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criticità
- le miopatie metaboliche si manifestano in maniera molto 
variegata 

- variabilità fenotipica  anche con lo stesso corredo genetico  
- le basi razionali dell’approccio riabilitativo e dei relativi 
outcome non sono ben definiti 

- non chiaro il giusto rapporto rischio / beneficio della maggior 
parte delle metodiche riabilitative 

- definizione di un’attività fisica adattata al paziente affetto da 
LOPD



Health and Rehabilitation Services Continuum

Acute context 
Acute curative care 
Acute rehabilitation 

Post-acute context 
Post-acute supportive care 

Post-acute rehabilitation 

Long term context 
Primary care 

Community-based rehabilitation 
Lifetime support



Approccio multidisciplinare al paziente affetto da 
miopatie metaboliche



la complessità del paziente affetto da miopatia 
metabolica

1.Complessità sanitaria: il paziente 
presenta una patologia fisica o mentale grave 
o è affetto da polipatologia

2.Complessità assistenziale: il paziente 
non è autonomo nelle varie attività (mobilità, 
cura della persona, vita domestica, sociale…) 
e richiede aiuto da parte di altri, anche con l’ 
utilizzo di dispositivi fisici 

3.Complessità ambientale: il paziente 
presenta criticità legate alla abitazione, al 
reddito, al nucleo familiare e alle persone che 
forniscono aiuto, alle relazioni familiari, non 
ha ancora accesso a servizi, presidi, ausili e 
facilitazioni economiche 

Paziente	complesso



Piano d’indirizzo per la Riabilitazione
Definizione del grado di “necessità” della persona da riabilitare
1. COMPLESSITÀ CLINICA: assessment e stratificazione dell’alto rischio clinico. 

La complessità clinica si correla all'insieme della complessità diagnostica, assistenziale, 
organizzativa e dei differenti interventi terapeutici proporzionalmente graduati per 
complessità e per consumo di risorse.

2. DISABILITÀ: perdita delle capacità funzionali nell’ambito delle attività fisiche, 
motorie, cognitive, comportamentali che nella più attuale concezione bio-psico-
sociale impattano con i fattori ambientali riducendo il livello di partecipazione 
dell’individuo allo svolgimento delle attività della vita quotidiana e di relazione. La 
disabilità viene usualmente misurata con scale di disabilità sia di tipo bio-
psicometrico sia funzionali che indagano la possibilità di eseguire le diverse attività e 
che consentono il monitoraggio dell’evoluzione del quadro funzionale nel tempo.

3. MULTIMORBIDITÀ: insieme di patologie e condizioni classificate secondo scale 
a punteggi crescenti. Tali comorbidità possono rappresentare un mero elenco per 
una stratificazione prognostica più accurata o attivi cofattori che influenzano la 
clinica, il trattamento e la prognosi.



2. Il ruolo della Riabilitazione:                                                    
l’affermarsi del modello bio–psico-sociale 

 
Molteplici direttrici di sviluppo del sistema di welfare del nostro Paese pongono, come criterio chiave 
per l'intervento sulla persona con disabilità, la certezza dei diritti e l'universalismo nell'accesso a 
benefici e servizi. Deve essere garantito alla persona con disabilità un modello di accesso al sistema 
di welfare chiaro e definito, indipendentemente dall'età e dalla causa che ha generato la condizione di 
disabilità, nonché una modalità di totale partecipazione alla valutazione e alla definizione del progetto 
individualizzato. Già la legge n. 104/1992 imponeva un modello di accertamento attivo delle abilità 
presenti nella persona disabile e non soltanto la valutazione della menomazione. Tale modalità è stata 
ulteriormente rafforzata dall'introduzione, da parte dell’Organizzazione Mondiale della Sanità, nel 
2001, dell'ICF (International Classification of Functioning, Disability and Health). L’ICF è un modello 
unificante per analizzare la complessità delle condizioni di salute e costruire un profilo del 
funzionamento che ne è la base, attraverso i suoi tre elementi fondamentali (strutture ed attività 
corporee, funzionamento, abilità e partecipazione). Tutti gli interventi da allora proposti si fondano su 
un consolidato convincimento culturale (affermatosi nel nostro Paese con la legge 3 marzo 2009 n. 18 
di ratifica ed esecuzione della Convenzione delle Nazioni Unite sui diritti delle persone con disabilità) 
che pone al centro del sistema il cittadino disabile e la sua famiglia nella loro interazione con l'ambiente 
sociale e con le istituzioni e che conseguentemente orienta tutte le attività rispetto a tale priorità 
verificandone i risultati.  
Lo strumento principale per concretizzare questa impostazione unitaria  è il “percorso assistenziale 
integrato” basato sulla valutazione multidimensionale sanitaria e sociale.  
 
Scopi della Riabilitazione 
In questo quadro lo scopo dell'intervento riabilitativo è "guadagnare salute", in un un’ottica che vede la 
persona con disabilità e limitazione della partecipazione  non più come “malato”, ma come “persona 
avente diritti” (conferenza di Madrid del 2002, anno europeo della persona disabile). Quindi compito 
dell’intervento riabilitativo è definire la “persona”, per poi realizzare tutti gli interventi sanitari necessari 
a far raggiungere alla persona stessa, nell’ottica del reale empowerment, le condizioni di massimo 
livello possibile di funzionamento e partecipazione, in relazione alla propria volontà ed al contesto.  
Il “percorso assistenziale integrato” è il riferimento complessivo che rende sinergiche le componenti 
sanitarie e non sanitarie dell'intervento riabilitativo. In tale ambito il Progetto Riabilitativo Individuale 
(PRI) rappresenta lo strumento specifico, sintetico ed organico per tutto ciò, unico per ciascuna 
persona, definito dal medico specialista in riabilitazione1 in condivisione con gli altri professionisti 
coinvolti. Elementi essenziali sono sempre rappresentati dalla piena informazione e dalla 
partecipazione consapevole ed attiva alle scelte ed agli interventi da parte della persona che ne è al 
centro, della famiglia e del suo contesto di vita. 
Gli interventi derivanti dal progetto riabilitativo, incentrati sui diversi problemi rilevati, necessitano di una 
valutazione sistematica della performance e della definizione di obiettivi ed indicatori di processo, al fine 
della verifica del raggiungimento del risultato atteso.  
Il PRI, applicando i parametri di menomazione, attività e partecipazione sociale elencati nella 
International Classification of Function (ICF), definisce la prognosi, le aspettative e le priorità del 
paziente e dei suoi familiari; viene condiviso con il paziente, quando possibile, con la famiglia ed i 
caregiver; definisce le caratteristiche di congruità ed appropriatezza dei diversi interventi, nonché la 
conclusione della presa in cura sanitaria in relazione agli esiti raggiunti.  

                                                 
1 Medico specialista in riabilitazione: si intende un medico con specializzazione in medicina fisica e riabilitazione ed 
equipollenti, ovvero un medico in possesso di specialità in discipline affini per le quali ha ottenuto, nel rispetto delle 
normative concorsuali, l’accesso professionale alla medicina fisica e riabilitazione, ovvero un medico chirurgo in possesso di 
specialità in altre discipline che, come da normativa concorsuale, ha anzianità di servizio in strutture dedicate ad attività 
riabilitative individuate da questo documento 
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Stato di Salute (malattia, trauma)

Fattori	contestuali

AttivitàFunzioni Corporee 
e Strutture Corpore Participation

Fattori	Ambientali Fattori	personali

Partecipazione

I	Fattori	Ambientali	comprendono	i	fattori	dell’ambiente	fisico	
sociale	ed	attitudinale	in	cui	vivono	le	persone.		
Sono	 i	 fattori	 esterni	 all’individuo	 che	 possono	 influenzare	
positivamente	o	negativamente	la	performance	dell’individuo	
come	membro	della	società,	la	sua	capacità	di	eseguire	azioni	
o	compiti,	o	le	sue	funzioni	e	strutture.		

I	 Fattori	 Personali	 comprendono	 particolari	 aspetti	 della	 vita	 del	
paziente,	incluse	caratteristiche	dell’individuo	che	non	fanno	parte	
della	condizione	di	salute	o	dello	stato	di	salute.		
Sono	inclusi	il	sesso,	la	razza,	l’età,	altre	condizioni	di	salute,	lo	stile	
di	 vita,	 il	 background	 sociale,	 l’istruzione,	 la	 professione,	 le	
esperienze	passate	e	presenti.		

