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Abstract—In this study, we performed a validation analysis of
a crosswalk that converts Functional Independence Measure
(FIM) scores to Minimum Data Set (MDS) scores and
vice versa in order to achieve score compatibility. Data from
2,130 patients were obtained from the Department of Veteran
Affairs’ Austin Automation Center. The conversion algorithm
was tested at the (1) individual patient level, (2) classification
level, and (3) facility level. The validity testing resulted in
mixed findings. The mean MDS-derived FIM (FIMc) scores
were within 1.3 and 0.1 points of the mean actual FIM (FIMa)
scores for the motor and cognition scales, respectively. Kappa
statistics demonstrated a fair to substantial (0.37–0.66) strength
of agreement between functional-related group classifications
generated from the FIMa and FIMc scores. Four of the five
facilities had an average point difference of 2.4 between the
mean FIMa and FIMc scores. While the sample distributions
were similar, individual score comparisons fell short of expec-
tations. Only 37% to 67% of the FIMc scores were within 5
points of the FIMa scores. The crosswalk algorithm demon-
strated a convenient way to achieve score comparisons across
different rehabilitation settings. However, the effectiveness of
a single measure or of crosswalk conversions may ultimately
depend on the quality of the data.

Key words: Centers for Medicare and Medicaid Services, con-
version algorithm, crosswalk, equating, Functional Indepen-
dence Measure, inpatient rehabilitation facility, Minimum Data
Set, patient outcomes, rehabilitation, skilled nursing facilities.

INTRODUCTION

To evaluate and track changes of functional status
within the course of rehabilitative healthcare services,
researchers and clinicians must integrate information
across the continuum of care. While using a single and
comprehensive outcome assessment instrument across all
facilities would provide the best mechanism for the seam-
less monitoring of patient outcomes, the current system of
site-specific outcome measures makes large-scale reforma-
tion extremely difficult.

The Functional Independence Measure (FIM) is cur-
rently the most widely used assessment of functional
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ability in inpatient rehabilitation facilities (IRFs) and
comprehensive rehabilitation hospitals [1]. Through con-
joint efforts of the American Congress of Rehabilitation
Medicine, the American Academy of Physical Medicine
and Rehabilitation, and 11 other national organizations,
the FIM was developed as a central core measure of the
Uniform Data Set for Medical Rehabilitation to docu-
ment the functional status (motor and cognition domains)
of patient outcomes [2–3]. In 2002, the FIM was incorpo-
rated into the IRF-Patient Assessment Instrument, which
was implemented within the national prospective pay-
ment system (PPS) for inpatient medical rehabilitation
reimbursement [4]. Based on age, functional status (pro-
vided by FIM), comorbidities, and rehabilitation impair-
ment category, patients are classified into discrete case-
mix groups (CMGs) for predicting the resources needed
to provide patient care [5].

While the FIM is extensively used in IRFs, the Mini-
mum Data Set (MDS) is completed for all residents in
Medicare/Medicaid skilled nursing facilities (SNFs) [6]. In
response to the Omnibus Budget Reconciliation Act of
1987, the Health Care Financing Administration (now the
Centers for Medicare and Medicaid Services [CMS])
developed a Resident Assessment Instrument (RAI) that all
certified SNFs use to assess and plan for the care of resi-
dents. As a central assessment core in the RAI, the MDS
documents a variety of residents’ health information for
care planning [7]. By 1998, Medicare/Medicaid SNFs were
required to encode and transmit MDS data to the state.
After the PPS was mandated in IRFs, information from the
MDS assessment (including an activity of daily living
[ADL] score, a depression index, and a cognition perfor-
mance score) was used to classify residents in SNFs into
resource utilization groups for better care planning [8–9].

As a result, the FIM is widely used in IRFs and the
MDS is mandated in SNFs. When patients are transferred
between these facilities, functional status information is
discontinuous. Longitudinally, we are unable to track and
monitor trajectories of functional outcomes regarding indi-
vidual patients. In addition, directly comparing functional
outcomes across these rehabilitation settings is difficult.

In 2000, CMS recommended that IRFs use the MDS
for Post Acute Care (MDS-PAC) as a uniform instrument
to integrate healthcare information across postacute care
[10]. Structurally similar to the original MDS, the content
of the MDS-PAC was expanded to cover the care needs
and outcomes across postacute settings [11]. For instance,
the functional status section comprises not only basic
ADLs (e.g., eating, transferring, dressing, and walking)

but also instrumental ADLs (e.g., meal preparation, finan-
cial management, and car transfer) [10]. Nonetheless,
because of considerable resistance, CMS is no longer
considering the use of the MDS-PAC to monitor out-
comes for postacute care [5,12].

