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Background. The modified Dynamic Gait Index (mDGI) measures the capacity to
adapt gait to complex tasks utilizing 8 tasks and 3 facets of performance. The
measurement stability of the mDGI in specific diagnostic groups is unknown.

Objective. This study examined the psychometric properties of the mDGI in 5
diagnostic groups.

Design. This was a cross-sectional, descriptive study.

Methods. A total of 794 participants were included in the study: 140 controls, 239
with stroke, 140 with vestibular dysfunction, 100 with traumatic brain injury, 91 with
gait abnormality, and 84 with Parkinson disease. Differential item functioning analysis
was used to examine the comparability of scores across diagnoses. Internal consis-
tency was computed using Cronbach alpha. Factor analysis was used to examine the
factor loadings for the 3 performance facet scores. Minimal detectable change at the
95% confidence level (MDC95%) was calculated for each of the groups.

Results. Less than 5% of comparisons demonstrated moderate to large differential
item functioning, suggesting that item scores had the same order of difficulty for
individuals in all 5 diagnostic groups. For all 5 patient groups, 3 factors had eigen-
values �1.0 and explained 80% of the variability in scores, supporting the importance
of characterizing mobility performance with respect to time, level of assistance, and
gait pattern.

Limitations. There were uneven sample sizes in the 6 groups.

Conclusions. The strength of the psychometric properties of the mDGI across
the 5 diagnostic groups further supports the validity and usefulness of scores for
clinical and research purposes. In addition, the meaning of a score from the mDGI,
regardless of whether at the task, performance facet, or total score level, was
comparable across the 5 diagnostic groups, suggesting that the mDGI measured
mobility function independent of medical diagnosis.
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The recovery of mobility, espe-
cially walking, is an important
goal in both the neurologic

and geriatric populations and, there-
fore, an essential part of rehabilita-
tion.1–3 Walking in daily life requires
the ability to adapt gait to a variety of
complex tasks and environmental
demands.2 The Dynamic Gait Index
(DGI) is a commonly used clinical
measure that evaluates the capacity
to adapt gait to complex walking
tasks encountered in everyday life.4

Many studies have examined the psy-
chometric properties of the DGI in a
number of patient populations,
including those with stroke,5,6

Parkinson disease (PD),7 multiple
sclerosis (MS),8–10 and vestibular dys-
function.11–13 Despite its psychomet-
ric strength, the original DGI had a
number of limitations, including a
scoring system that combined 3
aspects of performance (gait pattern,
level of assistance, and time) into a
single ordinal score, as well as a ceil-
ing effect in high-functioning
populations.11,14–16

A modified version of the DGI
(mDGI) was recently developed by
Shumway-Cook and colleagues.17

The mDGI retains the original 8 tasks
but expands the scoring system to
evaluate 3 correlated but unique
aspects of walking performance: gait
pattern, level of assistance, and time.
This initial study investigated the
psychometric properties of the
mDGI in a sample of 855 adults with
mobility limitations associated with a
variety of neurologic diagnoses and
140 control participants with no
neurological impairment. The mDGI
demonstrated good psychometric
properties in these 2 groups, includ-
ing strong evidence for reliability
(internal consistency, interrater
agreement, and test-retest reliabili-
ty); good internal validity; and evi-
dence for discriminant validity at the
individual task, performance, and
total score levels. Factor analysis sup-
ported the unique contribution of

the 3 aspects of performance, and
Rasch analysis showed that the
expanded scoring system enabled a
greater range of measurement with
minimal ceiling effect.

This previous research examined the
mDGI in a large and diverse sample
of people with mobility limitations
due to a variety of neurologic diag-
noses; however, the psychometric
properties of the mDGI in individual
patient populations are not yet
known. Effective measurement
requires that items within a scale
have the same rank order of diffi-
culty across different groups, which
is referred to as item invariance.
Item invariance is investigated using
differential item functioning (DIF)
analysis, which flags items within a
scale that function differently in var-
ious populations. The presence of
DIF suggests that items within a scale
may vary in difficulty, depending on
characteristics of the person being
tested. Three levels of DIF are iden-
tified: negligible, slight to moderate,
and moderate to large. Linacre and
Wright18 have shown that a Rasch
difficulty difference of 0.64 is equiv-
alent to a moderate to large DIF
level. A study by Dye et al11 used DIF
to examine whether population
characteristics affected the measure-
ment characteristics of the original
DGI in 117 patients with either diz-
ziness or imbalance. The study
showed minimal DIF associated with
the characteristics of fall history, age,
sex, and symptom (dizziness versus
imbalance), which supports the item
invariance of the original DGI for
these 2 populations (patients with
dizziness versus imbalance). How-
ever, the item invariance (DIF) of the
mDGI in a broader category of diag-
noses is not known. Thus, one goal
of the current study was to examine
item invariance using DIF in the
mDGI across 5 patient groups.

