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ABSTRACT 

Background: Cerebellar ataxia after pediatric brain tumor treatment can cause persistent gait, balance, and speech impairment, 
yet no established rehabilitation strategy exists. Somato-cognitive coordination therapy (SCCT) is a virtual reality–guided 
intervention designed to promote sensorimotor integration through visually constrained reaching tasks. We evaluated the safety, 
feasibility, and preliminary functional observations of SCCT in this population. 
Methods: This single-center retrospective pilot study included 12 consecutive pediatric patients with cerebellar ataxia following 
brain tumor treatment who underwent outpatient SCCT between August 2023 and April 2025. SCCT sessions comprised 
approximately 10 min of alternating reaching tasks with limited visual feedback. Safety, acceptability, and changes in routinely 
documented selected scale for the assessment and rating of ataxia (SARA) subscale scores (gait, stance, and speech) were reviewed. 
Results: Patients received a median of 1 SCCT session (range, 1–7). No serious adverse events occurred. Although two patients 
reported transient fatigue, all respondents expressed willingness to continue, and 11 patients (92%) spontaneously described the 
intervention as enjoyable. Preliminary functional changes were observed even after a single 10-min session. The median pooled 
SARA subscale score showed a statistically significant reduction from 3.0 [interquartile range, 1.0–4.0] to 1.0 [1.0–2.0] ( p < 0.001). 
One patient with cerebellar mutism showed speech-score reduction accompanied by longitudinal diffusion tractography changes. 
Conclusions: SCCT appeared feasible and was not associated with serious adverse events in this retrospective pilot cohort. 
Exploratory functional observations warrant further evaluation in prospective randomized controlled trials to evaluate therapeutic 
efficacy and long-term durability. 

Abbreviations: CONSORT, Consolidated Standards of Reporting Trials; DIPG, diffuse intrinsic pontine glioma; IRB, institutional review board; SARA, scale for the 
assessment and rating of ataxia; SCAN, somato-cognitive action network; SCCT, somato-cognitive coordination therapy; VR, virtual reality. 
This work was previously presented as an abstract at the Annual Meeting of the Japanese Society of Pediatric Hematology/Oncology, Fukuoka, Japan, 2025, and published 
in the meeting abstract book. 
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1 Introduction 

Cerebellar ataxia arising from pediatric brain tumors leads to 
persistent impairments in coordination, gait, speech, and bal- 
ance functions [ 1, 2 ]. Despite advances in tumor management, 
approximately 70% of pediatric patients experience long-term 
motor deficits following surgery [ 3, 4 ]. Currently, no established 
treatment exists for cerebellar ataxia in this population. 

Somato-cognitive coordination therapy (SCCT), a novel rehabili- 
tative approach using virtual reality (VR), enhances sensorimotor 
integration via visually constrained reaching tasks [ 5–9 ]. Emerg- 
ing evidence from single-case and preliminary studies across a 
spectrum of neurological and neurodevelopmental conditions 
suggests that SCCT is safe and feasible and may be associated 
with cross-domain functional changes across motor, cognitive, 
and behavioral domains, potentially through modulation of 
distributed sensorimotor-cognitive networks [ 5–9 ]. However, its 
application in pediatric cerebellar ataxia remains unstudied. This 
single-arm retrospective pilot study aimed to evaluate the safety, 
feasibility, and preliminary therapeutic signals of SCCT for gait, 
speech, and stance in pediatric patients with cerebellar ataxia 
after brain tumor treatment. 

2 Methods 

2.1 Study Design 

This single-center retrospective pilot study included all consec- 
utive pediatric patients with cerebellar ataxia following brain 
tumor treatment who underwent outpatient SCCT between 
August 1, 2023, and April 30, 2025. No specific tumor types 
were intentionally excluded; rather, the cohort represents all 
patients who were referred for and received SCCT during the 
study period. The study followed the Consolidated Standards of 
Reporting Trials (CONSORT) extension for pilot and feasibility 
trials [ 10 ] where applicable. Clinical records were reviewed 
for demographics, tumor characteristics, intervention details, 
therapy acceptability, and adverse events. 

