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Background/Objectives: Ataxia is quite common in pediatric neuromotor disorders and with highly
heterogeneous etiology. Mobility difficulties and functional limitations reflect the lack of
coordination in this population. The aim of this study is to assess the effectiveness of an intensive
program of functional partial body weight support treadmill training (FPBWSTT) on mobility and
functionality of children with ataxia. Methods: Through a stratified randomized control trial, a
sample of 18 children with progressive and non-progressive ataxia and GMFCS II-IV (mean age: 14
years, standard deviation: 2.5) was assessed prior, post-intervention, and 2 months after its end.
Motor and functional skills were assessed with Gross Motor Function Measure (GMFM, items D-E),
Pediatric Balance Scale (PBS), 10-meter walk test (I0MWT), 6min-walk test (6MWT), Scale for
Assessment and Rating Ataxia (SARA), Timed-Up and Go (TUG) test, spatiotemporal gait
parameters, kinetic and kinematic variables of pelvis and lower limb. Results: Statistically significant
interactions and changes in favor of the FPBWSTT were found in all functional assessments and
spatiotemporal gait parameters (p<0.05), the majority of which were maintained for two months.
There was no statistical interaction or change in kinematic parameters (p>0.05), while kinetic
variables were insufficiently collected and were not statistically analyzed. Conclusions: The
FPBWSTT is more effective on mobility and functionality of children with ataxia, 8-18 years old,
compared to typical physiotherapy. The kinematic variables may not be sensitive indicators of change
over a short period of time and/or in this population.

Keywords: functional; treadmill training; partial body weight support; children; ataxia

1. Introduction

Ataxia in childhood is a clinical manifestation of neuromotor disorders, the occurrence of which
is estimated at about 26/100,000 children in Europe and probably reflects a minimum prevalence
worldwide [1]. In many countries, including Greece, official data on the prevalence of ataxia in the
pediatric population is lacking, while both assessment and intervention strategies seem to have been
poorly studied worldwide[2].

The pathogenesis of childhood ataxia is characterized by great heterogeneity, with progressive
and non-progressive cerebellar ataxia being its two main types [3]. The causes of this movement
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disorder can be acquired, such as cerebellar tumor; congenital, such as cerebral palsy; or genetic, such
as Friedrich's ataxia [3]. European data show that the highest incidence of ataxia in children is overall
ataxia of genetic origin (14.61/100,000 births), while ataxia as a result of CP is the most studied in
Europe and the most frequent among non-progressive disorders (10.65/100,000 births) [1]. In
accordance with European data, a recent Greek cross-cultural adaptation [4] of the Scale for
Assessment and Rating Ataxia (SARA) [5] found a rate of 54.4% of ataxic cerebral palsy and a rate of
62.5% of Friedrich ataxia in the non-progressive and progressive ataxia categories respectively.

The symptoms of ataxia refer to a set of difficulties expressed in each type and etiology of ataxia
with different expression in the level of severity and limitations in daily activities [6]. Lack of balance
and coordination are the primary difficulties, evident in the quality and quantity of daily activities
where children interact. Ataxic gait, dysmetria, dysdiadochokinesia, tremor, nystagmus, dysarthria
are some of the key clinical features underlying the symptomatology of cerebellar ataxia, regardless
of its etiology [7-9]. According to Hartley et al. [2], investigating the assessment and treatment of
children with various types of ataxia, it appeared that over forty different outcome measures were
used in the twenty studies included in the systematic review. The majority of these studies focused
on balance, gait and gross motor function, identifying gait performance as a basic physiotherapy goal.
The few data existing from children with ataxia report reduced cadence, step and stride length,
increased step width, variability in gait measures and abnormalities in motor and kinematic
characteristics [10-13]. These factors may serve as sensitive indicators of the progression of the ataxia,
but also indicate the “instability” of the ataxic gait pattern among the heterogeneity of the population
investigated [10-13]. However, it seems that gait performance and parameters’ changes in the
pediatric population of ataxia after physiotherapy intervention have been poorly studied, and mainly
short-term time frames[2].