In addition to item invariance, psy-
chometric analysis must consider

construct invariance across groups.
Construct invariance means that
scores have the same meaning across
groups and do not vary as a function
of patient characteristics (eg, age,
sex, medical diagnosis). Construct
invariance is investigated through
factor analysis to determine whether
the factor structure of the scale is the
same across groups. The previous
study on the mDGI established 3 cor-
related factors for the mDGI scores
in a large and diverse population of
patients with mobility limitations.17

The current study extended this
research by examining construct
invariance using factor analysis in 5
different patient populations that
were a subset of the larger sample
used in Shumway-Cook et al.17 It is
possible that statistical results from a
large heterogeneous sample mask
results for specific diagnostic
groups. The initial study had a large
sample size (N�995) and a wide vari-
ety of neurologic diagnoses. The cur-
rent study examined the degree to
which results from this large and
diverse sample applied to 5 specific
patient populations within the larger
sample.

Thus, the overall purpose of this
study was to examine the measure-
ment properties of the mDGI in 5
diagnostic populations (stroke, PD,
vestibular dysfunction, gait abnor-
mality, and traumatic brain injury
[TBI]) in order to: (1) determine the
item invariance of the mDGI using
DIF analysis and (2) examine con-
struct invariance of the mDGI
scores, including internal consis-
tency and independence of perfor-
mance facet scores, using factor
analysis.

Method
An in-depth review of the methods
used to investigate the reliability and
validity of mDGI was previously
reported.17 A brief overview of the
study’s methods is presented here.
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Recruitment
An e-mail was sent via the American
Physical Therapy Association’s Sec-
tion of Neurology listserve to recruit
potential clinical sites. From within
each of these sites, participants with
neurologic impairments currently
receiving physical therapy for bal-
ance and mobility problems were
evaluated using both the DGI and
mDGI. A potential participant
needed to be able to walk 6.1 m (20
ft) without physical assistance of
another. The use of an assistive
device was permitted. For the con-
trol cohort, a convenience sample of
adults was recruited from volunteers
responding to a flyer posted in the
University of Washington Depart-
ment of Rehabilitation Medicine and
in retirement communities in the
greater Seattle-Bellevue area. Inclu-
sion criteria for the control cohort
included: aged between 15 and 99
years, have no neurologic diagnosis,
able to walk without the physical
assistance of another person for a
distance of 6.1 m, not currently
receiving physical therapy, and able
to give informed consent. Partici-
pants provided written informed
consent prior to testing.

The analyses presented in this article
used a subset of data (794 partici-
pants) presented in a previous pub-
lication.17 Previous research suggests
that DIF detection is difficult with
samples sizes less than 100.19,20

However, it has been reported that
sample sizes of 60 are adequate to
identify moderate DIF.21 Therefore,
5 diagnostic groups with at least 60
participants were included in the
analyses. These diagnostic groups
included participants diagnosed
with stroke, PD, vestibular dysfunc-
tion, TBI (including concussion and
closed head injury), and gait abnor-
mality, defined as patients referred
for physical therapy under the Inter-
national Classification of Diseases,
ninth edition (code 781.2: gait

abnormality) and who had no other
neurologic diagnoses.

