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Abstract
Background: The physical function subscale of the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC-PF) is widely used and
endorsed by professional organizations for patients with knee osteoarthritis.
Its use post total knee replacement (TKR) has been challenged as it may not
represent the high level of functional performance that is expected by patients
who undergo contemporary TKR with more advanced techniques and care
pathways.
Objective: To assess whether the items of the WOMAC-PF reflect the
activity limitations identified by patients following TKR.

Design: Data for this descriptive study were obtained from baseline
assessments of a randomized clinical trial comparing exercise interventions
following TKR.
Methods: Participants completed the WOMAC-PF and identified activity
limitations in the Canadian Occupational Performance Measure (COPM) in the
same day. The responses to both questionnaires were compared.

Results: This investigation included 50 participants (36 women, mean
age 63.8±6.7). The WOMAC-PF failed to capture 50% of the activity limitations
identified by participants in the COPM. These activities included kneeling,
squatting, carrying/lifting items, strength/endurance exercise, floor transfer,
lower extremity exercise, walking up/down hills, yard work, climbing a ladder,
driving, managing the environment, carrying objects up/down stairs, gait
initiation, balance, and going up/down curbs. Only one activity on the WOMACPF (going shopping) was not identified by participant responses on the COPM.

Limitations: Participants were included if they had TKR between 3 and 6
months prior, which may limit generalizability to those immediately after TKR,
and the study sample was relatively small.
Conclusions: In individuals following TKR, the WOMAC-PF failed to
represent a subset of higher level, more physically demanding activities that
were identified as important by patients following TKR.

Introduction

Total knee replacement (TKR) is one of the most used and
fastest growing surgical interventions worldwide (1). Even
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though this procedure has been shown to improve quality of
life and reduce pain, deficits in physical function are known to
persist after surgery (2,3). In everyday practice, clinicians rely
on patient-reported outcome measures (PROMs) to quantify the
trajectory of functional recovery of these patients.
The Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) is one of the PROM designed for hip and knee
osteoarthritis(4-7). The WOMAC one of the most frequently used
PROM in patients status post TKR. Despite being widely used, the
value of the WOMAC in TKR has been challenged (8-11). One of
the problems with this PROM has been discrepancies between
the scores on the WOMAC physical function subscale (WOMACPF) and physical performance scores in patients post TKR.
Several studies described that while patients tend to perceive
and report improvements in their ability to complete functional
tasks on the WOMAC-PF after surgery, their performance during
physical tasks, such as stair climbing and walking, actually
worsen (10-12). The discrepancies between the WOMAC-PF and
performance-based test scores can be partially explained by the
effect of pain experience on patients’ perceived ability to move
around (10, 11, 14, 15).
Another explanation for the discrepancies between the
WOMAC-PF and performance measures in TKR may be that
the items on the WOMAC-PF may not adequately represent the
activities that are relevant to this population. It has been shown
that as many as 52% of patients following TKR have difficulty with
functional activities such as kneeling, squatting, turning laterally,
carrying loads, lower extremity strengthening activities, cutting
and turning, dancing, and gardening (16); none of which are
depicted on the WOMAC-PF. The Osteoarthritis Research Society
International (OARSI) has also identified a group of activities that
are relevant to patients following TKR, including rising from a
stool without hand support, sitting down in a chair, lifting and
carrying objects, putting on socks/footwear, getting in and out of
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bed, and several walking activities such as walking long distances,
on different surfaces, down stairs and upstairs, around/over
obstacles, and turning whilst walking (17). Only about half of
these activities are included in the WOMAC-PF subscale. As such,
the WOMAC-PF scale may be susceptible to under-representation
of the construct of physical function regarding activities that are
important to patients following TKR. Additionally, a review of
outcome measures for knee osteoarthritis cautioned in the use of
the WOMAC-PF in more physically active patients because it does
not include demanding functional tasks (4).

