Rating Form for Physical and Biological Constr ucts (Pathologiesand | mpair ments) and their
Implications for Diagnosis, Health, Function, and QOL

Scde Name

Motor evoked potentials (M EP) to transcranial magneic
stimulation (TMYS)

Constru ct

Explain the general construct being measured, emphasizing content in plain English. Provide the
authorOdabels and describe the nature of itemsif not clear from the labels
Motor evoked potertials (M EP), to transcrarial magnetic stimulation (TMS) of
the motor cortex, recorded aselectromyographic signals (EM G) from upper
limb, lower limb and trunk muscles It isatecmique usedto assess the
corticospinal pathway that providesvoluntary control of skeletal muscle.

Subscales /
parameters
measur ed

Biological processes can also have multiple aspects. Note subscales, dimensions, or parameters measured,

using labels of author. Brief introductory description only

1. Threshold for eliciting an MEP atreg and during voluntary contracion
(set% of MVC).

2. Sizeof the MEP: may be taken asthe peakto peakamplitude but only for
simple biphadc compound acion potertials. For irregular MEP
waveforms, the RMS value over the time course of the MEP is taken, or
the onset and duration of a MEP is delimitedand the areaof the MEP
waveform measured

Latency of MEP; usedfor certral conduction time edimaton.

4, Recruitment of MEP to increasng TM S or to increasng voluntary
contracion isameasure of corticospinal excitahlity.

5. Silent period (SP) following the MEP or suppression of EMG are
measiresof corticospinal inhibitory function.

6. Chargein sizeof ted MEP by conditioning TMS at differert precedng
timeintervals reveak intracortical facilitation (I CF) or inhibition (ICl).

Statistics

Report relevant statistics reported, e.g. correlations among dimensions or other statistics you think are
relevant or available formulas for conversion.

Measiresof MEP and inhibition of EMG to TM S reault in numerical values
rather than ordinal numbersand canbe treaedto conventional statistical
aralysis. Suyperior to ASIA motor scoresin that regect.

Threshold TMS for evoking a MEP may be defined asevoking aregonse on
50% of presertations (amplitude of MEP should be equal to or greatr than 50-
100 microvolts peakto peaK).* Alterrative methods of determining threshol d?
have beenassessed but the above' is deemed superior.

Comment

The application to spinal cord injury of TMS evcked MEP and SP presns no
additional requirenentsregarding analysis or limits of statistical significance
than would studiesof control populations. Caveas. manoewrability of patiernts
(eg. access to certain muscles, interference with monitoring or life sustaining
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equipment in intensive care units.

Administration

Type/mode/
equipment

Describe type or mode of test, including equipment involved, nature of samples collected (if any), etc.

Multi-chamel electrophysiol ogical anplifierswith range of gains (x10 Bx10Kk),
range of filters(typical settings -3dB below 100 Hz and above 2 kHz).
Oscilloscope or VDU display of signal or data acauisition using aralogue to
digital interfacecomputer setto sample EMG at afrequercy atleast twicethe
low pass filter of amplifier (4 kHz for the above settings). Sutal e softwareto
display and aralyse recads.

Magnetic stimulator(s) to elicit MEPsand bi-stim capability for condition- teg
routines Round, figure-of-eight and double-cone cails for different applicaions
and the targeting of diff erert muscles

Perfor mance?

Is substantial/maximal performance by the person required Bor moderate involvement vs. passive
acquiescence?

Subjectexclusion criteria apply with TMS. Exclusion criteriainclude metal
implarts (egecially crarial), electrical prostheses(cochlearimplart,
paceamaker), eplepsy, pregnarcy etc.

Subjectrequiremens DEMG and MEPslargely independent of cooperation by
subjectand MEP recadings may be achevedin areeghetised, comatose and
uncooperaive subjects. Compliancerequired for EM G associated with
voluntary muscle contracions, eg. MEP reauitmert curvesto increasng
voluntary muscle contracion and controlled taks.?®

Operator training is required both for data acquisition and measuremert.
Analysis and interpretation of data preferabdy require neurophysiological
knowledye and experience.

Language/multi-
cultural issues

Record any information relevant to special language/multicultural or gender issues. Thisis particularly
relevant if the test requires involvement or performance by the person, especially if accurate comprehension
of the task isa concern.

Complianceto some verbal requeds required Otherwise, only trivial problems
associated with comprehension and language issues

Burden/risk

Inconvenience, discomfort, risks, # tests, expense, time to administer, specia equipment, training required or
available.

EMG - inconvenience and discomfort nedigible, no known risks.

MEPs- number of teds and timeto administer requiresplaming asdifferert
musclesrequire differert TM'S coils and position of cail on scalp.