Modification of the DGI
All 8 items from the original DGI
were retained with minor modifica-
tions made to distance ambulated
(6.1 m) and 4 test items (change of
pace, stepping over obstacles, pivot
turn, and stairs).17 The original scor-
ing system was modified to establish
ordinal scores for 3 separate aspects
of walking performance: gait pattern
(0–3), level of assistance (0–2), and
time, which also was converted to an
ordinal scale (0–3). Performance
scores at the task level were calcu-
lated by adding the scores for time,
gait pattern, and level of assistance,
resulting in a score ranging from 0 to
8 for each of the 8 tasks. A total score
for each of the 3 aspects of perfor-
mance was calculated, characteriz-
ing walking performance with
respect to time (range�0–24), gait
pattern (range�0–24), and level of
assistance (range�0–16). A total
score for the mDGI was calculated
by combining the 3 performance
scores, for a total score range from 0
to 64.

DIF
For the purpose of this article, item
score is the term used to describe
mDGI task subscores (time level, gait
pattern, and level of assistance
scores for each of the 8 tasks). Dif-
ferential item functioning analysis
was used to investigate item score
invariance across groups and to
determine whether the 8 mDGI tasks
and the 3 performance facet scores
function in the same way for the con-
trol cohort and the 5 diagnostic
groups. Total task scores
(range�0–8) were calculated by
summing the 3 performance facet
scores for each task (eg, time level
score [0–3], gait pattern score [0–3],
and level of assistance [0–2]). For
the DIF analysis, item scores were
compared between the control
cohort and each of the 5 diagnostic

groups, as well as between each
diagnostic group and the other 4
diagnostic groups. Given the large
number of DIF comparisons in this
analysis (ie, 24 subscores � 2 com-
parisons per diagnostic group � 5
diagnostic groups, for a total of 240
comparisons), the likelihood of iden-
tifying DIF by chance was increased
dramatically. If experiment-wise
type 1 error rate is .05, we could
expect to see 5% of the comparisons
flagged for DIF by chance alone. To
minimize type 1 error (the identifica-
tion of DIF by chance alone), the
following 2 criteria were used to
identify items with moderate to large
DIF: (1) the standard criterion for
identification of moderate to large
DIF is a contrast in Rasch item diffi-
culty (c) �0.64,18 and (2) to control
for experiment-wise error, we set
the alpha level at P�.001.

Factor Analysis
The factor analysis procedure uses
correlations among scores from dif-
ferent variables to identify variables
that cluster together.22 Each cluster
represents a “latent” factor that
“causes” an examinee’s performance
on the variables in the cluster. A
latent factor is a theoretical underly-
ing factor hypothesized to influence
a number of observed variables.23

The number of latent factors in a set
of data is determined using a statistic
called an eigenvalue. To decide how
many latent factors define the corre-
lations among all variables, 3 criteria
are generally used: eigenvalues �1,
percentage of total variance �60%,
and scree plots, which visually dem-
onstrate whether additional factors
contribute to the meaning of the
results. Because scree plots are a
plotting of the eigenvalues, using
scree plots is redundant and was not
done in this study. However, the first
2 criteria were used. Factor loadings
are correlations between variable
scores and scores from the latent fac-
tor. When researchers state that a
variable “loads” on a factor, they
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mean that scores from the variable
are highly correlated with the latent
factor.

We used SPSS version 19.0 (SPSS Inc,
Chicago, Illinois) to conduct factor
analyses for each group with a sam-
ple size larger than 60. We con-
ducted an exploratory factor analysis
with oblique rotation as was done in
the initial mDGI validity studies.
Oblique rotation was applied in rec-
ognition of the inevitable intercorre-
lations among scores. We expected
that both gait pattern and level of
assistance were likely to affect the
time taken for an individual to com-
plete a task. Rather than allow the
number of factors to vary, we set the
factor number at 3 to assess whether
the 3 factors found in the initial valid-
ity study, reported by Shumway-
Cook et al,17 would generalize to the
subgroups investigated in the pres-
ent study. The patient population
used in the study by Shumway-Cook
et al17 included a larger sample size
(N�855) and a wider variety of diag-
nostic groups. It is possible that the
internal structure of scores for this
large and heterogeneous sample
masked a unique structure for a spe-
cific diagnostic group. Therefore,
it was important to determine
whether the factor structure found
in the aggregate sample reported by
Shumway-Cook et al17 also was
found for each of the 5 diagnostic
groups that were the focus of the
current study. Thus, we investigated
the percentage of variance explained,
the correlations among factors, and
the factor pattern loadings for each
mDGI score in each of the 5 diagnos-
tic groups.

