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Abstract 

Bi-allelic mutations in genes encoding the subunits of the adaptor protein 

complex 4 (AP-4) complex lead to childhood-onset forms of hereditary spastic paraplegia 

(HSP). To systematically document the clinical presentation and natural history of AP-4-

related HSP we developed an international registry and natural history study. Not unlike 

in cerebral palsy, motor symptoms in AP-4-HSP are accompanied by developmental 

delay and intellectual disability, impaired speech and language development, seizures, 

and secondary musculoskeletal problems. It is important to understand health related 

quality of life (HRQoL) and caregiver perspectives to inform shared medical decision 

making and for developing treatment guidelines and interventional trials. HRQoL 

measures are complementary to the assessment of clinical disease severity and it is 

important to establish if correlation exists.  

To address this gap, we aim to assess the HRQoL in families with AP-4-HSP 

using the Caregiver Priorities and Child Health Index of Life with Disabilities 

(CPCHILD) questionnaire. We chose the CPCHILD questionnaire as it has been 

previously used for other neurological diseases in children, mainly cerebral palsy, and has 

international accreditation. The questionnaire focuses on the child’s health, comfort, and 

well-being, and about caring for the individual’s needs. It is important to measure the 

quality of life in children with disabilities, such as HSP, as there is currently no cure for 

this illness and the condition is lifelong. This information may assist with medical 

decision making and anticipatory guidance.  

Here, we collect and analyze data of HRQoL in relation to clinical manifestations 

and disease severity. The objective is to describe HRQoL in families with AP-4-HSP and 



to explore correlations with other clinical outcomes collected through the natural history 

study. In summary, our results highlight a reduced HRQoL in AP-4-HSP patients and the 

standardized assessment of caregiver’s priorities identified several domains and areas that 

are pertinent to the HRQoL in these patients.  
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Frontispiece 

 

 

This study was conducted at the Department of Neurology at the Boston Children’s 

Hospital, Boston, MA.  
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Chapter I 
 

 

The World Health Organization (WHO) defines health as “a state of complete 

physical, mental, and social well-being, not merely the absence of disease or infirmity” 

(World Health Organization, 1952). Measuring diseases, health impacts, and the well-

being of the patient is an ongoing and evolutionary process. Slowly, a rise in awareness 

of the patient’s perspective has been observed (Narayanan, Weir, Fehlings, 2017). This 

includes patient centered care as well as the incorporation of the patient into the health 

care team. These approaches provide insight into the patient’s perspective prior, during, 

and post treatment which can influence medical decision making and outcomes 

(Narayanan, Weir, Fehlings, 2017). This has led to further development of understanding 

the patient’s physical health, psycho-social health, and quality of life (Narayanan, Weir, 

Fehlings, 2017). 

AP-4-associated hereditary spastic paraplegia is an inherited neurodegenerative 

disease that mimics cerebral palsy. Not unlike in cerebral palsy, motor symptoms in AP-

4-HSP are accompanied by developmental delay and intellectual disability, impaired 

speech and language development, seizures, and secondary musculoskeletal problems. It 

is important to understand health related quality of life (HRQoL) and caregiver 

perspectives to inform shared medical decision making and for developing treatment 

guidelines and interventional trials. HRQoL measures are complementary to the 

assessment of clinical disease severity and it is important to establish if correlation exists. 

This information may assist with medical decision making and anticipatory guidance.  
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Cerebral Palsy 

 

 

Cerebral Palsy (CP) describes a group of permanent neurological disorders that 

affect the movement and posture of an individual (Colver, Fairhurst, & Pharoah, 2014). 

Most commonly, these heterogenous disorders result from injury to the developing fetal 

brain or during early childhood. CP is the leading cause of childhood disability and is 

often associated with disturbances in perception, cognition, sensation, and behavioural 

and communication skills (Narayanan, Weir, & Fehlings, 2017). Other symptoms may 

include hypotonia, spasticity, weakness, involuntary movements, such as dystonia and 

chorea, and epilepsy (Pearson, Pons, Ghaoui, & Sue, 2019). CP is often caused by lesions 

in the fetal brain, indicating that the severity of the disease depends on the size of the 

lesion as well as the timing of lesion relative to fetal brain and development. The 

International Executive Committee for the Definition of Cerebral Palsy has proposed the 

following definition “Cerebral Palsy describes a group of permanent disorders of the 

development of movement and posture, causing activity limitation, that are attributed to 

non-progressive disturbances that occurred in the developing fetal or infant brain. The 

motor disorders of cerebral palsy are often accompanied by disturbances of sensation, 

perception, cognition, communication and behavior, by epilepsy, and by secondary 

musculoskeletal problems” (Rosenbaum et al., 2007).  

 

General Diagnostic Approach 

 

CP is best used as a descriptive term, rather than a diagnosis, as many disorders 

fall under the label of “Cerebral Palsy”. In other words, CP is used as an overarching 

definition for disorders that clinically include spasticity and often additionally lead to 
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nonmotor neurological conditions such as developmental delay and intellectual disability. 

It is important to obtain a comprehensive medical history and neurological examination. 

CP is often acquired due to pre-, peri-, or postnatal brain inquiry, often caused by 

complications such as prematurity, intrapartum asphyxia, intracranial hemorrhage, 

infection, stroke, kernicterus, global hypoxia-ischemia, or other trauma (Pearson et al., 

2019). Signs and symptoms of CP include motor developmental delays in the first year of 

life, abnormal muscle tone, asymmetrical crawling or failure to develop crawling, 

underdeveloped strength and absence of posture, excessive flexion or adduction of the 

hip, knee flexion, and foot equinus or hindfoot. Furthermore, patients can be divided into 

spastic (pyramidal), dyskinetic (extrapyramidal), spastic hemiplegic, spastic diplegic, and 

spastic quadriplegic subforms. Due to the inconsistent and complex clinical course of CP 

the HRQoL in patients is usually unknown.  

 

Brain MRI Findings  

 

Magnetic resonance imaging (MRI) is the most commonly used tool when 

investigating a patient for suspected CP. One of the most common imaging findings 

include evidence of white matter and basal ganglia abnormalities (Pearson et al., 2019). 

Conditions that may mimic CP but are caused by genetic disorders, including HSP, are 

listed in Table 1.   
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Table 1. MRI findings associated with disorder that mimic cerebral palsy 

 

Note. Modified from Genetic Mimics of Cerebral Palsy by Pearson et al., 2019, retrieved 

from http://onlinelibrary.wiley.com/doi/abs/10.1002/mds.27655.  

 

 

 

 

Genetic Testing  

 

The appropriate laboratory or genetic test depends on the patient’s age, imaging 

findings, and clinical presentation. If a genetic mimic of CP is suspected, genetic testing 

should be pursued. This may include a comparative genomic hybridization (CGH) 

microarray to evaluate for chromosomal microdeletions and duplications, or next-

generation sequencing based techniques such as multigene panels, whole exome 

sequencing (WES) or whole genome sequencing (WGS). 

