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Abstract: Background: Leukodystrophies are a heterogeneous group of disorders. Specifically, children with hypomyelination and congenital cataract syndrome (HCC) present with early bilateral or congenital cataracts associated with motor retardation, hypotonia, progressive spastic paraplegia, cerebellar ataxia, and peripheral neuropathy. HCC rehabilitation treatment is not well defined, but numerous evidences in the literature have demonstrated the effectiveness of occupational therapy (OT) treatment in children with similar symptomatology. For this reason the aim of this study was to describe the improvement in the autonomies and social participation of a child with HCC following OT treatment. Methods: A.E. was a a 9-year-old child with HCC with severe intellectual disability. OT intervention lasted 3 months biweekly and each session lasted 45 minutes. Each session was divided into two parts: The first part aimed increase the child's active involvement through activities; the second part involved training in Activities of Daily living (ADL). The outcome measures were: ABILHAND-Kids; Pediatric Evaluation of Disability Inventory; Comprehensive OT Evaluation Scale; ADL and Instrumental Activities of Daily Living. Results: A.E.'s outcome measure report an improvement from an autonomy standpoint and in the child's general activity participation; there also were an increased interpersonal skills. Conclusion: OT treatment improved A.E.’s autonomy.
Keywords: Occupational therapy; Leukodystrophies; Autonomy, Activities of Daily living.

1. Introduction

Leukodystrophies are a heterogeneous group of disorders with widely varying clinical manifestations and pathological mechanisms, afflicting the brain's white matter, with or without peripheral nervous system involvement1. These are rare diseases, affecting approximately 1 in 7500 individuals2.
Based on the opinions of experts from the Global Leukodystrophy Initiative (GLIA) association, there are about 30 disorders that can be classified as leukodystrophy3. Despite the many disorders that fall under the classification, different types of leukodystrophies present similar scenarios3. Hypomyelinating leukodystrophies are a heterogeneous group of inherited white matter disorders that are defined by substantial and permanent deficits in CNS myelin deposition4–6 This hallmark was first described in 1910 by Ludwig Merzbacher7, who examined brain tissue from a patient described by Friedrich Pelizaeus 25 years earlier.
Since MRI is not specific for diagnosing hypomyelinated leukodystrophy, and other specific, laborious, and expensive diagnostic techniques (such as exome analysis (WES)), there appears to be a major delay in diagnosis8 .
Diagnosis is even more complex in children, as CNS development is incomplete in the first months of life. In children under 18 months, MRIs should be repeated several times at 6-month intervals to confirm that the myelin deficit is permanent and to differentiate a permanent deficit from a nonspecific delay in myelination 78 
Also, the percentage of undiagnosed cases of leukodystrophy decreased from 50% to 20-30% from 2010 to 2016 and is expected to decrease further over the years8 .
Today, by combining the results of MRI, biochemical and metabolic analysis, brain CT scans, and exome analysis (WES), we have much clearer results, although the percentage of undiagnosed cases is still high.
From a clinical point of view, leukodystrophies are often reputed to be fatal. Although this may be true for many leukodystrophies, in recent years there have been several cases of clinical stability or even permanent improvement8. 