When the WOMAC was developed in the early 1980’s, its
content validity was properly ensured by surveying a large
number of patients with hip and knee osteoarthritis, reviewing
existing outcome scales, and gathering input from clinicians
experienced in rheumatic diseases (18). However, in the last
three decades, there have been several advancements in TKR
prosthesis design, surgical technique, anesthesia, and pathways
of care. These advancements resulted in a much faster and
improved functional recovery for these patients, and the items
on the WOMAC may no longer represent the limitations of those
patients. Despite the fact that in the late 1990s the WOMAC
items were used to form the Knee injury and Osteoarthritis
Outcome Score (KOOS), the items that form the function subscale
of the KOOS are the same as the WOMAC-PF (19). To that end,
in the context of a recent randomized study comparing exercise
programs for patients after TKR, patients were asked to identify
daily activities that they had trouble performing and considered
important, and also to complete the WOMAC (20). In this study,
we proposed to identify daily activities that are important and
generally limited in patients who undergo TKA and to investigate
whether items included on the WOMAC-PF adequately represent
the activity limitations of these patients.

Methods

Data for this descriptive study were obtained from baseline
assessments of a randomized clinical trial on exercise intervention
post TKR (20). Data collection took place from October 2011 to
August 2013 in the clinic of the Department of Physical Therapy at
the University of Pittsburgh. All participants signed an informed
consent document approved by the University of Pittsburgh
Institutional Review Board (IRB). The study protocol was also
approved by the same IRB.
Participants were eligible to enter the study if they underwent
a unilateral TKR 3 to 6 months prior, were able to obtain written
medical clearance to participate in the study, were English
speakers, and were older than 50 years. Exclusion criteria
included bilateral TKR or a revision surgery, previous hip or ankle
replacement, inability to bear weight on the surgical knee, more
than 2 falls in the past year, any uncontrolled medical condition
that would prevent safe participation in exercise, diagnosis of
a neurological condition that affects locomotion, malignancy,
participation in regular exercise, and another surgery within the
previous 6 months.

Clinical Measures

Participants attended one testing session where they
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completed study questionnaires administered by trained
clinicians. Demographic and biomedical information were
collected first and included age, gender, race, level of education,
marital status, height, weight, time since surgery, chronicity
of knee symptoms, and number of chronic diseases besides
osteoarthritis. After that, the WOMAC was completed followed by
the Canadian Occupational Performance Measure (COPM).
The WOMAC is a standardized outcome measure widely used
to assess function in patients with hip and knee osteoarthritis
(5, 18). All three subscales of the WOMAC (stiffness, pain, and
physical function) were completed by the participants; however,
only the 17 items from physical function subscale (WOMACPF) were used in this investigation. The items on the WOMAC
are scored on a 5-point Likert scale from 0 (no difficulty) to 4
(extreme difficulty). Scores of the WOMAC-PF range from 0 to
68, with higher scores representing less physical function. We
used the version LK 3.1. The WOMAC has demonstrated good
reliability and validity in patients with knee osteoarthritis (6, 18,
21-23).
To identify the functional activities that were limited and
important to the patients, we administered the COPM. The
COPM is a validated patient-centered outcome measure that
captures a patient’s self-perception of functional performance
in everyday living (24, 25). The COPM was administered by
having participants identify and prioritize five activities that
were restricted or impacted their performance in everyday living
secondary to their knee osteoarthritis or TKR in the areas of selfcare, productivity, and leisure. Participants were asked to selfreflect and rank the importance, performance, and satisfaction of
each selected activity on a 10-point scale. The importance scale
is rated as 1 (not important at all) to 10 (extremely important),
the performance scale is rated as 1 (not able to do it) to 10 (able
to do it extremely well), and the satisfaction scale is rated as 1
(not satisfied at all) to 10 (extremely satisfied). Values for the
three raw scores of importance, performance, and satisfaction
were used for this investigation. Of note, we did not compute
the summary scores for the COPM; we only used the COPM to
determine the activities that patients identified as important to
them. The COPM has been previously validated in patients with
various conditions, including but not limited to stroke, rheumatic
diseases, osteoarthritis, and other musculoskeletal disorders;
and has demonstrated very good reliability and validity (24-26).

