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Background. Evaluation of walking capacity and risk of falls in people with
multiple sclerosis often are performed in rehabilitation. The Dynamic Gait Index
(DGI) evaluates walking during different tasks, but the feasibility in identifying people
at risk for falls needs to be further investigated.

Objective. The objective of this study was to investigate (1) the construct validity
(known groups, convergent, and discriminant) of the DGI and (2) the accuracy of
predicting falls and establishing a cutoff point to identify fallers.

Design. This trial was a multicenter, cross-sectional study.

Methods. A convenience sample was composed of 81 people with multiple
sclerosis with subjective gait and balance impairment who were able to walk 100 m
(comparable to Expanded Disability Status Scale 1–6). Mean age of the participants
was 49 years; 76% were women. The 25-Foot Timed Walk Test, Timed “Up & Go”
Test, Four Square Step Test, Timed Sit-to-Stand Test, MS Walking Scale, Multiple
Sclerosis Impact Scale, and self-reported falls during the previous 2 months were used
for validation, to establish cutoff points for identifying fallers, and to investigate
predictive values.

Results. Significantly lower DGI scores (P�.001) were found for participants
reporting falls (n�31). High sensitivity (87%) in identifying fallers was found, with a
cutoff score �19. The positive predictive value was 50%, and the negative predictive
value was 87%. The positive likelihood ratio was 1.77, and the negative likelihood
ratio was 0.26. The convergent validity was moderate to strong (��0.58–0.80), with
the highest correlation coefficient found for the 25-Foot Timed Walk Test. Discrim-
inant validity was shown with low correlation for the psychological subscale of the
Multiple Sclerosis Impact Scale.

Limitations. The sample included ambulatory people participating in a random-
ized controlled trial investigating balance training.

Conclusions. The DGI is a valid measure of dynamic balance during walking for
ambulatory people with multiple sclerosis. With the cutoff point of �19, sensitivity
was high in identifying people at risk of falls.
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13, 701 16 Örebro, Sweden, and
School of Health and Medical
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Multiple sclerosis (MS) is a
chronic, progressive inflam-
matory disease that primarily

affects the central nervous system. It
is the most common neurological
disorder in young adults and affects
women more than twice as often as
men.1 A majority (in some studies as
many as 85%) of people with MS
have difficulty with walking and
have ambulatory deficits.2,3 Lim-
ited walking capacities can be seen
as slower walking speed, shorter
stride length, and restricted dynamic
balance.2,4,5 Accidental falls are
common in people with MS. Recent
surveys report that more than 50%
of people with MS have had falls
and that at least one third are recur-
rent fallers.6–8 Evaluation of walking
capacity, dynamic balance, and the
risk of falls, therefore, are commonly
performed in rehabilitation settings
and provide information in justifying
the need for individual treatments
and planning treatments.

A measure that can be used for eval-
uating ambulatory and balance defi-
cits is the Dynamic Gait Index
(DGI), developed by Shumway-Cook
and Woollacott.9 The DGI is a multi-
task, 1-dimensional outcome mea-
sure developed to investigate mobil-
ity and dynamic balance during
walking in older people and to eval-
uate the risk of falling. The mea-
sure consists of 8 items with differ-
ent walking tasks such as changing
walking speed, walking and turning
the head, walking around or over
obstacles, and walking with pivot
turn. Published translations include
Danish10 and Finnish.11 With the
use of Rasch analysis, Chiu et al12

showed that the 8 items of the DGI
represented a single construct. Reli-
ability was high in studies of older
people,10 stroke,13,14 vestibular dis-
orders,15 Parkinson disease,16 and
MS.17,18 In items with a more subjec-
tive scoring such as walking with
head turns, lower inter-rater and test-
retest reliability were seen.13,18 Ceil-

ing effects of 5% to 10% have been
reported.11,14,19

Construct validity reflects the abil-
ity of a measure to measure a con-
cept.20 The concept of the DGI is
dynamic balance during walking
tasks. According to Portney and
Watkins,20 evidence on construct
validation can be gathered by a vari-
ety of methods, among them known-
groups validity (ability of a measure
to discriminate between individu-
als), convergent validity (2 measures
believed to reflect the same phenom-
enon), and discriminant validity (2
measures believed to assess different
characteristics).