Hypomyelination presents a broad spectrum of clinical manifestations: comparable myelin deficits based on neuroradiological evidence may be associated with severe effects in some infants9,10 with almost no neurological signs, even in adulthood, in other individuals 10. Moreover, Neurological decline is slow and, in most patients, follows a long period of clinical stability. In patients with an early presentation, deterioration usually begins in late childhood or adolescence11
LD in children mainly affects the motor system leading to delayed motor development or motor regression. Acute worsening occurs with certain LD, mainly with intercurrent illness. Motor symptoms include spasticity, dystonia, choreo-athetosis, tremor, cerebellar, or proprioceptive ataxia. Other neurological symptoms associated are autonomic dysfunction, macro/microcephaly, nystagmus, cranial nerves involvement, seizures, schooling regression, and cognitive or neurobehavioral abnormalities. Extra-neurological symptoms can comprise ocular, dysmorphic, cutaneous, hair or dental abnormalities, pubertal and growth failures, visceromegaly, gastro-intestinal symptoms, neurosensory loss, or orthopedic deformations12 . Specifically, hypomyelination and congenital cataract syndrome (HCC) is caused by autosomal mutations in the FAM126A gene that encodes the transmembrane protein Hyccin. Hyccin is an OL protein that interferes in phosphoid lipid synthesis 13.Patients usually present with early bilateral or congenital cataracts associated with motor retardation, hypotonia, progressive spastic paraplegia, cerebellar ataxia, and peripheral neuropathy14,15; this symptomatology may also be associated with intellectual disability16  . 
Hypomyelinating leukodystrophy treatment is not well defined, either pharmacologically or from a rehabilitation perspective. The literature does not provide a well-defined rehabilitation protocol for this type of disorder. Numerous pieces of evidence in the literature have demonstrated the effectiveness of occupational therapy treatment in children with similar symptomatology, motor symptoms 17–19, and intellectual disability20. This case report aims to describe the improvement in the autonomies and social participation of a child with HCC following OT treatment.

2. Materials and Methods
Patient information
A.E. is a 9-year-old child with HCC. In comorbidity with severe intellectual disability, bilateral profound sensorineural hearing loss, bilateral glaucoma, and focal epilepsy. He is in the third year of primary school and has two younger brothers. He lives in an apartment and has no extracurricular activities outside of therapy. At the time of intake, the child has been performing speech therapy for two years. The moment of detachment from the reference figure (the father) occurs serenely. However, if left alone, it denotes a tendency toward isolation. He depends on major hygiene and requires assistance in feeding, minor hygiene, dressing and undressing. He does not understand simple, contextual orders unless accompanied by gestures and/or pictures and unless previously experienced.
Presents difficulty in recognizing medium-sized images (10 cm or so) from the medium- to long-distance; the difficulty is overcome by bringing the figure a few centimeters closer to the face or using high-contrast colors. Gait appears to be autonomous and functional, although he demonstrates vestibular and proprioceptive difficulties on qualitative assessment, and his gait is mildly ataxic with an enlarged base. He is only partially spatially oriented: A.E. often moves through the ambulatory spaces without having a goal and does not explore the environment functionally. Functional but poorly harmonious postural transitions characterize gross-motor development. Global rigidity is present, and motor skills in general are characterized by poor fluidity. Manifests additional difficulties in performing some movements, especially those requiring eye-hand coordination (e.g., throwing a ball). Presents generalized hypotonia in all four limbs. Communicative intentionality and motivation for the task is absent. Does not verbally and adequately communicate his needs and does not use any alternative communication system (AAC).
Due to the child's difficulties in approaching an object, difficulty in perceiving the three-dimensionality of space is hypothesized. Patterns of action on the object are poor and immature; the child tends to beat/shake/bring to the mouth: these are sensory patterns aimed at self-stimulation, which are repeated in a repetitive and stereotyped manner. Graphic skills are immature in relation to the child's child-bearing age and unmotivating for the child.
Diagnosis 
A.E. has HCC and in comorbidity presents: Severe intellectual disability, epilepsy, and bilateral and profound sensorineural hearing loss. 
Intellectual Disability (ID) is an incomplete mental development that limits general abilities compared to individuals of the same age, gender, and socio-cultural context. In the world, ID is present between 1% and 3% 21 The Diagnostic and Statistical Manual of Mental Disorders (DSM-V) 22 groups intellectual disability under Neurodevelopmental Disorders together with Communication Disorders, Autism Spectrum Disorder (ASD), Attention Deficit/Hyperactivity Disorder (ADHD), neurodevelopmental motor skills (including tic disorders) and Specific Learning Disorders 23. DSM-V also identifies three fundamental clinical criteria for the diagnosis: Deficits in intellectual functioning like reasoning, problem-solving, planning, abstract thinking, judgment, academic learning, and experiential learning are confirmed by clinical evaluation and intelligence tests; Deficits in adaptive functioning; These limitations occur during the developmental period.