ICF

The ICF has proven to be suitable and feasible to be 
implemented at the level of clinical and rehabilitation 

practice, at the level of service provision and payment, as 
well as on the level of policy and program planning



Approccio riabilitativo problem-related!
Approccio riabilitativo problem-related



le linee guida internazionali sull’approccio 
riabilitativo del paziente con malattia di Pompe

• American College of Medical Genetics : Pompe disease diagnosis and management 
guideline


• American Association of Neuromuscular & Electrodiagnostic Medicine 
(AANEM) :CONSENSUS TREATMENT RECOMMENDATIONS FOR LATE- ONSET POMPE 
DISEASE 


• Spanish Society of Internal Medicine (SEMI), Spanish Society of Neurology (SEN) and 
Spanish Society of Pneumology and Thoracic Surgery (SEPAR). 


• Brazilian Network for Studies of PD. Guidelines for the diagnosis, treatment and clinical 
monitoring of patients with juvenile and adult Pompe Disease


• Pompe Disease: Diagnosis and Management Evidence-Based Guidelines from a Canadian 
Expert Panel


• Practical Recommendations for Diagnosis and Management of Respiratory Muscle 
Weakness in Late-Onset Pompe Disease 



American College of Medical Genetics
Pompe disease diagnosis and management guideline

early recognition and appropriate medical management of
Pompe disease has assumed new importance. Thus, physicians
need to be alert to the signs and symptoms of this disease to
facilitate early pick up and allow for therapeutic interventions
as they become available. A multidisciplinary team approach
should be followed to ensure the best care and outcome for
these patients.

In order to optimize recommended disease support mea-
sures, a mechanism to collect longitudinal patient data as a
means to follow the general disease population and assess the
impact of disease support measures as used by physicians
around the world is needed. The gold standard for such studies
may be the U.S. National Cancer Cooperative Groups that al-
lowed for participation of 85–90% of all children with leuke-
mia and cancer in the U.S. in protocol driven studies with peer
reviewed laboratory and clinical data from entry into the stud-
ies through outcome. This system was particularly important
in providing the statistical power necessary for informing stud-
ies and clinical trials for rare diseases. In the absence of such
study systems, registries can be useful. The Pompe Registry was
launched in September 2004 as a global, observational data-
base to track de-identified natural history and outcomes data
for monitoring and analysis by the global Pompe disease med-
ical community. Registry participation is open to all physicians
managing patients with a confirmed diagnosis of Pompe dis-
ease. The Pompe Registry will act as a repository for disease
natural history and select clinical trial data and as a platform to
gather prospective data on current and future Pompe patients
for a number of years. Information on the registry can be found
at www.pomperegistry.com.

APPENDIX A – MOTOR AND FUNCTIONAL
ASSESSMENTS

Motor and functional assessments are recommended to es-
tablish a baseline with repeat testing at 3 – 6 month intervals for
children under age five years, and annually in older children
and adults, except where additional testing is clinically indi-
cated by change in function or failure to make expected
progress. The following list includes most of the major assess-
ments but is not intended to be an exhaustive listing of all
possible assessments or tools used in assessments.

Musculoskeletal

● passive ranges of motion and measures of muscle exten-
sibility (goniometry)

● posture and alignment in all positions

● Spine:

● flexibility, stability, posture and alignment
● monitoring for kyphosis, scoliosis, lordosis

● hip joint stability/integrity
● DEXA
● radiographs as needed for monitoring hip and spine status

Qualitative/kinematic assessment of compensatory move-
ment /strategies for movement strength - “pure” measures of

muscle strength (specific tests chosen based on age and level of
strength)

● manual muscle testing (MMT)
Quantitative muscle testing

● dynamometry – different types and brands

● isometric hand held or fixed – norms exist from 4 to
79 years of age122,123

● grip - norms exist from ages 6 years to 79 years124,125

● pinch - norms exist from ages 6 years to 79 years
124,125

● other quantitative measures (isokinetic, isotonic, isometric)
Functional Measures (including functional measures of

strength):
(specific tests chosen based on age and purpose of func-
tional exam)

● Alberta Infant Motor Scales126

● Gross Motor Function Measure (GMFM)127

● Timed Functional Tests128

● Six Minute Walk129

● Functional Grades130

● Peabody Developmental Motor Scales 2131

Measures of Disability: (measures chosen may depend on
age, setting, context)

● Pediatric Evaluation of Disability Index (PEDI)132

● Pompe PEDI133

● Functional Independence Measure (FIM)134

● WeeFIM135

Pain Scales: (scales used depend on age, level of function)

● CRIES Pain Scale136

● FACES Pain Scale137–139

● Pediatric Objective Pain Scale
● Visual Analogue Scales (VAS)

Health Related Quality of Life (HRQOL) Measures

● Short Form 36 (SF36) Health Survey140

● Sickness Impact Profile141

● Center for Disease Control HRQOL (www.cdc.gov/
hrqol/hrqol14_measure.htm) PedsQL142
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American College of Medical Genetics
Pompe disease diagnosis and management guideline

Routine evaluation in Pompe: 
Multidisciplinary evaluation should include 
assessment within each category of the World Health 
Organization (WHO) International Classification of 
Functioning, Disability, and Health (ICF).



MUSCULOSKELETAL/FUNCTIONAL/REHABILITATION RECOMMENDATIONS 
 • Monitor cardiorespiratory status and response to position and activity with pulse oximetry 

during evaluation and treatment initially and with changes in status or activity. 
 • Screen for osteopenia/osteoporosis with DEXA and follow-up as needed. 
 • Assess musculoskeletal impairments, functional deficits, levels of disability, and societal 

participation at regular intervals and as needed, including radiographs as needed for 
monitoring of scoliosis, hip stability, and long bone integrity. 

 • Enhance Muscle Function: 
  ○ increase biomechanical advantage for movement: 
  ○ provide practice, movement, and gentle strengthening within limits of 

physiological stability. 
  ○ provide rests as needed to avoid overexertion. 
  ○ Follow Guidelines For Strengthening From Other Progressive Muscle Diseases: 
  ▪ submaximal, functional, and aerobic exercise recommended. 
  ▪ avoid excessive resistive and eccentric exercise. 
  ▪ avoid overwork weakness. 
  ▪ avoid disuse atrophy. 
  ○ allow compensatory movements necessary for function, but prevent negative results 

(contracture and deformity). 
 • Prevent/Minimize/Correct 2° Musculoskeletal Impairment (Contracture/Deformity): 
  ○ stretching/positioning. 
  ○ orthotic intervention and splinting. 
  ○ seating systems/standers. 
 • Optimize function with adaptation and assistive technology as needed. 
 • Educate the patient and family about the natural history and recommendations for 

intervention.



by pulmonary (more than cardiac) dysfunction.20,37,38 In addition, general fatigue and poor
endurance are common concerns, reported by 50–76% of patients,20,37,38 with pulmonary
compromise as a likely contributing factor. Muscle pain and soreness are early symptoms
that were reported in 46% of patients.37 Therefore, management of patients with late-onset
Pompe disease should be individualized to account for the variations in musculoskeletal
impairment observed between patients.38

Overall Management of Musculoskeletal Issues—General clinical management and
rehabilitation principles to guide the care of patients with late-onset Pompe disease include
preserving or optimizing motor function, preventing or minimizing secondary
complications, maximizing the benefits of ERT or other therapies as they become available,
promoting overall health while managing disease-associated symptoms, and improving
quality of life. Rehabilitation and management efforts in late-onset Pompe disease should be
comprehensive and preventive, based on individual assessment and appreciation of disease
progression.24 To address quality-of-life issues, rehabilitation services should include
physical therapy, occupational therapy, respiratory therapy, speech therapy, dysphagia
evaluation and nutritional support, orthotics, and assistive technology, as well as vocational/
avocational, mental health, and social work services.