MRI Finding Conditions Associated with Findings 

Hypomyelination PLP1-related demyelinating disorders 

H-ABC (TUBB4A mutation) 

AGS (may also have basal ganglia and WM 

calcification) 

GM1 gangliosidosis  

Demyelination Krabbe disease  

Metachromatic leukodystrophy 

Thin corpus callosum HSP (i.e., SPG11, SPG15, SPG35, SPG47, 

SPG48, SPG49, SPG50, SPG51 and others) 

Globus pallidus lesions T2-hypointense: NBIA (SN also involved in 

BPAN, MPAN), fucosidosis 

T2-hyperintense: MMA, PDH deficiency, creatine 

deficiency syndromes 

Focal atrophy or 

hypoplasia 

Glutaric aciduria type 1 (frontotemporal), 

H-ABC (cerebellum +/- putamen), 

Joubert syndrome (cerebellum) 

http://onlinelibrary.wiley.com/doi/abs/10.1002/mds.27655
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Hereditary Spastic Paraplegia 

 

 

Hereditary spastic paraplegia (HSP) is a group of genetic diseases leading to 

progressive neurological decline and characterized by spastic paraplegia or tetraplegia 

(Blackstone, 2018). Genetically, HSP has been identified as autosomal dominant, 

autosomal recessive, and X-chromosomal linked (Klimpe et al., 2012). To date, more 

than 80 different genes or gene loci have been shown to cause HSP, many with onset 

during childhood. Most forms of HSP are named and designated by their genetic loci and 

in order of their discovery (Fink, 2013). It is sometimes difficult to differentiate clinical 

symptoms between forms of HSP and other motor neuron diseases that experience similar 

manifestations. Hence it is important to pursue molecular testing to establish a diagnosis. 

 

Genetic and Cellular Mechanisms of HSP 

 

On a genetic level, autosomal dominant forms are the most frequent type of HSP 

encompassing about 80% of the phenotype. Some examples of autosomal dominant 

forms of HSP include: SPAST (SPG4), ATL1 (SPG3), REEP1 (SPG31), KIF5A (SPG10), 

NIPA1 (SPG6), KIAA0196 (SPG8), RTN2 (SPG12) and BSCL2 (SPG17) (Klebe, 

Stevanin, & Depienne, 2015). Based on the genetic heterogeneity and wide clinical 

presentation of symptoms, HSP has been identified to have a great variation in the 

severity of lower limb spasticity and weakness as well as in the age of onset of the 

disease. Furthermore, there is a large variety in terms of the progression and presence of 

additional neurological features in HSP (Kara et al., 2016). HSP can be divided into two 

clinical classifications: uncomplicated (pure) and complex. The uncomplicated forms of 
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HSP refer to lower extremity weakness and spasticity and mild impairment of the lower 

dorsal column. Complex forms of HSP refer to additional neurological abnormalities 

such as ataxia, intellectual disability, neuropathy, dystonia, dementia, epilepsy, and more 

(Fink, 2013). A brief summary, of uncomplicated/pure forms versus complex forms of 

HSP is summarized in Table 2 below.  

 

Table 2. Clinical and imaging findings observed in forms of HSP 

 

HSP Form HSP 

Type 

Inheritance Gene/Protein Disease 

characteristics 

Neuroimaging 

findings 

Pure SPG3A Auto. dom ATL1 None Normal 

Pure SPG6 Auto. dom NIPA1 None Normal 

Pure SPG10 Auto. dom KIF5A Neuropathy Normal 

Pure SPG12 Auto. dom RTN2 None Normal 

Pure SPG31 Auto. dom REEP1 None Normal 

Complex SPG7 Auto. rec SPG7 Optic atrophy, 

neuropathy, 

cerebellar ataxia 

Cerebellar atrophy 

Complex SPG11 Auto. rec KIAA1840 Intellectual 

disability, 

neuropathy 

Leukoencephalopathy, 

thin corpus callosum, 

white matter 

hyperintensities  

Complex SPG15 Auto. rec ZFYVE26 Intellectual 

disability, 

cerebellar ataxia 

Leukoencephalopathy, 

thin corpus callosum 

Complex SPG17 Auto. rec BSCL2 Neuropathy Normal 

Complex SPG47 Auto. rec. AP4B1 Foot deformity, 

microcephaly 

Thin corpus callosum, 

ventriculomegaly, white 

matter loss 
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Complex SPG48 Auto. rec AP5Z1 Urinary 

incontinence 

Periventricular white 

matter hyperintensities 

Complex SPG50 Auto. rec AP4M1 Cognitive 

impairment, 

white matter 

abnormalities, 

cerebellar 

atrophy 

 

Thin corpus callosum, 

microcephaly, white 

matter lesions and 

abnormalities 

Complex SPG51 Auto. rec AP4E1 Neonatal 

hypotonia, 

dysmorphic 

facial features, 

cognitive 

impairment, 

microcephaly, 

seizures, 

stereotypic 

laughter 

 

Thin corpus callosum, 

enlarged ventricles, 

cortical and cerebellar 

atrophy, and white 

matter loss.  

Complex SPG52 Auto. rec. AP4S1 Shy character, 

short statue, foot 

deformity, 

seizures, 

cognitive 

impairment  

Thin corpus callosum, 

enlarged ventricles, 

hypoplasia, loss of 

white matter. 

 

Note. Adapted from A Diagnostic Approach for Cerebral Palsy in the Genomic Era, by 

Lee et al, retrieved from https://doi.org/10.1007/s12017-014-8331-9 Copyright 2021 

Springer Science + Business Media, New York.  

 

 

 

 

 On a cellular level, many HSP proteins are involved in intracellular processes of 

neuronal cells, including trafficking, distribution, biogenesis, discretion, and shaping of 

the cellular membrane (Blackstone, 2018). Common themes in various forms of HSP 

include lipid and sterol metabolism, myelin and oligodendrocyte formation, 

mitochondrial maintenance, intracellular transportation, microtubule formation, 

autophagy and lysosomal or endosome turnover. These processes are highlighted in 

Figure 1. 

https://doi.org/10.1007/s12017-014-8331-9
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Figure 1.  Common pathogenic themes in the hereditary spastic paraplegias (HSPs). 

Reprinted with permission from Hereditary spastic paraplegia, by Blackstone, 2018, 

retrieved from http://www.sciencedirect.com/science/article/pii/B9780444640765000417 

Copyright 2018 by Elsevier B.V.  

 

 

 

 

Neurophysiology of HSP 

 

Upper motor neurons originate in the primary motor cortex, also known as 

Brodmann’s area 4, in the precentral gyrus. Corticospinal and corticobulbar fibers run 

from the primary motor cortex to the adjacent regions of the internal capsule. Then, 

corticobulbar fibers reach the lower motor neurons in the brain stem. Most of the 

corticospinal fibers cross over at the pyramidal decussation to form the lateral 

corticospinal tract. Upper motor neurons control human voluntary movements in two 

processes: first, axons originating in the upper motor cortex decent into lateral 

corticospinal tract within the spinal cord. In the spinal cord, the upper motor neurons 

connect with lower motor neurons. Second, lower motor neurons terminate in specialized 

synapses at the neuromuscular junction in the body to regulate muscle contraction. HSP 

is caused by degeneration of corticospinal motor neurons – often starting with the longest 

http://www.sciencedirect.com/science/article/pii/B9780444640765000417
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axons. The lateral corticospinal tract is primarily responsible for the control and 

movement of extremities. The dysfunction and degeneration of these axons leads to 

clinical signs of spasticity and weakness of the lower limb. An overview of the 

descending motoneuron pathway is outlined in Figure 2. Further imagery highlighting the 

somatotopic organization of the brain, specifically the corticobulbar and corticospinal 

tracts can be found in Appendix 1, Figure 23. 