TMS devicesareexpersive (US$0,000+) and training isrequired. EMG ard
computer data acquisition also anexpense.

Risks of electrocution nedigible with FDA (or other) approvedequipmert and
operabr training.
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Comment

There are no contraindications to eliciting MEPs that are specific to spinal
cordinjury.

Population Applicability

Describe problems/ groups and settings in which the scale has shown utility according to published sources.

No neuological or traumatic disorder problemgroups (but seeexclusion
criteriafor SClahove).

Slight tendency for maximal amplitude of MEP and maximal slope of
recriitmert curve to require higher strength TMS in older subjects.® Magnitude
of MEP and SP down in old age (71%6 yrs): no charge in threshold to TMS™.

Tendency for premenstrual syndrometo affect MEP measires' but no
significart dependence on gender.?

Extent of Usein SCI

Extent of usein SCI: None/virtually none, A Few (e.g. 2-4), Many (e.g. 5-10), Extensive use (10 or more)..
Judgmental rating for 5 year period 2000-2004. Judgmental rating. Studies not used at least 2 times should
not be reviewed (unless there is no good alternative or other justifi cation provided by the author.)

Extersive use of MEPsin SCI (>10 studieg in 5 yearperiod 2000-2004, ard a
further 12 studiesto date (April 2007). Thereare publishedinvegigations of the

relationship between MEP and ASIA/MMP>® 7 and between cortical inhibition
ard ASIA/IMMP.®

Norms

Report whether norms are available and exist for SCI, the general population, or other relevant population,
and other relevant details (e.g. age/gender adjusted? With regard to level/completeness of injury?)
Reports of MEP measureswith regardto level/completeness of SCI have not
reaulted so far in any agreedscalesor normatve data. Reports maostly confined
to limb muscles but developmerts have beenreported for trunk muscles
(erector spinae,intercastals, abdominal).’

There areno systematic normsfor control subject. MEP threshold and
regponsesto paired condition-teg stimuli both showedlarge variahility - mainly
within subjectvariation.’® Substartial variahility of motor threshold for MEP
and duration of SPover 10h period.™*

Comment

Comment on comparative use in SCI and other populations. If the measure was developed primarily in
another group, comment here. If this measure was developed outside of SCI, isit promising in SCI?
Comment on applicability to SCI or to subgroupsin SCI.

Thereis clearly potertial for objecive, metric measuresof MEP, SP &
intracortical facilitation and inhibition in the monitoring of SC1.>%79%213 Theg

measuresare predctedto be of most value for the serial documentation of
individuals with SCI rather than comparison with group data.'**3

Reliability / Reproducibility and Bias
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Reliability,
Reproducibility

Reliability and reproducibility deal with random or erratic variation in resulting numbers. Usually we
areinterested in obtaining a stable number that characterizesthe person. Valuesmay vary asa
function of environmental factors, instr umentation, and moment-to-moment changesin the per son
being assessed. Report standard error of measurement (SEM), signal to noise ratio, or other reliability
statistic.

Reproducibility is measured by atest-retest procedure. Measurement Error (ME) and other reproducibility
statistics may also be reported (e.g. LinO<Concordances Correlation Coefficient for accuracy of equal interval
ratio-level measures.) Test-retest procedures may be employed or random variation from agold standard
measurement. Rdiability and reproducibility are tested in situations in which no actual changein
patient/person impairment/ability is expected. Craoss reference to sensitivity to change section. Other.
Record/note what you think or the author reports as the most important statistic or fact.

Variahlity in MEP parameterswithin specific tegs for control individualsis
well documerted'® **

Repeatd measiresof MEP (threshold, latency) showed variahility but overal
stahility following natural progression from acue, to 6 months and then chronic
state of SCI.*2

Silent period: high inter-individual variakility, good intra-examiner but poorer
inter-examiner reliakility.*

High variahility reportedacross subjects for intracatical inhibition (ICI) CoV
67.3% and facilitation (ICF) 21.2%. Intersession variahility up to 37.1% for ICI
and 22.7% for ICF. Inter-rater variakility, 17.3% for ICl, nedigible for ICF.*

Reliahility of theinputBoutput propertiesof the corticospinal pathway is greater
for transcranial electical (TES) thanfor magnetic stimulation.”® However, TES
is not tolerable due to painful nature of procedure.

Bias

Bias means some factor produces a systematically high or low value that is not accurate. Note reports of
biasing factors (e.g. higher scores in morning, sensitive to temperature, or other factors that could bias
results). Personal characteristics, environmental changes, or other factor can also influence results
systematically

No known bias No deperdence of MEPsor SPon time of day.*®

Other reliability

Use this for other reliability and bias information. (For instance, on a probabilistic rating such as ASIA Motor
Scores, classical (Cronbach apha), Rasch (item separation) or marginal reliability (2 p IRT) could be
reported.)