Treadmill interventions with and without partial body weight support are suggested as a mean
of faster gait acquisition, gross motor and gait parameters’ improvement in pediatric populations
with various neuromotor disorders. However, the application of different protocols in different
neuromotor populations, coupled with the small sample sizes fail to demonstrate a clear and effective
guideline[2,14-17]. An important factor of therapeutic effectiveness is the dosage of training varying
in intensity (eg, treadmill speed, incline) or duration[17], prompting the need to standardize and test
protocols appropriately designed for specific pediatric populations. The strategy of increasing speed
during gait training has been well documented with positive results, but speed alternations, as
suggested by Bjornson et al. [18] for children with CP, are so far a rather "challenging" approach,
worthy of investigation, especially in ataxia. Cerebellum, the main dysfunctional structure resulting
in ataxia, has a regulatory role in gait speed control and its activation during such challenging gait
training [19] may be a promising therapeutic intervention. Another suggested therapeutic strategy
recorded in adults with neuromotor deficits [20,21] and pediatric populations[22,23] seems to be dual
task training, which defines a functional and demanding approach, especially when combined with
gait, capable of promoting neuroplasticity[24].

Through this study we aim to investigate a novel functional intervention through integration of
different therapeutic approaches, suggested by the literature and adequately adjusted to the pediatric
population with ataxia. We anticipate that this study will offer further clinical practical and research
suggestions and a better understanding for future therapeutic purposes.
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2. Materials and Methods

A stratified randomized controlled trial of a 4-week Functional Partial Body Weight Support
Treadmill Training (FPBWSTT) with a 2-month follow-up period was applied to children with ataxia
(progressive and non-progressive), aged 8-18 years and GMFCS II-IV. The protocol of the study was
applied as was published in March 2022 [25] and following ethical approval from the University of
West Attica (study’s protocol: 141/26-04-2021) and ‘“ATTIKON’ General University Hospital of
Athens (study’s protocol: I' TTAIA, EBA 149/20-3-2020) (Supplementary Material).

Participants” recruitment started in June 2021 and was finally completed in the middle of
December 2022, with last data collected in the end of March 2023. The proposed sample size
estimation could not been verified with the completion of 5 children per group, as was initially
scheduled[25], due to the large heterogeneity among participants at that time period. Despite the fact
that an interim statistical analysis was not planned in the design of the protocol, in March 2023, with
available data from a total of 18 children with ataxia, a calculation of the primary end point of the
GMFM-D was performed, indicating statistically significant differences, which safely led to the
adjustment of the sample size and therefore the termination of further sample search [26].

Two- way mixed ANOVA was used for estimating the interaction between intervention and
time for all variables. One factor repeated measures ANOVA was used for estimating time
measurement variation in each group, while pairwise multiple comparisons were examined through
Bonferroni test. Sensitivity analysis was performed for estimation of both percentage and absolute
change from baseline to all time assessments, between the two groups, through t-test and ANCOVA
model, respectively.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. Participant characteristics

Thirty five (35) children with ataxia were assessed according to the eligibility criteria. A total
of 21 children were randomized to either the experimental or the control group, as shown in the
Figure 1. The data from 18 children were finally collected and statistically analyzed, from which only
9 children completed the 3d gait analysis in all three assessment periods. Those data were processed
to statistical analysis. The two groups were similar at baseline, in all clinical and demographic
features, as well as in their perception of quality of life issues, as shown in Table 1.
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Enrollment ] Assessed for eligibility (n=35)

Excluded (n=14)

A 4

+ Not meeting inclusion criteria (n= 5)
+ Declined to participate (n=9)

Randomized (n=21)

v Allocation v

Allocated to intervention, FPBWSTT group (n=10) Allocated only to typical therapy, Control group (n=
Assessments at Paediatric center (n=10)/ 3D gait 11)
analysis (n=6) Assessments at Paediatric center (n=11)/ 3D gait
+ Received allocated intervention (n=9) analysis (n=5)
+ Did not receive allocated intervention, due to covid + Received typical therapy (n= 11)
illness (n=1)
l [ 4-weeks post ] y
8 J
Lost to post intervention at Paediatric center (n= 0) Lost to post intervention at Paediatric center, due to

non willing to continue (n= 1)
Lost to post intervention at 3D gait analysis (n= 0)
Lost to post intervention at 3D gait analysis, due to
incorrect timing schedule (n= 1)

y [ Follow-up ] l
Lost to post intervention at Paediatric center (n= 0) Lost to post intervention at Paediatric center (n=0)
Lost to post intervention at 3D gait analysis (n= 0) Lost to post intervention at 3D gait analysis, due to

incorrect timing schedule (n= 1)

] [ hatves ] I

Analysed data respectively (n= 8 and n=5) Analysed data respectively (n= 10 and n=4)
+ Excluded from analysis , due to diagnosis of + Excluded from analysis (n= 0)
Hodgkin lymphoma (n= 1)

Figure 1. Flow chart of the study according to the Consolidated Standards of Reporting Trials “CONSORT”
guidelines, Paediatric center: private faculty for the evaluation of all the assessments beside the 3D: three-

dimensional gait analysis at ELEPAP Athens.

