
Rating Form for  Physical and Biological Constr ucts (Pathologies and I mpairments) and their  
Implications for  Diagnosis, Health, Function, and QOL 

1 

 

 

Scale Name  Motor evoked potentials (MEP) to transcranial magnetic 
stimulation (TMS) 
 

Constru ct  

 Explain the general construct being measured, emphasizing content in plain English. Provide the 
authorÕs labels and describe the nature of items if not clear from the labels  

Motor evoked potentials (MEP), to transcranial magnetic stimulation (TMS) of 
the motor cortex, recorded as electromyographic signals (EMG) from upper 
limb, lower limb and trunk muscles. It is a technique used to assess the 
corticospinal pathway that provides voluntary control of skeletal muscle. 

 

   Subscales  / 
   parameters  
   measured 

Biological processes can also have multiple aspects.  Note subscales, dimensions, or parameters measured, 
using labels of author.  Brief introductory description only  

1. Thr eshold for eliciting an MEP at rest and during voluntary contraction 
(set % of MVC). 

2. Size of the MEP: may be taken as the peak to peak amplitude but only for 
simple biphasic compound action potentials. 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 delimited and the area of the MEP 
waveform measured. 

3. Latency of MEP; used for central conduction time estimation. 

4. Recruitment of MEP to increasing TMS or to increasing voluntary 
contraction is a measure of corticospinal excitability. 

5. Silent peri od (SP) following the MEP or suppression of EMG are 
measures of corticospinal inhibitory function. 

6. Change in size of test MEP by conditioning TMS at different preceding 
time intervals reveals intracortical facilitation (ICF) or inhibition (ICI ). 

    Stati sti cs 
 

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

Measures of MEP and inhibition of EMG to TMS result in numerical values 
rather than ordinal numbers and can be treated to conventional statistical 
analysis. Superior to ASIA motor scores in that respect. 

Threshold TMS for evoking a MEP may be defined as evoking a response on 
50% of presentations (amplitude of MEP should be equal to or greater than 50-
100 microvolts peak to peak).1 Alternative methods of determining threshold2 
have been assessed but the above1 is deemed superior. 

 

  Comment The application to spinal cord injury of TMS evoked MEP and SP presents no 
additional requirements regarding analysis or limits of statistical significance 
than would studies of control populations. Caveats: manoeuvrability of patients 
(e.g. access to certain muscles), interference with monitoring or life sustaining 
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equipment in intensive care units. 

    

Administra tion 

   Type/mode/  
   equipment  

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

Multi-channel electrophysiological amplifiers with range of gains (x10 Ð x10k), 
range of fi lters (typical settings -3dB below 100 Hz and above 2 kHz). 
Oscilloscope or VDU display of signal or data acquisition using analogue to 
digital interface computer set to sample EMG at a frequency at least twice the 
low pass fi lter of amplifier (4 kHz for the above settings). Suitable software to 
display and analyse records. 

Magnetic stimulator(s) to elicit MEPs and bi-stim capability for condition- test 
routines. Round, figure-of-eight and double-cone coils for different applications 
and the targeting of diff erent muscles. 

 

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

Subject exclusion criteria apply with TMS. Exclusion criteria include metal 
implants (especially cranial), electrical prostheses (cochlear implant, 
pacemaker), epilepsy, pregnancy etc. 

Subject requirements Ð EMG and MEPs largely independent of cooperation by 
subject and MEP recordings may be achieved in anaesthetised, comatose and 
uncooperative subjects. Compliance required for EMG associated with 
voluntary muscle contractions, e.g. MEP recruitment curves to increasing 
voluntary muscle contraction and controlled tasks.25 

Operator training is required both for data acquisition and measurement. 
Analysis and interpretation of data preferably require neurophysiological 
knowledge and experience. 

 

Language/multi - 

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

Compliance to some verbal requests required. Otherwise, only trivial problems 
associated with comprehension and language issues.  

 

 Burden / ri sk  Inconvenience, discomfort, risks,  # tests, expense, time to administer, special equipment, training required or 
available.    

EMG - inconvenience and discomfort negligible, no known risks. 

MEPs - number of tests and time to administer requires planning as different 
muscles require different TMS coils and position of coi l on scalp. 

TMS devices are expensive (US$20,000+) and training is required.  EMG and 
computer data acquisition also an expense. 

Risks of electrocution negligible with FDA (or other) approved equipment and 
operator training.  
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  Comment There are no contraindications to eliciting MEPs that are specific to spinal 
cord injury. 

 

Population Applicability 

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

No neurological or traumatic disorder problem groups (but see exclusion 
criteria for SCI above). 

Slight tendency for maximal amplitude of MEP and maximal slope of 
recruitment curve to require higher strength TMS in older subjects.3 Magnitude 
of MEP and SP down in old age (71±6 yrs): no change in threshold to TMS15. 

