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Background: Assessments of balance and walking are often performed in rehabilitation of people with
maultiple sclerosis (MS). The Functional Gait Assessment (FGA) is a test of walking balance including chal-
lenging items such as walking with a narrow base of support, with eyes closed, and backward. The aim was

to investigate the validity (concurrent, discriminant, and known-groups) and sensitivity to change of the
modified FGA in ambulatory individuals with MS.

Methods: A convenience sample of 87 individuals with MS was included (mean age, 54 years; 79%
women). Concurrent and discriminant validity was investigated using tests of dynamic balance and the
Multiple Sclerosis Walking Scale and Multiple Sclerosis Impact Scale (MSIS). Known-groups validity was
investigated with self-reported number of falls and use of walking devices. Sensitivity to change was inves-
tigated with data from a group balance training study.

Results: The median FGA score was 15 (range, 1-26). Concurrent validity with tests of dynamic balance
was moderate to strong, with the Timed Up and Go test having the highest correlation coefficient (rho =
—0.74). Discriminant validity was shown with a low correlation coefficient with the MSIS psychological
subscale (rho = 0.14). The FGA scores differed significantly for users of walking devices versus nonusers but
not for reported falls. Sensitivity to change was moderate to low.

Conclusions: The FGA is a valid measure of balance during walking in people with MS, but further inves-
tigation is required for the ability to detect people at risk for falls. Int ] MS Care. 2017519:66-72.
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with peripheral vestibular disorders.”> The interrater
(0.73) and intrarater (0.94) reliability were high, and
concurrent validity with the Timed Up and Go (TUG)
test was strong (rho = -0.69). The TUG test is a test of
functional mobility and includes walking and turning,
tasks that are also found in the FGA. Strong concur-
rent validity of the FGA with the Berg Balance Scale
(BBS) and the TUG test have also been shown in stud-
ies including individuals with Parkinson disease (rho =
0.57-0.85).141° In stroke, concurrent validity was strong
with the BBS (tho = 0.93)' and 10-m walking (tho =
0.81).'*"7 Furthermore, in community-dwelling older
people concurrent validity was strong with the BBS (rho
= 0.84) and the TUG test (tho = 0.84)."® High test-
retest and interrater and intrarater reliability of the FGA
have been established in several studies.””"” The FGA
seems to be a suitable measure of balance during walking
activities, but its psychometric properties have not been
investigated for MS.

The aim of the present study was to investigate the
following properties of the modified FGA in a sample of
ambulatory individuals with MS: 1) concurrent validity
with the BBS," the Four Square Step Test,” the TUG
test,”! a timed sit-to-stand test,” and two patient-rated
diagnosis-specific measures: the Multiple Sclerosis Walk-
ing Scale (MSWS)* and the physical subscale of the
Multiple Sclerosis Impact Scale (MSIS)?; 2) discrimi-
nant validity with use of the MSIS psychological sub-
scale; 3) known-groups validity determined by the use
of walking devices and self-reported history of falls; and
4) sensitivity to change. The hypothesis was that cor-
relation coefficients between FGA scores and the tests of
balance and walking are moderate to strong, with a posi-
tive direction for the BBS and negative directions for the
other tests, as well as the MSWS and the MSIS. A low
correlation coefficient was expected between the FGA
and the psychological subscale of the MSIS.

Methods

This cross-sectional study used data from the baseline
assessment in a randomized, controlled, multicenter
trial® investigating the effect of group balance training.
A secondary analysis was performed on the baseline data.
Data were collected between August 1, 2012, and June
30, 2013. The randomized controlled trial is registered
in the ClinicalTrials.gov database (NCT01582126).

Participants

The inclusion criteria were a diagnosis of MS* by
a neurologist based on the McDonald criteria, able to
walk 100 m with or without an assistive device, able to
get up from the floor with minor support (hence, being
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able to participate in the intervention), and unable to
maintain tandem stance heel-to-toe for 30 seconds with
arms alongside the body (study-specific test of balance
impairment). The exclusion criteria were cognitive
or linguistic difficulties that would prohibit filling in
the self-rating scales and having difficulties following
commands. Possible participants (age >18 years) were
identified in the records at seven centers located in five
county councils in central Sweden or were known by the
research physical therapist at each center. Eligible indi-
viduals with MS (n = 208) were given written and verbal
information about the randomized controlled trial; 14
did not meet the inclusion criteria (mainly owing to
difficulties getting up from the floor), and 107 declined
to participate. The final study group for the random-
ized controlled trial and, hence, this study comprised 87
individuals. Participation in the study required written
consent, and the Uppsala-Orebro Ethical Review Board
approved the study.

