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

Quantitative Sensory Testing:

Scde Name

with references in endnote format1,2

Name

Quantitative Sensory Testing

Constru ct

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

Quartitative sensory teds (QST) are the tecmiquesused to measure the
intersity of stimuli neededto produce specifi c sensory percepion (1,2).

In the context of SCI, QST genreraly usesalgorithmsof computer-controlled
thermal vibratory, or electical stimuli and psychophysical scaling against
egalishednorms, to provide discriminative evaluation of lateral and arterior
spino-thalamic tractand dorsal column function. Non-computerizedtecmiques
areavailabe but in some cagslackreferercenorms

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.

Pereptual thresholds and pain thresholds areassessed for the diff erert sensory
modalitiesi.e.thermal (heatfcold), vibration, touch, or electrical stimuli.

Statistics

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

QST hassuperior biometric propertiesover convertional clinical asesmert in
SClviz. ASIA Impairmerts Scak (Al S) sensory score and electrophysiological
measirese.g. somaitsernsory or dermatomal evoked potertials (3,4,5).

QST hasbetter face validity for the underlying construct of OgnsationO
inagnuch asit is a measure of function ie percegtion, ratherthanphysiology. It
also hasbetterreliaklity (trivially small inter-rater and betweentrial variance),
objectvity (less subjectvity in interpretation), quartificaion (ordinal veraus
catgorical), and sersitivity to detectand characterize abnormalities For
exampde, QST readly distinguishesbetweenhypo and hypereshesaand
guartifiesthis whereasAlS sersory tes simply characterizesdysfunction as
OmpairedO.

Comment

Your comments

QST has appreciable advantagesover other means of assessing sensory
function in SCI. It isthe preferred method when sufficient time and resources
are available, where distinction needs to be drawn betweenhypo and
hypereghesas, and where ordinal quantificationisrequired

Administration

Type/mode/
equipment

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

Numeraus deviceshave beendescribedin the literaure. Commercially thereare
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threeproducts availabde: Somedc, Physitempand Medoc. Medoc is the most
widely usedin the published SCI literaure. The capmalility to conduct studiesin
amagnetic ervironmert eg. fMRI is availade with the Medoc equipmert.

Electical percepual threshold teding requiresconvertional human
percutanecus electical stimulation equipmert.

Various protocals have beendevelopedto assess sernsory perception (perceptual
detecion threshold, difference limers etc). The metod of OlmitsOis most
widely usedin SCI. Thisinvolvesthe tederincreasng stimulus intersity slowly
until subjectperceivesa sensation Upon sensation subjectteger halts stimulus
increa® and this detection threshold isrecaded Using the meanvalue from
repeakdteds addsto the reliahility of the teg. The alternative method of
OkvelsOusesadevice to deliver a stimulus of constart intersity. The intersity
of the next stimulusis eitherincreagd or decreased acwrding to whether or not
the subject perceivesthe stimulus. The

Procedureisrepeaeduntil apredetermineddiff erercein intersity is reacted
(6).

The method of limitsis considerally quicker to administer but is subjectto bias
dueto reaction timedelayif rate of changeis great

Perfor mance?

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

Subjectisrequiredto be conscious, alert and competert; technique canbe
modifiedto have teger halt stimulation on verbal commard from subject
(useful for individuals with tetrapega). Trivial biasis introducedby this
method if rate of stimulusincrea® is slow.

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.

Language/ cultural issuesaretrivial providedthereis adequate comprehersion
of tak.

Burden/risk

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

QST isconvernient and hasminimal risk for subjects. Pain threshold detection
protocal rarely introducesdiscomfort. Timefor teding depends on number of
modalitiesteged, number of dermatomesassessed and the number of repeated
measirestaken. A single modality e.g. cold sersation, tegedin one dermatome
(x 3 trials) takesapproximately 5 minutes A more comprehersive examination
involving dermabmesahbove the leson, atthe zone of partial presrvation, and
below leson would take 30-40 min. No special qualificaions arerequired
otherthana general familiarity with running computer programsand awareress
of dematomesasper the ASIA Standard Neurological Examination.

Comment

Optional comment on administration, burden/practicality to person and others.

Commercially available products such as Medoc provide user friendly software
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for teging protocadls, recading and analyss

Population Applicability

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

Most QST hasbeenappliedin heakhy abe-bodied populations (extersive
normative dataavailabe) and in clinical populations with peripheral
neuopathiese g. diabetes Various consensus statemerts ard reviews have been
published atteging to the value and limitations in various clinical contexts
(exclusive of SQI).

There areknown age-related changesin sensory thresholds but these are
predctade (7).

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.)
Extensive: There have beenabout 10 studiesemgoying QST in pag 5 years
and othersprior to that

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?)