Strengthening and Therapeutic Exercise—There are no established guidelines for
muscle strengthening or therapeutic exercise for individuals with late-onset Pompe disease.
Studies of the effects and treatment roles of exercise and nutrition in late-onset Pompe
disease have been few and have had small sample sizes.34,39,40 Although more information
is needed, these studies suggest that sub-maximal aerobic exercise may increase muscle
strength and function through improved clearance of accumulated glycogen in the muscle
cytosol.41 In contrast, there is insufficient evidence that resistance training improves
strength in late-onset Pompe disease. Traditionally, excessively strenuous resistance
exercises have been discouraged in muscle disorders because of the potential for
exacerbating muscle degeneration,42–44 and in Pompe disease there is additional theoretical
concern that excessive muscle contraction might lead to increased leakage of glycogen from
lysosomes or cause lysosomal rupture, thereby hastening muscle damage.45 The favorable
pattern of response in the strength of proximal and respiratory muscles in ERT studies of
late-onset Pompe disease is encouraging, but further studies are needed.18,36 Therefore, at
this time the authors recommend that the general precautions regarding strengthening
exercises that are followed for other degenerative muscle diseases should be applied to late-
onset Pompe disease46,47 (Table 1). Therapeutic exercise in late-onset Pompe disease may
pose a risk for cardiopulmonary compromise in this population. Consequently, a
pulmonologist should evaluate the patient before initiation of an exercise program.24

Therapeutic exercise should start slowly, allowing for periods of rest, followed by a gradual
increase in exercise intensity from mild to moderate, reaching aerobic levels of about 60–
70% of maximal effort at a frequency of 3–5 days per week.24,40,43 Optimally, an
experienced physical therapist should develop a structured program, monitor the patient, and
remain in contact with the prescribing physician. Pulse oximetry, heart rate, and perceived
exertional effort (e.g., Borg scale) should be monitored initially to guide progression of the
program. Moreover, the physical therapist should teach the patient how to monitor heart rate
and correlate it with perceived exertional effort and oxygen saturation information to
prepare the patient for a self-monitored, home-based exercise program. A preliminary report
of one late-onset Pompe disease patient demonstrated that side-alternating vibration training
produced sustained improvement in mobility at 1 year of follow-up.48 Larger studies are
needed before this form of training can be recommended.
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Contracture and Limb Deformity—Because no established guidelines exist for
management of secondary musculoskeletal impairments, including contracture and
deformity, in late-onset Pompe disease, general principles established for the management of
other neuromuscular disorders can be applied.49 These general principles include limiting
contracture and deformity by gentle daily stretching, correction of improper positioning,
judicious and timely use of splints and orthotic interventions, and provision of adequate
support in all positions, including sitting and supported standing.49 Written instructional
materials for the family are more effective than verbal instruction.49 Prevention of
contracture and deformity is critical to preserve function and limit other secondary
complications, such as skin breakdown and chronic musculoskeletal pain. A preventive
stretching regimen should be implemented early and be performed as part of the daily
routine. Such regimens are better tolerated and accepted if they are initiated before muscle
tendon tightness and contractures develop, a point at which stretching often becomes
painful. Aggressive stretching should be approached cautiously because, at least in severely
affected children, a tendency for pathologic fracture has been observed.50

Adaptive Equipment and Orthotic Interventions—A variety of orthotic interventions
are available for contracture management, such as ankle–foot orthoses (AFOs) to prevent
plantarflexion contractures, thigh binders to prevent iliotibial band contractures, knee splints
to prevent knee flexion contractures, resting wrist/hand/finger splints to prevent wrist and
finger flexor contractures over multiple joints,34 and lumbar corsets for management of back
pain. Nocturnal resting splints or AFOs to prevent plantarflexion contractures have not been
adequately studied in Pompe disease.49,51 Wheeled walkers or quad canes may help with
ambulation, depending on the degree and pattern of muscle weakness. As the disease
progresses, adaptive equipment for bathroom needs and transfers will improve safety and
independence while decreasing complications. A summary of rehabilitation strategies for
musculoskeletal complications in Pompe disease is presented in Table 1. Other physical
modalities (e.g., heat therapy) that have not been adequately studied in Pompe disease are
not recommended. Appropriate seating systems for wheelchairs are important in the
prevention of limb and spinal contractures and deformity. Prescribed equipment could
include a head support, solid seat and back, lateral trunk support, and a leg rest/foot plate.52

Supported standing could promote dual treatment goals: it may achieve weight-activated
stretching in multiple lower limb joints and may also provide benefit in the management of
osteoporosis.53 Various supine, prone, vertical, or hydraulic standers are available, in
addition to power standing functions on motorized wheelchairs. These measures can be
considered after evaluation by a physical or occupational therapist.24 Prophylactic surgery
for contracture management (e.g., tenotomy and tendon transfer) is rarely used and generally
does not appear to improve function.49

Scoliosis and Spinal Deformity—Limited evidence is available to guide the
management of scoliosis and spinal deformity in late-onset Pompe disease. As a
consequence of proximal limb and truncal weakness, and paraspinal muscle atrophy, some
patients with late-onset Pompe disease adopt a compensatory lumbar lordosis while
standing, whereas others may experience rigid spine syndrome.54,55 Scoliosis progression
can be monitored with serial radiography once transition to wheelchair use has occurred.
The frequency of scoliosis screening depends on the degree and rate of disease progression
and on the patient’s age.

Spinal deformities in Pompe disease may become very severe, and they have the potential to
produce several problems. Severe scoliosis and pelvic obliquity lead to pain, poor sitting
balance, more difficulty in attendant-provided care, skin ulcers, and potential exacerbation
of restrictive lung disease.56 Information is limited regarding spinal bracing in Pompe
disease, but in other neuromuscular disorders spinal bracing does not change the natural

Cupler et al. Page 6

Muscle Nerve. Author manuscript; available in PMC 2013 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

American Association of Neuromuscular & Electrodiagnostic Medicine (AANEM) 
CONSENSUS TREATMENT RECOMMENDATIONS FOR LATE- ONSET POMPE DISEASE 

Muscle Nerve. 2012 



American Association of Neuromuscular & Electrodiagnostic Medicine (AANEM) 
Muscle Nerve. 2012

CONSENSUS TREATMENT RECOMMENDATIONS FOR LATE- ONSET POMPE 
DISEASE

Contracture and Limb Deformity—Because no established guidelines exist for
management of secondary musculoskeletal impairments, including contracture and
deformity, in late-onset Pompe disease, general principles established for the management of
other neuromuscular disorders can be applied.49 These general principles include limiting
contracture and deformity by gentle daily stretching, correction of improper positioning,
judicious and timely use of splints and orthotic interventions, and provision of adequate
support in all positions, including sitting and supported standing.49 Written instructional
materials for the family are more effective than verbal instruction.49 Prevention of
contracture and deformity is critical to preserve function and limit other secondary
complications, such as skin breakdown and chronic musculoskeletal pain. A preventive
stretching regimen should be implemented early and be performed as part of the daily
routine. Such regimens are better tolerated and accepted if they are initiated before muscle
tendon tightness and contractures develop, a point at which stretching often becomes
painful. Aggressive stretching should be approached cautiously because, at least in severely
affected children, a tendency for pathologic fracture has been observed.50

Adaptive Equipment and Orthotic Interventions—A variety of orthotic interventions
are available for contracture management, such as ankle–foot orthoses (AFOs) to prevent
plantarflexion contractures, thigh binders to prevent iliotibial band contractures, knee splints
to prevent knee flexion contractures, resting wrist/hand/finger splints to prevent wrist and
finger flexor contractures over multiple joints,34 and lumbar corsets for management of back
pain. Nocturnal resting splints or AFOs to prevent plantarflexion contractures have not been
adequately studied in Pompe disease.49,51 Wheeled walkers or quad canes may help with
ambulation, depending on the degree and pattern of muscle weakness. As the disease
progresses, adaptive equipment for bathroom needs and transfers will improve safety and
independence while decreasing complications. A summary of rehabilitation strategies for
musculoskeletal complications in Pompe disease is presented in Table 1. Other physical
modalities (e.g., heat therapy) that have not been adequately studied in Pompe disease are
not recommended. Appropriate seating systems for wheelchairs are important in the
prevention of limb and spinal contractures and deformity. Prescribed equipment could
include a head support, solid seat and back, lateral trunk support, and a leg rest/foot plate.52

Supported standing could promote dual treatment goals: it may achieve weight-activated
stretching in multiple lower limb joints and may also provide benefit in the management of
osteoporosis.53 Various supine, prone, vertical, or hydraulic standers are available, in
addition to power standing functions on motorized wheelchairs. These measures can be
considered after evaluation by a physical or occupational therapist.24 Prophylactic surgery
for contracture management (e.g., tenotomy and tendon transfer) is rarely used and generally
does not appear to improve function.49

Scoliosis and Spinal Deformity—Limited evidence is available to guide the
management of scoliosis and spinal deformity in late-onset Pompe disease. As a
consequence of proximal limb and truncal weakness, and paraspinal muscle atrophy, some
patients with late-onset Pompe disease adopt a compensatory lumbar lordosis while
standing, whereas others may experience rigid spine syndrome.54,55 Scoliosis progression
can be monitored with serial radiography once transition to wheelchair use has occurred.
The frequency of scoliosis screening depends on the degree and rate of disease progression
and on the patient’s age.