In some forms of HSP, corticospinal tract degeneration has been located in the 

pons, cerebral peduncles, medulla, and internal capsule (Fink, 2013). Other cases have 

shown demyelination of corticospinal tracts and the fasciculus gracilis as well as a 

decreased number of pyramidal neuron (Fink, 2013). A detailed summary of the types of 

HSPs and their association between upper and lower motor neurons and the 

accompanying clinical presentation can be found in Appendix 2, Figure 24. 
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Figure 2. Human pyramidal motor system. Reprinted with permission from Hereditary 

spastic paraplegia, by Blackstone, 2018, retrieved from 

http://www.sciencedirect.com/science/article/pii/B9780444640765000417 Copyright 

2018 by Elsevier B.V.  

 

 

 

 

Thinning of the corpus callosum, cerebral atrophy, and degradation of the 

bilateral descending motor tracts are often observed in complicated forms of HSP (Kara 

et al., 2016). Other brain imaging abnormalities can include white matter lesions, 

hyperintense dentate nucleus, and cerebellar atrophy (Shribman, Reid, Crosby, Houlden, 

& Warner, 2019). Axonal degeneration and clinical manifestation can vary between 

forms of HSP, meaning that there is an imperfect correlation between clinical 

classifications of uncomplicated versus complex forms of HSP (Fink, 2013). Figure 3 

gives a general overview of a diagnostic approach for HSP, including the neuroimaging, 

clinical features, family history, and age of onset of the patient.  

 

 

 

 

 

 

 

 

http://www.sciencedirect.com/science/article/pii/B9780444640765000417
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Figure 3. Proposed diagnostic algorithm for common hereditary spastic paraplegias. 

Reprinted with permission from Hereditary spastic paraplegia: from diagnosis to 

emerging therapeutic approaches, by Shribman et al., 2019, retrieved from 

https://linkinghub.elsevier.com/retrieve/pii/S1474442219302352 Copyright 2029 

Elsevier. 

 
 

 

Clinical Manifestations of HSP 

 

Clinical features of HSP include progressive decline of motor function, urinary 

urgency or incontinence, decreases balance, spastic gait, exaggerated deep tendon 

reflexes, sensory loss, scissoring of the legs, and many more. Spasticity is usually 

greatest in the hamstring, quadriceps, adductors, and gastrocnemius while weakness is 

most prominent in iliopsoas, hamstring, and tibialis anterior muscles. Hyperreflexia, 

extensor plantar and ankle clonus are often present as well. Upper limbs show 

hyperreflexia or impaired dexterity. Clinical signs in complex forms of HSP also include 

cognitive impairment, ataxia and cerebellar signs, distal amyotrophy, peripheral 

neuropathy, neuroimaging abnormalities (such as thin corpus callosum), extrapyramidal 

symptoms, optic atrophy, and epilepsy. Diagnosis includes clinical symptoms, such as 

https://linkinghub.elsevier.com/retrieve/pii/S1474442219302352
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gait impairment, family history, exclusion of other disorders, and genetic testing. Current 

treatment methods aim to reduce symptoms as there is currently no targeted treatment or 

cure. Therefore, treatments include physiotherapy to strengthen the muscles and mobility, 

assistive devices such as wheelchairs, orthotics, and other form to aid in mobility and 

ambulation, as well as medications to prevent contractures, seizures, etc.  In some cases, 

botulinum toxin injections are used to relieve muscle contractures and spasticity and to 

improve the range of motion and decrease scissoring of the legs. More invasive therapies 

and surgeries include muscle lengthening of the iliacus and psoas, adductors and gracilis, 

hamstring, or gastrocnemius and soleus.  Other orthopedic interventions include femoral, 

or pelvic osteotomies.  It is clear that HSP presents in complex clinical forms, however, 

how these symptoms impact the quality of life in these patients is unknown. As there is 

currently no cure for this disease further investigations on the HRQoL in these patients is 

critical in the development of informed medical decision making and treatment 

guidelines.
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Adaptor Protein Complex 4 

 

 

Bi-allelic mutation in genes that encode for the adaptor protein complex 4 (AP-4) 

are known to cause childhood-onset complex HSP characterized by developmental delay, 

cognitive decline, intellectual disability, and progressive spasticity. This includes SPG47 

(AP4B1, OMIM #614066), SPG50 (AP4M1, OMIM #612936), SPG51 (AP4E1, OMIM 

#613744), and SPG52 (AP4S1, OMIM #614067) (Ebrahimi-Fakhari et al., 2017). The 

underlying molecular mechanisms are currently not well understood, however AP-4 

proteins belong to an adaptor protein family (AP1-5) which are known to be responsible 

for vesicle trafficking in cells (Ebrahimi-Fakhari et al., 2017). These heterotetrametric 

protein complexes facilitate vesicle and intracellular trafficking in the endomembrane 

system of eukaryotic cells (Mattera et al., 2020). Specifically, the AP-4 complex mediates 

transport of trans-membrane proteins in neurons (Davies et al., 2020).  

The adaptor protein 4 complex is heterotetramer composed of four subunits: 

AP4B1 (β4), AP4M1 (μ4), AP4E1 (ε4), and AP4S1 (σ4) with two extended hinges and 

ear domains (Figure 4)  (Jameel et al., 2014). A loss of function due to a mutation in one 

of the subunits of the AP-4 protein affects the integrity and functionality as a whole.  

Unlike complexes AP1-3, which interact with clatherin via their domains, AP-4 has been 

noted to be responsible for vesicle trafficking of transmembrane proteins in the trans-

Golgi network (TGN) which is critical for axonal development (Behne et al., 2020), 

(Mattera, Park, De Pace, Guardia, & Bonifacino, 2017). AP-4 is responsible for the 

transportation and sorting of several different cargos, including the amyloid-beta 

precursor protein, AMPA-type glutamate receptors, and ATG9A (Mattera et al., 2017).   
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Figure 4. Diagram of the AP-4 complex. Reprinted with permission by AP-4 vesicles 

contribute to spatial control of autophagy via RUSC-dependent peripheral delivery of 

ATG9A. Original work by Davies et al. 2018, modified by Davies et al. Nat Comm 2018., 

retrieved from https://www.nature.com/articles/s41467-018-06172-7  

 

 

Genetic variants of AP-4  

 

Variants of AP-4 childhood-onset complex HSP includes AP4B1, AP4M1, 

AP4E1, and AP4S1 (Ebrahimi-Fakhari et al., 2017).  Mutations within these genes have 

been identified bi-allelic microdeletions, nonsense mutations, splice-sense, or frameshift 

mutations. The molecular spectrums of the genes encoding the subunits of the AP4 

complex and possible mutation/variant sites are outlined in Figure 5 below.

https://www.nature.com/articles/s41467-018-06172-7
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Figure 5. The molecular spectrum of AP-4-HSP. Reprinted with permission by Defining 

the clinical, molecular and imaging spectrum of adaptor protein complex 4-associated 

hereditary spastic paraplegia. Work by Ebrahimi-Fakhari et al. 2020, retrieved from 

https://academic.oup.com/brain/advance-article/doi/10.1093/brain/awz307/5911261 

Copyright obtained 2021 Oxford University Press.   

