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- Improvements in Health-Related Quality of Life (HRQoL) are key in orthopaedic surgery, 
however appropriate, timely and meaningful measurement of HRQoL can be 
challenging 

- This paper provides an overview of the different types of commonly used outcome 
measures along with their characteristics and key properties used in Trauma and 
Orthopaedics 

- Orthopaedic surgeons are provided a basis to select the most appropriate measure to 
evaluate their clinical practice 
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Introduction 
 
An outcome measure has been defined as ‘a measure chosen to assess the impact of an 
intervention’ 72. Outcome measures are essential to ensure an intervention is benefiting a 
patient. Outcome measures may also be used to predict which patients may benefit from a 
particular intervention. As Orthopaedic surgeons it is important to evaluate our practice 
however, selection of the appropriate outcome measure can be challenging. This review 
paper aims to give Orthopaedic surgeons an overview of types and characteristics of 
outcome measures and a step-by-step guide to equip them with the knowledge to 
effectively evaluate their practice. 
 
The ‘Outcome Measures Hierarchy’ is a conceptual model of outcome measurements 
introduced by Michael E. Porter in 2010 46. The model consists of three tiers 1) Health status 
achieved or retained, 2) Process of recovery, and 3) Sustainability of health (Table 1). Each 
tier consists of two further dimensions, Tier 1 consists of survival and of degree of 
recovery/health which for Orthopaedics would include functional ability and level of pain. 
Tier 2 consists of time to recovery or return to normal activities and disutility of care or 
treatment process which would include length of stay and complications such as infection of 
deep vein thrombosis. Tier 3 firstly consists of sustainability of recovery/health over time 
which would include revision rates and secondly long-term consequences of therapy which 
would include regional pain syndrome or stiffness due to limited rehabilitation. The 
principle of this model is that multiple outcomes that are most relevant to the patient over 
the short- and long-term should be measured. These outcomes can be assessed by the 
clinician or be patient reported, we will discuss further the merits of each. 
 
One of the first considerations in selecting an appropriate outcome measure should be the 
acceptability and feasibility of the test or questionnaire. For example, a questionnaire that 
takes too long to complete may not be acceptable to patients. If the outcome requires a 
rater, the availability of a member of staff to administer the test could affect the feasibility.   
 
For the purposes of research, a primary outcome measure is the most important outcome 
measure in a study. The primary outcome measure will form the basis of the sample size for 
the study. Any other outcome measure used in a trial will be either a secondary or tertiary 
outcome measure. These can provide useful information, but the study may not be 
powered for these to be statistically conclusive. 
 



 
1. Is the outcome measure reliable? 

 
A reliable outcome measure will give the same result in a situation where no change has 
occurred, and as such patients can be distinguished from each other. Certain outcome 
measures may only be reliable for use in a specific population. Errors in reliability may stem 
from the test itself, the rater or the patient. An example of an unreliable outcome measure 
would be a patient reported outcome in which the questionnaire is difficult to understand 
and therefore interpreted differently on different occasions. A reliable rater administered 
test would be consistent when administered by the same rater on multiple occasions, this is 
the intra-rater reliability. The test would also be consistent when administered by separate 
raters, this is the intra-rater reliability. The extent to which the various items of the outcome 
measure are correlated is the internal consistency47. 
 
 

2. Has the outcome measure been validated? 
 

A test may be reliable however it still may not measure what we would like to measure. 
Validity is the degree to which a test measures what a clinician intends to measure. Validity 
is not an inherent characteristic of the test, it is the tests ability to answer a particular 
question in a particular population 50. There are three main methods of assessing the 
validity of a test: 
 
- Content validity is the ability of a test to assess all aspects of a condition and as such be 

appropriate for use in all patients with that condition47. It is important to understand 
the populating under investigation including usual activities, any limitations secondary 
to their condition to be able to assess if all the salient issues are being addressed. The 
trade-off for being applicable to wider group of patients is that the reliability of the test 
tends to decrease. 
 

