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ABSTRACT 

	Background: Charcot–Marie–Tooth disease type II (CMT2) is an inherited axonal sensorimotor neuropathy with variable clinical presentation in childhood. Early manifestations may be subtle, leading to delayed recognition and missed opportunities for preventive rehabilitation.
Purpose: To describe the clinical presentation, comprehensive functional assessment, and physiotherapy management of a young child with electrophysiological features consistent with CMT2, and to contextualize findings through a targeted narrative review of contemporary pediatric neurorehabilitation literature.
Case Description: A 3-year-9-month-old female child presented with emerging balance and gait difficulties despite largely typical early developmental milestones. Multidimensional assessment included developmental screening, gross motor and balance evaluation using the Gross Motor Function Measure-88 (GMFM-88) and Pediatric Balance Scale (PBS), caregiver-reported outcomes, detailed musculoskeletal examination, and nerve conduction studies. Neurophysiological findings demonstrated a moderately severe primary axonal sensorimotor polyneuropathy, supporting a diagnosis within the Charcot–Marie–Tooth disease type 2 (CMT2) spectrum.
Intervention: An individualized, evidence-informed physiotherapy program was implemented, emphasizing task-oriented strengthening, balance and gait training, prevention of secondary musculoskeletal complications, and caregiver education. Intervention planning incorporated clear dosimetry and preventive rationale based on current evidence.
Discussion: Through a case-based narrative review, this report highlights key considerations in the early identification and rehabilitation of pediatric CMT2, underscoring the role of comprehensive functional assessment and preventive physiotherapy.
Conclusion: Early, structured physiotherapy guided by integrated clinical and neurophysiological assessment may help mitigate functional decline and secondary complications in children with suspected CMT2.
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1. INTRODUCTION 

Hereditary sensorimotor neuropathies represent a broad and heterogeneous group of disorders characterized by progressive dysfunction of the peripheral nervous system. Among these, Charcot–Marie–Tooth disease (CMT) is the most prevalent inherited neuropathy worldwide, with an estimated prevalence of approximately 1 in 2,500 individuals(Stavrou et al., 2021). First described independently by Charcot, Marie, and Tooth in the late nineteenth century, CMT has evolved from a clinically defined condition into a genetically complex spectrum of disorders unified by distal muscle weakness, sensory impairment, and chronic progression(Laurá et al., 2019; Volodarsky et al., 2020).
Over the past several decades, advances in neurophysiology and molecular genetics have fundamentally reshaped the understanding of CMT. What was once considered a single disease entity is now recognized as a group of genetically and pathophysiologically distinct neuropathies, classified primarily according to patterns of nerve conduction abnormalities and underlying mechanisms of nerve injury(Arnold et al., 2015; Bolino & D’Antonio, 2023; Pareyson et al., 2017). This evolving classification has important implications not only for diagnosis and prognosis, but also for rehabilitation planning—particularly in pediatric populations, where early manifestations may be subtle and functional decline may unfold gradually.
[bookmark: _Toc256000063]1.1 Charcot–Marie–Tooth Disease Type II: An Axonal Neuropathy

Charcot–Marie–Tooth disease type II (CMT2), also referred to as hereditary motor and sensory neuropathy type II, constitutes the axonal form of CMT. Unlike demyelinating subtypes (such as CMT1), which are characterized by markedly slowed nerve conduction velocities due to myelin pathology, CMT2 is defined by primary axonal degeneration, with relatively preserved myelin structure and normal or near-normal conduction velocities(Pareyson et al., 2006; Sadjadi et al., 2024). Electrophysiologically, this distinction is reflected in reduced amplitudes of sensory and motor nerve action potentials, rather than conduction slowing.
This axonal pathology has profound functional consequences. Peripheral axons—particularly long motor and sensory fibers supplying the distal limbs—are highly metabolically demanding and vulnerable to disruptions in axonal transport, mitochondrial function, and cytoskeletal integrity. As a result, individuals with CMT2 often experience length-dependent weakness and sensory loss, with distal musculature affected earlier and more severely than proximal muscle groups(Estilow et al., 2019; Pareyson et al., 2006). However, the clinical expression of these changes varies widely, influenced by genetic subtype, age of onset, and compensatory capacity.
[bookmark: _Toc256000064]1.2 Pediatric Presentation: Subtle Beginnings, Progressive Demands