Although the concept of developing a “universal”
postacute assessment tool is conceptually sound, practical
issues arise [13]. Both the FIM and MDS have undergone
development for more than a decade and are presently the
basis for resource allocation in IRFs and SNFs. For exam-
ple, the FIM has been embedded into algorithms for com-
puting medical payments. Hence, attempts to change or
replace these measures would likely face considerable
resistance from healthcare practitioners who use these
instruments on a daily basis and administrators who base
their administrative structure on these instruments (e.g.,
software, risk-adjustment algorithms, training, and data
collection). Implementing a new assessment tool requires
not only large-scale staff retraining and transformation in
administrative procedures but also consideration of the
consequences and impact of such a tool on rehabilitation
services and reimbursement algorithms. Adopting a new
uniform measure across all postacute care is likely to cost
millions, if not billions, of dollars.

Developing a universal assessment tool also requires
an adequate item set that covers the entire spectrum of
postacute care settings with a variety of patients at differ-
ent disability levels. This requirement leads to the issue of
administrative burden (large item banks) and the adoption
of items that may be inappropriate for particular IRF set-
tings. For example, “easy” mobility items, such as “rolling
in bed” might be essential to the assessment of individuals
with severe disabilities in SNFs but will provide little rele-
vant information for most of the patients treated in outpa-
tient rehabilitation clinics. More challenging items, such as
“walking outdoors for 200 meters,” may provide useful
information for evaluating patients who are 3 months post-
discharge (i.e., follow-up evaluations) but would not be
appropriate for evaluating patients who are in IRFs.

Furthermore, a new universal assessment tool would
require considerable research to support its reliability and
validity. Without rigorous psychometric research studies,
health service researchers are unlikely to support such an
instrument. All of these are practical issues when the replace-
ment of existing instruments with a universal assessment tool
across all postacute care settings is being considered.

Another option that avoids many of the challenges
and complications of a universal assessment tool is the
creation of crosswalks or statistical links between existing
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functional status instruments. In 2006, Velozo and col-
leagues developed a FIM-MDS crosswalk conversion
algorithm to link the FIM and the MDS [14]. Their intent
was to develop an effective, efficient method of tracking
and evaluating veterans’ functional status changes across
IRFs and SNFs. The Rasch true-score equating method
[15] was used to develop the FIM-MDS crosswalk, with
the basis of the crosswalk being the similar ADL content
of the FIM and the MDS. A sample of Department of Vet-
eran Affairs (VA) patients who had been assessed on both
instruments within 5 days was used to generate the cross-
walk. A FIM-MDS raw score crosswalk conversion table
was created whereby total FIM raw scores could be trans-
lated into total MDS raw scores and vice versa.

A critical step in determining the feasibility of this
crosswalk methodology for practical application is to test its
validity. Therefore, we performed a follow-up validation
analysis based on the FIM-MDS crosswalk conversion algo-
rithm developed by Velozo and colleagues [14]. The validity
of the conversion algorithm was tested at three different lev-
els: (1) individual patient, (2) classification, and (3) facility.

METHODS

Data Preparation
This study was a secondary retrospective data analysis

using FIM and MDS data from the Functional Status Out-
comes Database and the MDS database collected by VA’s
Austin Automation Center between June 1, 2002, and
December 31, 2004. The two data sets were merged based
on patients’ scrambled Social Security numbers. Ethical
consent for this study was obtained from the University of
Florida Institutional Review Board and the VA Subcom-
mittee of Human Studies. Access to VA MDS data was
approved by the VA Veterans Health Administration.

We selected patient records that had both FIM and
MDS assessments with ≤5 days between administrations.
If a patient had multiple records, we selected the FIM-
MDS record with the fewest number of days between
administrations. Three major impairment groups in the
database were selected for analysis: stroke, amputation,
and orthopedic impairment. Data were cleaned of obvi-
ously invalid data, such as an age of 159 years or func-
tional status items with negative coding. Only records
with complete data for all FIM and MDS functional sta-
tus items were included in the analysis. On the basis of
these criteria, we analyzed a final data set of 2,130
patients out of the original 151,770 available records.

Data were further split into two data sets. Data from
June 1, 2002, to May 31, 2003 (phase I) were used to gener-
ate the FIM-MDS crosswalk tables (motor and cognition)
by following the procedure described by Velozo et al. [14].
Data from June 1, 2003, to December 31, 2004 (phase II)
were used to perform the validity testing.