 

 

 

 

 

 

 

https://academic.oup.com/brain/advance-article/doi/10.1093/brain/awz307/5911261
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Clinical Manifestations of AP-4-HSP 

 

Clinical manifestations in patients with AP-4-HSP include developmental delay, 

motor dysfunction, seizures, spasticity, and others. Previous research identified 

developmental and motor delay in 100% of patients as well as speech delay in 99% of 

patients (Ebrahimi-Fakhari et al., 2020). Other neurological manifestations include 

neonatal and infantile hypotonia, spastic diplegia or tetraplegia, hyperreflexia, Babinski 

sign, contractures, drooling, postnatal microcephaly, dysmorphic facial features, foot 

deformities, seizures, epilepsy, and episodes of stereotypic laughter (Ebrahimi-Fakhari et 

al., 2020; Tüysüz et al., 2014). Intellectual disability can range from mild to severe with 

most children rating on the moderate to severe side (Ebrahimi-Fakhari et al., 2020). 

Regression of motor skills is noted in patients over time, often leading to diplegia and 

other pyramidal signs, such as Babinski and hyperreflexia, which may be due to 

advanced disease stages (Ebrahimi-Fakhari et al., 2020). In addition, progressive 

spasticity can lead to swallowing dysfunction. Seizures and epilepsy have been reported 

in the majority of patients with AP-4-HSP, however, the occurrence of seizure onset 

seems to become less frequent over time (Ebrahimi-Fakhari et al., 2020).   

As many of these signs and symptoms are often associated with CP or other forms 

of HSP, patients are at risk of being misdiagnosed. Clinicians should be mindful of the 

progression of symptoms from childhood to adolescence and adulthood in AP-4-HSP 

patients as it may be a distinguishing factor and can aid in establishing a differential 

diagnosis (Ebrahimi-Fakhari et al., 2020).  Furthermore, genetic testing should be applied 

when available to ensure a proper diagnosis and in efforts to provide the best possible 

treatment. It is evident that the clinical and molecular aspects of AP-4-HSP are complex. 
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Due to the severity of the disease, it is important to explore psycho-social wellness of 

these patients and identify the HRQoL.  

 

MRI Findings in AP-4-HSP 

 

 Brain MR imaging of AP-4-HSP patients revealed key features of the illness, 

including thinning of the corpus callosum, white matter abnormalities, ventriculomegaly, 

cerebellar atrophy, bilateral symmetric hypointensity of the globus pallidus, and presence 

of asymmetric colpocephaly (Figure 6) (Ebrahimi-Fakhari et al., 2020). One of the most 

central imaging findings is the posterior-dominant thinning of the corpus callosum, the 

splenium, and colpocephaly which may further aid in obtaining a differential diagnosis 

(Ebrahimi-Fakhari et al., 2020).  
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Figure 6. Key imaging features in AP-4-HSP. Reprinted by Defining the clinical, 

molecular and imaging spectrum of adaptor protein complex 4-associated hereditary 

spastic paraplegia. Work by Ebrahimi-Fakhari et al. 2020, retrieved from 

https://academic.oup.com/brain/advance-article/doi/10.1093/brain/awz307/5911261 

Copyright 2020 Oxford University Press.   

 

 

https://academic.oup.com/brain/advance-article/doi/10.1093/brain/awz307/5911261
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Treatment Methods 

 

 

 

 Current treatment methods use symptomatic approaches. Anti-spasticity 

medication such as baclofen may aid with spasticity. As previously mentioned, botulinum 

toxin injections can help reduce muscle and, in some cases, surgical treatment may be 

appropriate. Melatonin may aid with sleep disturbance and antiepileptic drugs may be 

used to treat seizures. Furthermore, orthopedic options such as special shoes, orthotics, 

and braces may be an option for younger, mobile patients. As the disease processes, most 

patients become immobile due to tetraplegia and therefore become wheelchair-bound. 

Gastro-intestinal interventions may be required to address difficulties in feeding and 

swallowing. A multidisciplinary approach is deemed to be the most appropriate. This 

may include physiotherapy, occupational therapy, speech therapy, special education, and 

other treatment methods to help improve the daily function and quality of life of the 

patient. As patients experience not only physical but also mental impairment, it is critical 

to investigate the HRQoL in order to provide the best possible care for each patient and to 

identify areas and treatment methods that can improve the quality of life of the patient. 

 

Health Related Quality of Life 

 

Health Related Quality of Life is an important clinical metric in individuals with 

lifelong disabilities and illnesses that do not have a cure or specific treatment. This is 

even more important for individuals who are unable to voice discomfort or pain, such as 

non-verbal patients or children. Reliable measurements of HRQoL can help identify a 

patient’s priorities, therapeutic goals and objectives, and available support by their 

caregivers (Narayanan, Weir, Fehlings, 2017). This knowledge can assist clinicians in 
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medical decision making, developing treatment guidelines and interventional trials. 

 

 

HRQoL in AP-4-HSP Patients 

 

 

 

Little is known about the HRQoL in patients with AP-4-HSP. It is critical to 

explore the HRQoL and caregiver’s perspective to develop informed medical decision 

making and treatment guidelines. To identify the patients HRQoL, the CPCHILD 

questionnaire was adapted. The CPCHILD questionnaire was developed for children with 

other neurological diseases, including cerebral palsy, and has international accreditation. 

It is also available in several languages and has shown to have consistent reliability and 

semantic equivalence between other languages and English (Jung, et al., 2014; Pellegrino 

et al. 2014). The CPCHILD was chosen over other QoL measures as it demonstrates the 

strongest psychometric properties in conjunction to clinical utility (Carlon et al., 2010). 

Furthermore, the CPCHILD questionnaire has also been used in studies analyzing health-

related priorities in relation to other neuromuscular diseases, such as Duchenne muscular 

dystrophy (Propp et al., 2019). Other questionnaires often neglect the involvement of 

family members or caregivers, and focus on the physical function/challenges of a patient 

rather than the overall well-being (Waters et al., 2009). The CPCHILD questionnaire 

focuses on the child’s health, comfort, and well-being, and caring for the individual’s 

needs. It is important to measure the quality of life in children with disabilities, such as 

HSP, as there is currently no cure for this illness and the condition is lifelong. This 

information may assist with medical decision making and anticipatory guidance. The aim 
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is to describe HRQoL in families with AP-4-HSP and to explore correlations with other 

clinical outcomes collected through the natural history study. 



