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INTRODUCTION
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In today’s demanding and pressured healthcare environment it is essential that the effects of medical
interventions, including prosthetic and orthotic care, are accurately assessed and recorded. Outcome measures
(OMs) are useful in assessment, clinical decision making and evidencing the outcomes of treatment to either
the service user or third parties. OMs also facilitate clinical audit and research. The BAPO Outcome Measures
Working Group believes that understanding and using OMs should be a core aspect of prosthetic and orthotic
practice. The primary aim of this document is to enable Prosthetists and Orthotists to understand and use
simple OMs in clinical practice to improve patient care.

EVIDENCE BASED PRACTICE
• Which intervention is working best? 

• Exactly what effect is your clinical practice having on the service users you work with? 

• How do you know when the burdens of time consuming and expensive treatment on the service user and
health service are justified? 

Clinicians are required to ask these questions every day; answering them is a complex process which involves
various components of evidence based practice (EBP). The concept of EBP states that decision making in
healthcare should be informed by the best available evidence, clinician experience, and the patient’s
preferences1. 

OUTCOME MEASURES
‘Outcome measure’ (OM) is a term which describes various tools used to assess diverse aspects of health
including physical ability, quality of life and pain. They commonly include clinical assessment procedures such
as timed walking tests, and questionnaires. OMs such as timed walking tests are typically termed performance
measures or Clinician Reported Outcome Measures (CROMs). Questionnaires completed by the patient are
commonly termed Patient Reported Outcome Measures (PROMs). OMs are used to measure both baseline
status, and any change in status due to healthcare interventions or natural progression of a condition. OMs
sit within the EBP framework as they should be validated in research, often record patient perceptions, and
may require clinician experience to administer and interpret. In the terms of the World Health Organisation’s
(WHO) International Classification of Functioning, Disability and Health (ICF), OMs may relate to body function,
body structure and activities and participation2. Appropriate use of OMs requires selection of validated and
appropriate measures, standardised administration and evaluation of results3.

ALIGNMENT WITH BAPO STATEMENT OF PURPOSE
The BAPO strategic plan 2014-20174 states the following goals of the organisation:

• Support our members to achieve and maintain clinical excellence

• Provide high-quality services

• Encourage professional learning and innovation

• Champion our professional role in modern healthcare



It is felt that Measuring Change supports each of these objectives.

SCOPE AND AIMS OF THE PROJECT
Measuring change was necessarily limited in its scope and pragmatic in its approach. The conditions treated
by Prosthetists and Orthotists are very diverse, and the contexts that clinicians in the UK work in is varied.
Informed by the results of a national survey of Prosthetists and Orthotists, the working group concluded the
following:

• Available clinical time is the most commonly reported barrier to using OMs

• Clinicians identify the need for education in OMs

• Available resources, space and administrative support are also barriers to OM use

• Understanding of statistical and validity issues surrounding OMs is limited

• Only a minority of clinicians report routine use of OMs

CONSIDERING THE RESULTS OF THE SURVEY, IT WAS DECIDED TO CREATE A
DOCUMENT WHICH;
a) provides background information on the theory and use of OMs, and 

b) focuses on a small number of OMs which are quick, free and broadly applicable to prosthetic and orthotic
populations. 

The goal was therefore to create a document considering the context of prosthetics and orthotics in the UK,
in contrast to existing work which makes recommendations on OMs in rehabilitation generally5,6, and in
individual populations7-12.

SELECTED OUTCOME MEASURES
While measures of body structure such as joint range of motion and Cobb angle may be used as outcome
measures, these are not considered in this document. Similarly instrumented gait analysis, plantar pressure
analysis and other computerised forms of outcome measurement are not considered within this document.

In selecting OMs it was considered whether they were quick to use, free and broadly applicable to prosthetic
and orthotic populations. Five OMs were selected – the Timed up and Go (TUG), ten metre walk test (10MWT),
numeric pain scale (NRS-11), socket comfort score (SCS) and Disability of the Arm, Shoulder and Hand (DASH).
Each of these has a relatively low time burden and is free to use. All of the OMs selected could be used with
either prosthetic or orthotic patients, with the exception of the SCS. However the SCS was included due to its
high potential applicability within prosthetics.

The five selected measures include the three most frequently reported OMs from the survey (TUG, SCS, NRS-
11) and three OMs which are used by Prosthetists, Orthotists and those in dual practice (TUG, NRS-11, 10MWT).
It was considered that providing information relating to measures which are already used to some extent in
prosthetic and orthotic practice would be most likely to facilitate their wider and more accurate use and
interpretation. 

It is expected that the reader will need to consider recommended processes for selecting and implementing
OMs3,13, and emerging research, in order to identify further OMs which will be appropriate for use in their
individual context and specialism. Due to the decision not to cover licensed OMs, one notable gap in Measuring
Change is a generic quality of life measure such as the EQ-5D or SF-36 instruments.
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PROJECT OVERVIEW

WORKING GROUP
Joshua Young Orthotist, St Georges NHS BAPO Professional 
(Project Healthcare Trust, London Affairs Committee
Co-ordinator)

Lynne Rowley Orthotist, Team lead, Orthotics BAPO Executive and
(Survey Co-ordinator) service, Stirling Community Hospital Education Committees

Simon Lalor Clinical Lead Orthotist,
St Georges NHS Healthcare Trust, 
London

Chris Cody Senior Orthotist, St Georges 
NHS Healthcare Trust, London

Howard Woolley Prosthetist, Pace Rehabilitation BAPO Education Committee

METHODS
The working group was formed in January 2014 with members of the BAPO Education and Professional Affairs
Committees, with 2 additional members later recruited. At each stage, proposed methods and goals for the
project were discussed and decided by consensus. Literature reviews were conducted on the selected OMs
using Medline database and Google scholar. Relevant sections of the rehabmeasures.org website were
searched for references. The process for the overall project is indicated below. 

• Goals of project agreed first by working group, then BAPO Education and Professional Affairs Committees

• Survey devised, implemented and results undergo initial analysis

• OMs selected

• Literature reviews conducted on each OM

• Final document drafted by working group, including survey and review results

• Document approved by BAPO Education and Professional Affairs Committees
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SUMMARY OF SURVEY RESULTS

METHOD
A national survey was conducted to establish current knowledge and usage of outcome measures by
Prosthetists and Orthotists in the UK. Ethical approval is not required for research in the NHS recruiting
professionals due to their role (National Research Ethics Service, 2012) and this was confirmed by the lead
author’s research governance office. The survey was completed by respondents online and ran for one month
during July 2014, receiving 109 complete responses. Incomplete responses were excluded. There were 34
questions covering respondent characteristics (such as age, qualification, location & specialism), knowledge
of OMs and use of OMs. A brief summary of the survey is presented here.

RESPONDENTS
The majority of respondents practiced in orthotics (57%), with 34% in prosthetics and 9% in dual practice.
Reported specialities are shown in the table below. Most clinicians possessed a Bachelor’s degree (65%), while
5% also held Master’s degrees. The remaining 30% possessed other qualifications. A wide variety of clinical
experience was reported, with the largest single group having practised for between 0-5 years (24%), while
5% reported more than 36 years’ practice. Most were employed by commercial companies (58%), with 33%
working directly for the NHS, and 10% reporting other arrangements. Clinicians from every area of the UK
responded (with two responses from Republic of Ireland), although the largest groups were Scotland (17%),
South East (16%), and London (16%).