Alpha Coefficients
To investigate whether mDGI scores
are reliable for individuals in differ-
ent diagnostic groups, we obtained
alpha coefficients for each of the
mDGI scores (mDGI total, facet total,
and task total scores) for the 5 diag-
nostic groups.

Minimal Detectable Change
The minimal detectable change at a
95% confidence level (MDC95%) was
calculated for mDGI total score, each
of the 3 performance facet scores for
the control cohort, and the 5 diag-
nostic groups using the reliability
estimate for the alpha coefficients
for each group. The MDC95% was cal-
culated by first computing a classical
standard error of measurement
(SEM) for each score using the
equation:

SEM�sx�1�ax

where sx is the standard deviation for
the total or facet score and ax is the
alpha coefficient (estimate of reliabil-
ity) for the total score or facet score.
The SEM can be used to identify a
score band within which the true
score of the examinee falls (a confi-
dence interval). An interval of
�1.96 � the SEM � the square root
of 2 is the band within which we
have 95% confidence that an exam-
inee’s true score is likely to fall.24

Score changes outside of that inter-
val are likely to be true changes.

Finally, we compared the percentage
of individuals in each group scoring
the highest possible score (ceiling
effect) or the lowest possible score
(floor effect) in the original DGI and
the mDGI to determine whether the
mDGI extended the range of mea-
surement beyond the DGI.

Role of the Funding Source
This study was supported by a grant
from the Walter C. and Anita C.
Stolov Research Fund, Department
of Rehabilitation Medicine, Univer-
sity of Washington.

Results
Participants/Sociodemographics
The analyses presented in this article
used a subset of data (794 partici-
pants) presented in a previous pub-
lication17 and included individuals
with stroke (n�239), vestibular dys-

function (n�140), TBI (including
head injury and concussion)
(n�100), gait abnormality (n�91),
and PD (n�84), as well as a individ-
uals with no neurological impair-
ment (the control cohort) (n�140).
Table 1 summarizes sociodemo-
graphics by diagnostic group. Mean
age in the control cohort was 66
years, and mean age in the 5 diagnos-
tic groups varied from 54 years (TBI)
to 80 years (gait abnormality).
Although none of the participants in
the control cohort used a gait device,
the percentage of participants in the
5 diagnostic groups using a gait
device varied from 24% (PD) to 45%
(stroke and gait abnormality). The
percentage of participants reporting
falls was 39% in the control cohort
and varied from a low of 44% in par-
ticipants with vestibular dysfunction
to 68% in participants diagnosed
with gait abnormality.

DIF Analysis
Differential item functioning analysis
was used to investigate whether
mDGI item score difficulties were
invariant across the 5 diagnostic
groups. Two item difficulty compar-
isons were made for each diagnostic
group: (1) between each diagnostic
group and the control cohort and (2)
between each diagnostic group and
the performance of all other groups
combined. The number of item
scores demonstrating moderate to
large DIF was �5% based on our
criteria (c�0.64 and P�.001). The
percentage of scores demonstrating
moderate to large DIF by diagnoses
were: stroke �2%, vestibular dys-
function �3%, PD �1%, TBI 0%, and
gait abnormality 0%. Not only was
DIF minimal across the different
comparisons, but there was no dis-
cernible pattern in the item scores
that were flagged for moderate to
large DIF in the comparisons within
and across groups. No item score
showed DIF in more than one com-
parison, nor was there any DIF
within a diagnostic group that could
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be explained by characteristics of
the given group. Given that DIF was
�5% across all of the comparisons
and the lack of discernible patterns
in DIF, it was possible to assume task
score invariance across groups and
to proceed with the remaining anal-
yses. (Specific DIF results are avail-
able from the authors.)