Spinal deformities in Pompe disease may become very severe, and they have the potential to
produce several problems. Severe scoliosis and pelvic obliquity lead to pain, poor sitting
balance, more difficulty in attendant-provided care, skin ulcers, and potential exacerbation
of restrictive lung disease.56 Information is limited regarding spinal bracing in Pompe
disease, but in other neuromuscular disorders spinal bracing does not change the natural
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Table 1

Treatment recommendations for the musculoskeletal element of late-onset Pompe disease.

Provide patient with information on the following resources:

  Muscular Dystrophy Association, Acid Maltase Deficiency Association, Pompe Registry, Association for Glycogen Storage Disease,
International Pompe Association

Physical examination and assessments

  Patients should be examined by a cardiologist and pulmonologist before beginning an exercise program

  Screen all patients diagnosed with Pompe disease, regardless of age and wheelchair use, with dual-energy x-ray absorptiometry (DEXA);
follow-ups can be considered on a yearly basis

  Patients with late-onset Pompe disease and reduced bone density should undergo medical evaluation, including laboratory testing and
medication review by an endocrinologist or bone density specialist

  Conduct fall risk assessment followed by a formal evaluation for balance and safe gait training for patients at increased risk for osteoporosis
and falls

  Recommend adaptive equipment, such as a cane or walker, to reduce risk of falls

Physical/occupational therapy

  A physical or occupational therapist should develop an exercise program that may include one or more of the following: walking, treadmill,
cycling, pool-based program, swimming, submaximal aerobic exercise, or muscle strengthening, that follows the guidelines for other
degenerative muscle diseases

  Avoid overwork weakness, excessive fatigue, disuse, strenuous exercises, and eccentric contractions

  Emphasize submaximal aerobic exercise

  Incorporate functional activities when possible

  Teach patient to monitor heart rate and breathing in relation to exertion

  Integrate energy conservation techniques and biomechanical advantages

  A preventive stretching regimen should be started early and performed as part of the daily routine to prevent or slow the development of
muscle contractures and deformities

Management of contractures

  Manage contractures by using orthotic devices, appropriate seating position in the wheelchair, and standing supports

  Surgical intervention

  Surgical intervention should be considered for scoliosis when the Cobb angle is between 30° and 40°

Vitamins and mineral supplements

  Recommend vitamin D, calcium, and bisphosphonates, following the guidelines for other neuromuscular disorders

Muscle Nerve. Author manuscript; available in PMC 2013 March 01.
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history of scoliosis.51,57,58 Recent studies in Duchenne dystrophy suggest that
corticosteroids slow the progression of scoliosis59,60; it is unclear, however, whether ERT
results in a similar benefit in late-onset Pompe disease. Although scoliosis was a common
feature in an open-label ERT trial, it was not followed as an outcome measure.36

At present, surgical intervention remains the only effective treatment for progressive spinal
deformity in neuromuscular disease. Drawing from experience in other neuromuscular
disorders—particularly Duchenne dystrophy—the consensus is that surgical intervention is
indicated when the Cobb angle is between 30°and 40°.60–64 As no outcome data are
available for spinal corrective surgery in late-onset Pompe disease, the authors recommend
that the general clinical guidelines for spinal intervention in Duchenne dystrophy be
followed in late-onset Pompe disease and that these decisions be guided by the individual
situation. Preoperative pulmonary function testing is essential, although a recent Duchenne
dystrophy study showed no significant increase in operative and postoperative complications
for patients with FVC >30% of predicted.65 Careful preoperative risk assessment and
aggressive postoperative ventilatory support are recommended to minimize morbidity. In
those patients at risk, preoperative mask-fitting and initiation of nocturnal noninvasive
positive pressure ventilation can facilitate postoperative respiratory recovery.65

Postoperative management after corrective spinal surgery should focus on the early
institution of physical therapies, mobilization when clinically stable, pain control,
ventilatory support, and pulmonary hygiene. It remains unclear whether spinal surgery leads
to sustained improvement in pulmonary function. It is important to keep in mind that a
primary goal of either prevention or correction of scoliosis is to provide the patient with
improved sitting balance; this, in itself, can help maintain use of a wheelchair, facilitate
nursing care, and enhance quality of life.

Osteopenia and Osteoporosis—Low bone mineral density (osteoporosis) is a common
feature in patients with Pompe disease. A recent study demonstrated that 67% of the patients
tested had a bone mineral density z-score of −1 and that the decrease in bone density was
present in both the infantile- and late-onset forms of Pompe disease.66 Therefore, the authors
recommend that individuals with late-onset Pompe disease, including all children and adults
who are wheelchair- or ventilator-dependent or who have decreasing muscle strength, be
screened annually with dual-energy X-ray absorptiometry (DEXA).24,66 On the basis of a
recent study showing a high prevalence of osteoporosis in patients with Pompe disease,66

the authors recommend that all patients with Pompe disease undergo fall risk assessment,
followed by a more formal evaluation for balance testing and gait training in those
individuals at increased risk of falls. Adaptive equipment such as a cane or walker may be
recommended to reduce the risk of falls, and education for patients and family members
regarding safe ambulation strategies should be provided. Vitamin D and calcium
supplements should be taken by all patients with abnormal DEXA z-scores. Bisphosphonate
use in late-onset Pompe patients should follow the same guidelines used for the general
population. Pompe disease patients with reduced bone density should undergo routine
medical evaluation by an endocrinologist or bone density specialist that includes laboratory
testing and medication review. Standing frame and weight-bearing exercises can be
incorporated into therapy sessions for bone density building.

Pulmonary Manifestations and Management
The respiratory concerns raised by Pompe disease center around progressive weakness of
the diaphragm and the accessory muscles of respiration. In late-onset Pompe disease, trunk
muscles and proximal muscles in the lower limbs are usually affected first, followed by
involvement of the diaphragm and other respiratory muscles. This leads to pulmonary
insufficiency and sleep-disordered breathing (SDB).24,67–69 Involvement of the respiratory
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FIGURE 3.
Multidisciplinary approach for the management and care of Pompe disease. Based on
Kishnani et al.24 [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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In most cases of PDJ-A, the duration of rhGAA treatment 
is indefinite. Thus, the treatment goals, the timing of clinical 
evaluations, and quality of life studies (SF-36 - www.sf-36.org/), 
may support the multidisciplinary team in clinical manage-
ment decisions28,40,41. It appears that major improvement of 
muscle strength and respiratory function with ERT is not 
common in patients with late-onset Pompe’s disease35. The 
termination of ERT can be a very difficult task, and there is 
no consensus regarding this topic except on a case-by-case 
discussion. The involvement of family members in such deci-
sions is very important28,40 (Table 5).

