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ABSTRACT

Our extended group in Dhaka University has shovat fltequency Distribution of F-Latency (DFL)
of peripheral nerve trunks may be used for thedliete of Cervical Spondylotic Neuropathy (CSN).
A double blind study was performed recently to asde the efficacy of DFL in the detection of CSN
using MRI findings as the benchmark, which was grened on 62 median nerves of 31 volunteers
within an age range of 20 and 80 years. In ourriaiooy DFL is obtained by grouping F-latency data
into 2ms bins and then plotting a frequency polygiime shapes of the resulting polygons are sorted
into two categories: i) single peak and ii) broaalpor multiple peaks. The first category was taken
represent normalcy while the second category wiesntéo represent CSN. The present work was
taken up to study the effect on the polygon pastelue to shifting of the starting point of each byn
1ms. Two decisions were made for each nerve raggardormalcy or CSN based on both the
individual polygon patterns. Two more decisions avarade based on the logic AND and logic OR
operations of the above two decisions. These fadividual decisions from all the nerves were then
compared with MRI findings. This shows that such &lifting and a decision based on OR logic on
the two DFLs thus obtained gives the best oveffilaxzy compared to all the other procedures.

Keywords. Frequency Distribution of F-latency, Bin shiftinlgND & OR logical operation.

1. INTRODUCTION

A peripheral nerve trunk consists of thousaatinerve fibres with varying conduction velocitieghich
can be well described by distribution of conducti@iocity (DCV). If a motor nerve is electrically
stimulated, action potentials are generated withim individual nerve fibres, which travelling toeth
connected muscle (called orthodromic conductioitited compound muscle action potential, or an M-
response, that can be recorded using surface alestr From the stimulation site the action poténtia
also travel in the opposite direction (called amtidic conduction) to their respective cell bodiesated

in the spinal cord. In most of the motor nerve cdliese antidromic potentials simply die down.
However, a few percent of the cell bodies backfifier a short delay and send fresh action potential
down the nerve fibres to the muscle. These in effeoduce a delayed compound muscle action
potential called the F-response (Fox and Hitchcbe®&7, Magladery and Jr 1950, Mayer and Feldman
1967, Mcleod and Wray 1966), which is very muchuet in amplitude with respect to the M-response
because of the small number of fibres involvedatéficies obtained from multiple stimulations vary i
latency, size and shape because of random backfirfirthe cell bodies. Recruitment of fibres for F-
response would depend on DCV for motor fibres diyg@abbani et al 2007). Being a random process,
they hypothesised that a frequency distributionFdatencies (DFL) from such multiple F-Latencies
would be an approximate mirror image of DCV. Thawnneurophysiological parameter DFL obtained
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from evoked EMG responses have previously beenrteghdo be useful in the detection of Cervical
Spondylotic Neuropathy (CSN) (Alam and Rabbani 204dssain et al 2011, Rabbani et al 2014).

There are usually two major causes for CSN. Onealked Radiculopathy (CSN-R) in which nerve
branches coming out of the spinal cord may be cesgad in the narrow channels or gaps created by the
vertebral bones. This compression may be causetioby growth in the vertebra (osteophyte), or
herniation of inter-vertebral disc. Either of thesenpressions leads to CSN, and this conditioménk

as radiculopathy. The other cause of CSN is MyealopeCSN-M) in which one side of the spinal cord is
directly pressed onto, mostly by a bulging intetelral disc. This affects nerve fibres locatedha t
pressed region of the spinal cord.

Recently a double blind study was performed to raaitethe efficacy of DFL in the detection of CSN
using MR findings as the benchmark (Chowdhury 9048ich showed that DFL can predict CSN to a

high degree of reliability.