Falls are a major concern for people
with MS, and it is of value to inves-
tigate known-groups validity of the
DGI, if the measure discriminates
fallers from nonfallers. Cattaneo et
al19 found that fallers (falls in the
month before the test) scored signif-
icantly lower on the DGI than did
nonfallers. Also, in studies including
older people, individuals with a his-
tory of falls had significantly lower
scores on the DGI than did people
with no falls.21,22 Different cutoff
scores for identifying fallers have
been suggested. Shumway-Cook et
al,22 in a study of older adults, found
that a score of �19 classified 59% of
those with a history of falls, whereas
Cattaneo et al,19 in a study of MS,
found that a score of 12 identified
45% of those with falls. Identifying
people with a risk of falls is clinically
important, and the known-groups
validity of the DGI needs to be fur-
ther investigated. The feasibility of
the DGI in predicting fallers versus
nonfallers has not been investigated.

Convergent validity of the DGI
has been confirmed in studies of
older adults who were healthy21

and those with stroke13,14 or ves-
tibular disorders23 through high
correlation coefficients with other
measures of balance and walking

capacity. In people with MS, Catta-
neo et al19 showed acceptable corre-
lation coefficients between the DGI
and the Berg Balance Scale (��.78),
the Timed “Up & Go” Test (TUG)
(���.72), the Deambulation Index
(���.80), and the Activities-specific
Balance Confidence Scale (��.54).
McConvey and Bennett18 reported a
high correlation (r��.80) between
the DGI and a timed 6.1-m walk
for individuals with MS. Convergent
validity of a Swedish version of DGI
has not been assessed. Cattaneo et
al19 investigated discriminant validity
of the DGI and found low correlation
coefficients for the Dizziness Handi-
cap Inventory (���.39). However,
discriminant construct validity of
the DGI in relationship with specific
measures for MS has not been
investigated.

The aim of the present study was to
investigate construct validity of the
DGI in ambulatory people with MS
in Sweden: known groups (fallers
versus non-fallers), convergent, and
discriminant. The aim also was to
investigate the accuracy of predict-
ing falls and establishing a cutoff
point to identify fallers.20 Validity
was investigated with the use of
both commonly used clinical mea-
sures (TUG,24 Timed 25-Foot Walk
Test,25 Four Square Step Test
[FSST],26 and Timed Sit-to Stand
Test,27) and diagnosis-specific mea-
sures (MS Walking Scale3 and Multi-
ple Sclerosis Impact Scale [MSIS]).28

The MSIS measures the impact of
the disease, and the results can be
divided into 2 subscales: physical
and psychological. On the basis of
earlier studies,18,19 our hypothesis
was that correlation coefficients
would be moderate between scores
on the DGI and timed tests. The con-
vergent validity of the DGI with the
MS Walking Scale and the MSIS phys-
ical subscale has not been estab-
lished. Discriminative validity of the
DGI was investigated with the use of
the psychological subscale of the
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MSIS, in which a low correlation
coefficient was expected.

Method
Design
A multicenter, cross-sectional data
collection was conducted from Sep-
tember 2010 to June 2011.

Study Sample
Patients were recruited to partici-
pate in a randomized controlled trial
investigating balance training for
people with MS.29 The randomized
clinical trial29 was registered in a
Swedish clinical trials database (FoU
i Sverige, ID 48641) and in Clinical
Trials (NCT01299025). Data from
the first assessment before random-
ization were used in the present val-
idation study. The inclusion criteria
were a diagnosis of MS by a neu-
rologist according to the McDonald
criteria,30 subjectively and objec-
tively experienced balance and
walking limitations, and ability to
walk 100 m with an assistive device,
the latter condition being compara-
ble to Expanded Disability Status
Scale (EDSS) scores of 1.0 to 6.0.31

The exclusion criteria were cog-
nitive dysfunction or difficulty
understanding Swedish that prohib-
ited the administration of self-
reporting scales.