Monitoring and laboratory tests for enzyme 
replacement therapy

PD patients on ERT with the rhGAA enzyme will make 
seroconversion in 95% of cases becoming IgG positive39. 
However, exceptionally high titers of persistent antibodies 
may occur and this can activate the complement cascade 
and neutralize the rhGAA enzyme32. In these circumstances, 
there is a decline of the therapeutic response to ERT (walk-
ing, lung function, SF-36) and adverse events associated to 
ERT may be observed32 (B). Currently, immune modulation 
and immune suppression protocols, in an attempt to reduce 
neutralizing antibodies against rhGAA, have been successful-
ly applied in infantile onset PD patients with high sustained 
IgG antibodies42. Patients with PDJ-A are CRIM-positive and 
therefore are less likely to have such serious immunological 
reactions32. The concentrations of IgG and IgE antibodies, 
tryptase and complement activation studies need to be mon-
itored based on the Doctor’s Guide to Clinical Management 
of Pompe Disease.

Hypersensitivity to the drug should be considered an ab-
solute contraindication to the use of ERT with rhGAA enzyme.

Pregnancy, lactation and enzyme replacement 
therapy

Since the introduction of ERT, a growing number of 
women with metabolic diseases have been able to reach 
reproductive life and become pregnant. Pregnant women 
with Gaucher, Fabry and (more recently) Pompe disease, are 
creating a new clinical challenge for obstetricians43,44.

Until 2014, two cases of pregnant women with PD receiv-
ing ERT have been published44,45. Recently, Karabul et al.46 col-
lected information on 52 women with PD-A and 125 pregnan-
cies through a retrospective self-administered questionnaire 
sent to Pompe associations in England and Germany, as well 
as neuromuscular disease centers in Germany. Pregnant 
women undergoing ERT not exhibited a reduction in mobil-
ity and muscle function, and many asymptomatic patients 
experienced their first PD symptoms during pregnancy51. 
Many pregnant women also used wheelchairs intermittently. 
A decrease in lung function, as measured by spirometry, was 
common to all pregnant women, including those undergo-
ing ERT. Nonetheless, the reported experiences were highly 

favorable to the use of ERT during pregnancy, anesthesia, 
postpartum, newborn health, lactation and recovery of pre-
pregnancy clinical status46. FDA classification/pregnancy 
category B (http://www.accessdata.fda.gov).

Pregnant women with neuromuscular diseases and vital 
capacity < 1l (normal reference = 4.5l) should be warned of 
the high risk of complications during pregnancy and child-
birth. In case of maternal hypoxia with O2 saturation under 
85%, the rate of live births is only 12%. The recommendation 
for pregnant women with PD is a cesarean delivery under lo-
cal instead of general anesthesia47.

MULTIDISCIPLINARY CLINICAL MONITORING

Due to the predominance of muscular signs and symp-
toms, PDJ-A is primarily a neuromuscular disease. Thus, the 
neurologist’s role is crucial in coordinating the clinical deci-
sions made by the professional health team2,28,40.

The ICD-10 classification (E74.0) may not accurate-
ly describe the functional impairment and disability as-
sociated with PD, since these patients vary in their de-
gree of functionality. The International Classification of 
Functioning, Disability and Health (ICF)48 provides more 
meaningful information and data for clinical purposes 
(Table 6).

A study of 210 adults with PD using the Quality of Life 
Scale (SF-36) survey34 highlights the impact of the dis-
ease on patients’ ability to work, perform household ac-
tivities and move independently outside of their home. 
Progressive disability also increases the dependence of 
family members and other supportive care in the manage-
ment of PD patients.

We recommend using disability scales (the Rotterdam 
study), visual analog scales for measuring pain, and the SF-36.

Table 6. Classification of functioning, disability and health (ICF) 
for adult Pompe disease (2003). www.who.int/classification/icf
Code Domain
b134 Sleep functions
b3100 Voice production
b445; s430 Respiratory muscle functions; structure of the 

respiratory tract
b455 Exercise tolerance functions
b510 Food intake functions
b525 Defection functions
b530 Weight maintenance functions
b730 Muscle strength functions
d230 Performing daily routines
d450 Walking
d460 Moving through different locations
d598 Self-care
d640 Performing household chores
e120 Products and technologies to facilitate mobility 

and/or transport the person indoors and outdoors
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DATA COLLECTION 

This study began in 2013 with a web search on the da-
tabases Medline, Embase and LILACS using the following 

keywords: “Glycogen Storage Disease Type II” [MeSH] 
OR “Lysosomal Storage Diseases” [MeSH] OR “Pompe 
Disease” [MeSH] OR “Enzymatic Replacement Therapy” 
[MeSH]. We obtained 255 studies, 123 for childhood onset 
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ABSTRACT
Pompe disease (PD) is a potentially lethal illness involving irreversible muscle damage resulting from glycogen storage in muscle fiber 
and activation of autophagic pathways. A promising therapeutic perspective for PD is enzyme replacement therapy (ERT) with the human 
recombinant enzyme acid alpha-glucosidase (Myozyme®). The need to organize a diagnostic flowchart, systematize clinical follow-up, 
and establish new therapeutic recommendations has become vital, as ERT ensures greater patient longevity. A task force of experienced 
clinicians outlined a protocol for diagnosis, monitoring, treatment, genetic counseling, and rehabilitation for PD patients. The study was 
conducted under the coordination of REBREPOM, the Brazilian Network for Studies of PD. The meeting of these experts took place in 
October 2013, at L’Hotel Port Bay in São Paulo, Brazil. In August 2014, the text was reassessed and updated. Given the rarity of PD and 
limited high-impact publications, experts submitted their views.

Keywords: Pompe disease, glycogen storage disease type II, acid alpha-glucosidase, muscular weakness, dyspnea, GAA gene, rhGAA.

RESUMO
A doença de Pompe (DP) é uma doença grave, potencialmente letal, devida ao depósito de glicogênio na fibra muscular e ativação de vias autofágicas. 
Tratamento promissor para a DP é a reposição enzimática com a enzima recombinante humana alfa-glicosidase ácida (rhAGA - Myozyme®). A 
necessidade de organizar uma propedêutica diagnóstica, sistematizar o seguimento clínico e sedimentar as novas recomendações terapêuticas 
tornaram-se vitais à medida que o tratamento permite uma maior longevidade aos pacientes. Uma força-tarefa de  clínicos experientes no manejo 
da DP foi constituída para elaborar um  protocolo para o diagnóstico, acompanhamento clínico, tratamento, aconselhamento genético, entre 
outras considerações voltadas ao paciente adulto. O estudo foi realizado sob a coordenação da Rede Brasileira de Estudos da Doença de Pompe 
(REBREPOM).  Diante da raridade da DP e escassez de trabalhos de alto impacto de evidência científica, os especialistas emitiram suas opiniões.

Palavras-chave: doença de Pompe, doença de depósito de glicogênio tipo II, alfa-glicosidade ácida, debilidade muscular, dispneia, gene 
GAA, GAA recombinante humana.

Brazilian Network for Studies of PD. The 
meeting of these experts took place in 
October 2013, Sao Paulo, Brazil 
Arq Neuropsiquiatr 2016;



Highlights 
• 41% of patients with Pompe disease were never referred for 

physiotherapy. 
• More patients could be referred; evidence and guidelines are needed to support this. 
• Treatment objective and intervention are often not in line with the referral reason. 
• Tailoring intervention to referral reason and objective may improve physiotherapy care.



Our study shows that a combination of 
endurance, strength and core stability 
training is feasible and can be performed 
safely in patients with Pompe disease. 
Such training helps to improve 
endurance, muscle strength, muscle 
function and core stability. 
This training program thus 
seems to offer added value for 
Pompe patients to those of ERT.

2015



Tarnopolsky M et al. Can J Neurol Sci. 2016 
Strothotte S et al. J Neurol. 2010 

Nilsson MI et al. Mol Genet Metab. 2012 
Terzis G et al. Mol Genet Metab. 2011

• Disuse	atrophy	and	muscle	weakness	are	
universal	in	LOPD		

• Effect	of	exercise	on	muscle	function	in	patients	
with	LOPD	has	limited	evidences	

• Resistance	exercise	may	enhance	mitochondrial	
capacity	and	lower	oxidative	stress.	

• Endurance	exercise	during	ERT	may	enhance	
GAA	uptake	by	the	working	muscle	by	increasing	
blood	flow,	but	evidence	from	a	mouse	model	
revealed	no	independent	or	synergistic	effects	on	
GAA	activity	or	glycogen	clearance	in	skeletal	or	
cardiac	muscle	

– However,	improvements	in	running	speed,	
endurance,	balance	and	manual	dexterity	
were	noted	in	GAA-deficient	mice	receiving	
exercise	alone	or	exercise	+	ERT	

• Terzis	et	al.	used	a	PRT	program	for	20	wks	in	5	
patients	who	received	ERT	for	1	year.	

