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Other functional scales used in SMAOther functional scales used in SMA
SMASMA--FRSFRS

Developed for ALS; Applicable to adolescents and adults with SMADeveloped for ALS; Applicable to adolescents and adults with SMA
Adapted from ALSAdapted from ALS--FRS and WeeFRS and Wee--FIM for SMA trialsFIM for SMA trials
Previously used in Italian SMART Previously used in Italian SMART GabapentinGabapentin trial. trial. 
Currently being used in Project Cure VALIANT Trial, at Project CCurrently being used in Project Cure VALIANT Trial, at Project Cure OSU siteure OSU site

ACTIVLIMACTIVLIM VanderveldeVandervelde et al, 2007et al, 2007

22 daily activities (4 specific activities for children, 4 speci22 daily activities (4 specific activities for children, 4 specific activities for adults and 14 common activities). fic activities for adults and 14 common activities). 
Each item in the Each item in the uniuni--dimensional construct (activity level) is answered on a 3dimensional construct (activity level) is answered on a 3--level scale (impossible, difficult, easy). level scale (impossible, difficult, easy). 
The item difficulty increases with upper and lower limbs involveThe item difficulty increases with upper and lower limbs involvement, 6 ment, 6 –– 80 yrs of age 80 yrs of age 
TestTest--retest reliability: ICC = 0.93, Reproducibility:  ICC = 0.98retest reliability: ICC = 0.93, Reproducibility:  ICC = 0.98
Construct validity: ACTIVLIM Construct validity: ACTIVLIM vsvs FIM motor score (FIM motor score (ρρ = 0.85), = 0.85), vsvs VignosVignos grade (grade (ρρ = = --0.83), and 0.83), and vsvs Brooke grade (Brooke grade (ρρ = = --
0.63).  0.63).  

Motor Function Measure (MFM)Motor Function Measure (MFM) BerardBerard et al, 2005et al, 2005

Derived from GMFMDerived from GMFM
Validated in Validated in NMDsNMDs (10% study population SMA(10% study population SMA-- 35 pts), can discriminate amongst diagnostic groups35 pts), can discriminate amongst diagnostic groups
Age range:  6Age range:  6--62 yrs (mean 24.5 yrs)62 yrs (mean 24.5 yrs)
32 items, 3 dimensions:  standing position and transfers, proxim32 items, 3 dimensions:  standing position and transfers, proximal and axial motor function, distal motor functional and axial motor function, distal motor function
Considerable time to complete (can take > 60 minutes)Considerable time to complete (can take > 60 minutes)
Does include items that address hand function; however, items loDoes include items that address hand function; however, items looking at hand function had a low ceiling effect. oking at hand function had a low ceiling effect. 
Convergent, discriminate and face validity established, interConvergent, discriminate and face validity established, inter-- and intraand intra--raterrater reliability excellent (ICC= 0.96reliability excellent (ICC= 0.96--0.99)0.99)
Test sensitivity not yet establishedTest sensitivity not yet established

EgenEgen KlassifikationKlassifikation Scale (EK Scale)Scale (EK Scale) SteffensonSteffenson et al 2001et al 2001

Function based questionnaire (interview and observation) for ptsFunction based questionnaire (interview and observation) for pts with more severe, nonwith more severe, non--ambulatory DMD or SMA ambulatory DMD or SMA 
(n=38)(n=38)
Age range: 17Age range: 17--71 yrs71 yrs
Content and construct validity reported; discriminates level of Content and construct validity reported; discriminates level of functional ability in those with more severe functional ability in those with more severe 
involvement involvement 
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Functional Outcome Measures in Functional Outcome Measures in 
SMASMA

HFMS and MHFMSHFMS and MHFMS
Developed based on natural history of disorderDeveloped based on natural history of disorder
Have demonstrated reliability and discriminate validity with SMAHave demonstrated reliability and discriminate validity with SMA cohortscohorts
Have demonstrated stability over time during natural history Have demonstrated stability over time during natural history 
observationsobservations
Sensitivity to change determined (SEM < 3)Sensitivity to change determined (SEM < 3)

GMFMGMFM
Developed for children with cerebral palsyDeveloped for children with cerebral palsy
Demonstrated reliability and validity (concurrent and discriminaDemonstrated reliability and validity (concurrent and discriminate) in te) in 
SMA SMA 
Skill set covers a broad phenotypic range of disease severitySkill set covers a broad phenotypic range of disease severity

Timed Tests of functionTimed Tests of function
Have demonstrated reliability and validity in other neuromusculaHave demonstrated reliability and validity in other neuromuscular r 
disordersdisorders
Concurrent validity established in SMA clinical trials (ImprovedConcurrent validity established in SMA clinical trials (Improved
performance on timed tests with increase in knee strength)performance on timed tests with increase in knee strength)

Others (SMAOthers (SMA--FRS, ACTIVLIM, MFM, EK Scale)FRS, ACTIVLIM, MFM, EK Scale)
Have demonstrated reliability and validity in other neuromusculaHave demonstrated reliability and validity in other neuromuscular r 
disorders or in small populations of those with SMAdisorders or in small populations of those with SMA
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Functional Outcome Measures:  Next stepsFunctional Outcome Measures:  Next steps
GMFMGMFM

Determine sensitivity to change over time during baseline > 2 wkDetermine sensitivity to change over time during baseline > 2 wkss
Ongoing validation with other outcome measuresOngoing validation with other outcome measures

HFMS and MHFMSHFMS and MHFMS
Further development of addFurther development of add--on modules to delimit ceiling effectson modules to delimit ceiling effects
Ongoing validation with other outcome measuresOngoing validation with other outcome measures

