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between the median and ulnar wrist‑palm‑mixed nerve 
conduction time as high, reflecting a high degree of clinical 
certainty of these methods.[1,2]

Although median sensory conductions generally seem to be 
more sensitive than motor conductions, some studies have 
found a good sensitivity for median terminal latency ratio and 
wrist‑palm motor conduction velocity even more than sensory 
techniques.[3,4] The motor latency difference between the second 
lumbrical muscle and second interosseous muscle is another 
valuable study for CTS diagnosis.[5,6]

The low correlation between the patients’ signs and symptoms 
and electrodiagnostic tests results in mild CTS cases makes this 
diagnosis challenging, even after using many other possible 
methods in addition to the above‑mentioned techniques.[7‑14] 
A relatively new assessment method is somatosensory evoked 
potential. Ilkhani et  al., studied this test evaluating patients 
with mild idiopathic CTS symptoms and found its utility 
especially in those with normal nerve conduction velocity 
(NCV) results.[15] Median nerve conduction study evaluation 
after a provocative test (e.g., wrist flexion) may also be helpful 
for diagnosis of the mild CTS.[16]

Introduction

Carpal tunnel syndrome (CTS) is the most common entrapment 
neuropathy affecting the median nerve in the wrist. Clinicians 
usually use electrodiagnostic tests to confirm their impression 
according to signs and symptoms. Several techniques have 
been established as standard methods for detecting early CTS. 
American Association of Neuromuscular and Electrodiagnostic 
Medicine and American Academy of Neurology proposed a 
rating system to evaluate diagnostic techniques. They have 
rated distal sensory latency and transcarpal conduction study 
including median wrist‑palm‑sensory conduction time, median 
wrist‑palm‑mixed nerve conduction time and the difference 
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Bodofski E‑B introduced another new electrodiagnostic test 
for CTS; interpolation; a mathematical method used for the 
first time for finding median NCV exactly at carpal tunnel site. 
This technique omits the effects of nerve conduction velocities 
at other points along the nerve, which are necessarily involved 
in routine average velocity determination over the wrist‑palm 
segment.[17] Later, Bahrami et  al., studied median motor 
conduction velocity with this method and compared it with 
mid‑palm antidromic sensory method for mild CTS diagnosis 
and obtained different results. They found less sensitivity 
and specificity for median motor interpolation technique than 
Bodofsky did. Furthermore, they concluded that mid‑palm 
antidromic sensory technique has a significantly greater 
sensitivity and specificity than motor interpolation method.[18]

Polynomials interpolation technique actually was invented 
by Isaac Newton with wide use in engineering, physics and 
chemistry. The formula of polynomials interpolation applied 
to the conduction velocity is based on the assumption that 
acceleration is constant at any point of the nerve and that 
the NCV is reduced in a linear way along the nerve. This is 
previously studied and mentioned in the literature.[19] For 
median nerve study, there are three data points. Since one 
can fit n  (x, y) data points together with a unique equation 
of degree (n‑1), for our study the equation is degree two or a 
quadratic equation. The three data points for median motor 
nerve with stimulus at the wrist and elbow are the elbow 
latency and distance, wrist latency and distance and finally 
the terminal latency (1.1 ms and distance = 0).[17] The duration 
of time between cathodal current initiation and that necessary 
to achieve sodium activation with ensuing propagation is 
referred to as the latency of activation (utilization time) and 
has duration of approximately 0.1 ms.[20] In the point with 
distance  =  0  (over recorder) for recording sensory nerve 
action potential  (SNAP) this latency should be considered. 
For motor nerve action potential recording at such point, the 
time required to achieve neuromuscular transmission, which 
is approximately 1 ms also should be added to the latency of 
activation. Therefore, at the point with distance = 0 the motor 
action potential latency (motor terminal latency) is 1.1 ms.[20]

The specific formula for n = 3 is:

p(x) = y0 + (x−x0) (x, x1) + (x−x0) (x−x1) (x0, x1, x2)

where x0, x1, x2 are the X values  (latency) at the three data 
points; y0, y1, y2 are the corresponding Y data points (distance 
of recorder) and the “divided differences”.

(x0,x 1)  = (y1−y 0)/(x1−x 0) ,  (x1,x 2)  = (y2−y 1)/(x2−x 1) ,  and  
(x0, x1, x2 = ((x1, x2)-(x1,x0))/ (x2−x0)

This method is available on most major statistical programs and 
we just need to enter the three data points into a spreadsheet. 
The first derivative of this equation predicts the velocity at a 
given point along the nerve.[17]

To the best of our knowledge, this is the first study using this 
technique for median sensory nerve. We aimed to evaluate 
interpolation method for measuring both median motor and 
sensory nerve conduction velocities as a CTS diagnostic test.

