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movement control and biomechanical factors:
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Abstract

Background: While gait patterns of older adults with mobility problems vary, the patterns are rarely used to plan
interventions. The purpose of this study was to establish concurrent validity of a clinically useful classification system
using gait and physical performance measures. Methods: Community-dwelling male veterans (n=106; mean 76 = 7.1)
referred for mobility problems were videotaped for evaluation. Gait patterns have been classified using structured clinical
observation and along movement control factors (consistent, inconsistent) & biomechanical factors (posture: usual,
flexed, extended, crouched). Pair wise comparisons across various groups were performed to validate the gait
classification using gait parameters (gait speed, step length, width and variability), lower extremity range of motion and
muscle strength, physical function in ADL (Physical Performance Test, PPT) and gait abnormalities (GARS-M). Results:
Consistent and inconsistent groups were different in gait speed (0.66 and 0.49m/s, respectively; p=0.003), step length
(0.46 and 0.38m; p=0.008), step length variability (7.47% and 12.74%; p=0.043), the PPT (15.80 and 11.73; p<0.001)
and GARS-M (5.83 and 10.66; p<0.001). Within both consistent and inconsistent groups, four groups defined by postural
patterns, also differed in gait speed, step length, PPT and GARS-M scores (p<.05). Conclusion: Gait pattern
classification based on movement control and biomechanical factors has good concurrent validity with respect to gait and
physical performance measures of mobility.
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_ generate body movements. The modifications to the gait
patterns among elderly people have not been completely

Quick Response Code: clarified, but many studies on this subject have been
Website: published. One of the most consistent findings from these
www.medpulse.in studies is that elderly people walk more slowly than

young adults. This phenomenon has been interpreted by
some authors as a compensatory strategy to ensure
stability. On the other hand, this modification has been
associated with structural changes to the locomotors
system, such as reductions in muscle strength, which are
considered to be specific changes caused by aging. In
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addition to reductions in this component, other kinetic

INTRODUCTION and kinematic changes that influence gait speed have
Gait is an extremely complex motor ability composed of a been found in the literature. In older adults, gait
sequence of cyclical movements of the lower limbs that variability is related to future mobility disability’ and




falls.*™ Gait variability also is related to balance, mental
and functional status, and limitations of quality of life.” A
valid measure of gait variability may help clinicians
identify older adults at risk for falls and mobility
disability. The majority of research studies that have
examined the importance of gait variability have used
computerized technology-intensive techniques to quantify
gait variability.>*’ The Modified Gait Abnormality
Rating Scale (GARS-M), a 7-item observational scale, is
a qualitative measure designed to identify abnormalities
of gait characteristics that are associated with the risk of
falling in older adults.” Variability, an item of the GARS-
M that is used to measure the inconsistency and
arhythmicity of stepping, is relatively easy to administer
and may be a low-cost alternative to the technology-
intensive methods currently used to measure gait
variability in clinical settings. The purpose of this study
was to validate an observational rating of gait variability
by comparison with gait variability determined from gait
characteristics recorded (video-tape) and to determine the
reliability and validity of measurements obtained with a
seven-item modified version of the Gait Abnormality
Rating Scale (GARSM), an assessment of gait designed
on physical performance test PPT who predict risk of
falling among community dwelling, frail older persons
because of movement control and biomechanical factors

MATERIAL AND METHOD

Hundred and six community-dwelling, frail older veterans
referred to the GEM Program team for evaluation from
December 1991 through December 1993 participated.
Participants in the study were veterans referred to the
Geriatric Evaluation to assess and manage community-
dwelling, frail older veterans. The target population for
the GEM Program has been community-dwelling older
veterans who are experiencing difficulty managing daily
activities and responsibilities needed for community
dwelling. Subject with age 63 years and older,
independent in ambulation with a straight cane or no
assistive device; Mini-Mental State Examination score of
>24 were included in the study. Exclusion criteria were
subjects with self-reported persistent lower-extremity
pain, presence of a progressive motor disorder, such as
multiple sclerosis or Parkinson disease, lower-extremity
amputation; and presence of medical instability (defined
as an acute illness or cardiovascular disease, not well
controlled with medication; hospitalization for cardiac
reasons in the preceding 6 months; major thoracic or joint
surgery; or a myocardial infarction, stroke, or transient
ischemic attack in the preceding 6 months) Veterans
referred to the GEM Program who demonstrated the
ability to follow verbal requests for movement or tasks,
had sufficient strength of the ankle dorsiflexor and

plantar-flexor muscle groups to move against gravity, and
ambulated without assistive devices other than a straight
cane participated. Because the population seen was
predominantly male and because of the difficulty of
obtaining a meaningful number of female veterans (in the
time period indicated, only 1 female veteran was
evaluated by the GEM Program team but was excluded
from the analyses in the study), subjects were male
veterans only. Characteristics of the subjects, including
fall status, are presented in Table 1.

