low,  2=Medium, 3= High (*Max score  4 x 3 =12)
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Group 

Members

Specific Measurability Achievable Remediable Timeliness 

PROBLEM

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

GURDEEP 2 3 3 2 3 2 3 3 2 3 2 3 3 2 3 2 3 3 2 2 2 3 3 2 3

AZUAN 3 3 2 2 3 3 3 2 2 3 3 3 2 2 2 3 3 2 2 3 3 3 2 2 3

SHARALLA 2 3 3 2 3 2 3 3 2 2 2 3 3 2 3 2 3 3 2 3 2 3 3 2 2

BALA 2 3 2 2 2 2 3 2 2 3 2 3 2 2 3 2 3 2 2 3 2 3 2 2 3

Total
9 12 10 8 11 9 12 10 8 11 9 12 10 8 11 9 12 10 8 11 9 12 10 8 11



SELECTED PROBLEM
NO PROBLEM Weightage According to "SMART" criteria TOTAL

Specific Measurability Appropriateness Remediable Timeliness

1 No standard 

method for knee 

skyline view
9 9 9 9 9 45

2 No suitable 

positioning 

device for knee 

skyline view
12 12 12 12 12 60

3 High risk of 

detector fall 10 10 10 10 10 50

4 Repetition of 

examination due to 

motion artefact
8 8 8 8 8 40

5 Poor image quality 

due to improper 

knee flexion 11 11 11 11 11 55

SELECTED 

PROBLEM

4 GROUP MEMBERS - RATING SCALE: 1=Low, 2=Medium, 3= High     (*Max score 4 x 3 =12)
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ANALYSIS OF 

PROBLEM 
DETAILS

What High retake rate of the knee skyline X-Ray 

Why No suitable positioning device for knee skyline X-Ray

Where Department of Biomedical Imaging, 5th floor South Tower, UMMC

When During knee skyline view positioning

Who
i) Patients undergoing knee skyline examination

ii) Radiographers involved in the examination process

How Develop a suitable positioning device for knee skyline X-Ray
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ANALYSIS OF PROBLEM 
(5W 1H)



PROBLEM STATEMENT

HIGH RETAKE RATE OF THE KNEE 

SKYLINE X-RAY (STANDARD <10%)
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TARGET SETTING

20

RETAKE RATE OF THE KNEE SKYLINE 

X-RAY SHOULD NOT EXCEED >10%

LR

Radiation Protection  Principle: As Low As 

Reasonably Achievable (ALARA)  - minimising the 

radiation doses and limiting the release of  radiation dose by 

applying all “reasonable approaches or technique.” 

Reduce risk of radiation induced cancer

https://lorettez0p-images.blogspot.com/2020/12/stochastic-effects-of-radiation.html



PROJECT APPROVAL LETTER
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APPLICATION OF APPROVAL APPROVAL GRANTED
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IMPACT OF PROBLEM TO STAKEHOLDERS

Stakeholders Description 
Positive impact with 

project completion 

Negative impact 

without project 

completion 

Degree of 

impact 

Employees 

(Radiologists & 

Radiographers)

• Enhanced image quality

• Reduced repetition

• Help with the diagnosis

• Gain job satisfaction & sense of 

fulfilment

• Enhanced knowledge, skill & 

capacity

• Enhanced patient safety (e.g., 

reduce radiation dose)

• Increased risks of safety to 

patients (e.g., side effects of 

radiation) 

• Lack of ownership High 

Patients & caregivers

• Individuals who are sick and 

caregivers provide 

assistance to them

• Received diagnostic 

imaging services to 

improve treatment

• Increased patients & caregiver 

satisfaction

• Reduced risks from imaging 

examinations

• Enhanced treatment

• Increases patients & caregivers’ 

burden 

• Increased side effects from 

imaging examinations

• Limited options to clinician in 

requesting diagnostic imaging to 

improve treatment

High 

Management

• Planning, organising, and 

coordinating to provide 

quality service

• Cost savings 

• Increased safety

• Customer complaints 

• Bad reputation and image High

Legislative Dept

• Important instruments in 

organising society and 

protecting citizens

• Reduced risks of litigation • Increased risks in litigation

• Customer complaints High



WHAT

WHYWHO

HOW

WHERE

WHEN

• To reduce radiation dose/ 

cost/ time/ complaints/ 

litigation issues

• To improve diagnostic 

value

Patients indicated for 

knee skyline X-Ray

General X-Ray room
Reduce retake rate of the 

knee skyline X-Ray

While performing knee 

skyline X-Ray

To develop a suitable 

positioning device

ACTION PLAN: 5W 1H
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Patient 

related

PEOPLE

Patient

Size
Age, Anatomy 

& pathology of 

patients

MONEY

Budget

DEVICE

Unsuitable  

Positioning Tool

Insufficient knee flexion

Improper Positioning Technique

Poor Image Quality

METHOD

Lack of competency

Level of skills Differ

Lack of experience
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Fishbone / Ishikawa diagram for possible causes of a problem