Procedure

Data for the validation were collected at the baseline
assessment. The self-rated scales (the MSWS and the
MSIS) were completed by the participants during the
testing session. Data collection was performed by spe-
cially trained research physical therapists.

The intervention with follow-up data collection that
was used for the sensitivity to change analysis consisted
of a 60-minute exercise program targeting core stabil-
ity, dual tasking, and sensory strategies.”> The program
was conducted twice weekly for 7 weeks, supervised by
a physical therapist. Exercises were performed in the
supine, four-point kneeling, sitting, and standing posi-
tions. Examples of exercises are supine position with
knees bent, slowly sliding one heel forward to straighten
leg; walking while juggling a balloon; and standing and
walking on uneven surfaces. The BBS was the primary
outcome measure. Follow-up assessments were per-
formed at weeks 8, 16, and 24. Data from the follow-
up at week 8 were used in the analysis of sensitivity
to change in the present study. All data collection was
performed by independent assessors who were blinded
to group allocation.

Measures

Demographic characteristics, type of MS, use of assis-
tive walking devices indoors and outdoors, and the num-
ber of self-reported falls during the previous 2 months
were gathered at the baseline assessment. A fall was
defined as an unexpected event in which the participant
came to rest on the ground, the floor, or a lower level.”
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The FGA consists of ten items: walking on an even
surface, changing speed, walking with horizontal and
vertical head turns, turning, stepping over obstacles,
walking with a narrow base of support, walking with
eyes closed, walking backward, and stair climbing. Each
item is graded from O (severe impairment) to 3 (normal
performance), giving a maximum score of 30.” The
slightly modified version of the FGA with centimeters
and meters was used.” A 6-m-long, 30-cm-wide walk-
way and lines marking 15-, 25-, and 38-cm deviations
were taped on the floor. Two boxes (25 cm wide and
either 11 or 23 cm high) were used as obstacles.

The BBS consists of 14 items covering dynamic and
static balance in sitting and standing; each of these is grad-
ed between 0 and 4, giving a maximum score of 56.”% A
higher score indicates better balance performance.

The Four Square Step Test consists of stepping over
2.5-cm-high sticks placed in a cross formation.”” The
participant is required to step forward, sideways, back-
ward, sideways, and then the same way back. Time was
recorded, and the better of two trials was registered.

The TUG test is a measure of basic mobility. It
records the time taken to rise from a chair, walk 3 m,
turn, walk back, and sit down.'®?" The test was per-
formed once at forced speed, with an assistive walking
device used if necessary. The participants were asked to
walk as fast, but safe, as possible.

A timed sit-to-stand test was used to assess the func-
tional strength in the lower extremities.”” Time was mea-

sured as the participants rose ten times from a chair with

hand rails.

The MSWS is a frequently used self-rated scale
measuring walking limitations caused by MS during
the past 2 weeks.”® The scale includes 12 items that are
rated from 1 (not at all limited) to 5 (extremely limited).
Scores are summed, and the maximum score of 60 rep-
resents severe limitation. A validated Swedish translation
of the MSWS was used.?

The MSIS is a self-rated measure of the impact of MS
during the past 2 weeks.?* It includes 29 items, with the
first 20 summed into a physical subscale and the last 9
into a psychological subscale. Each item is rated from
1 (not at all limited) to 5 (extremely limited/bothered),
and so a higher score represents a more severe impact.
The total score on the physical subscale ranges from 20
to 100, and the psychological subscale ranges from 9 to
45. A Swedish translation of the MSIS was used.*

Statistical Analysis
The distributions of the variables are given as mean,
SD, median, minimum, and maximum for continuous

variables and ordinal variables and as number and per-
centage for categorical variables. Spearman correlation
coefficients were calculated between scores on the FGA
and the other measures for analysis of concurrent and
discriminant validity, with correlation coefficients less
than 0.30 interpreted as weak, 0.30 to 0.59 as moderate,
and 0.60 or greater as strong.’’ The Mann-Whitney U
test was used to analyze differences in scores on the FGA
when investigating known-groups validity (fallers vs.
nonfallers, users of assistive walking devices vs. nonus-
ers). All significance tests were two-sided and were con-
ducted at the 5% significance level. IBM SPSS Statistics
for Windows, version 21.0 (IBM Corp, Armonk, NY)
and SAS software version 9 (SAS Institute Inc, Cary,
NC) were used for data analysis.