Prosthetic / Orthotic Specialism Percentage*

Diabetes 35

General orthotics 46

Musculoskeletal 36

Neurological conditions 34

Older people 19

Paediatrics 50

Spinal 18

Vascular 11

General prosthetics 32

Hip Disarticulation prosthetics 17

Lower Limb prosthetics 34

Upper Limb prosthetics 21

Other  4

*Combination of prosthetics, orthotics and dual practice, and multiple specialities, mean that the total
percentage equals >100%.



8 BAPO MEASURING CHANGE

CURRENT UNDERSTANDING OF OMS
Only a small number (9.2%) reported any training in OMs during their pre-registration education. 16 yes/no
questions were asked concerning a) possible uses of OMs and b) terminology and statistical / validity issues.
In each case ‘correct’ answers were pre-determined. The mean correct response rate was 81.7% for uses of
OMs, but only 32.3% for terminology and statistical issues.

CURRENT USE OF OMS
Routine use of OMs was defined as those reporting use ‘most of the time’ or ‘for every episode of care’. 28.4%
reported routine use. A large number (75) of individual OMs were reported. The timed up and go (TUG), socket
comfort score (SCS) and numeric pain rating scale (NRS-11) were the most commonly used. The TUG, NRS
and 10 metre walk test (10MWT) were all used by Prosthetists, Orthotists and those in dual practice. 

BARRIERS TO USE OF OMS
The main reported barriers to use of OMs were time limitations (75.2%), insufficient training in OMs (56.0%),
and availability of clinical time for review appointments (46.8%). Only 10.0% of participants in services without
routine reviews were routine OM users, while the figure for services with routine reviews was 36.8%.

CONCLUSION
OMs are currently used by Prosthetists and Orthotists, but few are routine users. Knowledge concerning
statistical issues, which are necessary to both assess measures and interpret results, appears to be limited.

REFERENCES
National Research Ethics Service. Changes to the remit of Research Ethics Committees [Online document].
National Research Ethics Service, 2012. Available at: nres.nhs.uk/EasySiteWeb/GatewayLink.aspx?alId=134047 
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KEY TERMS AND 
MEASUREMENT PROPERTIES

The term Outcome Measure refers to a tool or instrument that is used to evaluate the change in the health
of an individual, group of people or population which is attributable to a particular health care intervention.
With the move towards Evidence Based Practice in the health sciences field, objective measures of health
care outcomes are important to provide credible and reliable justification for treatments and interventions.
When selecting and using outcome measure there are many factors to consider:

1) RELIABILITY: 
Does the outcome measure provide results that are the same or similar regardless of who or where the test
is administered? 

2) VALIDITY: 
Has the outcome measure been shown to evaluate the particular aspect of body function & structure, activity,
or participation that it is reported to test in that particular population of patients? 

3) RESPONSIVENESS: 
Is the outcome measure able to evaluate this change over time? 

4) TEST-RETEST RELIABILITY:
Is the instrument or tool capable of measuring a variable with consistency?

5) INTER RATER RELIABILITY:
How much difference is there between the results of the outcome measure between two or more
raters who measure the same group of subjects? The smaller the difference the better the inter rater reliability
for that tool.

6) INTRA RATER RELIABILITY:
How large is the difference in the results recorded by one individual across two or more trials of the same
measure in the same patient population? The smaller the difference, the better Intra Rater Reliability for that
tool.

7) FLOOR EFFECTS:
Floor effects occur when a measure’s lowest score is unable to assess a patient’s level of ability.  For example
a measure that assesses a patient’s quality of life may not be sensitive enough to assess low or intermittent
levels of depression among patients.

8) CEILING EFFECTS:
Ceiling effects occur when a measure’s highest score is unable to assess a patient’s level of ability.  This might
be particularly common for measures used over multiple occasions.  For example, a patient’s pre-rehab score
may be in-range at the initial evaluation, but the patient’s ability exceeds the measure's highest score over
time.  Therefore, it is unable to accurately assess progress as the patient improves.
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INTERPRETING THE RESULTS
When considering and interpreting the results of an outcome measure, it is important to take into account
the following aspects:

RELIABILITY:
• Do I know the Standard Error of Measurement (SEM) detected with scores for this outcome measure in

this patient population? 

Even the most reliable outcome measures produce a certain amount of error in the results. The SEM
enables us to estimate the range within which an accurate score sits. e.g. a 10m walking test for a patient
who has had a stroke has a SEM of 1.4 seconds. The baseline result for a patient is 17 seconds. We can be
68% sure that the patient’s true ability is reflected by a score of 17 seconds +/- 1.4 seconds (15.6-18.4s). 

• Do I know the minimum detectable change? 

The minimum detectable change (MDC) is the minimum amount of change in a patient's score that ensures
the change isn't the result of measurement error. 

VALIDITY: 
• Does it measure what I want it to measure? 

Before we employ any outcome measure, we need to ensure that the instrument is able to measure what
we want it to. In the example above with the 10 metre walk test, it is a suitable test to evaluate the change
observed for this patient in the ICF domain of activity. We cannot say that the results from this measure
prove that a particular intervention has had an overall effect on the health of the patient, but it has shown
a difference in the domain of activity. It is also crucial to ensure the measure has been validated for use
in the patient population. If the measure is untested in the patient population, we cannot know if any
difference observed is relevant.

RESPONSIVENESS:
• Is there a known Minimum Clinically Important Difference (MCID)? 

The MCID is a published value of change in an instrument that indicates the minimum amount of change
required to be considered clinically important, or for your patient to feel a real difference in the variable
you are measuring. In the example above, if the MCID for the 10 metre walk test was 2.4 seconds, then
even though there was a positive change of 1.8 seconds, it may not represent a change that was significant
enough for the patient to register or feel.

FURTHER READING:
Stokes EK. Rehabilitation outcome measures. London: Churchill Livingstone Elsevier; 2010.

Robinson C, Fatone S. You've heard about outcome measures, so how do you use them? Integrating clinically
relevant outcome measures in orthotic management of stroke. Prosthet Orthot Int. 2013;37(1):30-42.

Thomas JR, Nelson JK, Silverman SJ. Research Methods in Physical Activity. Illinois: Human Kinetics; 2005.
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NUMERIC RATING SCALE (NRS-11)

INTRODUCTION
Assessing an individual’s experience of pain and the influence of treatment on pain is a key clinical skill which
can inform the formation of a management plan as well as assessing the effectiveness of an intervention.
Assessing pain is a difficult task due to its highly subjective nature, and healthcare professionals have been
shown to underrate patients’ pain9, 25. In the face of this complex task a single dimension of pain, pain intensity,
is commonly used to assess pain.