Comment

Comment on reliability or reproducibility, e.g. whether it is so low that it can be used only with repeated
testing or in group studies.

MEPs have beenused extersively in control group studiesand in stroke.

The high degree of variability within individuals indicatesthat MEPs™ and the
SP* should be used with caution for repeatedtesing of individuals.

MEPs should not be usedto compare individuals (but seesiblings comment
below).

MEPs cannot be usedto compare different muscleswithin individuals, but
comparison of homologous muscleson opposite sidesof the body shows good
correlation for MEPs'%*® and Sp.1#18

Note: it could be useful to use sibling data in lieu of baseline data in SCI.
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Senstivity to Change

Report evidence of change in scalein published report, emphasizing change relevant to interventionsin
SCI. 2. If available, report test-retest reproducibility (e.g. ME (measurement error) or CVye, or other
reproducibility or reliability (e.g. Cl for true score based on standard error of measurement or SEM). 3.
Other reports of sensitivity or insensitivity to change that should really occur but which is not picked up
by the scale.

In astudy of treadmill training of i SCI subjects, MEPx, Slope of reauitmert
curve ard SP all increagd Increase in MEP,,,, waspositively and

signifi cantly correlated to the degree of locomotor recovery asassessed
by the WISCI I, timed walking distance and locomotor EMG activity.*?

In acontrol group receiving neuro-active drugs,® the stimulus-reponse
curve (recruitment) wasthe most sensitive MEP meaaure of change.

M easurement
range/ceiing/ floor

Report indicators of limited measurement range (ceiling and fl oor) that may be significant, e.g. does not work
for wheelchair athletes, who go too fast. - If possible report and highest and lowest level of measurement. -
Distributional indicators can be relevant, e.g. 75% of patients are maximum score on the test.

In cervical SCI, MEPsof ahand muscle (adductor digiti minimi - ADM) were
abnormal in ~90% of patierts but only in 20% for upper am (biceps). MEP
recadings from ADM were significantly correlatedto outcome of hard
function. Approximatly 90% of patierts with loss of MEP in ADM during
initial examination recoveredno intrinsic hand muscle function.’

Comment

Is the scale insensitive to clinically significant changes? Or doesit detect changes that are meaningless to
most people with SCl/the problem at issue?

The MEP is sersitiveto clinically significart changesand it is claimedthat
MEPsareat|eas assersitive asASIA protocal in predcting reaulting
functional deficit.®

Validity

Analysis
Framewor k(s)

Physical quantity, diagnostic/screening validity (per AAN/Cochrane), conceptual development, (alternatives
include Rasch, IRT, and classical frameworks but are infrequently relevant for biological/physical measures,
unless they involve subjective estimation of a physical property, e.g., strength.).

The physical quartity measired by surface EMG recading of MEPsisthe
voltage change betweentwo electrodescausedby current flowing from the
muscle source (depolarising muscle fibreg through tissuesincluding the skin. It
is deperdent upon the distance from the source and the redstance betweenthe
electrodes The consequerceisthat MEPs(and EMGs in gereral) camot be
compared betweenmusclesasthey lie at diff erert depths below the skin and are
influencedby skin composition and other subcutaneaus tissues Neither can
they be comparedfor the same muscle betweenindividuals, due to differert
body composition. Finally, they camot be compared betweendifferernt studies
due to non-uniform placing of surface electodes

Criterion-ori ented
validity: technical

Most measures of biological or physical constructs require validation at a technical medical/biological level;
significance in terms of the personOdife goes below. Report prediction with a"gold standard" or the most
important technical predictive/criterion validity figure(s). AAN and Cochrane employ thisif thereisagold
standard; describe nature of criterion. Reevant statisticsto look for include: accuracy, sensitivity,
specificity, and positive (or negative) predictive value, or ROC (receiver operating characteristic). If the
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study involves diagnostic or predictive accuracy, please comment on whether the study employed awide or
narrow band of patients/participants and whether the population is similar to that seenin clinical practice or
similar to the general population of personswith SCI. (Some authors simplify the predictive problems by
excluding hard-to-diagnose patients. (PreQdiction here should usually be of afuture event, preferably a Gyold
standardOor other important criterion. Discriminant validity could also be reported. Does the scale
distinguish between two outcomes that need to be distinguished (e.g. differential diagnosis)? All predictive
coeffi cients and relationships need not be reported. Choose the most important one(s).

MEP recordings arereported to be assersitive asthe ASIA protocal in

pred cting the reaulting functional deficit: ambulatory capacity could be
predctedequally by either ASIA motor score of lower extremity (see Graveset
al '’ on advisahility of separatng upper ard lower limb scores or MEP of leg
muscleswith a Speamancorrelation coefficients of 0.6-0.8 (p<0.0001) in both
chronic and acute SCI.

