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Abstract
Cerebellar damage typically results in ataxia and can be caused by stroke, tumor or one of many
forms of degenerative disease. Since few pharmacological options are available, most treatments
rely heavily on rehabilitation therapy. Little data exist on methods for tracking the progression of
ataxia, which is critical for assessing the efficacy of current and newly developing treatments.
Here, we tracked the severity of ataxia, with a particular emphasis on gait and balance
dysfunction, in a group of individuals with cerebellar damage using the International Cooperative
Ataxia Rating Scale (ICARS) and several instrumented laboratory measures of gait and balance
impairments over one year. We found that the ICARS was able to distinguish between subjects
with static lesions and those with degenerative disorders, was sensitive to increases in ataxia
severity occurring over one year, and correlated well with specific instrumented measures of gait
in persons with cerebellar degeneration. These results suggest the ICARS is a valuable tool for
clinicians and investigators to document and track long-term changes in gait and balance
performance in individuals with cerebellar degenerative disorders.
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INTRODUCTION
Gait ataxia is one of the most common and debilitating signs of cerebellar damage1 and is
characterized by unsteadiness, variable foot placement, widened stance, a veering path of
movement, and abnormal inter-joint coordination2–5. The severity of gait ataxia is correlated
with the degree of impaired balance4,6,7. Substantial recovery of gait may be possible
following cerebellar damage of a single, focal etiology; e.g., several studies have now
indicated that motor recovery from ischemic cerebellar stroke is generally excellent, with
minimal to no residual deficits in up to 83% of patients8–10. In contrast, progressive
functional declines are common among individuals with cerebellar degenerative diseases
such as spinocerebellar ataxia. The rates of decline vary widely depending on many factors,
including the specific diagnosis, age at disease onset, gender, and the length of trinucleotide
repeats in the case of some autosomal dominant ataxias11. Currently, no treatments exist to
reverse or substantially reduce motor disability caused by cerebellar degeneration.
Nevertheless continual improvements in pharmacological agents12–15 and targeted
rehabilitation interventions16–19 may eventually lead to amelioration or at least some
slowing of the progression of gait ataxia.

For effectiveness of any of these new avenues to be determined in randomized trials, clinical
assessment tools that appropriately measure and track changes in the severity of ataxia must
be available. The most widely used and accepted clinical ataxia severity scale is the
International Cooperative Ataxia Rating Scale20 (ICARS). Yet to date, little attention has
been paid to the utility of the ICARS in clinical trials. Ideally, a meaningful clinical rating
scale for ataxia must have established reliability and validity, be sensitive to small changes
over time, discriminate between static and progressive cerebellar lesions, and relate to
function in some way. The ICARS has been shown to be reliable in cerebellar patients21–24

and to have criterion-related and external validity, though internal validity is unclear22,23.
To date, however, no study has been able to demonstrate sensitivity of the ICARS to change
in persons with chronic cerebellar disease23. In addition, the relationship between ICARS
scores and instrumented movement tests has not previously been examined.

We sought to identify behavioral measures sensitive to the progression of gait ataxia in
persons with cerebellar degenerative disorders. Specifically, we wanted to determine the
sensitivity of the ICARS and a series of common laboratory gait and balance measures to
cerebellar disease progression, and whether the ICARS and instrumented measures are
related to one another. We measured motor performance in a group of adults with either
static or degenerative cerebellar damage at three time intervals over one year. We predicted
we would be able to dissociate persons with progressive degeneration from those with static
lesions by the presence or absence, respectively, of motor declines over time and that
ICARS scores would correlate with instrumented measures of walking.

METHODS
Subjects

Eighteen subjects with cerebellar damage, either due to a progressive, degenerative disease
(“degenerative” group) or to a non-degenerative single injury to the cerebellum (“static”
group), participated in the study. Inclusion criteria were: cerebellar damage confirmed by
MRI or CT scan, clinical evidence of at least mild ataxia (ICARS score ≥ 5), ≥ two months
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since time of onset, ability to stand unsupported for > five seconds, and ability to walk
unsupported and without any assistive devices for > 10 meters. Exclusion criteria were:
radiological or clinical evidence of involvement of brain structures outside the cerebellum,
significant orthopaedic or other medical conditions that could affect motor performance, or
current participation in any therapies for ataxia. Cerebellar subjects participated in three
testing sessions: baseline, a six-month follow-up, and a 12-month follow-up. These
timeframes are typical for clinical trials and longitudinal reports in this patient population24–
26. Data were also collected from two groups of 10 age-matched controls during a single
session to provide reference values for typical healthy adult gait and balance measures. See
Table 1 for detailed subject characteristics. All subjects gave their informed consent prior to
participating and the institutional human studies committee approved the study.

