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Quantitative Sensory Testing:                           

 

Scale Name  Name with references in endnote format1,2 

Quantitative Sensory Testing
 

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. 

Quantitative sensory tests (QST) are the techniques used to measure the 
intensity of stimuli needed to produce specifi c sensory perception (1,2).  

In the context of SCI, QST generally uses algorithms of computer-controlled 
thermal, vibratory, or electrical stimuli and psychophysical scaling against 
established norms, to provide discriminative evaluation of lateral and anterior 
spino-thalamic tract and dorsal column function. Non-computerized techniques 
are available but in some cases lack reference norms. 

 

   Subscales  / 
   parameters  
   measured 

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

Perceptual thresholds and pain thresholds are assessed for the diff erent sensory 
modalities i.e. thermal (heat/cold), vibration, touch, or electrical stimuli.  

 

    Stati sti cs 
 

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

QST has superior biometric properties over conventional clinical assessment in 
SCI viz. ASIA Impairments Scale (AIS) sensory score and electrophysiological 
measures e.g. somatosensory or dermatomal evoked potentials (3,4,5). 

QST has better face validity for the underlying construct of ÒsensationÓ 
inasmuch as it is a measure of function ie perception, rather than physiology. It 
also has better reliability (trivially small inter-rater and between trial variance), 
objectivity (less subjectivity in interpretation), quantifi cation (ordinal versus 
categorical), and sensitivity to detect and characterize abnormalities. For 
example, QST readily distinguishes between hypo and hyperesthesia and 
quantifies this whereas AIS sensory test simply characterizes dysfunction as 
ÒimpairedÓ. 

 

  Comment Your comments 

QST has appreciable advantages over other means of assessing sensory 
function in SCI.  It is the preferred method when sufficient time and resources 
are available, where distinction needs to be drawn between hypo and 
hyperesthesias, and where ordinal quantification is required.  

    

Administra tion 

   Type/mode/  
   equipment  

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

Numerous devices have been described in the literature. Commercially there are 
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three products available: Somedic, Physitemp and Medoc. Medoc is the most 
widely used in the published SCI literature. The capability to conduct studies in 
a magnetic environment e.g. fMRI is available with the Medoc equipment. 

Electrical perceptual threshold testing requires conventional human 
percutaneous electrical stimulation equipment.  

Various protocols have been developed to assess sensory perception (perceptual 
detection threshold, difference limens etc). The method of ÒlimitsÓ is most 
widely used in SCI. This involves the tester increasing stimulus intensity slowly 
until subject perceives a sensation Upon sensation subject/tester halts stimulus 
increase and this detection threshold is recorded. Using the mean value from 
repeated tests adds to the reliability of the test. The alternative method of 
ÒlevelsÓ uses a device to deliver a stimulus of constant intensity. The intensity 
of the next stimulus is either increased or decreased according to whether or not 
the subject perceives the stimulus. The 

Procedure is repeated until a predetermined diff erence in intensity is reached 
(6).  

The method of limits is considerably quicker to administer but is subject to bias 
due to reaction time delay if rate of change is great. 

 

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

Subject is required to be conscious, alert and competent; technique can be 
modified to have tester halt stimulation on verbal command from subject 
(useful for individuals with tetraplegia). Trivial bias is introduced by this 
method if rate of stimulus increase is slow. 

 

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.  

Language/ cultural issues are trivial provided there is adequate comprehension 
of task. 

  

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

QST is convenient and has minimal risk for subjects. Pain threshold detection 
protocol rarely introduces discomfort. Time for testing depends on number of 
modalities tested, number of dermatomes assessed and the number of repeated 
measures taken. A single modality e.g. cold sensation, tested in one dermatome 
(x 3 trials) takes approximately 5 minutes. A more comprehensive examination 
involving dermatomes above the lesion, at the zone of partial preservation, and 
below lesion would take 30-40 min.  No special qualifi cations are required 
other than a general familiarity with running computer programs and awareness 
of dermatomes as per 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 testing protocols, recording and analysis 

 

Population Applicability 

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

Most QST has been applied in healthy able-bodied populations (extensive 
normative data available) and in clinical populations with peripheral 
neuropathies e.g. diabetes. Various consensus statements and reviews have been 
published attesting to the value and limitations in various clinical contexts 
(exclusive of SCI). 

There are known age-related changes in sensory thresholds but these are 
predictable (7). 

 

  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: There have been about 10 studies employing QST in past 5 years; 
and others prior 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 are extensive norms for able-bodied controls. Reference data from SCI 
patients are available but not systematic. In other words there are reports of 
values for certain dermatomes for each of the modalities. There are reports of 
QST outcomes from patients with ÒincompleteÓ and ÒcompleteÓ injuries but 
these are not systematically aggregated. There are not lesion-level specifi c 
norms. There are normative data, by dermatome, for electrical perceptual 
threshold. A useful graphic format for expressing QST perceptual (electrical) 
threshold values against normative data, by dermatome, has been presented by 
Savic et al (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, is it promising in SCI?  
Comment on applicability to SCI or to subgroups in SCI 

There would be value in having a systematic documentation (database) of 
normal values for the perceptual threshold of each modality (thermal, vibratory 
and electrical) broken down by dermatome.   

 

Reliability / Reproducibility and Bias 

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 Coeffi cient for accuracy of equal interval ratio-level 
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measures.) Test-retest procedures may be employed or random variation from a 
gold standard measurement.  Reliability 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. 

