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Abstract
The severity of carpal tunnel syndrome (CTS) may be cat-
egorised in a number of ways and utilising one of a range 
of presently available grading tools. The grading systems 
proposed by Bland and Padua, et al. are most commonly 
used. However, both are not without limitations, which are 
discussed comprehensively in this paper.
The aim of this research is to establish, using best avail-
able evidence, a clinically appropriate revision of the current 
CTS nerve conduction grading tool and to evaluate its effec-
tiveness (in terms of acceptability and usability as a tool for 
intervention prediction). The revised scale is designed from 
a clinical physiology perspective and is based on numerical 
values of nerve conduction findings.
In contrast to Bland’s grading of 1 to 6, the proposed grad-
ing system is based on more nuanced descriptive catego-
ries, ranging from Normal to Early, Mild Sensory, Mild Sen-
sory Motor, Moderate Sensory, Moderate Sensory Motor, 
Severe Sensory Motor, Extremely Severe Sensory Motor, 
and Complete Absence (Gradings 1-8). An additional two 
categories of clinical grading are therefore proposed.

Keywords
CTS grading tools, Neurophysiological grading tools for 
CTS, Carpal tunnel syndrome grading tool.

sessment of CTS, in conjunction with the patient’s clin-
ical history and symptoms in order to diagnose the se-
verity of CTS [3]. NCS results could influence the course 
of treatment and could enable the consultant to decide 
on the appropriate course of treatment for patient.

There are several primary tests performed as a first 
instance by the primary physician mentioned in differ-
ent literature, including Phalen’s, Tinel’s and Durkan’s 
signs which are subjective and are based on patient re-
sponse. Other tests like Ultrasound, Nerve Conduction 
and Electromyogram (EMG) needle examination have 
all been used for CTS grading which are evidence base 
and not depending on the patient’s clinical response 
[4].

However, to ascertain the severity of CTS, neuro-
physiological grading is required [5]. There are several 
grading scales specifically related to CTS; [6-10]. Most 
of the studies show grading in subjectivity. Some lack 
a Neurophysiological focus in objectivity, where the re-
search was conducted on the basis of the primary tests 
only which was mentioned above [3,8] during the col-
lection of the data. Some researchers only use either 
Sensory Nerve Conduction Studies (NCS) or Motor NCS 
to differentiate the severity of CTS grading [7]. Not all 
the researchers have used sensitive techniques to diag-
nose early CTS or in severe cases, lumbricals respons-
es to differentiate its severity from complete absence, 
which therefore cannot be diagnosed as CTS with com-
plete certainty [11]. Other researchers lack robustness 
of data collection that could result toward biasness of 
the whole population [12].

It appears that whilst there is an accepted domi-
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Introduction
The pathology of Carpal Tunnel Syndrome (CTS) is 

described as ‘a neuropathy caused by entrapment of 
the median nerve at the level of the carpal tunnel’ [1]. 
Nerve Conduction Studies (NCS) are one of the basic 
tools used to support the clinical diagnosis. NCS are ob-
jective tests that assess the physiological status of the 
median nerve across the carpal tunnel [2].

Reasons for Grading Carpal Tunnel Syndrome
The grading tool is used for electro-diagnostic as-
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or digits I-V, worsened by sleep or driving or pins and 
needles, numbness, tingling or burning in all fingers. Ex-
clusion criteria includes, radiculopathy, traumatic injury 
at the wrist, Ulnar nerve entrapment at wrist, Guyon’s 
canal entrapment or dorsal ulnar coetaneous nerve in-
jury at wrist. 

Data was analysed on certain widely accepted as-
sumptions of sensory amplitude and CV and distal mo-
tor latency (DML), amplitude and CV [3,4]. To introduce 
the term “mild”, “moderate” and “severe”, a numerical 
value was used during collection of data to differentiate 
the term which is accepted widely, and could be used to 
compare with other studies [5].