Table 1. Comparison of demographic, clinical and quality of life characteristics between groups.

Characteristics FPBWSTT Group Control Group p-value
Age (years), mean+SD 14.69+2.05 13.45+2.73 0.304
Sex, male/female 7(87.5%)/1(12.5%) 7(70%)/3(30%) 0.588
Weight (kg), mean+SD 41.56+8.79 46.55+14.53 0.407
Height(cm), mean+SD 157.38+11.17 151.90+14.67 0.397
BMI, mean+SD 16.86+2.20 19.72+3.56 0.058
Type of ataxia, non-P/P 7(87.5%)/1(12.5%) 9(90%)/1(10%) 1.000
GMECS, II/III/IV 6(75%)/1(12.5%)/1(12.5%) 7(70%)/2(20%)/1(10%) 0.909
1.000

Laterality, right/left 8(100%)/0(0%) 9(90%)/1(10%)
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Child’s quality of life
questionnaire

Friends-Family, mean+SD 7.18+0.92 6.81+0.82 0.375
Participation, mean+SD 6.06+2.31 5.65+1.79 0.675
Communication, mean+SD 6.58+1.28 6.00+1.50 0.395
Use of limbs, mean+SD 5.99+1.78 6.23+1.62 0.683
Self-care, median+IR 7.00+0.0 7.00+0.0 0.537
Equipment, mean+SD 4.21+1.38 4.21+0.76 1.00
Pain-discomfort mean+SD 2.98+0,77 2.98+0.93 0.991
Sense of happiness median+IR  7.00+1.0 7.00+0.5 0.573
Assistance with questionnaire

2.38+1.06 2.40+1.07 0.961

completion, mean+SD

Values are presented numerically, unless otherwise stated. There are no statistically significant differences between the two
groups at the baseline assessment (p>0.05). Quality of life questionnaire scored on a Likert scale, from 1: bad - 9: very good.,
except for the last question with a choice of 1: no - 4: yes, very. FPBWSTT Group: Cerebral palsy ataxia(n=5)* [*subsequent
genetic testing revealed a variant of CACNAIA (n=1)], Neuroblastoma (n=1) [2 years since surgical resection of tumor],
CACNA1A (n=1) (previous CP diagnosis), Friedreich Ataxian=1; Control Group.: Cerebral palsy ataxia (n=4),
Neuroblastoma(n=1) [3.5 years since surgical resection of tumor], CACNA1A (n=1), Un-known reason ataxia (n=1),
Gillespie syndrome (n=1), TBI ataxia (n=1) [6 years since the injury], Menkes-like ataxia (n=1).

3.2. Primary outcomes: Domains D and E of the GMFM-88(%)

The FPBWSTT group was statistically significant improved in GMFM domains D (standing) and
E (gait) at 4 weeks by a mean of 6.45% (95% CI 3.34-9.57, p<0.001) for standing and by a mean of 4.68%
(95% CI 1.66-7.70, p=0.005) for gait, compared to the control group. These improvements were also
maintained at follow- up, by a mean of 5.56% (95% CI 1.46-9.67, p=0.011) and by a mean of 8.51%
(95% CI 2.91-14.11, p=0.005) compared to the control group, respectively. Gross motor functionality
of standing and gait changed significantly through time for the FPBWSTT group (p<0.005), but no
significant changes were found for the control group (p>0.05). This is reinforced by the significant
interaction of the groups and time for both variables (p=0.002), as shown in Figures 2 and 3

respectively.
82
80 . .
78 //
76 = . —= —o—FPBWST Group
74 ~
72 0/ ~i—Control Group
70
68
Baseline 4-week 2 months

Figure 2. Mean value of standing gross motor function (GMFM-D) of the two groups at baseline, 4 weeks and 2

months.
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Figure 3. Mean value of gait gross motor function (GMFM-E) of the two groups at baseline, 4 weeks and 2

months.