Statistical Analyses

Participant characteristics were described by means
with standard deviations and frequencies with percentages,
depending on the nature of the variable. To enable comparison
between the COPM and the WOMAC-PF, analysis was done at the
level of the individual activities identified by the participants
on the COPM and the individual items of the WOMAC-PF (we
did not use summary scores). To accomplish that, the items
defined by the participants on the COPM were organized into
activity categories (e.g., sitting, walking, floor transfer) that
encompassed all individual participant stated descriptions. For
example, individual participants’ descriptions for sitting included
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phrases such as “sitting for a length of time,” “sitting on a hard
chair,” and “sitting” and therefore were all consolidated into the
activity category “sitting.” For each activity category of the COPM,
we calculated the frequency (and percentage) of participants
that identified those activities, and the average of importance,
performance, and satisfaction scores for each activity category.
We also calculated the frequencies (and percentages) for each
response on the 5-point Likert scale for the 17 WOMAC-PF items.
To compare the activities captured by the COPM with the
individual items of the WOMAC-PF, the COPM activity categories
were matched to a corresponding WOMAC-PF item, when
available. We used t-tests to determine whether the COPM
importance, performance, and satisfaction scores were different
for the activities that had a WOMAC-PF match compared to the
activities without a match.

To assess whether activities more frequently identified
were more relevant to participants than those identified less
frequently, the COPM activity categories were classified as
identified by 10% or more of participants, or identified by less
than 10% of the sample. T-tests were used to compare the average
scores of importance, performance, and satisfaction for the items
identified by 10% or more of participants to those identified by
less than 10% of participants. IBM-SPSS version 23 was used for
all calculations.

Results

Data on 50 participants were available for analysis. The mean
age of the sample was 63.8±6.7 years and 68% were female
(Table 1). Although all participants were asked to identify 5
activities that were functionally limited, of the 50 participants,
47 were able to identify 5 functionally limiting activities. One
participant identified only one activity as being problematic while
two participants identified only three activities as functionally
limited; for a total of 242 activities reported on the COPM by the
50 participants. From those, 3 participants reported pain location
rather than an activity per se (i.e., “tenderness over inner part
of knee,” “back pain”) and 3 participants selected a hand/upper
extremity task rather than activity affected by knee osteoarthritis
of the TKR, and these responses were not included in the analysis.
Therefore, a total of 236 activity limitations identified by the 50
participants in the COPM were included in the analysis.
The 236 activity limitations identified in the COPM were
organized into 30 categories that encompassed all participant
stated activity descriptions (Table 2). From the30 activity
categories, 15 could be matched to a corresponding item in the
WOMAC-PF and 15 (50%) could not be matched (Table 3). In
terms of total frequency, the 15 matched items corresponded to
161 of the 236 (68%) functional activities identified on the COPM
that were represented in the WOMAC-PF.

The comparison of the COPM scores between the activity
categories that had or did not have WOMAC-PF matched items
was not statistically significant nor clinically meaningful,
indicating that the participants considered the relevance of
the activities with or without a match to be similar. The means
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Table 1: Demographic and Biomedical Characteristics of Study
Participants
Participants Characteristics (n = 50)

Mean age ± SD, y

63.8±6.7

Mean height ±SD, cm

170±10

Gender -Number of Female (%)
Mean weight ±SD, kg

Months Since Surgery- N (%)

34 (68)

82.8±13.2

3-3.9

15 (30)

5-6

15 (30)

4-4.9
Years with knee symptoms- N (%)

20 (40)

<5

22 (44)

>10

14 (28)

5-10
Ethnicity- N (%)

African American

14 (28)
5 (10)

White

45 (90)

High School

19 (38)

Post Graduate

13 (26)

Level of Education- N (%)
College

Marital Status- N (%)

18 (36)

Married

30 (50)

Other

6 (12)

Divorced
Number of Co morbidities- N (%)

14 (28)

0-1

18 (36)

>5

6 (14)

2-4
WOMAC*-mean Physical Function subscale±
SD

30 (50)
18.6 ± 9.9

* WOMAC - Western Ontario and McMaster Universities Osteoarthritis
Index

of importance scores for matched items and unmatched items
were 8.4±0.9 and 7.9±1.3 respectively (t = -1.32, p = 0.198). The
means of performance scores for matched items were 4.9±0.9
and 4.7±1.5 for unmatched items (t = -.279, p = 0.783). The
means of satisfaction scores for matched and unmatched items
were 3.6±0.9 and 3.7±1.8 respectively(t = .205, p = 0.839)(these
averages are not shown in Table 3).
Of the 30 COPM activity categories, 19 were identified by
at least 10% of participants, whereas 11 activity categories
were identified by less than 10% of participants (Table 3). The
comparison of the COPM scores between the activities identified
by at least 10% of participants (shaded rows in Table 3) and the
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Table 2: Canadian Occupational Performance Measure (COPM) Activity Categories with Patient Descriptions*
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Down Stairs

