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easurement of patient-reported outcomes (PROs) in clinical 
trials, observational studies, medical research, and clinical 
practice is increasing.7,47,64 Because PROs measures provide 
information related to patients’ perception of their health 

status without interpretation from clinicians or a third party, several

institutes, such as the Institute of Medi-
cine,25 the National Cancer Institute,35 
and the US Food and Drug Adminis-
tration,60 are encouraging the medical 
research community to use PROs to sup-
port intervention effectiveness16,42,43 and 
to monitor patient management.2 As a 
result, the number of initiatives assessing 
quality care (ie, change in health status) 
or describing value-based purchasing 
(ie, payment based on quality/cost) is in-
creasing,29 including 1 study using PROs 
in an outpatient rehabilitation pay-for-
performance simulation.16

While PROs are becoming common in 
rehabilitation, there is limited evidence 
that PRO use has positively influenced 
patient health.32 Many believe integra-
tion of PROs into clinical practice should 
facilitate improved patient management 
and outcomes. One barrier to integrating 
PRO measures into clinical practice is 
that scores often do not have meaning to 
clinicians who are directly involved with 
patient care. Lack of clinical interpreta-
tion of outcomes measures impedes use 
of the outcomes measures during patient 
management. Recently, different ap-
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 Prospective cohort study of  
10 287 patients with foot/ankle impairments 
receiving outpatient physical therapy.

 To describe meaningful 
interpretations of functional status (FS) outcomes 
measures, estimated using a body-part–specific 
computerized adaptive test (CAT).

 Increased use of CATs to 
generate outcome measures in rehabilitation has 
stimulated questions concerning score interpreta-
tion. Identifying meaningful intra-individual change 
and reporting clinical interpretation of those gener-
ated outcomes are essential to advance the quality 
of rehabilitation practice.

 We performed 4 approaches to clini-
cally interpret outcomes data. First, we used the 
standard error of the estimate to construct a 90% 
confidence interval for each CAT estimated score. 
Second, we presented the percentile rank of FS 
scores. Third, we used 2 threshold approaches to 
define individual-patient-level change: statistically 
reliable change and clinically important change. 

Last, we illustrated a functional staging method.

 Precision of a single score was 
estimated by an FS score of 4. Based on score 
distribution, percentile ranks at 25th, 50th, and 
75th percentiles corresponded to intake FS scores 
of 38, 47, and 57, and discharge FS scores of 
52, 64, and 77, respectively. Minimal detectable 
change supported 7 or more FS change units out 
of 100 represented statistically reliable change, 
and ROC analyses supported 8 or more FS change 
units represented minimal clinically important im-
provement. Using a functional staging system, we 
established 5 hierarchical functional status levels.

 CAT-generated outcome 
measures can be interpreted to improve clinical 
interpretation and to assist clinicians in using 
patient-reported outcomes during therapy prac-
tice. J Orthop Sports Phys Ther 2009;39(10):753-
764. doi:10.2519/jospt.2009.3122

 assessment of patient-reported 
outcomes, computerized adaptive testing, Lower 
Extremity Functional Scale, outpatient rehabilitation
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tations of FS outcomes measures es-
timated using the body-part–specific 
CAT. We performed several approaches 
recommended by Jette,28 Hays,23 Schmitt 
and Di Fabio,46 and Stratford50 to derive 
more clinically meaningful interpreta-
tions of outcomes measures. To answer 
these questions mentioned above, we (1) 
constructed 90% confidence intervals for 
each score point estimate, (2) established 
percentile ranks of FS scores, (3) assessed 
statistically reliable change, (4) assessed 
minimal clinically important improve-
ment, and (5) described a functional-
staging approach. The first 4 methods 
provided statistical indices, and the fifth 
method provided graphical presentation 
to guide clinical interpretation of the pa-
tient’s improvement in functional status 
and care planning.

he foot/ankle CAT currently is 
used routinely in outpatient reha-
bilitation clinics across the United 

States and Israel. The data collection and 
sample have been described.10 Briefly, 
data were collected using Patient Inquiry 
computer software developed by Focus 
On Therapeutic Outcomes, Inc (Knox-
ville, TN).11,57,58 Patients seeking rehabili-
tation entered demographic data using 
a computer in the clinic prior to initial 
evaluation and intervention. Clinical staff 
can administer the CAT in the course of 
the episode of care and at discharge to 
monitor the patient’s status. During the 
episode of care, clinicians can select the 
administrative frequency and patients 
can select not to participate. From pre-
vious analyses,7,16,65 we anticipated that 
approximately 20% of patients who ar-
rived at an outpatient clinic would not 
complete an intake survey, and of those 
patients who completed an intake survey, 
approximately 40% would not complete a 
discharge survey. When the patient does 
not fill out the CAT on their last visit, dis-
charge data are missing.