Materials and Methods

Patients and healthy appearing control subjects were selected 
from those who came to our electrodiagnostic clinics between 
January 2009 and April 2010. We categorized the patients based 
on electrodiagnosis to three classes:
•	 Class I: 3.5 ms≤ distal median sensory latency (DMSL) <4.6 

ms
•	 Class II: 4.6 ms≤ DMSL ≤ 5.5 ms
•	 Class III: 5.5< DMSL.

We included patients with two or more clinical symptoms 
and signs of CTS including numbness, tingling, clumsiness, 
weakness and nocturnal awakening in a median nerve 
territory that were categorized as Class I according to DMSL 
measurement from the middle finger. Patients with the 
history of diabetes mellitus or impaired glucose tolerance test, 
peripheral neuropathy, cervical radiculopathy and brachial 
plexopathy and also those in Class II or III (DMSL ≥ 4.6 ms) 
were excluded.

The controls were aged matched healthy appearing volunteers 
without signs and symptoms of CTS. After their initial 
evaluation with electrodiagnostic tests, the subjects with DMSL 
equal or more than 3.5 ms or distal median motor latency more 
than 4.2 ms were excluded (to exclude subjects with subclinical 
CTS). Finally, 60 cases and 58 controls remained in the study.

All subjects and controls gave written informed consent to 
participate in the study and research protocol was approved 
in the Ethics Committee of our University.

The tests were performed by a MEDLEC SYNERGY VIASIS 
electromyography with bar electrodes (two 6 mm felt tips with 
diameter pads 23  mm apart) as stimulators and recorders. 
Skin temperature during all studies was at least 31°C and all 
examinations were carried out in rooms with similar constant 
temperatures between 23°C and 25°C.

Median compound motor action potentials latencies were 
recorded at abductor pollicis brevis (APB) muscle belly (motor 
point) with stimulation at 8 cm proximal to it and also at the 
cubital fossa.

Median SNAPs latencies were recorded at the third finger 
(E1 electrode distal to the metacarpophalangeal joint) with 
stimulation 7 cm and also 14 cm proximal to the recorder at the 
palm and wrist. Wrist stimulation was applied exactly at the 
point 2 cm proximal to the distal wrist crease by moving the 
recorder more proximal or distal if it was necessary. Median 
sensory and motor conduction velocities were calculated 
dividing distances between proximal and distal stimulation 
sites by differences in the latencies.

For determining the median conduction velocity across the 
canal, we used interpolation technique. Median motor and 
sensory conduction velocities in a specific point for each 
hand were calculated by putting the measured distances 
and latencies in every above‑mentioned techniques in the 
interpolation formula. The three data points for median sensory 
nerve with stimulus at the wrist and mid‑palm are the wrist 



Ashraf, et al.: Interpolation method in diagnosis of carpal tunnel syndrome

Annals of Indian Academy of Neurology, October-December 2013, Vol 16, Issue 4

625

latency and distance, mid‑palm latency and distance and the 
terminal latency (0.1 ms) and distance (0 cm) over recorder.[20]

The specific point for estimating the median motor NCV 
was considered to be at the distance where 15% of the time 
was spent since stimulation at the wrist until recording at 
APB, according to Bodofski's study.[17] Bodofsky in his study 
suggested if 85% of time between wrist stimulation and 
recording point over APB subtracts from the total time, then we 
will have latency that means the time between wrist and a point 
exactly in carpal tunnel. In the other words, this time is 15% 
of the total latency. Based on this concept, this is actually 15% 
of the median motor latency at the wrist that determines the 
estimated velocity about 1.5 cm distal to the wrist stimulation 
site exactly in the carpal tunnel. For the median sensory nerve, 
we considered this point just at the middle of the distance 
between stimulation sites at the wrist and palm, which would 
be 3.5 cm distal to the stimulus at the wrist. Because the wrist 
stimulation site is 2 cm proximal to the distal wrist crease, the 
target point is clearly located in the carpal tunnel based on our 
anatomy knowledge.[21]

All data were analyzed using Statistical Package for the Social 
Sciences (SPSS) version 16. Descriptive statistics (means and 
standard deviations) were reported for each nerve conduction 
value. Chi‑square and Student’s t‑test were used for comparing 
group differences. Cut‑off points were calculated using receiver 
operating characteristic (ROC) curve.

Results

In the patient group, there were 60 hands, 25 (41.7%) from men 
and 35 (58.3%) from women. In the control group, among a 
total number of 58 hands, 37 (68.8%) were men’s and 21 (36.2%) 
were women’s.

The average median sensory nerve latency at the wrist was 
3.93 ± 0.27 ms in the case and 3.16 ± 0.16 in the control group and 
the average median sensory nerve latency at mid‑palm were 
1.86 ± 0.16 ms in the case and 1.73 ± 0.12 ms in the control group.

The average median motor and sensory nerve conduction 
velocities in carpal tunnel with interpolation method were 
calculated and compared in the case and control groups and 
the difference between groups was significant  (P  <  0.0001, 
two sample t‑test, Table 1).