Up/Down Stairs

Up Stairs

Down stairs

Up/down stairs

Stair climbing

Walk down stairs

Walking up and down steps

Climbing up steps

Down steps

Stairs

Step Up

Going down stairs
Coming down stairs

Steps

Handling stairs

Going up stairs
Upstairs

Downstairs
Standing

Sit-to-Stand Transfer

Walking stairs

Kneeling

Standing

Arising from sitting

   Kneeling

Sitting down action

Knee down

Standing too long

Standing long periods

Standing in one position
Standing in place

Getting up-chair

Getting up from sitting

Kneel

Getting up from chair or sofa

Long periods of standing

Getting up after sitting for long

Standing in one place for 15 minutes

Getting out of chair

Standing a length of time

Up steps

Standing from sitting position

Standing after sitting long

Standing up from chair

Walking

Rising from sitting after 1 hour
Squatting

Bending/Flexibility

Walking

Squatting

Bending surgical knee

Stoop down

Bending/flexibility

Getting up

Walking to car

Bending down

Walking fast

Crouching

Walking a distance
Walking for a long time
Walking long period

Bend

Bending
Knee up

Not being able to walk 4 miles a day
Walking more than 2 blocks
Car Transfer

Getting out of car

Carrying/Lifting Items
Lifting from floor

Sitting
Sitting too long

Enter car

Carrying heavy items

Sitting for a length of time

In and out of car

Lifting basket

Sitting hard chair

In/out of car on passenger side
Getting out of car

Lifting

Carrying groceries

Sitting long periods
Sitting

In car and out

Pushing off car to stand

Carrying boxes or bags

Dressing/Socks

Household Chores/Recreational Activity

Strength/Endurance

Putting on shoes

Washing kitchen and bathroom floor

Stamina issues

Putting on panty hose

Reaching for anything

Putting on sock

Housework

Physical stamina
Endurance
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Certain movements (putting on pants)

Household chores

Any long term activity

Floor Transfer

Playing pipe organ

Lower Extremity Exercise

Strength

Tub Transfer

Getting up/down from floor

Leg lifts

Bathtub out

Putting on my socks

Painting

Lack of stamina

Getting off floor

Riding exercise bike

Getting out of bath tub

Getting on floor

Stretching quads

Tub bathing

Getting up from the floor

Bridge exercise

Sitting on ground

Walking Up/Down Hills

Yard Work

Walking down hills

Working in the yard

Down ramp or hill

Doing yard work

Going down grades

Getting out of tub

Climbing Ladder
Step ladder

Gardening

Climbing ladder

Down hills

Squatting- garden

Driving

Lying in Bed

Managing Environment

Driving too long
Driving

Sleeping

Lying in bed

Walking around students

Bed Transfer

Carrying Objects Up/Down Stairs

Uneven surface

Rolling over in bed

Carrying things on stairs

Get bearing before starting to walk
Toilet Transfer

Walking down hills

Stepping over things
Gait Initiation

Getting out of bed
Balance

Carrying groceries up steps
Up/Down Curbs

Stand up and walk

Losing balance

Up/down curbs

Getting from toilet seat

* The examples described within each activity category total 133 unique responses because activities reported similarly by more than one
participant are only shown once

Table 3. COPM Activity Categories Mapped to WOMAC-PF Items by Frequency of Identification
COPM

Activity
Category

Mean Raw Scores

Frequency
(%)

Importance

Down Stairs

26 (52)

9.08

4.62

3.1

Standing

19 (38)

7.84

5.42

3.37

Up Stairs

Sit-to-Stand
Transfer
Kneeling
Walking

Squatting

Bending/
Flexibility

22 (44)
18 (36)
16 (32)
14 (28)
12 (24)
10 (20)

9.36
9.06
6.63
7.36
6.75
8.4

Performance

4.95
4.39
2.31
4.5

3.08
4.5

Satisfaction

3.48
3.39
2

4.14
2.42
3.5

WOMAC-PF
Frequency of Functional Limitation (%)

Item

None

Mild

Descending
Stairs

7 (14)

12 (24)

23 (46)

7 (14)

1 (2)

Standing

18 (36)

15 (30)

14 (28)

3 (6)

0 (0)

