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Background. The increasing use of computerized adaptive tests (CATs) to gen-
erate outcome measures during rehabilitation has prompted questions concerning
score interpretation.

Objective. The purpose of this study was to describe meaningful interpretations
of functional status (FS) outcome measures estimated with a body part–specific CAT
developed from the Lower-Extremity Functional Scale (LEFS).

Design. This investigation was a prospective cohort study of 8,714 people who
had hip impairments and were receiving physical therapy in 257 outpatient clinics in
31 states (United States) between January 2005 and June 2007.

Methods. Four approaches were used to clinically interpret outcome data. First,
the standard error of the estimate was used to construct the 90% confidence interval
for each CAT-generated score estimate. Second, percentile ranks were applied to FS
scores. Third, 2 threshold approaches were used to define individual subject–level
change: statistically reliable change and clinically important change. The fourth
approach was a functional staging method.

Results. The precision of a single score was estimated from the FS score �4. On
the basis of the score distribution, 25th, 50th, and 75th percentile ranks corre-
sponded to intake FS scores of 40, 48, and 59 and discharge FS scores of 50, 61, and
75, respectively. The reliable change index supported the conclusion that changes in
FS scores of 7 or more units represented statistically reliable change, and receiver
operating characteristic analyses supported the conclusion that changes in FS scores
of 6 or more units represented minimal clinically important improvement. Partici-
pants were classified into 5 hierarchical levels of FS using a functional staging
method.

Limitations. Because this study was a secondary analysis of prospectively col-
lected data via a proprietary database management company, generalizability of
results may be limited to participating clinics.

Conclusions. The results demonstrated how outcome measures generated from
the hip LEFS CAT can be interpreted to improve clinical meaning. This finding might
facilitate the use of patient-reported outcomes by clinicians during rehabilitation
services.
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Measures of health status that
are based on patient-reported
outcomes (PROs) are rou-

tinely used in clinical trials, obser-
vational studies, medical research,
and clinical practice.1–6 Measures
from PROs represent patient-centered
measures and are recommended by
the Institute of Medicine7 and the
US Food and Drug Administration8

because such measures provide pa-
tients’ perceptions of their health
status without a third party’s inter-
pretation and allow clinics to quan-
tify the effectiveness of their treat-
ments9–11 and monitor patients’
progress.12 As a result, the number
of initiatives designed to assess qual-
ity (ie, change in health status) or
describe value-based purchasing (ie,
payment based on quality or cost) is
on the rise13; one such initiative has
been simulated for outpatient reha-
bilitation with PROs.9

The use of PROs during rehabilita-
tion is increasing, but one barrier to
integrating PRO measures into clini-
cal practice is that scores often do
not have meaning for clinicians.5,14

Many PRO measures have strong re-
liability and validity and are sensitive
to change, but relatively few have
been shown to present clinically
meaningful information.15 There-
fore, one of the challenges facing
PRO developers is describing the
clinical meaning of PRO measures
and any differences observed, that is,
clinically meaningful or important
changes that can be used to deter-
mine whether score changes indi-
cate true and meaningful changes in
follow-up or outcome studies. An-
other challenge is communicating
scores derived from standardized
outcome measures to clinicians di-
rectly involved with patient care.
The lack of clinical interpretation of
derived outcome measures impedes
clinicians’ use of the outcome mea-
sures during treatment of patients.16

The present study builds on pre-
vious work in which we developed,
simulated, and applied body part–
specific computerized adaptive tests
(CATs)17–22 for people seeking reha-
bilitation for a variety of impair-
ments in outpatient physical therapy
clinics. Here, we examine the clini-
cal interpretation of patient-reported
measures of functional status (FS)
estimated with a CAT for people
with hip impairments18,20 managed
in outpatient therapy clinics partici-
pating with Focus On Therapeutic
Outcomes, Inc (an international
medical rehabilitation outcome data-
base management company).23–25

The use of CATs offers several ad-
vantages over standard computer-
administered or paper-and-pencil
outcome instruments. Instead of ex-
aminees being given the same fixed
test, items are selected according to
an examinee’s ability. After each re-
sponse, the examinee’s ability esti-
mate is updated, and a subsequent
item that optimizes the psychomet-
ric properties of the new estimate is
selected.26 Consequently, the num-
ber of items administered is mini-
mized while measure precision is
maintained. Functional status as-
sessed with the hip CAT18,20 is oper-
ationally defined as a patient’s per-
ception of his or her ability to
perform functional tasks.