2.2 Functional Observations 

The primary functional observation was the change in selected 
scale for the assessment and rating of ataxia (SARA) subscale 
scores (gait, speech, and stance), rather than the full composite 
score which is widely recognized for its high inter-rater and 
intra-rater reliability because each score is tied to clearly defined, 
observable physical milestones [ 11 ]. These subscales were rou- 
tinely assessed and documented at baseline and post-intervention 
during neurological examinations. As the full SARA scale was not 
routinely administered in our clinical practice, only these avail- 
able subscale scores were included in the analysis. These domains 
were selected at the attending physician’s discretion for their 
clinical relevance, reflecting key aspects of functional impairment 
in cerebellar ataxia observed in our patient population, including 
mobility, postural stability, and communication. This selective 
approach was adopted to minimize the physical and psycholog- 
ical burden on pediatric patients. Many of these children, despite 
having completed intensive oncologic treatments months prior, 

continued to suffer from persistent ataxia that made traveling to 
the clinic and undergoing several tests highly fatiguing. Reflecting 
a clinical commitment to patient-centered care, the attending 
physician prioritized preserving the patients’ limited stamina for 
the therapeutic sessions rather than exhausting them through 
an entire SARA assessment process. SARA is a clinician-rated 
scale in which higher scores indicate more severe ataxia, and 
each item is scored according to standardized criteria. Assess- 
ments were performed by the attending clinician and reviewed 
by an additional co-author for consistency. Evaluations were 
conducted at baseline and immediately after the session (or 
the following day) for single-session patients, and at the final 
clinical visit for multi-session patients. As these evaluations were 
part of routine clinical practice, evaluations were not performed 
under blinded conditions. Therapy acceptability was qualitatively 
assessed based on physician notes documenting interviews with 
patients and caregivers regarding perceived burden, willingness 
to continue, and satisfaction. Additional clinical data (e.g., 
neuroimaging studies) obtained as part of routine clinical care 
were retrospectively reviewed and descriptively reported when 
relevant. 

2.3 Intervention 

SCCT was delivered using a specialized VR system (mediVR 
KAGURA; mediVR Inc., Japan), an FDA-registered medical 
device, which guided patients through proprioceptively demand- 
ing, visually constrained reaching tasks designed to enhance 
sensorimotor coordination (Figure 1 ) [ 5–9 ]. The system is based 
on a conceptual framework targeting the somato-cognitive action 
network (SCAN), a distributed neural architecture that involves 
primary motor output with higher order cognitive and sensory 
processing [ 5, 6 ]. A distinctive feature of the SCCT environment 
is the absence of visual representation of the patient’s body (e.g., 
no avatar or limb visualization), necessitating user reliance on 
internally generated spatial representations and proprioceptive 
feedback during task execution. Patients performed alternating 
reaching movements in a seated position, allowing controlled 
engagement of trunk and upper limb coordination while min- 
imizing physical burden. Therapists provided real-time verbal 
and tactile feedback as appropriate. Task parameters, including 
target position, distance, and size, were individually adjusted 
to match each patient’s functional capacity and to maintain an 
appropriate level of task difficulty. Each session lasted approx- 
imately 10 min with breaks provided according to the patient’s 
fatigue level at our institution. All sessions were supervised by a 
trained clinician (physician, therapist, or nurse) who monitored 
fatigue, cybersickness, and other adverse events; any session- 
related concerns prompted immediate rest or termination, and 
observations were documented in the clinical record. This was 
a single-arm retrospective pilot study with no randomization 
or blinding. For patients who underwent multiple sessions, 
treatments were performed at intervals of approximately 1–3 
months, depending on individual clinical circumstances. SCCT 
has been applied in a range of neurological and neurodevelop- 
mental conditions, including Parkinson’s disease, Huntington’s 
disease, and adult cerebellar ataxia following brainstem infarc- 
tion, as well as pediatric populations with motor and cognitive 
impairments, where cross-domain functional changes have been 
reported [ 5–9 ]. 
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FIGURE 1 Illustrative example of a pediatric patient treated with SCCT and changes in SARA subscale scores in study population. A 6-year-old 
girl with medulloblastoma developed radiation necrosis 4 months after a tumor treatment. (A) SCCT session using a virtual reality-based system. The 
patient performs alternating left-right reaching tasks in a seated position. The system conceals the patient’s body, requiring proprioceptive estimation of 
limb and trunk position. Abnormal reaching-related movements such as involuntary toe flexion, lateral trunk tilting and clockwise trunk rotation, and 
excessive hip abduction were observed (Supporting Information eVideo 1 ). SCCT aims to reduce these maladaptive patterns through therapist-guided 
correction and promote smoother body coordination. (B) Pre-intervention gait performance: indoor walking with supervision; SARA gait score = 6 
(Supporting Information eVideo 2 ). One day after a single 10-min SCCT session, gait metric changed to a score of 3 with outdoor ambulation possible 
(Supporting Information eVideo 3 ). (C) Twelve months later (after four SCCT sessions): Patient was able to run stably with a school backpack; SARA 
gait score = 2 (Supporting Information eVideo 4 ). (D) Paired line plots showing individual changes in SARA subscale scores at baseline and follow-up. 
Each shape represents a subscale ( ● gait, ■ speech, ▲ stance), and lines connect paired scores from the same patient. SARA, scale for the assessment 
and rating of ataxia; SCCT, somato-cognitive coordination therapy. 