Participants were identified from the
Swedish MS Registry or from being
known at one of the participating
centers, which were located in 4
county council areas, both rural and
urban. The research physical thera-
pists responsible for the randomized
controlled trial at each hospital/
primary health care center provided
verbal and written information about
the study to patients fulfilling the
criteria.

Eighty-one participants from 4 hospi-
tals and 2 primary health care cen-
ters in the central part of Sweden
were included in this study: 37 from
the Örebro University Hospital/Nora

and Brickegården primary health
care centers in Örebro county coun-
cil, 20 from the Västmanland Hospi-
tal in Västerås, 14 from the Mälar
Hospital in Eskilstuna, and 10 from
the Central Hospital in Karlstad
(Fig. 1).

Translation Process
The DGI was translated into Swedish
by 2 of the authors of this study
(A.F. and Y.E.N.), with permission
from the test developer. The transla-
tion process followed the recom-
mendations of Streiner and Nor-
man.32 The Swedish translation then
was back-translated to English by a
translator whose native language is
English. The Swedish translation is
close to the original presentation of
the DGI.9

Measures
Demographic characteristics, use of
assistive walking device indoors and
outdoors, and the number of self-
reported falls during the previous 2
months were registered. A fall was
defined as an unexpected contact
with any part of the body with the
ground.33

The DGI consists of 8 items: walking
on level surface, walking when
changing speed, walking with hori-
zontal head turns, walking with ver-

tical head turns, walking with pivot
turn, walking with stepping over
obstacles, walking around obstacles,
and stair climbing. Performance on
each item is rated on a 4-point scale
ranging from 0 (severe impairment)
to 3 (normal walking ability without
a walking aid). The maximum total
score is 24.9

The TUG is a well-known measure
of functional mobility.24 Originally
developed for elderly people, it has
been shown to be a valid measure of
functional mobility in ambulatory
people with MS.19,34 In the TUG, the
time taken to rise from a chair,
walk 3 m, turn around a cone, walk
back, and sit down was measured.
Each participant performed 1 prac-
tice trial to become familiar with the
test, and the time on the second trial
was recorded. Fourteen participants
used a walking aid.

The 25-Foot Timed Walk Test is a
part of the Multiple Sclerosis Func-
tional Composite.25 From a static
start, the participants walked a dis-
tance of 25 ft (7.62 m) at a fast but
safe speed. Use of a walking aid was
allowed, and 9 participants took this
option. Two trials were performed,
and the mean value was used.

Received study information and were contacted by telephone (N=179) 

Declined to participate (n=83) 
Did not meet inclusion criteria 
(n=12) 

Assessment and randomization for the purpose of balance training (n=84) 

Excluded because did not perform all of the measures (n=3) 

Included in the validation study (n=81) 

Figure 1.
Flowchart of the recruitment of participants.
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The FSST measures the ability to
quickly step over obstacles in differ-
ent directions.6,26 Four sticks of
2.5-cm height were placed on the
floor at 90-degree angles to each
other. The participants were asked
to perform a sequence of stepping
into the squares (forward, side-
ways, backward, and sideways), first
clockwise and then back without
touching the sticks, and the time
was recorded. Two trials were per-
formed, and the mean value was
used. Nine participants used a cane
or crutch as support.

The Timed Sit-to-Stand Test was used
to assess functional muscle strength
in the lower extremities.27 Partici-
pants were asked to rise 10 times
from a chair with handrails, and the
time was measured.

The MS Walking Scale is a self-report
scale on which the participants rate
limitations of their walking ability for
the last 2 weeks caused by MS.3 The
scale includes 12 items, and each
item is rated from “not at all limited”
to “extremely limited.” A score of 0
to 100 is then calculated, with a
higher score representing more
severe limitation. A Swedish vali-
dated translation was used.35

The MSIS is a self-reported measure
of the impact of MS, on which par-
ticipants rate how much they had
been limited or bothered by symp-
toms of MS during the last 2 weeks.28

The MSIS includes 29 items, and
each item is rated from 1 (“not
at all”) to 5 (“extremely limited/
bothered”). The first 20 items are
summed into a physical subscale,
and the last 9 items are summed into
a psychological subscale. A Swedish
translation of the MSIS was used.36

Procedure
All measures were performed in a
standardized order at a single test
occasion between September 2010
and June 2011: the DGI, the TUG,

the 25-Foot Timed Walk Test, the
FSST, and the Timed Sit-to-Stand
Test. The self-report scales, MS Walk-
ing Scale and MSIS, were filled in by
the participants at the test occasion.
Five research physical therapists,
specially trained for this study, per-
formed the data collection. All of
the physical therapists had more
than 10 years of experience in neu-
rological physical therapy. All partic-
ipants signed an informed consent
form.