One of the defining challenges in pediatric Charcot–Marie–Tooth disease type II (CMT2) is the discordance between early developmental milestones and later functional performance. Many children with axonal neuropathies achieve gross motor milestones—such as sitting, standing, and independent walking—within expected age ranges. This apparent normalcy during infancy and early toddlerhood can delay clinical suspicion, particularly in the absence of a known family history(Bombelli et al., 2014; Patzkó & Shy, 2010).
As children grow and motor demands increase, however, deficits often become apparent in tasks requiring balance, endurance, distal strength, and postural control, such as running, jumping, stair negotiation, and single-limb stance. These emerging difficulties are frequently attributed to benign clumsiness or delayed coordination, further postponing referral and diagnosis. By the time overt weakness or deformity is recognized, secondary musculoskeletal adaptations may already be established.
This developmental trajectory underscores the importance of functional assessment beyond milestone attainment, particularly in children presenting with subtle balance or gait abnormalities. For pediatric physiotherapists, early identification of movement inefficiencies and compensatory strategies is critical, as these patterns may precede measurable strength loss or structural deformity.
[bookmark: _Toc256000065]1.3 Classification and Genetic Heterogeneity

CMT2 encompasses a diverse array of genetic subtypes, reflecting mutations in genes involved in axonal transport, mitochondrial dynamics, protein folding, and neuronal survival. To date, more than 30 genes have been implicated in axonal forms of CMT, with inheritance patterns that include autosomal dominant, autosomal recessive, and X-linked transmission(Barisic et al., 2008; Züchner & Vance, 2006).
Among these subtypes, CMT2A, associated primarily with mutations in the mitofusin 2 (MFN2) gene, is the most common and often the most severe. MFN2 plays a critical role in mitochondrial fusion and axonal transport, and its disruption has been linked to early-onset disease, marked distal weakness, and rapid functional decline in some individuals. Other subtypes, such as CMT2B and CMT2F, are associated with mutations in genes like DNM2 and HSPB1, each contributing unique pathophysiological mechanisms and clinical phenotypes(Engelfried et al., 2006; Polke et al., 2011).
The genetic heterogeneity of CMT2 presents significant diagnostic challenges. Identical mutations may produce variable phenotypes within the same family, while different genetic defects may lead to overlapping clinical presentations. Furthermore, emerging evidence suggests that non-Mendelian mechanisms, including oligogenic inheritance and modifier genes, may influence disease expression(Ando et al., 2017; Saporta et al., 2011). Consequently, even with advanced genetic testing, definitive molecular diagnosis is not always achievable, particularly in pediatric cases.
[bookmark: _Toc256000066]1.4 Pathophysiological Mechanisms and Emerging Insights

At a mechanistic level, CMT2 is increasingly understood as a disorder of axonal maintenance and energy homeostasis. Many of the genes implicated in CMT2 are involved in mitochondrial dynamics, axonal transport, and proteostasis—processes that are essential for the survival of long peripheral nerves(González-Sánchez et al., 2019; Misko et al., 2012). Disruption of these systems leads to impaired delivery of energy and cellular components to distal axons, ultimately resulting in axonal degeneration.
Mitochondrial dysfunction has emerged as a particularly important contributor, especially in MFN2-related disease. Impaired mitochondrial fusion and trafficking reduce mitochondrial availability at distal synapses, compromising neuromuscular transmission and muscle activation. These cellular changes provide a biological explanation for the early involvement of distal muscles, fatigue, and progressive weakness observed clinically.
From a rehabilitation perspective, these insights reinforce the notion that strength loss in CMT2 is not merely muscular, but reflects upstream neural degeneration. As such, therapeutic goals must prioritize functional optimization, efficiency, and prevention of secondary complications, rather than restoration of lost neural capacity.
[bookmark: _Toc256000067]1.5 Diagnostic Approach in Children

The diagnosis of CMT2 relies on an integrated approach combining clinical examination, neurophysiological studies, and genetic testing. Nerve conduction studies remain central to subtype differentiation, with reduced sensory and motor amplitudes and preserved conduction velocities serving as hallmarks of axonal neuropathy. Late responses, such as F-waves and H-reflexes, often reveal more widespread axonal involvement, even when overt weakness is mild(Meggouh et al., 2005).
However, electrophysiological findings alone provide limited insight into the child’s functional status. Standardized assessments of balance, gait, gross motor performance, and participation are essential to capture the real-world impact of the disorder. Equally important is the assessment of caregiver burden, as chronic pediatric neuromuscular conditions exert substantial emotional, physical, and logistical demands on families.
[bookmark: _Toc256000068]1.6 Rehabilitation and the Shift Toward Prevention

In the absence of curative or disease-modifying therapies, rehabilitation remains the cornerstone of management for CMT2. Historically, physiotherapy in CMT was conservative, shaped by concerns regarding overwork weakness and accelerated muscle degeneration. Contemporary evidence, however, increasingly supports the safety and efficacy of appropriately dosed, task-oriented exercise, including strength training, balance interventions, and aerobic activity(Corrado et al., 2016; Kenis-Coskun & Matthews, 2016).
Early intervention is particularly critical in pediatric populations, where neural plasticity, musculoskeletal adaptability, and motor learning capacity offer a window of opportunity to mitigate functional decline. Preventive strategies aimed at maintaining joint mobility, optimizing alignment, improving balance, and educating caregivers may delay or reduce the severity of secondary complications such as contractures, deformities, and activity limitation(Kenis-Coskun & Matthews, 2016; Sman et al., 2015).