Sensory function, measured by any method, appears to have appreciable day-to-
day variability in the SCI population. This may be because of clinical factors 
that modify the day-to-day experience (pharmaceutical use, infection, 
bowel/bladder fullness etc). Patients with ÒincompleteÓ injuries appear to be 
more predisposed to this type of variation ie sensory complete patients do not 
usually have any detectable variation. This type of biological variation 
confounds conventional indices of reliability which assume constancy of true 
score. 

Day-to-day variance is evident in clinical sensory score assessments. AIS 
sensory scores, rated 0,1,2 (absent, impaired, normal) have high inter-rater 
reliability but are relatively insensitive. Inter-rater differences are effectively 
minimized by the automated and more objective methods of QST (while 
retaining their sensitivity quantifi cation and greater discrimination). 

For QST, the reliability, assessed by intra-class correlation, with explicit 
partitioning of ÒtrueÓ(between subject), day-to-day (error) and trial-to-trial 
(error) variance, [with the assumption of constancy of true scores across time] 
reveals trivial trial-to-trial error variance but appreciable day-to-day variance. 
The latter may be more attributable to the abovementioned biological variation  
than methodological ÒunreliabilityÓ (9).  

For electrical perceptual threshold, normative data shows good correlation 
between left and right for the same dermatomes and good repeatability between 
sessions on different 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  

Provided environmental and diurnal factors are maintained constant (as well as 
pharmaceutical and other clinical modifiers) there appears little to bias the 
measures of sensory function derived from QST. 

Incorporation of catch trials minimizes contamination by ÒguessesÓ. 

There are some perceptual anomalies that may bias outcomes; but they involve 
Òmodality mismatchÓ ie perception of the wrong stimulus e.g. perception of 
ÒwarmthÓ when the stimulus applied was ÒcoldÓ. 

These are interesting outcomes in their own right and may be successfully 
detected by blinding the subject to the applied stimulus.  

 

 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.)  
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  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 is well suited to either individual or group studies. It is especially rigorous 
in the context of short-term interventions e.g. within a day. Repeated measures 
are preferred to obtain best estimates of a subjectÕs true value.  The number of 
measures (trials) required to estimate a within day score for an individual 
subject has not been rigorously established but operationally 3 trials appears 
sufficient.   

 

Sensiti vity to Change 1.  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.. 

Formally there has been an attempt to determine the Òminimal metrically 
detectable changeÓ (MMDC) in sensory function ie the 95% confidence interval 
of the standard error of measurement (+/- 1.96 SE). This measure has been 
proposed as a rational means for quantifying a treatment effect size for clinical 
trials by providing a probability based value that exceeds the random ÒnoiseÓ or 
error inherent in the measurement per se.  For QST measures the MMDC 
derived from control subject ICC estimates (S1 dermatome) are 1.1deg C for 
cold threshold, 2.6 deg C for warm threshold and 21.9 deg C for cold pain. 
More work needs to be done in this area. 

The sensitivity of QST to detect abnormality or preserved innervation (in 
patients designated clinically ÒcompleteÓ) is superior to SSEPs and ASIA 
sensory scores (3,4,5). 

 

  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.  

QST data tend to be asymmetrically (non-normally) distributed and therefore 
may require transformation or application of non-parametric statistics. These 
skewed distributions are not especially problematic for determination of 
abnormalities (ie exceeding the /distribution of normal values) or change values 
in individual subjects.  

 

  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?   

QST is sensitive to change; the link between quantified values in perceptual 
threshold and Òclinical significanceÓ has not been made. 

Electrical perceptual threshold (EPT) measures in SCI report values above 
normal for dermatomes, at and 1 to 2 segments above level of injury, that are 
rated clinically (ASIA sensory) as normal (8). Suggests EPT is sensitive to 
physiological change that, with time, has resulted in perceptual adaptation.  
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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 psychophysical scaling employed in the use of QST in SCI is usually 
limited to detection of perceptual threshold rather than difference limens - and 
therefore a conceptual framework per se is not especially relevant to the 
measurement of sensory function. 

More relevant to SCI are the notions that a) sensory function has some 
neuroanatomic/pathological/somatotopic correlate and b) that measures of 
sensory function have some relevance to functional activities ie clinical 
relevance. The former may have relevance in the context of evaluating 
outcomes where regenerative or neurorestorative therapies are employed. The 
latter has not been rigorously established e.g. with respect to prediction of 
outcomes. 

Note: it has been questioned as to whether vibration sense is mediated 
exclusively by dorsal columns (11). 

 

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 
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).  

In a study of stable incomplete SCI subjects, repetitive magnetic cortical 
stimulation gave improved clinical sensory scores (ASIA) associated with 
lowered electrical perceptual thresholds during treatment 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 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. 

QST would be helpful clinically but the cost for widespread application may be 
a limitation. At the present time it is mainly a research tool. 

One particular area where QST will be useful will be in the detection of subtle 
changes in sensory function that may be bought about by some of the emerging 
investigational, neuroprotective or neurorestorative treatments including stem 
cell derived therapies. 
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 Comment on predictive validity and uses/usefulness.   Should it be used more/less? Could it be? 

QST has been shown helpful in elucidating the pathophysiology of central 
(neuropathic) pain in 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.   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 characteristics.  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:  * * *   
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