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SHORT REPORT ABSTRACT: Different ways of expressing the severity of carpal tunnel
syndrome (CTS) are found in the existing literature and in clinical records.
This paper documents the distribution of patients on a scale based upon the
nerve conduction study findings, which are largely independent of the exact
normal values used in any given laboratory and demonstrate a highly sig-
nificant linear relationship between the neurophysiological grading and a
numerical score derived from the clinical history. Patients with more char-
acteristic stories of CTS generally have higher neurophysiological grades.
The scale is as follows: normal (grade 0); very mild (grade 1), CTS demon-
strable only with most sensitive tests; mild (grade 2), sensory nerve con-
duction velocity slow on finger/wrist measurement, normal terminal motor
latency; moderate (grade 3), sensory potential preserved with motor slow-
ing, distal motor latency to abductor pollicis brevis (APB) < 6.5 ms; severe
(grade 4), sensory potentials absent but motor response preserved, distal
motor latency to APB < 6.5 ms; very severe (grade 5), terminal latency to
APB > 6.5 ms; extremely severe (grade 6), sensory and motor potentials
effectively unrecordable (surface motor potential from APB < 0.2 mV ampli-
tude).
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Because many neurophysiological approaches exist
for assessing median nerve function, there is no
widely accepted means of grading the severity of
neurophysiological changes in carpal tunnel syn-
drome (CTS). Many surgical series merely categorize
the nerve conduction studies as normal or abnor-
mal. Campbell4 divided patients into four groups by
the degree of prolongation of the median terminal
latency. Some authors10 grade the severity of
changes in each test modality separately. Stevens24

suggests three grades based on the sensory nerve
action potential (SNAP) and motor conduction find-
ings. Others have used a single neurophysiological
measurement—either sensory8,11,23 or motor12,26—
as an indicator of severity. Authors seeking to iden-
tify patients with “severe” CTS have used a surface
motor potential amplitude of <2.0 mV,9 an absent

median SNAP,17 or the presence of denervation po-
tentials in the thenar eminence on needle electro-
myography. Combined clinical and neurophysiologi-
cal severity scales18 and purely clinical severity scales
based on either subjective questionnaires,16 physical
findings such as the length of time to obtain a posi-
tive Phalen test,5 or symptoms and examination find-
ings together6 have also been suggested, as have
other tests such as magnetic resonance imaging2 or
ultrasound.15

In 1997, Padua et al.20 published a grading
scheme very similar to that already in use in Canter-
bury, the difference being that their severe grade
corresponds to a combination of two of the grades
used here. More recently, a study correlating their
scale with clinical variables has been published.21

They used a clinical severity scale denoted “Hi-Ob”
and based upon a combination of historical and ex-
amination findings, and also a symptom severity and
functional status scale16 and were able to show sig-
nificant correlations between these scales in 740 pa-
tients with clinical CTS.

A widely accepted severity scale for the neuro-
physiological changes of median nerve entrapment
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at the wrist would greatly facilitate comparison of the
severity of the disease in patient groups seen in dif-
ferent places, and this paper provides further evi-
dence of the validity of a scale of the form suggested
by Padua et al.

MATERIALS AND METHODS

Since 1990, data have been collected on patients re-
ferred to the neurophysiology department in Can-
terbury with a suspected diagnosis of CTS. Although
values for motor and sensory conduction are in-
cluded in the electrodiagnostic report, the descrip-
tion of overall findings usually includes an indication
of severity such as “mild” or “severe.” In an attempt
to make the use of these terms more consistent, a
numerical scale based upon certain widely accepted
assumptions was introduced. First, sensory abnor-
malities precede motor abnormalities. Second, an
absent response is worse than a recordable one.
Third, slower conduction velocities are worse than
faster ones, and finally, the index finger sensory po-
tential is less sensitive than a variety of more recently
devised tests. Grade 0 then denotes no neurophysi-
ological abnormality; grade 1, very mild CTS, de-
tected only in two sensitive tests (e.g., inching, palm/
wrist median/ulnar comparison, ring finger “double
peak”); grade 2, mild CTS (orthodromic sensory
conduction velocity from index finger to wrist < 40
m/s with motor terminal latency from wrist to ab-
ductor pollicis brevis [APB] < 4.5 ms); grade 3, mod-
erately severe CTS (motor terminal latency > 4.5 ms
and < 6.5 ms with preserved index finger SNAP);
grade 4, severe CTS (motor terminal latency > 4.5 ms
and < 6.5 ms with absent SNAP); grade 5, very severe
CTS (motor terminal latency > 6.5 ms); and grade 6,
extremely severe CTS (surface motor potential from
APB < 0.2 mV, peak-to-peak).