Despite this growing body of evidence, pediatric-specific rehabilitation literature in CMT2 remains sparse, with few detailed reports linking electrophysiological findings to functional outcomes and intervention planning.
[bookmark: _Toc256000069]1.7 Rationale and Objectives of the Present Report

Within this context, case-based narrative reviews serve an important role by integrating current evidence with detailed clinical reasoning. The present manuscript aims to contribute to this gap by presenting a young child with electrophysiological features consistent with CMT2 and synthesizing contemporary literature on classification, genetics, pathophysiology, assessment, and rehabilitation.
By anchoring a targeted narrative review to a comprehensive clinical case, this report seeks to illustrate how early, multidimensional assessment and preventive physiotherapy can be applied in pediatric axonal neuropathies, offering practical insights for clinicians managing similar presentations.
2. methodology 

[bookmark: _Toc256000071]2.1 Study Design

This manuscript is a single-case clinical report with an integrated case-based narrative review, prepared in accordance with the CARE (CAse REport) guidelines.
The case report component documents the child’s clinical presentation, electrophysiological findings, functional assessment, and physiotherapy management. In parallel, a targeted narrative review of recent literature (2015–2025) was incorporated to contextualize assessment selection, clinical reasoning, and intervention strategies relevant to pediatric Charcot–Marie–Tooth disease type II.
The narrative review was non-systematic and focused on high-impact pediatric neurology and rehabilitation literature addressing:
· Axonal forms of Charcot–Marie–Tooth disease
· Functional assessment in pediatric hereditary neuropathies
· Evidence-informed physiotherapy and preventive management strategies
This combined design was chosen to enhance clinical interpretability, strengthen external validity, and provide practical insights for pediatric physiotherapists managing similar presentations.
[bookmark: _Toc256000072]2.2 Clinical Setting and Ethical Considerations

[bookmark: _Toc256000073]The child, a 3-year-9-month-old female, was evaluated and managed in a pediatric neurorehabilitation outpatient setting at Shree B. G. Patel College of Physiotherapy, Anand, Gujarat, India. Assessment and intervention were conducted as part of routine clinical care for children presenting with motor and balance impairments.
Written informed consent was obtained from the primary caregiver prior to comprehensive assessment, intervention, and clinical documentation. All procedures adhered to established ethical standards for clinical practice and reporting. Patient confidentiality was strictly maintained, and all identifiable personal information was anonymized to ensure privacy and compliance with ethical guidelines.

2.3 Assessment Framework

A multidimensional assessment protocol was employed to capture impairments across body structure and function, activity, and participation, consistent with the International Classification of Functioning, Disability and Health (ICF) framework.
Assessments were selected based on:
· Sensitivity to pediatric neuromuscular disorders
· Established clinical utility in children with hereditary neuropathies
· Ability to guide goal setting and intervention planning
The assessment battery included:
· Neurophysiological evaluation (nerve conduction studies)
· Developmental and functional assessments
· Balance, gait, and gross motor performance measures
· Caregiver-reported outcomes
· Musculoskeletal and postural examination
A detailed summary of all outcome measures, their assessed components, patient findings, and clinical interpretation is presented in Table 1.
[bookmark: _Toc256000074]2.4 Neurophysiological Assessment

Nerve conduction studies (NCV) were conducted using standard surface electrode techniques to evaluate sensory and motor nerve integrity of the lower limbs. Parameters assessed included sensory nerve action potentials (SNAPs), compound muscle action potentials (CMAPs), late responses (F-waves), and reflex responses (H-reflexes).
The electrophysiological findings demonstrated moderately severe, primary axonal sensorimotor polyneuropathy, characterized by absent or markedly reduced amplitudes with preserved conduction velocities—an axonal pattern consistent with CMT type II. These findings, along with their functional implications, are summarized in Table 1.
[bookmark: _Toc256000075]2.5 Functional, Developmental, and Caregiver Assessments

Gross motor performance, balance, developmental status, quality of life, and caregiver burden were evaluated using standardized pediatric tools. Observational gait analysis and task-based functional assessments (e.g., stair negotiation) were incorporated to capture real-world movement strategies.
Given the progressive and multisystemic nature of hereditary neuropathies, caregiver strain was formally assessed to inform family-centered goal setting and intervention planning.
[bookmark: _Toc256000076]2.6 Intervention Planning

Based on the integrated findings from clinical examination, functional testing, and electrophysiological evidence, individualized aims, short-term goals, long-term goals, and management strategies were formulated. Interventions emphasized:
· Task-specific motor learning
· Progressive strengthening and balance training
· Prevention of secondary musculoskeletal complications
· Caregiver education and home program feasibility
The evidence-based intervention framework, including dosimetry and preventive rationale, is detailed in Table 2.