2.4 Statistical Analysis 

Data were summarized as median (interquartile range [IQR]) or 
number (%). The primary outcome was defined as the change in 
selected SARA subscale scores (gait, speech, and stance scores) 
from baseline to follow-up. Changes in each subscale were 
analyzed using the two-sided Wilcoxon signed-rank test with 
continuity correction. Statistical significance was set at p < 0.05. 

Exploratory analyses of individual subscales were performed 
without adjustment for multiple comparisons, given the pilot 
nature of the study. All analyses were conducted using Microsoft 
R Open version 4.0. No formal sample size calculation was 
performed due to the exploratory pilot design. 

3 Results 

A total of 12 pediatric patients with cerebellar ataxia following 
brain tumor treatment underwent SCCT between August 2023 
and April 2025 (Tables 1 and 2 ). The median age was 13 years [IQR, 
11–17], and the median duration from symptom onset to SCCT 
initiation was 40 months [IQR, 14–102]. All patients underwent 
multimodal treatment including tumor resection, chemotherapy, 
and radiation therapy, except for one patient with diffuse intrinsic 
pontine glioma (DIPG), who did not undergo surgical resection. 
The most common etiology of ataxia was tumor resection ( n = 9). 
Notably, in 9 of 12 participants, the routinely documented SARA 
subscale scores had remained stable during the 12 months 
preceding SCCT, suggesting limited spontaneous recovery prior 
to the intervention (Table 2 ). For SARA scoring, no discrepancies 
requiring adjudication were identified. 

No serious adverse events related to the SCCT were observed. 
Two patients reported transient fatigue, which resolved without 
intervention. One patient with DIPG died due to disease progres- 
sion following the intervention, which was considered unrelated 
to SCCT. Qualitative feedback from patients and caregivers 
indicated high acceptability; all respondents expressed willing- 
ness to continue the therapy. Although caregivers frequently 
noted pronounced fatigue and unusually deep sleep following 
sessions, none perceived the intervention as an undue burden. 
Furthermore, 11 patients spontaneously described the interven- 
tion as enjoyable, which served as a primary indicator of patient 
satisfaction. In the seven patients who received a single session, 
preliminary functional score changes were observed immedi- 
ately post-intervention, and similar trends were noted in those 
receiving multiple sessions. During the study period, one patient 
received concurrent home-based physical therapy, whereas the 
remaining 11 did not receive additional rehabilitation, primarily 
due to lack of insurance coverage for posttreatment rehabilitation 
in these patients. 