 

23 

Chapter II 

 

 

Materials and Methods 

 

 

 

This study was conducted at Boston Children’s Hospital and approved by the 

Institutional Review Board at Boston Children’s Hospital (#IRB-P00033016). Written 

informed consent was obtained. The primary caregivers of 64 patients with AP-4-HSP were 

asked to fill out the CPCHILD questionnaire as part of an ongoing natural history study 

(The International Registry and Natural History Study for AP-4-HSP, ClinicalTrials.gov 

Identifier: NCT04712812). All analyses for the results presented here were conducted on 

a dataset of de-identified data stored in a secure RedCap database. No identifiable 

information was accessible, shared or analyzed. The CPCHILD questionnaire is available 

in multiple languages, allowing the primary caregivers to complete the questionnaires in 

their primary language. This approach was taken to avoid errors in translation and 

documentation of data. The CPCHILD questionnaire consists of 6 units with a total of 37 

questions. The subsections include: personal care (9 items), positioning/transfer/mobility 

(8 items), communication and social interaction (7 items), comfort/emotion/behaviour (9 

items), health issues (3 items), and overall quality of life (1 item). The degree of difficulty 

to complete a task or skill is scored on a 7-point scale, 0 meaning “impossible”, and 6 

meaning “no problem at all” (Narayanan, Weir, Fehlings, 2017). Additionally, the level of 

assistance or help required by the patient is measured on a 4-point scale, meaning 0 is “total 

assistance” and 3 being “independent” (Narayanan, Weir, Fehlings, 2017). A copy of the 

scoring system of the CPCHILD manual can be found in Appendix 3. Each family was 

asked to fill out this questionnaire to the best of their ability. On average the CPCHILD 
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questionnaire took 35.534.8 (SD) minutes to complete with some variation between 

caregivers (range: 5–240 minutes). The scores for the total survey can range from 0 (worst) 

to 100 (best) for each patient and the scores are standardized. Missing values from a 

category or item were removed from the analysis. The following categories, outlined in the 

table below (Table 3), were measured and scored according to the CPCHILD 

questionnaire. To assess clinical severity, the Spastic Paraplegia Rating Scale (SPRS) was 

applied. SPRS consists of 13 items, each scoring from 0 to 4 points, resulting in a total 

score between 0 and 52 points (Schule et al., 2006). To calculate the spasticity sub-score, 

items 7-10 were summarized and scored for spasticity of hip adductor muscles, weakness 

of hip abduction, spasticity of knee flexion and weakness of foot dorsiflexion (Karle et al., 

2013). To assess mobility, a four-stage functional mobility scale (4FMS) was used: (I) 

walking without aid; (II) walking without aid but unable to run; (III) walking with aid; and 

(IV) wheelchair-dependent (Erichsen, Koht, Stray-Pedersen, Abdelnoor, & Tallaksen, 

2009). Statistical analysis was performed with GraphPad Prism v9.0 and IBM SPSS v27. 

An unpaired t-test or one-way ANOVA, with multiple comparisons, was used to determine 

the significance of differences between conditions. Linear regression analysis and Pearson 

correlation coefficient were employed to determine statistical correlation. Spearman’s rank 

correction coefficient was also calculated to determine monotonic correlation. 
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Chapter III 

 

 

Results 

 

 

Demographic and Clinical Information 

 

Table 3 summarizes the demographic and clinical characteristics of the study 

cohort. The study included 64 participants (n= 64) with 30 female and 34 male subjects. 

The mean age of the participants was 12.510.5 (SD) years [range: 1.5–49.5 years]. Of 

the effected families, 38% had more than one affected child. The most common subtype, 

at 48% of the patients, was AP4B1-associated SPG47. SPG50 (AP4M1), SPG51 

(AP4E1), SPG52 (AP4S1) were observed at 32.8%, 3.1%, 15.6% respectively. SPRS 

score and spasticity sub-score had a mean of 30.210.8 (SD) with a range of 0-52, 

indicating a moderate degree of corticospinal tract dysfunction. Consanguinity was seen 

in 23.4% of patients. Severe intellectual disability was noted in 24 patients (37.5%), 

moderate disability was found in 20 patients (31.3%), mild disability was found in 7 

patients (10.9%), and 13 patients (20.3%) were too young to score. Table 3 also outlines 

the distribution of the 4FMS indicated that most patients needed assistance with 

ambulation (4FMS=3; 41.9%) or are wheelchair-dependent (4FMS=4; 41.9%).   
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Table 3. Summary of Demographic Information and Clinical Scores.  

 
AP-4-HSP Patients 

 

N = 64, female: 30 (46.9%), male: 34 (53.1%)  

SPG47 (AP4B1): 31 (48.4%) 

SPG50 (AP4M1): 21 (32.8%) 

SPG51 (AP4E1): 2 (3.1%) 

SPG52 (AP4S1): 10 (15.6%) 

Age, years [n=64] 12.45  10.53 (SD) years [range: 1.45 – 49.52 

years] 

Consanguinity [n=64] 15 (23.4%) 

More than one affected family member [n=64] 24 (37.5%) 

Severity of intellectual disability [n=64] Severe: 24 (37.5%) 

Moderate: 20 (31.3%) 

Mild: 7 (10.9%) 

Too young or information not available: 13 

(20.3%) 

SPRS (total score) [n=51] 30.2  10.8 (SD) years [range: 0 – 52] 

SPRS (spasticity subscore) [n=51] 7.2  3.6 [range: 0 – 16] 

Four-stage Functional Mobility Scale [n=62] I: 1 (1.6%) 

II: 9 (14.5%) 

III: 26 (41.9%) 

IV: 26 (41.9%) 
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Developmental support [n=64] Physical therapy: 42 (65.6%) 

Occupational therapy: 34 (53.1%) 

Speech therapy: 39 (60.9%) 

 

 

Clinical Results 

 

The standardized CPCHILD score showed an even distribution between 

subsections (Figure 7) with a mean total score of 59.612.6 (SD). There was no 

significant difference between the four subtypes of AP-4-HSP (Figure 8) or between male 

and female participants (Figure 9). In this cohort, all patients had access to specialized 

educational programs and /or other forms of special support such as physical therapy 

(65.6%), occupational therapy (53.1%), speech therapy (60.9%), and other programs at 

the time of this study (Table 3).  
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Figure 7. Total CPCHILD scores vs. subsection mean scores. Disease severity and motor  

     impairment correlate with health-related quality of life in 64 patients with AP- 

     4-associated hereditary spastic paraplegia. No significant difference     

     between mean scores in each of the CPCHILD sections (1 = activities of daily  

     living & personal care; 2 = positioning, transferring & mobility; 3 = comfort &  

     emotions; 4 = communication & social interaction; 5 = health). 
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Figure 8. Total CPCHILD score vs subtypes of AP-4-HSP. No significant differences are    

 found in the mean CPCHILD score between subtypes of AP-4-HSP (AP4B1 = 

 SPG47, AP4M1 = SPG50, AP4E1 = SPG51, AP4S1 = SPG52). 
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Figure 9. Analysis of CPCHILD scores in female and male patients. No significant    

    differences are found in the mean CPCHILD score between male and female  

    patients.  
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Total CPCHILD Score and Correlation of Disease Severity 

 