The development,20 simulation,20

and use18 of the hip CAT were de-
scribed previously. In brief, the item
bank for the hip CAT20 was devel-
oped with items from the Lower-
Extremity Functional Scale (LEFS),14

which has strong psychomet-
rics14,27–29 and broad clinical and
research acceptance.15 Previous re-
sults indicated that the LEFS CAT
met the essential item response
theory (IRT) assumptions of item
unidimensionality and local inde-
pendence.20 The LEFS items demon-
strated differential item function-
ing30 for the lower extremity
affected (hip, knee, or foot/ankle);

that is, item difficulty parameter es-
timates varied across different body
part impairment groups after a pa-
tient’s underlying ability was con-
trolled for. For instance, people with
knee or hip impairments perceived
walking to be easier than people
with foot/ankle impairments for
walking between rooms, walking 2
blocks, walking 1.6 km (1 mile), and
running.20 People with knee im-
pairments perceived squatting to be
more difficult compared with people
with foot/ankle impairments.20 There-
fore, the hip CAT was developed
with items calibrated on the basis of
data from people with hip impair-
ments, making the hip CAT a body
part–specific or condition-specific
CAT.

When administered, on average, the
hip CAT used 7 items to produce
precise estimates of FS that ade-
quately covered the content range
with negligible floor and ceiling ef-
fects and that discriminated people
in known clinical groups well. Peo-
ple who were older, had more
chronic symptoms, had more surger-
ies, had more comorbidities, and did
not exercise before receiving reha-
bilitation reported poorer (ie, lower)
discharge FS than other people
when intake FS was controlled for.18

Nonparametric receiver operating
characteristic (ROC)31 analyses indi-
cated that changes in FS scores of 6
or more units represented minimal
clinically important improvement.
When people were grouped by
baseline FS measures and 4 separate
ROC analyses were conducted (1 per
quartile of intake FS measures), the
results suggested that changes in
FS scores of 11 or more, 6 or more, 4
or more, and 2 or more units repre-
sented clinically meaningful im-
provement for people in the first
(intake FS, 0–40), second (intake
FS, 40–48), third (intake FS, 48–59),
and fourth (intake FS, 59–100)
quartiles of intake FS measures,
respectively.18

Interpretation of LEFS CAT
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Clinically meaningful interpretations
of the hip CAT have not been stud-
ied. For example, if a patient with a
hip sprain presented in therapy with
an intake FS score of 30, the follow-
ing questions might be asked. How
confident can I be about a reported
score? How does my patient’s FS
score compare with the scores of
other patients? How much change is
likely to represent a true change?
How much improvement is likely
to represent improvement that is
clinically important to the patient?
What does a specific score mean?
To answer these questions, we con-
structed the 90% confidence interval
(CI) for each score point estimate;
established percentile ranks for FS
scores; assessed statistically reliable
change; assessed clinically impor-
tant improvement; and described a
functional staging approach. The
first 4 methods provided statistical
indexes, and the fifth method pro-
vided a graphical presentation to
guide the clinical interpretation of a
patient’s improvement in FS.

Method
Data Collection
The data collection process and the
sample were described previously.18

In brief, data were collected by use
of Patient Inquiry computer soft-
ware.*,23–25 People seeking rehabilita-
tion entered demographic data by us-
ing a computer in the clinic before
their initial evaluation and therapy.
Clinical staff could administer the
CAT during physical therapy visits as
a follow-up evaluation to monitor an
individual’s status. Data were labeled
“intake” when the CAT was com-
pleted before the initial evaluation
(ie, at admission); data were labeled
“discharge” when the CAT was com-
pleted at the time of discharge. The
FS score change was defined by sub-
tracting the FS score at intake from
the FS score at discharge.

Data were selected from the CAT
database if people were receiving
treatment for a hip impairment (op-
erationally defined as an orthopedic
impairment of the pelvis, hip, or up-
per leg); if they were receiving out-
patient physical therapy in clinics
participating with Focus On Thera-
peutic Outcomes, Inc, in the United
States between January 2005 and
June 2007; and if they completed the
LEFS CAT.

Setting and Participants
A convenience sample of 8,714 peo-
ple who had hip impairments and
were receiving outpatient physical
therapy in 257 outpatient clinics in
31 states (United States) was ana-
lyzed. As described previously,18

the mean age of the participants
was 56 years (SD�17, range�18–
102). Most of the participants were
women (63%). The participants were
receiving treatment for hip (68%),
upper-leg (25%), or pelvic (7%) im-
pairments. Most of the participants
reported that their symptoms were
chronic (52%). The most common
medical or surgical diagnoses were
soft-tissue disorders of muscle, syno-
vium, tendon, or bursa or enthesopa-
thies (ICD-9 codes 725–729) (30%)
and postsurgical conditions (CPT
codes 20150–29999, including total
hip replacement and open treatment
of greater trochanteric fracture)
(6%). More-detailed characteristics of
the participants were described
previously.18

Hip LEFS CAT
During routine administration in the
clinic, the CAT items were presented
by asking the individual, “Today, do
you or would you have any difficulty
at all with:” followed by activities
such as “performing heavy activities
around your home.” The computer
used the 5 original LEFS response

categories. The LEFS rating scale cat-
egories are: (1) “extreme difficulty or
unable to perform,” (2) “quite a bit
of difficulty,” (3) “moderate diffi-
culty,” (4) “a little bit of difficulty,”
and (5) “no difficulty.” In addition,
the participant could elect “not ap-
plicable” for any item; this response
was recorded as missing data and
was not used in the FS estimation.