For the current study, data were se-

A previous study suggests that the 
foot/ankle CAT met essential item re-
sponse theory36 assumptions of unidi-
mensionality and local independence.18 
Because the Lower Extremity Functional 
Scale items demonstrated differential 
item functioning38 by body part within the 
lower extremity (eg, hip and knee versus 
foot/ankle), item difficulty parameter es-
timates varied across different body part 
impairment groups, after controlling for 
the patient’s underlying ability. The foot/
ankle CAT was developed with items 
calibrated using data from patients with 
foot/ankle impairments, which makes the 
foot/ankle CAT a body-part–specific, or 
condition-specific, CAT. Previous studies 
have shown that the foot/ankle CAT, on 
average, used 7 items to produce precise 
estimates of FS that adequately covered 
the content range with negligible floor 
and ceiling effects and discriminated 
well among patients of known clini-
cal groups.20 For example, patients who 
were older had more chronic symptoms, 
more surgeries, and more comorbidities, 
and did not exercise prior to receiving 
rehabilitation reported worse (ie, lower) 
discharge FS, compared to other patients 
after controlling for intake FS.20

Clinically meaningful interpretations 
of the foot/ankle CAT have not been stud-
ied. For example, if a patient with a foot/
ankle fracture presented to therapy with 
an intake FS score of 36 and a discharge 
score of 63 (0-100 scale), information 
other than that the patient improved 
27 points would provide clinicians ad-
ditional information for clinical reason-
ing and care planning. Such information 
might be obtained by answering the fol-
lowing questions: (1) How confident can 
I be in a reported score? (2) How does 
my patient compare to others? (3) How 
much change is likely to represent a true 
change? (4) How much improvement is 
likely to represent a clinically important 
improvement to the patient? (5) What 
does a specific score mean? (6) Can I use 
the score to assist care planning?

Therefore, the purpose of this study 
was to describe meaningful interpre-

proaches, such as responsiveness indices 
and functional staging,23,28,46,50 have been 
recommended as ways to promote mean-
ingful clinical interpretations of outcomes 
measures, including the integration of 
outcomes measures with evidence-based 
practice, which are expected to advance 
patient management.

The current study builds on previous 
work where we developed, simulated, ap-
plied, and validated body-part–specific 
computerized adaptive testing (CAT) ap-
plications17,18,19,20,21,22,62,63 for patients with 
a variety of impairments seeking reha-
bilitation in outpatient physical therapy 
clinics. Here we examine the clinical 
interpretation of patient-reported mea-
sures of functional status (FS) estimated 
using a CAT for patients with foot/ankle 
impairments,18,20 managed in outpatient 
therapy clinics participating with Focus 
On Therapeutic Outcomes, Inc, an inter-
national medical rehabilitation outcomes 
database management company.11,57,58 De-
velopment,18 simulation,18 and use7,8,20 of 
the foot/ankle CAT have been described. 
Briefly, the item bank for the foot/ankle 
CAT was developed using items from the 
Lower Extremity Functional Scale,6 a 
scale with strong psychometric proper-
ties1,6,51,55 and broad clinical and research 
acceptance.50 The CAT administration 
was designed to improve administrative 
efficiency and measure precision at the 
patient level.61 When using a CAT, instead 
of giving each patient the same fixed test 
(ie, traditional paper and pencil ques-
tionnaire), items are selected according 
to the ability of the patient. The number 
of items administered and the patient re-
sponse burden are reduced, while mea-
surement precision is maintained. FS, as 
assessed using the foot/ankle CAT,18,20 is 
operationally defined as the patient’s per-
ception of his or her physical ability and 
health condition to perform daily func-
tional tasks that require lower extremity 
function. As estimated, the FS measure 
represents the “activity” dimension of 
the World Health Organization’s Inter-
national Classification of Functioning, 
Disability and Health.66
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ty (eg, functional status).12 During routine 
administration in the clinic, the foot/an-
kle CAT items were presented by asking 
the patient, “Today, do you or would you 
have any difficulty at all with...,” followed 
by activities such as “walking between 
rooms” or “running on even ground.” The 
computer presented the 5 original Lower 
Extremity Functional Scale response cat-
egories: (1) “extreme difficulty,” (2) “quite 
a bit of difficulty,” (3) “moderate difficul-
ty,” (4) “a little bit of difficulty,” and (5) 
“no difficulty.” In addition, the patient 
could elect “not applicable” for any item, 
which was recorded as missing data and 
not used in FS estimation. After each re-
sponse, the patient’s FS score with associ-
ated standard error was estimated by the 
CAT algorithm.33 If a stopping rule was 
met and a final FS score was achieved, 
the final FS score represented a point 
estimate for each patient for lower ex-
tremity functional status on a 0-to-100 
scale, with higher measures representing 
higher functioning. Details of the foot/
ankle CAT administrative algorithm and 
an overview of CAT application have been 
described.12,18,20

Interpreting a Single Scale Score Be-
cause the final FS score represented a 
point estimate for each patient for their 
functional status, the 90% confidence in-
terval associated with the FS score point 
estimate was constructed to provide an 
estimate of precision of the measure (ie, 
FS score 1.65  standard error). Such 
an estimate allowed the clinician to state 
with 90% confidence that the true FS 
score was within the confidence interval.
Establishing the Percentile Rank The 
percentile rank of an FS score point esti-
mate refers to the proportion of scores in 
a distribution to which a specific score is 
greater than or equal to, while comparing 
an individual’s score related to others in 
a defined population. Here, we used the 
percentile rank to provide additional in-
formation regarding the location of the 
patient’s condition along the functional 
continuum related to a group of patients 

with similar foot and ankle impairments. 
To accommodate differences in FS scores 
at intake compared to discharge, we gen-
erated 2 percentile ranks: one for pa-
tients at intake and one at discharge. The 
ranks refer to the proportion of scores in 
a distribution to which a specific score is 
greater than or equal to, and can be used 
to compare an individual score to similar 
patients at 2 times during treatment.

