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Background. Comparative effectiveness research (CER) requires valid outcome
measures that discriminate patients by risk factors in similar ways across settings.
Standardized functional status (FS) measures in physical therapy are used routinely in
multiple countries, creating the potential for CER among countries.

Objective. The purpose of this study was to assess known-groups construct
validity of a knee-specific FS measure within and between 2 countries for patients
receiving outpatient physical therapy due to knee impairments.

Design. This was a longitudinal, observational cohort study.

Methods. The participants were 4,972 and 2,964 adult (age �18 years) patients
with knee impairments from Israel and the United States, respectively. Differences
in patient characteristics between the 2 countries were assessed using chi-square
statistics and 2-sample t tests, as appropriate. Known-groups validity within and
between the countries was assessed using 2-way analysis of covariance predicting
FS at discharge, with sex, age, symptom acuity, surgical and exercise history, intake
medication use, and country as risk-adjustment factors. Intake FS was the covariate.
To compare how FS discriminated patient groups between countries, each factor was
tested separately with models including an interaction term between the factor and
country.

Results. Patients were different between countries but had similar discharge FS
trends, including: higher outcomes in patients who were male, were younger, had
acute conditions, had one surgical procedure related to their knee impairment, were
more physically active, and did not use related medication at admission. Interactions
were not significant for sex, symptom acuity, and exercise history but were signifi-
cant for age, surgical history, and medication use.

Limitations. Although strict patient selection criteria were set, some patient
selection bias still might have existed.

Conclusions. The results demonstrated the knee FS measures would be valid for
use in CER between Hebrew-speaking patients (Israel) and English-speaking patients
(United States).

D. Deutscher, PT, PhD, Physical
Therapy Service, Maccabi Health-
care Services, 27 Hamered St, Tel
Aviv, 68125, Israel. Address all cor-
respondence to Dr Deutscher at:
deutsch_d@mac.org.il.

D.L. Hart, PT, PhD, Focus On Ther-
apeutic Outcomes, Inc, Knoxville,
Tennessee.

P.W. Stratford, PT, MS, School
of Rehabilitation Science and
Department of Clinical Epidemiol-
ogy and Biostatistics, McMaster
University, Hamilton, Ontario,
Canada.

R. Dickstein, PT, DSc, Department
of Physical Therapy, Faculty of
Social Welfare and Health Sci-
ences, University of Haifa, Mount
Carmel, Haifa, Israel.

[Deutscher D, Hart DL, Stratford
PW, Dickstein R. Construct valida-
tion of a knee-specific functional
status measure: a comparative
study between the United States
and Israel. Phys Ther. 2011;91:
1072–1084.]

© 2011 American Physical Therapy
Association

Research Report

Post a Rapid Response to
this article at:
ptjournal.apta.org

1072 f Physical Therapy Volume 91 Number 7 July 2011

mailto:deutsch_d@mac.org.il


Construct validity often is used
in health sciences to test valid-
ity of measures when no crite-

rion standard exists. In the absence
of a gold standard, a construct vali-
dation process is applied, involving
forming theories about the attribute
of interest (eg, functional status [FS])
and assessing the extent to which
the measures under investigation
provide results consistent with those
theories.1,2 Known-groups construct
validity is a form of construct validity
in which measures discriminate
among 2 or more patient groups that
are expected to differ in predictable
ways.3 We examined a longitudinal
form of known-groups construct
validity that relates to change scores
over time—in this case, change in
scores for knee-specific FS measures
during a physical therapy episode of
care.1,4

Differences in FS outcomes have
been demonstrated for different
patient groups. For example, women
have been shown to achieve lower
FS outcomes compared with men,5–8

and older patients have been
reported to achieve lower FS out-
comes than younger patients.5,9

These previously reported trends
suggest “known” trends of FS out-
comes among different patient
groups, which have been observed
in a translated electronic outcomes
measurement system implemented
recently in a physical therapy service
in Israel10,11 and independently in
the United States.12–17

In the current study, we assessed FS
outcomes by using FS measurements
collected with computerized adap-
tive testing (CAT) technology14,18,19

based on modern psychometric
techniques known as item response
theory (IRT).20–24 A CAT is a data
collection method in which the com-
puter selects an item by matching
item difficulty to the patient’s esti-
mated level of ability (ie, FS). Follow-
ing the patient’s response to the

item, FS is estimated. The FS esti-
mated is updated with each subse-
quent item. The CAT stops when the
patient’s estimated FS meets certain
criteria, such as a required level of
measurement precision.25,26 If the
stopping rule is not reached, the
computer selects another unasked
item from the item bank. Computer-
ized adaptive tests minimize the
number of items administered dur-
ing data collection, reducing respon-
dent burden, with limited effect
on measurement precision.19 A CAT
that administers a particular number
of items from a psychometrically
strong item pool provides measures
with improved measurement preci-
sion compared with fixed-format
administration of the same number
of items.27