- Criterion validity assesses the tests validity relative to the gold standard test 
administered either at the same time or at a later date47. This does however rely on the 
availability of a ‘gold standard’. 
 

- Construct validity is used when a gold standard is not available47. This method may use 
the known groups method. This involves administering the test to two different groups 
for which the results should differ. If the results do indeed differ it is an indication the 
test does measure what is intended. 

 
Figure 1 demonstrates the relationship between validity and reliability. 

 
 



 
 
 
Figure 1: This diagram represents the relationship between reliability and validity. The bullseye is 
the outcome of interest and the arrow represent one instance of administering the test. 
Reproduced from 47. 

 
 

3. Is the outcome measure responsive to change? 
 
Responsiveness is the ability of a test to identify a clinically meaningful change 40 and is also 
referred to as ‘sensitivity to change’. This would not be applicable if the outcome was, for 
example, mortality. When a test is administered before and after an intervention the ability 
of a test to detect this change is termed internal responsiveness. External responsiveness is 
the ability of a test to detect changes related to a change in another health status. A tests 
responsiveness very much relies on the reliability of that test. To be responsive a test must 
allow for scoring of included items to demonstrate a change. The responsiveness is of 
course specific to a particular question in a particular population.  
 
The responsiveness of a test must be considered alongside the minimal clinically important 
difference (MCID). We will discuss MCID further in the next paragraph but for now we must 
understand that if the MCID is small then the test would need to be highly responsive to 
detect this change. If a test was not responsive to change it would lead to a false negative 
finding in a clinical study 39. 
 
 

4. What is the MCID? 
 
The MCID is ‘…the smallest difference in score in the domain of interest which patients 
perceive as beneficial…’69,24. The MCID is important in study design to determine sample 
size to ensure the study is adequately powered. A difference in outcome may be 
statistically significant, however this change is not necessarily clinically significant. The 
challenge is defining an MCID, there are many methods with no consensus on a particular 
one 9,55. A brief overview of two of these methods: 
 
- Anchor based methods compare the reported outcomes to an external measurement 

such as a laboratory bloods test56. The external test must be relevant to the condition 
and related to the outcome measure.  

- Distribution based methods are statistical methods and express the change in outcome 
using metrics such as standard error of measurement or effects size56. 

 



As such there may be a number of values stated for an MCID of a particular test which may 
also vary due to the patient population in which they were calculated. Therefore, 
interpretation of an MCID requires careful consideration. 
 
 

5. Does the outcome measure have ceiling or floor effects? 
 
Ceiling and floor effects occur when a large proportion of the test group attain either the 
best or worst outcome32,19. In these situations, it is not possible to discern a meaningful 
difference between a group of high functioning patients or alternatively a group with a poor 
outcome. For example, if a test of functional ability is too easy and the patients all attain the 
highest score, it will not be possible to discern any meaningful difference between these 
patients. In Orthopaedic Surgery a score is deemed to display ceiling or floor effects if 15% 
or more of the respondents achieve the best or worst score 32,19. 
 
 

6. Is a generic outcome measure or a disease specific outcome measure more 
appropriate? 

 
Health Related Quality of Life (HRQoL) is an individual’s or a group’s perceived physical, 
psychological and social health over time. Improving HRQol is the most important goal of 
orthopaedic surgery 25. HRQoL instruments are generic outcome measures designed to be 
used in a broad range of conditions. The use of a generic outcome measure allows for 
comparisons of treatments for different conditions which can be very useful in planning 
healthcare allocation. The condition of interest can also be compared to the general 
population. Another advantage is the potential ability to identify effects not directly related 
to the condition or treatment under investigation and as such, provide a more holistic view 
of the patient 5. However, the limitation is that a generic outcome measure may not be 
responsive to specific changes related to the condition under investigation. Commonly used 
generic outcome measures are SF-36 (or shorter version SF-12) and EQ-5D. 
 