We hypothesized that patients with higher disease severity would have a lower 

HRQoL. We used age as a substitute for disease duration, and found that SPRS scores 

correlated with lower CPCHILD scores in patients (Figure 10 & 11). Furthermore, the 

spasticity sub-score of the SPRS showed a moderate correlation as well. This indicates that 

the severity of motor symptoms and the in turn resulting disability contribute to the HRQoL 

in patients (Figure 12). We further supported this finding by analyzing the CPCHILD score 

of tetraplegic patients compared to individuals who are diplegic, and found a lower HRQoL 

score (Figure 13). From this, we hypothesized that low- or non-ambulatory patients would 

have a lower CPCHILD score. Data analysis revealed that, indeed, patients who are wheel-

chair dependent had a lower mean CPCHILD score than those who were ambulatory and 

non-wheelchair bound (Figure 14). We further assessed whether this finding was due to 

impaired QoL related to positioning, transferring, and mobility. To do so, the mean scores 

of each section were compared and we found that wheelchair-dependent patients scored 

significantly lower in all domains of the questionnaire (Figure 15). On the other hand, 

presence of contractures and extrapyramidal movements were not associated with a lower 

score (p=0.25) (Figure 16). Cerebellar signs, such as ataxia, were associated with lower 

scores and a lower HRQoL (Figure 17). It is speculated that this may be due to disease 

progression as cerebellar signs most commonly occur in late or advanced disease stages 

(Ebrahimi-Fakhari et al., 2020). CPCHILD scores were significantly lower in patients with 

severe intellectual disability (Figure 18). No correlation was found between epilepsy and 

HRQoL (Figure 19). To further investigate and rule out whether this finding was due to 

seizure medications used in the majority of patients, a further analysis was conducted on 
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patients who experience medically-refractory epilepsy. Interestingly, no difference of 

CPCHILD scores and HRQoL was found between patients who experience uncontrolled 

epilepsy, controlled epilepsy, or individuals who were seizure free (p=0.87 and p=0.52 

respectively) (Figure 19 & 20).  Furthermore, we investigated if having two or more AP-

4-HSP affected children would impact the HRQoL of each patient. We did not find any 

correlation between CPCHILD scores and individuals who had multiple family members 

affected by the disease (p=0.26) (Figure 21).  
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Figure 10. Total CPCHILD score vs. age of patient. Lower CPCHILD scores correlate  

       with age (Pearson correlation coefficient: r=-0.31, p=0.01; Spearman   

       correlation coefficient: r=-0.25, p=0.05).  
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Figure 11. SPRS scores vs. total CPCHILD score. Higher total SPRS scores correlated  

       with CPCHILD scores (Pearson correlation coefficient: r=-0.52, p<0.0001;  

       Spearman correlation coefficient: r=-0.55, p<0.0001).  
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Figure 12. Spasticity sub-scores vs. total CPCHILD score. Spasticity sub-scores SPRS  

      (Pearson correlation coefficient: r=-0.41, p=0.0026; Spearman correlation  

       coefficient: r=-0.46, p=0.0008) correlated with CPCHILD scores. 
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Figure 13. Total CPCHILD score vs. level of spasticity. Patients with spastic tetraplegia  

      (n=19) have significantly lower CPCHILD scores compared to patients with  

      spastic diplegia (n=40) or no spasticity (n=5).  
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Figure 14. Total CPCHILD score vs. level of ambulation. Patients with an 4FMS score of 

       IV, indicating dependence on a wheelchair (n=26), have significantly lower  

       CPCHILD scores compared to those ambulating with assistance (4FMS=III,  

       n=26) or independently (4FMS=II, n=9) 
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Figure 15. Total CPCHILD score vs. wheelchair dependency. Assessment of mean scores 

       for each section of the CPCHILD shows that wheelchair-dependent patients  

       have significantly lower scores in all domain compared to patients who do not 

       require a wheelchair. 
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Figure 16. Total CPCHILD score vs. extrapyramidal signs. The presence of an    

       extrapyramidal movement disorder (dystonia, chorea, athetosis, myoclonus,  

       tremor, rigidity, or postural instability, n=24) did not lead to significantly  

       lower CPCHILD scores. 
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Figure 17. Total CPCHILD score vs. cerebellar signs. The presence of cerebellar signs  

       (cerebellar ataxia, dysmetria, nystagmus, intention tremor, n=22) showed a  

       decreased or lower total CPCHILD score.  
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Figure 18. Total CPCHILD score vs. intellectual disability. The mean CPCHILD score  

       was significantly reduced in patients with severe intellectual disability (n=24)  

       compared to patients with mild intellectual impairment (n=7). No difference  

       was found between patients with severe and moderate intellectual disability  

       (n=20). 
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Figure 19. Total CPCHILD score vs. epilepsy. Epilepsy did not influence CPCHILD     

       scores and no correlation was found. 
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Figure 20. Total CPCHILD score vs. refractory epilepsy. Refractory Epilepsy did not  

       influence CPCHILD scores and no correlation was found.  
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Figure 21. Total CPCHILD score vs. number of family members diagnosed with HSP.  

      No correlation was found between number of family members affected and   

      CPCHILD scores.  
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Caregiver Priorities 

 

Section 7, of the CPCHILD questionnaire, assesses the caregiver’s perspective on 

the significance of each listed item in the questionnaire. The mean score for each item was 

3.50.4 (SD) demonstrating that each item in the questionnaire shows to be important. In 

all of the questionnaires, not one item was rated below the threshold (2.0=slightly 

important) (Figure 22). Items that deemed to be most important included (a) 

communication and social interaction, (b) comfort and emotions, and (c) health. Following 

these items, (d) positioning, transferring & mobility and (e) personal care and activities of 

daily living indicating that they showed less contribution to the patient’s quality of life but 

were still deemed important.  
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Figure 22. Caregiver’s Priority Index of the CPCHILD Questionnaire. Rating of    

       importance for each item on the CPCHILD questionnaire. No items were rated 

       below the threshold level of importance (2.0=slightly important). Items  

       relating to communication and social interaction, comfort and emotions, and  

       health were, on average, considered more important contributors to quality of  

       life than items relating to positioning, transferring & mobility and personal  

       care and activities of daily living. 
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Chapter IV 

 

 

Discussion and Conclusion 

 

 

HRQoL is a multidimensional model that assesses and investigates health-related 

conditions or disabilities of a patient. These conditions contribute to the quality or 

meaning of that patient’s life. In other words, HRQoL questionnaires are interested in 

how the patient prioritizes and values a given function as well as how important a 

specific function is to their daily lives. By assessing the mental, social, and physical 

wellbeing of the patient, HRQoL measures may help in clinical care and decision making 

by focusing the clinician on the areas that are most important to the patient. This allows 

for a deeper understanding of the patient’s needs, complimentary to the biomedical and 

clinical interventions that address the illness. By assessing the HRQoL of a patient, the 

clinical team can address and aid with all health-related aspects that contribute to that 

patient’s life, including daily functioning and psycho-social wellbeing.  