The knee CAT FS estimates have
been reported by Hart et al14 to dis-
criminate patients in clinically logi-
cal ways for age, symptom acuity,
surgical history, condition complex-
ity, and prior exercise history, sup-
porting known-groups construct valid-
ity. Trends similar to those reported
by Hart et al14 also were reported in
other studies5–9,13,15,26,28–31 that uti-
lized these independent variables
in multivariable models to control
for potential confounders. Conse-
quently, these factors are believed
to be independently associated with
FS outcomes, establishing “known”
risk-adjusted trends. Therefore,
worse FS outcomes would be
expected to be reported for the fol-
lowing patient groups compared
with other patients in each group,
after controlling for intake FS:
patients who are older, those who
have more chronic symptoms, those
who have had no knee surgeries,
those who have more comorbidities,
and those who did not exercise prior
to receiving rehabilitation. However,
the ability of FS measurements esti-
mated using the knee CAT to dis-
criminate among patient groups in
similar ways among countries is not

known and is important for future
international comparative effective-
ness research (CER). Comparative
effectiveness research studies among
countries and cultures that use dif-
ferent outpatient rehabilitation sys-
tems can help identify effective and
efficient care processes32 and
require valid outcome measures that
discriminate among patient groups
by risk factors in known and similar
ways across settings.

Therefore, the purpose of this study
was to examine whether patterns
of FS at discharge, as measured by
the knee CAT for different patient
groups receiving outpatient physical
therapy due to knee impairments,
supported known-groups construct
validity within and between the 2
databases studied: the Maccabi
Healthcare Services (Maccabi) data-
base in Israel and the Focus On Ther-
apeutic Outcomes, Inc (FOTO) data-
base in the United States.

Method
Design
We conducted a longitudinal, obser-
vational cohort study by performing
a secondary analysis of prospectively
collected data.

Database
Maccabi is a public health mainte-
nance organization responsible for
the health care of approximately 1.8
million people, representing 25% of
Israel’s population. Maccabi’s physi-
cal therapy service has been collect-
ing functional outcome data since
2005 using a customized version of
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Patient Inquiry software developed
by FOTO, Inc.* Patient Inquiry is
fully integrated into the Maccabi
electronic health record system.10,33

Maccabi performs routine outcome
data collection as part of its patient
management strategy with func-
tional surveys administered through-
out rehabilitation.10,11,33,34 FOTO is
an international proprietary medical
rehabilitation database management
company that develops measures of
constructs pertinent to outpatient
therapy and aggregates these mea-
sures for clinical, research, and pay-
ment policy analyses.33,34

Participants
Patients were included in the pri-
mary data set if they were 18 years of
age or older, selected the knee as
their primary area of musculoskeletal
impairment on admission for therapy
between 2007 and 2009, indepen-
dently completed the knee CAT at
intake, had 2 or more visits, and
chose to answer the CAT in English
in the United States or Hebrew in
Israel. To minimize the possibility of
patient selection bias, we used 2
inclusion criteria related to thera-
pists’ data and performance. The first
criterion was the number of patients
per therapists per year of data collec-
tion. We included patients only if
treated by therapists who had at least
10 patients with knee impairments
per year in our database, assuming
that clinicians who had fewer than
10 patients per year would have
fewer representative data.35 The sec-
ond criterion was the inclusion of
patients treated by therapists with a
minimum completion rate. Comple-
tion rate has been defined as the
percentage of patients who had both
intake and discharge FS measures.10

For this study, we further stipulated
that the discharge FS CAT be com-
pleted within 3 days of the date of
discharge from therapy. We included

patients only if treated by therapists
who had a completion rate of at least
50%. We operationally defined this
data set as the primary data set.

Clinics and Clinicians
Participating clinics in both coun-
tries represented outpatient clinics
providing physical therapy services
to patients with a variety of muscu-
loskeletal impairments.11,33,34 Using
the criteria described above, the
Maccabi database included data from
59 clinics from all 5 districts of the
country of Israel, and the FOTO data-
base included data from 95 clinics
from 22 states throughout the United
States. The Maccabi data set included
165 clinicians, and 168 clinicians
were included in the FOTO data set.
All physical therapists were licensed
to practice physical therapy in their
respective jurisdictions.

Data Collection
Independent variables. All vari-
ables used to identify patient risk fac-
tors and assess known-groups con-
struct validity have been found to
be associated with functional out-
comes.14 The risk-adjustment factors
included sex (male, female), age
groups (18–44, 45–64, 65–74, and
75 years or older), symptom acuity
as days from onset of the knee
impairment (0–7, 8–14, 15–21, or
22–90 days, 3–6 months, or longer
than 6 months), surgical history
related to the knee impairment being
treated (none, 1, 2, 3, 4, or more),
exercise history prior to the start of
the impairment (3 times per week or
more, once or twice per week, sel-
dom, or never), and use of medica-
tion at the start of the treatment
episode (yes, no) in relation to the
knee impairment. These data were
collected using the software (PI)
used to collect the functional
measurements.

Constructs tested. We expected
that within each country the follow-
ing known trends would be identi-

fied and that these trends would
be similar between countries, which
would support known-groups con-
struct validity. Functional status at
discharge was expected to be higher
for patients who were men,5–8

were younger,5,9,30 had acute condi-
tions,26,28,29 had a related surgical
history,26,30 exercised on a regular
basis before onset of their knee
impairment,13,15 and used fewer
medications related to their knee
impairment31 compared with
patients who did not have these
characteristics.