Analytical Procedure
Before using the conversion table, we implemented

several procedural steps. First, the MDS rating of “8”
(activity did not occur) was recoded to a “4” (total depen-
dence). This recoding was based on the rationale that the
most likely explanation for a basic ADL not being observed
during the entire observation period is that the patient was
unable to perform the task. This assumption has been made
in several previous MDS-related studies [16–17]. Next,
four “recall” cognition items on the MDS instrument had to
be recoded so that all cognition MDS items had the same
rating-scale direction, with a lower score indicating better
performance. Lastly, item ratings from each motor and cog-
nition scale were summed to obtain a total motor and cogni-
tion raw score. The total score of the FIM subscales
consisted of 13 motor items and 5 cognition items, whereas
the total score of the MDS subscales consisted of 13 motor
items and 16 cognition items.

The conversion algorithm was tested at three differ-
ent levels: (1) individual patient, (2) classification, and
(3) facility. At the individual patient level, we calculated
the absolute value of point differences between the actual
FIM (FIMa) scores and the MDS-derived FIM (FIMc)
scores (|FIMa – FIMc|) and the percentage of FIMa-FIMc
scores within 5 and 10 points. To compare whether the
score distributions were similar between the actual and
converted scores, we used paired t-tests to test the equiva-
lence of the score distributions.

At the classification level, the functional-related group
(FRG) classification system [18] was used to examine
whether the FIMc would classify the same patient into a
classification level similar to that derived from the FIMa.
The FRG is a patient classification system being used by
the CMS and is the basis for computing the PPS payment in
IRFs [19]. Using FRGs, patients were first classified into 1
of 20 impairment categories and further divided by the two
FIM subscales (motor and cognition) and by age at admis-
sion to the IRF. Patients assigned to different FRGs are
expected to have different rehabilitation outcomes and
total costs of care. Therefore, whether the converted scores
could classify the individuals into the same FRG as the
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actual scores provides a pragmatic test of the precision of
the conversion algorithm. After classifying patients into one
of the FRGs, we calculated the percentage of individuals
being classified into the same FRG category, one category
apart (±1 level), and two categories apart (±2 levels). Chi-
square statistics were used to test whether any association
existed between classification results based on the actual
and converted scores. Meanwhile, kappa statistics were
used to quantify the strength of association. Landis and
Koch provide guidelines for interpreting the strength of
agreement: a kappa statistic ranging from 0.21 to 0.40 dem-
onstrates a fair strength of agreement, from 0.41 to 0.60
indicates a moderate strength of agreement, and from 0.61
to 0.80 indicates a substantial strength of agreement [20].

Finally, the conversion algorithm was evaluated at the
facility level. After the actual MDS scores were converted
to FIMc scores via the conversion algorithm, the score
distributions of the FIMc were compared with the actual
score distributions of the FIMa by facility. Paired t-tests
were used to test the equivalence of the facility-level
mean scores obtained from the FIMa and FIMc scores.
Since the final data set resulted in many facilities with
small sample sizes, only the five facilities that had sample
sizes of more than 50 patients were used for this analysis.

RESULTS

Sample
The first data set (phase I) used to generate the FIM-

MDS crosswalk tables (motor and cognition) contained
654 subjects: 302 with stroke, 113 with amputation, and
239 with orthopedic impairment. The age of the sample
ranged from 20.0 to 100.0 years, with a mean age of 68.0 ±
12.0 years (all data presented as mean ± standard deviation
unless otherwise noted). The mean assessment date differ-
ence between the FIM and the MDS was 2.9 ± 1.7 days.
Ninety-six percent of the sample was male and seventy-
four percent was white.

The second data set (phase II) used to perform the
validity test contained a sample of 1,476 subjects: 804 with
stroke, 268 with amputation, and 404 with orthopedic
impairment. The age of the sample ranged from 26.0 to
97.0 years, with a mean age of 70.2 ± 11.7 years. The
mean assessment date difference between the FIM and the
MDS was 3.2 ± 1.7 days. Ninety-seven percent of the sam-
ple was male and sixty-nine percent was white. Table 1
presents the baseline demographic information of these
two samples.

Validation at Individual Level

Score Distribution
Figure 1(a) and (b) shows the actual MDS score dis-

tributions for the motor and cognition scales, respectively.
The MDS motor domain had a score range of 0 to 52, with
a score of 0 indicating that a person can perform every task

Table 1.
Baseline demographic characteristics of subjects used to generate
FIM-MDS crosswalk tables (phase I, N = 654 subjects) and to perform
validity test (phase II, N = 1,476 subjects).

