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ABSTRACT. Archer KR, Castillo RC, MacKenzie EJ,
osse MJ, and the LEAP Study Group. Physical disability after

evere lower-extremity injury. Arch Phys Med Rehabil 2006;
7:1153-5.

Objective: To investigate the use of a combined measure of
ecreased walking speed and gait deviation to identify high
hysical disability in patients with lower-limb salvage.
Design: Longitudinal study of patients with severe lower-

xtremity trauma.
Setting: Eight level I trauma centers.
Participants: Patients (N�276) with lower-limb salvage

rom the Lower Extremity Assessment Project.
Interventions: Not applicable.
Main Outcome Measures: Disability from the physical

imension of the Sickness Impact Profile (SIP), walking speed,
nd gait deviation were measured at 24 months of follow-up. A
-way analysis of variance and planned comparisons compared
ean SIP scores across and between the following 3 outcome

roups: no impaired speed and no gait deviation, impaired
peed or gait deviation, and impaired speed and gait deviation.

Results: Mean SIP scores for the physical dimension and its
categories of ambulation and body care and movement dif-

ered statistically across the planned comparisons. The mobil-
ty category showed that the impaired speed or deviation group
as statistically similar to the group without impaired speed

nd gait deviation.
Conclusions: The combination of decreased walking speed

nd gait deviation appears to provide a valid measure of phys-
cal disability among patients with lower-limb salvage.

Key Words: Lower extremity; Outcome assessment (health
are); Rehabilitation; Trauma.

© 2006 by the American Congress of Rehabilitation Medi-
ine and the American Academy of Physical Medicine and
ehabilitation

HE RECOVERY OF PHYSICAL mobility is among the
primary goals of rehabilitation after lower-limb saving

urgery.1 Mobility is essential for independent living and daily
unctioning.2 Although health status instruments, such as the
ickness Impact Profile (SIP), are useful measures of physical
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a
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unctioning, they are too complex and time consuming for
egular clinical use. Instead various physical performance tests,
hich have been associated with self-reported disability, are
sed to assess mobility.3

One of the most common physical performance measures is
he walking test.1,4 Research has shown that a gait speed
ssessment is comparable to a full performance battery in
redicting disability.2,4 However, walking speed is limited in
ts ability to reflect a person’s quality of movement.4 In this
tudy, we combined walking speed and presence of gait devi-
tion into 1 outcome measure and examined its relation to
hysical disability. We hypothesized that the combination of
easures would have a stronger association with self-reported

hysical disability than either decreased walking speed or gait
eviation alone.

METHODS

articipants
At 24 months, 330 patients who underwent lower-limb re-

onstruction after severe high-energy trauma were enrolled in
he Lower Extremity Assessment Project (LEAP). High-energy
rauma was defined as Gustillo grade IIIB and IIIC fractures,
elected grade IIIA fractures, dysvascular limbs, major soft-
issue injuries to the tibia, and severe foot injuries.5 Previous
esults5 found a minimal association between the characteris-
ics of the injury and functional outcomes. The current analysis
ncluded 276 LEAP patients for whom complete data from the
hysical dimension of the SIP and a 46-m walking test were
vailable.

utcome Measures
The SIP has been found useful in evaluating the functional

utcome of trauma patients.6

The physical dimension includes the mobility, ambulation,
nd body care and movement categories.7 Mobility comprises
tems relating to the level of control over one’s body, ambu-
ation consists of items relating to walking and stair climbing,
nd body care and movement encompasses activities of daily
iving. A score from 10 to 19 represents moderate disability
nd a score greater than or equal to 20 represents severe
isability.7

In the LEAP study, 14 physical therapists measured walking
peed with a 46-m independent walking test on a level surface.
he time it took for subjects to complete the task was measured
ith a stop watch and recorded in meters per minute. Subjects
ere also monitored for the presence of 1 or more gait devia-

ions. The distribution was as follows: Trendelenburg gait
8%), trunk asymmetry (10%), leg circumduction (6%), hip
ike (8%), knee hyperextension (3%), no heel strike (7%), toe
rag (13%), uneven step length (20%), and a noticeable limp
ot accounted for by one of the other deviations (12%).
Walking speed less than or equal to 73m/min and presence of

t least 1 gait deviation were combined into a primary outcome
easure. Seventy-three meters per minute was considered an

ppropriate cutoff for impaired speed, because 77m/min is an

pproximate gait velocity for adults 20 to 59 years old.8

Arch Phys Med Rehabil Vol 87, August 2006
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A

ata Analysis
Subjects were separated into 3 groups for analysis: group 1,

hose without impaired speed and gait deviation (n�110);
roup 2, those with either impaired speed (n�18) or gait
eviation (n�78); and group 3, those with both impaired speed
nd gait deviation (n�70). A 1-way analysis of variance
ANOVA) at P less than .05 was used to compare mean SIP
cores from the physical dimension and its 3 categories across
he 3 groups. Planned comparisons were performed using a
onferroni adjustment for 3 groups. These results were con-
rmed using a Kruskal-Wallis test. Results were consistent
cross tests and only the ANOVA results are shown.

RESULTS
At 24 months, the overall mean physical dimension SIP

ubscore � standard deviation (SD) was 9.4�9.8, and the
ean scores for mobility, ambulation, and body care and
ovement were 6.7�13.5, 16.7�14.3, and 7.2�9.4, respec-

ively. Fifty-four percent of subjects had at least 1 gait devia-
ion and 32% had a walking speed less than 73m/min.