DSM-V identifies four levels of severity: mild, moderate, severe and profound 22. 
An estimated 0.5–1% of children and young people worldwide have epilepsy 24 . Epilepsy can have short- and long-term effects and implications for both children and their families, with a range of professionals involved in diagnosis, treatment, and care 25. Consequently, a diagnosis of epilepsy holds a variety of implications for children with the condition, as well as their families, beyond the physical effects associated with seizures 26,27.
 Hearing loss in children is common and, by the age of 18, affects nearly 1 of every 5 children. Without hearing rehabilitation, hearing loss can cause detrimental effects on speech, language, developmental, educational, and cognitive outcomes in children 28.
Therapeutic intervention
The study was carried out at the new SAIR rehabilitation center in Rome, 
The occupational therapy intervention lasted 3 months biweekly, and each session lasted 45 minutes. To have a quantitative baseline, all outcome measures were administered before and at the end of the intervention to record any improvements in specific domains.
Each session was divided into two parts. The first part of the session aimed to increase the child's active involvement through activities such as drawing, painting, waxing or music. Besides increasing the child's motivation and interest, from a therapeutic point of view they improve the motor, sensory, tactile and visual areas. They also improve deye-hand coordination. The second part involved training in activities of daily living (ADLs) and motor skills. Following a specific assessment, ADLs in which the child has reduced performance are investigated. For motor skills, motor trails and ball games are used. All strategies to improve the child's affinity between setting and skill will be implemented.
In the ADL, during the three months of therapy, a defined pathway was charted:
- Hand washing: in the early stages of treatment, the child required constant supervision due to ease in distraction and failure to use the soap dispenser correctly. In addition, he tended to want to maintain contact with the water for as little time as possible and disregard the correct sequence for performing the task. These difficulties disappeared at the end of the three months of treatment. Episodic misuse of the dispenser, related to incorrect hand positioning that should receive the soap, remains present. In the early stages of treatment, the major problems concerned the hand drying phase, as the child could not adequately coordinate the movements of both hands. At the end of the treatment, these difficulties did not persist.
- Face washing: During this activity, difficulties related to removing the glasses emerged. In fact, the child refused to remove the glasses, as without them he would have visual difficulties, such as preventing him from completing the activity.
- Sweatshirt/jacket: the child could not remove the sweatshirt without a zipper because of the presence of the hearing aids, combined with the difficulty in coordination and movement. So, it was suggested that caregivers use only sweatshirts with zippers to make the child more independent. In the early stages of treatment, even with the zipper, difficulties related to fine motor skills and vision emerged: in fact, the child struggled to grasp the hook of the zipper and put it in the space provided in the closing phase. This difficulty was partially remedied using a hook enlarger. In this specific case, it is a lace tied to the end of the hook. The use of this aid made it easier to accomplish the task. The difficulties are greater in dressing than in undressing. During dressing, even at the end of the treatment, supervision and often the assistance of an adult remains necessary.
- Shoes/socks: This activity was particularly complex in the early stages of treatment, particularly during dressing. The main difficulties were related to the second stage (slipping the shoe on), and particularly with the right shoe. At this stage, the child often loses balance, lifting the lower limb and unbalancing backward to impart the necessary force. So, a custom-made stool was incorporated into the activity to facilitate the task. The difference emerged from the very first moments, as A.E. in this way was able to impart the force in one vertical direction, from top to bottom, also making use of his own weight. Residual difficulties concerning the back of the shoe, which folded in on itself, hindered the operation’s success. So, a new aid, a shoehorn, was added to prevent the scenario just described from occurring. The operator used the shoehorn, given the child's difficulty in understanding its function and, consequently, its use. In the last sessions, it was possible to remove the shoehorn; thus, after three months of treatment, shoe dressing occurs without difficulty and almost entirely independently. Dressing, however, turns out to be more complex even at the end of the treatment because of problems related to motor, coordination, and vision.