Cauion: For acute and sub-acute™ SCI, ASIA motor scoresincrease over 6
months whereasattributesof MEPsare largely unchanged

Predictive validity:
function and QOL

Report similar statistics on prediction of function, activity, health, participation, or QOL or other indicators of
real-world significance (not excluding LOS or care costs). Choose an important indicator if available.

MEPsasassessmerts of mator function do not appearto have beenrelatedto
QOL

Clinical utility.

Also called prescriptive validity and consequential validity. Do decisionsin clinical practice hinge on the test
or measure? Thisisaconcrete way of asking whether the measure is clinically significant. Note or rate
extent of usein clinical practice per expert knowledge: not used, rarely, occasionaly, frequently, very
frequently/routinely. Comment if possible.

MEP and SParerarely usedin clinical practice, with some excegions:
1. measire of certral conduction time of cortical motor output
2. monitoring of conduction block in spinal cord during surgery
3. detection of hysterical paralysis

Techniquesshould find application in the detecion of subtle changesin

corticospinal function to be expected from articipated phase I/1l trials of
therapesdedgnedto promote remyelination and axonal regereration in SCI.

Comment on predictive validity and uses/usefulness. Should it be used more/less? Could it be?

The predictive value of MEPs for motor recovery after stroke has been
reviewed."® MEPs recorded in the early post-stroke appear highly predictive
for the occurrence of motor recovery. MEPSs are considerably more
predictivethan clinical examination.

Rehabilitation in stroke patiens showedchangesin MEP parameters
correlatedwith improvemert in hand/armfunction. Change in MEP amplitude
predctedlong-term improvemert in Fugl-Meyer motor score?

In chronic stroke, high intra-subjectvariability of some MEP parameters
suggeds indicators of functional newroplasticity in reponse to treatment may
be limitedto intervertions with large effectsizes®
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Other validity

Report any other validity data here.

Comment

Space for optional comment on details of above validity information. Put overall judgements of validity/
utility at end.

Overall Ratings

Of validity, incorporating reliability.

Overall Validity in
Similar Population

Rate quantity and quality of study results supportive of the construct when applied in similar target groups,

e.g. other patients with pain or with paralysis. Thisisan experimental overall rating of validity. Seescale

below. Do NOT review non-SCI scales unless they have been well validated in the other target groups and

they are potentially valuable in SCI: that is, skip ** and below.

*** = Content and metric reliability and validity shown. Formal reliability and substantial validity shown
with substantial use in non-SCI groups.

(****=Very extensively validated and widely used. (e.g. SF36 or SIP for primary care, McGill Pain

Questionnaire).

Rating ***

Overall Rating of

Experimental overall rating of evidence demonstrating approprateness for use in SCI studies/clinical trials,

qua| ity in SCI including reliability and validity and other relevant chracteristics. Rae quantity and quality of study results
supportive of application in SCI.

* = No formal validity/reliability published, content inappropriate Bdo not review).

* = Questionable or insuffi cient. Little or no formal validity or reliability support, or questionable content
for SCI. Development is required for application to SCI.

** = Minimal validity. Apparently applicable content with good validity/reliability in SCI, but little usein
SCI. Or used in SCI, but some limitations shown. Further development is desirable.

*** = Content and metric reliability and validity shown. (Widely use outside of SCI, with formal studies/use
in SCI.). OK to usein studies, although checking of assumptions or small improvements may be
desirable to further improve the measure (e.g. classical measures would benefit from IRT or Rasch
analysis).

***%= Extensively validated and widely used. (e.g. SF36 for primary care)., Few scales, if any, in SCI
would berated at thislevel. (CHART?)

Rafing **

Comment Comment on validity in general. Does the scale have construct validity, asindicated by a complex predicted

pattern of theoretically expected relationships, free from confounding? Is it highly validated in other groups?
In SCI?

The validity in generalof MEP and Silert Period measiresis not well
egdaldished Measiresappea rea®nally well suitedto monitoring progress of
individuals with SCI but poor for comparison betweenpatiernts and normal
subject.

Further MEP stakility studiesarerequiredin chronic SCI.

Further studiesof comparative sersitivity of MEPsfor assessmert of recovery
vs. clinical and other neurophysiol ogical measiresare neeced

Additional MEP studiesare required for trunk muscles (ASIA/MM P lacking).

Feasbility of MEP meaauresis requiredfor acue studieswhere patiert maybe
immobilisedand/or potertial conflict with clinical monitoring equipmert.

How applicableisthe scaleto SCI studies? What are biases/problems? Does mor e measur ement
work need to be done? What?
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