Tendency for premenstrual syndrome to affect MEP measures4 but no 
signifi cant dependence on gender.3 

 

  Extent of Use in SCI  Extent of use in 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 justification provided by the author.) 

Extensive use of MEPs in SCI (>10 studies) in 5 year period 2000-2004, and a 
further 12 studies to date (April 2007). There are published investigations of the 
relationship between MEP and ASIA/MMP 5,6, 7 and between cortical inhibition 
and ASIA/MMP.8 

 

  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 measures with regard to level/completeness of SCI have not 
resulted so far in any agreed scales or normative data. Reports mostly confined 
to limb muscles, but developments have been reported for trunk muscles 
(erector spinae, intercostals, abdominal).9  

There are no systematic norms for control subjects. MEP threshold and 
responses to paired condition-test stimuli both showed large variability - mainly 
within subject variation.10 Substantial variability of motor threshold for MEP 
and duration of SP over 10h period.11

 

 

  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, is it promising in SCI?  
Comment on applicability to SCI or to subgroups in SCI.   

There is clearly potential for objective, metric measures of MEP, SP &  
intracortical facilitation and inhibition in the monitoring of SCI.5,6,7,9,12,13 These 
measures are predicted to be of most value for the serial documentation of 
individuals with SCI rather than comparison with group data.12,13 

 

Reliability / Reproducibility and Bias 
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Reliability, 
Reproducibility 

Reliability and reproducibil ity deal with random or  er ratic var iation in resulting numbers.   Usually we 
are interested in obtaining a stable number  that character izes the person.   Values may vary as a 
function of environmental factors, instr umentation, and moment-to-moment changes in the person 
being assessed.  Report standard error of measurement (SEM), signal to noise ratio, or other reliabili ty 
statistic.  

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

Variability in MEP parameters within specifi c tests for control individuals is 
well documented.10, 11 

Repeated measures of MEP (threshold, latency) showed variability but overall 
stability following natural progression from acute, to 6 months and then chronic 
state of SCI.12  

Silent period: high inter-individual variability, good intra-examiner but poorer 
inter-examiner reliability.14 

High variability reported across subjects for intracortical inhibition (ICI) CoV 
67.3% and facilitation (ICF) 21.2%. Intersession variability up to 37.1% for ICI 
and 22.7% for ICF. Inter-rater variability, 17.3% for ICI, negligible for ICF.21 

Reliability of the inputÐoutput properties of the corticospinal pathway is greater 
for transcranial electrical (TES) than for magnetic stimulation.19 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 dependence of MEPs or SP on time of day.16  

 

 Other reliability  Use this for other reliabili ty and bias information.  (For instance, on a probabilistic rating such as ASIA  Motor 
Scores, classical (Cronbach alpha), 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 been used extensively in control group studies and in stroke. 

The high degree of variability within individuals indicates that MEPs10 and the 
SP24 should be used with caution for repeated testing of individuals. 

MEPs should not be used to compare individuals (but see siblings comment 
below). 

MEPs cannot be used to compare different muscles within individuals, but 
comparison of homologous muscles on opposite sides of the body shows good 
correlation for MEPs10,15 and SP.14,18 

Note: it could be useful to use sibling data in lieu of baseline data in SCI. 
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Sensiti vity to Change Report evidence of change in scale in published report, emphasizing change relevant to interventions in 
SCI.   2.  If available, report test-retest reproducibility (e.g. ME (measurement error) or CVME, or other 
reproducibility or reliability (e.g. CI 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 a study of treadmill training of iSCI subjects, MEPmax, slope of recruitment 
curve and SP all increased. Increase in MEPmax was positively and 
signifi cantly correlated to the degree of  locomotor recovery as assessed 
by the WISCI I I, timed walking distance and locomotor EMG activity.13 
 
In a control group receiving neuro-active drugs,20 the stimulus-response 
curve (recruitment) was the most sensitive MEP measure of change. 

 

  Measurement 
  range/ceiling/ floor  

Report indicators of limited measurement range (ceiling and floor) 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, MEPs of a hand muscle (adductor digiti minimi - ADM) were 
abnormal in ~90% of patients but only in 20% for upper arm (biceps). MEP 
recordings from ADM were signifi cantly correlated to outcome of hand 
function. Approximately 90% of patients with loss of MEP in ADM during 
initial examination recovered no intrinsic hand muscle function.5 

 

  Comment Is the scale insensitive to clinically significant changes?  Or does it detect changes that are meaningless to 
most people with SCI/the problem at issue?   