Gait Analysis

Determination of the GARS-M score involved using a
standard camcorder for recording the subject walking at a
self- selected pace on the smooth tile surface of the
hallway of an outpatient clinic. Subjects walked past the
camcorder, turned around, and walked back past the
camera so that anterior, posterior, and lateral views from
both sides of the subject could be recorded for scoring
purposes.12 The distance walked was approximately 76
m (25 ft) in each direction, for a total distance of about
152 m (50 ft).Videotapes of the walks were replayed on
standard video-monitoring equipment, allowing for
repeated playback and slow-action and stop-action
viewing of the walk rating system easy and quick to
perform, as Wolfson et al noted in describing the
development of the scale. Scoring from the videotape
record also saves the time and energy of the frail older
person during the clinical evaluation. The GARS is
supposed to include variables that are intended to provide
a description of gait associated with an increased risk of
falling. The wvariables in the original GARS were
variability of stepping and arm movements, guardedness
(i.e., a lack of propulsion or commitment to stepping),
weaving, waddling, staggering, percentage of time in the
swing phase of the gait cycle, foot contact, hip range of
motion (ROM), knee ROM, elbow extension, shoulder
extension, shoulder abduction, arm-heel-strike synchrony,
head held forward, shoulder held elevated, and upper
trunk flexed forward. Each of the seven items of the
GARS-M was scored on the criterion-based rating scale
(0-3) reported for the original GARS" (Appendix, page
1002). In scale order, the GARSM consisted of the
following items: (1) variability, (2) guardedness, (3)
staggering, (4) foot contact, (5) hip ROM, (6) shoulder
extension, and (7) arm- heel-strike synchrony. Gait
characteristics were recorded as described by Wolfson et
al and Cerny. The participants wore permanent markers
attached with masking tape to the back of the heel of the
shoe, with the tip of the marker just touching the floor,
during a timed walk on a brown-paper walkway. Stride
length and walking speed were determined from the
measures of three central strides of the walk to avoid any
acceleration or deceleration effects of initiating or



stopping a walk. Nine item Physical Performance Test
was performed to assessed upper fine motor function,
upper coarse motor function, balance ,mobility ,co-
ordination and endurance. The entire test take 5-
10min.specifically ADL activities are :
1. Items of perceived minimal difficulty are writing
a sentence ,stimulated eating and turning 360
degree
2. Items of moderate difficulty are lifting a book,
putting on and removing a jacket, picking up a
penny from a floor and walking 50 feet
3. The most difficult item is climbing a stairs
Data Analysis
The subjects’ mean age was 76 years (SD=7.1, range=63-
93), their mean height was 148.0 cm (SD=8.03, range=
115.5 160.6), and their mean weight was 80.6 kg
(SD=15.40, range=48.2-119.1). No differences were
noted for age. Intrarater and interrater reliability of the
GARS-M scoring were determined by two statistical
methods. Cohen's Kappa statistic (K) for determining
proportion of non chance agreement as used to describe
the extent of agreement for scores of each of the seven
individual items. Total scores were considered aggregate
data, and the reliability was described using the intraclass
correlation coefficient (ICC)."" The total GARS-M score
is a sum of the seven individual items, and the total score
represents a rank ordering of risk for falling based on the
number of gait abnormalities recognized and the severity
of any abnormality identified. The rank ordering of the
original GARS total score was previously demonstrated
by the association of greater GARS scores with more
abnormal gait. The ICC is an appropriate reliability
coefficient for demonstrating the extent to which raters
indicate similar rank orderings.' The Kappa was designed
as an index of assessment, indicating the concordance
between individual ratings, and loses the ordering
information contained in a scale when used for ordered
data." The ratings for the GARS- M by the three raters
were compared using the Kappa statistic in three ways:
determination of intrarater reliability (agreement between
two trials of the same rater), determination of interrater
reliability (agreement among three raters for the same
trial), and analysis of individual item scores (agreement
of scores for an item, by all raters, for both trials). The
Kappa values for each of the seven gait variables rated
were averaged into a generalized Kappazh cross the entire
GARSM for the determinations of intrarater and interrater
reliability.