Assessing the HRQoL of a patient is particularly important in patients with 

chronic or life-long disabilities. Normally, the ultimate goal of clinical interventions is to 

improve the quality of life by addressing an illness or disability. However, this may not 

always be possible with chronic or life-long disabilities, such as AP-4-HSP. AP-4-

associated HSP is a neurodegenerative disease that mimics cerebral palsy. Not unlike in 

cerebral palsy, motor symptoms in AP-4-HSP are accompanied by developmental delay 

and intellectual disability, impaired speech and language development, seizures, and 

secondary musculoskeletal problems. Current interventions and treatment methods use a 

symptomatic approach. However, in order to ensure the highest quality of life in patients 
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with lifelong disabilities, the clinician needs to identify the patient’s priorities, 

therapeutic goals and objectives, and available support by their caregivers as this will 

further assist clinicians in medical decision making and developing treatment guidelines. 

 In this study, we highlighted the importance of the HRQoL and caregiver’s 

perspective. Little is known about the HRQoL in patients suffering from AP-4-HSP. The 

CPCHILD questionnaire, previously developed and administered in patients suffering 

from CP, can successfully be employed in childhood-onset of complex HSP. This study 

found that the HRQoL is impaired in individuals who have been diagnosed with AP-4-

HSP. Correlation between disease duration, clinical manifestations, and disease severity 

has been observed. SPRS scores and spasticity scores correlated with lower CPCHILD 

scores. Furthermore, patients with immobility, such as tetraplegic or wheelchair-bound 

patients, showed lower CPCHILD scores and lower HRQoL than those with mobility or 

functioning extremities. This also showed that patients of this cohort with tetraplegia or 

wheelchair-dependence scored similarly to children who had previously been diagnosed 

with cerebral palsy and underwent the CPCHILD questionnaire. Overall, this study 

identified that disease progression, disease severity, and intellectual disability show a 

decrease in HRQoL in this study cohort.  Surprisingly, there was no correlation found 

between the HRQoL and epilepsy. It was also identified that items that deemed to be 

most important to patients included (a) communication and social interaction, (b) comfort 

and emotions, and (c) health. Based on the current study findings and results, clinical 

treatment guidelines and decision making should address the identified items that are 

most important to patient to support the best HRQoL.  
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When considering the characteristics of the disease and disease progression, 

clinicians and researchers need a reliable HRQoL measure. The CPCHILD questionnaire 

shows strong psychometric evidence, including reliability, validity, responsiveness, and 

interpretable scoring systems, for children with motor impairment and intellectual 

disability. Clinicians and researchers need to choose the questionnaire or assessment tool 

that is best suited for their patient’s condition. In other words, the CPCHILD 

questionnaire is an appropriate tool for HRQoL assessments in patients with AP-4-HSP 

based on its validation in patients with CP. Developing an understanding of which 

domains are most important in the AP-4-HSP patient population will allow clinicians to 

tailor their approach to these patients. There are challenges in measuring the HRQoL in 

pediatric patients with disabilities. Quality of life is a dynamic and evolving perspective 

that can change overtime as the patient ages or the disease progresses. Future studies 

should consider longitudinal research methods to assess how the quality of life is 

impacted over time and how a patient’s priorities change or restructure with disease 

progression. Another challenge of measuring the HRQoL in patients with AP-4-HSP is 

that many patients suffer from moderate to severe intellectual disabilities meaning that 

these patients are unable to communicate their own thoughts and rely on their caregivers 

for reporting the perceived quality of life of the patient. In other words, it is not a direct 

measure of the patient’s perspective of their HRQoL, rather an approximation or 

estimation of the caregiver’s perspective and judgement. A third limitation of this study is 

that most of the patient cohort resides in countries with access to developed and 

specialized healthcare. Future studies will need to include patients from different health 

care settings to more accurately reflect the patient population world-wide.  
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In summary, this study shows that HRQoL is impaired across the age spectrum in 

AP-4-HSP and correlates with disease severity and motor symptoms and impairment. It is 

clear that AP-4-HSP are complex forms of HSP, however, the HRQoL of the patient was 

unknown. This study highlights the HRQoL in a patient population of AP-4-HSP and 

assessed the caregiver’s priority. Analyzing the HRQoL in patients who have been 

diagnosed with neurological diseases is essential for clinical interventions and treatments 

as this will aid in medical decision making and development of interventional trials. 

Because patients with neurological diseases are often unable to communicate their 

perspective and needs, healthcare teams have to rely on approximations provided by the 

caregivers. HRQoL measures are complementary to the assessment of clinical disease 

severity and clinicians should use HRQoL measures to provide the best possible care and 

increase the quality of life in patients with disabilities.  
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Appendix 1 
 

 

Figure 23. Somatotropic organization of corticobulbar and corticospinal tracts. (A)     

      Horizontal section through the internal capsule. (B) Midbrain. (C) Spinal Cord.     

      Reprinted with permission by Neuroanatomy through clinical cases (second  

      edition) by Blumenfeld, H., 2010. Sinauer Associates.    
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Appendix 2 
 

 

Figure 24.  Spastic paraplegia genes (SPGs) grouped according to affected motor neurons 

        and mode of inheritance. Reprinted with permission by Hereditary spastic  

        paraplegia: more than an upper motor neuron disease by Parodi et al., 2017.  

        Retrieved from: https://pubmed.ncbi.nlm.nih.gov/28449883/ Copyright 2017 

        Elsevier. 

 

 

https://pubmed.ncbi.nlm.nih.gov/28449883/
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Appendix 3 

 

Figure 25. Outline of the CPCHILD Manual Scoring System. Reprinted with permission  

       by Caregiver Priorities and Child Health Index of Life with Disabilities  

       (CPCHILD) Questionnaire by Narayanan, Weir, Fehlings, 2017. Retrieved  

       from Manual and interpretation Guide.  
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Appendix 4 
 

 

Definition of Terms 

 

 

 

Adapter protein complex 4 (AP-4): Adaptor protein complexes are protein complexes 

that control vesicular trafficking of transmembrane proteins in the cell. 

Alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor: An 

ionotropic transmembrane receptor for glutamate that aids in fast synaptic 

transmission and synaptic plasticity of the CNS.  

Ankle clonus: An involuntary movement or muscular contraction of the ankles. 

AP-4 – Associated Hereditary Spastic Paraplegia (AP-4-HSP): A group of slowly 

progressing neurodegenerative diseases leading to neurological decline. This 

disease is also known as AP-4 deficiency characterized by progressive spasticity, 

microcephaly, and intellectual disability.  

Asymmetric colpocephaly: A brain malformation in which the occipital horns of the 

lateral ventricles are enlarged due loss of periventricular white matter.  

Ataxia: A disease caused by cerebellar or spinal cord dysfunction resulting in lack of 

coordination and gait abnormalities.  

Autophagy-related protein 9A (ATG9A): A protein involved in autophagy. 

Atrophy: The wasting or diminishing of muscle mass and tissue. 

Autophagosome: A double membrane-bound vesicle that aids in the degradation of 

cytoplasmic contents in the cell. 

Autosomal dominant: A genetic pattern of inheritance in which the patient carries one 

copy of the mutant gene and one copy of the normal gene, located on the non-sex 
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chromosomes (autosomes). Under Mendelian inheritance, the patient will be 

affected by the disorder and will have a 1:2 chance of passing it onto their 

offspring. 