Sensitivity to change was analyzed using both homo-
geneous and heterogeneous approaches. In the homo-
geneous approach, sensitivity to change was analyzed
using standardized response mean, Cohen’s effect size,
and Guyatt’s responsiveness statistics with bootstrapped
95% confidence intervals.’> Stable participants in Guy-
att’s responsiveness statistics were defined with the BBS
as the anchor: 1) an improvement of 1.5 points or less'
and 2) an improvement of 6 points or less after 7 weeks
of group balance training.*” Sensitivity to change was
assessed as high (=0.8), moderate (0.5-0.79), or low
(0.2-0.49).%* In the heterogeneous approach, Spear-
man correlation coefficients were calculated between
change on the BBS and change on the FGA. An analysis
of covariance was also performed with FGA data from
the test occasion after the balance intervention as the
dependent variable, the dichotomized anchor (BBS) as
the independent variable, and baseline FGA values as
covariates. If the dichotomized anchor was significant,
then the FGA could differentiate between participants
who had improved and those who had not.

Results

Characteristics of the 87 participants are presented in
Table 1. The mean participant age was 54 years (range,
28-75 years). The participants had lived with their MS
diagnosis for 1 to 46 years. Fifteen participants (17%)
reported having other diseases/problems, although their
main balance and walking disabilities were due to MS:
musculoskeletal problems such as backache (n = 9),
heart problems (n = 2), chronic obstructive lung disease
(n = 1), stroke (n = 1), and Ehlers-Danlos syndrome
(n=2).

Median scores on the items in the FGA are presented
in Table 2. The most difficult items to perform were
walking with a narrow base of support and walking with
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Table 1. Characteristics of the 87 study
participants

The Functional Gait Assessment in MS

Table 2. The Functional Gait Assessment (FGA)
score data

Characteristic Value
Age, mean (SD), y 53.8(10.9)
Time since diagnosis, mean (SD), y 15.0 (9.8)
Female sex, No. (%) 69 (79)
Type of MS, No. (%)
Relapsing-remitting 40 (46.0)
Secondary progressive 37 (42.5)
Primary progressive 10 (11.5)
Use of an assistive device indoors, No. (%)
None 75 (86)
Unilateral crutch 4 (5)
Bilateral crutch 1(1)
Rolling walker 7 (8)
Use of an assistive device outdoors, No. (%)
None 35 (40)
Unilateral crutch 15(17)
Bilateral crutch 12 (14)
Rolling walker 14 (16)
Wheelchair 11(13)

Abbreviation: MS, multiple sclerosis.

eyes closed. A total of 71 participants (82%) had severe
impairment in walking with a narrow base of support
(score 0). None of the participants could walk with their
eyes closed without deviating from the walkway or walk-
ing very slowly. Floor and ceiling effects on the FGA
were not apparent, with scores ranging from 1 to 26.
The distribution of scores is presented in Figure 1.

Concurrent validity was strong for the BBS, the Four
Square Step Test, and the TUG test; moderate for the
timed sit-to-stand test and the MSWS; and weak for
the MSIS physical subscale (Table 3). The correlation
coefficient was weak (rho = 0.14) and nonsignificant for
the MSIS psychological subscale, hence establishing dis-
criminant validity.

Known-groups validity was established for use of
assistive walking devices but not for history of falls.
Forty-nine participants (56%) reported no falls during
the 2 months before the baseline assessment, 16 (18%)
reported one fall, and 22 (25%) reported two or more
falls. Characteristics of the groups are presented in Table
4. There were no significant differences in FGA total
scores between participants reporting one or more falls
(median, 14.50; interquartile range [IQR], 8.8-18.0)
and those reporting no falls (median, 17.0; IQR, 11.5—
20.0). Participants using any kind of assistive walking
device indoors had significantly (P < .001) lower total
scores on the FGA (median, 8; IQR, 7—12) than nonus-
ers (median, 17; IQR, 14-20). Similarly, significantly (7
< .001) lower scores on the FGA were found for users

Score,  Participants with a
median  maximum score of
Item (range) 3, No. (%) (N =87)
Gait on level surface 2 (0-3) 17 (19.5)
Change in gait speed 2 (0-3) 24 (27.6)
Gait with horizontal head turns 2 (0-3) 5(5.7)
Gait with vertical head turns 2 (0-3) 9(10.3)
Gait and pivot turn 2 (0-3) 33(37.9)
Stepping over obstacles 1(0-3) 16 (18.4)
Gait with a narrow base of 0 (0-3) 6 (6.9)
support
Gait with closed eyes 1(0-2) 0
Ambulating backward 2 (0-3) 11 (12.6)
Stair climbing 2(1-3) 20 (23.0)
Total FGA score, mean (SD)/ 14.9 (5.4)/15 —
median (range) (1-26)

of assistive walking devices outdoors (median, 14; IQR,
8.2-16) compared with nonusers (median, 19; IQR,
17-21).