CAT Algorithm
As described previously,18,20 the hip
CAT used an item bank developed
from the LEFS.14 In brief, the adap-
tive test started with the administra-
tion of the most informative32 item at
a median level of difficulty (eg, going
up or down 10 stairs, about one
flight of stairs). A participant’s ability
(FS) and associated standard errors
(SE) were estimated.33 There were 2
stopping rules: (1) the SE for the pro-
visional ability was less than 4 of 100
FS units (ability estimates were
scaled from 0 to 100, with higher
measures representing higher func-
tioning), and (2) each change in pro-
visional ability estimates for the last
3 administered items was less than 1
of 100.20 If a stopping rule was not
met, the computer selected the most
informative item given the current
FS estimate. The computer contin-
ued to administer items until a stop-
ping rule was satisfied, at which time
a final estimate of ability and its SE
were provided. The final FS score
represented a point estimate of the
lower-extremity FS of each partici-
pant on a scale from 0 to 100,
with higher measures representing
higher functioning. When this CAT
algorithm is used, an individual can
receive different set of items when
taking CATs at different times, de-
pending on changes in the person’s
FS. Figure 1 summarizes the CAT
algorithm.

* Focus On Therapeutic Outcomes, Inc, PO
Box 11444, Knoxville, TN 37939-1444.
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Approaches to Deriving
Meaningful Interpretations of
Measurements
Interpreting a single scale score:
How confident can I be about a
reported score? Because the final
FS score represented a point esti-
mate of the FS of each participant,
the 90% CI associated with the FS
score point estimate was con-
structed to provide an estimate of
precision. The width of the CI band
represented an estimate of the pre-

cision of the measure. If a participant
had a discharge FS score overlapping
the 90% CI range of the intake FS
score, the score change might not
represent improvement but instead
might be attributable to measure-
ment error.

Establishing the percentile rank
of an FS score: How does my pa-
tient compare with others? The
percentile rank of a score represents
the percentage of scores in a distri-

bution to which a specific score is
greater than or equal to in a defined
population. The percentile rank pro-
vides additional information regard-
ing the location of a patient’s condi-
tion along the functional continuum
relative to the condition of a group
of people with similar characteris-
tics. Although the percentile rank
could be based on a healthy popula-
tion, we believed that people in such
a population (a more general norm)
would probably respond “no diffi-
culty” to LEFS items or would obtain
nearly maximum scores on the hip
CAT (ie, FS scores close to 100).
Therefore, we used the percentile
rank to provide additional informa-
tion regarding the location of a pa-
tient’s condition along the functional
continuum relative to the condition
of a group of people with similar hip
impairments. To accommodate dif-
ferences in FS scores at intake and at
discharge, we generated 2 percentile
ranks: a percentile rank for people at
intake and a percentile rank for peo-
ple at discharge.

Using 2 threshold approaches to
define individual patient-level
change. To examine the sensitiv-
ity of change, we used 2 threshold
approaches to define individual
patient-level change: statistically reli-
able change and clinically important
change.34

How much change is likely to rep-
resent a true change? Statisti-
cally reliable change reflects the sta-
tistical significance of individual
change. We computed the reliable
change index (RCI),17,35,36 a z test of
a longitudinal change between in-
take and discharge, by using the
following mathematical formula:
RCI�(X2�X1)/(��2(1�r)), where
X2 is the score at discharge, X1 is
the score at intake, � is the stan-
dard deviation of the score at intake,
and r is the reliability coefficient.
When the RCI is 1.65 or larger,
change is considered statistically re-

Figure 1.
Lower-Extremity Functional Scale–derived computerized adaptive test (CAT) algorithm.
FS�functional status.
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liable or significant at P�.10.35 As
computed, the minimal score change
(ie, FS score change) required for a
statistically reliable change (X2�X1�
1.65��2���(1�r)) is equivalent to
the upper limit of the 90% CI of the
minimal detectable change (MDC90).
The RCI and minimal detectable
change statistics can be interpreted,
as 90% of truly stable people will dis-
play random fluctuations when as-
sessed on 2 occasions within the range
of MDC90.

37,38 Therefore, the MDC90

represents the smallest threshold for
identifying statistically reliable change
that is greater than random measure-
ment error. A 90% CI was selected so
that the results could be compared di-
rectly with the results of initial LEFS
testing.14

How much improvement is likely
to represent an improvement
that is clinically important to a
patient? To assess clinically im-
portant change,17,39–41 as recom-
mended by Stratford and Riddle,42

we used an anchor-based longitudi-
nal method43,44 and a 15-point Likert-
type scale (�7 to �7)† to provide a
global rating of change.40 Minimal
clinically important improvement
was defined as a cut score of �3 or
greater (�3�somewhat better). The
threshold was determined with non-
parametric ROC31 analyses. The re-
sults were reported previously.18

Here, we used the results to assist in
the clinical interpretation of the FS
derived from the hip CAT.