Ascending
Stairs

Rising from
Sitting
N/M

Walking on
Flat
Surface
N/M

Bending to
Floor

9 (18)
7 (14)
-

20 (40)
-

8 (16)

20 (40)
16 (32)
-

23 (46)
-

15 (30)

Moderate

18 (36)
23 (46)
-

7 (14)
-

20 (40)

Severe

3 (6)
2 (4)
-

0 (0)
-

6 (12)
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Car Transfer

10 (20)

8.7

5.9

4

Getting In/
Out of Car

13 (26)

22 (44)

13 (26)

1 (2)

1 (2)

Sitting

7 (14)

6.86

5.57

3.57

Sitting

26 (52)

12 (24)

11 (22)

1 (2)

0 (0)

Carrying/
Lifting Items
Dressing/
Socks

7 (14)
6 (12)

8.29
7.67

5.17

3.67

6 (12)

Household
Chores/
Recreational
Activity

6 (12)

Strength/
Endurance

6 (12)

9.33

4.5

3.33

Lower
Extremity
Exercise

5 (10)

8.4

7.4

8

5 (10)

8

7.8

5.5

4.43

Household
Chores/
Recreational
Activity

Floor
Transfer

8

5.43

5.5

2.8

3.67

3.67

2.6

N/M

Putting on
Socks
Taking Off
Socks
Light
Domestic
Duties

-

18 (36)
19 (38)
18 (36)

-

18 (36)
22 (44)
25 (50)

-

10 (20)
7 (14)
7 (14)

-

4 (8)
2 (4)
0 (0)

-

0 (0)
0 (0)
0 (0)

Heavy
Domestic
Duties

6 (12)

15 (30)

25 (50)

4 (8)

0 (0)

Light
Domestic
Duties

18 (36)

25 (50)

7 (14)

0 (0)

0 (0)

Heavy
Domestic
Duties

6 (12)

15 (30)

25 (50)

4 (8)

0 (0)

N/M
N/M

-

-

-

-

N/M

-

-

-

-

-

-

-

-

-

-

-

Tub Transfer

5 (10)

9.6

3.4

2.2

Getting In/
Out of Bath

18 (36)

17 (34)

12 (24)

3 (6)

0 (0)

Yard Work

4 (8)

7.25

5.25

4.75

N/M

-

-

-

-

-

Walking Up/
Down Hills
Climbing
Ladder
Driving

Lying in Bed
Managing

Bed Transfer
Carrying
Objects Up/
Down Stairs

5 (10)
3 (6)
3 (6)
3 (6)
3 (6)
2 (4)
2 (4)

7

5.33
8

10

8.33
7.5
7.5

5.4

4.33
3.67
2.67
5.67
5.5
3

4.8
4
2
2

3.67
4.5
3

N/M
N/M
N/M

Lying in
Bed
N/M

Rising from
Bed
N/M

-

25 (50)
-

14 (28)
-

-

17 (34)
-

14 (28)
-

-

7 (14)
-

10 (20)
-

-

1 (2)
-

2 (4)
-

-

0 (0)
-

0 (0)
-

Gait
Initiation

2 (4)

10

5

1

N/M

-

-

-

-

-

Up/Down
Curbs

1 (2)

10

6

3

N/M

-

-

-

-

-

Balance

Toilet
Transfer

1 (2)
1 (2)

8
8

7
6

7
6

N/M
Getting
On/Off
Toilet

15 (30)

19 (38)

15 (30)

1 (2)
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N/I

-

-

-

-

Going
Shopping

15 (30)

18 (36)
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16 (32)

1 (2)

0 (0)

COPM- Canadian Occupational Performance Measure. The COPM importance scale is rated as 1 (not important at all) to 10 (extremely important), the
performance scale is rated as 1 (not able to do it) to 10 (able to do it extremely well), and the satisfaction scale is rated as 1 (not satisfied at all) to 10 (extremely
satisfied).
WOMAC-PF- Western Ontario and McMaster Universities Osteoarthritis Index Physical Function subscale.

The top rows of the table (shaded cells) depict the activities identified by at least 10% of participants in the COPM.

The bottom rows (not shaded cells) represent the activities with identification by less than 10% of participants in the COPM.