Mean SIP scores for the physical dimension and each of its
ategories differed statistically across the 3 groups, with group

consistently having higher disability scores (table 1). The
ean difference between group 3 and group 2 differed statistically

t P less than .05 for the physical dimension and the ambulation
nd body care and movement categories (see table 1). In the
obility category, group 3 differed statistically from group 2 at
equal to .024, but there was no statistical difference between

roup 2 and group 1 (P�.05).

DISCUSSION
Various physical performance measures are recommended in

he literature, yet there is little consensus on a standard measure
or physical mobility.9 As hypothesized, patients with both
mpaired speed and gait deviation had statistically higher dis-
bility scores than patients with either impaired speed or gait
eviation.
Three distinct groups were found for the ambulation and

ody care and movement categories. Unexpectedly, only 2 dis-
inct groups were identified in the mobility category. Subjects with

Table 1: Overall Mean SIP Subscores and Planned Compar

Group n
Physical

Dimension

Group 1 110 5.1�7.4
Group 2 96 10.1�8.6
Group 3 70 14.8�11.3
F statistic 25.56
P value (ANOVA) �.001

Planned Comparisons Effect Size

Group 1 vs group 2 5.0 (�.001)
t statistic 3.97

Group 1 vs group 3 9.7 (�.001)
t statistic 7.07

Group 2 vs group 3 4.7 (.003)
t statistic 3.35

OTE. Values are mean � SD, effect size (Bonferroni adjusted P va
Group 1 is no impaired speed and no gait deviation; group 2 is impa
nd gait deviation (N�276).
ither decreased walking speed or gait deviation were found to W

rch Phys Med Rehabil Vol 87, August 2006
e statistically similar to the group without impaired speed and
eviation. A combination of measures appears to provide a better
epresentation of impaired mobility among this patient popula-
ion. This finding may be due to the underlying measurement of
he mobility scale, which considers gait speed and symmetry
ssential for general movement around one’s environment.

These preliminary findings suggest that a simple combina-
ion of timed walking speed and observational gait deviation
ay be a valid measure of disability and impaired mobility

fter lower-limb salvage. Further investigation is needed to
upport the routine use of this combined outcome measure.
ecommendations for future research include the validation of
ait speed and deviation with a comprehensive set of strength,
alance, gait, and coordination tasks and also with additional
elf-reported measures of disability.2,3,10

CONCLUSIONS
Although the separate measures of walking speed and gait

eviation provide clinicians with valuable information regard-
ng physical functioning, a combination of these measures
ppears to provide a valid measure of physical disability for
atients with lower-limb salvage.

Acknowledgments: The LEAP Study Group is Ellen J. Mac-
enzie, PhD, Michael J. Bosse, MD, James F. Kellam, MD, Andrew R.
urgess, MD, Lawrence X. Webb, MD, Marc F. Swiontkowski, MD, Roy
anders, MD, Alan L. Jones, MD, Mark P. McAndrew, MD, Brendan
atterson, MD, Melissa L. McCarthy, ScD, Thomas G. Travison, PhD,
nd Renan C. Castillo, MS. We acknowledge the tireless efforts of the
tudy coordinators and physical therapists at each of the 8 LEAP study
ites. Their dedication to the study’s objectives and their commitment to
uality data collection were essential to the success of the study. They
nclude Julie Agel, ATC, Jennifer Avery, PT, Denise Bailey, PT, Wendall
ryan, Debbie Bullard, Carla Carpenter, PT, Elizabeth Chaparro, RN,
ate Corbin, Denise Darnell, RN, BSN, Stephanie Dickason, PT, Thomas
iPasquale, DO, Betty Harkin, PT, Michael Harrington, PT, Dolfi Her-

covici, DO, Amy Holdren, RNC, ANP, MSN, Linda Howard, PT, Sarah
utchings, BS, Marie Johnson, LPN, Melissa Jurewicz, PT, Donna
ampke, PT, Karen Lee, RN, Marianne Mars, PT, Maxine Mendoza-
elch, PA, J. Wayne Meredith, MD, Nan Morris, PT, Karen Murdock,

T, Andrew Pollak, MD, Pat Radey, RN, Sandy Shelton, PT, Sherry
impson, PT, Steven Sims, MD, Douglas Smith, MD, Adam Starr, MD,
elia Wiegman, RN, John Wilber, MD, Stephanie Williams, PA, Philip

With Bonferroni Adjustment for 3 Groups* at 24 Months

Mobility Ambulation
Body Care and

Movement

4.2�12.4 8.5�10.1 4.0�7.3
5.9�12.0 19.0�12.5 7.6�8.9

11.4�15.4 24.6�14.6 11.8�10.9
6.67 40.57 16.65
.002 �.001 �.001

Effect Size Effect Size Effect Size

1.7 (1.00) 10.5 (�.001) 3.6 (.012)
.93 6.14 2.91

7.2 (.001) 16.1 (�.001) 7.8 (�.001)
3.59 8.57 5.75

5.5 (.024) 5.6 (.012) 4.2 (.009)
2.67 2.90 3.01

and t statistic.
alking speed or gait deviation; and group 3 impaired walking speed
isons

lue),
olinsky, MD, Mary Woodman, BA, and Michelle Zimmerman, RN.
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