Using a functional staging ap-
proach: what does a specific
score mean? Functional staging
involves the classification of a pa-
tient into hierarchical outcome

stages for the purpose of describing
the patient’s expected FS in each
stage.5 The development of a func-
tional staging approach involves 3
steps: select a conceptual model or
classification system that has hierar-
chical order and is in accordance
with the underlying measurement
construct, determine cut scores on
the basis of the staging definitions
established in the first step, and spec-
ify the expected performance in
each stage.

Select a conceptual model. To
classify lower-extremity function,
we used the classification of walking
described by Perry et al45 as the
framework to construct the stages.
As defined by Perry et al,45 lower-
extremity function can be classified
into several hierarchical functional
levels: physiological ambulator, lim-
ited household ambulator, indepen-
dent household ambulator, limited
community ambulator, and indepen-
dent community ambulator. Because
the original target population in
the classification of Perry et al was
people who had sustained a stroke,
we established the functional stag-
ing approach for our hip CAT by
combining 2 “household ambulator”
levels (2 low functional levels) and
then added a higher level, “active
community ambulator” (a more
challenging functional level), to fur-
ther distinguish the functional per-
formance of subjects at the high end
of functioning.

By definition,45 a “physiological am-
bulator” is an individual who can
walk only for the purpose of exer-
cise (stage 1). A “household ambula-
tor” is an individual who can walk
continuously for distances that are
considered reasonable for walking
inside the home but limited for walk-
ing in the community because of en-
durance, strength, or safety concerns
(stage 2). A “limited community am-
bulator” is an individual who can
walk regularly in the home and oc-

casionally in the community (stage
3). An “independent community am-
bulator” is an individual who can
walk for distances of at least 400 m
(0.25 mile) independently in the
community without physical or
safety concerns (stage 4). Finally, an
“active community ambulator” was
defined as a individual who not only
can walk 1.6 km (1 mile) with no
difficulty but also can run on even
ground with little difficulty (stage 5).

Determine the cut scores. Be-
cause our functional staging ap-
proach was based on the framework
of the classification of walking abil-
ity, we selected specific walking
items as our primary interest: walk-
ing between rooms, walking 2
blocks, walking 1 mile, and running
on even ground. Four cut scores
were needed to establish functional
stages 1 to 5.

To determine the cut scores for func-
tional stages along the FS continuous
scale from 0 to 100, we took advan-
tage of the inherent feature of IRT
mathematics.32 We first analyzed the
original hip CAT item bank20 data
by using the Andrich46 rating scale
IRT model. This measurement model
was selected because it is a latent
structure model for polytomous re-
sponses to a set of test items and
because it was the model used to
develop the hip CAT. Within the
Andrich46 rating scale IRT model,
each item was characterized by its
category structure measure informa-
tion (ie, category probability curve),
which illustrates the probability of
endorsing the response to an item
at a given level of ability. The cut
scores between functional stages
were determined by finding the “cat-
egory boundaries” on the ability con-
tinuum at which the probability of
endorsing one of the pair of contig-
uous responses was .5. Here, we use
the term “category boundaries” to
refer to the structure calibration (ie,
Andrich threshold) or step calibra-

† Examples of “better” response options, as
compared with no change or getting worse,
are: 0 (“almost the same”), �1 (“hardly any
better at all”), �2 (“a little better”), �3
(“somewhat better”), �4 (“moderately bet-
ter”), �5 (“a good deal better”), �6 (“a great
deal better”), and �7 (“a very great deal bet-
ter”).
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tion at which adjacent categories
were equally probable.

We performed an exploratory analy-
sis on the basis of our initial defined
hierarchical stages to identify item
category thresholds for specific
items for which patients at a given
stage were very likely (ie, a probabil-
ity of at least 50%) to achieve the
performance described. As a result,
the cut scores between a physiolog-
ical ambulator and a household am-
bulator and between a household
ambulator and a limited community
ambulator were determined by find-
ing the thresholds between the “1”
and “2” responses and between the
“3” and “4” responses for the item
“walking between rooms” (see orig-
inal LEFS rating scale categories in
earlier description of hip LEFS CAT).
The cut score between a limited
community ambulator and an inde-
pendent community ambulator was
determined by finding the threshold
between the “2” and “3” responses
for the item “walking 1.6 km (1
mile).” Finally, the cut score between
an independent community ambula-
tor and an active community ambu-
lator was determined by finding the
lower threshold between the “3” and
“4” responses for the item “running
on even ground.”