TABLE 1 – GENERAL INFORMATION
Format Instructions Equipment and Time to Cost/license

space needed complete requirements

Typically a question Patients are asked None Around 30 None 
which is administered to rate their pain as seconds
verbally by clinician. a whole number on a
May be structured in scale between 0 and 10, 
a written format. where 0 is ‘no pain’ 

and 10 is ‘worst pain 
imaginable’ 16

TERMINOLOGY
A numeric rating scale (NRS) can be used to rate pain intensity. When an 11-point (0-10) scale is used the
scale is termed the NRS-11. Various similar names are used for this scale, such as numeric pain rating scale 4,

8, 17, 26, verbal numeric rating scale 3, 11, and verbal numeric scale 1. However the terminology NRS is commonly
used 2, 5, 10, 14, 15, 18, 21, 22, 29 and was also used in the earliest reference to the scale which was identified during this
review 7. 15 different anchors have been used with numeric rating scales12 e.g. for the extreme end terms
include ‘worst pain imaginable’, ‘worst possible pain’, ‘the most intense pain imaginable’. While it is unclear if
the anchors make a difference, we will recommend the use of the anchors ‘no pain’ (0/10) and ‘worst pain
imaginable’ (10/10) after McCaffery and Beebe16.

REASONS FOR SELECTING THE NRS-11
Some general information is summarised below in table 1. The NRS-11 is quick and easy to administer and
has been validated with a broad range of conditions including adult and paediatric populations (see table 2).
It has been recommended over other measures of pain intensity due to factors including ease of use,
compliance and responsiveness12. 

CORRELATION WITH THE VAS
The NRS-11 has been shown to strongly correlate with another common measure of pain intensity, the visual
analogue scale (VAS) 2, 6, 13, 19, 20, 23, 24, 27, 28, but has not always been found to be interchangeable with the VAS 1, 5,

12. The VAS is a 100mm line with text anchors at each end which is physically marked by the patient to indicate
their pain intensity. It is scored in millimetres between 0 and 100.
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USING NRS-11 WITH CHILDREN
The NRS-11 has been validated for use with children 1, 3, 5, 18, 21, 29 although this is limited to studies considering
acute pain. It may be reliable with children as young as six years old 3 however this may vary depending on
the individual child. Children are reported to prefer the NRS-11 to the VAS 1, but prefer the Faces Pain Scale
Revised in comparison with numeric rating scales 21.

ASSESSING CHRONIC OR VARIABLE PAIN
Not all patients can easily describe their pain with a number. This is made more difficult when the pain is
chronic and occurs in varying levels, or when pain varies according to activity level. To overcome these
difficulties, multiple NRS-11 scores can be collected, corresponding to different times or activity levels, and
averaged 17, 14. See below for some examples. Use of this technique may depend on whether the treatment
goal is to reduce pain generally, or pain during certain activities.

• A patient reporting pain intensity during walking of 3/10, and during running of 4/10, could be assigned
an average NRS-11 score of 3.5. 

• Following initial assessment, a patient records the following NRS-11 scores daily for one week to give the
clinician a picture of pain experienced over time (see below). An average score of 3.6 is then assigned as
a baseline prior to commencing treatment.

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

2 3 8 3 2 4 3

LIMITATIONS
If a patient is unable for any reason to rate pain using the NRS-11, other scales such at the VAS or descriptive
pain scales may be considered. 

USE AND INTERPRETATION SUMMARY
When using the NRS-11, the patient should be asked to rate their pain intensity using a whole number
between 0 and 10, where 0 equals no pain and 10 equals the worst pain imaginable. If needed, multiple
scores can be averaged. For example, maximum and minimum pain intensity over a set time period. 

For a post treatment reduction in score to be considered clinically important, it should be a change of
between 1 - 2.17 points or 15-36%.

MEASURING CHANGE: AN
INTRODUCTION TO CLINICAL
OUTCOME MEASURES IN
PROSTHETICS AND ORTHOTICS
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CASE STUDY: NUMERIC 
RATING SCALE (NRS-11)

PATIENT BACKGROUND
A new patient attends for assessment. The diagnosis is midfoot osteoarthritis. She reports that the pain in
her left midfoot is relatively constant during weightbearing, and during the last month has been 2/10 at
minimum and 6/10 at maximum.

INTERVENTION:
A prefabricated foot orthosis (FO) is prescribed, and the patient is reviewed after 6 weeks.

OUTCOME MEASURE EMPLOYED: 
The NRS-11 is ideal to use where the treatment goal is to reduce pain intensity.  It most closely relates the
ICF framework body functions: Sensation of pain (b280).

RECORDING RESULTS:
To record OM results, standard tables may be used (see below). Alternatively the results may be written into
the clinical notes. In any case, details of the prosthetic / orthotic device, any walking aids, and OM must be
included. For example “NRS-11 following 6 weeks pre-fabricated FO use = 1/10 minimum, 3/10 maximum”. 

INTERPRETATION
In this case, the NRS-11 scores are averaged to account for the variability of the pain, giving a mean pre-
intervention score of 4/10 (2+6/2) and a post-intervention score of 2/10 (1+3/2). This represents a percentage
reduction of 2 points, or 50% (2/4). 2 points is at the upper range of published MCID values, and 50% exceeds
the upper range of published % MCID values (see measure review tables). As a result, we can conclude that
the intervention has resulted in a clinically significant improvement.

USE OF RESULTS
Clinical – these results support the intervention and provide a reference against which any future change in
status might be compared.

Patient – these results may help the patient to communicate their current and future experience of pain with
their Orthotist.

Audit and research – These results may be used for clinical audit, service review or retrospective research.

Date 01.07.2014 12.08.2014

Assessment Review appointment

Prescription: None Pre-fabricated foot orthosis

NRS-11 2/10 minimum during 1/10 minimum during
weight bearing weight bearing

6/10 maximum during 3/10  maximum during
weight bearing weight bearing
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TABLE 2 – RELEVANT POPULATIONS AND LINKS WITH OTHER FRAMEWORKS

Prosthetics/orthotics Adult/children Conditions/ Anatomical ICF Domains NHS Outcomes

populations region framework

Orthotics (could apply Adults 2, 4,  8, 10, 11, Acute pain 2 Lower limb 22, 26 Body functions: 2: Enhancing quality 

to prosthetics in some 14, 15, 17, 22, 26 Sensation of  of life for people

instances) Children 1, 3, 5, Acute pain in Upper limb17, 22, 26 pain (b280). with long-term
18, 21, 29 children 1, 3, 5, 18, 21, 29 Spinal 4, 8, 22, 26 conditions

Amputees 10

Arthritis22 3: Helping people

Chronic pain 8, 14, 22 to recover from

Older people 11 episodes of ill health

Spinal cord injury 10 or following injury

TABLE 3 – STATISTICAL VALIDITY

Standard error of Minimal Minimal clinically Normative data Ceiling and Interrater/Intrarater 

measurement detectable important floor effects Reliability

change difference

1.02 4 Overall ranges are Overall ranges are Not available Unknown 100% interrater
1-3 points or 27%. 1-2.17 points or agreement with a 

15-36% reductions. written NRS 11

2 points in low 1.3-1.39 points in 
back pain 4 acute pain 2, 15

3 points or 27% in 1.5 points after 1
neck, upper limb or week or 2.2 points
lower limb pain 26 after 4 weeks

in low back pain4

1 point in acute 1-1.7 points or 
paediatric pain 1 15-27.9% in chronic

musculoskeletal pain
including osteoarthritis
and low back pain8, 22

2.17 points when using 
mean NRS-11 score for 
3 conditions of pain, in 
shoulder pain 17

1.8 points or 36% in 
spinal cord injury and 
amputees 10
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SOCKET COMFORT SCORE (SCS)

INTRODUCTION
The fit and resultant comfort of a prosthetic socket is an important aspect of both the prosthesis function,
and user experience. Socket fit is a common concern in prosthetic research 1, 5, 6 and has been identified as an
important issue to prosthesis users 4. The Socket Comfort Score (SCS) is commonly used to assess socket
comfort by asking the patient to score their socket comfort at different stages; for example before and after
a socket alteration.