The main functional observation, defined as the SARA subscale 
score, showed a statistically significant reduction from a median 
of 3.0 [IQR, 1.0–4.0] at baseline to 1.0 [IQR, 1.0–2.0] at follow- 
up ( p < 0.001), suggesting potential early signals regarding the 
feasibility of capturing functional changes following SCCT. A 
total of 21 paired observations across subscales were available: gait 
( n = 11), speech ( n = 4), and stance ( n = 6). Exploratory analyses 
demonstrated functional changes across all subdomains, with 
statistically significant changes in gait and stance ( p = 0.008 and 
0.026, respectively). Figure 1 illustrates a representative case of a 
patient with radiation necrosis 4 months after tumor treatment, 
in whom the SARA gait score changed from 6 to 3 after a single 
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TABLE 1 Individual patient data. 

ID Age Diagnosis 
Cause of 

cerebellar ataxia 

Clinical course 
of ataxia 
(months) 

Onset-SCCT 
(months) 

SARA 
Subscale Pre Post 

SCCT 
sessions 

Tx duration 
(months) 

1 19 Medulloblastoma Tumor resection Stable poor > 36 84 Gait 
Speech 

3 
3 

2 
2 

7 12 

2 9 Medulloblastoma Tumor resection No change in 9 9 Gait 
Speech 

3 
6 

2 
1 

1 0 

3 6 Medulloblastoma Radiation necrosis No change in 2 4 Gait 
Speech 

6 
5 

2 
2 

4 12 

4 12 Medulloblastoma Tumor resection Stable poor > 12 15 Gait 2 1 1 0 
5 6 Pineal germ cell 

tumor 
Multiple cerebral 
and cerebellar 

infarctions due to 
tumor-related 
hydrocephalus 

Stable poor > 18 24 Gait 
Speech 

4 
6 

3 
5 

4 6 

6 24 AT/RT Tumor resection Stable poor > 36 132 Gait 3 1 1 0 
7 14 DIPG Progression of 

DIPG 
Worsening 3 Stance 6 4 1 0 

8 16 Medulloblastoma Tumor resection Stable poor > 36 120 Gait 
Stance 

1 
1 

1 
0 

1 0 

9 12 Medulloblastoma Tumor resection Stable poor > 36 40 Gait 
Stance 

1 
1 

1 
0 

1 0 

10 21 Medulloblastoma Tumor resection Stable poor > 36 152 Gait 
Stance 

3 
2 

1 
1 

2 1 

11 12 Medulloblastoma Tumor resection Stable poor > 36 96 Gait 
Stance 

3 
1 

0 
0 

2 1 

12 13 Medulloblastoma Tumor resection Stable poor > 36 39 Gait 
Stance 

2 
1 

1 
0 

1 0 

Note: Details of individual cases including diagnosis, presumed cause of cerebellar ataxia, time from symptom onset to first SCCT session, selected SARA 
subcategories, and their corresponding pre- and post-intervention scores. SARA subscale scores were assessed based on patient-prioritized symptoms, as full 
evaluation is often limited in pediatric populations. In cases where cerebellar ataxia appeared immediately after surgery, the cause was attributed to tumor resection. 
Therapeutic period is shown in months; a value of 0 indicates a single-session SCCT intervention, with posttreatment scores assessed immediately after the SCCT 
or the following day. 
Abbreviations: AT/RT, atypical teratoid/rhabdoid tumor; DIPG, diffuse intrinsic pontine glioma; SARA, scale for the assessment and rating of ataxia; SCCT, 
somato-cognitive coordination therapy. 

SCCT session and further to 2 after four sessions over 12 months. 
Additionally, one patient with persistent cerebellar mutism syn- 
drome for 9 months after posterior fossa tumor resection showed 
marked functional change in speech, with the SARA speech score 
decreasing from 6 to 1 after a single SCCT session. The clinical 
change in the patient with mutism was objectively supported by 
neuroimaging changes (Figure 2 ). In this patient, longitudinal 
diffusion tractography revealed interval increases in fractional 
anisotropy along the dentato-thalamo-cortical pathway, particu- 
larly in the midbrain-to-superior cerebellar peduncle segment, 
paralleling the observed clinical change. 