RESULTS

Intrarater- reliability

Comparison of the individual scores for the seven items
of the GARS-M by the same rater for two trials using the

Kappa statistic yielded generalized Kappa values of
agreement of .493, .583, and .676 for the three raters. The
physical therapist rater (JMVS) who scored the GARS-M
for the validity determinations in this study demonstrated
a Kappa coefficient of agreement of ,676 for intrarater
reliability. According to Landis and the Kappa values
reported would be interpreted as an indication of
moderate agreement (K=.41-.60) to substantial agreement
(K= .61-30) . A Kappa value near zero is considered
chance agreement. Very high Kappa values are frequently
restricted, particularly with limited variability of the
data."" Comparison of the first and second trial scores for
each of the three raters yielded ICCs for intrarater
reliability for the GARS-M total scores of .968, .950, and
.984.(Table 1)

Interrater —reliability

Comparison of the three raters' individual scores for all
seven GARS-M items yielded generalized Kappa
measures of agreement for interrater reliability of .577 for
the first trial and .603 for the second trial. Clinical
experience in observational gait analysis may have been a
factor influencing interrater reliability. The two more
experienced physical therapists (raters 2 and 3)
demonstrated higher interrater reliability for the first and
second trials (K=.789 and .886) compared with the least
experienced physical therapist (rater 1 ). The generalized
Kappa values for the same comparison between the rater
1 and either of the other raters ranged from .417 to .457
for tbe four comparisons The ICCs for comparison of the
GARS-M total scores for the three raters were .968 and
.975 for the two trials. The ICCs for comparison of total
GARS-M scores were highly reliable, regardless of the
rater's clinical experience.(Table:2) The majority of the
older adults (mean age=76 years, SD=7.1) participating in
the present study were male, and walked slowly
compared with the typical adult walking speed of 1.2 to
1.3 m/s** (Table 3). Participants stratified on the basis of
stance time variability (VG-GM versus NVG-GM) did
not differ by age, race, sex, cognitive status, total
comorbidity score, or median score in each comorbidity
domain. The numbers of participants reporting comorbid
conditions were as follows: cardiac’, neurologic6,
respiratoryB, musculoskeleta129, general”, cancer”,
diabetes’, and visual”>. Compared with older adults
categorized into the NVG-GM group (with respect to
stance time variability), older adults categorized into the
VG-GM group walked more slowly and with shorter step
length, greater step width, and longer stance time. The
VG-GM and NVG-GM groups differed in gait variability,
with step length and stance time variability being larger
and step width variability being smaller for older adults in
the VG-GM group than in the NVG-GM group (Table 3).
With stance time variability as the gold standard and the



observational rating as the diagnostic test to be evaluated,
6 validity indexes were calculated. Of 21 older adults
with stance time variability, 17 were correctly identified
by the observational rating of gait variability
(sensitivity=81%). Of 19 older adults without stance time
variability, 10 were correctly identified by the
observational rating of gait variability (specificity=53%).
The positive predictive value of the observational rating
of variability was 65%; of the 26 older adults identified as
having gait variability by the observational rating, 17
were in the VG-GM group. The negative predictive value
of the observational rating of variability was slightly
better, at 71%; of the 14 older adults identified as not
having gait variability by the observational rating, 10
were in the NVG-GM group. The positive and negative
likelihood ratios were 1.72 and 0.36, respectively.
Compared with older adults classified into the NVG-GM
group on the basis of stance time variability, older adults
classified into the VG-GM group differed with regard to
the GARS-M variability item score, with median scores
of 1 (mean=0.95; range=0-2) and 0 (mean=0.53;
range=0-2), respectively. The measurable difference in
the stance time variability of the older adults
corresponded to an observable difference in gait

2and3 1 861 0.789 0.951
2and3 2 991 0.886 0.993
1'233nd 1 721 0.577 0.968
1’23a"d 2 739 0.603 0.975

Kappa for individual variables averaged into generalized
Kappa for the entire scale. ICC-Intra-class correlation
coefficient.