Performance Facet Analysis
Factor analysis. Table 2 presents
the factor pattern matrix from the
exploratory factor analysis for the
control cohort and 2 of the 5 diag-
nostic groups: stroke and vestibular
dysfunction. For the control cohort,
2 factors had eigenvalues �1.0 and
explained 84% of the total variance.
For this cohort, both gait pattern and
time loaded on the same factor and
represented 16% of unique variance,
while level of assistance was a sepa-
rate factor representing 14% of
unique variance. In contrast, the fac-
tor structure found for each of the 5
diagnostic groups was similar to that
reported for the large and heteroge-
neous sample in the study by
Shumway-Cook et al.17 Across these
groups, 3 factors had eigenvalues
�1.0: time, gait pattern, and level of

assistance. The 3-factor solution
explained between 74% and 79% of
the total variability in scores across
the 5 diagnostic groups. Correlations
between the factors ranged as fol-
lows: between time and gait pattern,
the range was r�.41 to r�.68;
between gait pattern and level of
assistance, the range was r�.29 to
r�.60; and between level of assis-
tance and time, the range was
r��.39 to r��.63. Within each
analysis, the 3 factors explained dif-
ferent amounts of unique variance.
The unique variance explained by
the time factor ranged from 11% to
13%; the unique variance explained
by the gait pattern factor ranged
from 9% to 12%; and the unique vari-
ance explained by the level of assis-
tance factor ranged from 5% to 11%.
These data suggest that the factor
structure for the mDGI is the same
for all 5 diagnostic groups. In addi-
tion, the results suggest that,
although time and gait pattern could
be used as proxies for one another in
the control cohort, among individu-
als with disabilities, all 3 perfor-
mance facet scores are needed to
characterize mobility function.

Internal consistency for task, per-
formance facet, and total scores.
As shown in Table 3, the internal
consistency estimates for mDGI total
score and the 3 performance facet
scores were quite strong, with alpha
coefficients �.90, suggesting that
these scores can be reliably used in
each of the 5 diagnostic groups.
Alpha coefficients for individual task
scores were lower but still accept-
able. Lower alpha coefficients for
task scores were expected because
each task score was a composite of
scores related to gait pattern, time,
and level of assistance.

Minimal Detectable Change
A comparison of MDC95% for the
mDGI across the groups is summa-
rized in Table 4. The average
MDC95% for mDGI total score was
7.0 for all 5 diagnostic groups com-
bined, with a range from 6.8 (PD) to
7.4 (stroke and TBI). The average
MDC95% for time total score was 3.1
for all groups combined, with a
range from 2.8 (gait abnormality) to
3.6 (vestibular dysfunction). The
average MDC95% for gait pattern total
score was 4.0 with a range from 3.7
(PD) to 4.1 (TBI). Finally, the average

Table 1.
Sociodemographics of Samplea

Characteristic
Control Cohort

(n�140)
Stroke

(n�239)

Vestibular
Dysfunction

(n�140)
TBI

(n�100)

Gait
Abnormality

(n�91)

Parkinson
Disease
(n�84)

Age (y), X (SD) [range] 66.3 (24.7) [20–99] 64.3 (15.3) [24–93] 66.6 (14.9) [23–94] 54.0 (20.0) [15–91] 80.4 (9.1) [52–94] 71.0 (9.8) [41–88]

Sex, female, n (%) 103 (74) 98 (41) 92 (66) 47 (47) 70 (76.9) 33 (39.3)

Ethnicity, white, n (%) 126 (90.0) 180 (75.3) 129 (92.1) 77 (77) 88 (96.7) 79 (94.0)

Gait device, n (%)

None 140 (100) 132 (55) 104 (74) 73 (73) 50 (55) 64 (76)

Cane 0 64 (27) 33 (24) 10 (10) 38 (42) 17 (20)

Walker 0 42 (18) 3 (2) 17 (17) 3 (3) 3 (4)

Falls, n (%)

None 55 (39) 120 (50) 78 (56) 49 (49) 29 (32) 32 (38)

1 20 (14) 61 (26) 34 (24) 28 (28) 21 (23) 15 (18)

�2 19 (14) 58 (24) 28 (20) 22 (22) 37 (41) 36 (43)

a TBI�traumatic brain injury.
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Table 2.
Comparing the Factor Pattern Matrix for mDGI Scores for Control Cohort and 2 Diagnostic Groupsa

Variable

Control Cohort Vestibular Dysfunction Stroke

Factor 1
(Time and GP)

Factor 2
(LOA)

Factor 1
(Time)

Factor 2
(LOA)