4 Discussion 

This pilot study suggests SCCT is a safe and feasible interven- 
tion for pediatric cerebellar ataxia post-brain tumor treatment. 
No serious adverse events were observed and transient fatigue 
resolved spontaneously. Treatment was well accepted by both 

patients and caregivers. Observational changes in gait and stance 
are notable given the typically chronic and nonprogressive nature 
of this condition. These changes were observed even after a 
single 10-min session and were sustained without evidence of 
deterioration in patients who received multiple sessions. Given 
the absence of a control group, caution is warranted in attributing 
these effects solely to SCCT. However, spontaneous recovery is 
considered less likely, as most patients demonstrated clinical 
stability for more than 1 year prior to the intervention (75%), sug- 
gesting a potential therapeutic signal. Although the rapidity and 
durability of the observed changes following a brief intervention 
may appear striking, several observations may help contextualize 
these findings. In the present case, clinical changes were accom- 
panied by corresponding shifts in diffusion tractography metrics 
along the dentato-thalamo-cortical pathway (Figure 2 ), providing 
convergent neuroimaging observations. In addition, preliminary 
evidence from other conditions suggests that rapid functional 
changes following SCCT may not be unique. For example, in 
a patient with Huntington’s disease, repeated monthly SCCT 
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TABLE 2 Patient characteristics and ataxia score changes in pediatric brain tumor patients. 

Parameters ( n = 12) Baseline Follow-up p value 

Age, years 13 [11–17] — —
Time from symptom onset to first SCCT, months 40 [14–102] — —
Underlying diagnosis — —
Medulloblastoma 9 (75.0%) — —
Pineal germ cell tumor 1 (8.3%) — —
Diffuse intrinsic pontine glioma 1 (8.3%) — —
Atypical teratoid/rhabdoid tumor 1 (8.3%) — —

Cause of cerebellar ataxia — —
Tumor resection 9 (75.0%) — —
Radiation necrosis 1 (8.3%) — —
Disease progression 1 (8.3%) — —
Multiple cerebral and cerebellar infarctions due 
to tumor-related hydrocephalus 

1 (8.3%) — —

Clinical course of ataxia (pre-SCCT) — —
Stable poor condition > 12 months 9 (75.0%) — —
No change in recent months 2 (16.7%) — —
Worsening 1 (8.3%) — —

Total number of SCCT sessions 1 [1–3] — —
SARA subscale scores 
Total ( n = 21) 3.0 [1.0–4.0] 1.0 [1.0–2.0] < 0.001* 

Gait ( n = 11) 3.0 [2.0–3.0] 1.0 [1.0–2.0] 0.008 
Speech ( n = 4) 5.5 [4.5–6.0] 2.0 [1.8–2.8] 0.098 
Stance ( n = 6) 1.0 [1.0–1.8] 0.0 [0.0–0.8] 0.026 

Therapeutic period, months 1 [0–8] — —
Single-session SCCT intervention 7 (58.3%) — —

SCCT associated adverse event — 0 (0.0%) —
Mortality during the study period — 1 (8.3%) —

Note: Summary of clinical backgrounds, SCCT intervention details and changes in SARA subscale scores in pediatric brain tumor patients ( n = 12). Values are 
presented as median [IQR] or number (%). SARA subscale scores were assessed based on patient-prioritized symptoms, as full evaluation is often limited in pediatric 
populations. In cases where cerebellar ataxia appeared immediately after surgery, the cause was attributed to tumor resection. Therapeutic period is shown in 
months; a value of 0 indicates a single-session SCCT intervention, with posttreatment SARA scores assessed immediately after the session or the following day. 
Statistical significance for total SARA score was assessed using the Wilcoxon signed-rank test with continuity correction. 
Abbreviations: IQR, interquartile range; SARA, scale for the assessment and rating of ataxia; SCCT, somato-cognitive coordination therapy. 
*indicates statistical significance at p < 0.05. 

sessions were associated with progressive clinical changes across 
multiple domains [ 7 ]. Furthermore, small case series in pediatric 
neurodevelopmental conditions have reported immediate motor 
and functional changes following brief SCCT exposure, although 
these findings are primarily available in the Japanese-language 
literature and are limited by study design [ 8 ]. Taken together, 
these observations suggest that rapid changes following brief 
SCCT exposure may be biologically plausible; however, their 
magnitude and durability require further validation in controlled 
studies. 