Autosomal recessive: A genetic pattern of inheritance in which a patient carries one copy 

of the mutant gene and one copy of the normal gene. Unlike autosomal dominant 

inheritance, recessive conditions need to have two copies of the mutant gene 

present for the phenotype or disease to be expressed.  

Babinski reflex: A reflex mechanism, also known as plantar reflex, that indicates injury 

or abnormality of the corticospinal tracts. 

Basal ganglia: A group of grey matter structures including  the caudate nucleus, globus 

pallidus, and putamen, that code and relay information associated to motor 

function.  

Bi-allelic mutation: A mutation that present in both alleles of a single gene. In other 

words, the mutation is present on the paternal and maternal alleles.  

Caregiver Priorities & Child Health Index of Life with Disabilities (CPCHILD): A 

questionnaire to assess the health status, comfort, well-being and ease of 

caregiving of a child with cerebral palsy.  

Cerebral Palsy: A group of neurological disorders that affects movement, muscle tone, 

and posture – usually due to damage to the developing brain.  

Cerebellar atrophy: The degeneration or loss of neurons in the cerebellum. The 

cerebellum plays a key role in controlling motor function, balance, and 

coordination.  

Cerebellar signs: Refers to abnormalities of the cerebellum. This includes ataxia, loss of 
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fine-motor skills, dysarthria, dysmetria, hypotonia, nystagmus, tremors, and 

cognitive dysfunction.  

Chorea: An abnormal and involuntary movement characterized by abrupt and irregular or 

unpredictable movements which may interfere with a patient’s speech, 

swallowing, posture, and gait.  

Clinical presentation: The presentation of physical signs and/or symptoms of a patient 

often leading to a potential diagnosis or interpretation of the condition. 

Complex HSP: A form of HSP characterized by additional impairments outside of 

uncomplicated signs and symptoms, including neurological findings such as 

ataxia, seizures, intellectual disability, dementia, muscle atrophy, and 

extrapyramidal disturbances.  

Contractures: The permanent tightening or contraction of muscles usually resulting in 

stiffness and abnormal movement.  

Corpus callosum: A region of the brain that is mostly comprised of white matter and 

connects the two hemispheres. The corpus callosum is responsible for carrying 

and transmitting information from one hemisphere to another. 

Diacylglycerol lipase-beta (DAGLB): a serine lipase that catalyzes the hydrolysis of 

arachidonic acid and esterified diacylglycerols to produce endocannabinoid 2-AG 

which aids in axonal growth.  

Demyelination: The loss of myelin in the central nervous system pathologically due to 

inflammation, viral demyelination, metabolic illnesses, hypoxic-ischemic 

processes, or focal compression.  

Developmental delay: An abnormal timeline of a child’s language/speech, vision, 
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movement, social/emotional, and/or cognitive skill development. Developmental 

delay is often identified in infancy or early childhood. Developmental delay can 

be due to a variety of factors such as hereditary components, complications during 

birth or childhood, premature birth, trauma, etc. leading to the delay of 

developmental milestones.  

Diplegia: Weakness of the legs or lower half of the body usually due to an injury or 

abnormality in the brain or spinal cord.  

Dystonia: A movement disorder resulting in involuntary muscle contractions causing 

repetitive movements and abnormal posture.  

Epilepsy: A neurological condition leading to seizures due to an electrical disturbance in 

the brain.  

Extrapyramidal system: The motor system pathway that control involuntary or 

subconscious motor commands.   

Health Related Quality of Life (HRQoL): A multi-dimensional and complex concept of 

assessing a patient’s physical, mental, emotional, and social health. This does not 

simply include the absence of disease, but rather the total well-being of an 

individual. 

Hereditary spastic paraplegias (HSP): A group of over 80 neurogenetic diseases 

characterized by spasticity. Collectively they are the most common cause of 

inherited spasticity and associated disabilities.  

Hyperreflexia: The over responsiveness of a reflex, including spasticity, usually due to 

upper motor neuron damage.  

Hypertonia: Abnormally high muscle tone. 
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Hypomyelination: Abnormally low myelination of neurons in the brain or spinal cord. 

Hypoplasia: The under development or incomplete development of an organ or tissue. 

Hypotonia: Abnormally low muscle tone. 

Intellectual disability: Intellectual disability refers to a variety of disabilities that affects 

or limits a patient’s level of functioning. This includes intellectual, social, 

emotional, and physical functioning.  

Magnetic resonance imaging (MRI): An imaging technique that identifies anatomical 

abnormalities. 

Microcephaly: An abnormally small head size. 

Musculoskeletal: A medical term referring to musculature and the skeleton together. 

Myoclonus: The onset of sudden and involuntary muscle contraction.   

Neurodegenerative disease: A disease of the central or peripheral nervous system leading 

to the degeneration or loss of neurons. Neurodegenerative diseases are often 

progressive.  

Neuropathy: A condition caused by damage to one or more nerves causing numbness, 

tightness, tingling, and pain in an affected area.  

Pyramidal system: Referring to the descending nervous system pathways that originate in 

the cerebral cortex, crossing over at the midline of the medulla and control fine 

motor skills.  

Quadriplegia: A condition resulting in paralysis, typically from the neck down. The 

condition is often referred to as tetraplegia as all 4 major limbs are paralyzed due 

to an injury to the spinal cord or brain.  

Seizures: A sudden, uncontrolled electrical disturbance of the brain leading to changes in 
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behaviour, movements, and level of consciousness of a patient. Seizures often 

lead to uncontrollable shaking and spasms of the body.  

Spasticity: Spasticity is a condition in which the muscles stiffen and/or tighten.  

Spastic Paraplegia Rating Scale (SPRS): A rating scale to measure the severity of 

corticospinal tract dysfunction.  

SPG47: A form of HSP due to a mutation in the AP4B1 gene resulting in a change of the 

beta subunit of the AP-4 protein. The cytogenetic location is 1p13.2 

SPG50: A form of HSP due to a mutation in the AP4M1 gene resulting in a change of the 

mu-1 subunit of the AP-4 protein. The cytogenetic location is 7q22.1 

SPG51: A form of HSP due to a mutation in the AP4E1 gene resulting in a change of the 

epsilon-1 subunit of the AP-4 protein. The cytogenetic location is 15q21.2 

SPG52: A form of HSP due to a mutation in the AP4S1 gene resulting in a change of the 

sigma-1 subunit of the AP-4 protein. The cytogenetic location is 14q12 

Trans-Golgi Network (TGN): A membranous organelle within the cell responsible for the 

packing, sorting and delivery of glycoproteins and glycolipids of the biosynthetic 

and endosomal pathways.  

Uncomplicated HSP: A form of HSP characterized by spasticity and associated 

complications only. 

Upper motor neurons: Neurons of the upper motor cortex and the descending pathway 

involved in motor control.  

Ventriculomegaly: A condition in which the ventricles of the brain are enlarged.  

Whole exome sequencing (WES): A genomic technique used to sequence the protein 

coding regions of a gene sample. 
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