The average median motor NCV in the forearm and average 
median transcarpal sensory NCV (with mid‑palm antidromic 
sensory method) were also measured and the case and control 
groups’ difference was significant  (P  <  0.0001, two sample 
t‑test, Table 1).

The median motor NCV cut‑off point between the case and 
control subjects was calculated 37.41  m/s and the median 
sensory NCV cut‑off point was calculated 41.69 m/s in the 
interpolation method.

Using these cut‑off points, a sensitivity of 88%, specificity of 
67%, positive predictive value (PPV) and negative predictive 
value (NPV) of 70.8% and 84.7% were obtained for motor NCV 

and a sensitivity of 98.3%, specificity of 91.7%, PPV and NPV 
of 91.9% and 98.2% were obtained for sensory NCV.

Discussion

This study shows that interpolation not only improves motor 
techniques for diagnosis of mild CTS, as Bodofsky said, but 
also provides greater sensitivity and specificity for sensory 
conduction studies.

The average DMSL was 3.93 ms in the case group and 
3.16 ms in the healthy controls. Comparing the average DMSL 
difference between the case and control groups in our study 
with Bahrami’s study results (3.97 ms in cases and 3.1 ms in 
controls) and Bodofski’s study results  (5.1 ms in cases and 
3.07 ms in healthy subjects) shows a greater difference in 
Bodofski’s study. It can be explained by considering that we 
recruited only mild cases.

Statistical significance of the difference between motor velocity 
in the carpal tunnel of the case and control groups can question 
the belief that mild CTS involves the sensory fibers first. Motor 
fibers involvement occurs early in the course of the disease, 
but it can be very mild and difficult to be detected with 
conventional electrodiagnostic methods. This is in the same 
line with previous results.[17,18]

There is a greater difference in average median motor NCV 
in the carpal tunnel with interpolation method between cases 
and controls in Bodofski’s study than the other two studies 
and so greater sensitivity, specificity, PPV and NPV of median 
motor NCV with interpolation method, which is due to lack of 
excluding more severe cases [Tables 2 and 3].[17,18]

Although Interpolation method for median motor NCV has 
high sensitivity and specificity for diagnosis of mild CTS, 
but due to Bahrami’s study and our findings these are lower 
than antidromic sensory stimulation method at the wrist and 
mid‑palm.

To the best of our knowledge, median sensory NCV by 
interpolation method was not calculated and studied as a 
diagnostic technique before. Bodofsky stated that it is not 

Table 1: Average median nerve conduction velocity 
using different methods

NCV 
group

Motor 
(routine)

Sensory 
(routine)

Motor 
(across canal)

Sensory 
(across canal)

Control 56.58±5.95 49.58±6 42.02±4.59 45.82±2.42
Case 50.12±7.58 33.7±3.9 33.59±4.25 38.43±2.71

NCV=Nerve conduction velocity

Table 2: Average median motor NCV using interpolation 
method in three studies

Study group Bodofskiʼs study Bahramiʼs study Our study
Control 43.2 40.34 42.02
Case 32 34.73 35.59
Difference 11.2 5.63 6.43

NCV=Nerve conduction velocity



Ashraf, et al.: Interpolation method in diagnosis of carpal tunnel syndrome

Annals of Indian Academy of Neurology, October-December 2013, Vol 16, Issue 4

626

likely that a much higher sensitivity or specificity would be 
obtained with this technique. We studied it and found that it 
is very sensitive and specific in differentiation of mild cases of 
CTS from normal subjects [Table 4].

Study limitations
We know that CTS is more common in women. Although we 
matched cases and controls regarding the age, but they were 
not closely matched with regards to all demographic data 
such as gender.

Conclusion

In mild CTS, median motor nerve involvement is common, 
but it can be very limited and cases may remain undiagnosed 
with usual electrodiagnostic tests. According to our findings, 
median motor interpolation method is a good technique, 
but with less sensitivity and specificity than median sensory 
interpolation method for such cases. We suggest performing more 
well‑designed studies to evaluate median sensory interpolation 
method to see whether it can be helpful in mild CTS diagnosis.
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Table 3: Comparison of the median motor interpolation 
diagnostic technique in three studies

Study test 
characteristics 

Bodofsky (%) Bahramy (%) Our study (%)

SEN 96.70 85.50 88
SPE 94.70 85 67
PPV 96.70 94.60 70.80
NPV 94.70 65.40 84.70

SEN=Sensitivity, SPE=Specificity, PPV=Positive predictive value, 
NPV=Negative predictive value, NCV=Nerve conduction velocity

Table 4: Comparison of the median sensory NCV 
measurement with interpolation technique and mid‑palm 
antidromic sensory method

Method test 
characteristics

Interpolation (%) Mid‑palm antidromic (%)

SEN 98.30 91.60
SPE 91.70 89
PPV 91.90 87.30
NPV 98.20 91.40

SEN=Sensitivity, SPE=Specificity, PPV=Positive predictive value, 
NPV=Negative predictive value, NCV=Nerve conduction velocity
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