The choice of a motor terminal latency measure-
ment of 6.5 ms to divide grade 4 from grade 5 was
arbitrary and based upon a personal impression that
most patients with values exceeding 6.5 ms had ab-
sent median SNAPs. During the last 9 years a variety
of sensitive tests have been used. We find ortho-
dromic sensory conduction from the ring finger27

and comparison of the motor terminal latencies
from the median and ulnar nerves at the wrist to the
second lumbrical and interossei22 to be two of the
most reliable. A practical definition of an “absent”
motor response was adopted when no peak-to-peak
signal greater than 0.2 mV could be identified.

Data have also been collected on the clinical
symptoms of these patients. A single-page question-
naire lists questions about features of the history in
multiple-choice format, and the answers have been

used to derive a logistic-regression model of this sim-
plified clinical history. In generating this model,
only the presence or absence of any neurophysi-
ological evidence of CTS was used as the dependent
variable, so the resulting probability estimate con-
tains no embedded prior knowledge of the neuro-
physiological severity. The features of the history
used in deriving the symptom score and the weights
attached to them are shown in Table 1. This statisti-
cal model correctly predicts the finding of abnormal
median nerve conduction at the wrist in 80% of CTS
cases, although in this population it also has an ap-
preciable false-positive rate (submitted for publica-
tion). To test whether the neurophysiological grad-
ing has any relationship to the clinical history, the
symptom scores were compared against the neuro-
physiological grade. As CTS is frequently bilateral,
with unequal involvement of the two hands, the
hand with the worse neurophysiological grading was
used for comparison with the symptom score.

RESULTS

Since the introduction of the scale, 8501 patients
have been tested for CTS. The numbers in each
grade were: grade 0, 3629; grade 1, 684; grade 2, 944;
grade 3, 1359; grade 4, 568; grade 5, 930; and grade
6, 387. The relationship between symptom score and
neurophysiological severity score is shown in Figure
1. The linear regression line is highly significant
(Pearson r = 0.4728; P < 0.0001) though within any
given neurophysiological grade, the range of symp-
tom scores is wide. Comparison of each pair of ad-
jacent groups (e.g., grade 0 versus grade 1, grade 1
versus grade 2, etc.) with Student’s t-tests shows that

Table 1. Weights used in the symptom score.

Feature Weight

Constant term in regression equation −3.3817
Nocturnal awakening 0.5584
Morning symptoms 0.5135
Symptoms while driving 0.2709
Relief from shaking hand when awakened 0.4795
Distribution of symptoms

Symptoms mainly in thumb, index,
and middle fingers 0.9165

Symptoms mainly in little and ring fingers −0.8625
Symptoms mainly in middle and ring fingers 0.8797
Symptoms affecting all five fingers 0.3751

Ambidextrous −0.6880
Benefit from splinting 0.4664
Duration of symptoms >1 year 0.2113
Laterality of symptoms

Symptoms worse on right side −0.3667
Symptoms worse on left side −0.3804

Age (per year) 0.0408
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each group is symptomatically distinct from the next,
with P < 0.05 in all cases.