There areextersive normsfor abde-bodied controls. Refererce datafrom SCI
patients areavailald e but not systemaic. In other words therearereports of
valuesfor certain dermatomesfor eachof the modalities There are reports of
QST outcomesfrom patierts with Ohcompl eteGand GrompleteGinjuriesbut
these are not systematically aggregated Thereare not leson-level specific
norms. Thereare normaifve data, by demmaiome, for electical percepual
threshold. A useful graphic formatfor expressing QST percepual (electical)
threshold valuesagainst normative data, by dermatome, hasbeen presernted by
Sanic etal (8).

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

There would be value in having a sysematic documertation (database) of
normal valuesfor the perceptual threshold of each modality (thermal, vibratory
and electrical) brokendown by dermatome.

Reliability / Reproducib

ility and Bias

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.

Repoducibility is measredby ated-retes procedure. Measiremert Error
(ME) and other reproducibility statistics may also be reported (e.g. LinOs
ConcordancesCoarrelation Coefficiert for accuracy of equal interval ratio-level
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measires) Ted-retes proceduresmay be employedor random variation from a
gold stardard measiremert. Reliakility and reproducibility aretegedin
situations in which no actual change in patient/person impairmert/ahility is
expeced Crossrefererceto sersitivity to change secton. Other. Recad/note
what you think or the author reports asthe most important statistic or fact.

Sersory function, measired by any method, appearsto have appreciab e day-to-
day variahility in the SCI population. This may be because of clinical factors
that modify the day-to-day experience (phammaceuical use, infection,
bowel/bladder fullness etc). Paierts with OhcompleteGinjuriesappearto be
more pred sposedto this type of variation ie sensory complete patients do not
usually have ary detecabe variation. This type of biological variation
confounds convertional indicesof reliakility which assume constarcy of true
score.

Day-to-day variance is evident in clinical sensory score assesmerts. AlS
sensory scores rated0,1,2 (absent, impaired, normal) have high inter-rater
reliakility but arerelatively insensitive. Inter-rater differencesareeffectively
minimizedby the auomated and more objective methods of QST (while
retaining their sersitivity quartification and greaer discrimination).

For QST, thereliahility, assessedby intra-class correlation, with explicit
partitioning of OtueO(ltweensubjeci), day-to-day (error) ard trial-to-trial
(errar) variance, [with the assumption of constancy of true scoresacross timej
reveak trivial trial-to-trial errar variance but apprecial e day-to-day variance.
The latter may be more attributable to the abovemertioned biol ogical variation
than metodol ogical OureliakilityO(9).

For electical perceptual threshold, normafive data shows good correlation
betweenleft and right for the same dermatomesand good repeagihility between
sessions on differert days (10).

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

Providedernvironmertal and diurnal factbors are maintained constart (aswell as
pharmaceuical and other clinical modifierg there appearslittle to biasthe
measiresof sensory function derivedfrom QST.

Incorporation of catch trials minimizescontamination by OgiesseQ

There aresome percepual anomaliesthat may biasoutcomes but they involve
Omoalality mismaichOie perception of the wrong stimulus e g. percegtion of
OvarmthOwhen the stimulus appliedwas ol dO.

Thes are intereding outcomesin their own right and may be successfully
detectedby blinding the subjectto the applied stimulus.

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.)

Pag 4 5/22/07




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

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.

QST iswell suitedto either individual or group studies It is egecially rigorous
in the contextof short-termintervertions e g. within a day. Repeated measures
are preferredto obtain beg edimatesof a subjectOdrue value. The number of
measures(trials) requiredto egimate a within day score for an individual
subjecthas not beenrigorously egablished but operationally 3 trials appears
sufficient.

Senstivity to Change

1. Report evidence of change in scale in 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..

Formally therehasbeenan attempt to determine the Gminimal metrically
detectable changeQ(MM DC) in sensory function ie the 95% confidenceinterval
of the standard error of measirement (+/- 1.96 SE). This measure hasbeen
proposedasa rational mears for quartifying atreament effect sizefor clinical
trials by providing a probakility basedvalue that exceeds the random OrmiseQor
errar inherert in the measiremert perse. For QST measuresthe MMDC
derivedfrom control subjectlCC edimates(S1dematome)are 1.1deg C for
cald threshold, 2.6 deg C for warmthreshold and 21.9 deg C for cald pain.
More work needs to be donein this area.

The sersitivity of QST to detectatnormality or preservedinnervation (in
patients desgnatedclinically OconpleteO]s superior to SEPsard ASIA
sensory scores(3,4,5).

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.

QST datatend to be agymmetrically (non-normally) distributedand therefae
may require trarsformaton or applicaion of non-parametic statistics These
skeweddistributions arenot egpecially problematic for determination of
abnormalities(ie exceedng the /distribution of normal valueg or change values
in individual subject.

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?

QST is sersitiveto change; the link betweenquantified valuesin percepual
threshold and Oclinical significanceChas not beenmade.