The MEP is sensitive to clinically signifi cant changes and it is claimed that 
MEPs are at least as sensitive as ASIA protocol in predicting resulting 
functional deficit.3 

 

Validity 

Analysis 
Framework(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 quantity measured by surface EMG recording of MEPs is the 
voltage change between two electrodes caused by current flowing from the 
muscle source (depolarising muscle fibres) through tissues including the skin. It 
is dependent upon the distance from the source and the resistance between the 
electrodes. The consequence is that MEPs (and EMGs in general) cannot be 
compared between muscles as they lie at diff erent depths below the skin and are 
influenced by skin composition and other subcutaneous tissues. Neither can 
they be compared for the same muscle between individuals, due to different 
body composition. Finally, they cannot be compared between different studies 
due to non-uniform placing of surface electrodes. 

 

Cri terion-ori ented 
validity: technical 

Most measures of biological or physical constructs require validation at a technical medical/biological level; 
significance in terms of the personÕs life goes below.    Report prediction with a "gold standard" or the most 
important technical predictive/criterion validity figure(s).   AAN and Cochrane employ this if there is a gold 
standard; describe nature of criterion.    Relevant statistics to 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 a wide or 
narrow band of patients/participants and whether the population is similar to that seen in clinical practice or 
similar to the general population of persons with SCI.  (Some authors simplify the predictive problems by 
excluding hard-to-diagnose patients. ÒPreÓ-diction here should usually be of a future event, preferably a Ògold 
standardÓ or 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 are reported5 to be as sensitive as the ASIA protocol in 
predicting the resulting functional deficit: ambulatory capacity could be 
predicted equally by either ASIA motor score of lower extremity (see Graves et 
al 17 on advisability of separating upper and lower limb scores) or MEP of leg 
muscles with a Spearman correlation coeffi cients of 0.6-0.8 (p<0.0001) in both 
chronic and acute SCI. 

Caution: For acute and sub-acute12 SCI, ASIA motor scores increase over 6 
months whereas attributes of MEPs are 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.  

MEPs as assessments of motor function do not appear to have been related to 
QOL 

 

 Clinical uti lity. Also called prescriptive validity and consequential validity.   Do decisions in clinical practice hinge on the test 
or measure?   This is a concrete way of asking whether the measure is clinically significant.   Note or rate 
extent of use in clinical practice per expert knowledge: not used, rarely, occasionally, frequently, very 
frequently/routinely.   Comment if possible. 

MEP and SP are rarely used in clinical practice, with some exceptions: 

1. measure of central conduction time of cortical motor output 
2. monitoring of conduction block in spinal cord during surgery 
3. detection of hysterical paralysis 

Techniques should find application in the detection of subtle changes in 
corticospinal function to be expected from anticipated phase I/II  trials of 
therapies designed to promote remyelination and axonal regeneration 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.18 MEPs recorded in the early post-stroke appear highly predictive 
for the occurrence of motor recovery. MEPs are considerably more 
predictive than clinical examination. 
 
Rehabilitation in stroke patients showed changes in MEP parameters 
correlated with improvement in hand/arm function. Change in MEP amplitude 
predicted long-term improvement in Fugl-Meyer motor score.22 
 
In chronic stroke, high intra-subject variability of some MEP parameters 
suggests indicators of functional neuroplasticity in response to treatment may 
be limited to interventions with large effect sizes.23 
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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.   This is an experimental overall rating of validity.  See scale 
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 Rati ng of 
quality in SCI   

Experimental overall rating of evidence demonstrating approprateness for use in SCI studies/clinical trials, 
including reliability and validity and other relevant chracteristics.  Rate quantity and quality of study results 
supportive of application in SCI.  
•  = No formal validity/reliability published, content inappropriate Ð do 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 use in 

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 use in studies, although checking of assumptions or small improvements may be 
desirable to further improve the measure (e.g. classical measures would benefi t from IRT or Rasch 
analysis).   

* * * *= Extensively validated and widely used.  (e.g. SF36 for primary care).,  Few scales, if any,  in SCI 
would be rated at this level.   (CHART?)   

 
 

Rating * *  
 

 Comment Comment on validity in general.   Does the scale have construct validity, as indicated by a complex predicted 
pattern of theoretically expected relationships, free from confounding?   Is it highly validated in other groups?  
In SCI? 

The validity in general of MEP and Silent Period measures is not well 
established. Measures appear reasonably well suited to monitoring progress of 
individuals with SCI but poor for comparison between patients and normal 
subjects.  

Further MEP stability studies are required in chronic SCI. 

Further studies of comparative sensitivity of MEPs for assessment of recovery 
vs. clinical and other neurophysiological measures are needed. 

Additional MEP studies are required for trunk muscles (ASIA/MMP lacking). 

Feasibility of MEP measures is required for acute studies where patient may be 
immobilised and/or potential confl ict with clinical monitoring equipment. 

 
How applicable is the scale to SCI  studies?  What are biases/problems?    Does more measurement 
work need to be done?  What?    
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