Outcomes 
The rating scales that will be used are ABILHAND-Kids 29; Pediatric Evaluation of Disability Inventory (PEDI) 30; Comprehensive Occupational Therapy Evaluation Scale (COTES) 31; Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL).

ABILHAND-Kids 29 is a parent-reported outcome measure and consists of 21 mainly bimanual items covering various domains of daily life. For each item, parents are asked to provide their perceived child’s difficulty on a three-level scale: Impossible (score 0), Difficult (score 1), or Easy (score 2). 
PEDI contains three scales: the Functional Skills Scale (FSS), which identifies clinical patterns of deficiencies in functional skill attainment; the Caregiver Assistance Scale (CAS), which is an indirect measure of capability and evaluates the actual performance by the extent of help a parent provides in daily functioning; and the Modifications Scale (MS), which is a frequency count of the type and extent of environmental modifications that support functional performance. Each scale includes three domains: Self Care (SC), Mobility (M) and Social Function (SF).
PEDI scores reveal two types of information: normative standard scores (NSS) and scaled scores. NSS can be obtained for children from 6 months to 7.5 years. NSS have a mean score of 50 for each age band and a standard deviation of 10. The range 30-70, representing two standard deviations above and below the mean, is the area within which 95% of the children in each age band are expected to fall. Scores outside the 10-90 range provide little normative meaning.
Secondly, scaled scores indicate the child’s performance along the continuum, from relatively easy to relatively difficult items in a particular domain, such as self-care. These do not consider the age of the child. The scale is from 0 to 100, with higher scores representing increasing functional performance levels. 
COTES is an assessment tool of 25 items divided into 3 sub-scales: I General Behavior, II Interpersonal Communication and III Task Behavior.
The 7 behaviors in the first part provide general information about the patient's habits and routines. The 6 behaviors listed in the second part concern communication and interaction skills; these can be assessed as the occupational therapy environment allows the patient to interact with other users and operators during structured and unstructured activities. Finally, the third part of the scale comprises 13 behaviors concerning skill during the performance, a fundamental area in occupational therapy. For each of the 26 items, it is possible to give a score ranging from 0 to 4 in order of severity: 0 no problem, 1 minimal, 2 mild, 3 moderate and finally 4 severe. The total score is given by the sum of the partial score of the three sub-scales, thus obtaining a maximum total score of 104: the higher the score, the lower. 
ADL involves assigning one point for each independent function to obtain a total performance score ranging from 0 (complete dependence) to 6 (independence in all functions).
For scoring, it is necessary to translate the three-point rating scale (no assistance, partial assistance, or full assistance) into the dichotomous classification "dependent/independent." A simplified scale is also used to calculate the IADL index by assigning one point for each independent function to obtain a total performance result ranging from 0 (complete dependence) to 8 (independence in all functions).
3. Results
As shown in table 1, as for the ADL and IADL scale items, the score remained unchanged. 
The COTES scores were slightly improved: from 86 initial scores to 81. in item group I, "general behavior," item B, "non-productive behavior," goes from 4 (severe) to 3 (moderate); in item group II, "interpersonal communication," item D, "sociability," goes from 3 (moderate) to 2 (mild), and item E, "behavior to get attention," goes from 3 (moderate) to 2 (mild);
in item group III, "behavior during the task," item B, "concentration," goes from 4 (severe) to 3 (moderate); item C, "coordination," goes from 4 (severe) to 3 (moderate). ABILHAND KIDS: in T0 in all items were rated as "impossible," except for the item "taking coins from wallet," which is rated as "difficult."