TABLE 1 – GENERAL INFORMATION
Format Instructions Equipment and Time to Cost/license

space needed complete requirements

Patient reported ‘on a 0 – 10 scale, None < 5 minutes Free
outcome measure if 0 represents the 

most uncomfortable 
socket fit you can 
imagine, and 10 
represents the most 
comfortable socket fit, 
how would you score 
the comfort of the 
socket fit of your
artificial limb at the 
moment?’ 3

REASONS FOR SELECTING THE SCS
Some general information is summarised below in table 1. The SCS is quick and easy to administer and has been
validated for use with lower limb amputees (see table 2). 

NORMATIVE DATA
No normative data is available in the published literature. However data from an unpublished study7 is included in
table 4. The study looks at average SCS scores for primary prosthetic patients, and scores for patients before and
after prosthetic episodes of care, across 3 prosthetic centres. Over 2000 SCS scores are included.

LIMITATIONS
The SCS is extremely relevant to prosthetic practice. However, current validation is limited. Further validation with
lower limb amputees is planned in a current study at Queen Margaret University, Edinburgh (PhD Research Project:
Clinimetric Properties of Outcome Measures of Physical Function Used with Lower Limb Amputees, Study 2) which
is due for completion in June 2015. The SCS has not been validated with upper limb prostheses or paediatric patients.
However, it seems reasonable to use it cautiously for these purposes until validation is available. It is likely that for
the SCS to be used reliably with children the minimum age would be 6 years old. This age has been identified as the
minimum age to use the similar 11-point numeric rating scale for pain 2. 

USE AND INTERPRETATION SUMMARY
When using the SCS, the patient should be asked ‘on a 0 – 10 scale, if 0 represents the most uncomfortable
socket fit you can imagine, and 10 represents the most comfortable socket fit, how would you score the
comfort of the socket fit of your artificial limb at the moment?’

The minimal clinically important difference is currently unknown. 
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CASE STUDY: 
SOCKET COMFORT SCORE (SCS)

PATIENT BACKGROUND
An existing prosthetic patient attends the clinic reporting pain in her residual limb, and poor fit of the socket
following recent changes in her weight.

INTERVENTION:
A temporary adjustment to the socket can be made to accommodate the change in limb volume and optimise
distribution of pressure. 

OUTCOME MEASURE EMPLOYED: 
The SCS is designed specifically to measure change in socket comfort, which is the patient’s goal for this
episode of care. It is unclear where socket comfort sits in the ICF framework; the closest concept may be Body
functions: Sensation of pain (b280). In this case the SCS can be used before and after the socket adjustment,
and also compared to previous SCS scores.

RECORDING RESULTS:
To record OM results, standard tables may be used (see below). Alternatively the results may be written into
the clinical notes. In any case, details of the prosthetic / orthotic device, any walking aids, and OM must be
included. For example “Initial SCS in socket #1 while walking unaided = 5/10”. 

INTERPRETATION
In this case, the previous SCS score was 9/10. At presentation, the comfort had reduced to 5/10. Following the
adjustment, the SCS improved to 8/10. Clearly when soft tissues have been subjected to increased stress, it
will take time to see what the lasting effects of an alteration to the prosthetic socket are. Although no MCID
value is available for the SCS, the improvement in score supports and quantifies the conclusion that the
prosthetic episode of care has been successful. Ongoing review will be necessary to confirm this.

USE OF RESULTS
Clinical – these results support the intervention and provide a reference against which any future change in
status might be compared.

Patient – these results may help the patient to communicate their current and future experience as a prosthetic
user with their Prosthetist.

Audit and research – These results may be used for clinical audit, service review or retrospective research.

Date 03.09.2014 01.11.2014 01.11.2014

(Previous review) Review appointment - Review appointment -
pre intervention post intervention

Prescription: PTB socket, PTB socket, PTB socket, 
no walking aid no walking aid no walking aid

SCS 9/10 5/10 8/10
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TABLE 2 – RELEVANT POPULATIONS AND LINKS WITH OTHER FRAMEWORKS

Prosthetics/orthotics Adult/children Conditions/ Anatomical ICF Domains NHS Outcomes

populations region framework

Prosthetics 3 Adults 3 Lower limb Lower limb 3 Unclear. Perhaps 2: Enhancing
amputation 3 Body functions: quality of life

Sensation of for people with
pain (b280) is long-term
the closest conditions
concept

TABLE 3 – STATISTICAL VALIDITY

Standard error of Minimal detectable Minimal clinically Normative data Ceiling and floor Interrater/

measurement change important difference effects Intrarater Reliability

Unknown Unknown Unknown Some Unknown Good inter rater
unpublished reliability 3

data available – 
see below 

TABLE 4 – NORMATIVE DATA 7 

Population Mean SCS – Mean SCS – Mean SCS – 

primary patients pre episode of care post episode of care

Prosthetic Centre 1 7.0 6.0 8.1

Prosthetic Centre 2 7.3 5.2 8.3

Prosthetic Centre 3 8.3 4.8 7.7

All centres 7.2 5.6 8.0

MEASURING CHANGE: AN
INTRODUCTION TO CLINICAL
OUTCOME MEASURES IN
PROSTHETICS AND ORTHOTICS
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TIMED UP AND GO (TUG)

INTRODUCTION
Assessing an individual’s balance and mobility
objectively may be done as part of an
assessment, as well as for forming a baseline
from which to measure change. Mobility is
frequently correlated with other aspects of
health, while poor balance may predict falls. The
Timed Up and Go (TUG) is commonly used to
assess balance and mobility. The TUG was
developed as an extension of the Get Up and Go
(GUG) measure originally developed by Mathias
et al.27 by adding a time component via
Podsiadlo and Richardson35.