– Improvements	in	muscle	strength	along	with	a	
significant	increase	in	arm	FFM	

– Increase	in	6MWT	was	strongly	associated	
with	hip	extension	strength

Management of LOPD: Exercise



• Overall,	data	from	clinical	studies	and	
animal	models	suggest	a	possible	
benefit	of	endurance	and	resistance	
exercise	in	patients	with	Pompe	disease	
that	is	independent	of	reducing	muscle	
glycogen	storage.	

• Low-impact	or	submaximal	aerobic	
exercise,	targeted	training	of	specific	
muscles	and	exercises	that	improve	
balance	may	be	prescribed.	

• Exercise	must	be	tailored	to	the	
patient’s	level	of	ability;	however,	the	
patient	may	be	required	to	exercise	
beyond	his	or	her	level	of	perceived	
tolerance	to	obtain	a	benefit.	

• There	is	no	evidence	to	suggest	that	
systematic	activity	restriction	in	Pompe	
disease	is	warranted.

Management of LOPD: Exercise

Tarnopolsky M et al. Can J Neurol Sci. 2016 
Slonim AE et al. Muscle Nerve. 2007



• Practical	standpoint,	at	a	minimum	during	clinic	visits:		inquiries	about	
specific	ADLs	that	reflect	the	underlying	major	aspects	of	the	disease	(limb	
and	respiratory	weakness).	
– Getting	in	and	out	of	bed	
– Meal	preparation	and	eating,	
– Toileting,	bathing	
– Ambulation	(level	walking	and	climbing	stairs)	and	falls	
– Dressing	
– Shortness	of	breath	on	exertion,	orthopnea,	morning	headaches	
– Sleep	symptoms	(e.g.,	apnoea,	snoring,	paroxysmal	nocturnal	dyspnea)	
– Muscle	pain	and	fatigue	
– Speech	and	swallowing	difficulties,	
– Heart	palpitations.

Management of LOPD: Functional Capacity, Fatigue and QOL

Tarnopolsky M et al. Can J Neurol Sci. 2016 
Hagemans ML et al. Neurology. 2004 

Hagemans ML et al. Neuromuscul Disord. 2007 
HagemansML et al. J Neurol. 2007 

Haley SM et al. Dev Med Child Neurol. 2003 
van der Beek NA et al. Neuromuscul Disord. 2013



La progettualità riabilitativa 
Definizione delle Aree di Problematicità 

1. Area della stabilità internistica
2. Area del recupero delle funzioni vitali di 

base
3. Area delle funzioni sensomotorie
4. Area competenze comunicativo-relazionali
5. Area competenze cognitivo-

comportamentali
6. Area autonomia e cura della persona
7. Area mobilità e trasferimenti
8. Area rieducazione e inserimento sociale 

Problem-Related 
Approach

Diagnosi riabilitativa: 
valutazione degli 
imparment,di attività e 
partecipazione  

Identificazione degli 
outcome a breve e a 
lungo termine



+ 
Fluenza verbale  
e MMSE

Danno cognitivo presente se 2 o più prove sono 
compromesse

Protocollo di valutazione funzionale

stato cognitivo



Alterazioni della funzione 
respiratoria: 
1.Alterazione della pompa 

ventilatoria (sistema nervoso, 
gabbia toracica, muscoli 
respiratori)

2.Ridotta espansione toraco-
polmonare 

3.Riduzione della frequenza e della 
profondità del respiro (prima 
durante il sonno)

4.Sindrome ostruttiva con focolai 
broncopneumonici e/o atelettasici 

5.Tosse ipovalida e conseguente 
ristagno di secrezioni nelle vie 
aeree

Area funzioni vitali / stabilità internistica

Obiettivo del trattamento 
riabilitativo:
Ripristino della funzionalità 
respiratoria

Interventi riabilitativi:
- Fisioterapia respiratoria 

disostruttiva (in caso di 
complicanze ostruttive)

- Sollecitazioni meccaniche 
sull’addome

- Aspirazione delle secrezioni 
bronchiali

- Ventilazione meccanica



Obiettivi	del	trattamento	riabilitativo: 
Preservare	il	massimo	livello	di	
autonomia	possibile	attraverso:	
• la prevenzione dell’estensione dei 

danni
• la prevenzione delle complicanze non 

necessarie
• il trattamento dei danni”disabilitanti”     
• la ricerca di compensi interni
• lo sviluppo di supplenze

Interventi	riabilitativi:
- Posizionamento	corretto	
- Mobilizzazione	passiva	
- Esercizio	attivo,	rinforzo	selettivo	
- Esercizi	per	il	controllo	posturale	
- Ortesi	e	ausilii

Area senso-motoriaAlterazioni delle funzioni muscolari e 
correlate al movimento: 

1. Debolezza muscolare: 93% dei casi 
di Malattia di Pompe late-onset  

Muscoli del tronco 
Muscoli del cingolo pelvico 
(flessori ed estensori, 
abduttori e adduttori 
dell’anca) 

2. Riduzione del Range of Motion 
3. Deformità scheletriche (contratture, 

scoliosi) 
4. Affaticabilità                                           
5. Dolore      
      
Limitazione delle attività:  

1. Difficoltà nel camminare, salire e 
scendere le scale, alzarsi dal 
pavimento

area senso-motoria



SEX AGE BMI MRC 

score

HGS test 

dx

HGS test 

sn

FSS FAC 

score

BPI 

intensity

BPI 

interference

FIM

Vincenza F 61 22,2 78 10 12 47 4 0 0 118
Maria F 60 28 86 15 16 45 4 3,5 9,5 121
Anna F 47 28,7 95 12 20 26 5 0,3 4,7 121
Concetta F 54 33,1 97 21 22 19 5 0 0 124
Antonio M 53 21,4 83 20,5 21 45 2 4 9,5 118
Mauro M 56 28,1 93 22,5 22 12 4 1,3 0,6 122
Claudio M 45 20,1 89 21 21 55 4 0 0 118
Olimpia F 47 26,5 97 31,2 26,2 30 4 3.25 6.4 124
Anna Grazia F 40 25,3 83 16 17 40 1 1.25 0 97
Morena F 42 25 96 18.3 21 21 5 0 0 123
Diodato M 51 31,8 100 66,1 52,6 18 5 0 0 126
Vincenzo M 45 33,8 85 30,6 32,6 32 4 0 0 118

Muscle function, Activities and Pain in LOPD Patients



SEX AGE BMI
Serum 25-OH 

D3(ng/ml)
Serum PTH 

(pg/ml)
Calcium 
(mg/dl)

Phosphate 
(mg/dl)

Bone Alkaline 
Phosphatase (µg/l)

Vincenza F 61 22,2 10,7 52 9,1 2,9 15

Maria F 60 28 8,4 24 9 3,5 27

Anna F 47 28,7 40,2 37 9,3 3,4 10

Concetta F 54 33,1 34,6 40 9,5 4,5 22

Antonio M 53 21,4 12,7 38 9 3,3 16

Mauro M 56 28,1 28,4 26 9,2 5 17

Claudio M 45 20,1 41,3 38 9,2 4,8 27

Olimpia F 47
26,5

3,8 55 8,4 3,9 79

Anna Grazia F 40
25,3

2,2 90 8,5 4 58

Morena* F 42
25

Diodato M 51 31,8 8,9 48 8,7 3,3 80

Vincenzo* M 45 33,8

Bone Biochemical Parameters in LOPD patients



SEX AGE BMI
BMD - 

TB Ts - TB Zs - TB
BMD - 

LS Ts - LS Zs - LS
BMD - 

FN Ts - FN Zs - FN fractures
Vincenza F 61 22,2 0,79 -2,9 -1,6 0,817 -3 -1,6 0,622 -3 -1,7 2
Maria F 60 28 0,954 -1,3 -1 0,871 -2,6 -2 0,798 -1,5 -0,9 0
Anna F 47 28,7 1.164 0,8 0 1.248 0,6 0 1.247 2,2 2 0
Concetta F 54 33,1 1.127 0,5 -0,2 1.119 -0,5 -0,8 0,901 -0,7 -0,6 0
Antonio M 53 21,4 1.124 -0,8 -0,5 1.239 0,2 0,6 0,888 -1,4 -0,6 0
Mauro M 56 28,1 1.088 -1,1 -1,8 1.276 0,5 0,2 0,878 -1,5 -1,1 0
Claudio M 45 20,1 1.087 0,1 0,1 1.117 -0,5 -0,5 0,887 -0,8 -0,5 0
Olimpia F 47 26,5 1.117 0.4 0,4 1.322 1,2 1.3 0,97 0,1 0,2 0
Anna Grazia F 40 25,3 1.021 -0,6 -0,6 1.342 1.5 1.5 742 -2 -1,9 1
Morena F 42 25 1.136 0.7 0.4 1.319 1.2 0.9 934 -0,4 -0,4 0
Diodato M 51 31,8 1.171 -0,3 -1,3 1.334 0,9 0,4 1.001 -0,5 -0,4 0
Vincenzo* M 45 33,8