Factor 3
(GP)

Factor 1
(Time)

Factor 2
(LOA)

Factor 3
(GP)

Usual pace, time .967 �.004 .911 .000 �.007 .966 .048 �.032

Usual pace, gait
pattern

.619 .307 .245 .190 .601 .017 �.092 .758

Usual pace, level of
assistance

.117 .846 .068 .916 �.074 �.002 �1.005 �.101

Change pace, time .874 .102 .986 .032 �.198 .946 .027 �.022

Change pace, gait
pattern

.620 .216 .281 .141 .571 .137 .002 .744

Change pace, level
of assistance

.055 .956 .132 .909 �.154 �.029 �.990 �.030

Horizontal head,
time

.998 �.109 .770 .082 .101 .900 .003 .023

Horizontal head,
gait pattern

.777 �.167 �.038 .059 .807 �.062 .117 .941

Horizontal head,
level of assistance

.172 .576 �.046 .831 .080 �.001 �.947 .017

Vertical head, time 1.022 �.097 .845 .037 .094 .869 .020 .070

Vertical head, gait
pattern

.730 .092 �.109 �.014 .963 �.042 .023 .868

Vertical head, level
of assistance

.012 .814 �.042 .706 .192 .012 �.923 .040

Pivot, time 1.010 �.060 .853 .052 .036 .920 �.010 �.038

Pivot, gait pattern .749 .059 .273 .053 .633 .023 �.111 .748

Pivot, level of
assistance

.102 .795 �.040 .940 .028 �.054 �.943 .047

Over obstacles,
time

.842 .188 .904 .022 .024 .840 �.045 .059

Over obstacles, gait
pattern

.464 .483 .353 .056 .488 .246 �.136 .569

Over obstacles,
level of assistance

.089 .862 .112 .630 �.023 .162 �.699 .098

Around obstacles,
time

.895 .094 .892 .042 .021 .917 �.027 �.043

Around obstacles,
gait pattern

.727 .179 .302 .120 .527 .076 �.026 .733

Around obstacles,
level of assistance

.055 .956 �.070 .978 �.068 .036 �.960 �.036

Stairs, time .720 .232 .843 .012 .006 .635 �.114 .124

Stairs, gait pattern .626 .265 .618 �.100 .174 .046 �.268 .495

Stairs, level of
assistance

�.038 .846 �.071 .779 .216 .045 �.641 .146

a mDGI�modified Dynamic Gait Index, GP�gate pattern, LOA�level of assistance.
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MDC95% for level of assistance was
2.4, with a range from 1.5 (PD) to 2.8
(stroke).

Floor and Ceiling Effects
In 5 of 6 groups, the percentage of
individuals scoring the highest possi-
ble total score was lower for the
mDGI than for the DGI. Specific
group differences were as follows:
Forty-four percent of the control
cohort scored 24 out of 24 on the
DGI, while only 33% scored 64 out
of 64 on the mDGI. Among partici-
pants with stroke, 4% scored 24 out
of 24 on the DGI, and only 0.5%
scored 64 out of 64 on the mDGI; for
participants with PD, 7% scored 24
on the DGI, and 1.7% scored 64 on
the mDGI. Among participants with
vestibular dysfunction, 8% scored 24
on the DGI, and 3.5% scored 64 on
the mDGI. Among participants with
TBI, 3.3% scored 24 on the DGI, and
none scored 64 on the mDGI. For
these groups, the mDGI extended
the range of measurement for partic-
ipants who were high functioning,
thus reducing the ceiling effect
beyond that found in the original
DGI. None of the participants in the
gait abnormality group scored the
highest possible score on either the
DGI or mDGI, suggesting that both
tests had a limited ceiling effect in
this group. No participant in any
group scored the lowest possible
score for either test; however, an
inclusion criterion for this study was
the ability to walk 6.1 m without the
physical assistance of another per-
son, thus limiting the chance for a
floor effect in this group of
participants.