Paradigm
The ICARS20 was used to clinically quantify the severity of ataxia in cerebellar subjects.
The ICARS is a 100-point ordinal scale that quantifies ataxia in four categories of
movement: posture and gait, limb kinetics, speech, and eye movements. Higher scores
indicate greater ataxia.

Balance was assessed in three tasks with subjects standing on a force plate (Kistler 9281,
Kistler Instrument Corp., Switzerland) with eyes open and arms folded: quiet standing with
feet together, weight shifting laterally, and weight shifting forward and backward, both as
far as possible with feet shoulder-width apart. Three 20-second trials of each condition were
collected.

Gait testing consisted of walking as fast as possible across a level 8-meter walkway without
assistive devices or orthotics. Five walking trials were collected. Rest breaks were provided
as needed to minimize fatigue.

Data collection
The ICARS was scored by the same experienced examiner. Force plate center of pressure
(COP) coordinates (sampling rate, 1000 Hz) were used to quantify balance. Foot positions
were recorded via infrared-emitting diodes placed on the fifth metatarsal heads, lateral
malleoli and lateral knee joint spaces to represent the feet, ankles and knees. Positions were
recorded in 3D (sampling rate, 100 Hz) using two Optotrak 3020 sensors (Optotrak System;
Northern Digital Inc., Waterloo ON).

Data analysis
Position data were low-pass filtered at 10 Hz. Custom software from Matlab (The
MathWorks, Natick MA) were used for all other analyses. During static standing, balance
deficits were quantified using mean sway amplitude and sway variance. Mean sway
amplitude measured the average deviation of the COP from its center using the equation:

, where n represents the number of data samples in each static balance trial
and x and y represent the COP locations in the medio-lateral and antero-posterior
dimensions, respectively, for each data sample27. Sway variance was calculated as the sway

amplitude coefficient of variation for each trial: . During weight shifting,
balance deficits were quantified by weight shift distances, or the average peak-to-peak
distances traveled by the COP in the desired direction (medio-laterally for the lateral weight
shift task; antero-posteriorly for the fore-aft task) and normalized to foot spread (for lateral
weight shifts) or foot length (fore-aft shifts).
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Walking was quantified by a number of variables selected to address known features of
cerebellar gait ataxia: stride length, stride width, cadence, stance time, double support time,
and walking speed. Stride was defined as the period from initial contact on one foot to the
next initial contact on the same foot. Stride length was measured as the forward distance
traveled by the ankle marker during one stride. Stride width was measured as the lateral
distance between the two ankle markers at the time of initial contact. Cadence was recorded
as the average number of steps per minute. Stance time and double support time, the time
when both feet are in contact with the ground, were normalized to stride time.

Statistical analyses were completed using Statistica software (StatSoft, Inc., Tulsa OK). At
baseline, comparisons among control, static cerebellar and degenerative cerebellar groups
were completed using a one-way analysis of variance (ANOVA). To compare differences
between cerebellar groups across visits, we used a two-factor (group × visit) ANOVA with
repeated measures on one factor. When any ANOVA was significant, post hoc analysis was
done using Tukey’s honest significant different test. For the ICARS measures only, we used
a Mann Whitney U test to compare static and degenerative groups and Friedman ANOVA
by ranks to compare across visits. Post hoc comparisons were made using the Wilcoxon
matched pairs test. In the cerebellar degeneration group, we assessed the relationship
between ICARS scores and walking performance with Spearman rank order correlations.
The level for statistical significance was set to p<0.05.

RESULTS
All 18 cerebellar subjects completed all three visits. The six and 12-month follow-up visits
occurred, on average, 6.78±0.37 and 13.33±0.40 months after the baseline visit. There were
no differences in these values between static and degenerative groups (p=0.87 and p=0.53,
respectively).

Figures 1A, B show total ICARS scores and posture and gait ICARS subscores for both
cerebellar groups. Total ICARS scores did not differ between cerebellar groups at baseline
(p=0.17). For the degenerative but not the static group, there was a significant worsening of
ICARS scores over the three visits (p=0.012); scores increased over the year (baseline vs.
12-month visit, p=0.029) and over the second six-month period (six-month vs. 12-month
visit, p=0.028). In contrast, scores tended to remain stable, and in some cases improved, in
the static group (p=0.163). Similar results were noted for posture and gait ICARS subscores
(Fig. 1B). Specifically, there was no significant difference in posture and gait subscores
between groups at baseline (p=0.09), however the degenerative group showed a trend
towards worsening of posture and gait subscores over the three visits (p=0.067). The static
group showed no such difference across visits (p=0.86). For the other ICARS subscores,
there were neither any significant between-groups differences at baseline (limb kinetics,
p=0.24; speech, p=0.20; oculomotor, p=0.82), nor any differences between visits. However
there was a trend towards significant worsening of limb kinetics subscores within the
degenerative group (p=0.058). See Table 2 for details of the other ICARS subscores at each
visit.