TABLE 1 – GENERAL INFORMATION
Format Instructions Equipment and Time to Cost/license

space needed complete requirements

Clinician reported Patient starts sat in Standard   < 5 minutes Free
outcome measure standard armchair armchair

(approximate seat height (approximately
of 46cm) with arms on 46 cm in height) 
the arm rests, and any and a stop watch. 
walking aid nearby. The Space for a
patient is timed while 3 metre walkway
standing, walking forwards 
3 metres, turning, then 
returning to the chair 
and sitting down again. 
The patient is asked to 
walk at a comfortable and 
safe pace. No physical 
assistance is given, and 
the subject can use their 
normal footwear and 
walking aid as applicable
(based on35)
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REASONS FOR SELECTING THE TUG
Some general information is summarised below in table 1. The TUG is quick and easy to administer and has
been validated with a broad range of conditions including adult and paediatric populations (see table 2). It
has been used in research to demonstrate improvements in ability following the use of orthotic devices, and
when changing prosthetic prescription9.

ASSESSING MOBILITY WHICH IS VARIABLE
It is recommended that at any administration the TUG is repeated 3 times and an average score is calculated
to maximise accuracy. This is especially important in patients whose walking ability is variable. Repeating the
measure on multiple occasions even when the prosthetic/orthotic prescription has not changed may also be
useful for the same reason.

USE AND INTERPRETATION SUMMARY
When using the TUG, the patient should be seated in standard armchair (approximate seat height of
46cm) with arms on the arm rests, and any walking aid nearby. The test should then be explained and
demonstrated, before timing the time taken for the patient to stand, walk forwards 3 metres at a
comfortable pace, turn, and then return to the chair and sit down again. No physical assistance is given,
and the subject can use their normal footwear and walking aid as applicable. 

For a change in score to be considered significant, it should be a change of between 2.9-11 seconds or
23-30%.

MEASURING CHANGE: AN
INTRODUCTION TO CLINICAL
OUTCOME MEASURES IN
PROSTHETICS AND ORTHOTICS
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CASE STUDY: 
TIMED UP AND GO (TUG)

PATIENT BACKGROUND
A 40 year old male with a trans-femoral amputation is attending a prosthetic clinic to trial a new prosthetic
knee. The patient is mainly a limited community ambulator but sometimes feels unstable with his current
prosthetic knee. His goal is to increase knee stability to improve his walking.

PROSTHETIC  PRESCRIPTION:
A prosthetic knee (‘Knee 2’) with microprocessor control is being trialled in the clinic today. The patient will
then take the device home for a 1 week trial prior to any change in prescription.

OUTCOME MEASURE EMPLOYED: 
To measure the stated goal of improving walking ability (ICF activities domain), the TUG may be appropriate,
although other measures including the 10MWT could also be used. In this case the measure is used at
assessment, fitting, and review.

RECORDING RESULTS:
To record OM results, standard tables may be used (see below). Alternatively the results may be written into
the clinical notes. In any case, details of the prosthetic / orthotic device, any walking aids, and OM must be
included. For example at assessment “TUG with Knee 1 = 15.0 seconds”. 

Date 01.08.2014 18.08.2014 25.08.2014

Assessment Fitting Review

Prescription: Knee 1 - Knee 1 Knee 2 Knee 1 Knee 2
Old knee – Knee 1 
New knee – Knee 2

TUG (seconds) 15.0s - 14.7s 13.2s - 11.1s

INTERPRETATION
In this case, a score for the established knee 1 can be calculated from an average of the assessment and
fitting scores (15.0 + 14.7 / 2 = 14.85). If this is compared to the score for the new knee 2 following one week
of acclimatisation (11.1) then a decrease in time of 3.75s is concluded. This is more than the minimal
detectable change of 3.6s for lower limb amputation (see measure review tables) meaning that we can
conclude that this is a genuine change which has been observed. 
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USE OF RESULTS
Clinical – these results support the proposed change to the new prosthetic knee and provide a reference
against which any future change in status might be compared.

Patient – these results can demonstrate the effects of treatment to the patient, enabling them to make a
more informed decision. The positive results may also be encouraging to the patient.

Funding issues – demonstrating the results of expensive prosthetic components is sometimes necessary to
secure funding for them. In addition to literature which may show the benefit of a specific intervention to
general patient groups, these results indicate that the prescription is also beneficial in this individual case.

Audit and research – These results may be used for clinical audit, service review or retrospective research.

TABLE 2 – RELEVANT POPULATIONS AND LINKS WITH OTHER FRAMEWORKS
Prosthetics/orthotics Adult/children Conditions/ Anatomical ICF Domains NHS Outcomes

populations region framework

Prosthetics14, 36, 41 Adults1-18, 20-50, 52 • Acute medical Not applicable Activities: 2: Enhancing quality
& Orthotics(various) Children19,51 patients1,6,12 Standing (d4104), of life for people

• Alzheimer's disease37 Walking short with long-term
• Cerebral palsy51 distances (d4500) conditions
• Older people 5,6,12,21,24,27,29,33,35, 42,45,47,49,53 Sitting (d4103)
• Children51 3: Helping people
• Lower limb amputations 14, 36, 41 to recover from
• Multiple Sclerosis31 episodes of ill
• Osteoarthritis34,52 health or following
• Parkinson’s 3,8,11,13,16,18,20,25,28,32,38-40,44,46 injury
• Rheumatoid Arthritis34,52 

• Spinal cord injury 22, 23, 48

• Stroke 1,15,21,30

• Vestibular disorders4,7,10,17,26, 50

TABLE 3 – STATISTICAL VALIDITY
Standard error of Minimal detectable Minimal clinically Normative data Ceiling and floor Interrater/

measurement change important difference effects Intrarater Reliability

1.14s in Stroke15 Overall ranges are Unknown Not available Poor floor effects Excellent 
2.9-11 seconds or in older people 5,28,33,34,39,43,47,50

1.75s in Parkinson’s11 23-30%. (25-29.3%) 12, 38

3.9s in Spinal cord injury22 4.09s  in 
Alzheimer’s37

3.60s  in Lower 
limb amputation36

2.9s in Stroke15. 
Smallest Real 
Difference (SRD) = 23%

3.5-11s in Parkinsons 
Disease11,18,44

Smallest Real 
Difference (SRD) = 
10.8 seconds, or 30%, 
in Spinal Cord Injury22
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10 METRE WALK TEST (10MWT)

INTRODUCTION
Assessing an individual’s walking speed objectively may be done as part of an assessment, as well as for
forming a baseline from which to measure change. In populations such as older people and people with
neurological conditions, walking speed can be predictive of general mobility8,9,22. Increasing walking velocity
can also be associated with improved function and quality of life27. The 10 Metre Walk Test (10MWT) is
commonly used to assess walking speed. The 10MWT has been used in various formats by different authors,
but always essentially measures walking velocity over a short distance. Self selected walking speed is usually
measured, but fastest safely possible speed may also be measured.

TABLE 1 – GENERAL INFORMATION
Format Instructions Equipment and Time to Cost/license 

space needed complete requirements

Clinician The 10MWT can be performed A walkway of at < 5 minutes Free
reported at preferred walking speed least 10 metres
outcome or fastest speed possible. (method 1) or 
measure Assistive devices can be used 14 metres 

and must be documented from (method 2). 
test to test. Stop watch

Method 1: Subject walks 10 
metres and the time is 
measured for the central 6 
meters to allow for acceleration 
and deceleration. Timing starts 
when the toes of the leading 
foot cross the 2 metre mark. 
Timing is stopped when the 
toes of the leading foot cross 
the 8 meter mark. Velocity is 
calculated for the 6 metre 
distance.