Discussion
A key validity question for any
widely used assessment is whether
scores have the same meaning across
groups, over time, and in different
conditions.25 The overall purpose of
this study was to examine the psy-
chometric properties of the mDGI
for 5 diagnostic groups: stroke, PD,

vestibular dysfunction, gait abnor-
mality, and TBI. We hypothesized
that the mDGI scores would have
comparable meaning across popula-
tions supporting the validity of the
mDGI scores for these diagnostic
groups. Results from this study pro-
vide multiple lines of evidence to
suggest the validity of mDGI scores
for the 5 diagnostic groups targeted
in this study. Lines of evidence
include consistent internal structure,
good reliability, and a lack of DIF.

DIF
The DIF analyses were used to inves-
tigate whether the Rasch locations of
the subscores were invariant across
groups. The DIF analyses, presented
here, provide strong support for
scale invariance across these 5 diag-
nostic groups. First, �5% of the item
location contrasts suggested DIF.
Second, there was no discernible
pattern of DIF in cases where DIF
results met both the criterion for
moderate to large DIF and the

Table 3.
Alpha Coefficients for Total, Performance, and Individual Task Scores Across Groupsa

Measure
Control
Cohort Stroke

Vestibular
Dysfunction TBI

Gait
Abnormality PD

mDGI total score .98 .97 .96 .97 .96 .96

Performance scores

Time .98 .96 .96 .97 .96 .97

Gait pattern .95 .93 .92 .90 .87 .91

Level of assistance .96 .97 .94 .97 .97 .97

Task scores

Usual pace .84 .76 .74 .75 .66 .64

Change pace .82 .77 .66 .79 .76 .68

Horizontal head .85 .75 .71 .71 .66 .64

Vertical head .86 .79 .68 .71 .66 .71

Pivot turn .84 .80 .74 .78 .70 .69

Over obstacles .91 .87 .77 .83 .79 .83

Around obstacles .83 .78 .71 .75 .66 .64

Stairs .91 .82 .69 .80 .83 .82

a TBI�traumatic brain injury, PD�Parkinson disease, mDGI�modified Dynamic Gait Index.

Table 4.
MDC95% by Group for mDGI Total Score and Performance Facet Scoresa

Measure
mDGI
Total

Time
Total

GP
Total

LOA
Total

Control cohort 5.5 2.5 3.2 1.9

All mobility impaired 7.0 3.1 4.0 2.4

Individual groups

Stroke 7.4 3.4 3.8 2.8

PD 6.8 3.0 3.7 1.5

Vestibular dysfunction 7.2 3.6 3.9 2.3

Gait abnormality 6.3 2.8 3.9 2.0

TBI 7.4 3.4 4.1 2.7

a MDC95%�minimal detectable change at a 95% confidence level, mDGI�modified Dynamic Gait
Index, GP�gate pattern, LOA�level of assistance, PD�Parkinson disease, TBI�traumatic brain injury.
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experiment-wise alpha level. There-
fore, it is likely that the few instances
of moderate to large DIF found in
these data represent type 1 error.
The lack of significant DIF suggests
that the mDGI scores were invariant
across the 5 medical diagnostic
groups and the control cohort. This
finding means that the item scores
had the same order of difficulty for
individuals across groups. The
results of this study are similar to
those described by Dye et al,11 who
reported minimal DIF associated
with the characteristics of fall his-
tory, age, sex, and symptom (dizzi-
ness versus imbalance) in the origi-
nal DGI. Results from both studies
suggest scale stability of DGI and
mDGI over diverse populations.

Factor Analysis
Results from the exploratory factor
analyses suggested that the factor
structure for mDGI was the same for
all 5 diagnostic groups and sup-
ported the importance of using all 3
measures of performance (time,
level of assistance, and gait pattern)
to characterize mobility function in
people with neurologic diagnoses.
Results from the factor analyses sug-
gest that for the control cohort, time
and gait pattern could be used as
proxies for one another; however,
among individuals with mobility lim-
itations due to neurologic impair-
ment, all 3 performance measures
were needed to fully characterize
mobility performance. These find-
ings confirm and extend those
reported previously by Shumway-
Cook and colleagues,17 who exam-
ined the factor structure for the
mDGI in a large (N�995) and
diverse sample of individuals with
and without mobility limitations.
Shumway-Cook et al17 reported that
the mDGI measured 3 unique and
moderately correlated aspects of per-
formance, which together explained
approximately 80% of the variability
in scores, further adding to the evi-
dence for validity of mDGI scores.