Static balance testing results are depicted in Figures 1C, D. At baseline, mean sway
amplitudes differed among all three groups (p<0.001), with the degenerative group showing
worse postural sway compared to either the control group (post hoc, p<0.001) or the static
group (post hoc, p=0.008), but no difference between control and static groups (post hoc,
p=0.74). Similarly, the factorial analysis showed an overall increase in postural sway in the
degenerative group compared to the static group (group effect, p=0.04), but no effects of
visit or any group × visit interaction, indicating that neither cerebellar group appeared to
demonstrate much change in static postural sway over the course of the year (Fig. 1C). Sway
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variance also differed across the groups at baseline (p=0.002). Again, differences were
attributable to impaired postural control in the degenerative (degenerative vs. control,
p=0.002; degenerative vs. static, p=0.019) but not the static group (static vs. control, p=0.85;
Fig. 1D). There were no changes in sway variance over the three visits, nor any interaction
effects. Dynamic weight shifting performance did not differ across groups at baseline
(lateral, p=0.38; fore-aft, p=0.56) or across visits (see Table 2).

At baseline, we found significant differences across groups for many of the walking
parameters: cerebellar subjects generally took shorter strides (p=0.02), wider steps (p=0.04),
spent more time in stance (p=0.001) and walked slower (p=0.02) than controls. However
there were no differences between degenerative and static groups on any of these measures
(all p>0.49). There were no significant differences between the three groups in cadence
(p=0.22) or percent double support time (p=0.63; see Table 2).

Over time, the static cerebellar group tended to walk faster and take longer strides, whereas
the degenerative cerebellar group tended to walk slower and take shorter strides (group ×
visit interactions, p=0.007 and p=0.042, respectively; Fig. 1E, F). There were no significant
post hoc differences between visits for walking speed or stride length. There was a
significant effect of visit for percent double support time (p=0.02). The cerebellar group as a
whole increased double support times at the six-month follow up (post hoc, p=0.02) and at
the 12-month follow up compared to baseline (post hoc, p=0.01). We found no significant
changes across groups or visits for stride width, cadence or percent stance time (see Table
2).

Figures 2A–F show the correlations between ICARS scores and gait performance for the
individuals in the cerebellar degenerative group at the 12 month visit. We selected gait
performance measures of walking speed, stance time and stride width for these analyses
because these parameters have been specifically reported to be impaired in individuals with
cerebellar disorders and shown to be strongly related to balance function4. Correlations
between total ICARS scores and walking performance were strong and significant (Fig. 2A–
C; speed, r=−0.737; stance time, r=0.621; stride width, r=0.719). Correlations between
posture and gait ICARS subscores and walking were also significant (Fig. 2D–F; speed, r=
−0.818; stance time, r=0.688; stride width, r=0.830). Notably, each of these produced a
higher correlation coefficient and greater statistical significance than the corresponding
correlation using total ICARS scores.

To determine whether the ICARS could predict later gait performance, we calculated
correlation coefficients between ICARS scores at baseline and walking performance at the
12 month follow-up. Overall, total ICARS scores were not a significant predictor of gait
measures one year later. The correlations between total ICARS score and walking speed,
stance time and stride width were r=−0.439 (p=0.176), r=0.438 (p=0.177) and r=0.551
(p=0.079), respectively. However, posture and gait ICARS subscores did predict all three
walking measures (see Fig. 2G–I; speed, r=−0.613; stance time, r=0.639; stride width,
r=0.774).

DISCUSSION
Using both clinical ICARS scores and a battery of instrumented laboratory measures, we
tracked gait and balance over one year in individuals with cerebellar dysfunction due either
to a static lesion or degenerative disease.
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Baseline performance
All the individuals with cerebellar damage showed evidence of significant ataxia, as
measured by ICARS scores. The differences between cerebellar groups and healthy controls
on the balance and walking tests provide further evidence that the cerebellar subjects in our
sample were significantly ataxic2,3,5,28,29. Interestingly, although both had ataxia, balance
and walking appeared to be somewhat less affected in the static group than the degenerative
cerebellar group (see Fig. 1C, D). This could be due to slightly more severe ataxia in the
degenerative group (though baseline ICARS scores were statistically not different between
groups), or it may be related to differences in lesion location or volume between groups and/
or the possibility of better natural recovery in the static group, in which subjects had only a
single injury.