Outcomes. Functional outcomes
were quantified using the knee
CAT. Development,18 simulation,18

and use10,14 of the CAT have been
described, as well as the validity,14

sensitivity to change,14 responsive-
ness,14 and interpretability36 of the
knee-specific CAT FS measurements.
The knee CAT represents the IRT
conceptualization of the Lower
Extremity Functional Scale.37 Briefly,
items represent functional activities,
such as “putting on your shoes or
socks.” Patients are asked to rate
their ability to perform each activity
using a rating scale of 5 levels, from
“extreme difficulty or unable to per-
form activity” to “no difficulty.”37

Unidimensionality and local inde-
pendence of the 18-item bank and
fit to the Andrich rating scale
1-parameter IRT model38 were sup-
ported.18 The knee CAT was devel-
oped as a body part–specific
CAT.18,39 Functional status scores
ranged from 0 (low functioning) to
100 (high functioning). The CAT
development process followed the
logic of Thissen and Mislevy40 and
has been described previously.41–43

Functional status, as assessed using
knee CAT items, represents the
“activity” dimension of the World
Health Organization’s International
Classification of Functioning, Dis-
ability and Health.44 Before the
knee CAT was implemented in
Maccabi, items were translated

* Focus On Therapeutic Outcomes, Inc, PO
Box 11444, Knoxville, TN 37919.
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into Hebrew following published
procedures.45,46

Our final data set used for the analy-
ses of known-groups validity
included only data from patients
who completed a functional survey
both at the start of their treatment
episode and at discharge.

Statistical Analyses
Descriptive analyses. Differences
in patient characteristics between
the primary and final data sets and
between the 2 countries for the final
data set were assessed using chi-
square statistics and 2-sample t tests,
as appropriate.

Known-groups construct validity:
within and between countries.
To examine known-groups construct
validity within each country, we con-
ducted a 2-way analysis of covari-
ance (ANCOVA) for each of the 6
risk-adjustment variables (sex, age
group, symptom acuity, surgical and
exercise history, and medication
use). Each model predicted esti-
mated means of FS at discharge, with
intake FS as the covariate, and
assessed one risk-adjustment variable
at a time. A 2-way ANCOVA, which
was used to assess within-country
trends, also was used to assess
whether patterns found within coun-
tries were similar between coun-
tries. This assessment was done by
including country (United States,
Israel) as the second factor along
with an interaction term between
each risk-adjustment variable and
country. The interaction term was
used to test whether the slopes of
the adjusted FS measurements at dis-
charge between the categories of
each variable were significantly dif-
ferent between the 2 countries.

Because the data sets used were rel-
atively large, which could cause the
interaction terms to be statistically
significant even when practical dif-
ferences would be clinically trivial,

we set level of significance (�) at .01
and displayed patterns of discharge
FS for each level of each factor per
country graphically. In addition, to
account for possible clustering (cor-
relation) for patients within facilities
or within physical therapists, we also
constructed 2 separate hierarchical
mixed models with clinics and ther-
apists each modeled as random fac-
tors. All analyses were performed
with SPSS statistical software, ver-
sion 17.†

Results
Descriptive Data
Original data sets included 30,415
and 20,666 patients from the United
States and Israel, respectively, who
met the initial selection criteria.

After applying the additional selec-
tion criteria of number of patients
per therapist and completion rate by
therapist, the primary data set for the
study included 8,305 patients from
Maccabi and 4,710 patients from
FOTO. Patients who had a FS mea-
sure on admission to and at dis-
charge from therapy (4,972 and
2,964 patients from the Maccabi and
the FOTO databases, respectively)
were included in the final analysis.
These final data sets represented
completion rates of 60% and 63%
for Maccabi and FOTO, respectively.
A patient selection flow diagram is
presented in Figure 1. A comparison
between participants selected or not
selected within each database for
patient characteristics used in the
known-groups validity assessment is
presented in Table 1.

† SPSS Inc, 233 S Wacker Dr, Chicago, IL
60606.

Original Data Set
N=51,081

•  Admitted during 2007-2009
•  Knee impairment
•  Completed knee CAT at admission
•  2 or more visits per episode
•  Discharged from therapy
•  English survey in the United States
•  Hebrew survey in Israel

Israel: 20,666 United States: 30,415

Primary Data Set
n=13,015

•  Therapists with 10 patients or more per year
•  Therapists with 50% completion rate or
    more

Israel: 8,305 United States: 4,710

Israel: 4,972
60% completion rate

United States: 2,964
63% completion rate

Final Data Set
n=7,936

FS measure at admission and discharge

Figure 1.
Participant selection. CAT�computerized adaptive testing, FS�functional status.
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From the Maccabi database, patients
with FS measures at admission and
discharge, compared with those
with FS measures only at intake, had
similar FS scores at intake (�0.6
point, P�.046), were older (�2.5
years, P�.001), and had a lower per-
centage of patients with no surgical
history related to their knee impair-
ment (�3%, P�.003). In the FOTO
database, patients selected, com-
pared with those not selected, had

higher FS scores at intake (�1.5
points, P�.001), were older (�2.7
years, P�.001), and had a lower pro-
portion of patients with no surgical
history related to their knee impair-
ment (�3.4%, P�.003). In both data-
bases, no significant differences
were found between patients having
or not having outcome data for per-
centage of women, rate of symptom
acuity levels, exercise history, and
related medication use at intake.

Number of visits per treatment epi-
sode was 2.1 and 1.3 higher
(P�.001) in the Maccabi and FOTO
databases, respectively, for patients
with outcome data compared with
those without outcome data (Tab. 1).