In T1, several items register improvements, in particular:
The item "wearing a hat" goes from "impossible" to "difficult," the item "pulling up the zipper of pants" goes from "impossible" to "difficult," the item "wearing a backpack" goes from "impossible" to "difficult," the item "unscrewing the cap of a bottle" goes from "impossible" to "difficult." the item "opening the cap of toothpaste" goes from "impossible" to "difficult," the item "unthreading a sweater" goes from "impossible" to "difficult," the item "turning the sleeves of a sweater" goes from "impossible" to "difficult."
In addition, the item "get coins from wallet" goes from "difficult" to "easy" and the item "pull up the zipper of a dress" goes from "impossible" to "easy." On the other hand, as far as PEDI is concerned, we have an improvement in all ITEMs of the scale. 
4. Discussion
Regarding participation, after about a month of treatment, during dressing, he uses gestures to ask for his hat (which he had not yet worn) after putting on his jacket.
In small hygiene during hand washing, after about one month after the start of the intervention, he started to open the water independently after about two months; after the beginning of the intervention, he started to put soap on independently, although he failed sporadically. In the drying phase, he initially rolled the paper without drying her hands. About halfway through the treatment, by imitation, he began to dry her hands independently, rubbing the paper on the wet areas.
After about a month and a half of treatment, he said "wash" during a handwash. This event was then repeated at every single wash. 
After one month at the sight of the platform used to facilitate handwashing,he began to head independently and without prompting to the sink, demonstrating that he had learned the function of the objects used in therapy. At the end of treatment, he demonstrates that he recognizes the outpatient environments and purposefully explores them.
After about two months of treatment, during the shoe dressing/undressing activity, he expressed his unwillingness to perform the activity by unequivocal and functional gestures, i.e., making a sound of displeasure and crossing his arms. By the end of treatment, his concentration time on the activities of his interest, which was close to zero at the beginning of the intervention, increased.
About halfway through treatment, he became able to recognize the therapeutic routine. At the end of treatment, he shows that he has correctly memorized the sequence of steps during handwashing.
As for motor skill training, he quickly assimilated the various games and how they were played. He also showed much enthusiasm during these activities.
From a relational point of view, improvements are evident; In fact, about halfway through the treatment, A.E. began to perform the gesture of throwing a kiss with his hand, accompanied by an onomatopoeic sound ("muah") when he was about to leave the room at the end of therapy. This was considered very important as a spontaneous communicative gesture. 
Treatment was based on the most evidence in the literature, and as reported in previous studies, we can confirm that improvements from an autonomy and social participation point of view also exist for this study32–34
It is recommended to conduct further research with multiple patients (e.g., small n design, multiple case studies...), because the main important limit of this study is the Single-subject design, but the results may be generalizable to similar cases. For this reason is important to encourage referral to occupational therapy services. 
5. Patient Perspective Informed Consent 
A.E.'s parents signed informed consent before the start of treatment, and the case report was conducted according to the CARE checklist. 
A.E.'s parents report improvement from an autonomy standpoint and in the child's general activity participation; they also report increased interpersonal skills.
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Table 1 – Quantitative results
	
	ADL
	IADL
	COTES
	ABILHAND
	PEDI- Self-care – 
practical skills
	PEDI
Mobility – practical skills
	PEDI – 
Social adaptation – 
practical skills
	PEDI- self-Care – 
caregiver assistance
	PEDI- 
Mobility – caregiver assistance
	PEDI- 
Social adaptation – 
caregiver assistance

	T0
	3/6
	0/8
	86
	1
	37
	59
	6
	18
	34
	0

	T1
	3/6
	0/8
	81
	11
	47
	59
	10
	20
	34
	1


T0 = before treatment; T1 = after treatment; ADL = Activities of Daily Living; IADL= Instrumental Activities of Daily Living; COTES = Comprehensive Occupational Therapy Evaluation Scale; ABILHAND = ABILHAND Kids; PEDI = Pediatric Evaluation of Disability Inventory; 
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