To examine sensitivity to change, we used 
2 threshold approaches to defining indi-
vidual patient-level change: statistically 
reliable change and clinically important 
change.46

Statistically Reliable Change Statisti-
cally reliable change reflects the statis-
tical significance of individual change. 
We computed the minimal detectable 
change (MDC), a responsiveness index 
that shows which changes fall outside the 
measurement error of the health status 
measurement.4 We calculated MDC using 
the following formula: 

MDC90 = 1.65  2   (1 – reliability),

where 1.65 represents the 90% confi-
dence interval, is the standard devia-
tion of score at intake, and “reliability” 
is a reliability coefficient (test-retest 
reliability or internal consistency). We 
multiplied by the square-root of 2 to 
accommodate the 2 measurements in-
volved in measuring change (intake and 
discharge). As computed, MDC90 repre-
sents the smallest threshold for identify-
ing statistically reliable change greater 
than random measurement error.4

Clinically Important Change Clinically 
important change10,20,26,30 reflects the 
practical importance of individual change. 
Patients were expected to improve their 
FS measures by different amounts, as-
sessed at 2 points in time; therefore, as 
recommended by Stratford and Riddle,56 
we employed an anchored-based lon-
gitudinal method using global rating of 
change.26 Results have been published 
previously.20 Here, we used the results to 

lected from the CAT database if patients 
(a) were managed for an orthopaedic im-
pairment of the foot and/or ankle, (b) re-
ceived outpatient physical therapy in the 
United States between January 2005 and 
June 2007, and (c) completed the intake 
foot/ankle Lower Extremity Functional 
Scale using CAT administration.

Data were labeled “intake” when the 
patient completed the CAT prior to ini-
tial evaluation (ie, at admission), whereas 
data were labeled “discharge” when the 
patient completed the CAT at the time 
of discharge. FS score change (FSCH) 
was defined by subtracting the FS score 
at intake from the FS score at discharge 
(discharge FS – intake FS).

The Institutional Review Board for 
the Protection of Human Subjects from 
Focus On Therapeutic Outcomes, Inc ap-
proved this study.

A convenience sample of 10 287 patients 
with foot/ankle impairments receiving 
outpatient physical therapy in 276 outpa-
tient clinics in 30 states (United States) 
between January 2005 and June 2007 
was analyzed. Patient mean (SD) age 
was 47 (15) years (range, 18-94 years). 
Most were females (59%). Patients were 
managed for ankle (55%) or foot (45%) 
impairments. Most of the patients re-
ported their symptoms as chronic (44%) 
and subacute (34%) versus acute (11%) 
(this information for 11% of the patients 
were missing). Identification of medical 
or surgical diagnoses was optional in the 
data collection, but of the patients with 
medical/surgical codes, the most com-
mon diagnosis was soft tissue disorders of 
muscle, synovium, tendon, bursa, or en-
thesopathies (ICD-9 725-729) (33%) and 
sprains, and strains of ankle/foot (ICD-9 
codes 840-848) (8%). More detailed pa-
tient characteristics has been described 
elsewhere.20

Foot/Ankle CAT CAT is a form of com-
puter-based test administration, in which 
each patient takes a customized test and 
a computer administers items tailored to 
the current estimate of the patient’s abili-
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develop the functional staging, we first 
identified a conceptual framework/clas-
sification system that classifies lower 
extremity function into several hierarchi-
cal levels prior to analyzing the observed 
data. Second, we used item response 
theory,36 a mathematical measurement 
model, to determine the cut scores of 
each staging. Last, we described the ex-
pected performance of lower extremity 
function in each staging.
Step 1 To classify lower extremity func-
tion, we employed Perry’s41 classification 
of walking as the framework to con-
struct the staging levels. Conceptually, 
the functional staging system28,48,49,59 was 
established, based on hierarchical levels 
of functional performance according to 
predetermined standards as criterion va-
lidity. As defined,41 lower extremity func-
tion can be classified into 5 hierarchical 
functional levels: physiological ambula-
tor, limited household ambulator, inde-
pendent household ambulator, limited 
community ambulator, and independent 
community ambulator. Since the original 
target population of Perry’s classification 
was for patients who suffered a stroke, 
we established the functional staging of 
our foot/ankle CAT by merging 2 house-
hold ambulator levels (2 low functional 
levels), and then added a higher level of 
“active community ambulator” (a more 
challenging functional level), to further 
distinguish the functional performance 
of patients at the high end of function-
ing, which might be encountered in out-
patient rehabilitation.

By definition,41 a person was classi-
fied as a “physiological ambulator” (stage 
1) if an individual can walk for exercise 
purpose only. A “household ambulator” 
(stage 2) refers to an individual who can 
walk continuously for distances that are 
considered reasonable for inside the home 
but are limited by endurance, strength, or 
safety to walk in community. If an indi-
vidual can walk outside the home, he/she 
was referred to as “community ambula-
tor.” A “limited community ambulator” 
(stage 3) can walk regularly in the home 
and occasionally in the community. An 

assist in clinical interpretation of the FS 
derived from the foot/ankle CAT.