Data Analysis
Descriptive statistics were used to
describe the characteristics of the
study population. Because of skewed
data distribution, medians and inter-
quartile ranges (IQR) were primarily
used to present the results. The
Mann-Whitney U test was used for
analyzing differences in DGI scores
between individuals reporting falls
or not reporting falls. Logistic regres-
sion analysis was carried out to deter-
mine the cutoff point that predicted
the probability to be classified as a
faller of �0.5. Predictive values were
calculated. A positive predictive
value (PV�) is the proportion of
individuals with test results below
the cutoff point who were correctly
classified as fallers. A negative pre-
dictive value (PV�) is the proportion
of individuals with scores above the
cutoff point who were correctly clas-
sified as nonfallers. The likelihood
ratio summarizes how many times
more a person who experiences falls
has results on the DGI worse than or
equal to the cutoff. A positive likeli-
hood ratio (LR�) is the true positive
rate divided by the false positive rate.
The negative likelihood ratio (LR�)
is the false negative rate divided by
the true negative rate. To evaluate
convergent validity of the DGI,
Spearman correlation coefficients
were calculated between the DGI
score and scores on the TUG, the
25-Foot Timed Walk Test, the FSST,
the Timed Sit-to Stand Test, the MS
Walking Scale, and the physical sub-

scale of the MSIS. Discriminant valid-
ity was evaluated with the use of
Spearman correlation coefficients
between scores on the DGI and the
psychological subscale of the MSIS.
Correlation coefficients �.30 were
interpreted as weak, .30 to .59 as
moderate, and �.60 as strong.37

Probability values �.05 were consid-
ered statistically significant. The SPSS
version 15.0 (SPSS Inc, Chicago, Illi-
nois) was used for data analysis.

Role of the Funding Source
This work was funded by the
Uppsala-Örebro Regional Research
Council, the Research Committee of
Örebro County Council, and the
Norrbacka-Eugenia Foundation.

Results
Demographic characteristics and use
of assistive walking devices of the 81
participants are shown in Table 1.
The ages of the participants ranged
from 19 to 73 years. The majority
were women. All participants lived
in their own housing. Fourteen par-
ticipants (17.3%) reported comorbid-
ity such as back pain and arthritis in
the knee, but these disorders did not
prevent them from fulfilling the
tests.

Medians and ranges of scores on the
DGI are presented in Table 2. The
easiest items to perform were item 5
(“Gait with pivot turn”) and item 7
(“Step around obstacles”), with 64%
and 70% of the participants, respec-
tively, achieving the maximum item
score of 3. Distribution of scores was
skewed, with one third of the partic-
ipants achieving a total score of �21.

Participants reporting 1 or more
falls during the previous 2 months
(n�30; 37.0%) had significantly
(P�.001) lower scores on the DGI
than those who reported no falls.
The median score on the DGI was
for 15.5 (IQR�12–18) for fallers
and 20 (16–22) for nonfallers. Using
logistic regression, with falls as the
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dependent variable and score on the
DGI as independent variable, a cutoff
value of 19 was calculated and pre-
sented on a receiver operating char-
acteristic curve (Fig. 2). With the
cutoff score of �19 on the DGI, sen-
sitivity was 87% and specificity was
51%. The positive predictive value
was 50%, and the negative predictive
value was 87%. The LR� was 1.77,
and the LR� was 0.26.

The convergent validity overall was
good, with moderate to strong cor-
relation coefficients (���.582 to
�.778), the lowest correlation coef-
ficient found was for the MSIS phys-
ical subscale and the highest was
for the 25-Foot Timed Walk Test
(Tab. 3). Discriminant validity was
shown with a low and nonsignificant
correlation coefficient for the MSIS
psychological subscale (���.022).