SF-36 63 is a widely used generic quality of life questionnaire. It has eight domains, which 
can be grouped into Physical Health and Mental Health. The shorter SF-12 questionnaire has 
only 12 questions in the two domains of Physical and Mental Health. The SF-36 scale does 
not have ratio properties so can be difficult to compare across a heterogenous group of 
clinical conditions. To enable comparison across different clinical conditions a utility 
measure such as the EQ-5D 48 is required. The EQ-5D has five domains and allows for the 
estimation of a health summary score on a scale 0 to 1 in which ‘0’ is death and ‘1’ is full 
health. The 5 dimensions of this score are mobility, self-care, usual activities, 
pain/discomfort and anxiety/depression. The limitation of the EQ-5D is that it can be 
insensitive to small but clinically important change25. 
 
A condition specific outcome is also necessary in most cases of T&O; for example, following 
an arthroplasty (joint replacement) procedure. A test that is responsive to the change that 
occurs as a result of the arthroplasty is obviously very desirable. However, these tests may 
not be suitable for use in the general population of patients without a joint replacement and 
so comparative data with normal subjects may not be available. A condition specific test will 



also not pick-up other health benefits of the intervention for example improvements in 
mental health following an arthroplasty procedure. Ideally both generic and condition 
specific measures should be used in conjunction ad they provide complimentary 
information. 
 
 

7. Is the outcome measure clinician assessed or patient reported? 
 
Outcome scores may be completed independently by patients or administered by a 
clinician. Traditionally outcome has been assessed by a specific clinical parameter such as 
range of movement, radiographic findings or rate of complications.  
 
An example of a clinician assessed outcome score is the Harris Hip Score 20. The score covers 
pain, function, absence of deformity and range of motion. When using clinician assessed 
outcome measures surgeons must be aware of a discrepancy between what patients report 
independently and what is recorded when the test is completed by a rater. There is also a 
risk of variability in administering the score between raters. 
 
Studies have shown when clinicians complete the same test or questionnaire patients 
report less pain and better function 6,15,28. This finding may be due to patients not wanting 
to disappoint their surgeon and reporting improved outcomes. Or rather it may be what 
constitutes a successful outcome to the surgeon differs to the patient. Therefore, patient 
reported outcomes which minimise the potential of bias from the operating surgeon were 
developed. A Patient Reported Outcome Measure (PROM) is defined as ‘a measurement 
based on a report that comes directly from the patient about the status of a patient’s health 
condition without amendment or interpretation of the patient’s response by a clinician or 
anyone else. A PROM can be measured by self-report or by interview provided that the 
interviewer records only the patient’s response’73. PROMs can be disease specific or generic 
questionnaires. The downsides of patient reported outcome scores is that some groups of 
patients may have difficulty completing them independently. Guidance on interpretation of 
incompletely filled questionnaires as well as validation of PROMs developed in different 
languages (to enable use in different patient populations) is important. For example the 
Oxford Knee Score (OKS) has been translated and validated in several languages36,33. 
 
 

8. Does the outcome measure assess patient satisfaction? 
 
Assessing a patient’s judgment about the success of an intervention rather than specific 
health status questions can provide a different perspective to an outcome. Matching patient 
expectation and satisfaction is vital in improving outcomes following surgical 
intervention18,71,64. In total knee arthroplasty the strongest predictor of dissatisfaction post-
surgery is unmet expectations 4. Satisfaction questionnaires also tend to be short and so 
acceptable to patients. However many available satisfaction questionnaires tend not to be 
validated 71. Some commonly used orthopaedic outcome measures may contain questions 
about satisfaction but have not been validated to assess patient satisfaction16. 
 



Patient satisfaction may be with the outcome of the surgery or the process of care 16. 
Surgeons tend to be more interested in satisfaction with outcome rather than process, 
however satisfaction with the process of care has a substantial effects on overall satisfaction 
58. 
 