Briefly, patients’ global rating of 
change data were collected following 
CAT administration at discharge. The 
global rating of change data were deter-
mined in the following manner. Patients 
were asked how much better/worse their 
lower extremity functional status was af-
ter the intervention on a 15-point Likert-
type scale (–7 to +7). Examples of better 
response options, as compared to “no 
change” or “getting worse,” are (+1) “al-
most the same, hardly any better at all,” 
(+2) “a little better,” (+3) “somewhat bet-
ter,” (+4) “moderately better,” (+5) “a good 
deal better,” (+6) “a great deal better,” and 
(+7) “a very great deal better.” The mini-
mal clinically important improvement 
(MCII) for the global rating of change 
was defined at a cut score of +3 or great-
er.5 Using nonparametric receiver operat-
ing characteristic (ROC)9 curve analysis, 
the FS change (FSCH) was compared to 
the patient’s self-report of global rating 
of change to estimate the thresholds of 
the MCII for the CAT FS scores. Patients 
were dichotomized by their global rating 
of change scores as patients who did not 
improve (ie, global rating of change 3) 
versus patients who improved (ie, global 
rating of change 3).20 The ROC analysis 
generates a series of the sensitivity by (1 
– specificity) values across the FS score 
range, where the optimal MCII discrimi-
nation threshold (cut score) could be 
identified as the largest average of speci-
ficity and sensitivity. The MCII was esti-
mated (1) using all patients regardless of 
intake FS measure and (2) using patients 
grouped by quartile of baseline FS scores, 
because intake score affects MCII.54 Pa-
tients were described to have clinically 
important change if their FSCH exceeded 
the cut score of the MCII.

Functional staging refers to a set of hier-
archical outcome stages that can be used 
to classify a patient into different stage 
levels to describe an individual’s expected 
functional status within each stage.28 To 

“independent community ambulator” 
(stage 4) can walk for distances of at least 
400 m independently in the community 
without safety concerns. Last, an “active 
community ambulator” (stage 5) was de-
fined as a patient who not only can walk 
1.6 km with no difficulty but also can run 
on even ground with little difficulty. As 
defined, the higher functional staging in-
dicates that a patient can move around 
more independently in his/her own sur-
roundings, including home and commu-
nity environment.

Because our functional staging was 
determined based on the framework of 
the classification of walking ability, we 
selected 3 walking items as our primary 
interest: walking between rooms, walk-
ing a mile (1.6 km), and running on even 
ground. Four cut scores were identified to 
establish the 5 levels of functional stag-
ing. The cut score between a physiological 
and a household ambulator, and between 
a household ambulator and a limited 
community ambulator, were deter-
mined by finding the threshold between 
responses 1 and 2, and 3 and 4, for the 
item “walking between rooms.” The cut 
score between a limited community am-
bulator and an independent community 
ambulator was determined by finding the 
threshold between responses 2 and 3 for 
the item “walking a mile.” Finally, the cut 
score between an independent commu-
nity ambulator and an active community 
ambulator was determined by finding 
the threshold between responses 3 and 
4 for the item “running on even ground.” 
“Threshold” is a psychometric parameter 
that corresponds to a point on the FS 
scale that represents the 0.5 probability 
of being in 1 category, such as “quite a bit 
of difficulty,” or in the next higher catego-
ry, such as “moderate difficulty,” which we 
described further in next step.34

Step 2 To decide the cut scores between 
functional stages along the 0-to-100 FS 
continuous scale, we took advantage of 
the inherent feature of the item response 
theory.36 We first analyzed the original 
foot/ankle CAT item bank18 data employ-
ing the Andrich rating scale model3 that 
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Extremity Functional Scale dataset of 379 
patients with foot/ankle impairments, the 
internal consistency reliability coefficient 
was 0.96.18 With the standard deviation 
at intake equal to 14.77, the minimal 
score change (discharge FS – intake FS) 
to achieve minimal detectable change was 
6.89 FS score units (1.65  2  14.77  

1 – 0.96). Therefore, results supported 

was used to develop the CAT of the Lower 
Extremity Functional Scale.18 Within the 
rating scale model, each item is charac-
terized by the probability of choosing an 
item’s response at a given level of ability. 
The cut scores between functional stages 
were determined by finding the point on 
the FS scale where the probability of en-
dorsing one of the pair of contiguous re-
sponses is 0.5. For example, the cut score 
between a physiological and a household 
ambulator is determined by finding the 
cut score on the 0-to-100 FS scale, where 
the probability of endorsing the pair of 
contiguous responses (rating scale of 1 
and 2) is 0.5 for the item “walking be-
tween rooms.”
Step 3 Last, once the cut scores and con-
ceptual framework were established, we 
then described the expected performance 
of lower extremity function in each stag-
ing (ie, staging 1 to 5).

 presents the estimated 
standard errors associated with 
each FS point estimate score at 

intake and percentage of patients mea-
sured. Because the standard errors at 
discharge were similar to those at in-
take with average of 0.17 score unit dif-
ferences (0.00-0.42), we only presented 
standard errors associated with intake 
FS score estimations for brevity. On av-
erage, the standard error values for all 
levels of FS were 3.2, but the standard 
error values for the 96% of patients with 
FS intake scores between 20 and 80 was 
2.6. For all levels of FS, the 90% confi-
dence interval was FS point estimate 5 
(1.65  3.2); for patients with FS scores 
between 20 and 80, the 90% confidence 
interval was FS point estimate 4 (1.65 

 2.6).

The mean (SD) FS scores at intake and 
discharge were 49 (15) and 65 (18), re-
spectively. On average, patients improved 
17 FS score units. Percentile ranks at 25th, 

50th, and 75th percentiles corresponded 
to intake FS scores of 38, 47, and 57, and 
discharge FS scores of 52, 64, and 77, re-
spectively. lists detailed percentile 
ranks based on FS intake (PRi) and FS 
discharge scores (PRd).