Anthropometric and clinical characteristics, muscle function, fatigue, pain and disability assessments 	

Anthropometric characteristics and BMD in LOPD patients



Esercizio	fisico
• Attività	fisica:	qualsiasi	movimento	corporeo	
prodotto	dai	muscoli	scheletrici	che	si	traduce	in	
un	dispendio	energetico	superiore	al	livello	
basale	

• Esercizio	terapeutico:	prescrizione	di	
contrazioni	muscolari	e	di	movimenti	corporei	
al	fine	di	migliorare	la	funzionalità	generale	e	
specifica	di	un	individuo	per	aiutarlo	a	
rispondere	al	meglio	alle	esigenze	della	vita	
quotidiana	,	nell’ambito	di	un	processo	di	
recupero	delle	capacità	di	esecuzione	di	attività	
indispensabili	alla	sua	partecipazione	sociale.	

• Dimensioni	dell’esercizio	–	frequenza,	intensità,	
tempo	e	tipologia	–	“type	is	the	most	important	
for	bone”



• La	sedentarietà	è	minimo	
comune	denominatore	che	
determina	e	accelera	il	
processo	di	disabilità	nelle	
malattie	croniche	

• Attività	Fisica	Adattata	(AFA)	
contrasta	l'ipomobilità		

• Sono	esclusi	dai	programmi	
AFA	i	soggetti	con	instabilità	
clinica	per	i	quali	la	risposta	è	
esclusivamente	sanitaria

Prevenzione	primaria	del	danno	da	ipomobilità



L’Attività Fisica Adattata

• AFA è un termine "ombrello" per individuare un'area 
interdisciplinare, includente le attività d'educazione fisica, 
tempo libero, danza, sport, fitness e riabilitazione per 
individui con impairment


• è quindi rivolta a quelle persone che non sono in grado di 
partecipare con successo o in condizioni di sicurezza alle 
normali attività d'educazione fisica.


• Attraverso l'AFA si cerca di individuare percorsi formativi e 
d'attività "modificate", stabili o transitorie, che possano 
permettere alle persone con disabilità di condurre attività 
motorie.
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Abstract

Objective: Pompe disease (glycogenosis type II) is caused by lysosomal alpha-glucosidase 
deficiency, which leads to a block in intra-lysosomal glycogen breakdown. In spite of 
enzyme replacement therapy, Pompe disease continues to be a progressive metabolic 
myopathy. Considering the health benefits of exercise, it is important in Pompe disease 
to acquire more information about muscle substrate use during exercise.
Methods: Seven adults with Pompe disease were matched to a healthy control group 
(1:1). We determined (1) peak oxidative capacity (VO2peak) and (2) carbohydrate and 
fatty acid metabolism during submaximal exercise (33 W) for 1 h, using cycle-ergometer 
exercise, indirect calorimetry and stable isotopes.
Results: In the patients, VO2peak was less than half of average control values; mean 
difference −1659 mL/min (CI: −2450 to −867, P = 0.001). However, the respiratory 
exchange ratio increased to >1.0 and lactate levels rose 5-fold in the patients, indicating 
significant glycolytic flux. In line with this, during submaximal exercise, the rates 
of oxidation (ROX) of carbohydrates and palmitate were similar between patients 
and controls (mean difference 0.226 g/min (CI: 0.611 to −0.078, P = 0.318) and mean 
difference 0.016 µmol/kg/min (CI: 1.287 to −1.255, P = 0.710), respectively).
Conclusion: Reflecting muscle weakness and wasting, Pompe disease is associated with 
markedly reduced maximal exercise capacity. However, glycogenolysis is not impaired 
in exercise. Unlike in other metabolic myopathies, skeletal muscle substrate use during 
exercise is normal in Pompe disease rendering exercise less complicated for e.g. medical 
or recreational purposes.

Introduction

Pompe disease (Glycogenosis type II; OMIM #232300) 
is caused by lysosomal acid alpha-glucosidase deficiency 
(EC# 3.2.1.20), which leads to a metabolic block in intra-
lysosomal glycogen breakdown (1). In the late-onset forms 
of Pompe disease, morbidity and mortality are mainly 

caused by progressive skeletal muscle weakness and 
wasting (2). Even though treatment with recombinant 
acid alpha-glucosidase improves walking distance and 
lung function, and slows down disease progression rate 
and improves life expectancy, Pompe disease continues 
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Plasma palmitate enrichment reached similar levels at 
the same time (20 min before exercise) in both groups, 
216 (S.D. 29) and 200 (S.D. 34) δ13C/δ12C (P = 0.736) in 
controls and patients, respectively, indicating that 
distribution volumes did not differ between groups 
(Figs 3 and 4).

Carbohydrate metabolism during constant-load 
submaximal exercise

During exercise, the rates of appearance and disappearance 
of glucose, i.e. liver glucose output and tissue glucose 
uptake, were similar within and between patients and 
controls, and, accordingly, blood glucose levels were 
similar between groups and remained stable throughout 
the full hour of exercise (Fig.  3). The average oxidation 

rates of carbohydrate were similar between patients and 
controls during exercise.

Fatty acid and glycerol metabolism during 
submaximal exercise

During exercise, the rate of oxidation (ROX) of palmitate 
and NEFAs were similar in patients and controls, and 
plasma palmitate and NEFA concentrations increased 
similarly in both groups. In agreement with this, the rate 
of appearance of glycerol, reflecting rate of lipolysis and 
rate of disappearance of glycerol (6.610 (S.D. 2.499) µmol/
kg/min in patients and 5.814 (S.D. 1.622) µmol/kg/min 
in controls, P = 0.620), reflecting tissue uptake, did not 
differ between the groups. Plasma glycerol concentration 
increased during exercise to ~1/3 of NEFA levels, which 
is in accordance with 3 fatty acids being released from 