3. [bookmark: _Toc256000077]CLINICAL PRESENTATION

[bookmark: _Toc256000078]3.1 Patient Background

The patient is a young child presenting with concerns related to delayed gross motor performance, balance difficulties, and progressive functional limitations. Prenatal history was notable for maternal hypotension during pregnancy, with no history of diabetes, thyroid disease, or infections. The child was born full term via vaginal delivery, with normal birth cry and no neonatal complications or NICU admission. Feeding history and early developmental milestones were initially unremarkable.
There was no history of consanguinity, and siblings were reportedly unaffected. Cognitive abilities, including attention, memory, problem-solving, and language skills, were within age-expected limits, consistent with the peripheral nature of the disorder.
[bookmark: _Toc256000079]3.2 Presenting Functional Concerns

As motor demands increased with age, the child exhibited increasing difficulty with higher-level gross motor activities, including running, jumping, single-limb stance, and stair negotiation. Caregivers reported frequent instability, increased effort during play, and concerns regarding endurance and safety.
[bookmark: _Toc256000080]3.3 Physical and Musculoskeletal Examination

Anthropometric assessment revealed markedly low body weight and body mass index for age, indicating an underweight status. Postural observation demonstrated mild scoliotic alignment with right-sided convexity (refer figure 1), without true limb-length discrepancy. Surface measurements suggested functional asymmetry rather than fixed structural scoliosis.
Muscle tone was normal in both upper and lower limbs. Passive range of motion was full and functional across all joints; however, muscle tightness was noted bilaterally in the iliopsoas, piriformis, hamstrings, and gastrocnemius–soleus complex, suggesting adaptive shortening secondary to altered movement patterns.
Deep tendon reflexes were preserved in the upper limbs and knees but reduced at the ankles, consistent with length-dependent peripheral neuropathy.
[image: ]
(Figure 1. Surface landmarks included the earlobes, acromion processes, superior and inferior angles of the scapula, spinous processes at thoracic (T2, T7) and lumbar (L5) levels, posterior superior iliac spines (PSIS), and olecranon processes. Linear distances (centimeter) between paired landmarks were measured bilaterally using a non-elastic measuring tape, and side-to-side differences were recorded to identify asymmetry.
The measurement approach focused on detecting relative trunk asymmetry, shoulder and pelvic imbalance, and scapular displacement rather than quantifying radiographic curvature.
Radiographic evaluation demonstrated a mild thoracolumbar scoliotic curvature with right-sided convexity. The estimated Cobb’s angle was within the mild range (<20°), consistent with an early neuromuscular postural adaptation rather than a fixed structural scoliosis)
[bookmark: _Toc256000081]3.4 Functional and Developmental Findings

Standardized assessments revealed:
· Mild to moderate balance impairment
· Reduced performance in standing, walking, running, and jumping tasks
· Emerging delays in gross motor and communication domains
· Preserved fine motor, cognitive, and social participation skills
Gait analysis demonstrated a widened base of support, external foot rotation, and compensatory trunk strategies, reflecting distal weakness and impaired proprioceptive input.
Caregiver-reported outcomes highlighted increased emotional and physical burden related to managing a chronic, progressive condition.
A consolidated overview of these findings is provided in Table 1, while caregiver impact and participation-level consequences are addressed in Table 2.
[bookmark: _Toc256000082]


3.5 Neurophysiological Correlation
Neurophysiological findings in this case - specifically the marked reduction or absence of sensory and motor amplitudes with preserved conduction velocities - are consistent with a primary axonal sensorimotor neuropathy within the CMT2 spectrum. Importantly, these findings carry direct functional relevance. Reduced compound muscle action potential amplitudes reflect axonal loss, which clinically manifests as early distal weakness, impaired force generation, and reduced motor reserve, even when overt muscle atrophy is not yet apparent.
[image: ]In the present child, these electrophysiological abnormalities corresponded with emerging gait instability, diminished balance responses, reduced endurance, and early postural asymmetries, despite largely typical early developmental milestones. The absence of F-waves and H-reflexes further suggests compromised proximal and reflexive motor control, offering a neurophysiological explanation for delayed postural reactions and reduced adaptability during dynamic tasks. Thus, NCV findings served not merely as diagnostic confirmation but as predictors of functional vulnerability, reinforcing the need for early, preventive rehabilitation before irreversible secondary impairments develop.
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(Figure 2. NCV Findings)
[bookmark: _Toc256000083]Table 1. Neurophysiological and Clinical Examination Findings with Functional Interpretation
	Assessment Domain