Sensory testing was performed first, by placing the 
stimulating ring electrodes on digit III, which is more 
sensitive then digit II, according to Bland, and the re-
cording electrode over the median nerve at the wrist. 
The orthodromic technique was used for both sensory 
and motor Nerve Conduction Studies (NCS) test, for me-
dian and ulnar nerves. A maximal current was applied to 
record the full response of the nerve, at the digits II-IV 
for median sensory and digit V for ulnar sensory record-
ing. Stimulating median nerve pathways at the wrist and 
at the elbow for motor nerves, recording median nerve 
responses from abductor polices brevis (APB), and ul-
nar nerve pathways from first dorsal interosseous (FDI). 
Digit II was tested only when the response from digit III 
was less than 3 µV or absent; digit IV stimulated only 
when the response from digit III showed a conduction 
velocity between 45-50 m/sec. Amplitude was recorded 
peak to peak for sensory responses, and base to peak 
for motor responses. If responses were not recordable 
from median sensory and motor nerves at the APB mus-
cle, then the responses were elicited by placing record-
ing electrodes on the 2nd lumbricals, stimulating median 
and ulnar nerves at the wrist [8,13,14] (photos attached 
in appendix).

All patient data was collected by fulfilling the criteria 
mentioned in above paragraph depending on the sever-
ity. The reason for using the new criteria is to describe 
the full range of severity which was not fully covered by 
other researchers mentioned earlier in this paper. Cri-
teria was mentioned in above paragraph are intended 
to be reliable in terms of grading. Propose gradings are 
as follows.

Normal (Grade 0): Where sensory conduction veloc-
ity SCV from digit III is above 50 m/s and amplitude ≥ 5 
µV, with distal motor latency (DML) ≤ 4.2 ms, amplitude 
≥ 5 mV, and conduction velocity (CV) ≥ 50 m/s.

Early (Grade 1): Where SCV is between 45-50 m/s 
from digit III, and double peak latency in digit IV is > 0.5 
ms, with DML ≤ 4 and normal sensory and motor ampli-
tudes > 5 - sensory in µV; motor in mV.

Mild Sensory (Grade 2): Where SCV is between 40-
44.9 m/s from digit III, with normal sensory amplitude 
and motor values.

nance of both the Bland and Padua, et al. [3,5] grading 
systems, there are also clear limitations, which are dis-
cussed comprehensively in this paper.

In 2014 the Association of Neurophysiological Sci-
entists (ANS), in collaboration with the British Society 
for Clinical Neurophysiology (BSCN) published guide-
lines outlining the accepted grading of CTS in the United 
Kingdom.

The aim of this research was to establish an evi-
dence-based revision of the current CTS nerve conduc-
tion Grading Tool practice in the UK and to evaluate its 
effectiveness - in terms of acceptability as a tool for in-
tervention prediction. This could enable the Surgeon to 
ascertain the level of severity and could help to decide 
on a conservative or surgical approach to treatment. 
Surgeon has to take their own decision for the treat-
ment of CTS. A numerical value is given to each of the 
grade bandings to enable objective reporting and com-
parison [5].

No clinical assessment was conducted during or pri-
or to conducting the NCS due to no Neurophysiologist 
was available.

Methodology
Ethical approval for the research project was ob-

tained from the Heath Research Authority National Re-
search Ethics Service London - Queen Square Research 
Ethics Committee (Reference 17/LO/0750).

Neurophysiological data was collected on the basis 
of the extensive and complete description of previous 
study designs by Padua and Canterbury [3,5] and which 
is understood to be followed by most of the clinical lab-
oratories in the United Kingdom as mentioned above 
paragraph. In addition, Second Lumbrical-Interosseous 
latency was also recorded to distinguish between ‘very 
severe’ and ‘complete absent response’ grading of CTS 
[13].

The test was performed by a qualified clinical phys-
iologist (Neurophysiology) using Keypoint 9033A07 
(Skovlunde, Denmark) machine, on the basis of the Neu-
rophysiological departmental protocol, Bangor which 
was attached in appendix (Peripheral protocol, 2015). 
A quantitative method was used for collecting data 
[11], to ensure accuracy and to avoid bias as quantita-
tive method based on numeric values. The sample size 
of patients in the study was use for all those tested for 
NCS over a period of one calendar year (2017), across 
the population of North Wales. During data collection, 
patients aged appears18 years and above, who were 
referred to the Neurophysiology department from the 
Orthopaedic and Neurology departments within the lo-
cal Health Board, and General Practices (GPs) in North 
Wales. The inclusion criteria were based on the refer-
ral diagnosis; referral of CTS was considered based on 
paraesthesia, pain, swelling in median distribution area 
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2nd lumbricals (please refer to the comparison of Bland 
grading with the proposed revised grading, Table 1, for 
clarification).