 
Common Orthopaedic Outcome measures and their psychometric properties 
 
Hip: 

 

The Harris Hip Score (HHS)20 was initially published in 1969 to evaluate the  post-operative 
outcome. It is clinician administered which may be the Orthopaedic Surgeon, research nurse 
or physiotherapist. It takes 5 minutes to complete. The score has excellent internal 
consistency for reliability42. Content and construct validity of the score has been tested60,61. 
Responsiveness of the score is excellent for short term follow-up but weaker for long-term 
follow-up57. The use of the score is limited by large ceiling effects of between 20% and 
32%68. The MCID for the HHS post-hip arthroplasty is 15.9–18 points59. The maximum score 
is 100, <70 is considered a poor outcome42. 
 
The Hip Disability and Osteoarthritis Outcome Score (HOOS)30 is a PROM developed to 
assess patients with hip problems, it takes 10-15 minutes to complete42. The internal 
consistency for reliability ranges from good to excellent42. Content and construct validity of 
the score has been tested30,43. The responsiveness of the score is high following THR45. 
Ceiling effects of 19% have been reported in the pain subscale43. Floor effects of up to 
17.8% have also been reported in the Sport/Recreation subscale42. The MCID post THR has 
not been reported for this score. The total scores for each subscale are: Pain 40 points, 
Symptoms 20 points, Activity limitations daily living 68 points, Function in sport and 
recreation 16 points, and Hip related quality of life 16 points. To enhance the interpretation, 
HOOS is transformed into a 0–100 worst to best scale, with 100 being the best and 0 the 
worst43. 
 
The Oxford Hip Score (OHS)12 is an outcome measure specific to the hip. It is a patient 
reported outcome measure assessing pain and function. The score takes between 2 and 15 
minutes to complete38. The internal consistency for reliability ranges from good to excellent 
12,13. Content validity has been measured for the OHS11. The score highly correlates with the 
HHS in patient post THR26. Responsiveness of the score has been compared with SF-36, EQ-
5D and WOMAC with results in favour of OHS42. Ceiling effects of up to 13.5% have been 
reported but low floor effects42. The MCID for the OHS is 8 points2. 48 is the maximum score 
attainable in the OHS. 
 
 
Knee: 

 
The Knee Injury and Osteoarthritis Outcome Score (KOOS)51 is a PROM developed for use 
in traumatic knee injuries which may lead to post-traumatic OA. The score takes 10 minutes 
to complete52. For severe OA, ceiling effects have been reported for pain (15%) and QoL 
(17%), floor effects of between 16-73.3% have been reported for the sport/recreation 



subscale8. In knee OA, the internal consistency for reliability between subscales varies from 
good to excellent, apart from for the symptoms and QoL subscales which score lower8. 
Content and construct validity of the score has been tested 52,54. The scoring system is 
responsive to change post ACL reconstruction and TKR8. MCID for the KOOS is 16.7 for Pain, 
10.7 for Symptoms, 18.4 for Activities of Daily Living, 12.5 for Sport/Recreation and 15.6 for 
Quality of Life. The five subscales of the KOOS (Pain, Symptoms, ADL Function, Sport and 
Recreation Function, and Quality of Life) are scored 0 (no problems) – 4 (extreme problems). 
Scores are transformed to a 0–100 scale, with zero representing extreme knee problems 
and 100 representing no problems54.  
 
 
The Oxford Knee Score (OKS) is a PROM developed for patients undergoing TKR12. The score 
takes 1-5 minutes to complete. The score has adequate internal consistency for reliability8. 
Content and construct validity of the score has been tested12.  In patients following TKR 
ceiling effects of 27% have been reported with no floor effects21. The score has been shown 
to be demonstrate good responsiveness to change following TKR8. The MCID for the OKS in 
one study was 7 points2 and in another study the MCID was between 4 and 57. 48 is the 
maximum score attainable in the OKS. 
 