	Specific Findings

	Physiological Significance

	Clinical / Functional Interpretation


	Sensory Nerve Conduction (Lower Limb)

	Bilateral superficial peroneal SNAPs not recordable; bilateral sural SNAPs markedly reduced amplitudes with preserved conduction velocities

	Severe axonal sensory fiber involvement with relative preservation of myelin integrity

	Impaired distal sensory input contributing to balance deficits, gait instability, and reliance on visual compensation


	Motor Nerve Conduction – Distal Muscles

	Bilateral peroneal–EDB CMAPs not recordable

	Advanced distal motor axonal degeneration

	Explains distal lower-limb weakness, reduced push-off, and difficulty with higher-level gross motor skills


	Motor Nerve Conduction – Proximal/Alternate Muscles

	Tibial–AH and peroneal–TA CMAPs show extremely to moderately reduced amplitudes with normal latencies and velocities

	Length-dependent axonal motor neuropathy with preserved conduction speed

	Selective distal motor unit loss consistent with hereditary axonal neuropathy (CMT2 phenotype)


	Late Responses

	Bilateral tibial F-waves absent

	Loss of proximal motor axon excitability

	Indicates widespread axonal involvement affecting long motor pathways


	Reflex Pathways

	Bilateral tibial H-reflexes absent

	Impaired Ia afferent–alpha motor neuron reflex arc

	Correlates with reduced ankle reflexes and postural instability


	Overall NCV Interpretation

	Moderately severe primary axonal sensorimotor polyneuropathy

	Axonal rather than demyelinating pathology

	Electrophysiological profile strongly supports CMT type II in appropriate clinical context


	Prenatal History

	Maternal hypotension during all pregnancies; no metabolic or infectious risk factors

	Absence of secondary neuropathy risk factors

	Supports hereditary rather than acquired etiology


	Natal History

	Full-term vaginal delivery; normal birth cry; no NICU admission

	Uncomplicated perinatal course

	Reduces likelihood of perinatal hypoxic or traumatic neuropathy


	Feeding and Early Development

	Normal breastfeeding initiation and duration; no feeding or swallowing difficulties

	Intact early neuromuscular function

	Consistent with delayed onset and progressive nature of hereditary neuropathy


	Family History

	No consanguinity; siblings unaffected

	Possible de novo mutation or variable penetrance

	Highlights need for genetic confirmation and counseling


	Cognitive Profile

	Attention, memory, language, and problem-solving age-appropriate

	CNS sparing

	Typical for CMT, supporting peripheral nervous system involvement


	Postural Observation

	Mild right-convex scoliotic alignment; no true limb-length discrepancy

	Early musculoskeletal adaptation to neuromuscular imbalance

	Suggests evolving secondary deformity requiring monitoring


	Scoliosis Surface Measurements

	Asymmetry noted across trunk and pelvic landmarks (1–2.5 cm differences)

	Functional scoliosis rather than fixed structural curve

	Potentially modifiable with postural control and strengthening


	Anthropometry

	Height appropriate; markedly low weight and BMI (10.7 kg/m²)

	Poor nutritional status

	May exacerbate muscle weakness and fatigue


	Deep Tendon Reflexes

	Upper limb and knee reflexes normal (2+); ankle reflexes reduced (1+)

	Length-dependent reflex attenuation

	Classical peripheral neuropathy pattern


	Muscle Tone

	Normal tone in upper and lower limbs

	No spasticity or central involvement

	Confirms lower motor neuron pathology


	Muscle Tightness

	Bilateral piriformis, iliopsoas, hamstrings, gastrocnemius–soleus tightness

	Adaptive shortening due to altered biomechanics

	Increases risk of contracture and gait inefficiency


	Range of Motion

	Passive ROM full and functional

	No fixed contractures at present

	Therapeutic window for preventive intervention




Table 2. Summary of Outcome Measures, Developmental and Functional Assessments
	Assessment Tool / Domain

	Components Assessed

	Patient Findings

	Clinical Interpretation


	Developmental Milestone Assessment (Birth–3 years)

	Gross motor (rolling, sitting, crawling, walking, running, jumping), fine motor (grasp, release, bilateral hand use), language (receptive and expressive), social–adaptive behaviors, cognitive play skills

	Majority of early milestones achieved within expected age ranges; difficulty noted in higher-level gross motor tasks such as running, jumping, and balance-dependent activities after 2.5–3 years

	Early development largely typical; emerging motor delay apparent as task complexity and balance demands increased


	Pediatric Manual Muscle Testing (Functional Observation)

	Transitional movements (low kneel to high kneel, half kneel to stand), proximal stability, distal lower-limb control, ability to sustain single-limb support, jumping and toe walking

	Functional strength preserved for basic transitions; reduced performance observed during single-leg stance, jumping, and sustained distal control tasks

	Functional weakness most evident in distal musculature and tasks requiring postural stability and dynamic balance