High retake 

rate of the 

knee 

skyline 

X-Ray
Positioning technique 

varies Images are not 

optimal

No proper positioning  device

No proper positioning device

No proper positioning device

No standardised method

Patient  

condition

Costly 

positioning 

accessories

Lack of fund to purchase 

suitable device

ISHIKAWA 1



VERIFICATION OF POSSIBLE CAUSE 

PEOPLE
ROOT CAUSE VERIFICATION PIC IMPACT

Lack of competency Repeat reject rate was 

high (>10%)

SHARALLA

Patient related Some patients are unable 

to cooperate

GURDEEP
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Detector was unstable and had high tendency of 

falling as patient had to hold it in position 

manually
Lack of competency Patient related



VERIFICATION OF POSSIBLE CAUSE 

METHOD

ROOT CAUSE VERIFICATION PIC IMPACT

Poor image quality No proper positioning  

device

BALA
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Suboptimal  image quality
Detector was backward

Detector was unstable and had high tendency of 

falling as patient had to hold it in position manually



VERIFICATION OF POSSIBLE CAUSE 

METHOD
ROOT CAUSE VERIFICATION PIC IMPACT

Positioning technique 

varies

No standardised method BALA
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VERIFICATION OF POSSIBLE CAUSE 

DEVICE

ROOT CAUSE VERIFICATION PIC IMPACT

Unsuitable 

positioning tool

1. No proper positioning 

device

2. Possible to fall during 

positioning – non 

optimised image 

quality SHARALLA 
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Patient is 

required to 

hold the X-

ray detector

NO PROPER DEVICE

NO PROPER DEVICE



VERIFICATION OF POSSIBLE CAUSE 

MONEY
ROOT CAUSE VERIFICATION PIC IMPACT

Lack of fund to purchase 

suitable positioning 

device

Budget constraint AZUAN

Costly positioning 

accessories in the 

market

Lack of fund GURDEEP
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~RM 5.5k-

8.5K



VERIFICATION OF POSSIBLE CAUSE 

DEVICE
ROOT CAUSE VERIFICATION PIC IMPACT

Unsuitable  positioning 

tool

• High retake causes high 

radiation exposure to patient

• Time consuming to adjust

• Not ergonomic

SHARALLA
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Patella out of 

collimation DEVICE-1

DEVICE-1



Patient 

related

PEOPLE

Patient

Size
Age, anatomy & 

pathology of 

patient

MONEY

Budget

DEVICE

Unsuitable  

Positioning Tool

Insufficient knee flexion

Improper Positioning Technique

Poor Image Quality

METHOD

Lack of competency

Level of skills Differ

Lack of experience

ISHIKAWA 1
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Fishbone / Ishikawa diagram for possible causes of a problem

High retake 

rate of the 

knee 

skyline 

X-Ray
Positioning technique 

varies Images are not 

optimal

No proper positioning  device

No proper positioning device

No proper positioning device

No standardised method

Patient  

condition

Costly 

positioning 

accessories

Lack of fund to purchase 

suitable device



PEOPLE

MONEY DEVICE

Unsuitable  

Positioning Tool

Insufficient knee flexion

Improper Positioning Technique

Poor Image Quality

METHOD

Lack of competency

Level of skills Differ

Lack of experience

ISHIKAWA 2
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Fishbone / Ishikawa diagram for possible causes of a problem

High retake 

rate of the 

knee 

skyline 

X-Ray
Positioning technique 

varies Images are not 

optimal

No proper positioning  device

No proper positioning device

No proper positioning device

No standardised method



HOW FINAL SOLUTIONS WAS DETERMINED?