In the homogeneous approach, the FGA showed
moderate-to-low sensitivity to change; the standard-
ized response mean was 0.65 (95% confidence interval
[CI], 0.40-0.95), and Cohen’s effect size was 0.43 (95%
CI, 0.27-0.61). Guyatt’s responsiveness statistics were
0.60 (95% CI, 0.37-0.92) for the anchor of 1.5 points
or less on the BBS and 0.66 (95% CI, 0.40-0.99) for
the anchor of 6 points or less. In the heterogeneous
approach, the Spearman correlation coefficient between
change on the BBS and change on the FGA was 0.31.
The analysis of covariance showed significant dichoto-
mized anchor (BBS) values for both conditions: 1.5
points or less (P = .003) and 6 points or less (P = .007).

Discussion

This study provides evidence that the FGA is a valid
measure of balance during walking for people with
MS who have balance deficits. Concurrent validity was
considered good, with a moderate-to-strong relation-
ship between the FGA and the BBS, as well as the timed
measures. Discriminant validity was also established
through the low correlation coefficient with the MSIS
psychological subscale. Moderate-to-strong correlation
coefficients with different established measures, such
as the BBS, the TUG test, and the Four Square Step
Test, have also been found in Parkinson disease,!*
community-dwelling older adults,'® in stroke,'® and in

in

people with vestibular disorders."”® The correlation coef-
ficients with the MSWS and the MSIS physical subscale
were lower than hypothesized. In an earlier study investi-
gating the validity of the DGI, we found correlations of
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Figure 1. Distribution of total scores on the Functional Gait Assessment

0.72 and 0.58, respectively, for these measures.” How-
ever, the MSWS includes aspects of functioning beyond
walking ability, such as running and walking distance,
that are not directly related to the items in the FGA.
A previous study found correlations of 0.32 to 0.37
between the MSWS and measures of walking and bal-
ance, the BBS, the Four Square Step Test, and the TUG
test.”? Correlation coefficients between the FGA and the
subscales of the MSIS were low. The FGA seems weakly
related to the perceived impact of MS.

The total score ranged from 1 to 26, indicating no
apparent floor and ceiling effects in this sample. How-
ever, on four items, 10% or less of the participants
received a score of 3: gait with closed eyes, gait with
narrow base of support, and gait with horizontal or ver-
tical head turns (Table 2). Balance deficits may be due
to visual, somatosensory, and vestibular impairments,
and often all three sensory systems are affected. In this
sample, it was evident that receiving visual information
is a crucial component. The items of the FGA provide

the possibility to assess all three parts of the sensory sys-
tem. Performing horizontal and vertical head turns was
also a challenge, and several of the participants reported
dizziness when performing these items. Similar findings
were reported in studies evaluating the DGI.>'® The
items of the FGA reflect, to a large extent, activities that
are performed when walking around in the community.
Stepping over obstacles, changing speed, and turning
one’s head may pose challenges to individuals with MS.
The FGA has been suggested as a potential screening
tool for fall risk in community-dwelling older adults.**
In Parkinson disease, the FGA has been found to be
moderately sensitive for identifying fallers, with sug-
gested cutoff points of 15 points or less"” and 18 points
or less.'* Unexpectedly, we found no significant differ-
ence between participants reporting a history of falls and
those with no such history. Most of the sample reported
falls, which supports the fact that the risk of falling is a
reality for people with MS. Measures that assess balance
and walking must be able to distinguish individuals with

Table 3. Spearman correlation coefficients between the Functional Gait Assessment total score
and the other tests and descriptive statistics (N = 87 unless otherwise stated)

Score Correlation
Measure (score range) Mean (SD) Median (range) coefficient P value
Berg Balance Scale (0-56) 47 (7.8) 50 (19-56) 0.72 <.001
Four Square Step Test, s (n = 80) 26.3 (22.5) 16.4 (8.1-106.4) -0.72 <.001
Timed Up and Go test, s 16.1 (8.6) 12.7 (6.3-49.4) -0.74 <.001
Timed sit-to-stand test, s 38.4 (14.3) 34.9 (19.8-88.0) -0.49 <.001
MSWS (12-60) 41.4(10.1) 42 (17-60) -0.46 <.001
MSIS physical subscale (20-100) 56.0 (15.8) 56 (26-91) -0.21 .047
MSIS psychological subscale (9-45) 22.2 (8.8) 22 (9-45) 0.14 197

Abbreviations: MSIS, Multiple Sclerosis Impact Scale; MSWS, Multiple Sclerosis Walking Scale.
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Table 4. Characteristics of groups in the known-groups validity analyses