Specify the expected performance.
Once the initial conceptual functional
staging approach was developed and
the cut scores were determined by the
structure calibration, we specified the
expected performance in each stage
on the basis of the Andrich46 rating
scale IRT measurement model. Here,
the expected performance represents
the response categories that a subject
most likely would report.

Results
Interpreting a Single Scale Score:
How Confident Can I Be About a
Reported Score?
The SEs at discharge were similar to
the SEs at intake, with differences
of 0 to 0.25 score unit. Here, for
brevity, we present only SEs associ-
ated with intake FS score estimates.
On average, the SE for all levels of FS
was 2.9, and the SE for 96% of sub-
jects with FS intake scores between
20 and 80 was 2.4. For all levels of
FS, the 90% CI was FS point estimate
�5, and the 90% CI for participants
with FS scores between 20 and 80
was FS point estimate �4.

Establishing the Percentile Rank
of an FS Score: How Does My
Patient Compare With Others?
The mean FS scores at intake and
discharge were 49 (SD�15) and 63

(SD�18), respectively. On average,
subjects improved by 13 FS score
units. The 25th, 50th, and 75th per-
centile ranks corresponded to intake
FS scores of 40, 48, and 59 and dis-
charge FS scores of 50, 61, and 75,
respectively. Table 1 lists detailed
percentile ranks based on FS intake
scores and FS discharge scores.

Using Threshold Approaches to
Define Meaningful Change
How much change is likely to rep-
resent a true change? On the ba-
sis of our previous full-length LEFS
data set of 444 subjects with hip
impairments, the internal consis-
tency reliability coefficient was
.96.20 With a standard deviation at
intake of 15, the minimal score
change (discharge FS � intake FS)
needed for the RCI to be 1.65 or
larger was 7 FS score units. There-
fore, RCI analyses indicated that
changes in FS scores of 7 or more
units represented statistically reli-
able change.

How much improvement is likely
to represent an improvement
that is clinically important to the
patient? As described previously,18

ROC31 analyses indicated that changes
in FS scores of 11 or more, 6 or
more, 4 or more, and 2 or more units

Table 1.
Hip Computerized Adaptive Test (CAT) Percentile Ranks Based on Intake and Discharge Functional Status (FS) Scoresa

Score PRi (%) PRd (%) Score PRi (%) PRd (%) Score PRi (%) PRd (%)

20 1.9 0.3 46 45.8 17.7 66 89.0 61.6

25 3.3 0.5 48 51.4 21.8 68 91.1 65.4

30 7.2 1.1 50 56.1 26.5 70 92.6 68.5

32 9.7 1.7 52 60.8 31.0 72 93.9 71.6

34 12.9 2.8 54 66.4 36.3 75 95.4 76.1

36 17.3 4.0 56 70.0 39.7 85 97.7 84.1

38 22.2 5.7 58 74.7 44.9 90 98.6 89.8

40 27.7 8.2 60 78.9 48.5 95 98.9 91.6

42 32.6 10.7 62 82.0 52.7 97 99.0 93.0

44 40.6 14.6 64 85.6 56.5 98 100.0 100.0

a The scale ranged from 0 to 100. Scores were estimated with the hip CAT at intake or discharge. The 25th, 50th, and 75th percentile ranks corresponded
to intake FS scores of 40, 48, and 59 and discharge FS scores of 50, 61, and 75, respectively. PRi�percentile rank at intake, PRd�percentile rank at
discharge.
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represented clinically meaningful im-
provement for subjects in the first
(intake FS, 0–40), second (intake FS,
40–48), third (intake FS, 48–59),
and fourth (intake FS, 59–100)
quartiles of FS intake measures,
respectively.

Using a Functional Staging
Approach: What Does a Specific
Score Mean?
Figure 2 displays the functional stag-
ing of lower-extremity function. The
expected response (the gray scale
horizontal bars) to a given item is
shown as a function of the underly-

ing lower-extremity ability (ie, FS)
estimated with the hip CAT. All of
the hip CAT items are listed in de-
scending order of difficulty at the left
side of Figure 2; more-challenging
items are listed at the top. Figure 2
also displays the FS score continuum
ranging from 0 to 100 (higher values

Table 2.
Performance Expected in Each Functional Stage

Stage

Functional
Status Score

Range Classification

Performance

Running on
Even Ground

Walking 1.6
km (1 Mile)

Walking 2
Blocks

Walking
Between Rooms

1 0–20 Physiological ambulator Unable Unable Unable Unable

2 21–35 Household ambulator Unable Unable A lot of difficulty Moderate difficulty

3 36–48 Limited community
ambulator

Unable A lot of difficulty Moderate difficulty A little difficulty

4 49–61 Independent community
ambulator

Moderate difficulty A little difficulty A little difficulty No difficulty

5 62–100 Active community
ambulator

A little difficulty No difficulty No difficulty No difficulty

Figure 2.
Functional staging of lower-extremity function with the hip computerized adaptive test.
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represent higher functioning to-
ward the right) and separated by dif-
ferent levels of functional staging
from stage 1 (left or lower function-
ing) to stage 5 (right or higher func-
tioning). Lower stages (eg, stages 1
and 2) described a participant’s lower-
extremity function as limited (walk-
ing between rooms), and higher
stages (eg, stages 4 and 5) indicated
that a participant was more indepen-
dent (walking in the community).
The threshold probability results
identified 20 as the cut score be-
tween functional stages 1 and stage
2, 35 as the cut score between func-
tional stages 2 and stage 3, and so
forth.