Results
The data was collected for a period of one year 

(2017). Initially a total of 1132 patients were included 
in this study. Both hands were tested (symptomatic and 
asymptomatic). During data collection, two referrals 
were not included, because the patients declined to par-
ticipate in all the study procedures; seven participants’ 
data sets were excluded from the analysis because the 
departmental protocol for the peripheral nerve conduc-
tion study was not followed. Therefore, 1123 patients 
(2246) hands were included in the final data collection.

Of the 1123 patients, 687 were female and 436 were 
male. The age range was 19 to 98 years, median age 56 
years. The numbers of hands in each grade of severity 
are shown in Figure 1 and Table 2 - Grading vs. number 
of hands.

Discussion
Bland, recorded that prolongation of motor terminal 

latency to APB is not significant in mild cases which I 

Mild Sensory-Motor (Grade 3): Where SCV is be-
tween 40-44.9 m/s from digit III with normal sensory 
amplitude, DML ≥ 4.2 ms, with normal motor amplitude 
and CV.

Moderate Sensory (Grade 4): Where SCV is less than 
40 m/s from digit III, with normal sensory amplitude and 
normal motor values.

Moderate Sensory-Motor (Grade 5): Where SCV is 
less than 40 m/s from digit III, with normal sensory am-
plitude, DML ≥ 4.2 ms, with normal motor amplitude 
and CV.

Severe Sensory-Motor (Grade 6): Where sensory 
potentials from digits III and digit II are absent or < 3 
µV in both digits III and II, with SCV < 30 m/s, DML ≥ 4. , 
MCV either slow or normal.

Extremely Severe Sensory-Motor (Grade 7): Where 
sensory and motor potentials are absent and response 
recordable only from 2nd lumbricals, where median lum-
bricals are prolonged compared to ulnar lumbricals.

Complete (Grade 8): Where both sensory and motor 
potentials are absent and responses are not recordable 
from median 2nd lumbricals, but recordable from ulnar 

Table 1: Values comparison with grading of Padua, Bland and Hirani.

Padua [5] (%) Bland [3] (%) Hirani (%)
Normal -18 (3) Normal - 3629 (42.5) Normal - 968 (43)

Minimal - 123 (20.5) Very mild - 684 (8) Early - 271 (12)
Mild - 145 (24) Mild sensory-motor - 944 (11) Mild sensory - 215 (10)

Mild S/M - 51 (2)

Moderate - 217 (36) Moderately Severe - 1359 (16) Moderate sensory - 134 (6)

Moderate S/M - 356 (16)

Severe - 81 (13.5) Severe - 568 (7) Severe S/M - 204 (9)

Extremely severe - 16 (3) Very severe - 930 (11) Extremely Severe S/M - 33 (1)

Extremely Severe - 387 (4.5) Complete - 14 (1)

Total Hands: 600 8501 2246

CTS Gradiings

Complete         14

Extremely Severe S/M           33

Severe S/M                                204
Moderate S/M                                                    356

Moderate Sensory                        134

Mild S/M              51

Mild sensory                                  215
Early                                         271

Normal                                                                           968

0       200                400         600                 800         1000                  1200

Figure 1: Grading vs. number of hands.
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Padua, et al. relates the outcome of grading with 
surgical decompression, compared to Bland’s grading, 
which is based purely on neurophysiological concepts. 
Bland’s grading scale was based on a very large pop-
ulation. However, in the ‘severe’ grade and ‘extreme-
ly severe’ grade, his values are not clear. He has given 
the amplitude for the motor response, but has not tak-
en into account the DML and CV. And, for ‘extremely 
severe’ grading, although the amplitude in the motor 
CMAP has been taken into account, no account has 
been taken of distal latency and CV [3,5].

Comparing the Bland grading system of CTS with 
the grading suggested in this paper, it seems that Bland 
Grades 0 and 1 are comparable with our proposed grad-
ing. I would suggest that the Bland grading for grade 2 
needs to be more elaborate, by dividing into two sepa-
rate grades, i.e. mild sensory and mild sensori-motor, 
as sensory is more significant, compared to sensory and 
motor together. In the revised grading the sensory in-
volvement is graded as Grade 2, and the sensori-motor 
where both functions are involved is graded as Grade 3 
[3].