N/M – No Match. The empty cells on the right side of the table represent an activity category identified in the COPM without a matched item on the WOMAC-PF.
N/I – No Identification. The empty cells on the left side of the table represent activity included on the WOMAC-PF but not identified by participants on the
COPM.

activities identified by less than 10% of participants (not shaded
rows in Table 3) were not statistically significant nor clinically
meaningful, indicating that the activities more frequently
identified were not more germane to participants than those
identified less frequently. The means of importance scores for
activities more frequently identified and less frequently identified
were 8.2±0.9 and 8.2±1.4(t = .000, p = 1.000) respective. The
means of performance scores for activities more and less
frequently identified were 4.7±1.2 and 4.9±1.4 respectively
(t = .434, p = 0.668). Last, the means of satisfaction scores for
activities more and less frequently identified were 3.7±1.3 and
3.7±1.8 respectively (t = .118, p = 0.907) (these averages are not
shown in Table 3).

Among the 19 categories more frequently identified in
the COPM, 7 were unable to be matched to a corresponding
WOMAC-PF item(kneeling, squatting, carrying/lifting, strength/
endurance, floor transfer, lower extremity exercise, and walking
up/down hills) while 12 were matched to the WOMAC-PF. For
the 12 activities matched to the WOMAC-PF, the percentage
of participants that identified the activity in the COPM and the
percentage of participants that rated that activity as at least
moderately limited in the same item in the WOMAC-PF (in the
Likert scale) were relatively similar for ascending and descending
stairs, standing, sit-to-stand transfer, walking, bending/
flexibility, car transfer, and sitting. For example, identification in
the WOMAC-PF and COPM respectively were 62% and 52%for
descending stairs, 34% and 44% for ascending stairs, and 54%
and 36% for standing. However, those percentages were more
than doubled in the WOMAC-PF than for the COPM for activities
such as bending (WOMAC-PF 54% and COPM 20%), dressing/
socks (WOMAC-PF 28% and COPM 12%) household/recreational
activity (WOMAC-PF 58% and COPM 12%) and tub transfer
(WOMAC-PF 30% and COPM 10%). Among the 11 activities with
low frequency of identification on the COPM (Table 3, no shaded
rows), 8 were not represented on the WOMAC-PF. Additionally,
the item going shopping from the WOMAC-PF was not identified
by participants on the COPM.

Discussion

Following TKR, patients face challenges with both basic
activities of daily living as well as with higher-level functional
activities. Our results demonstrate that the functional activities
captured by the WOMAC-PF do not encompass many of the
functional limitations experienced following TKR. From the 30

activities identified by participants as important to them, only
15 were included as an item question on the WOMAC-PF. This
corresponds to an underrepresentation of 50% of the patientselected functional activity deficits that persist following TKR.
Many of these under-represented activity categories align with
more physically demanding activities that have been identified in
the literature as problematic to most patients following TKR (16,
17).