3.3. Secondary outcomes

Analysis of the data of secondary outcome measures are presented in Table 2, showing that in
most of them the FPBWSTT group had statistically significant improvement (p<0.05) at four weeks,
compared to the control group. The intervention group maintained their improvements in the PBS,
6MWT and spatiotemporal gait parameters at follow- up, as shown in Table 2 and Figure 5. There
were baseline differences between the groups, both in stride and step length, with greater values
obtained in the control group (Table 3). Interestingly, the slow self-paced 1I0MWT did not show
statistically significant improvement at 4 weeks (mean:0.07m/s, 95% CI -0.04/0.18, p>0.05) and at
follow-up (mean:0.05m/s, 95% CI -0.05/0.15, p=0.307), for the FPBWSTT group. This was in stark
contrast to the fast self-selected pace of gait at 4 weeks, in which the intervention group showed
statistically significant improvement, by a mean of 0.19m/s (95% CI 0.00-0.38, p=0.046).

Percentage change in 4-weeks and 2 months of primary and secondary outcomes of all
participants is presented respectively in Figures 4 and 5.

Table 2. Sensitivity Analysis Using ANCOVA Model (Baseline vs. 4-Week & 2-Month Outcomes).

4-Week Mean Difference 2-Month Mean Difference

Secondary Outcome (95% CI) p-value (95% CI) p-value2
PBS 3.73(1.13-6.33) 0.008 3.85(-0.14 t0 7.71) 0.05
TUG (sec) 2.19 (0.7 - 3.67) 0.007 1.29 (-0.53 to 3.10) 0.151
10MWT-SLOW (m/sec) 0.07 (0.04 - 0.18) 0.193 0.05 (0.05 - 0.15) 0.307
10MWT-FAST (m/sec) 0.19 (0 - 0.38) 0.046 0.04 (-0.12 t0 0.21) 0.620
6MWT (m) 56.09 (29.22 - 82.96) <0.005 36.92 (7.34 - 66.50) 0.018
SARAgr 1.22(0.44 -2.01) 0.005 1.00 (-0.31 to 2.34) 0.125
Step Length (cm) 8.84 (1.67 - 16.01) 0.019 5.36 (-3.64 to 14.35) 0.224
Stride Length (cm) 8.29 (-3.98 t0 20.57) 0.170 12 (-5.52 t0 29.54) 0.165
Step Time (sec) 0.38 (0.01 - 0.74) 0.043 0.45(0.01 - 0.90) 0.048
Stride Time (sec) 0.45(0.16 - 0.75) 0.005 0.77 (0.05 - 1.49) 0.038
Step Width (cm) 6.74 (4.20 - 9.29) <0.005 7.41 (4.18 - 10.64) <0.005

Table 3. Mixed two-way ANOVA for the STEP LENGTH and STRIDE LENGTH variables.
STEP LENGTH STRIDE LENGTH
Time Time

Groups Baseline 4-week 2months Baseline 4-week 2months
meanSD mean+SD mean+SD meanSD mean+SD meantSD

FPBWSTT 22.85+7.56 28.19+8.69%  27.498.65 47.72+12.74 54.79+14.69  58.16+18.66

Control 38.0147.04 35.99:0.63  32.8847.00  72.29%17.77  68.51#18.27  64.57+16.63

p<0.005 p=0.094 p=0.163 p=0.005 p=0.104 p=0.453
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group and time F(2.32)=6.94, p<0.005 F(2.32)=6.34, p=0.005

ge Change

in favor of intervnetion
[~ w P (5]
(] (3] (4] o

-
o

o

in favor of control
|

-25

GMFMD
GMFME
PBS

TUG
BMWT
10-SLOW
10-FAST
SARA
STRIDE LTH
STEP LTH
STRIDET
STEPT
STEP W

Figure 4. Percentage change from baseline to 4 weeks of all variables in which all 18 children were assessed. All
changes are statistically significant (p<0.05), in favor of the experimental group, except for IIMWT-SLOW, which
is marginally statistically significant (p=0.072).