Another strength of SCCT lies in its potential to target mul- 
tiple domains of dysfunction within a short timeframe. This 

multimodal effect may be attributable to the engagement and 
recalibration of distributed functional networks, referred to as 
the SCAN [ 5–9 ]. By imposing a visually constrained and pro- 
prioceptively demanding task environment, SCCT may promote 
adaptive realignment within this network, thereby enabling 
broader functional gains in motor planning and execution [ 5–
9 ]. In support of this framework, preliminary observations 
across various neurological conditions suggest a pattern of cross- 
domain functional changes associated with SCCT [ 5–9 ]. For 
instance, a feasibility study in patients with advanced severe 
Parkinson’s disease reported that SCCT was associated with 
significant functional changes in both gait and upper limb metrics 
[ 5 ]. Similarly, in pediatric populations with neurodevelopmen- 
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FIGURE 2 Longitudinal diffusion tensor tractography findings in a patient with cerebellar mutism syndrome. Along-tract fractional anisotropy 
profiles of the dentato-thalamo-cortical pathway targeting the primary motor cortex (Brodmann area 4) are shown at baseline (Pre-SCCT) and at 2 
and 5 months following a single SCCT session. The x -axis represents normalized tract position from the dentate nucleus (0%) to the Brodmann area 4 
cortical target (100%). Following a single 10-min session, functional change was observed immediately and remained throughout the follow-up period. In 
parallel with this clinical course, higher fractional anisotropy values at follow-up time points were observed predominantly in the midbrain-to-superior 
cerebellar peduncle segment (shaded area). These neuroimaging changes were sustained at both the 2-month and 5-month follow-up examinations, 
although causal relationships between the intervention and the observed changes cannot be established. Coronal and sagittal images on the right show 
representative tractography of the analyzed pathway. SCCT, somato-cognitive coordination therapy. 

tal conditions such as developmental coordination disorder, 
SCCT has been reported to be associated with not only motor 
coordination—enabling complex tasks like jumping rope—but 
also fine motor skills and school-life adaptation [ 8 ]. Furthermore, 
a recent report in a pediatric brain tumor survivor showed 
simultaneous changes in attention-deficit/hyperactivity disorder 
symptoms and motor coordination, accompanied by increased 
cerebral blood flow on magnetic resonance imaging [ 6 ]. In a 
patient with Huntington’s disease, functional changes spanned 
motor, cognitive, and psychiatric domains including speech and 
executive function [ 7 ]. Although these findings are derived from 
single-case or small-scale uncontrolled studies, the consistency 
of cross-domain functional changes across distinct conditions is 
in line with the hypothesis that SCCT may influence the SCAN 
[ 5–9 ]. Moreover, the immersive and interactive nature of the 
intervention was described by children as enjoyable, although 
caregivers frequently noted pronounced fatigue and unusually 
deep sleep following sessions. These observations suggest a 
high cognitive load and substantial energy demand—potentially 
reflecting neural mechanisms such as memory reconsolidation 
or the cognitive effort required to sustain focused attention. This 
phenomenon warrants further investigation. 

A case of postoperative cerebellar mutism syndrome provides 
additional insights. This syndrome is thought to result from injury 
to the dentato-rubro-thalamic tract, a major efferent pathway 
of the cerebello-thalamo-cortical system [ 12, 13 ]. In addition, 
cerebello-cerebral diaschisis further contributes to functional 
suppression of widespread cerebral cortical regions, including 
the motor, premotor, and prefrontal areas. This network-level 
dysfunction is thought to underlie the impairment in speech 