Table 2: Reliability of scoring individual variables Modified Gait
Abnormality Rating Scale(GARS-M)

Variable Observed agreement K
Variability 0.812 0.635
Guardedness 0.758 0.587
Staggering 0.471 0.490
Foot contact 0.641 0.451
Hip Range Of Motion 0.708 0.533
Shoulder extension 0.753 0.631
Arm-heel-strike synchrony 0.656 0.485

Comparison of 138 scores for each item (i.e three raters,
two trial,106 participant.

Table 3: Characteristics of Gait of Older Adults Stratified on the
Basis of Stance Time Variability

variability noted by a physical therapist rating the gait

abnormality. A comparison of the GARS-M item and Al VG-GM NGVS'
total scores for participants stratified on the basis of Characteristic participant(n  Group(n= Group( p-Value
stance time variability illustrated differences in observed =106) 50) n=56)
gait abnormalities for groups defined by values for stance 75.1(7.
time variability associated or not associated with mobility AGE(YEAR) 76.2(6.8) 75.2(6.:4) 1) 0.27
disability. Differences between the groups of older adults MALE (%) 12(46) 10(34) 12(26) 0.36
with regard to variability, guardedness, foot contact, and COMORBID
hip range of motion (GARS-M items 1, 2, 4, apd 5) and COND|T|ON number 3.18(1.7) 3.06(2.0) 3.31(1. 0.45
total GARS-M scores were seen (Table 6). Consistent and ©f domain range from 4)
inconsistent groups were different in gait speed (0.66 and (0-8)
0.49m/s, respectively ;p=0.003), step length (0.46 and MMSE Score(range 0- 28.7(1.7) 28.1(1.8) 29.01. 0.06
0.38m; p=0.008), step length variability (7.47% and 3(2 AIT 6)
12.74%; p=0.043), the PPT (15.80 and 11.73; p<0.001) . 1.04(0.
and GARS-M (5.83 and 10.66; p<0.001). Within both Gait speedm/s 0.88(0.27)  0.71{0.19) 5" <.0001
consistent and inconsistent groups, four groups defined 0.59(0.
by postural patterns, also differed in gait speed, step Step length m 0.51(0.12)  0.44(0.08) 10) <0001
length, PPT and GARS-M scores (p<.05). Step width m 0.23(0.04)  0.24(0.03) o.gigo. .001
Table 1: Interrater Reliability for the Modified Gait Abnormality . 0.69(0.
Rating Scale (GARS-M) Generalized Across Individual Variable Stance time s 0.78(0.15) 0.87(0.15) 06) <.0001
Scores and for the total GARS-M score Gait variability SD
Individuals variable . G;°Rt;'M Step length 0.03(0.01)  0.04(0.02) o.gigo. 048
Raters  Trial score/Observed K2(appa) SCORE 0.03(0
agreement Icc® Step width 0.03(0.010 0.03(0.01) '01) ’ .16
1 ::j ; ; :2;2 8:22 8:2231 Stance time 0.04(0.03)  0.06(0.04) o.(())f(()o. .001
land3 1 644 0.457 0.974 Data are X(SD): VG-GM older adult with stance time
land3 2 .641 0.447 0.943

variability(SD) of > 0.0365 s (variable group), NVG-GM



older adult with stance time variability (SD) of < 0.0365 s
(non variable group)

Table 4: Summary of Physical Performance Test Nine Item and
Seven Item Result

NINE- ITEM SEVEN- ITEM
NO.OF SUBJECTS 106 106
Mean score 23.7(2-35) 18.3(2-25)
Standard deviation 7.8 5.1
10™ percentile score 12 11
25" percentile score 21 15
75" percentile score 29 22
90™ percentile score 31 24

Table 5: Validity index for observation rating of variability for
stance time variability group

Gait pattern classification based on movement control and
biomechanical factors has good concurrent validity with
respect to gait and physical performance measures of
mobility. The variability and postures determined by
observation of gait by the therapists can be used to
quickly identify and classify older adults with mobility
problems in clinical settings, allowing for possible
targeted interventions for specific gait deficits. Further
studies are warranted using gait analyzer to validate the
gait and physical performance measures of mobility.
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