Discussion
This study supports the construct
validity of the DGI as a measure of
dynamic balance during walking. Sig-
nificantly lower score on the DGI
was found for people reporting falls.
With the use of a high cutoff value of
�19, the probability to identify fall-
ers was 87%. The negative predictive
value was high, providing informa-
tion that participants with scores of
�20 can be classified as having a low
risk of falls. Convergent validity was
considered good, with a moderate to
strong relationship between the DGI
and the timed walking measures (25-
Foot Timed Walk Test and TUG) and
for tests of lower extremity function
(FSST and Timed Sit-to-Stand Test).
Discriminant validity also was estab-
lished through the low correlation
coefficient with the MSIS psycholog-
ical subscale.

Similar to the findings of Cattaneo
et al,19 our findings showed that indi-
viduals classified as fallers achieved
a significantly lower score on the
DGI compared with nonfallers; how-
ever, mean scores were higher in our

study (18.6 for nonfallers, 15.3 for
fallers) compared with 16.9 and
13.3, respectively, in the study by
Cattaneo et al. To further investi-
gate known-groups validity, a logistic
regression was performed. The sen-
sitivity of the scale was high when
the cutoff score of �19 was used,
thus being able to identify fallers.
Cattaneo et al19 reported a lower sen-

sitivity of 45% with a cutoff score of
�12. In a study on community-
dwelling older people, Shumway-
Cook et al22 reported a sensitivity of
59% and a specificity of 64% with a
cutoff score of �19. Measures that
can discriminate individuals who are
prone to falls are important in the
rehabilitation of MS. If an individual
can be identified as at risk of falls,

Table 1.
Participant Characteristics (N�81)

Variable Measurements

Age, (y), X (SD) 49 (11)

Years since diagnosis 12 (8)

Women, n (%) 62 (76.5)

Relapsing-remitting MS,a n (%) 53 (65.4)

Secondary progressive MS, n (%) 24 (29.6)

Primary progressive MS, n (%) 4 (4.9)

Walking aid indoors, n (%) 12 (14.8)

Cane/crutch unilateral 5

Cane/crutch bilateral 2

Rolling walker 2

Support from walls and furniture 3

Walking aid outdoors, n (%) 38 (46.9)

Cane/crutch unilateral 10

Cane/crutch bilateral 6

Walking poles 9

Rolling walker 8

Wheelchair (manual or electric) 5

a MS�multiple sclerosis.

Table 2.
Dynamic Gait Index: Median, Range of Scores, and Numbers With Maximum Score
of 3 (N�81)

Item
Median

(Interquartile Range)
Range of

Scores

No. (%)
With

Maximum
Score of 3

1. Gait level surface 2 (2–3) 1–3 33 (40.7)

2. Change in gait speed 2 (2–3) 1–3 29 (35.8)

3. Gait with horizontal head turns 2 (1–2) 0–3 16 (19.8)

4. Gait with vertical head turns 2 (1–3) 0–3 21 (25.9)

5. Gait and pivot turn 3 (2–3) 1–3 52 (64.2)

6. Step over obstacle 2 (1–3) 0–3 23 (28.4)

7. Step around obstacles 3 (2–3) 0–3 57 (70.4)

8. Stairs 2 (2–2) 1–3 19 (23.5)

Total score 18 (14–21) 4–24
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interventions may be targeted to
decrease the risk. In this analysis, we
chose to maximize sensitivity to find
a cutoff point that identified as many
as possible with risk for falls. How-
ever, with a cutoff point of �19, the
negative predictive value was high. A
limitation in our study is the reliance
on retrospectively collected data on
falls. Prospective studies are needed
on the validity of the DGI in predict-
ing falls in people with MS.