In the current study, COPM scores were also used to assess
how relevant the patients judged the activities listed or not on the
WOMAC-PF. The results demonstrated that the activity categories
reported on the COPM that were represented in the WOMAC-PF
had similar scores of importance, performance, and satisfaction,
as compared to the activities not represented in the WOMAC-PF;
meaning that the activities not represented are equally relevant
and patient-centric. We also observed that activities identified
by at least 10% of participants in the COPM had similar scores
of importance, performance, and satisfaction as compared to the
activities with less than 10%, suggesting that the activities less
frequently identified were no less important than those chosen
more frequently. These findings are relevant because the activity
categories that are not represented in the WOMAC-PF are equally
important to patients and should be considered for PROMs in
TKR.
Although the results of this study suggest that the WOMAC-PF
under represents the functional limitations experienced after TKR,
we do not suggest replacing the WOMAC with the COPM or other
standardized outcome measures, as they will likely carry similar
limitations. For example, other patient-specific function scale
such as the COPM, while have the advantage to enable patients
to identify their activity limitations without being restricted to
standardized or pre-determined items, disadvantages include
the inability to compare (1) scores across participants because
each participant self-selects different activity limitations, and
(2) progress overtime because patients may select different
activities upon re-evaluation. In terms of the other standardized
PROMs, the same limitations that affect the WOMAC likely
affect other widely used questionnaires. For example, the nonproprietary KOOS was developed as an extension of the WOMAC
for younger and more active patients (8, 19). However, the 17
items on KOOS that form the subscale of function during daily
living are the same as the WOMAC-PF, and, among the 5 items
that form the subscale of function during sports and recreational
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activities, only 2 items (squatting and kneeling) were mentioned
by participants as being germane to them; the other 3 activities
(running, jumping, twisting/pivoting on your injured knee) tend
to be contra indicated after TKR. Last, standardized PROMs that
assess physical function tend to be burdensome for respondents
because of the large number of questions (WOMAC-PF, 17
questions; KOOS-PF, 22 questions).
We believe that a better alternative to overcome the limitations
of largely used proms in TKR is the use of computer adaptive
testing (CAT). Unlike standardized outcome measures with
pre-determined items that will inevitably fail to capture the full
spectrum of functional limitations, or patient-specific functional
scales that don’t enable meaningful comparison across patients,
CAT uses a computer algorithm that selects and administers
items targeted to the person’s unique level of physical function
enabling more efficient and precise measurement (27, 28). These
test items are selected from a bank that includes both sedentary,
such as sitting for a long period, and strenuous activities, such as
running for a mile. Each patient is presented only those items that
are appropriate for her level of function and items that are either
too “easy” or “hard” for the patient are not administered. Based
on the response to previous questions, the CAT system assigns the
next question using item response theory, to expose a minimum
set of relevant questions to the respondent and to create a
summary score for the domain. Thus, it minimizes questionnaire
burden and avoids floor and ceiling effects(27, 28). An example
of computer adaptive tests to measure physical function is the
Patient Reported Outcomes Measurement Information System
(PROMIS) Physical Function Scale, funded by the US National
Institutes of Health (29). Future efforts should compare the
use of CAT surveys with standardized legacy proms in TKR and
determine outcome norms for patients at specific time intervals
after TKR before widely adoption in clinical practice.

The activities listed by participants in the COPM but not
endorsed in the WOMAC-PF included mainly higher-level or
demanding tasks, such as carrying items up and down stairs,
kneeling, squatting, floor transfers, and walking up/down hills
and around objects. Bourne et al. Investigated the reason for
dissatisfaction in patients following TKR and found that most
patients were dissatisfied secondary to not meeting their high
post-operative functional expectations (30). It has been found
that in general, health care professionals do not assess functional
deficits during high-level tasks; instead, their focus has been on
joint stability, range of motion, and basic activities of daily living
(31). In the population of patients that undergo contemporary
TKR, it is reported that 75% of patients expect to be pain free and
40% expect not to have limitations in more demanding activities
(32). The activities that are important to patients receiving TKR
may not resemble those activities identified in PROMs developed
several decades ago. While standardized PROMs of physical
function accurately reflected a less active population at a time
when the surgical procedures and pathways of care post-op
were not as developed as today, and expectations were set low,
this does not seem to be the case any longer. Because patients
receiving TKR today are younger, generally more active, and have
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higher expectations for functional outcomes post operatively, it
stands to reason that the outcome measures being used should
parallel these changes.

There are limitations to the current study. Participants
were included if they had TKR between 3 and 6 months prior
and, because of that, it can be argued that the results are not
generalizable to those immediately after TKR. However, the
studies that first questioned the value of WOMAC-PF following
TKR were in patients immediately after the surgery and up
to a couple of months after that (8, 9). Therefore, it seems that
the underrepresentation of the WOMAC-PF spans from early
post-op to several months after TKR. Additionally, this study
proposed secondary analysis of data collected by the parent
study and, as such, we did not predetermine requirements for
sample size. Although the sample size was relatively small, the
negligible differences in COPM scores (i.e., between matched
and unmatched items and between more and less frequently
identified items) would rebut the possibility that type 2 error
would have occurred in the few statistical tests used in the study.
Regardless of the limitations, the study results build on prior
literature establishing limitations of the PROMs widely in use and
provides a new perspective to the topic.

Conclusions

With PROMs being utilized frequently in both clinical practice
and research, it is of utmost importance that these tools accurately
represent activities that are important to the population at hand.
While the WOMAC-PF captures a large number of problematic
activities important to patients, it under represents a certain
subset of activities that are activity limitations relevant to
today’s TKR population. Results of the present study question
the utilization of proms, such as the WOMAC-PF, in patients that
received contemporary TKR procedures. A viable alternative
could be computerized adaptive measures that are founded in
the item response theory, making the content relevant for each
individual patient regardless of being in the low or high spectrum
of functional limitation.
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