	Pediatric Berg Balance Scale (PBS)

	Static balance, dynamic balance, anticipatory postural control, transitional movements, single-limb support

	Score: 47/56; difficulty performing tasks requiring single-leg stance, tandem standing, and reaching beyond base of support

	Mild balance impairment with reduced postural control during advanced static and dynamic balance activities


	Gross Motor Function Measure–88 (GMFM-88)

	Dimension D: standing balance, weight shifting, transitional control; Dimension E: walking, running, jumping, stair negotiation

	Dimension D: 84%; Dimension E: 73.6%; Total: 79.1%

	Moderate limitations in higher-level gross motor functions, particularly unilateral stance, hopping, and jumping


	Ages and Stages Questionnaire (ASQ-3, 42 months)

	Communication, gross motor skills, fine motor skills, problem solving, personal–social interaction

	Communication: 15/60; Gross Motor: 15/60; Fine Motor: 35/60; Problem Solving: 50/60; Personal–Social: 45/60

	Significant delays in communication and gross motor domains; mild fine motor delay; age-appropriate problem solving and social engagement


	Pediatric Quality of Life Inventory (PedsQL – Parent Report)

	Physical functioning, emotional functioning, social functioning, nursery/day-care participation

	Total score: 80.25; mild physical limitations; moderate emotional impact; intact social participation

	Overall good quality of life with psychosocial resilience despite physical limitations


	Caregiver Strain Index (CSI)

	Sleep disturbance, emotional stress, physical strain, role restriction, financial and social impact

	Score: 10/13

	High caregiver burden, highlighting the psychosocial impact of managing a chronic pediatric condition


	Stair Negotiation (Functional Task Analysis)

	Step pattern, use of handrails, eccentric control, limb symmetry

	Ascent with alternate foot placement using bilateral handrail support; descent using step-to pattern

	Reduced eccentric control and dynamic balance, with reliance on upper-limb support


	Observational Gait Analysis

	Base of support, trunk alignment, foot contact pattern, limb symmetry, cadence

	Widened base of support, mild forward trunk lean, lateral foot contact, persistent external foot rotation

	Compensatory gait strategy consistent with distal weakness and impaired proprioceptive control




Table 3. Evidence-Based Aims, Goals, and Physiotherapy Management Plan
	Identified Deficit (from Assessment)

	Aim

	Short-Term Goals (4–6 weeks)

	Long-Term Goals (3–6 months)

	Intervention & Components

	Dosimetry

	Preventive Rationale


	Distal lower-limb weakness (functional MMT, GMFM D & E)

	Improve distal strength and functional stability

	Improve ability to maintain single-limb stance for ≥5 seconds; initiate controlled jumping tasks

	Achieve age-appropriate walking, running, and jumping with improved limb symmetry

	Progressive resisted functional strengthening (sit-to-stand, step-ups, heel raises), play-based task repetition

	2–3 sets of 8–12 reps; 4–5 days/week

	Prevent progressive weakness and secondary compensatory gait patterns


	Impaired balance and postural control (PBS, GMFM)

	Enhance static and dynamic balance

	Improve tandem stance and reaching outside base of support

	Independent negotiation of uneven surfaces and stairs with minimal support

	Balance training using unstable surfaces, obstacle courses, anticipatory postural tasks

	15–20 min/session; 5 days/week

	Reduce fall risk and promote safe mobility


	Gait deviations (wide base, external rotation, reduced push-off)

	Optimize gait efficiency

	Reduce reliance on compensatory strategies during level walking

	Establish energy-efficient gait with improved foot placement

	Gait training with visual cues, treadmill walking, foot placement drills

	10–15 min/session; 3–4 days/week

	Delay fatigue and secondary musculoskeletal strain


	Reduced stair negotiation ability

	Improve functional mobility in daily environments

	Ascend and descend stairs with reduced handrail dependence

	Independent reciprocal stair climbing

	Task-specific stair training emphasizing eccentric control

	5–10 repetitions/session; 3–4 days/week

	Promote independence and participation


	Mild fine motor and proximal instability

	Enhance proximal control to support distal function

	Improve trunk stability during play and transitions

	Sustain upright postures during functional tasks

	Core strengthening, proximal stability exercises, play-based reaching tasks

	2–3 sets; 4–5 days/week

	Prevent compensatory overuse of distal muscles


	Reduced endurance and activity tolerance

	Improve cardiovascular and functional endurance

	Increase duration of continuous play without fatigue

	Participate in age-appropriate physical activities with peers

	Low-to-moderate intensity aerobic play (cycling, walking games)

	15–30 min; 3–5 days/week

	Prevent deconditioning and fatigue-related decline


	Communication and gross motor delay (ASQ-3)