Based on our previous full-length Lower 
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*Percentile ranks at 25th, 50th, and 75th percentiles corresponded to intake FS scores of 38, 47, and 57 
and discharge FS scores of 52, 64, and 77, respectively.

Foot/Ankle CAT Percentile Ranks Based  

on Intake and Discharge Functional  

Status Scores (0-100 Scale)*

20 2 0 46 46 14 66 90 56

25 3 0 48 54 18 68 92 59

30 9 1 50 60 22 70 94 63

32 11 2 52 64 25 72 95 67

34 15 3 54 69 28 75 97 72

36 18 4 56 74 33 85 99 84

38 25 6 58 78 38 90 99 90

40 30 7 60 82 43 95 99 92

42 36 9 62 85 47 97 100 93

44 41 11 64 87 52 99 100 100
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Lower stages (eg, stages 1-2) describe the 
patient’s lower extremity function as lim-
ited in walking for exercise only or walk-
ing between rooms, and higher stages 
(eg, stages 4-5) indicate that patients are 
more independent walking around their 
living environment and/or within the 
community. The threshold probability 
results identified 23 as the cut score be-
tween functional stage 1 and stage 2; and 
39 as the cut score between functional 
stage 2 and stage 3, and so forth.

Using , a patient’s expected 
performance can be described in 2 ways: 
(a) at a specific staging (eg, staging 3), 
and (b) at a specific point estimated score 
(eg, intake FS score of 45). For example, 
patients classified in functional staging 3 
(scores 40-52) report being limited com-
munity ambulators having moderate dif-
ficulty walking 2 blocks and report having 
quite a bit of difficulty walking a mile 
(1.6 km). Patients classified in functional 

(intake FS, 40-47), third (intake FS, 
48-57), and fourth quartile (intake FS, 
58-100) of FS intake measures.

 displays the functional staging 
of lower extremity function. This figure 
shows the expected response (the gray-
scale horizontal bars) to a given item as a 
function of the underlying lower extrem-
ity ability (FS), estimated by the foot/
ankle CAT. In this figure, all the foot/
ankle CAT items are listed in descend-
ing order of difficulty in the left column: 
more challenging items are listed on the 
top (eg, “running on uneven ground” and 
“making sharp turn”). Beneath the figure 
is the FS score continuum ranging from 
0 to 100 (higher values represent more 
functioning towards the right), separated 
by different levels of functional staging 
from stage 1 (left or lower functioning) 
to stage 5 (right or higher functioning). 

7 or more FS change units represented 
statistically reliable change.

Of the 1887 patients who had both glob-
al rating of change and FS change data, 
279 (15%) reported no change (ie, global 
rating of change 3), and 1608 (85%) 
reported improvement (global rating 
of change 3). Consistent with previ-
ous analysis,20 we found the following 
results regarding the ROC analyses for 
the cutoff points of the MCII. Overall, 
the analyses supported 8 or more FS 
change scores represented MCII. When 
patients were grouped by baseline FS 
measures and 4 separate analyses were 
conducted (1 per quartile of FS intake 
measures), results suggested that 12 
or more, 8 or more, 7 or more, and 5 
or more FSCH represented clinically 
meaningful improvement for patients 
in the first (intake FS, 0-39), second 

 

569323 52 FS Score (0-100) Cut-score 

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Running on uneven ground
Making sharp turns

Running on even ground
Hopping

Walking a mile (1.6 km)

Performing hobbies
Standing for 1 hour

Walking 2 blocks
Performing heavy activities

Doing work
Up/down 1 flight of stairs

Squatting

Performing light activities
Walking between rooms

Lifting an object
Getting into/out of bath
Getting into/out of a car

Putting on your shoes/socks

0 10 20 30 40 50 60 70 80 90 100

1. Physiological 
ambulator

2. Household 
ambulator

3. Limited 
community 
ambulator

4. Independent 
community 
ambulator

5. Active 
community 
ambulator

Extreme difficulty Quite a bit of difficulty Moderate difficulty A little bit of difficulty No difficulty

Functional staging of lower extremity function, foot/ankle CAT. This figure shows the expected response (the gray-scale horizontal bars) to a given item as a function 
of the underlying lower extremity ability (ie, FS) estimated by the foot/ankle CAT.
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to enhance clinically meaningful inter-
pretations of FS scores, we will answer 
the questions posed earlier in this manu-
script. Our patient (Dave) has fractured 
1 or more tarsal and metatarsal bones 
(ICD-825). Dave (male, age 55) came to 
the clinic due to limited function related 
to his foot fractures. His initial FS score 
was 36 at admission, and his discharge FS 
score was 63 (27 FSCH) after receiving 5 
outpatient therapy visits. He considered 

(stage 5). At discharge, the percents of 
patients in each functional stage at intake 
were 0.3% (stage 1), 6.0% (stage 2), 18.4% 
(stage 3), 28.1% (stage 4), and 47.2% 
(stage 5).  presents the frequency 
distribution of the functional staging 
classification based on intake (rows) and 
discharge FS scores (column).

To illustrate how to use these strategies 

staging 4 (scores, 53-65) are classified as 
independent community ambulators and 
report having a little bit to moderate dif-
ficulty walking for a mile (1.6 km), and 
report having moderate to quite a bit of 
difficulty to running on even ground. A 
simple guideline to interpret the staging 
levels is provided in .