Baseline-2 months Percentage Change

in favor of intervention

infavor of control
'

GMFMD
GMFME
PBS

TUG
BMWT
10-SLOW
10-FAST
SARA
STRIDELTH
STEPLTH
STRIDET
STEPT
STEPW

Figure 5. Percentage change from baseline to 2 months of all variables in which all 18 children were assessed.
Most changes were still statistically significant (p<0.05), in favor of the experimental group, except for TUG,
10MWT-SLOW, 10MWT-FAST and SARAgr.

3.3.1. Secondary variables from 3D Analysis
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3D Analysis was obtained only in a total of 9 children (FPBWSTT group n=5, control group n=4).
Kinetic variables were inadequately collected, due to the insufficient placing of the entire foot or due
to the coexistence of both feet on the platform during gait.

The values of kinematic variable of pelvis in sagittal plane were highly heterogeneous with
extreme values and given the small sample size the statistical analysis of this variable was excluded,
as no valid result could be attributed[27]. There were no statistical significant differences between the
groups and there were no statistically significant changes for neither of the groups in all kinematic
variables analyzed.

4. Discussion

The results of the clinical study, alongside the compliance to the protocol and the absence of
adverse effects, indicate that the FPBWSTT can be a highly effective intensive program for children,
8-18 years old with moderate functional severity of ataxia, more than typical physical therapy. The
significant improvements in gross motor function in the areas of standing and walking were
accompanied with similar changes in ataxia symptoms, functional balance skills, gait speed, dynamic
balance control, physical condition and endurance and spatiotemporal gait parameters in favor of the
FPBWSTT group, the majority of which were sustained two months after the end of the intensive
program. The collection and statistical analysis of the kinematic variables of the 3D gait analysis did
not reveal significant differences between groups and neither significantly changed in any of the two
groups between the different time measurements. Those findings may indicate that such
measurements may not be sensitive enough for detecting functional changes in the specific
population and/or at such short time frame.

Children in both groups had similar clinical and demographic features. Confounding factors
that could affect the outcome as well as the interpretation of the results, were taken into account
through the admission and exclusion criteria of the participants, as well as their recruitment, based
on stratification of the type of disorder:each group had one participant with progressive type of ataxia
and GMFCS 1V, while the remaining participants belonged to the non-progressive ataxia category,
between GMFCS II-III. Children who had undergone surgical resection of the posterior fossa tumor
(neuroblastoma) as well as the child with ataxia as a result of traumatic brain injury, all had far
exceeded the time frame for spontaneous recovery of balance ability, determined to be up to one year
[28].

According to the results of the present study, the children who completed the FPBWSTT
significantly improved in gross motor function particularly in standing and walking after the end of
the intensive program, which were maintained at follow-up. At the same time, statistically significant
differences emerged between the two groups in the changes from the initial measurement, both after
the end of the 4-week period and after the 2-month period. The domains of standing (domain D) and
walking (domain E) in gross motor function, according to the GMFM, are the most representative
domains of motor difficulties in children and youth with CP [29,30], as well as in children with ataxia
[2,12].

The findings of the present study are even more encouraging than the reference range of 0.8%-
5.2% and 2.3%-6.5% suggested by Storm et al. [31] as a Minimum Clinically Important Difference
(MCID) for the improvement of GMFM-D in children with cerebral palsy and TBI respectively, after
one month of robotic gait training. Accordingly, the reference range of clinically significant difference
for GMFM-E varies from 0.3%-4.9% for children with CP and 2.8%-6.5% for children with TBIL
Specifically, in the study there was a total of 182 children, aged 4-18 years with movement disorders
as a result of CP and TBI, who followed 20 sessions of 45minutes of each gait training and typical
physical therapy (total 90-min session) over a 4 week period [31].

In the present study, the change in gross motor function in standing position after the end of 4
weeks was 6.81% for FPBWSTT group and only 0.35% for the control group, while the change in gross
motor function in gait was 5.30% for FPBWSTT and only 0.62% for the control group. Those findings
are in accordance with the pilot study of Peri et al. [12] which investigated the effects of a 4week gait
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training program in 11 children with ataxia due to TBI and additionally reinforce the clinical
significance of gross motor function change in standing and gait domains, in such short time frame.
An interesting point found in the present study and confirmed through the research of Peri et al. [12]
is that both programs focused on gait training produced greater changes in standing gross mobility
than gait. In other words, what is evident is that even if there are no exercises focused on static and
dynamic standing skills, gait training contributes significantly to the enhancement of gross motor
function in standing.