Longitudinal changes
In subjects with cerebellar degeneration, total ICARS scores were sensitive to declines in
motor performance over a one-year period and even over the second six-month period (Fig.
1A). Posture and gait ICARS subscores showed borderline sensitivity, with the degenerative
group trending towards a significant increase over the year (p=0.067). Two principal
measures of walking performance, gait speed and stride length, showed similar trends
longitudinally (compare Figs. 1A, B with 1E, F), but we were unable to detect statistically
significant worsening in the degenerative group using any instrumented walking measure.
Therefore total ICARS scores were the only measure we made that showed clear sensitivity
to change. The advantage of the ICARS over our instrumented laboratory measures for this
type of comparison is probably that the ICARS assesses all forms of ataxia broadly, whereas
our instrumented tests focused exclusively on balance and gait impairments. Thus the
ICARS may have been able to detect more subtle declines occurring over multiple motor
domains.

Two individuals in the static cerebellar group had injuries less than one year old.
Conceivably, they may have experienced natural recovery over the year-long study period,
which could have falsely exaggerated differences between static and degenerative groups
over time. To test for this, we reanalyzed the data with these two individuals removed from
the group and found that both of the previously significant group × visit interaction effects
remained (walking speed, p=0.02; stride length, p=0.04). This verifies that the differences
over time are attributable to a decline in the degenerative group and not to any improvement
in the static group.

Our longitudinal results differ from another study that reported total ICARS scores were not
sensitive to change over one year23. Although baseline ICARS scores were similar across
subjects in these two studies, the variability across sessions appears to be somewhat lower in
the current report. This could be due to the fact that our subjects were tested by the same
examiner at each visit. The rate of disease progression may have also differed across
subjects in the two study samples.

Relationship between ICARS and instrumented walking measures
Despite our small sample (11 individuals with cerebellar degeneration), we found strong
correlations between total ICARS scores and walking speed, percent stance time, and stride
width. As might be expected there were even stronger correlations between posture and gait
ICARS subscores and the same walking parameters. Based on our data, posture and gait
ICARS subscores are the better predictor of gait ataxia, explaining 47–69% of the variance
in gait deficits in persons with cerebellar degeneration, compared to 38–54% for total
ICARS scores. Also, posture and gait subscores, but not total ICARS scores, correlated with
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walking function one year later. Thus, not only is the ICARS sensitive to change, the posture
and gait component is a significant predictor of gait performance one year later.

New clinical assessment tools have become available for measurement of ataxia severity,
such as the Scale for the Assessment and Rating of Ataxia (SARA30), the Ataxia Functional
Composite Scale31, and the Brief Ataxia Rating Scale32. To date, the ICARS has been more
widely utilized33–35 and recently, it was shown to be correlated with cerebellar volumetry in
persons with pure cerebellar degeneration36. However newer scales have unique features
that may improve evaluation of ataxia, e.g., the SARA can be completed faster and may
have better construct validity than the ICARS30. Further studies should directly compare
these measures’ psychometric properties and relationships to recovery or progression of
cerebellar ataxia in patients with different types of cerebellar lesions.

Conclusions
We showed that the ICARS and certain instrumented gait measures can distinguish subjects
with static versus degenerative cerebellar lesions over time. Importantly, the ICARS appears
to be sensitive to even mild increases in the severity of ataxia occurring over one year. Total
ICARS scores and posture and gait ICARS subscores both are highly correlated with gait
performance, though posture and gait subscores are more strongly related, and can predict
gait performance one year later. These data suggest the ICARS may serve as a gross
substitute for some instrumented measures of gait in persons with degenerative cerebellar
disease. Longer longitudinal studies with larger sample sizes are needed to validate this and
to determine how these results differ across disease types. Further, it should be examined
whether the ICARS is sensitive to improvements of ataxia in individuals with static lesions.
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Figure 1. Selected results from the comparison of control, cerebellar static and cerebellar
degenerative groups over time
ICARS scores: average total scores (A) and posture and gait subscores (B). Static balance
measures: average mean sway amplitudes (C) and sway variances (D). Gait measures:
average walking speeds (E) and stride lengths (F). Asterisks indicate significant differences
(p<0.05). Abbreviations: ICARS=International cooperative ataxia rating scale;
Degen=cerebellar degenerative group; SE=standard error; B=baseline; mo=months.
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Figure 2. Scatterplots showing the correlation between specific walking parameters and ICARS
scores for all subjects in the cerebellar degenerative group
Correlation between total ICARS scores and walking speed (A), stance time (B) and stride
width (C) at the 12-month visit. Correlation between posture and gait ICARS subscores and
walking speed (D), stance time (E) and stride width (F) at the 12-month visit. Correlation
between posture and gait ICARS subscores at baseline and walking speed (G), stance time
(H) and stride width (I) at the 12-month visit. Spearman correlation coefficients and
significance levels are provided in each of the panels; asterisks indicate significant
differences (p<0.05). Abbreviations: ICARS=International cooperative ataxia rating scale.
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