Method 2: Subject walks 14 
meters. A 2m "flying start" is 
used. Timing starts when the 
toes of the leading foot cross 
the 2 meter mark. Timing is 
stopped when the toes of the 
leading foot cross the 12 metre 
mark. The walking speed is 
calculated for the central 
10 metres24.  

2M 2MTIME 6 metres

2M 2MTIME 10 metres

1

2
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REASONS FOR SELECTING THE 10MWT
Some general information is summarised below in table 1. The 10MWT is quick and easy to administer and
has been validated with a broad range of conditions including adult and paediatric populations (see table 2). 

ASSOCIATION BETWEEN 10MWT AND AMBULATORY STATUS
Walking speed has been used to predict ambulatory status in post stroke patients using cut off scores as
follows: <0.4 m/s = household ambulator, 0.4-0.8 m/s = limited community ambulator, and >0.8 m/s community
ambulator3.

ASSESSING MOBILITY WHICH IS VARIABLE
It is recommended that the 10MWT is repeated 3 times and an average score is calculated to maximise
accuracy. This is especially important in patients whose walking ability is variable. It is also preferable to
repeat the test at every patient contact where possible which may reveal variation due to factors such as
fatigue or condition status.

USE AND INTERPRETATION SUMMARY
When using the 10MWT, the patient should be instructed to walk at their own comfortable pace (or
alternatively as fast as safely possible). A 2 metre ‘run up’ is allowed and the time taken to walk 6 metres
(method 1) or 10 metres (method 2) is then timed, using the times at which the toes cross the start and
end lines. The walking speed (metres per second) should then be calculated by dividing the distance
travelled by the time.

For a post treatment reduction in score to be considered clinically important, it should be a change of
between 0.06-0.25 m/s.

MEASURING CHANGE: AN
INTRODUCTION TO CLINICAL
OUTCOME MEASURES IN
PROSTHETICS AND ORTHOTICS
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CASE STUDY: 
10 METRE WALK TEST (10MWT)

PATIENT BACKGROUND
50 year old female, currently an inpatient following a cerebrovascular accident (CVA) 6 weeks ago, resulting in left
hemiplegia. Following several weeks’ rehabilitation the physiotherapy team report that she can walk approximately
10-15 metres with the aid of a single quad stick and assistance of one person just to her side. Her main goal for
orthotic treatment is to improve her walking ability.

ORTHOTIC PRESCRIPTION:
Custom rigid/solid Ankle Foot Orthosis (AFO)

OUTCOME MEASURE EMPLOYED: 
To measure the stated goal of improving walking ability (ICF activities domain), the 10MWT may be appropriate,
although other measures including the TUG could also be used. In this case the measure is used at assessment,
fitting, and review.

RECORDING RESULTS:
To record OM results, standard tables may be used (see below). Alternatively the results may be written into the
clinical notes. In any case, details of the prosthetic / orthotic device, any walking aids, and OM must be included. For
example “10MWT barefoot with quad stick = 24.0 seconds (speed = 0.42 m/s)”. Note that for the 10MWT, speed as
well as time is stated as different methods of administering the test will require different calculation to get the
speed. For method 1 the calculation would be “6/24.0”, as 6 metres is timed, while for method 2 the calculation
would be “10/24.0” as 10 metres is timed. In this case, method 2 has been used.

INTERPRETATION
In this case, interpreting the results is potentially complex as both recovery and orthotic treatment may influence
the outcome. We can see that between assessment and review the barefoot 10MWT changes from 24.0s (0.42m/s)
to 19.2s (0.52m/s). This represents an increase in velocity of 0.10m/s. We would conclude that this is a clinically
important change, as MCID is reported as 0.06-0.14 m/s for CVA. This change may be attributable to recovery and
the inpatient rehabilitation programme. In this case there is a larger increase in velocity of 0.37m/s associated with
AFO use, looking at velocity with (10/11.2 = 0.89m/s) and without (10/19.2 = 0.52m/s) at review. We would again
conclude that this is a clinically important change. In fact, as velocity increases beyond 0.8m/s, this potentially
represents a change from being a limited community ambulator to a community ambulator given published cut off
scores (see measure review).

USE OF RESULTS
Clinical – these results support the orthotic intervention and provide a reference against which any future change
in status might be compared.

Patient – these results can demonstrate the effects of treatment to the patient, enabling them to make a more
informed choice concerning their use of the orthoses. The positive results may also be encouraging to the patient.

Multidisciplinary team – results can be included in communication with referrers and the wider team, giving them
better information on the outcome of treatment.

Audit and research – These results may be used for clinical audit, service review or retrospective research.

Date 01.08.2014 18.08.2014 29.09.2014

Assessment Fitting                                 Review/Discharge

Prescription: Without With Without With Without With
Rigid AFO, 
quad stick

10 MWT 24.0s 22.8s 19.3s 19.2s 11.2s

(seconds) (0.42m/s) (0.44m/s) (0.52m/s) (0.52m/s) (0.89m/s)
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TABLE 2 – RELEVANT POPULATIONS AND LINKS WITH OTHER FRAMEWORKS
Prosthetics/orthotics Adult/children Conditions/ Anatomical ICF Domains NHS Outcomes

populations region framework

Prosthetics1,34 & • Adults1-22,26-41 • Children with Lower limb1-42 Activities 2: Enhancing quality 
Orthotics40 • Children23,25,34 neurological of  life for people

conditions23,34 Walking short with long-term
• Older people8,21 distances (d4500) conditions
• Neurological 

conditions 25,34,38 3: Helping people
• Hip fracture10,13 to recover from
• Lower limb episodes of ill

amputation1,32 health or
• Multiple Sclerosis20 following injury
• Parkinson’s 

disease26,31

• Spinal cord 
injury 4,5, 11-14,18,19,

28,35-38

• Stroke3,6,7,15,22,

27,29,30,33,42

• Traumatic brain 
injury16,39

TABLE 3 – STATISTICAL VALIDITY
Standard error of Minimal detectable Minimal clinically Normative data Ceiling and floor Interrater/

measurement change important difference effects Intrarater Reliability

Overall range Overall range Overall range None identified Excellent6,28,34,37,42

0.03-0.06 m/s 0.05-0.18 m/s 0.06-0.25 m/s

0.06 m/s in Older 0.17 m/s in Hip 0.13 m/s in 
people21 fracture10,13 Older people21

0.03 m/s in Hip 0.18 m/s in 0.06 m/s in SCI12,18

fracture10 Parkinson’s 
disease 31

0.05m/s in SCI 4,7,17,37 0.13 m/s in 0.06-0.14 m/s 
Spinal cord injury5 in Stroke21,33

0.04m/s in Stroke21 0.05 m/s in 0.15-0.25 m/s 
Traumatic brain in TBI39,41

injury41

1.27 – 1.46 m/s
comfortable
walking in
healthy adults,
1.93 – 2.53 fast
walking in
healthy adults2

(see table 4
below)
1.3 m/s for
unilateral tran-
tibial amputees,
1.0 m/s for
bilateral tran-
tibial amputees1