The Knee Society Score (KSS) was initially developed in 1989 followed by an updated 
version in 201244 to assess expectations, satisfaction, and function of patients undergoing 
TKR. The score has clinician administered and PROMs. Content and construct validity of the 
score has been tested44,10. The score takes 15 minutes to complete49. The score has shown 
good responsiveness post TKR35. The score does not seem to demonstrate any floor or 
ceiling effects35. The KSS consists of four subscales: Objective Knee Score (100 points), 
Satisfaction Score (40 points), Expectation Score (15 points), and Functional Activity Score 
(100 points). 
The Forgotten Joint Score (FJS) 66 is a PROM to assess patient awareness of the arthroplasty 
to determine satisfaction and functional level. Content and construct validity has been 
tested66,1. Internal consistency for reliability is excellent1. The score has shown good 
responsiveness post TKR between follow up appointments17. Floor and ceiling effects have 
been reported to be low (<15%)1. The MCID for the FJS has been reported at 14 points22. 
The FJS consists of 12 questions. Scores are transformed to a 0 to 100 scale. Higher scores 
reflect the ability of the patient to forget about the prosthesis17. 
 
 
Upper Limb: 

 
QuickDASH score3 is a short PROM developed from the Disabilities of the Arm, Shoulder and 
Hand (DASH) score. Internal consistency for reliability is excellent3,27. QuickDASH measures 
functional ability in patients with disorders of the upper limb. Content and construct validity 
has been tested3. A weakness of the score is poor responsiveness27. The MCID for the 
QuickDASH in patients with upper limb disorders is 15.91 points14 and 14 in another study62. 
In patients with an elbow dislocation the QuickDash demonstrated ceiling effects of 29% 
from 3 months, increasing with time23, however no ceiling effects were demonstrated for 
patients with shoulder pain53. Scores range from 0 (no disability) to 100 (most severe 
disability)3. 



 
 
Foot and Ankle: 

 
The American Orthopaedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot Scale 29 is one 
of the most commonly used outcome scores for patients with ankle or hindfoot injury. It 
combines a clinical administered and PROM. Construct validity has been measured for this 
score29,37,34. The scoring system is responsive in end stage ankle arthritis34. In patients with 
ankle arthritis the score demonstrates floor effects but no ceiling effects67. There is no 
available data on the MCID for the AOFAS Ankle-Hindfoot Scale. The score consists of three 
subscales: Pain with a maximal score of 40 points, Function with a maximal score of 50 
points, Alignment with a maximal score of 10 points. The maximum score is 100 points, 
indicating no symptoms or impairments31. 
 
 
Activity Scales 
 
As outcomes have improved following Orthopaedic procedures particularly joint 
replacement so have patient expectations with regard to participation in sporting activity. 
Activity rating scales to assess participation in sporting activity are becoming increasingly 
popular, two such scales are the UCLA scale70 and Tegner score65. The UCLA scale ranges 
from 1 (no physical activity, dependant on other) to 10 (regular participation in impact 
sports). The Tegner score is also a maximum of 10 for participation in national and 
international elite competitive sport. Between the two, the UCLA scale demonstrates 
superior psychometric properties41. 
 
 
 
 
Conclusions 
 
Overall, this paper provides an overview of the types of outcome measures as well as the 
characteristics of outcome measures. This will equip Orthopaedic Surgeons with the 
foundation to be able to select the most appropriate outcome measure to evaluate their 
practice. 
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Tables 

 

Outcome measures Hierarchy Examples of measurement 
Health Status achieved or retained  
- Survival Peri-operative mortality 
- Degree of recovery/health Pain, function, return to ADLs and other 

recreational activities 
Process of recovery  
- Time to recovery or return to normal 

activities 
Time to fracture union, return to 
ADLs/work or to be symptom free 

- Disutility of care/treatment process Length of hospital stay, requirement of 
analgesia, post-operative infection 

Sustainability of health  
- Sustainability of recovery or health 

over time 
Revision or re-operation rates, 
maintenance of quality of life 

- Long-term consequences of therapy Aseptic loosening, infection, stiffness, 
implant survival 

Table 1: Porters Outcome Measures Hierararchy 