Falls in the previous 2 mo

Indoor walking device use Outdoor walking device use

Characteristic Yes (n=38) No (n=49) Yes(n=15) No (n=72) Yes (n=52) No (n=35)
Age, mean (SD), y 51.7 (10.0) 55.4(11.4) 55.2(13.0) 53.5(10.5) 55.9 (10.7) 50.6 (10.6)
Time since diagnosis, 16.0 (10.0) 14.2(9.7) 17.6 (12.0) 14.4 (9.3) 16.4 (10.4) 12.9 (8.6)
mean (SD), y
Female sex, No. (%) 32 (84) 37 (76) 12 (80) 57 (79) 45 (87) 24 (69)
Type of MS, No. (%)
Relapsing-remitting 14 (37) 26 (53) 4(27) 36 (50) 18 (35) 22 (63)
Secondary progressive 21 (55) 16 (33) 9 (60) 28 (39) 26 (50) 11 (31)
Primary progressive 3(8) 7(14) 2(13) 8(11) 8 (15) 2 (6)
Use of a walking device, No. (%)
Indoors 9 (24) 6(12) - - 15 (29) 0
Outdoors 28 (74) 24 (49) 15 (100) 37 (51) - -

Abbreviation: MS, multiple sclerosis.

a risk of falls. The predictive validity of the FGA as a
measure to identify fall risk in people with MS should be
further investigated. The ecological validity of the FGA
was supported in the present study in that significant
differences were found between participants who did
and did not use an assistive walking device, when con-
sidering use both indoors and outdoors.

The ability of the FGA to detect change after the bal-
ance intervention was moderate to low. The BBS was
considered a relevant anchor because the measure was
the primary outcome in the randomized controlled trial,
although there are no walking items. The limit of a 1.5-
point improvement was based on a study by Cattaneo
et al.'" that presented a standard error of measurement
of 1.5 in a sample of people with MS. The mean score
on the BBS was 47 (range, 31-56), which is similar
to that in the present study (Table 3). The other limit
of 6 points was based on a systematic review article by
Downs* that presents that with a change of 2.8 to 6.6
points, one can be 95% confident that there has been a
real change. The analysis of covariance showed that the
FGA could significantly distinguish participants who
had improved after the balance intervention. Establish-
ing minimal clinically important differences is essential
for a measure that will be used in clinical practice, and in
MS further studies are needed. In other diagnoses, mini-
mal clinically important differences of 4 to 6 points on
the FGA have been suggested.?>

The FGA was feasible to perform in clinical settings.
The test took approximately 10 to 15 minutes to com-
plete. All items apart from climbing stairs can be per-
formed in a hallway. Taping the walkway and deviations
requires approximately 30 minutes of preparation. A dis-
advantage of the FGA is that the rating process is com-
prehensive, with a multitude of parameters to consider:
time, movement quality, deviation from the walkway,

and use of assistive device. The rating process can be
confusing for a new user of the FGA, and some training
to feel confident with the items and the rating is recom-
mended before applying the test in clinical practice.

All the participants were unable to stand in tandem
for more than 30 seconds, as this was an inclusion crite-
rion in the randomized controlled trial. We then could
conclude that all the participants had objective balance
impairment. Because of the inclusion criteria, many of
the participants subsequently were unable to walk heel-
to-toe in the item challenging gait with narrow base of
support. It could be a limitation that the participants
were predisposed to have a problem with this particular
item. However, the range of scores indicates that partici-
pants with a wide range of balance ability were included.
In further studies of psychometric properties of the
FGA, a sample of people with mild-to-severe MS should
be included, hence representing slight to major balance
disability.

That as many as 107 individuals declined participa-
tion in the randomized controlled trial could be seen as

® The Functional Gait Assessment is a valid mea-
sure of balance during walking in ambulatory
people with MS.

® The test includes walking activities that are chal-
lenging for many individuals with MS.

* The test is easy to perform in clinical settings but
requires preparation such as taping of the walk-
way.

* The administrator of the test needs training
because the rating process is comprehensive,
with a multitude of parameters to consider.
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a limitation. Participants in this validation study consist
of people who were interested in participating in a train-
ing intervention and could be regarded as a subsample of
individuals with MS. However, the functioning of the
participants varied, with FGA scores ranging from 1 to
26 points. The retrospective reporting of falls is another
limitation, and in further studies, prospective reporting
is recommended.

Conclusion

The FGA is a valid measure of balance during walk-
ing in people with MS, but further studies are needed to
investigate its sensitivity to change and ability to detect
people at risk for falls. O
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