Good convergent validity of the DGI
was earlier reported through strong
correlations with measures of physi-

cal mobility, the Berg Balance Scale,
the TUG, and a timed short walk.18,19

In the present study, similar strong
correlations were found for the TUG
and the 25-Foot Timed Walk Test,
supporting that these measures of
physical mobility reflect the same
phenomenon as does the DGI.
Strong correlations also were found
for the clinical measures (Timed
Sit-to-Stand Test and FSST) (Tab. 3).
The MS Walking Scale measures
aspects of functioning beyond walk-
ing, such as running and stair-
climbing, which also is reflected in
items of the DGI. These findings
together establish that the DGI
is a valid measure of dynamic bal-
ance during walking. Our expecta-
tion that the correlation would be
weak between the DGI and the psy-
chological subscale of the MSIS
was fulfilled. Cattaneo et al19 earlier
reported weak correlations between
the DGI and the Dizziness Handicap
Inventory. These 2 studies support
that the DGI does not assess psycho-
logical characteristics.

Performing the DGI took 5 to 10
minutes. All items apart from climb-
ing stairs were performed in a hall-
way, which suggests that the DGI
is feasible for use in clinical prac-
tice. The horizontal and vertical

head-turns were the most difficult
items to perform, similar to that in
earlier findings.12,19 Several partici-
pants reported dizziness when per-
forming these tasks. The item involv-
ing stepping over obstacles also
presented difficulties for several par-
ticipants. These tasks are commonly
performed when walking around
in the community and need to be
evaluated in planning rehabilitation
efforts. Two of the items in the DGI
(“gait with pivot turn” and “step
around obstacles”) showed a ceiling
effect, with more than two thirds
of the participants achieving the
maximum score. In a Finnish study
including people with neurological
disorders, ceiling effects were found
for the same 2 items.11 In addition,
the overall distribution of scores
was skewed, indicating that the DGI
could be too easy to perform for
ambulatory individuals. Wrisley et
al38 presented a modification of the
DGI aimed at reducing the ceiling
effects seen in patients with vestibu-
lar disorders: the Functional Gait
Assessment (FGA). The FGA includes
all items of the DGI except the item
“step around obstacles” and includes
3 additional items covering walk-
ing with eyes closed, in tandem,
and backward. The DGI could be an
appropriate tool for assessing walk-
ing in a clinical setting for people
with more evident balance impair-
ments. For people with MS with mild
balance impairment, the FGA may be
more suitable.

The study population included peo-
ple with MS interested in participat-
ing in a study investigating balance
exercise, which may affect the gen-
eralization of the results. Only those
who still had the ability to walk at
least 100 m were invited to partici-
pate; thus, the results cannot be gen-
eralized to people who are more
severely disabled (EDSS �6). The
participants lived in both rural and
city settings, and the proportion of
women was in line with the MS pop-

Table 3.
Spearman Correlation Coefficients Between the Dynamic Gait Index and the Other
Measures, and Descriptive Statisticsa

Measure Correlation Coefficients
Median

(Interquartile Range)

25-Foot Timed Walk Test, (s)b �.778, P�.001 5.5 (4.2–7.3)

Timed “Up & Go” Test, (s)b �.762, P�.001 9.6 (7.6–13.1)

Four Square Step Test, (s)b �.770, P�.001 12.5 (10.5–18.6)

Timed Sit-to-Stand Test, (s)b �.734, P�.001 31.0 (26.1–38.3)

MS Walking Scaleb �.719, P�.001 52 (33–72)

MSIS physical subscaleb �.582, P�.001 52 (36–66)

MSIS psychological subscalec �.022, P�.84 21 (15–25)

a MS�multiple sclerosis, MSIS�Multiple Sclerosis Impact Scale.
b Used for convergent validity analysis.
c Used for discriminative validity analysis.

Figure 2.
Receiver operating characteristic curve
with a cutoff point of 19, balancing sen-
sitivity and specificity of the Dynamic Gait
Index, for probability of identifying fallers.
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ulation in general, thus representing
a general community-dwelling popu-
lation in Sweden.

In conclusion, this study supports
the good construct validity of the
DGI as a measure of dynamic balance
during walking. Falling is a major
health problem among people with
MS. With the use of a cutoff point of
�19 on the DGI, sensitivity was high
in identifying people at risk of falls,
and appropriate interventions can be
applied.
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