Electical percepual threshold (EPT) measuresin SCI report valuesabove
normal for dermatomes at and 1 to 2 segmerts above levelof injury, that are
ratedclinically (ASIA sensory) as normal (8). Suggeds EPT is sersitiveto
physological change that, with time, has reaultedin percepual adaptation.
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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 psychophysical scaling employedin the use of QST in SCl isusually
limitedto detection of perceptual threshold rather than difference limens - and
therefae a concepual framework per se is not egpecially relevart to the
measiremert of sensory function.

More relevart to SCI are the notions that a) sensory function hassome
neuroanatomic/pathol ogical'somattopic correlate and b) that measiresof
sensory function have somerelevanceto functional activitiesie clinicd
relevance. The former may have relevancein the context of evaluating
outcomeswhere regeneraive or neuroregorative therapiesareemployed The
latter hasnot beenrigorously edalishede.g. with regectto predction of
outcomes

Note: it hasbeenquedionedasto whether vibration sense is medated
exclusively by dorsal columns (11).

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
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 seen in 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).

In astudy of stable incomplete SCl subjects, repetitive magnetic cortical
stimulation gave improved clinical sersory scores(ASIA) associated with

lowered electrical perceptual thresholds during treament and in a 3-week
follow-up period (12).

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.

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.

QST would be helpful clinically but the cost for widegreadapplication may be
alimitation. At the presert timeit is mainly aresearchtool.

One particular areawhere QST will be useful will bein the detection of subtle
changesin sensory function that may be bought about by some of the emergng
invedigational, neuroprotecive or newroregorative treamertsincluding stem
cell derivedtherapies
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Comment on predictive validity and uses/usefulness. Should it be used more/less? Could it be?

QST hasbeenshown helpful in elucidating the pathophysiology of certral
(newopathic) painin SCI (13, 14, 15).

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
quality in SCI

Experimental overall rating of evidence demonstrating approprateness for use in SCI studies/clinical trials,
including reliability and validity and other relevant characteristics. Rate 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).

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

Rating: ***
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10

11

12

13

14

15

References

Quantitative Sensory Testing: A consensus report from the Peripheral Neuropathy Association. Neurology 43: 1050-
1052,1993.

Quantitative Sensory Testing: report of the Therapeutics and technology Assessment Subcommittee of the American
Academy of Neurology. Neurology 60:898-904,2003.

Finnerup NB, Gyldensted C, Fuglsang-Frederiksen A, Bach FW, Jensen TS. Sensory perception in complete spinal
cord injury. Acta Neurol.Scand. 109(3), 194-199 (2004).

Nicotra A, Ellaway PH. Thermal perception thresholds: assessing the level of human spinal cord injury. Spinal Cord
44(10), 617-624 (2006).

Hayes KC, Wolfe DL, Hsieh JT. et al. Clinical and electrophysiologic correlates of quantitative sensory testing in
patients with incomplete spinal cord injury. Arch Phys Med Rehabil 83(11), 1612-1619 (2002).

Zaslansky R, Yarnitsky D. Clinical applications of quantitative sensory testing (QST). J Neurol Sci 153, 2156238
(1998).

Lin Y-H, Hsieh S-C, Chao C-C, Chang Y-C, Hsieh S-T. Influence of aging on thermal and vibratory thresholds
of quantitative sensory testing. J Peripheral Nervous System 10, 2696281 (2005).

Savic G, Bergstrom EM, Frankel HL. et al. Perceptual threshold to cutaneous electrical stimulation in patients with
spinal cord injury. Spinal Cord 44(9), 560-566 (2006).

Krassioukov A, Wolfe DL, Hsieh JT, Hayes KC, Durham CE. Quantitative sensory testing in patients with incomplete
spinal cord injury. Arch Phys Med Rehabil 80(10), 1258-1263 (1999).

Davey NJ, Nowicky AV, Zaman R. Somatotopy of perceptual threshold to cutaneous electrical stimulation in man.
Exp Physiol 186, 127-130 (2001).

Calne DB and Pallis CA. Vibratory sense: a critical review. Brain 89:723-746,1966.

Belci M, Catley M, Husain M, Frankel HL, Davey NJ. Magnetic brain stimulation can improve clinical outcome in
incomplete spinal cord injured patients. Spinal Cord 42, 417-419 (2004).

Eide PK, Jorum E, Stenehjem AE. Somatosensory findings in patients with spinal cord injury and central
dysaesthesia pain. J Neurol. Neurosurg Psychiatry 60: 411-5,1996.

Finnerup NB, Johannesen IL, Fuglsang-Frederiksen A, Bach FW, Jensen TS. Sensory function in spinal cord injury
patients with and without central pain. Brain 126(Pt 1), 57-70 (2003).

Finnerup NB, Johannesen IL, Bach FW, Jensen TS. Sensory function above lesion level in spinal cord injury patients
with and without pain. Somatosens.Mot.Res. 20(1), 71-76 (2003).

Pag 8 5/22/07