	Support global developmental participation

	Improve engagement in therapist-guided tasks

	Age-appropriate participation in structured and unstructured play

	Multisensory play, task-oriented motor learning

	Integrated within sessions

	Promote neurodevelopmental integration


	High caregiver burden (CSI)

	Reduce caregiver strain

	Improve caregiver confidence in home handling

	Sustainable home program adherence

	Parent education, simplified home exercise program, pacing strategies

	Education every session; HEP daily

	Prevent caregiver burnout and improve compliance


	Risk of progressive deformity (pes cavus tendency, gait deviations)

	Prevent secondary musculoskeletal complications

	Maintain full ankle ROM and alignment

	Delay or prevent fixed deformities

	Stretching, night splints/AFO advice, footwear education

	Stretching: 30 sec × 3 reps daily

	Prevent contractures and orthopedic complications




3.6 Positioning of Baseline Findings and Planned Follow-up
The findings reported in this manuscript represent the child’s initial (baseline) clinical, functional, postural, and neurophysiological status at the time of presentation. Given the progressive nature of Charcot–Marie–Tooth disease type II and the child’s young age, the primary objective at this stage was early identification of impairments, risk stratification, and initiation of preventive, evidence-informed physiotherapy.
A structured follow-up protocol has been planned, incorporating pre–post outcome evaluation using the same standardized functional and caregiver-reported measures to allow longitudinal monitoring of response to intervention. These follow-up assessments are intended to capture changes in gross motor function, balance, participation, and secondary musculoskeletal adaptations over time.
Accordingly, this report emphasizes baseline characterization and early rehabilitation decision-making, while recognizing that future longitudinal data will further elucidate functional trajectories and intervention responsiveness in pediatric CMT2.

4. discussion

This case report describes the comprehensive assessment and physiotherapy management of a young child with electrophysiological and clinical features consistent with Charcot–Marie–Tooth disease type II (CMT2), a hereditary axonal sensorimotor neuropathy. The present case highlights the importance of early, multidimensional functional assessment and preventive, goal-directed rehabilitation in pediatric hereditary neuropathies, even in the absence of overt early developmental delay.
[bookmark: _Toc256000085]4.1 Diagnostic Integration and Clinical Reasoning

A key strength of this case lies in the convergence of neurophysiological findings and functional presentation. The nerve conduction study demonstrated absent or markedly reduced sensory and motor amplitudes with preserved conduction velocities, absent F-waves, and absent H-reflexes—an electrophysiological pattern characteristic of primary axonal neuropathy rather than demyelinating pathology. This profile, when interpreted in the context of normal cognition, preserved proximal strength, distal weakness, reduced ankle reflexes, and progressive balance and gait impairments, strongly supports a diagnosis within the CMT2 spectrum(Klein, 2020; Pareyson, 2004).
Consistent with existing literature, axonal forms of CMT often present diagnostic challenges in early childhood due to subtle initial manifestations and relatively preserved early milestones(Pareyson et al., 2006; Yiu et al., 2008). In this child, early motor development was largely within expected limits; however, as task complexity increased, deficits became evident in domains requiring distal strength, postural control, and sensory integration. This trajectory aligns with reports that children with axonal neuropathies may initially compensate effectively, with impairments becoming apparent only when neuromuscular demands exceed available reserve.
Importantly, the absence of perinatal complications, metabolic risk factors, or cognitive impairment further supports a hereditary etiology and reduces the likelihood of acquired neuropathies. Although genetic confirmation was not available at the time of reporting, current clinical practice guidelines emphasize that a probable clinical diagnosis of CMT can be established through a combination of phenotype and electrophysiology, particularly when genetic testing is pending or inconclusive.
[bookmark: _Toc256000086]4.2 Functional Impact and ICF-Based Interpretation

The assessment strategy employed in this case—summarized in Table 1—allowed for a nuanced understanding of impairments across body structure and function, activity, and participation. Distal muscle weakness, sensory impairment, and absent reflexes (body function level) translated into measurable deficits in balance, gait efficiency, stair negotiation, and higher-level gross motor skills (activity level), with secondary effects on participation and caregiver burden.
Balance impairment, as evidenced by reduced performance on the Pediatric Berg Balance Scale and GMFM dimensions D and E, is particularly relevant in axonal neuropathies. Sensory loss—especially impaired proprioceptive input from the distal lower limbs—likely contributed to reliance on visual strategies, widened base of support, and compensatory trunk movements during gait. These findings are consistent with prior studies demonstrating that balance dysfunction in CMT is multifactorial, arising from the interaction between distal weakness, sensory loss, and delayed postural responses.
Musculoskeletal adaptations, including mild functional scoliosis and muscle tightness, were already evident despite the child’s young age. This underscores the progressive and adaptive nature of neuromuscular disorders, where altered movement strategies, if left unaddressed, may predispose children to secondary deformities and long-term functional limitations.
[bookmark: _Toc256000087]4.3 Rationale for Early, Preventive Physiotherapy