A

B

C

D

Figure 3
Carbohydrate metabolism and blood lactate levels during submaximal exercise. (A) The whole-body carbohydrate (CHO) rate of oxidation (ROX) was 
similar between patients and controls during exercise; mean difference 0.226 g/min (CI: 0.611 to −0.078, P = 0.318). (B) The rate of appearance of glucose 
(Ra), i.e. liver glucose output, was also similar between patients 20.7 (S.D. 6.6) and controls 19.6 (S.D. 1.2) µmol/kg/min, respectively, during exercise; mean 
difference 1.1 µmol/kg/min (CI: 6.7 to −4.4, P = 0.902). (C) Blood glucose levels during exercise remained stable in patients 5.0 (S.D. 0.4; range: 4.5–5.6) and 
controls 5.5 (S.D. 0.6; range: 5.0–6.8) mmol/L, and there was no difference in blood glucose levels between groups (P = 0.128). (D) Blood lactate levels did 
not increase during exercise in controls; however, in the patients, the blood lactate levels rose significantly to a mean of 1.5 (S.D. 0.6) vs 0.6 (S.D. 
0.1) mmol/L in controls; mean difference 0.9 mmol/L (CI: 0.3–1.4, P = 0.001). Error bars are S.E.M. #significantly different from controls during exercise 
P < 0.05 (mean of whole exercise period).
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Objective: Pompe disease (glycogenosis type II) is caused by lysosomal alpha-glucosidase 
deficiency, which leads to a block in intra-lysosomal glycogen breakdown. In spite of 
enzyme replacement therapy, Pompe disease continues to be a progressive metabolic 
myopathy. Considering the health benefits of exercise, it is important in Pompe disease 
to acquire more information about muscle substrate use during exercise.
Methods: Seven adults with Pompe disease were matched to a healthy control group 
(1:1). We determined (1) peak oxidative capacity (VO2peak) and (2) carbohydrate and 
fatty acid metabolism during submaximal exercise (33 W) for 1 h, using cycle-ergometer 
exercise, indirect calorimetry and stable isotopes.
Results: In the patients, VO2peak was less than half of average control values; mean 
difference −1659 mL/min (CI: −2450 to −867, P = 0.001). However, the respiratory 
exchange ratio increased to >1.0 and lactate levels rose 5-fold in the patients, indicating 
significant glycolytic flux. In line with this, during submaximal exercise, the rates 
of oxidation (ROX) of carbohydrates and palmitate were similar between patients 
and controls (mean difference 0.226 g/min (CI: 0.611 to −0.078, P = 0.318) and mean 
difference 0.016 µmol/kg/min (CI: 1.287 to −1.255, P = 0.710), respectively).
Conclusion: Reflecting muscle weakness and wasting, Pompe disease is associated with 
markedly reduced maximal exercise capacity. However, glycogenolysis is not impaired 
in exercise. Unlike in other metabolic myopathies, skeletal muscle substrate use during 
exercise is normal in Pompe disease rendering exercise less complicated for e.g. medical 
or recreational purposes.

Introduction

Pompe disease (Glycogenosis type II; OMIM #232300) 
is caused by lysosomal acid alpha-glucosidase deficiency 
(EC# 3.2.1.20), which leads to a metabolic block in intra-
lysosomal glycogen breakdown (1). In the late-onset forms 
of Pompe disease, morbidity and mortality are mainly 

caused by progressive skeletal muscle weakness and 
wasting (2). Even though treatment with recombinant 
acid alpha-glucosidase improves walking distance and 
lung function, and slows down disease progression rate 
and improves life expectancy, Pompe disease continues 
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each triglyceride molecule undergoing peripheral adipose 
tissue lipolysis (Fig. 4 ).

Hormonal response to submaximal exercise

End-exercise insulin levels were higher in the patients, 
but levels remained within normal range. At the end of 
exercise, epinephrine and norepinephrine levels were 
significantly higher in the patients (Fig. 2).

Discussion

The present study shows that patients with late-onset 
Pompe disease, caused by lysosomal alpha-glucosidase 
deficiency, have a markedly impaired maximal aerobic 
exercise capacity. On the other hand, the patients are able 
to tolerate prolonged submaximal exercise for 1  h, which 
means that their endurance is normal (23 ). In contrast 
to other glycogenoses, in which markedly reduced peak 

A

B

C

D

E

F

Figure 4
Fatty acid metabolism and glycerol turnover during submaximal exercise. (A) Average palmitate oxidation rate (ROX) in patients during exercise, 2.396 
(S.D. 1.016) µmol/kg/min was similar to controls, 2.380 (S.D. 1.162) µmol/kg/min; mean difference 0.016 µmol/kg/min (CI: 1.287 to −1.255, P = 0.710). 
(B) Oxidation rates of non-esterified fatty acids (NEFA) per kilo body weight did not differ between patients 16.4 (S.D. 6.6; range: 6.2–25.7) and controls 
17.9 (S.D. 5.4; range: 13.1–29.3) µmol/kg/min (P = 0.805) during exercise. (C) The concentration of plasma NEFAs increased in patients 768 µmol/L (S.D. 466; 
range: 263–1496) and controls 734 µmol/L (S.D. 151; range: 493–963) (P = 0.710) during exercise. (D) ROX of fat 0.298 g/min (S.D. 0.109) did not differ 
between patients and controls 0.380 g/min (S.D. 0.095) (CI: 0.036 to −0.202, P = 0.209). (E) The rate of appearance (Ra) of glycerol, reflecting adipose tissue 
lipolysis, was similar between patients 7.065 µmol/kg/min (S.D. 2.728) and controls 6.168 µmol/kg/min (S.D. 1.791), during exercise; mean difference 0.897 
(95% CI: 3.584 to −1.790; P = 0.456). (F) Plasma glycerol concentrations were also similar during exercise in patients 217 µmol/L (S.D. 131; range: 417–55) 
and controls 172 µmol/L (S.D. 48; range: 108–260) (P = 0.456). Error bars are S.E.M.



In conclusion, patients with LOPD have a markedly 
impaired maximal aerobic exercise capacity.  
On the other hand, the patients’ ability to endure prolonged 
submaximal exercise at a moderate intensity is normal, 
because, unlike in other metabolic myopathies, in Pompe 
disease skeletal muscle substrate use is normal during 
exercise.  
This supports the view that during exercise glycogen 
phosphorylase rather than alpha-glucosidase is decisive for 
stimulation of glycogen breakdown in liver and muscle.  
Our fndings encourage use of regular exercise in Pompe 
disease for recreational purposes as well as for improving 
physical function and health.  
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Objective: Pompe disease (glycogenosis type II) is caused by lysosomal alpha-glucosidase 
deficiency, which leads to a block in intra-lysosomal glycogen breakdown. In spite of 
enzyme replacement therapy, Pompe disease continues to be a progressive metabolic 
myopathy. Considering the health benefits of exercise, it is important in Pompe disease 
to acquire more information about muscle substrate use during exercise.
Methods: Seven adults with Pompe disease were matched to a healthy control group 
(1:1). We determined (1) peak oxidative capacity (VO2peak) and (2) carbohydrate and 
fatty acid metabolism during submaximal exercise (33 W) for 1 h, using cycle-ergometer 
exercise, indirect calorimetry and stable isotopes.
Results: In the patients, VO2peak was less than half of average control values; mean 
difference −1659 mL/min (CI: −2450 to −867, P = 0.001). However, the respiratory 
exchange ratio increased to >1.0 and lactate levels rose 5-fold in the patients, indicating 
significant glycolytic flux. In line with this, during submaximal exercise, the rates 
of oxidation (ROX) of carbohydrates and palmitate were similar between patients 
and controls (mean difference 0.226 g/min (CI: 0.611 to −0.078, P = 0.318) and mean 
difference 0.016 µmol/kg/min (CI: 1.287 to −1.255, P = 0.710), respectively).
Conclusion: Reflecting muscle weakness and wasting, Pompe disease is associated with 
markedly reduced maximal exercise capacity. However, glycogenolysis is not impaired 
in exercise. Unlike in other metabolic myopathies, skeletal muscle substrate use during 
exercise is normal in Pompe disease rendering exercise less complicated for e.g. medical 
or recreational purposes.

Introduction

Pompe disease (Glycogenosis type II; OMIM #232300) 
is caused by lysosomal acid alpha-glucosidase deficiency 
(EC# 3.2.1.20), which leads to a metabolic block in intra-
lysosomal glycogen breakdown (1). In the late-onset forms 
of Pompe disease, morbidity and mortality are mainly 

caused by progressive skeletal muscle weakness and 
wasting (2). Even though treatment with recombinant 
acid alpha-glucosidase improves walking distance and 
lung function, and slows down disease progression rate 
and improves life expectancy, Pompe disease continues 
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Conclusioni
il paziente con m. di Pompe è un paziente complesso con 
variabilità genotipica e fenotipica 
L’approccio riabilitativo è mandatorio in tutte le fasi di 
malattia e va attuato mediante la formulazione di un Progetto 
Riabilitativo Individuale 
L’esercizio terapeutico anche di rinforzo contro resistenza o 
di endurance è sicuro, ma va modulato sul paziente 
La terapia enzimatica sostitutiva e l’esercizio terapeutico 
sono attualmente il gold standard per il management della 
malattia di Pompe
Lo scopo ultimo è sempre l’empowerment del paziente 
facilitandone le attività e la partecipazione sociale, e 
migliorandone  la qualità di vita