DISCUSSION

Only very occasionally did we find a patient in whom
the combination of findings— such as a motor ter-
minal latency > 6.5 ms with a normal SNAP (coded as
grade 5) or an absent SNAP with normal motor con-
duction (coded as grade 2)—made the correct grad-
ing uncertain. A comparison of this patient popula-
tion with that recently described by Padua et al.21 is
interesting. The most striking difference is in the
proportion of patients with normal nerve conduc-
tion studies, 5.1% of hands in the Italian series, 43%
of patients, and 56.1% of hands in the current data.
This probably results from a difference in referral
patterns. The patients studied in Italy were all clini-
cally diagnosed as CTS, whereas we encourage refer-
ral of any patient in whom the diagnosis is consid-
ered even a remote possibility. Many of the patients
without neurophysiological evidence of CTS in this
series have other, obvious explanations for their
symptoms. As the grading schemes are so similar, it is
easy to compare these two series by combining Can-
terbury grades 4 and 5, and there is a trend towards
more severe disease in Canterbury. The Canterbury
population is slightly older, mean age 54 years com-
pared with 51 years, and this may partially account
for the difference in disease severity. Padua et al.
showed in their data a positive correlation between
age and severity of nerve conduction abnormality,
noted also by other authors.14,25

Although there are theoretical reasons, stated
earlier, for accepting that the ranking of severity by
this method is valid, i.e., that higher grades indicate
worse nerve function than do lower grades, it is use-
ful to compare it against another measure. The com-
parison with symptom score reveals a strong linear
relationship and shows that the neurophysiological
ranking does correspond to a clinical variable, in
agreement with other studies.21,28

Use of a single measured value only as a proxy for
overall severity is problematical. Studies that are sen-
sitive to mild CTS may yield unmeasurable data in
more severe cases, making statistical analysis diffi-
cult. Felsenthal8 had to exclude 20 of 82 CTS hands
from a study of the sensitivity of another neurophysi-
ological technique for this reason, clearly biasing the
sample. Measurements that allow comparison of se-
verity in more marked cases, such as motor terminal
latency to APB, may not detect mild CTS at all. The
two must be combined in order to cover the entire
range of severity. A scale such as this allows the in-

clusion of all patients in a study while retaining a
numerical indication of relative severity.

Neurophysiological grading may have prognostic
value. Padua et al.19 attempted to relate the grading
to the outcome of surgical decompression, but as
only 37 hands in 33 patients were studied in total,
there was little power to show differences. Neverthe-
less, the authors concluded that nerve conduction
studies were of prognostic value despite several pa-
pers in the literature claiming the contrary.1,3,7,13

Their 1997 paper classified 500 cases but made no
attempt to relate the grading to outcome.20 Further
studies are needed.

For general use, the precise values used to define
abnormal sensory and motor conduction in grades
2, 3, and 4 may be taken as whatever the individual
laboratory considers to be abnormal for that test.
The scale can then be stated as: grade 0, no abnor-
mality; grade 1, CTS demonstrable only with most
sensitive tests; grade 2, sensory conduction slow on
finger/wrist measurement, normal terminal motor
latency; grade 3, SNAP preserved with motor slow-
ing, distal motor latency to APB < 6.5 ms; grade 4,
SNAP absent but motor response preserved, distal
motor latency to APB < 6.5ms; grade 5, terminal la-
tency to APB > 6.5 ms; and grade 6, sensory and
motor potentials effectively unrecordable.

Apart from the distinction between grades 4 and
5, which remains dependent on a single absolute
value, this scale is then independent of the actual
normal values used in a given laboratory. The mea-
surements required to characterize a patient using
this scale, above and beyond whatever sensitive tests
a department chooses to use, are simple to perform.

FIGURE 1. Relationship of symptom score to neurophysiological
grade. Open circle represents mean value, bar line shows stan-
dard deviation, and open box shows standard error.
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It would be of considerable assistance to anyone at-
tempting to compare different studies on CTS if au-
thors who use nerve conduction studies as a quanti-
tative measure of severity would adopt a scale of this
form.
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