Given the absence of disease-modifying treatments for Charcot–Marie–Tooth disease (CMT2), rehabilitation remains the cornerstone of management(Johnson et al., 2016; Sman et al., 2015). The intervention framework detailed in Table 2 reflects contemporary evidence supporting early, task-oriented, and preventive physiotherapy in pediatric neuromuscular disorders.
· Rather than focusing solely on strength gains, the physiotherapy approach emphasized:
· Functional strengthening integrated into play and daily activities
· Balance and postural control training to mitigate fall risk
· Gait training aimed at reducing compensatory strategies
· Stretching and alignment-focused interventions to prevent contractures and deformity
· Caregiver education to enhance adherence and reduce psychosocial strain
This approach is supported by emerging evidence indicating that appropriately dosed exercise is safe and beneficial in children with CMT, challenging earlier concerns about overuse weakness. Recent studies have demonstrated improvements in balance, endurance, and functional mobility without adverse effects when interventions are individualized and monitored(El Mhandi et al., 2008; Johnson et al., 2016; Kenis-Coskun & Matthews, 2016).
The inclusion of caregiver burden as a formal outcome measure further strengthens the clinical relevance of this case. Chronic pediatric conditions such as CMT impose substantial emotional and logistical demands on families. Addressing caregiver strain through education, realistic goal setting, and home program simplification aligns with family-centered care principles and may indirectly enhance child outcomes.
[bookmark: _Toc256000088]4.4 Neurophysiological–Functional Correlation

The detailed NCV analysis summarized in Table 3 provides a critical link between underlying pathology and observed functional limitations. Severe distal axonal involvement explains the disproportionate difficulty with tasks such as single-limb stance, jumping, and stair descent, which require precise motor unit recruitment and sensory feedback. The absence of late responses further suggests widespread axonal involvement, reinforcing the need for interventions that prioritize compensation, efficiency, and prevention, rather than restoration of lost neural function.
By explicitly correlating electrophysiological abnormalities with clinical and functional findings, this case addresses a common gap in pediatric rehabilitation literature, where NCV data are often reported in isolation without functional interpretation.
[bookmark: _Toc256000089]4.5 Implications for Clinical Practice

The assessment and intervention framework described in this case is designed to be feasible across varied clinical settings, including resource-limited environments. Most assessment tools employed—such as observational gait analysis, standardized functional measures, and surface landmark–based postural assessment—are low-cost, require minimal equipment, and can be administered by trained pediatric physiotherapists. While neurophysiological testing may not be universally available, its role in this framework is confirmatory rather than mandatory for initiating early, function-focused rehabilitation.
Early, preventive physiotherapy remains a cost-effective strategy in pediatric CMT2, as timely intervention may reduce the need for later intensive rehabilitation, orthopedic management, or assistive device dependency. Emphasis on caregiver education and home-based programs further enhances sustainability and minimizes recurrent healthcare costs.
Telehealth offers a pragmatic adjunct for follow-up monitoring, caregiver training, and progression of home exercise programs, particularly in geographically remote or underserved areas. Virtual consultations may support continuity of care, reinforce adherence, and enable early identification of functional decline, complementing in-person assessments without replacing hands-on intervention.
6. Conclusion

This case report demonstrates that a structured, evidence-informed physiotherapy approach—grounded in comprehensive assessment and preventive reasoning—can address the complex functional needs of a child with suspected CMT2. By integrating neurophysiological findings with functional outcomes and caregiver perspectives, the present report contributes meaningful clinical insight to the pediatric neurorehabilitation literature and underscores the pivotal role of physiotherapy in managing hereditary axonal neuropathies.
[bookmark: _Toc256000090]7. LIMITATIONS AND FUTURE DIRECTIONS
As a single-case report, the findings presented cannot be generalized to all children with Charcot–Marie–Tooth disease type II. The absence of genetic confirmation represents an additional limitation; however, this reflects common real-world clinical scenarios where access to advanced genetic testing may be delayed or unavailable, particularly in pediatric settings. Consequently, diagnostic reasoning in this case relied on a synthesis of clinical presentation and neurophysiological evidence.
Future research should incorporate longitudinal follow-up with standardized pre–post outcome measures to better characterize functional trajectories and responsiveness to early physiotherapy intervention in pediatric CMT2. Such longitudinal data would strengthen the evidence base for preventive rehabilitation strategies and inform timing and dosage of intervention.
Emerging therapeutic approaches, including gene-based therapies and neuromodulation techniques, hold promise for altering disease trajectories in inherited neuropathies. Until these interventions become clinically accessible, early, function-focused, and evidence-informed physiotherapy remains central to optimizing participation and minimizing secondary complications in children with CMT2.
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