Timed Tests of FunctionTimed Tests of Function
Ongoing validation in ambulatory SMA ptsOngoing validation in ambulatory SMA pts

Others (SMAOthers (SMA--FRS, ACTIVLIM, MFM, EK Scale)FRS, ACTIVLIM, MFM, EK Scale)
Continued assessment of reliability and validation in SMA patienContinued assessment of reliability and validation in SMA patients with ts with 
expansion to larger populations of SMA ptsexpansion to larger populations of SMA pts

All measures:  Ongoing assessment of sensitivity and responsivenAll measures:  Ongoing assessment of sensitivity and responsiveness to ess to 
changechange

Agreement of trial groups on functional measures that are sensitAgreement of trial groups on functional measures that are sensitive to change ive to change 
and cover wider phenotypic spectrum or minimize ceiling effects and cover wider phenotypic spectrum or minimize ceiling effects in more in more 
homogeneous subgroups of SMA typeshomogeneous subgroups of SMA types

Determination of MCID that is relevant and important to patientsDetermination of MCID that is relevant and important to patients and familiesand families



Electrophysiologic Outcomes: 
CMAP and MUNE

Kathryn Swoboda, MD, FACMG
University of Utah School of Medicine

Project Cure SMA Investigator’s Network



Definitions
Maximum Compound Muscle Action Potential 
Amplitude

The maximum electrical response as recorded from a 
given muscle in response to incremental increases in 
stimulation intensity and/or duration of a motor nerve
A combined measure of nerve and muscle function

Motor Unit Number Estimation
Use of one of a variety of techniques to estimate the 
number of motor units in a given nerve-muscle group
Provides an estimate of the number of motor axons 
innervating the muscle group of interest
Amplitude and area of a given motor unit varies with 
territory and number of muscle fibers innervated

Average single motor unit potential (SMUP) may provide 
information about the ability of axons to reinnervate as an 
additional measure of nerve function













Strength testing

Advantages:
• Validated in SMA
• reliable and reproducible
• Sensitive to small changes
• can be used as a 1° or 2°

outcome
• Uninfluenced (except in MRC) 

by:
– contractures
– spinal surgery 
– scoliosis
– fractures
– height and/or weight

Disadvantages:
• Do not reflect quality of life
• disputed relationship to 

function
• Hand held methods difficult 

to measure the very strong 
and the very weak

• MRC subjective 
• Age limits in very young
• Limitations in UK/Europe on 

some equipment
• Cost of equipment
• training



Walking

• Definition
• Loss and gaining of ambulation
• “measures” of walking:

– Speed measures/cadence
– Stride length
– Distance

• Falls
• Scoliosis surgery



Objective measures of walking:

• 10 metre walk test 
(30feet)

• Easy to perform
– Availability of space
– Training

• Does not measure 
endurance/stamina

• related to quality 
of life?

• Ceiling effect

• 6 minute walk test
– This is a distance test

• Validated in “normal”
children 

• Needs space
25-30m flat space 

• Need to be able to 
achieve?

• Related to quality of 
life



Activity monitoring

Advantages
• Easy testing – no inter-

rater reliability
• Can be used over longer 

periods
• Validated in children 

and adults
• Can be used in less co-

operative children

Disadvantages
• Not been used in SMA
• Has not been correlated 

with other outcome 
measures



Typical adult readout

Number of daily steps can be recorded



Walking/ambulation/timed 
distances/activity monitoring

Advantages
• proven in paediatric use
• sensitive to change
• reliable and proven in other 

NMDs
• related to function 

– (? quality of life)
– (? power) 

• minimal costs and training
• no language/cultural barriers
• no age limits

Disadvantages
• not available to non-ambulant 

children or limited mobility
– (there are upper limb activity 

monitors)
• needs strict definition of 

ambulation  -
(distance/independence) 

• none validated in SMA
• influenced by age and height
• influenced by motivation



Outcome 
measurements: 
pulmonary assessment 
Type 1& 2

AK Simonds
Royal Brompton Hospital,
London UK



Lung volume trends

Ioos C et al Chest, 2004;126:831-37

Type I SMA Type II SMA



Evolution respiratory muscle 
weakness:  timing of NIV

M.Chatwin et al 2004 

I:E Ratio < 1 (normal)



Baseline 6 months 12 months 18 months

Impact of NIV on chest wall growth



Simple measures : Type 2 / sitters

Forced vital capacity (FVC)

Peak cough flow (PCF)

Mouth pressures (global inspiratory & expiratory 
muscle strength)
Maximal voluntary ventilation



Reproducibility and reliability

Iannaccone ST Arch Neurol 2003; 60:1130-36
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y = 30.87x y = 30.87x –– 9.119.11
r = 0.78, p<0.001r = 0.78, p<0.001

Cough Flows vs. Age

Airen M et al.  Am J Respir Crit Care Med 169:A896; 2004 



Limitations

Forced vital capacity

Peak cough flow

Respiratory muscle strength and 
endurance measures

Considerations:

Not suitable in children <5 years
Absolute measures may be 
better than % predicted (height, 
span)
Sitting/supine values if FVC 
<80% pred
In/out spinal brace

Normative data for peak cough 
limited (therefore absolute 
measures)

Add anything extra to FVC and 
PCF??



Non –sitters/Type I infants

Clinical score of respiratory effort

Spot SpO2

Overnight oximetry

Morbidity: chest infections, hospital 
admissions/stay, ICU admissions/stay, 
intubations: economic indices

Longer term studies: Chest X ray 
(scoliosis, chest wall development),  
pulmonary hypoplasia - CT slices

Respiratory inductance 
plethysmography
(Tension time index, 
P0.1) in some centres

Need for ventilatory
support ?indication

24 hour 
ventilation/Death