For patients having outcome data
available for the known-groups valid-
ity analysis, all assessed patient char-
acteristics were different (P�.001)
between the 2 countries (Tab. 2).

Table 1.
Participant Selectiona

Variable

Israel (n�8,305) United States (n�4,710)

Selected
(n�4,972)

Not Selected
(n�3,333) Pb

Selected
(n�2,964)

Not Selected
(n�1,746) Pb

Intake functional status, X�SD 46.2�14.0 45.6�14.2 .046 43.3�13.8 41.8�14.8 �.001

Age (y), X�SD 50.9�16.4 48.4�16.0 �.001 53.3�16.3 50.6�16.5 �.001

Age groups, % �.001* �.001*

18–44 36.1 43.3 28.8 34.1

45–64 43.0 41.1 43.8 44.5

65–74 14.8 10.6 18.1 13.7

75 or more 6.1 5.0 9.3 7.7

Women, % 55.2 54.2 .354* 61.3 60.9 .787*

Symptom acuity, % .248* .097*

0–7 days 3.6 3.3 6.4 6.4

8–14 days 4.7 4.6 6.2 8.1

15–21 days 6.4 7.0 9.5 9.5

22–90 days 33.4 31.6 31.5 30.4

91 days-6 months 18.4 17.9 12.5 13.8

Over 6 months 33.4 35.6 33.9 31.8

Surgical history, % .004* .003*

None 77.3 80.3 37.8 41.2

1 17.8 15.7 46.8 41.1

2 3.4 2.6 9.3 10.6

3 1.0 0.7 3.3 3.5

4 or more 0.5 0.7 2.8 3.6

Exercise history, % .084* .571*

At least 3 times a week 41.9 40.8 37.8 36.3

Once or twice a week 29.3 28.1 23.9 24.0

Seldom or never 28.8 31.1 38.3 39.7

Related medication use at intake, % 29.1 29.0 .937* 53.3 56.1 .057*

No. of visits per treatment episode, X�SD 8.1�5.6 6.0�5.5 �.001 11.1�7.1 9.8�7.4 �.001

a Participant selection criteria: (1) treated by therapists who had at least 10 patients per year and 50% completion rate and (2) completed both intake and
discharge functional status surveys within 3 days of last date of clinical service.
b All P values are based on 2-sample t tests, except those marked with an asterisk, which are based on chi-square tests.
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Patients from Israel, compared with
those from the United States, had
higher FS scores at intake (�2.9
points), had lower FS scores at dis-
charge (�3.8 points), were younger
(�2.2 years), had a lower proportion
of women (�6.1%), had a higher
proportion of patients with chronic
conditions for more than 3 months
(�5.5%), had more patients with
no surgical history related to their
knee impairment (�43%), had more
patients exercising at least once a
week prior to the start of their knee
impairment (�10%), and used fewer
related medications (�24%).

Known-Groups Construct Validity
Estimated means predicted by the
2-way ANCOVA for the variables
studied and for each country are pre-
sented in Table 3. For each variable,
the model adjusted for FS score at
intake and assesses the differences
between country (Israel, United
States) and the independent risk-
adjustment variable in question. In
addition, to compare trends of dis-
charge FS scores between the 2
countries, each model examined the
interaction between the indepen-
dent variable and country.

Within each country, expected
trends of FS at discharge were
observed, with higher FS at dis-
charge reported by patients who
were male, were younger, were
treated for acute conditions, exer-
cised regularly prior to their knee
impairment, and did not use related
medications at intake. As expected,
patients with 1 related surgery
reported higher FS outcomes than
those with no surgical history, but
multiple surgeries were associated
with decreased FS outcomes, espe-
cially in Israel.

Between countries, trends of
adjusted discharge FS scores for the
different categories of the indepen-
dent variables studied were found
to be similar (ie, interaction P values

�.01) for sex, symptom acuity, and
exercise history. Interaction terms
for age groups, surgical history, and
related medication use were signifi-
cant at the .01 level. To test whether
these known-groups trends were
independent, we used an additional
general linear model in which all risk
factors were entered simultaneously
(Tab. 4). Results were similar to
those of the 2-way ANCOVA, with

the same interaction terms being sig-
nificant. Results from 2 separate
mixed models, one using clinics as a
random effect and one using thera-
pists as a random effect, were prac-
tically identical.

Graphic comparisons of adjusted dis-
charge FS scores between countries
for the independent variables are
presented in Figure 2. The graphs