Characteristic Phase I Phase II
n % n %

Sex
Male 630 96.6 1,434 97.2
Female 22 3.4 40 2.7

Race
White 485 74.2 1,019 69.0
Black 120 18.3 313 21.2
Hispanic 26 4.0 56 3.8
Native American 8 1.2 8 0.5
Asian 2 0.3 2 0.1
Other 5 0.8 40 2.7
Missing 8 1.2 38 2.6

Impairment Group
Stroke

Left-Body Involvement 140 21.4 343 23.2
Right-Body Involvement 134 20.5 285 19.3
Bilateral Involvement 7 1.1 32 2.2
No Paresis 8 1.2 80 5.4
Other Stroke 13 2.0 64 4.3

Amputation (Lower-Limb)
Unilateral Below Knee 71 10.9 140 9.5
Unilateral Above Knee 30 4.6 73 4.9
Bilateral Below Knee 9 1.4 16 1.1
Bilateral Above/Below Knee 2 0.3 9 0.6
Bilateral Above Knee 1 0.2 9 0.6

Orthopedic
Unilateral Knee Replacement 84 12.8 166 11.2
Unilateral Hip Replacement 74 11.3 106 7.2
Unilateral Hip Fracture 31 4.7 56 3.8
Major Multiple Fractures 6 0.9 12 0.8
Femur Fracture 5 0.8 4 0.3
Pelvic Fracture 3 0.5 3 0.2
Bilateral Knee Replacement 2 0.3 4 0.3
Bilateral Hip Fracture 1 0.2 3 0.2
Other Orthopedic 33 5.0 46 3.1

FIM = Functional Independence Measure, MDS = Minimum Data Set.
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Figure 1.
Score distribution of Functional Independence Measure (FIM) and Minimum Data Set (MDS). (a) Actual MDS motor score distribution. (b) Actual
MDS cognition score distribution. (c) Actual FIM motor score distribution. (d) Actual FIM cognition score distribution. (e) MDS-derived FIM motor
score distribution. (f) MDS-derived FIM cognition score distribution. SD = standard deviation.
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independently without any assistance. With a mean of
20.7, the motor domain had a slightly skewed distribution
toward higher functioning individuals (skewness = 0.43).
The MDS cognition domain (ranging from 0–25), how-
ever, showed a severe ceiling effect (skewness = 1.84).
Approximately 42.9 percent of subjects (633/1,476) scored
intact on every cognition item, and 79.0 percent of subjects
(1,166/1,476) were within 5 points of the highest MDS
cognition score (i.e., 0–5).

Figure 1(c) and (d) shows the FIMa score distributions
for the motor and cognition scales, respectively. The FIM
motor domain had a score range of 13 to 91, with a score of
91 indicating that an individual can perform every task
independently. Similar to the MDS score distributions, the
FIM motor scale had a slightly skewed distribution toward
higher functioning individuals (skewness = –0.37). The
FIM cognition scale had a score range of 5 to 35, with a
score of 35 indicating that an individual is rated intact on
every cognition item. Again, like the MDS cognition scale,
the FIM cognition scale had a severe ceiling effect (skew-
ness = –1.03). Approximately 29.6 percent of subjects (437/
1,476) obtained the maximum FIM cognition score of 35,
and 53.6 percent of the subjects (791/1,476) were within
5 points of the maximum score (i.e., 30–35).

Results from the Kolmogorov-Smirnov test of nor-
mality indicated that both FIM and MDS score distribu-
tions deviated from a normal distribution (p < 0.001).
Additionally, the FIMa motor and cognition scales corre-
lated with the actual MDS motor and cognition scales at
–0.80 and –0.66, respectively.

Point Different Between Actual and Converted
Functional Independence Measure Scores

The MDS scores were converted into FIM compatible
scores via the crosswalk conversion algorithm. Figure 1(e)
and (f) shows the FIMc for the motor and cognition scales,
respectively. Compared with the FIMa score distributions in
Figure 1(c) and (d), the FIMc scores showed a similar score
distribution. The FIMc motor scale had a mean of 54.4,
which was close to the FIMa motor score distribution with a
mean of 55.7. While the mean difference of the distributions
was only 1.3, the results from the Wilcoxon signed rank test
showed a significant difference between these two score dis-
tributions (z = –4.11, p < 0.001). Pearson correlation coeffi-
cient was 0.79 between the FIMa and FIMc motor scores.
Approximately 33.7 percent of the actual and converted
scores showed a 5-point difference or less, and 56.9 percent
showed a 10-point difference or less (Figure 2). The mean
point difference was 11.6 ± 10.4 points.