TABLE 4 – NORMATIVE DATA FOR HEALTHY ADULTS 2

Age Men Men Women Women

Self selected speed (m/s) Fast speed (m/s) Self selected speed (m/s) Fast speed (m/s)

20-29 1.39 2.53 1.41 2.47

30-39 1.46 2.45 1.42 2.34

40-49 1.46 2.46 1.39 2.12

50-59 1.39 2.07 1.40 2.01

60-69 1.36 1.93 1.30 1.77

70-79 1.33 2.08 1.27 1.74
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DISABILITIES OF THE ARM, 
SHOULDER AND HAND (DASH)

INTRODUCTION
Assessing upper limb function is complex due to the complex and diverse ways in which the upper limb
functions, combined with the various ways that an individual may use their hands and/or arms in various
environments. The Disabilities of the Arm, Shoulder and Hand (DASH) was developed to assess various aspects
of upper limb function, as perceived by the patient12. It features 30 questions that ask about difficulties
encountered during daily activities, with additional optional modules covering work and sports. A score of
between 0 and 100 is generated, with a higher score indicating greater disability.

The DASH is reproduced at the end of the section, and can be freely downloaded along with further
information at the web address below:

http://dash.iwh.on.ca/home

TABLE 1 – GENERAL INFORMATION
Format Instructions Equipment and Time to Cost/license 

space needed complete requirements

Patient reported Full instructions are included Printed Around 7 Free for non 
questionnaire in the instrument questionnaire minutes9 commercial use.

An Iphone app Iphone app costs
version is also £2.99
available

REASONS FOR SELECTING THE DASH
Some general information is summarised below in table 1. The DASH  is relatively quick and easy to use – it
has been reported that mean time for completion is around 7 minutes9. The measure has been validated with
a range of conditions (see table 2). Although an abbreviated version has been validated7,16, there is some
question over its unidimensionality8. As a result we currently recommend use of the full DASH if possible.

LIMITATIONS
The DASH has been validated with adults aged 18-64, but has not been designed for use with children. For
example, one question concerns sexual activity. The DASH normally requires the patient to complete the
questionnaire, meaning that a reasonable level of literacy is required. The questionnaire may be administered
by the clinician, although this will increase clinical time required. The DASH is also available in other
languages. A ceiling effect is present in athletes, meaning that the DASH may not be a challenging enough
measure in this group11. Validation of the DASH directly with prosthetic and orthotic populations interventions
is limited, but it has been used with these interventions6,17,22.

USE AND INTERPRETATION SUMMARY
When using the DASH, a printed copy of the questionnaire should be supplied to the patient, and
sufficient time and support provided to allow its completion.

For a post treatment reduction in score to be considered clinically important, it should be a change of
between 10-10.83 points or 20%.
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PATIENT BACKGROUND
An existing prosthetic patient using a myoelectric prosthesis would like to use a multi articulating myoelectric
prosthesis to improve his ability to use his prosthetic hand for functional tasks such as cooking and household
jobs.

PROSTHETIC PRESCRIPTION:
Modular trans-radial prosthesis with multi articulating myoelectric hand.

OUTCOME MEASURE EMPLOYED: 
To measure the stated goal of improving functional tasks including household chores the DASH may be
appropriate as it features questions relating to these tasks. The DASH covers multiple ICF items, mainly within
the activities domain, such as “Doing housework, other specified (d6408)”.

RECORDING RESULTS:
The DASH normally requires a paper questionnaire for the patient to complete. Where clinical notes are paper
based, this can easily be added to the clinical notes as a record of the results. Computer based clinical notes
may require alternative strategies such as use of a digital question sheet (see DASH website for details) or
simply recording the overall DASH score. In any case, details of the prosthetic / orthotic device must be
included. For example “DASH with myoelectric hand 1 = 34”. See the DASH question sheets for instructions
on scoring. The optional modules are scored separately.

• Add the scores for all questions together (resulting in a score between 30 and 150 for the core 30
questions)

• Divide this score by the number of questions answered (at least 27 out of the core 30 questions must be
answered to enable scoring)

• Then subtract 1 from the result

• Multiply by 25

INTERPRETATION
The baseline score is 34. At initial fitting the DASH score is 31, a very small but positive change. We can see
that between fitting and review the patient is able to spend time practicing with the prosthesis and the DASH
score reduces to 26. This represents an improvement in score of 8 points, or a 24% reduction of the baseline
score. We would conclude that this is a clinically important change, as percentage MCID is reported as 20%
(see measure review). MCID is also reported as 10-10.83 points which is greater than the change here, however,
percentage change is more useful as it takes into consideration the ratio between initial score and change. 

USE OF RESULTS
Clinical – these results support the prosthetic intervention and provide a reference against which any future
change in status might be compared.

Patient – these results can demonstrate the effects of treatment to the patient, enabling them to make a
more informed choice concerning their use of the prosthesis. The positive results may also be encouraging to
the patient.

Multidisciplinary team – results can be included in communication with referrers and the wider team, giving
them better information on the outcome of treatment.

Audit and research – These results may be used for clinical audit, service review or retrospective research.

CASE STUDY: DISABILITIES OF THE ARM,
SHOULDER AND HAND (DASH)
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Date 10.05.2014 30.05.2014 25.06.2014

Assessment Fitting                                          Review

Prescription: Myoelectric - Myoelectric Myoelectric
hand 1 hand 2 hand 2

DASH score 34 - - 31 - 26

TABLE 2 – RELEVANT POPULATIONS AND LINKS WITH OTHER FRAMEWORKS

Prosthetics/orthotics Adult/children Conditions/ Anatomical ICF Domains NHS Outcomes

populations region framework

Prosthetics and Adults • Carpal tunnel Upper limb
orthotics syndrome9 1-12,14,15,17, 19-21

• Elbow Upper limb and 
Arthroplasty2,3 neck13,16

• Mixed wrist 
disorders14

• Neck pain13,16

• Osteoarthritis15,21

• Rheumatoid 
arthritis5

• Sports injuries1

• Trauma19

• Upper limb
Amputees6, 17

Main modules include
the following:
Body functions
Sensation of pain
(b280)
Muscle power
functions (b730)
Activities and
participation
Writing (d170)
Carrying in the hands
(d4301)
Moving around using
transportation (d470-
d489)
Washing oneself
(d510)
Putting on clothes
(d5400)
Eating (d550)
Preparing meals,
unspecified (d6309)
Doing housework,
other specified (d6408)
Taking care of plants,
indoors and outdoors
(d6505)
Informal social
relationships (d750)
Sexual relationship
(d7702)
Work and employment
(d840-d859)
Recreation and leisure
(d920)

2: Enhancing
quality of life for
people with long-
term conditions

3: Helping people
to recover from
episodes of ill
health or following
injury
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TABLE 3 – STATISTICAL VALIDITY

Standard error of Minimal detectable Minimal clinically Normative data Ceiling and floor Interrater/

measurement change important difference effects Intrarater Reliability

Overall range Overall ranges are 
2.27-5.82 points 10-16.1 points 

3.61 in athletes11 10 in athletes11

(calculated by18)