The expected performance at a par-
ticular FS score could be easily in-
spected by drawing a vertical line
over the measure (x-axis) on Figure
2. For example, if a subject had an FS
measure of 40 at intake, then the
expected performance of this sub-
ject would be a little bit of difficulty
walking between rooms; moderate
difficulty getting into or out of a bath
and walking 2 blocks; quite a bit of
difficulty squatting, standing for 1
hour, and performing hobbies; and
extreme difficulty hopping, running
on even ground, and making sharp
turns.

Using the functional staging method,
we could compare a participant’s

FS score with the functional stages
to better interpret the participant’s
FS score. For example, participants
classified in functional stage 3
(scores�36–48) reported being lim-
ited community ambulators, having
moderate difficulty walking 2 blocks
and having quite a bit of difficulty to
extreme difficulty walking 1.6 km
(1 mile). Participants classified in
functional stage 4 (scores�49–61)
reported being independent commu-
nity ambulators, having a little bit of
difficulty to moderate difficulty walk-
ing 1.6 km (1 mile) and having mod-
erate difficulty to quite a bit of diffi-
culty running on even ground.

A guideline for interpreting FS stages
is provided in Table 2, in which the
expected performance of walking
items in each stage is specified and
simplified for easy use. We also sim-
plified the original LEFS rating scale
categories and replaced them with
“unable” (if the expected response
was “extreme difficulty”), “a lot of
difficulty” (for “quite a bit of diffi-
culty”), “moderate difficulty,” “a lit-
tle difficulty” (for “a little bit of diffi-
culty”), and “no difficulty.”

We then classified participants with
hip impairments by using our func-
tional staging method. For our sam-
ple of 8,714 participants receiving
therapy for hip impairments, both
intake and discharge data were avail-

able for 4,032 participants (ie, 46%
completion rate). Of these 4,032 par-
ticipants, 2,204 (55%) improved to
the next (ie, higher) functional stage
from intake to discharge, and 220
(5%) dropped to a lower functional
stage.

Table 3 shows the frequency distri-
bution of the functional stage classi-
fication on the basis of intake and
discharge FS scores. The percent-
ages of participants in each func-
tional stage at intake were 1.3%
(stage 1), 12.2% (stage 2), 36.9%
(stage 3), 30.1% (stage 4), and 19.5%
(stage 5). At discharge, the percent-
ages of participants in each func-
tional stage at intake were 0.3%
(stage 1), 3.2% (stage 2), 18.2%
(stage 3), 28.4% (stage 4), and 49.8%
(stage 5). For each functional stage,
the percentages of participants who
improved to a higher functional
stage from intake to discharge were
85% (stage 1), 82% (stage 2), 68%
(stage 3), and 60% (stage 4).

A Clinical Example
To illustrate how to use these strat-
egies to enhance clinically meaning-
ful interpretations, we will answer
the questions posed earlier. A pa-
tient (referred to here as “Jack”) sus-
tained an unspecified sprain of hip
and thigh (ICD-9 code 843.90). Jack,
an 18-year-old man, sought treatment
at a clinic because of limited func-

Table 3.
Frequency Distribution of the Functional Stage Classificationa

Intake
Functional

Stage

Discharge Functional Stage
Total no.

(%)1 2 3 4 5

1 8 8 21 8 9 54 (1.3)

2 4 81 179 142 85 491 (12.2)

3 1 33 435 540 480 1,489 (36.9)

4 0 7 90 383 732 1,212 (30.1)

5 0 2 9 74 701 786 (19.5)

Total no. (%) 13 (0.3) 131 (3.3) 734 (18.2) 1,147 (28.4) 2,007 (49.8) 4,032 (100)

a Participants were classified into functional stages on the basis of their intake and discharge functional status scores. Data are reported as number
(percentage) of participants.
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tion related to his sprain. His intake
FS score was 30, and his discharge FS
score, after 7 outpatient therapy vis-
its, was 77 (FS score change�47). He
considered his overall condition to
be “a great deal better” and reported
a global rating of change of �6.

To visualize Jack’s responses to our
hip CAT, we plotted all of his re-
sponses in Figure 3. The structure of
Figure 3 is equivalent to that of Fig-
ure 2, except that Jack’s responses
are circled: light gray circles identify
the responses at intake, and dark
gray circles identify the responses at
discharge.