Table 2.
Participant Characteristics by Data Source

Independent Variable
Israel

(n�4,972)
United States

(n�2,964) Pa

Functional status (unadjusted), X�SD

Intake 46.2�14.0 43.3�13.8 �.001

Discharge 59.2�15.7 63.0�16.3 �.001

Changeb 12.9�14.7 19.7�16.3 �.001

Age (y), X�SD 50.9�16.2 53.1�16.3 �.001

Age groups (%) �.001*

18–44 36.2 28.8

45–64 43.0 43.8

65–74 14.7 18.1

75 or more 6.1 9.3

Women, % 55.2 61.3 �.001*

Symptom acuity, % �.001*

0–7 days 3.6 6.4

8–14 days 4.7 6.2

15–21 days 6.4 9.5

22–90 days 33.5 31.5

91 days-6 months 18.4 12.5

Over 6 months 33.4 33.9

Surgical history, % �.001*

None 80.3 37.8

1 15.7 46.8

2 2.6 9.3

3 0.7 3.3

4 or more 0.7 2.8

Exercise history, % �.001*

At least 3 times a week 41.9 37.8

Once or twice a week 29.3 23.9

Seldom or never 28.8 38.3

Related medication use at intake, % 29.1 53.3 �.001*

a All P values are based on 2-sample t tests, except those marked with an asterisk, which are based on
chi-square tests.
b Change�discharge functional status minus intake functional status.
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confirm that FS outcome measures
discriminated patient groups by risk-
adjustment factors in similar ways
across both countries. Of interest are
the 3 factors on the right side of
Figure 2 for which the interaction
terms were significant: age groups,
surgical history, and medication use.
For age group, only the discharge FS
measure at 45 to 64 years for the

United States seemed off pattern (ie,
lower than anticipated) compared
with Israel. For surgical history and
medication use, patterns of FS at dis-
charge were similar between coun-
tries but had different slopes.

Discussion
This study investigated whether the
independent variables of sex, age,

symptom acuity, surgical history,
prior exercise history, and medica-
tion use at intake influence the
dependent variable of FS change in a
predictable (known) manner within
each population and consistently
between the 2 populations studied
(US patients versus Israeli patients).

The comparison between patients
from the 2 databases (Tab. 2)
showed differences on all variables
analyzed. In Israel, compared with
the United States, FS was higher at
intake and lower at discharge. Possi-
ble reasons for higher FS at intake in
Israel, which has been seen previ-
ously,46 could be related to most of
the differences in patient character-
istics identified between countries.
Patients from Israel were younger,
had more chronic conditions, had
less related surgery, were more
active, and had a higher proportion
of men, which could have contrib-
uted to a higher FS at intake. Reasons
for lower FS at discharge in Israel are
not known and could be related to
many factors, such as patients having
more chronic conditions compared
with patients from the United States.
Only 15% of patients in the Maccabi
data set had acute conditions (ie,
admitted to therapy during 21 days
from the onset of their knee condi-
tion) compared with 22% of the
patients in the FOTO data set. Also,
the proportion of patients who had
a symptom acuity level of 3 to 6
months was 18% in the Maccabi
data set compared with 13% in the
FOTO data set. We are not certain
whether these differences contrib-
uted to the FS score differences, but
chronicity is known to reduce dis-
charge FS.11,12,15,17,26,47,48

However, after controlling for all
variables available for this study
(intake FS, age, sex, symptom acuity,
surgical and exercise history, and
related medication use), which were
all found to predict discharge FS
(P�.001, R2�.3), a difference of

Table 3.
Estimated Means and Interaction Terms for Functional Status at Discharge,
Controlling for Functional Status at Intake and Each Variable Independentlya

Independent Variable

Country
Interaction

With Country

Israel
(n�4,972)

United States
(n�2,964) F Value P

Sex 1.245 .264

Male 60.6 (60.0–61.2) 66.7 (65.9–67.5)

Female 57.0 (56.5–57.5) 62.3 (61.7–63.0)

Age groups (y)b 9.330 �.001

18–44 61.5 (60.8–62.1) 68.9 (68.0–69.8)

45–64 58.0 (57.4–58.5) 61.9 (61.2–62.7)

65–74 56.0 (55.0–57.0) 63.0 (61.8–64.1)

75 or more 52.7 (51.2–54.3) 60.5 (58.9–62.2)

Symptom acuity (days from onset) 1.676 .137

0–7 64.1 (62.0–66.1) 69.3 (67.3–71.2)

8–14 62.7 (60.9–64.5) 67.5 (65.5–69.5)

15–21 62.2 (60.7–63.8) 65.1 (63.5–66.7)

22–90 59.9 (59.3–60.6) 64.7 (63.8–65.6)

91 days–6 months 57.9 (57.0–58.8) 63.3 (61.9–64.7)

Over 6 months 55.7 (55.0–56.3) 61.9 (61.0–62.7)

Surgical historyb 4.139 .002

None 58.3 (57.9–58.7) 63.5 (62.7–64.4)

1 61.1 (60.1–62.1) 64.9 (64.2–65.6)

2 55.5 (53.1–57.9) 63.2 (61.5–64.8)

3 51.4 (46.9–56.0) 62.8 (60.0–65.6)

4 or more 50.5 (45.9–55.2) 61.1 (58.0–64.1)

Exercise history 2.026 .132

At least 3 times a week 59.8 (59.2–60.4) 65.4 (64.6–66.2)

Once or twice a week 59.5 (58.8–60.2) 64.3 (63.2–65.3)

Seldom or never 56.0 (55.3–56.7) 62.5 (61.6–63.3)

Related medication useb 10.627 .001

No 59.6 (59.2–60.1) 64.7 (64.0–65.5)

Yes 56.1 (55.4–56.8) 63.4 (62.7–64.1)

a Values are estimated means (with confidence intervals in parentheses) of functional status at
discharge. Interaction term is examined between each factor and the country variable.
b Interaction term significant at the .01 level.
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5.9 discharge FS measure points
between countries was still present.
This difference remained practically
the same (5.874 instead of 5.885)
after controlling for number of visits,
which was 3 visits higher in the
United States compared with Israel
(Tab. 1) but was not found to be a
significant covariate in predicting
discharge FS (F�.071, P�.789; mod-
els available upon request). This
result is consistent with a previous
report of number of visits per treat-
ment episode not being associated
with outcomes for patients with
knee impairments.11