The results of the factor analyses pre-
sented here suggest that the 3 factors
reported by Shumway-Cook et al17

are relevant to specific patient pop-
ulations as well. It was possible that
the internal structure of scores found
for the larger and more diverse sam-
ple in the study by Shumway-Cook et
al17 masked a unique structure for
specific diagnostic groups. There-
fore, it was important to demon-
strate in the current study that the
factor structure found for the aggre-
gate group also was found for each
of the 5 diagnostic groups that were
the focus of this study. Subsequent
research should verify the results
from this study with additional inde-
pendent samples.

Based on the results of the current
analyses, we recommend that clini-
cians use all 3 mDGI performance
facet scores to characterize changes
in 3 aspects of mobility function: the
pattern of gait used for a walking
task, the level of assistance needed,
and the time required to complete
each of the tasks. Given this recom-
mendation, it is important to con-
sider what changes in mobility func-
tion would be considered significant
enough to represent change beyond
that explained by measurement
error.

Minimal Detectable Change
Minimal detectable change analysis
is used to determine whether change
is likely to be real change rather than
measurement error. The average
MDC95% for the total mDGI score
was 7.0 for all 5 diagnostic groups
combined. The average MDC95% for
the gait pattern total score was 4.0,
with a range from 3.7 (PD) to 4.1
(TBI). This result is higher compared
with results of previous studies by
Huang et al7 and Romero et al26 on
the original DGI ordinal scale. These
researchers found that MDC was 2.9
for participants with PD and in
community-dwelling older adults,
respectively. However, MDC95% for

the gait pattern score of the mDGI is
slightly higher than that reported by
Hall and Herdman27 in patients with
vestibular dysfunction (MDC95%�3.2)
and slightly lower than in persons
with stroke (MDC�4 points).5 Until
further research has been conducted
with a range of diagnostic groups, we
recommend that the MDC95% for
scores from the mDGI be set at 7 for
the total score, 4 for the gait pattern
score, 2 for level of assistance score,
and 3 for time level score. This recom-
mendation is consistent with previ-
ously reported MDC95% for the
mDGI.17 These criteria should be
re-evaluated as further research on the
mDGI emerges.

Ceiling Effects
One of the original rationales for
altering the scoring system for DGI
was the reported ceiling effect
among individuals with mobility
impairments who are high function-
ing. This ceiling effect limited the
degree to which DGI scores could
detect change (both increases and
decreases in mobility function) for
individuals who are higher function-
ing. The modified scoring system for
mDGI increased the range of mea-
surement for individuals in the con-
trol group and in the 5 diagnostic
groups beyond that provided by the
original DGI, thus reducing the like-
lihood of a ceiling effect, which has
been reported in previous research
for individuals with vestibular dys-
function11 and with stroke,5 as well
as for older adults with mobility
disability.15

Limitations
The major limitation of this analysis
was the varying numbers of cases
across diagnostic groups. The
research was based on a conve-
nience sample from a variety of clin-
ics and not on prevalence rates of
these diagnoses in the general pop-
ulation. In addition, some groups for
which data were available in the
dataset (eg, individuals with MS)
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were not included in these analyses
because the total numbers of partic-
ipants was �60.

A second limitation was that severity
and time since onset or diagnosis
were not recorded, nor was the loca-
tion of neural pathology in the stroke
or TBI groups. Thus, it was not pos-
sible to identify subclassifications
within any groups, which increased
the heterogeneity of patients within
each of the diagnostic groups.

Future Research
Future research will further explore
the patterns of performance on the
mDGI across diagnostic groups and
consider the clinical implications of
these patterns for the treatment of
mobility impairments.

In conclusion, the results from this
study provide further evidence to
support the validity of the mDGI in
quantifying mobility limitations for a
wide variety of neurologic diagno-
ses. The meaning of a score from the
mDGI, whether at the task, perfor-
mance facet, or total score level, was
comparable across 5 diagnostic
groups, suggesting that the mDGI
measures mobility function indepen-
dent of diagnosis. The results also
support the value of characterizing
mobility function in terms of all 3
performance facets (time, gait pat-
tern, and level of assistance) for indi-
viduals with mobility impairments.
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