The 90% CI estimate of Jack’s intake
FS score location was 26 to 34. Com-
pared with the percentile ranks for
other patients with a variety of hip
impairments, Jack’s percentile rank
at intake was 7, indicating that his
lower-extremity function (estimated
by FS) exceeded that of 7% of the
patients who also had hip impair-
ments at intake. The functional stag-
ing algorithm classified Jack as a
household ambulator (stage 2).

At discharge, the 90% CI estimate
of Jack’s FS score location was 73 to
81. Compared with the percentile
ranks for other patients, Jack’s per-
centile rank at discharge was 76. The
functional staging classification sug-
gested that Jack improved to being
classified as an active community
ambulator (stage 5). Jack’s improve-
ment, indicated by an FS score
change of 47, was considered to
be statistically reliable (RCI�11.08
[�1.65]; FS score change, �7) and
clinically meaningful (FS score change
by quartile, �11); in addition, the
improvement was supported by
Jack’s perspective that his condition
was “a great deal better.”

Discussion
Computerized adaptive tests are
commonly used as standardized tests
for licensure, certification, and ad-

mission47,48 but have only recently
begun to be used to collect routine
clinical data in busy outpatient reha-
bilitation clinics.6,9,17–19,49–51 In the
present study, we followed the ap-
proaches recommended by Jette et
al,5 Stratford et al,15 Schmitt and
Di Fabio,34 and Hays et al35 to derive
more clinically meaningful interpre-
tations of outcome measures, which

might facilitate the use of these mea-
sures by clinicians.

Several methods have been pro-
posed to enhance clinical interpre-
tation; they have focused on re-
sponsiveness or have used a single
numeric index to define the mini-
mal detectable change.52,53 In the
present study, clinical interpretation

Figure 3.
Clinical example. The patient’s (Jack’s) responses are circled on the figure: light gray
circles identify the responses at intake, and dark gray circles identify the responses at
discharge. Responses were as follows: 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.” Colons mark the threshold cut scores between contiguous
responses for each item. The broken vertical line represents Jack’s intake score of 30. The
solid vertical line represents Jack’s discharge score of 77. FS�functional status,
FSCH�functional status at discharge � functional status at intake, RUNUNEV�running
on uneven ground, TURNS�making sharp turns, HOP�hopping, HEAVY�performing
heavy activities, WALKMILE�walking a mile, HOBBY�performing hobbies,
STAND�standing for 1 hour, SQUAT�squatting, WORK�doing work, STAIRS�up/
down 1 flight of stairs, LIFT�lifting an object, WALK2BLK�walking 2 blocks,
CAR�getting into/out of a car, LIGHT�performing light activities, BATH�getting into/
out of bath, SHOE�putting on your shoes/socks, WALKRM�walking between rooms.
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was provided by several different
approaches, including traditional
score distribution (eg, standard er-
ror, percentile), responsiveness in-
dexes, and functional staging. Given
that these approaches offer different
perspectives, we used them to gen-
erate a more comprehensive and
clinically relevant interpretation of
the FS scores estimated with the hip
CAT, so that clinicians may select an
approach depending on need.

As described by Liang,16 providing
information on function to clinicians
has not led to changes in the process
of care or to improved patient
health. We believe that it is the re-
sponsibility of instrument develop-
ers to identify meaningful intra-
individual change and to report the
clinical interpretation of the mea-
sures. If these steps are taken, clini-
cians, managers of outpatient reha-
bilitation clinics, and researchers can
use the measures in their clinical
practices for the purpose of improv-
ing outcomes.

The item bank for the hip CAT was
developed from items in the LEFS.14

On the basis of the original LEFS de-
velopment and validation results,
Binkley et al14 suggested that the po-
tential error associated with a score
on the LEFS (original LEFS score
range�0–80) at a given point in
time was 5.3 (or 6.6%) scale points
(90% CI), the MDC90 was 9 (or
11.3%) scale points, and the minimal
clinically important difference was
9 (or 11.3%) scale points. In the
present study, a 90% CI was selected
so that the results could be com-
pared directly with the results of
the initial LEFS testing by Binkley
et al.14 With the hip CAT (hip CAT
score range�0–100), the 90% CI
was FS point estimate �4 (or 4%),
the minimal change in FS scores re-
quired for a statistically reliable
change was 7 units (or 7%, equiva-
lent to the MDC90), and minimal clin-
ically important improvement was

indicated by changes in FS scores of
at least 6 units (or 6%) overall and 11,
6, 4, and 2 units by quartile. The
overall better performance of the
hip CAT scores may have been attrib-
utable to the use of IRT methods,
which improve the linearity of cate-
gorically scored scales,54 or the CAT
administrative algorithm, which uses
the most informative items given a
patient’s current FS estimate. The
use of items whose difficulty may not
be matched to a patient’s functional
ability may introduce error in FS
measures.55 Additionally, we focused
only on hip impairments and did not
include other lower-extremity mus-
culoskeletal impairments, and our
sample size was relatively large
(N�8,714) compared with that in
the study of Binkley et al14 (N�107).