These results suggest patients
treated in the United States reported
higher adjusted discharge FS com-
pared with patients treated in Israel.
A previous study showed that 9 or
more FS change units of the knee
CAT represented statistically and
clinically important improvement
and that patients can be classified
into 6 hierarchical levels of FS using
functional staging.36 Although mean
unadjusted FS change in both coun-
tries was higher than 9 points
(Tab. 2), the additional 5.9 points of
adjusted FS change in the United
States compared with Israel may be
clinically important to patients who
would be classified into a higher
functional stage at discharge, which
awaits further testing. Comparative
effectiveness studies may help iden-
tify other patient factors or treat-
ment effects associated with differ-
ent outcomes in the 2 countries.

Although statistical differences in
adjusted discharge FS of several risk-
adjustment factors between coun-
tries were identified (Tab. 3),
graphic display (Fig. 2) suggests sim-
ilar discrimination patterns for each
level of the risk-adjustment variables.
These variables were confirmed to
be independent of each other when
entered into a general linear model
simultaneously (Tab. 4). The expec-
tations (constructs) were viewed

as truths, and the goal was to see if
the measure lived up to these truths
in both populations. Although popu-
lations between countries were
somewhat different and had differ-
ent outcomes, we assessed whether
the patterns of discharge FS differ-
ences at all levels of each risk-
adjustment variable were different
in the 2 populations. Age groups,

surgical history, and medication use
were found to have a statistically
significant interaction term (Tabs. 3
and 4), but patterns of discharge FS
per level of each variable were sup-
portive of similar patterns. In other
words, the knee CAT estimated
FS measures appear to discriminate
patient groups known to have differ-
ent levels of FS outcomes in similar

Table 4.
Estimated Means and Interaction Terms for Functional Status at Discharge,
Controlling for All Independent Variables Simultaneouslya

Independent Variable

Country
Interaction

With Country

Israel
(n�4,972)

United States
(n�2,964) F Value P

Sex 2.696 .101

Male 56.7 (55.2–58.2) 65.9 (64.8–67.1)

Female 54.5 (53.0–56.1) 62.7 (61.5–63.8)

Age groups (y)b 8.042 �.001

18–44 58.7 (57.2–60.2) 69.1 (67.9–70.4)

45–64 56.2 (54.7–57.7) 63.0 (61.9–64.1)

65–74 55.1 (53.4–56.8) 63.7 (62.2–65.2)

75 or more 52.5 (50.4–54.5) 61.4 (59.6–63.3)

Symptom acuity (days from onset) 2.209 .051

0–7 58.8 (56.3–61.2) 67.5 (65.3–69.6)

8–14 57.5 (55.3–59.7) 66.4 (64.3–68.5)

15–21 57.5 (55.5–59.5) 64.5 (62.7–66.3)

22–90 55.3 (53.8–56.8) 63.7 (62.4–64.9)

91 days–6 months 53.3 (51.7–54.9) 62.1 (60.5–63.8)

Over 6 months 51.4 (49.9–52.8) 61.7 (60.6–62.9)

Surgical historyb 4.107 .003

None 58.3 (57.7–59.0) 63.9 (63.0–64.9)

1 60.7 (59.5–61.8) 66.0 (65.1–66.8)

2 55.2 (52.9–57.6) 64.9 (63.2–66.6)

3 52.4 (48.0–56.8) 64.0 (61.3–66.8)

4 or more 51.4 (46.9–55.9) 62.7 (59.7–65.7)

Exercise history 1.176 .309

At least 3 times a week 56.6 (55.0–58.1) 65.4 (64.1–66.6)

Once or twice a week 56.3 (54.7–57.9) 64.3 (63.0–65.7)

Seldom or never 54.0 (52.4–55.5) 63.2 (62.0–64.4)

Related medication useb 25.241 �.001

No 57.1 (55.5–58.6) 65.0 (63.8–66.3)

Yes 54.2 (52.6–55.7) 63.6 (62.5–64.7)

a Values are estimated means (with confidence intervals in parentheses) of functional status at
discharge. Interaction term is examined between each factor and the country variable.
b Interaction term significant at the .01 level.
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Figure 2.
Estimated means for functional status (FS) at discharge, controlling for functional status at intake. P values are for the interaction term
between each factor and country. Bars represent 95% confidence intervals.
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ways between countries, which sup-
ports known-groups construct valid-
ity of this measure.

In both countries, older patients
reported lower FS outcomes than
younger patients, supporting known-
groups construct validity.5,9,30 How-
ever, one group of patients aged 45
to 64 years in the United States was
off trend, achieving slightly lower
outcomes than older patients aged
65 to 74 years. Reasons for this devi-
ation from the known trend
described above are not known and
warrant further investigation.