The information displayed in  
and  can be used by the clinician to 
better understand the patient’s FS scores 
and expected performance during thera-
py. Note that patients may not answer all 
Lower Extremity Functional Scale items 
using the CAT; however, by using the 
displayed information, the clinician can 
develop a meaningful impression of the 
patient’s ability. For example, by drawing 
a vertical line over an FS measure (x-axis) 
on  (eg, FS score of 45), clinicians 
can see all the expected responses of all 
items. If a clinician has a patient’s FS 
scores reported at 2 points in time (eg, 
intake or any other time the CAT is ad-
ministered including discharge), the cli-
nician can track the patient’s progress by 
drawing 2 vertical lines and inspecting 
the overall FS change. The information 
is also useful when the clinician would 
like to understand the patient’s answer 
to a specific question asked at intake 
by the CAT but not asked by the CAT at 
discharge.

In this sample of patients with foot/
ankle impairments receiving outpatient 
physical therapy, the percents of patients 
in each functional staging at intake were 
2.5% (stage1), 24.5% (stage 2), 37.1% 
(stage 3), 23.9% (stage 4), and 11.9% 
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Case profile:                 
Intake FS = 36 
Discharge FS = 63 
FSCH = 27 
GROC = 6  

Running on uneven ground
Making sharp turns

Running on even ground
Hopping

Walking a mile (1.6 km)

Performing hobbies
Standing for 1 hour

Walking 2 blocks
Performing heavy activities
Doing work
Up/down 1 flight of stairs
Squatting

Performing light activities
Walking between rooms
Lifting an object
Getting into/out of bath
Getting into/out of a car
Putting on your shoes/socks
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Clinical example. The patient's (Dave's) responses are circled on the figure: lighter gray circles identify 
the responses at intake, and darker gray circles identify responses at discharge. Notation: 1, extreme difficulty or 
unable to perform activity; 2, quite a bit of difficulty; 3, moderate difficulty; 4, a little bit of difficulty; 5, no difficulty. 
Colon (:) is the threshold cut score between contiguous responses per item. Abbreviations: FSCH, functional score 
change (FS discharge – FS admission); GROC, global rating of change.

 
Functional Staging: Expected Performance  

at Each Functional Staging Level

FS score range 0-23 24-39 40-52 53-65 66-100

Activity Physiological ambulator Household ambulator Limited community ambulator Independent community ambulator Active community ambulator

Running on even ground Unable Unable Unable Moderate difficulty A little difficulty

Walking for a mile (1.6 km) Unable Unable A lot of difficulty A little difficulty No difficulty

Walking 2 blocks Unable A lot of difficulty Moderate difficulty A little difficulty No difficulty

Walking between rooms Unable Moderate difficulty A little difficulty No difficulty No difficulty
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esults of the current study 

followed approaches recommended 
by Jette,28 Hays,23 Schmitt and Di 

Fabio,46 and Stratford50 to derive more 
clinically meaningful interpretations of 
outcomes measures, which might facili-
tate use of these measures by clinicians 
in their routine clinical practice. Results 
suggested that the potential is good for 
CATs to not only efficiently generate es-
timates of functional status that are pre-
cise, valid, and sensitive to change, but 
also can have clinical meaning in medical 
research and clinical practice by adding 
clinical interpretation to the functional 
measures estimated by the CAT.

As described by Liang,32 providing 
information on function to clinicians has 
not led to changes in the process of care 
or to improved patient health. One of the 
reasons may be because clinicians are not 
trained to interpret such data to deter-
mine what should be done to improve 
function or measures that are used to 
assess groups of individuals and that are 
insensitive and unresponsive to clinically 
important changes. Therefore, instru-
ment developers should identify mean-
ingful intra-individual change and report 
clinical interpretation of those outcomes 
measures, so clinicians know how to use 
and apply the information into routine 
clinical practice.

considered clinically meaningful (FSCH, 
12 adjusted by quartile), as supported 

by “a great deal better” from Dave’s per-
spective. Inspecting Dave’s responses at 
discharge, he reported that he had only 
a little bit of difficulty walking 2 blocks 
and had moderate difficulty running on 
even ground, which is consistent with the 
expected performance proposed by the 
functional staging.

Clinicians commonly establish thera-
peutic goals and care planning based on 
the patients’ provisional conditions. To 
have a goal of reaching another function-
al stage or improving greater than MDC 
or MCII, given Dave’s discharge FS score 
of 63 as an example, he would need to 
improve an additional 5 FS units to dem-
onstrate MCII adjusted by quartile of FS 
measures, and 3 FS units to reach the 
next level of functional staging (stage 5), 
an active community ambulator. The key 
therapeutic tasks in training programs 
may be those that can enhance Dave 
to hop, run on even ground, and make 
sharp turns. After several visits, if Dave 
improved to an 68 FS score and above, 
the clinician might anticipate that Dave 
would achieve the minimum clinically 
important improvement (MCII, 5) and 
progress to the next functional staging as 
an active community ambulator (stage 
5) who could walk around his commu-
nity and run on even ground easily with 
a little bit of difficulty.

his overall improvement as “a great deal 
better” and reported the global rating of 
change as +6. To visualize his responses 
to our foot/ankle CAT, we plotted all his 
responses in . The structure of 

 is equivalent to that in 
2, but with circled patient’s responses: 
light gray circles identify the responses 
at intake, and dark gray circles identify 
responses at discharge.

The 90% confidence interval esti-
mate of his intake FS score was 32 to 40. 
Compared to other patients with a va-
riety of foot/ankle impairments, Dave’s 
percentile rank at intake (PRi) was 18, 
indicating that his lower extremity func-
tion (estimated by FS) exceeded 18% 
of the patients at intake who also had 
foot/ankle impairments. The functional 
staging algorithm classified Dave as a 
household ambulator (stage 2). Dave 
reported that he had quite a bit of dif-
ficulty walking 2 blocks (see responses 
from ).