One of the strengths of the present
study was the functional staging ap-
proach, which allowed clinical inter-
pretation through a visual display of
scales with strong, clinically logical,
hierarchically structured item banks
developed by use of IRT methods.
Without such a mathematical struc-
ture, functional staging would be de-
pendent on clinical intuition. The
display transforms IRT results into a
format that can be applied directly
by clinicians without a background
in IRT methods.

The basic idea for functional staging
was derived from bookmark56 and
key form57 methods. The bookmark
method provides guidelines for set-
ting a standard by following a pre-
scribed, rational system of proce-
dures that result in the assignment
of a number to differentiate between
2 or more degrees of performance.
A key form is a unique product of
IRT methods that provides a visual
display of the expected response
patterns for the underlying mea-
sures. By combining features from
both methods, functional staging
provides a classification system and a
visual display measurement tool.

With functional staging, a rating in-
strument can be presented as a sim-
ple classification form.58–61 Clini-
cians can use the visual display to
inspect the expected performance
of a patient on the basis of the FS
estimates derived from the hip CAT.
Additionally, clinicians can derive an
approximation of an individual FS
score or examine unexpected rat-
ings without a computerized analy-
sis, as described by Linacre57 and
Kielhofner et al.61 In this regard, im-
proving the interpretation of FS mea-
sures may assist in a clinician’s un-
derstanding of a patient’s abilities.58

One concern about using functional
staging is whether such a specific
classification system should be tai-
lored to groups of people with dis-
tinct diagnoses, such as people with
total hip replacement and people
with arthritis, because the discharge
functional goals of these groups may
be different. If a particular patient’s
responses do not clearly fit into a
particular stage, then differential
item functioning analysis should be
performed to inspect the item hier-
archical order of that patient’s spe-
cific diagnostic group. The other
concern is the need to validate the
functional staging classification sys-
tem because the thresholds were de-
termined arbitrarily. Further studies
should be done to validate the func-
tional staging classification and to de-
termine whether different functional
staging systems should be estab-
lished for groups of people with dis-
tinct diagnoses.

There are several limitations of the
present study. First, to estimate the
RCI, we used single internal consis-
tency reliability. Using internal con-
sistency reliability instead of a test-
retest reliability coefficient may
inflate the interpretation of the pre-
cision of a measure. Test-retest reli-
ability has not yet been determined
for CAT estimates of FS; thus, the
impact magnitude is unknown. In-
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vestigations of the estimation of the
RCI with a test-retest reliability coef-
ficient are warranted.

Second, we used score distributions
from people with similar diagnoses
to establish our percentile ranks
based on the assumption that a more
general norm from a healthy popula-
tion would produce nearly maxi-
mum scores on the hip CAT,
whereas scores from people with
similar diagnoses would be more
representative of people treated for
hip impairments in outpatient reha-
bilitation. Nonetheless, the true score
distribution of general or healthy pop-
ulations is unknown, and establishing
norms based on general or healthy
populations would be valuable.

Finally, 4,032 patients completed the
hip CAT at rehabilitation discharge.
These data represented a completion
rate (ie, percentage of patients with
both intake data and discharge data)
of 46%.6 The missing values led to a
concern about potentially biased es-
timates. Compared with patients
with just intake data in this sample,18

patients with both intake and dis-
charge data in this sample were
older (t�7.8; df�8,197; P�.001),
exercised more (�2�7.1; df�2;
P�.029), were more likely to have
had a surgical procedure on a hip
(�2�11.1; df�4; P�.025), and had
lower FS intake scores (t�2.6;
df�8,957; P�.009). The groups did
not differ in sex (�2�0.2; df�1;
P�.686), acuity of symptoms
(�2�3.5; df�2; P�.172), number of
comorbidities (�2�2.0; df�3;
P�.579), or medication use for their
conditions (�2�2.2; df�1; P�.136)
at intake. However, based on the fact
that the hip CAT was administered in
257 outpatient physical therapy clin-
ics in 31 states (United States) and
that the data set was large, we be-
lieve that the potential impact of sub-
ject selection bias was reduced, al-
though the true impact is unknown.

Conclusion
We demonstrated clinically mean-
ingful interpretations of patient-
reported FS outcome measures esti-
mated with a body part–specific CAT
for use in routine clinical practice.
The hip CAT currently is used rou-
tinely in many outpatient rehabilita-
tion clinics across the United States
and is integrated with an electronic
health records system in Israel, at-
testing to its efficiency and utility.
The results of the present study
should improve the clinical interpre-
tation of outcome measures and en-
courage future studies.
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