The exact same trend of change, similar to GMFM-D was found for the PBS, with a clinical
significant change, based on proposed reference range after a 6 month period for children with CP
up to 6.5 years old [32]. The same study showed a strong correlation between total score of GMFM-
66 and PBS. Based on our findings GMFM-D and PBS share common characteristics with a trend
change consistent with basic principles of neuroplasticity[33], as practicing a motor activity promotes
a type of transfer to the acquisition and improvement of similar activities to the one being trained. It
appears that gait training, as a functional activity, and the way in which speed alternations and dual-
task functional activities were combined, were able to promote simultaneous or subsequent changes,
through a network of neural circuits for other functional activities, in addition to those of gait. Motor
training alone is capable of activating angiogenic mechanisms in the motor cortex, cerebellum and
promoting the growth and survival of neurons in many brain regions [33,34]. The activity of gait
involves activation of somatosensory and motor areas of the whole body and the application of
FPBWSTT through both speed and dual-task challenges appears to be sufficiently able of promoting
the appropriate synaptic connections and form a fertile environment to support structural brain
changes related to standing functional activities.

A statistically and clinically significant difference was also found for gross motor function in gait
(GMFM-E), with an interesting continuous improvement observed 2 months after the end of the
FPBWSTT. This finding could be due to a possible increase in the relevant daily activities of the
children who completed the FPBWSTT as a “habit” formed as a result of the intensive gait program.
As supported by theories and research on motor learning, neuroplasticity is an ongoing process,
rather than a single record [33]. The consolidation of a motor behavior involves time and repetition
that often depend on the time period after the end of the motor training [33], which could explain the
continuous increase of GMFM-E, 2 months after the end of the training. Unfortunately, this remains
an assumption, based on theoretical knowledge which cannot be directly correlated with other
studies, which investigated short-term and post intervention results or GMFM total score of all
domains [2].

The change of ataxic symptoms was only significant just after the end of the 4-week program for
the FPBWSTT group, without reaching the minimum clinically important difference, reported in
adult studies [35,36] and pediatric population [12,37]. It is possible that further clinical reduction of
SARA score can be achieved by a more targeted therapeutic approach on functional activities, related
to the ataxic signs and increased time practice, as the cerebellum, the main responsible structure
causing ataxia requires sufficient temporal processing [34].

Improvements in dynamic balance control following various applications of therapeutic
protocols have been reported in children with ataxia with reference in fall risk reduction and
functional mobility skills’ improvement [2]. However, the heterogeneity of study protocols in the
measurement of TUG and the need of chronological age correlation with a standard reference value
[38] restrict the clinical interpretation of TUG’s change seen in the present study. Nevertheless, the
improvement and significant change found for the FPBWSTT compared to the control group at 4-
weeks indicates the child's developing functional independence [39]. This is reinforced by the
improvements of self-selected pace and the significant change of 10MWT-fast, which further points
out the ability of adjusting and regulating gait speed, an extremely difficult condition for people with
cerebellum deficits [19].Besides the above, the increase of gait speed found for the FPBWSTT is even
more apparent in the way that 6GMWT changed. Even though 6MWT measures physical condition
and endurance, it has been widely used informally for walking speed calculation in children with CP
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[40], while strong correlation with 1I0MWT has been supported in adults with neurological deficits
[41]. Based on the increased 46,25m with the end of the FPBWSTT, a similar in population, duration
and type of intervention study [12] has identified an improvement of 48m post the 4-week gait
training. These findings may verify an important reference range for the functional improvements of
children with ataxia, after a 4-week, 20 sessions training.

Children who underwent the FPBWSTT significantly reduced their step width at all time periods
showing statistically significant changes respectively, compared to children who received their
standard program. Despite the fact that children of the FPBWSTT group had significantly shorter
stride and stride lengths compared to the control group at baseline, there was a statistically significant
increase of their stride and step length after 4 weeks, in contrast to children of the control group who
demonstrated even a decline in those gait variables. However, from the absolute changes only that
of step length at 4 weeks was statistically significantly improved. The increase in stride length
continued further even 2 months after the end of FBPWSTT, while step length showed a slight
decrease. This may be due to an increased variability of steps with non-symmetrical bilateral steps at
the given time point. In the systematic review by Buckley et al. [10] regarding gait characteristics in
adults with ataxia, increased variability of stride length, but not of step length, has been reported at
low speeds compared to higher speeds. Given the above, this finding could be due to the difficulty
of adapting gait to a walking speed lower than what has now been achieved, as the speed of
evaluation of all spatiotemporal characteristics in all three time periods was the same (75%-80% of
low self-selected baseline ground speed).