initiation and motor planning, resulting in mutism [ 12–14 ]. Pre- 
vious diffusion tensor imaging studies have shown that reduced 
fractional anisotropy in the superior cerebellar peduncle, a key 
component of the dentato-rubro-thalamic tract, is associated with 
postoperative mutism [ 14 ]. In our case, longitudinal diffusion 
tensor tractography demonstrated interval increases in frac- 
tional anisotropy along the dentato-rubro-thalamic tract, most 
prominently in the midbrain-to-superior cerebellar peduncle 
segment, in parallel with functional change in mutism after SCCT 
(Figure 2 ). Notably, a previous case report utilizing longitudinal 
diffusion tensor tractography demonstrated longitudinal inten- 
sification of cerebellar motor pathway connections following 
hemorrhagic stroke in the context of SCCT, suggesting the 
potential of this therapy to drive structural neural plasticity 
[ 15 ]. Although causality cannot be established, these findings 
suggest that clinical recovery from mutism may be accompa- 
nied by longitudinal changes in the cerebello-thalamo-cortical 
pathway. These observations may suggest a potential avenue 
for future therapeutic investigation, particularly for cerebel- 
lar mutism syndrome, for which effective treatments remain 
limited. 

In the present study, only selected SARA subitems (gait, stance, 
and speech) were analyzed rather than the full validated scale. 
As SARA is validated primarily as a composite measure, the 
use of selected subitems and their summed score may limit 
interpretability, and the results should therefore be considered 
exploratory. Nevertheless, the SARA scale has demonstrated high 
reliability and responsiveness in previous studies, and recent 
work suggests that a change of approximately 1–1.5 points in the 
total SARA score may represent a clinically meaningful difference 
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[ 11, 16, 17 ]. In this context, the median 2-point reduction in the 
SARA subitems observed in the present cohort may suggest a 
clinically relevant change, although direct application of total- 
score thresholds to selected subitems is not validated. In addition, 
previous studies have suggested that SARA-derived balance 
measures, including SARA-bal and gait/posture subscales, show 
acceptable validity and inter-observer reliability, including in 
pediatric populations [ 18, 19 ]. In this study, primary clinician 
SARA ratings were independently reviewed by a co-author; no 
systematic discrepancies were found. This provides some support 
for the clinical relevance of gait and stance assessments in the 
present study. However, because limb coordination items and 
the full SARA scale were not systematically collected in routine 
practice, we could not calculate total SARA scores. Furthermore, 
as SARA scoring involves a degree of examiner judgment and this 
study lacked blinding, the possibility of assessment bias cannot 
be excluded. Therefore, the findings should be interpreted with 
caution. Future prospective, controlled trials using the full SARA 
scale, along with assessment protocols that minimize fatigue, 
such as separating evaluation and treatment sessions or allowing 
sufficient rest periods, are necessary to validate efficacy and assess 
long-term outcomes. 

The retrospective design, the lack of a control group, and 
the small sample size limit the generalizability of the find- 
ings. Given the predominance of medulloblastoma cases in 
our cohort and the heterogeneity of prior oncologic treatments 
such as surgical approaches, craniospinal irradiation, and adju- 
vant chemotherapy regimens which may differ in extent and 
intensity across tumor types, these factors may represent poten- 
tial confounding variables. Additionally, owing to the small 
sample size and exploratory nature of this study, we were 
unable to perform subgroup or stratified analyses to evaluate 
the impact of tumor type or prior treatment on outcomes. 
Low-grade glioma and ependymoma were not represented in 
this cohort due to patient availability rather than intentional 
exclusion. Accordingly, the results should be interpreted with 
caution. Nonetheless, as the first clinical report of SCCT in 
pediatric cerebellar ataxia, this study provides important pre- 
liminary evidence supporting its feasibility, safety, and poten- 
tial therapeutic signals—laying groundwork for future clinical 
translation. 

5 Conclusion 

In this retrospective pilot cohort, SCCT was feasible and not 
associated with serious adverse events in pediatric patients with 
cerebellar ataxia following brain tumor treatment. Preliminary 
observations in selected SARA subscales may suggest a potential 
functional change in a condition with no established rehabili- 
tation strategy, warranting further investigation in prospective 
randomized controlled trials. 
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