At discharge, Dave’s 90% confidence 
interval estimate of his score was 59 to 67. 
Compared to other patients at discharge, 
Dave’s percentile rank at discharge (PRd) 
was 49. The functional staging classifica-
tion suggested that Dave had improved 
to an independent community ambu-
lator (stage 4). With an improvement 
of 27 FSCH, Dave’s improvement was 
considered statistically reliable (FSCH, 

7 minimal detectable change) and was 

 
Frequency Distribution of the Functional Staging Classification:  

Patients Were Classified Into Functional Staging Levels Based on  

Their Intake (Rows) and Discharge (Column) FS Scores

Abbreviation: FS, functional status.

Intake FS staging       

 1 8 42 27 26 21 124 2.5

 2 5 185 377 348 279 1194 24.5

 3 1 56 399 626 728 1810 37.1

 4 1 9 80 317 761 1168 23.9

 5 0 2 14 54 513 583 11.9

Total 15 294 897 1371 2302 4879 100

Percent (%) 0.3 6.0 18.4 28.1 47.2 100 
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supported that patients required 12, 8, 7, 
and 5 or more FSCH, adjusted by quartile 
(12.0%, 8.0%, 7.0%, and 5.0% of scale 
range), before perceiving clinically mean-
ingful or important change. In addition, 
some studies have shown MCII varies by 
symptom acuity (ie, acute versus chron-
ic).5 Future studies should investigate 
whether a universal index is sufficient to 
make clinical decisions or whether the 
index should be adjusted by critical pa-
rameters based on each patient’s charac-
teristics such as baseline score, age, acuity, 
and gender. Finally, some have reported 
that a simple interpretation of change in 
health-related measures could be based 
on half a baseline standard deviation 
guideline.39 Our results supported such a 
simple guideline with an intake standard 
deviation of about 15 in our sample.

Our decision to use a 90% confidence 
interval to determine the band width 
of a single scale score and sensitivity to 
change index was based on the follow-
ing. First, Binkley et al6 also reported 
90% confidence interval in their original 
Lower Extremity Functional Scale pub-
lication, which allowed direct compari-
sons. Second, we felt that measurement 
error based on 95% confidence interval 
may be too restrictive for clinical use. 
Third, we examined the differences be-
tween 90% versus 95% confidence inter-
val errors associated with point estimates 
and cut scores for MDC. Standard errors 
associated with point estimates were 4.29 
(1.65  2.6), based on 90% confidence 
interval, and 5.10 (1.96  2.6), based on 
95% confidence interval. The MDC90 and 
MDC95 were 6.89 and 8.19, respectively. 
Therefore, our results based on 90% con-
fidence interval may be less conservative, 
but the magnitudes of the differences 
between the 90% and 95% confidence 
intervals were small.

There is debate regarding use of the 
global rating of change for determining 
the minimal clinically important change. 
Cut scores of +2 to +3,24 +1 to +3,26 or 
greater than or equal to +35,20,21,22 have 
been used to represent minimal clini-
cally important change on a 15-point 

6.5, but the mean MDC90 value for the 
94% of patients with FS intake scores be-
tween 20 and 70 was 5.7. Item response 
theory-based estimates were slightly bet-
ter than estimates based on entire scale 
reliability estimates, but the differences 
were not dramatic. These findings sug-
gest the foot/ankle CAT was more pre-
cise and sensitive to change in the middle 
range of FS scores, where most FS scores 
were recorded, which was expected.20-22 
Future studies should investigate issues 
related to sensitivity to change at extreme 
scores and where MDC is estimated over 
smaller FS scale ranges along the entire 
FS scale.

Compared to the Lower Extremity 
Functional Scale,6 there were some simi-
larities and differences regarding the 
sensitivity to change coefficients (MDC 
and MCII index). Based on the original 
scale development and validation (score 
range, 0-80), Binkley et al6 reported that 
the MDC90 was 9 out of 80 (11.3% of 
scale range) scale points, and the mini-
mal clinically important difference was 
9 out of 80 (11.3% of scale range) scale 
points. Using CAT data, the MDC90 was 
7 out of 100 (7.0% of scale range), and the 
analyses supported 8 or more out of 100 
FS change scores (8.0% of scale range) 
represented MCII. These results suggest 
that administration of the Lower Extrem-
ity Functional Scale by CAT may have im-
proved measure sensitivity to change and 
responsiveness, possibly because item 
response theory methods improve linear-
ity of categorically scored scales,37 or the 
CAT administration algorithm admin-
isters the most informative items given 
the patient’s current FS estimate, which 
should improve measure precision.15,27 In 
addition, administration of the CAT with 
large sample size also helps to stabilize 
the item/person parameters and reduce 
measurement error.

To improve assessment of important 
change, we have estimated the MCII us-
ing patients grouped by quartile of base-
line FS scores, because several studies 
show that important change is dependent 
on baseline scores.13,20-22,31,40,44,53,54 Results 

To enhance clinical interpretability 
of the CAT-estimated FS measures, we 
integrated several different approaches. 
These approaches include not only tra-
ditional score distribution (ie, point esti-
mate, percentile rank) but also sensitivity 
to change (MDC) and responsiveness 
(MCII) indices, and functional staging.