The overall spatiotemporal gait changes are of particular importance, as they highlight an
adapting ability and the possibility of adopting a new gait strategy within the same gait speed.
Increased step and stride time characterize ataxic gait compared to typical values of adults and
children [10,12]. According to the present findings, what theoretically appears as a worsening
actually reveals the adaptation of the gait pattern in order to maintain the same pace. It seems that
temporal gait variables acted as a compensatory index to maintain walking pace, when spatial
parameters (step and stride length) were increased as a result of the FPBWSTT program. This
adaptation skill is a well established indicator of improved motor functionality [42].

Kinematic changes

According to current data, joint mobility in children with ataxia has been assessed in relation to
the maximum trajectory range achieved during gait, expressed in degrees, compared to a healthy
population [12,13] and immediately after gait training [12]. The assessment of the maximum range of
motion at a joint and whether this is close to standard reference values is not necessarily an indication
of improvement, as it is unknown whether this range of motion is utilized at the appropriate time,
during gait. The use of the MGDI index seems to reflect the deviation between the pathological and
typical gait, as it is calculated in such way that estimates and compares the absolute value of each
momentary deviation with the corresponding value of normal data [43].To our knowledge, the
present study is the first in this population to assess changes in mean joint mobility deviations
throughout the gait cycle, as derived from standard gait analysis values, relative to a control group
and in long term.

During 3D gait analysis of the 9 children, there was inability to collect the kinetic variables, due
to incorrect and insufficient placement of the foot on the force recording platform. Additionally, there
was a great heterogeneity with extreme values in the kinematic of pelvis in sagittal plane, an
observation confirmed in adults with ataxia [44,45].The instability of the trunk and pelvis in all
directions of movement and especially in sagittal plane seems to be particularly pronounced in adults
with ataxia, maybe due to an effort to maintain an energy-efficient gait [44,45]. In a similar study of
Peri et al. [12] changes in pelvic kinematics measured by maximal range of motion after a 4-week gait
training showed greater in deviation values from the normal reference ones and increased standard
deviation, following a different course of change than the otherwise functional improvements of the
participants. It seems that pelvis kinematics’ deterioration or even variability may be part of an effort
for trunk stability in a newly adopted gait strategy.
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All other kinematic variables did not show a specific change trend in any of the two groups,
which differs from the findings reported by Peri et al. [12]. The latter argue that changes in knee and
ankle mobility close to standard values may be indicators of the effectiveness of a therapeutic
program. The pilot study of Peri et al. [12] applied 20 sessions of typical physiotherapy alongside
with the 20 sessions of gait training, which aimed to improve balance skills and correct the movement
pattern. On the other hand, in the present study neither the standard physiotherapy nor FPBWSTT
specifically focused on "correction" or facilitation techniques aimed at improving joint mobility.
Changes in some kinematic variables could be expected at over a longer time period, perhaps as an
indication of a "consolidated" gait, without being clear whether these changes will align with the
reference standard values. What needs further clarification is whether these variables are associated
with functional improvements in this population and whether physiotherapy should aim in
“correction” of those.

5. Conclusions

In overall, it seems that FPBWSTT is a feasible physiotherapy program, more effective than
typical physiotherapy, with statistically and clinically significant improvements in the mobility and
functionality of children with ataxia. The FPBWSTT positively influenced children with ataxia by
producing changes in standing and walking gross motor function, clinical signs of ataxia, functional
skills and dynamic balance control, gait cadence, physical condition and endurance, and
improvement and adjustment of spatiotemporal parameters of gait, most of which were remained
even 2 months after the end of the program. However, the kinematic variables did not demonstrate
a consistent trend of change, suggesting that these parameters may not be sensitive indicators in the
identification of functional improvements over short time periods, in small samples or in reference
to the specific population.
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