The FIMc cognition scale had a mean of 27.1 ± 7.8,
which was virtually identical to the FIMa cognition score
distribution with a mean of 27.0 ± 9.0. The FIMc cognition
scores correlated moderately with the FIMa cognition
scores (Pearson correlation coefficient r = 0.67). Approx-
imately 67.1 percent of the actual and converted scores
showed a 5-point difference or less, and 87.7 percent
showed a 10-point difference or less (Figure 2). The mean
point difference was 4.9 ± 4.8 points. Table 2 summarizes
the validation results at the individual level.

Figure 2.
Point difference between actual and converted Functional Independence Measure (FIM) score distribution. (a) |FIMa – FIMc| motor score distribution.
(b) |FIMa – FIMc| cognition score distribution. FIMa = actual FIM (score), FIMc = Minimum Data Set-derived FIM (score), SD = standard deviation.
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Validation at Classification Level
The FIMa and the FIMc were used to classify

patients into different FRGs based on the same classifica-
tion algorithm. Tables 3–5 presents results from FRG
classifications for individuals with stroke, amputation,
and orthopedic impairment, respectively. FRGa indicates
the classification results based on the FIMa scores,
whereas FRGc represents the classification results based
on the FIMc scores.

For individuals with stroke, the FRGs classified indi-
viduals into nine categories (Table 3). Chi-square statistics
showed a significant association between the classification
results (χ2 = 1,232.6, degrees of freedom [df] = 64, p <

0.001). Kappa analysis demonstrated a fair strength of
agreement (κ = 0.37). About 44.0 percent of patients were
classified into the same FRGs, 67.0 percent into FRGs
within ±1 FRG level, and 80.5 percent into FRGs within ±2
FRG levels. 

For individuals with amputation, patients were classi-
fied into one of two FRG categories (Table 4). Chi-square
statistics showed a significant association between the
classification results (χ2 = 120.6, df = 1, p < 0.001). Kappa
analysis demonstrated a substantial strength of agreement
(κ = 0.66). Approximately 83.1 percent of subjects were
classified into the same FRG.   

Table 2.
Summary of validation results of actual FIM (FIMa) scores and MDS-derived FIM (FIMc) scores at individual patient level.

FIM 
Subscale Mean ± SD Wilcoxon* Correlation†

(r)
Point Difference |FIMa – FIMc|

Mean ± SD % ≤5 points % ≤10 points
Motor

FIMa 55.7 ± 24.2 z = –4.11, p < 0.001 0.79 11.6 ± 10.4 33.7 56.9
FIMc 54.4 ± 23.5

Cognition
FIMa 27.0 ± 9.0 z = –2.21, p = 0.03 0.67 4.9 ± 4.8 67.1 87.7
FIMc 27.1 ± 7.8

*Nonparametric Wilcoxon signed rank test.
†Correlation between FIMa and FIMc scores.
FIM = Functional Independence Measure, MDS = Minimum Data Set, SD = standard deviation.

Table 3.
Functional-related group (FRG) classification for sample of patients with stroke.

FRGc
FRGa

Total
1 2 3 4 5 6 7 8 9

1 88 0 0 13 4 5 1 0 2 113
2 5 65 15 3 2 3 0 0 0 93
3 1 29 39 15 9 1 4 1 0 99
4 14 6 7 32 21 15 14 7 10 126
5 6 1 3 12 13 15 11 6 3 70
6 3 4 1 4 8 6 11 4 10 51
7 3 0 1 9 8 7 51 5 20 104
8 3 0 2 3 5 7 5 7 14 46
9 0 1 1 5 3 6 17 14 55 102

Total 123 106 69 96 73 65 114 44 114 804
Note: 44.0% of patients were classified into same FRG, 67.0% one level apart, and 80.5% two levels apart; χ2 = 1,232.6, df = 64, p < 0.001; κ = 0.37.
df = degrees of freedom, FRGa = FRG based on actual Functional Independence Measure (FIM) score, FRGc = FRG based on Minimum Data Set-derived FIM score.
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For individuals with orthopedic impairment, seven
FRG classification levels were used (Table 5). Chi-square
statistics exhibited a significant association between the
classification results (χ2 = 433.4, df = 36, p < 0.001) with
a fair strength of agreement (κ = 0.37). About 55.0 per-
cent of patients were classified into the same FRGs,
69.2 percent into FRGs within ±1 level, and 87.4 percent
into FRGs within ±2 levels.