Patients in Israel received much less
surgery related to their knee impair-
ment compared with patients in the
United States, with only 20% receiv-
ing any number of surgeries com-
pared with 62% in the United States
(Tab. 2). This finding replicated
our previous findings46 and may
reflect differences in patterns of
health care delivery between the 2
countries, which we did not study.
However, the trends of discharge FS
measures within country supported
the expected trends26,30 and were
similar between countries for patients
receiving no or 1 surgical procedure,
with higher outcomes reported from
patients with 1 surgical procedure.
These 2 groups of patients repre-
sented 96% of the patients in Mac-
cabi and 85% of patients in FOTO.
Therefore, although the interaction
term was significant, suggesting
different discrimination patterns
between countries, these differences
were interpreted as trivial. This
observation was confirmed by a sec-
ondary analysis using a new variable
where categories “1” to “4 or more”
were collapsed into a single cate-
gory, causing the interaction term to
no longer be significant (P�.473).
We decided to present in Table 3 and
Figure 2 the original analysis, as it is
more informative.

In the United States, more than
50% of the patients reported use of
medications related to their knee
impairment at intake compared
with approximately 30% in Israel.
Although patterns of discrimination
by discharge FS between patients
who used and those who did not use
related medications at intake were
similar between countries, with
medication use associated with
lower FS outcomes, differences
between the groups were smaller in
the United States. This finding might
be a result of what seems to be a
more dominant use of medications
related to knee impairments in the
United States compared with Israel.
Higher rates of medication use are
expected to lower the discrimina-
tion ability between those who use
and those who do not use medica-
tions. Therefore, our interpretation
of the significant interaction term
found for the medication use factor,
displayed in Figure 2 as differences
in slopes between countries, is that
it may reflect differences in health
care utilization between countries.

The FS measures should discriminate
patient groups by risk-adjustment
factors in similar ways across health
systems so that the risk-adjustment
factors can be used in predictive
models in future research without
concern for cross-cultural bias. The
physical therapy service in Israel, as
represented here by Maccabi, and in
the United States, as represented by
FOTO, use the same outcome mea-
sures based on IRT methods and CAT
applications and, therefore, provide
an opportunity for conducting com-
parative effectiveness studies where
data sets are combined. In a previous
cross-cultural differential item func-
tioning (DIF) study using knee
CAT items among English-speaking
patients (United States) and Hebrew-
speaking patients (Israel), we found
negligible DIF impact on FS scores
and no need to adjust items for DIF
when assessing FS outcomes across

the 2 countries.46 The knee CAT FS
measures also were used in a CER
project using Israeli data.11 Here, we
examined whether patterns of FS at
the time of discharge as measured by
the knee CAT were supportive of
known-groups validity within and
between the 2 databases studied.
Our current results suggest the knee
CAT FS measures have good and sim-
ilar known-groups construct validity
within and between countries (United
States and Israel), so we can progress
with studies using combined US and
Israeli FS data from the knee CAT.

Limitations
Use of observational data collected
during routine practice has the
advantage of representing what hap-
pens in real clinical practice, but also
has its limitations. One limitation
attributed to observational data is the
possibility of patient selection bias.
We addressed this possible limitation
using very strict criteria for patient
selection, the purpose of which was
to create a sample of patients that
was as free of patient selection bias
as possible, which would improve
the internal validity of our analyses.
Because the analysis of observational
outcomes data requires that patients
complete an FS survey at intake and
discharge, therapists could contrib-
ute to patient selection bias by
requesting only some patients com-
plete the functional surveys, presum-
ably those patients the therapist
believes would report better out-
comes. Therefore, we selected data
only from therapists who had high
personal completion rates (50% or
more). We consider this threshold
to be high because it is known from
the Maccabi database that approxi-
mately 30% of patients drop out of
treatment during therapy,10 leaving
only 70% of patients susceptive of
patient selection bias. Thus, repre-
senting at least 50% of patients who
complete their treatment episodes
seems appropriate.
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To further minimize the possibility
for patient selection bias, we
selected data from therapists who
had at least 10 patients per year of
data collection. Although these addi-
tional selection criteria reduced the
primary sample significantly from
51,081 patients in the original data
set to 13,015 patients (Fig. 1), the
data considered for analysis repre-
sent a larger volume of patients per
therapists, reducing the possibility of
patient selection bias. However,
some unobserved sources of cross-
cultural selection bias might still
exist. For example, patients across
countries could have been referred
for physical therapy using different
criteria; have different income, edu-
cation, or health insurance coverage;
and use a different pattern of ser-
vices prior to seeking physical ther-
apy. Thus, patients in our study may
be different across countries in ways
that are not observed in the data and
cannot be controlled for.

The comparison of patient character-
istics selected or not selected within
each country (Tab. 1) due to having
or not having discharge FS data con-
firms that most comparisons were
not statistically different. Within
those characteristics that were statis-
tically different, some would pre-
sumably bias the outcomes in favor
of the selected group and some in
favor of the group not selected. For
example, in Maccabi, patients not
selected were younger and, there-
fore, expected to have higher out-
comes than the selected group.11,15–17

On the other hand, selected patients
in Maccabi had slightly lower FS at
intake, known to be the variable
most predictive of FS at discharge,11

which would favor them in achiev-
ing higher outcomes. Similar mixed
trends in what could be interpreted
as patient selection bias also were
found in the comparison between
selected and not selected patients
from the FOTO data set. Therefore,
we interpret these comparisons as

confirming that our primary selec-
tion criteria described above created
a sample with no practical patient
selection bias.