Bland covers a moderate degree of severity in grade 
3, which again warrants further elaboration to make the 
gradings more objective and more descriptive. In my re-
vised system, grade 4 covers sensory involvement and 
grade 5 covers both sensory and motor involvement. 
Bland’s grade 4, which is severe CTS, compares favour-
ably with grade 6 of the revised grading system [3].

Bland only describes a prolonged DML in grade 5 as 
very severe CTS, which I believe does not fulfil all criteria 
to separate from his grade 6. He appears not to have 
taken any account of changes in sensory potentials or 
motor conduction velocity values. The revised grading 
system has graded Very Severe CTS where both senso-
ry and motor responses are absent and responses were 
only recordable from the 2nd lumbricals, with prolonged 
median distal latency compared to ulnar lumbricals as 
Grade 7 [3].

The grade 6 in Bland again has the potential to create 
confusion, as it refers to a low amplitude motor poten-
tial. It appears not to have taken into account the distal 
motor latency. Bland also not included CV in Grade 5. 
The author has considered the latency and amplitude 
with CV and graded as complete median nerve dysfunc-
tions where both median motor and sensory as well as 
median 2nd lumbrical responses are absent and the only 
response appears in the ulnar 2nd lumbrical. This grade 
appears as grade 8 in the proposed grading system [3].

Table 3 summarizes and compares the Bland (2000) 
grading with the revised grading system.

Conclusion
The grading system devised by Bland and used to 

grade the levels of severity of CTS over the last 17 years 

partially agree with, as it appears insignificant in above 
graph as compared to mild sensory CTS [3]. It was noted 
that both Padua, et al., and Bland [3,5] didn’t separate 
the mild sensory and mild sensory-motor in their Grad-
ing. This clearly indicates that there is a utility for some 
revision and a separate grading in mild CTS. However, 
when compared to ‘moderate sensory and motor CTS’ 
with moderate sensory CTS, moderate sensory-motor 
CTS has significantly higher cases than the moderate 
sensory. This clearly indicates that there is a utility for 
some revision and a separate grading in moderate CTS.

The Bland grading system enables the neurophysiol-
ogist to differentiate levels of severity, whilst providing 
the surgeon clear clinical reasoning data, which would 
ascertain the appropriate treatment to follow - conser-
vative or surgical and thus, enabling a prognosis pre-
dictor for the patient [5]. However, due to the limited 
numerical grading in 5 and 6, author felt that the Bland 
grading does not enable the level of severity to be ob-
jectively and fully as curtained as possible.

In theory, the higher the grade, the greater the nerve 
dysfunction [3]. But the analysis of data in this study ap-
pears to show mixed levels of severity. A majority of CTS 
studies in this investigation appear normal, due to the 
fact that non-symptomatic hand were also recorded, 
to fulfil department protocol. Although normal (Grade 
0) has much higher numbers compare to other grades, 
this does not detract from the fact that levels of sever-
ity for CTS were found in different grade. In this study, 
comparison of the grading scales shows that there are 
not big differences in the “mild” group between Bland’s 
and my groups, with 11% in Bland’s mild sensory-motor 
category with 10% mild sensory and only 2% mild mixed 
sensory motor, which might suggest that the separation 
is marked, although the separation has value in demon-
strating the effects in the motor fascicles [3]. However 
at the moderate degree of severity, there is a notable 
difference with 16% in Bland’s moderate category and 
6% moderate sensory and 16% moderate mixed sensory 
motor, suggestive that these are 2 groups worth sepa-
rating [3].

Table 2: Grading vs. number of hands

Grading Number of hands
Normal 968

Early 271

Mild sensory 215

Mild S/M 51

Moderate Sensory 134

Moderate S/M 356

Server S/M 204

Extremely Server S/M 33

Complete 14

Total Hands 2,246
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whether it would be beneficial or not for presence of 
APB fibres, age and other medical history of the patient. 
Future studies looking at prognosis may be helpful in 
looking at the outcomes from different interventions for 
those with different gradings of severity and to look at 
the implications of motor involvement compared with 
just sensory fascicle involvement.
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