2.27 in osteoarthritis 16.1 in humeral 
at 3 months21 fractures19

5.82 in humeral (calculated by18)
fractures19

Overall ranges are
10-10.83 points or
20%

10.83 points in
mixed
physiotherapy
patients8

10 points
(‘somewhat better’)
in post operative
patients10

10 in athletes11

10 points in
atraumatic
conditions of the
hand, wrist, and
forearm20

20% in elbow
arthroplasty2

Mean score 55.3
in people with
elbow
disorders3

Mean score 36.7
in post
operative
patients with
1st CMC
osteoarthritis15

Mean score
44.52 in post
operative
patients with
rheumatoid
arthritis5

Mean score 44.2
in people with
wrist disorders14

Mean score 21.6
1 year post
humeral
fracture19

65.1% Ceiling
effect in
athletes11

7% Ceiling
effect in
humeral
fractures19

Overall 1%
ceiling effect in
elbow
disorders3

Excellent test-
retest reliability
(ICC = 0.928)19



BAPO MEASURING CHANGE 35

MEASURING CHANGE: AN
INTRODUCTION TO CLINICAL
OUTCOME MEASURES IN
PROSTHETICS AND ORTHOTICS

REFERENCES
1 Alberta FG, ElAttrache NS, Bissell S, et al. The

development and validation of a functional assessment
tool for the upper extremity in the overhead athlete. Am
J Sports Med. 2010; 38:5, 903-911.

2 Angst F, Goldhahn J, Drerup S, et al. Responsiveness of
five outcome measurement instruments in total elbow
arthroplasty. Arthritis Care Res 2012; 64(11): 1749-1755.

3 Angst F, John M, Pap G, et al. Comprehensive assessment
of clinical outcome and quality of life after total elbow
arthroplasty. Arthritis Rheum 2005; 53(1): 73-82.

4 Beaton DE, Davis AM, Hudak P, et al.  The DASH
(Disabilities of the Arm, Shoulder and Hand) outcome
measure: What do we know about it now? British Journal
of Hand Therapy. 2001; 6:4,109-118.

5 Chiari-Grisar C, Koller U, Stamm TA, et al. Performance of
the disabilities of the arm, shoulder and hand outcome
questionnaire and the Moberg picking up test in
patients with finger joint arthroplasty. Arch Phys Med
Rehabil. 2006; 87:2, 203-206.

6 Davidson J. A comparison of upper limb amputees and
patients with upper limb injuries using the Disability of
the Arm, Shoulder and Hand (DASH). Disabil Rehabil.
2004; 5:26, 917-23.

7 Franchignoni F, Vercelli S, Giordano A, et al. Minimal
clinically important difference of the disabilities of the
arm, shoulder and hand outcome measure (DASH) and
its shortened version (QuickDASH). J Orthop Sports Phys
Ther. 2014; 44:1, 30-9.

8 Gabel CP, Yelland M, Melloh M, et al. A modified
QuickDASH-9 provides a valid outcome instrument for
upper limb function. BMC Musculoskelet Disord.
2009;10:161.

9 Greenslade JR, Mehta RL, Belward P, et al. Dash and
Boston questionnaire assessment of carpal tunnel
syndrome outcome: what is the responsiveness of an
outcome questionnaire? J Hand Surg Br. 2004; 29:2,159-
64.

10 Gummesson C, Atroshi I, Ekdahl C. The disabilities of the
arm, shoulder and hand (DASH) outcome questionnaire:
longitudinal construct validity and measuring self-rated
health change after surgery. BMC Musculoskelet Disord.
2003; 4:11, 11.

11 Hsu JE, Nacke E, Park MJ, et al. The Disabilities of the Arm,
Shoulder, and Hand questionnaire in intercollegiate
athletes: validity limited by ceiling effect. J Shoulder
Elbow Surg. 2010; 19:3, 349-354.

12 Hudak P, Amadio PC, Bombardier C, et al. Development
of an Upper Extremity Outcome Measure: The DASH
(Disabilities of the Arm, Shoulder, and Hand). American
Journal of Industrial Medicine. 1996; 29:602-608.

13 Huisstede BM, Feleus A, Bierma-Zeinstra SM, et al. Is the
disability of arm, shoulder, and hand questionnaire
(DASH) also valid and responsive in patients with neck
complaints. Spine (Phila Pa 1976). 2009; 34:4, E130-138.

14 Imaeda T, Uchiyama S, Wada T, et al. Reliability, validity,
and responsiveness of the Japanese version of the
Patient-Rated Wrist Evaluation. J Orthop Sci. 2010; 15:4,
509-517.

15 MacDermid JC, Wessel J, et al. Validity of self-report
measures of pain and disability for persons who have
undergone arthroplasty for osteoarthritis of the
carpometacarpal joint of the hand. Osteoarthritis
Cartilage. 2007; 15:5, 524-530.

16 Mehta S, Macdermid JC, Carlesso LC, et al. Concurrent
validation of the DASH and the QuickDASH in
comparison to neck-specific scales in patients with neck
pain. Spine. 2010; 35:24, 2150-2156.

17 Ostlie K, Franklin RJ, Skjeldal OH, et al. Assessing Physical
Function in Adult Acquired Major Upper-Limb Amputees
by Combining the Disabilities of the Arm, Shoulder and
Hand (DASH) Outcome Questionnaire and Clinical
Examination. Arch Phys Med Rehabil. 2011; 92:10, 1636-
1645.

18 Rehab measures. Disabilities of the Arm, Shoulder, and
Hand Questionnaire. http://www.rehabmeasures.org/
Lists/RehabMeasures/DispForm.aspx?ID=1008
(Accessed 1st August 2014)

19 Slobogean GP, Noonan VK, O’Brien PJ. The reliability and
validity of the Disabilities of Arm, Shoulder, and Hand,
EuroQol-5D, Health Utilities Index, and Short Form-6D
outcome instruments in patients with proximal humeral
fractures. J Shoulder Elbow Surg. 2010; 19:3, 342-348.

20 Sorensen AA, Howard D, Tan WH, et al. Minimal clinically
important differences of 3 patient-rated outcomes
instruments. J Hand Surg Am. 2013; 38:4, 641-9.

21 Vermeulen GM, Brink SM, Sluiter J, et al.  Ligament
reconstruction arthroplasty for primary thumb
carpometacarpal osteoarthritis (weilby technique):
prospective cohort study. J Hand Surg Am. 2009; 34:8,
1393-1401.

22 Young J. Improved Activity and Participation in
Poliomyelitis with Elbow Orthoses: More ‘Right-tech’
than ‘High-tech’. A Case Study. In: Nollet F. (ed.) 2nd
European Polio Conference: ‘Post-Polio Syndrome
Conference. A condition without boundaries’ Amsterdam,
The Netherlands June 25–27, 2014. J Rehabil Med. 2014;
46:568–608



36 BAPO MEASURING CHANGE



BAPO MEASURING CHANGE 37



38 BAPO MEASURING CHANGE



BAPO MEASURING CHANGE 39

For further information or to download the DASH go to

http://dash.iwh.on.ca/home
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