We also note that in both databases,
number of visits per treatment epi-
sode was higher for patients having
discharge FS data, probably due to
having higher rates of patients drop-
ping out of treatment in the group
of nonselected patients. However,
because number of visits was not
found to be predictive of outcomes,
it is not likely that this difference
could contribute to any practical
patient selection bias.

An additional aspect that might intro-
duce some patient selection bias is
the participation rate, operationally
defined as the number of patients
who complete an intake survey from
all eligible patients.10 In Maccabi,
participation rate can be calculated
due to routine use of an integrated
electronic health record system with
the electronic outcomes collection
system; therefore, all patients are
registered in the database.10 Because
participation rate in Maccabi has
been over 90% during the period
of data collection for this study, we
estimate this aspect does not intro-
duce important selection bias into
the Maccabi data set. However, the
FOTO database includes only patients
who participate in the outcomes col-
lection process, which does not
allow computation of participation
rates; thus, the participation rate
cannot be assessed as a possible fac-
tor introducing patient selection bias.
To overcome this limitation, it is
important that electronic outcomes
are integrated into electronic health
record systems in the United States.

In conclusion, although some differ-
ences were identified in discrimina-
tion patterns of patient characteris-
tics by FS at discharge, our results
suggest FS measures as estimated
using the knee CAT supported

known-groups construct validity for
patients with knee impairments
treated in outpatient physical ther-
apy clinics in Israel and the United
States. In both countries, higher
adjusted outcomes were identified
in patients who were men, were
younger, were admitted with acute
conditions, had one surgical proce-
dure related to their knee impair-
ment, were more physically active,
and did not use medications related
to their knee impairment at admis-
sion to therapy. This finding suggests
comparative effectiveness research
studies between patients answering
the knee CAT in Hebrew (Israel) or
English (United States) can progress
to help clinicians from the different
health care setting identify best ways
to improve care and outcomes.
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Invited Commentary Susan D. Horn

The authors are to be congratulated
on a very interesting analysis com-
paring known-groups construct
validity of discharge functional status
(FS) between Israel and the United
States for patients undergoing reha-
bilitation for knee impairments.1 The
comparative known-groups con-
struct validity used patient factors of
sex, age, acuity of symptoms, surgi-
cal history, exercise history, and
intake medication use. Although the
selected patients undergoing knee
rehabilitation in Israel and the
United States differed significantly
on intake FS, discharge FS, change in
FS between admission and dis-
charge, age, sex, symptom acuity,
surgical history, exercise history,
and medication use at intake,
patients in both countries exhibited
known-groups construct validity to
predict discharge FS.

The importance of this study is
described in the introduction of the
article: to perform comparative
effectiveness research (CER), valid
outcome measures are needed that
discriminate patients by risk factors
in a similar way across settings.
Because various countries can have
very different health care structures
and payment systems, it can be
expected that different treatments or
interventions will be used and at dif-
ferent time points during an episode
of care. These treatment differences
provide excellent information to
determine better treatments for spe-
cific types of patients as long as the
outcome measures used have
known-groups construct validity.

To be sure that the patient selection
criteria used in the study did not bias
the study findings, in addition to the
findings presented in the article
related to selected patients under-
going knee-impairment rehabilita-
tion based on therapist volume and
completion rates, it would be impor-
tant to examine the same question
about known-groups construct valid-
ity using all patients undergoing
knee rehabilitation with admission
and discharge FS scores in each
country. Whether the findings related
to known-groups construct validity
continue to hold for the larger set of all
patients undergoing knee rehabilita-
tion then could be determined. Many
people raise concerns about the
“huge” potential for patient selection
bias in observational studies. . .as if
there were none in randomized con-
trolled trials (RCTs) or other experi-
mental designs. My experience with
practice-based evidence (PBE) pro-
spective observational studies is that
they exhibit less patient selection
bias than RCTs.

The most interesting finding in the
present study is the difference in
change in FS from admission to dis-
charge between the United States
and Israel. Why does the United
States have a significantly larger gain
in FS from admission to discharge?
As stated in the “Discussion” section,

. . . after controlling for all variables
available . . . (intake FS, age, sex,
symptom acuity, surgical and exer-
cise history, and related medication
use), which were all found to predict
discharge FS (P�.001, R2�.3), a dif-

ference of 5.9 discharge FS measure
points between countries was still
present. This difference remained
practically the same . . . after control-
ling for number of visits, which was 3
visits higher in the United States com-
pared with Israel. . . .

We could learn a great deal from
additional research focused on deter-
mining better practices for specific
types of patients if both countries
collected detailed data on the treat-
ments used during knee rehabilita-
tion in addition to the FS measure at
admission and discharge and the
variables included in the known-
groups construct validity. This col-
lection of data would provide a data-
base for a PBE study2,3 to identify
treatments that are associated with
better discharge FS, controlling for
admission FS and the validated
patient predictor variables from the
present study.

Because the United States and Israel
have such different health insurance
systems, and use some treatments to
a different extent (in particular, sur-
gical treatments and medications),
we can assume that the 2 countries
also provide different physical ther-
apy interventions during rehabilita-
tion. These differences provide a
wealth of variation from which to
determine what works best for spe-
cific types of patients. A PBE study
design approach has been used suc-
cessfully in more than 30 multi-site
studies in various clinical settings
(inpatient surgical and medical care,
ambulatory care, long-term care, hos-
pice care, and rehabilitation care),
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