Even with these approaches, there are 
several concerns requiring further con-
sideration when clinically interpreting 
foot/ankle CAT FS measures. One con-
cern is the interpretation of standard er-
ror. While the error term in classical test 
theory is constant across the score range, 
the error term varies under item response 
theory models. Extreme scores are likely 
to have larger standard errors, because 
less information can be used to estimate 
the item/person parameters at the scale 
extremes. As a result, standard errors at 
extremes of measurement ranges tend to 
make conclusions about patient ability 
difficult, as shown in . One solu-
tion is to add items at scale extremes (ie, 
very challenging and very easy items) to 
have wider content coverage and to re-
duce the standard error associated with 
extreme scores.14

Similar concerns apply when we com-
puted the sensitivity to change index 
MDC based on a reliability estimate for 
the whole scale; because measurement 
reliability varies by score level under 
item response theory models, our results 
may be confusing. In the current study, 
we used a single internal consistency re-
liability coefficient and a constant stan-
dard deviation to estimate a scale MDC. 
The minimal score change (discharge FS 
– intake FS) for statistical significance (z 
score to be 1.65 or larger) was 6.89 FS 
score units. Because we acknowledged 
that measurement error is conditional on 
the measured value (ie, error varies across 
the scale range), we then computed the 
MDC90 based on conditional standard 
error of measurement to take advantage 
of different item response theory-based 
standard error for each score level using 
the same data.20 Results showed that the 
mean of MDC90 values for all patients was 
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 Increased use of computer-
ized adaptive tests to estimate out-
comes measures in rehabilitation has 
stimulated questions concerning score 
interpretation. We described meaning-
ful interpretations of functional status 
outcomes measures estimated using a 
body-part–specific foot/ankle CAT.

 Results demonstrate how 
the foot/ankle CAT outcomes measures 
can be interpreted to improve clinical 
meaning, which might facilitate clini-
cians to use patient-reported outcomes 
during rehabilitation services.

 Although the foot/ankle CAT 
currently is used routinely in many 
outpatient rehabilitation clinics across 
the United States and Israel, further 
validation of the clinical interpretation 
approaches are needed.

evant.59 Further studies should validate 
our functional staging classification and 
check to see if different functional stag-
ing should be established for distinct 
diagnostic groups of patients.

There are several limitations of this 
study. First, this study was a secondary 
analysis of prospectively collected data 
via a proprietary database management 
company, Focus On Therapeutic Out-
comes, Inc. The researchers were not in 
control of the data collection procedure 
and generalizability of results may be 
limited to participating clinics because 
there was the potential for patient se-
lection biases related to differences in 
characteristics of patients being treated 
in participating clinics compared to clin-
ics not participating. To ensure the qual-
ity of data, computer software was used 
to check data entry errors at the time of 
data collection, and data were rechecked 
during data analyses. In addition, based 
on the fact that the foot/ankle CAT was 
administered in 276 outpatient physical 
therapy clinics in 30 States and the data 
set was large, we believe the potential 
for patient selection bias was reduced, 
though the true impact is unknown.

W
e demonstrated clinically 
meaningful interpretations of 
patient-reported FS outcomes 

measures estimated using a body-part–
specific CAT for use in routine clinical 
practice. With clinical interpretation and 
the immediate test scoring and reporting 
using CAT administration, administra-
tors, clinicians, researchers, and policy 
makers will benefit as more information 
describing patients’ functional outcomes 
and other constructs can be assessed, 
displayed, reported, and interpreted. 
Currently, the foot/ankle CAT is used 
routinely in many outpatient rehabilita-
tion clinics across the United States and 
Israel, suggesting its efficiency and us-
ability. Our results should improve the 
clinical interpretation of the measures 
and stimulate future studies. 

Likert scale. In this study, we chose the 
upper limit of +3 or more because pre-
vious studies demonstrated that this cut 
score provided adequate assessment of 
important improvement. In addition, 
the validity of utilizing a retrospective 
global rating of change approach has 
been criticized45 because of the poten-
tial for recall bias and because the rating 
results might be influenced by status at 
discharge, as the global rating of change 
relies on retrospective judgments experi-
enced over weeks or months. Nonethe-
less, many researchers have proposed 
the retrospective global rating of change 
approach as one external anchor to cap-
ture a patient’s subjective perception of 
important improvement, along with ROC 
analyses, is a valid sensitivity-to-change 
method.5,20-22,24,26,52 Use of the global rat-
ing of change represents only one way of 
estimating important improvement, and 
we recommend use of several methods to 
improve interpretation of change.

One of the strengths of this study 
is the functional staging performed to 
enhance clinical interpretation of the 
foot/ankle CAT-generated outcomes 
measures. Functional staging, when de-
veloped using sophisticated psychomet-
ric methods, like item response theory, 
identifies hierarchical FS levels to which 
patients’ progress may be compared and 
monitored. Using the visual display of 
the functional stages, a clinician could 
identify expected response patterns re-
lated to underlying FS measures. When 
displayed, clinicians easily can apply 
item response theory results directly 
to each patient’s FS score, facilitating 
interpretation of the Lower Extremity 
Functional Scale score obtained in the 
clinic using the CAT. In these analyses, 
item response theory methods facili-
tated identification of cut scores for the 
staging classifications by matching an a 
priori conceptual model to thresholds 
developed using a mathematical mea-
surement model. During this process, 
researchers risk identifying arbitrary 
thresholds based on polytomous re-
sponses that might not be clinically rel-
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