Root Cause (s) Solution (s)

People Poor image quality
• Develop a suitable positioning device to reduce motion 

artefact

Method Lack of competency
• Provide training 

• Hands on demonstration on skyline view positioning 

Device
Unsuitable positioning 

device

• Develop a suitable positioning device to assist in 

optimisation of image quality

• To reduce the possibility of detector falling during 

positioning

Method
Positioning technique 

varies

• Standardised method of positioning

• Provide training and coaching
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Root Cause Solution Evaluation Outcome Verified Decision

Unsuitable  

positioning device

Developed a 

positioning device 

called as 

SKYLINE 

IMMOBILISER 

DEVICE to 

reduce the retake 

of knee skyline X-

Ray

To apply the new 

positioning 

device (e.g., 

tested on 10 

patients)

-Positioning device

more fragile

-Not ergonomic for 

some patients, 

especially patients 

who are old, weak or 

not strong

EVALUATION ON SOLUTION: TRIAL

Device
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Holder 

broken

Not ergonomic 

and required 

patient to hold

Lack of durability 

(broken after 

using on 10 

patients) 

Not well 

accepted due 

to its non-

stability

Bulky and 

heavy

SHARALLA

SKYLINE 

IMMOBILISER 

DEVICE



EVALUATION ON SOLUTION: TRIAL

Device
Root Cause Solution Evaluation Outcome Verified Decision

Unsuitable  

positioning device
Developed a 

more suitable 

positioning device

SKYLINER-

PROTOTYPE
to reduce the 

retake of knee 

skyline X-Ray

To apply the new 

positioning device 

(e.g., tested on 10 
patients)

• The images 

were optimised

• The positioning 

device more 
solid

GURDEEP
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Method

EVALUATION ON SOLUTION: TRIAL

Root Cause Solution Evaluation Outcome Verified Decision

Poor image 

quality

Developed a 

more proper 

positioning 

device to reduce 

motion artefact

Analysed retake 

rate

Retake rate 

reduced by 7%
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Reject repeat rate reduced by 7%

AZUAN

Patient don’t 

require to hold 

the detector

L



Method

EVALUATION ON SOLUTION: TRIAL
Root Cause Solution Evaluation Outcome Verified Decision

No proper 

positioning 

technique

Developed a more 

proper positioning to 

reduce retake and 

radiation dose

• Electronic 

personal 

dosimeter (EPD) 

measurement on 

the patient

• Phantom study 

to analyse

radiation dose

To standardise 

positioning method -

able to reduce 

radiation dose

L

GURDEEP
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Method

EVALUATION ON SOLUTION: TRIAL
Root Cause Solution Evaluation Outcome Verified Decision

No proper 

positioning 

technique

Developed a more 

proper positioning to 

reduce retake and 

radiation dose

• Electronic 

personal 

dosimeter (EPD) 

measurement on 

the patient

• Phantom study 

to analyse 

radiation dose

To standardise 

positioning method -

able to reduce 

radiation dose

L

GURDEEP
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People

EVALUATION ON SOLUTION: TRIAL

Root Cause Solution Evaluation Outcome Verified Decision

Lack of 

competency

• Provided training

• Hands on 

demonstration on 

skyline view 

positioning 

• Competency 

skill 

assessment

• Outcome of 

image quality

Competency level 

improved > 7%
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SHARALLA



People

EVALUATION ON SOLUTION: TRIAL
Root Cause Solution Evaluation Outcome Verified Decision

Positioning 

technique varies

• Standardised

method of 

positioning –

MERCHANT 

METHOD

• Provided 

training and 

coaching

• Image quality 

assessment

• Competency skill 

assessment

Improved 

technique
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POSITIONING TECHNIQUE VARIES

BALA

Provide training & coaching 

for STANDARDISATION



HOW WERE SOLUTIONS DETERMINED?

Root Cause (s) Solution (s)

People Poor image quality
• Develop a suitable positioning device to reduce motion 

artefact

Method Lack of competency
• Provide training 

• Hands on demonstration on skyline view positioning 

Device
Unsuitable positioning 

device

• Develop a suitable positioning device to assist in 

optimisation of image quality
• SKYLINE IMMOBILISER DEVICE (Positioning device more fragile)

• SKYLINER (Positioning device more durable)

Method
Positioning technique 

varies

• Standardised method of positioning

• Provide training and coaching

41



STRATEGY FOR IMPLEMENTATION

42

High retake rate of the knee skyline X-Ray

Innovate a suitable positioning device

To apply a suitable positioning device to 
standardise the technique

To reduce retake rate of the knee skyline X-Ray

Donabedian’s Model For Change 
(Structure-Process-Outcome)

PROBLEM

SOLUTION

METHOD

AIM

SKYLINER
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