Validation at Facility Level
Lastly, we evaluated the FIM-MDS crosswalk con-

version algorithm at the facility level by comparing FIMa
and FIMc by facility. Table 6 lists the validation results
at the facility level. In general, the mean differences
between FIMa and FIMc varied from a low of 1.41 (facil-
ity E) to a high of 11.30 (facility A). Since the distribu-

tions of the FIMa and FIMc scores also deviated from
normal distributions, nonparametric statistics were used
to test the equivalence of the score distributions. The
results from the Wilcoxon signed rank test showed an
acceptable equivalence in three out of five facilities. The
correlations between FIMa and FIMc motor scores also
varied from facility to facility (ranging from 0.58 to
0.89).

The cognition scale showed more consistent results.
Mean differences between FIMa and FIMc cognition
scores ranged from 1.51 to 3.82 points. Nonetheless, the
nonparametric Wilcoxon signed rank test revealed statisti-
cal significance for all facilities (p < 0.05). The correla-
tions between FIMa and FIMc cognition scores also
varied from facility to facility (ranging from 0.42 to 0.80).

DISCUSSION

This study evaluated the FIM-MDS crosswalk con-
version algorithm developed by Velozo and colleagues
[14]. We obtained “mixed” findings from the validity
testing of the FIM-MDS motor and cognition crosswalks.

Several results supported the feasibility of develop-
ing FIM-MDS crosswalks. The actual FIM and MDS
scores moderately correlated at –0.80 for the motor scales
and –0.66 for the cognition scales. Results showed that
the mean FIMc scores were very close to the FIMa
scores, with a small difference of 1.3 points deviation for
the motor scale and 0.1 points for the cognition scale.
From the FRG classification system, chi-square statistics
showed a significant association between the FRG classi-
fication results based on FIMa and FIMc scores, with a
fair (0.37) to substantial (0.66) strength of agreement.
Meanwhile, at the facility level four out of five facilities
had just 1- to 3-point differences between the mean FIMa
and FIMc scores.

While sample distributions were similar, individual
score comparisons fell short of expectations. Only 34 per-
cent of the FIMc motor scores were within 5 points of the
FIMa scores and 56.9 percent were within 10 points. For
the cognition scale, 67 percent of the FIMa and FIMc cog-
nition scores showed a 5-point difference or less and
87.7 percent show a 10-point difference or less. The results
for the FIM cognition scale may be inflated because of
a severe ceiling effect. The results from nonparametric
procedures did not support the hypothesis that the actual
and converted scores had the same score distributions

Table 4.
Functional-related group (FRG) classification for sample of patients
with amputation.

FRGc
FRGa

Total
1 2

1 112 33 145
2 12 109 121

Total 124 142 266
Note: 83.1% of patients were classified into same FRG; χ 2 = 120.6, df = 1, p <
0.001; κ = 0.66.
df = degrees of freedom, FRGa = FRG based on actual Functional Indepen-
dence Measure (FIM) score, FRGc = FRG based on Minimum Data Set-
derived FIM score.

Table 5.
Functional-related group (FRG) classification for sample of patients
with orthopedic impairment.

FRGc
FRGa

Total
1 2 3 4 5 6 7

1 2 3 0 0 0 0 0 5
2 1 17 3 4 1 3 6 35
3 0 4 8 3 0 1 17 33
4 1 2 8 40 1 1 4 57
5 0 0 2 0 12 0 34 48
6 0 1 0 0 3 3 16 23
7 0 3 7 1 22 9 114 156

Total 4 30 28 48 39 17 191 357
Note: 55.0% of patients were classified into same FRGs, 69.2% one level
apart, 87.4% two levels apart; χ2 = 433.4, df = 36, p < 0.001; κ = 0.37.
df = degrees of freedom, FRGa = FRG based on actual Functional Indepen-
dence Measure (FIM) score, FRGc = FRG based on Minimum Data Set-
derived FIM score.
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for either the motor or cognition scales. Meanwhile, the
validation results at the facility level varied. The correla-
tion coefficient between the FIMa and FIMc scores varied
from moderate to strong for the motor (0.58 to 0.89) and
cognition scales (0.42 to 0.80). While four of the five facil-
ities demonstrated 1- to 3-point differences between the
mean FIMa and FIMc scores, one facility showed an 11.3-
point difference in the motor scale.

The “mixed” findings from the validity testing of the
FIM-MDS motor and cognition crosswalks leave consid-
erable questions as to the extent to which crosswalks
should be implemented. While the relatively strong cor-
relations between the actual and converted scores support
the use of a crosswalk, the significant differences found

between the actual and converted score distributions sug-
gested that the crosswalk may not have an adequate level
of accuracy for decision-making in healthcare settings.
The similar mean FIMa and FIMc scores suggest that the
crosswalks may demonstrate “population equivalence”
and may have adequate accuracy for monitoring of facil-
ity-level outcomes and for research involving large sam-
ple sizes. However, the results varied between facilities
and the validation at the facility level did not completely
support this conclusion. The facility-level testing was
done with sample sizes just above 50 subjects. Larger
sample sizes should be analyzed in future studies to
investigate whether applying crosswalks at the facility
level is feasible.

Table 6.
Validation results of actual FIM (FIMa) and MDS-derived FIM (FIMc) scores at facility level.

Facility Mean ± SD Difference* Correlation†

(r) Wilcoxon‡

A (n = 63)
FIMa Motor 77.21 ± 13.54 11.30 0.62 z = –5.64, p < 0.001§

FIMc Motor 65.91 ± 12.78
FIMa Cognition 31.30 ± 5.87 2.84 0.80 z = 5.07, p < 0.001∗

FIMc Cognition 28.46 ± 6.57
B (n = 53)

FIMa Motor 50.47 ± 18.91 –3.53 0.77 z = –2.14, p = 0.03§

FIMc Motor 54.00 ± 19.28
FIMa Cognition 30.30 ± 7.37 1.51 0.80 z = –3.07, p = 0.002§

FIMc Cognition 28.79 ± 8.89
C (n = 57)

FIMa Motor 70.49 ± 17.42 2.08 0.70 z = –1.04, p = 0.299
FIMc Motor 68.41 ± 18.93
FIMa Cognition 31.11 ± 6.49 2.86 0.53 z = –3.97, p < 0.001§

FIMc Cognition 28.25 ± 4.60
D (n = 72)

FIMa Motor 73.96 ± 15.61 –1.96 0.58 z = –0.54, p = 0.59
FIMc Motor 75.92 ± 15.83
FIMa Cognition 28.90 ± 6.88 –3.82 0.42 z = –4.63, p < 0.001§

FIMc Cognition 32.72 ± 2.89
E (n = 71)

FIMa Motor 52.07 ± 23.06 1.41 0.89 z = –1.00, p = 0.31
FIMc Motor 50.66 ± 23.31
FIMa Cognition 24.10 ± 8.97 –1.82 0.66 z = –2.01, p = 0.04§

FIMc Cognition 25.92 ± 7.38
*Mean of |FIMa – FIMc| scores.
†Correlations between FIMa and FIMc scores.
‡Nonparametric Wilcoxon signed rank test.
§Indicates statistical significance with p < 0.05.
FIM = Functional Independence Measure, MDS = Minimum Data Set, SD = standard deviation.
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Our validation results based on the FRG classification
system were slightly less promising than those found by
Buchanan and colleagues in their 2004 study of a crosswalk
between the FIM and MDS-PAC [11]. They evaluated
their FIM-MDS-PAC conversion system by classifying
approximately 3,200 subjects into CMGs by using a pro-
spective study. The FIM and the MSD-PAC to FIM scales
mapped 53 percent of cases into the same CMG; approxi-
mately 84 percent were classified within one CMG. In this
study, about 44 percent (stroke), 83 percent (amputation),
and 55 percent (orthopedic) were classified into the same
FRG and 67 percent (stroke), 100 percent (amputation), and
69.2 percent (orthopedic) within one FRG level. Buchanan
et al. further evaluated the payment implications of substi-
tuting the MDS-PAC for the FIM. They found the mean
payment difference between these two instruments was not
significantly different from zero [11]. However, the SD of
differences was large ($1,960) and nearly 20 percent of the
facilities had revenue shifts larger than 10 percent of the
original cost. Similar cost comparisons were not made in
the present study because of the unavailability of cost infor-
mation. Note that the present study, as compared with
Buchanan and colleagues’ findings, had different method-
ologies and sampling (e.g., differences in FRG vs CMG
calculations, as well as secondary analysis of VA data vs
prospective data collection).

The effectiveness of crosswalks may depend on
sources of error associated with the FIM and MDS. This
sample was selected based on the criterion of “5 days or
less” between administrations of the FIM and MDS.
Based on the requirements that clinical staff have 3 days
to complete the FIM assessment after patients are admit-
ted or discharged from an IRF and that MDS coordinators
have 14 days to finish the MDS evaluation, the “5-day”
criteria used in this study may be considered stringent.
This study was based on the assumption that a patient’s
functional status remains unchanged during this 5-day
period. This assumption is unlikely to be supported in
clinical practice. However, as we further filtered the data
with the criterion of fewer than 5 days between FIM and
MDS assessment dates, the number of records available
for analysis dramatically decreased. We also performed
analyses with fewer days between administrations of the
assessments. Even so, the more stringent criteria did not
demonstrate better validation results.

To ensure the quality of the data, clinicians must obtain
80 percent or above passing scores on the FIM mastery test
to be qualified for entering FIM data into the VA national

database. Moreover, clinicians are retested every 2 years
with a different version of the examination to ensure their
rating accuracy of the FIM. A number of studies have
shown that the FIM has good interrater or test-retest reli-
ability (>0.90) [21–24]. In contrast, for MDS assessments,
each unit’s assessment coordinator may obtain information
from other staff orally or have specific professionals rate
relevant items. The raters do not necessarily receive formal
training, and no qualification examination is required. Since
the MDS administration is much more extensive than the
FIM, assessment burden may result in assessments being
completed quickly instead of accurately, which further
introduces rater error. The MDS items have been shown to
have high interrater reliability with walking items (weighted
κ = 0.89–0.92) [25], overall ADL items (r = 0.99), and cog-
nition items (r = 0.80) [26]. However, few MDS studies
focused on physical functioning and cognition/communi-
cation domains and information regarding the psychomet-
rics of these two sections is insufficient. To improve the
application of the FIM-MDS crosswalk conversion algo-
rithm at the clinical sites, improvement in the quality of
test administration and rater training are likely to be
required.

This validation study has several limitations. First, the
data sets did not have sufficient information about assess-
ment type (e.g., admission, discharge, follow-up) and dis-
charge reasons. For patients who transferred from an IRF to
an SNF, their condition may have been different from those
who transferred from an SNF to an IRF. For instance, a
transfer from one facility to another might be due to a sig-
nificant change in the patient’s medical or functional status
or merely due to the need for continued care. Second, the
present validation study only focused on three major reha-
bilitation impairment groups. More diverse impairment
groups and more representative samples should be
explored in the development of FIM-MDS crosswalk con-
version algorithms. Third, fewer days between assess-
ments dates should be explored in the future to minimize
the potential for functional status change during the trans-
fer period.

The failure of the FIM-MDS crosswalks in the
present study to demonstrate “individual equivalence”
(i.e., relatively low percentage of actual and converted
scores being within 5 points of each other), suggests that
the crosswalks do not have adequate accuracy to monitor
individual patients who transfer from facilities that use
the FIM (e.g., IRFs) or from facilities that use the MDS
(e.g., SNFs). While these validation results fail to support
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the use of a crosswalk to monitor individuals across the
continuum of care, the variance might be as much a func-
tion of the error in global measures per se as it is a function
of error in the crosswalk. That is, variance in use of the
same measure (e.g., only the FIM or only the MDS/MDS-
PAC) by different raters and across different facilities could
result in different FRG/CMG classifications and revenue
shift differences similar to those found by Buchanan and
colleagues in their study of the FIM-MDS-PAC crosswalk.
That is, while using a single comprehensive outcome
assessment instrument for postacute care may appear to be
the best mechanism for monitoring patient outcomes
across postacute settings, inherent error in these measures
may lead to the type of inconsistencies found with the
crosswalks. A direct comparison of a single measure to
crosswalk conversions may be necessary to determine the
best method for monitoring outcomes across the contin-
uum of care. The effectiveness of a single measure or of
crosswalk conversions may ultimately depend on the qual-
ity of the data. Effective monitoring of patients across the
continuum of care, whether via a single measure or cross-
walks, may ultimately depend on more rigorous standard-
ization and more extensive training of clinical raters.

CONCLUSIONS

To evaluate and track changes of functional status
within the course of rehabilitative healthcare services,
researchers and clinicians must integrate information across
the continuum of care. The crosswalk algorithm demon-
strated a convenient way to achieve score comparisons
across different rehabilitation settings. However, the effec-
tiveness of a single measure or of crosswalk conversions
may ultimately depend on the quality of the data.
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