In our laboratory DFL is obtained by grouping Felaty data into 2ms bins and then plotting a frequen
polygon. The resulting polygon shapes are sortedtimo categories: i) single peak and ii) broadkpea
multiple peaks. The first category was taken taoesent normalcy while the second category was taken
to represent CSN. Different types of DFL typicadlytained are shown in Figure 1-4.
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Figure 3: Double Peak Figure 4: Triple Peak

A single peak was defined as the polygon whichahamgle high value (peak) while the adjacent \alue
(at intervals of 2ms) are very small as shown ig.Ei Double or triple peaks were also visualy
determined simply, as shown in Figs, 3 and 4. Télggon shape was considered as a broad peak where
non-zero and significant frequency exists at atldams difference (two bin separation) from thsifan
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of the peak, with intermediate bins having sigmifit frequency values as well as shown in Fig.2. A
recent work carried out in Singapore (Rabbani €0dl4) has helped improve the definition of a broad
peak with relation to the occurrence of CSN. Acawgdo this definition, if the adjacent frequenalues
were greater than one third of the peak frequeasyir{ Fig. 3) then it would be considered a broaakp
as well. Comparing figures 1, 2 and 3, it is obgidlat there is a very small difference in betwihese
shapes while it is very critical to distinguishiagbe peak from a broad peak for the diagnosis®iNC

During the present work it was observed that winiking the frequency polygons of DFL, if the stagti
point for the grouping into the 2ms bins is changed ms, then the pattern sometimes changes from a
single peak to a broad peak, or from a broad pealotible peak, or vice versa. This poses a diffjcul
regarding the decision on the diagnosis of CSN whities on these shapes of the DFL polygon. Her th
reason the present work was taken up to systerttatitady the effect of this shift in the startinglue of

the bins of earlier data and how the inferences fitwe slightly different patterns may be combinedét

a better decision on the pattern for the diagnofS3SN.

2. METHODS
The study was performed on the data obtained salier study (Chowdhury 2013) which was carried

out on 62 median nerves of 31 subjects with aggingrfrom 20yrs to 70 yrs. MRI reports indicating
CSN were also available for most of the subjectsvéler, two nerves of two individual subjects had
insufficient MRI information and these were exclddeom the present study. So this study essentially
included data from 56 median nerves of 29 subjects.
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Figure 5: DFlevenand DFlgqyq for two different subjects

Frequency distribution for a continuous variableusually performed choosing appropriate bins or
groups. All the previous work in our laboratory dsebin size of 2ms to obtain a DFL polygon. Typica
values of F-latency for median nerves from adulfjetts vary between 20ms and 35ms. In the previous
work bin values were chosen at intervals (all in) 8&-22, 22-24, ... so on. Here the starting value is an
even number and let us name the DFL thus obtaiaddF..., We would like to see what changes in
shape occurs, particularly with respect to thedite of CSN, if a 1ms shift is made in the chadehe
bins, i.e. if the bins were chosen at intervals ifaims) 21-23, 23-25 ... so on. Let us name the DFL
thus obtained as DRke. Figure 5 shows the polygon shapes for two subjectboth DFlyenand DFLyqqg
where the shapes change between the classificatimmsidered for diagnosis in the present work as
mentioned before.

Since the patterns change through this processirofshifting, we were interested to see if any
combination of the decisions based on these chamajelns can improve the diagnostic ability of DFL
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We considered two approaches, one using logical dpBration and the other using logical AND
operation on the decisions given by the two pastasna result of bin shifting. These were to bepamed

with the decisions given by the MRI findings whibhve been considered as the gold standard in the
previous study (Chowdhury et al 2014).

For these logical operations the diagnosis basddFinand MRI were assigned the letters ‘Y’ and tN’
represent the presence of CSN (yes) and abser@8Nf(no) respectively. As already mentioned, if the
DFL shows a single peak, we interpret this as ngriva the diagnosis is a ‘no’ indicated by ‘Nf.d
DFL gave broad, double or triple peak, the diaghdésia ‘yes’ indicated by 'Y’. For each nerve of a
subject, these diagnoses were made with both.Fand DFlLg The MRI findings were similarly
assigned ‘Y’ or ‘N’ values based on the findingstod radiologist which were taken from the eanlierk
(Chowdhury et al 2014). It needs to be mentioned ith this earlier work DFL gave a better efficaty
even mild findings of MRI were taken to represe®iN; which was also chosen for this work.

The diagnosis based on individual shapes of Jakland DFL,g and the two mentioned combinations
(OR and AND) were performed. These four sets ajmlisis were then compared with the MRI findings.
This gave us a way to identify which of the diagrsgave the best performance for DFL.

To determine the predictive capabilities of themar fsets of diagnoses based on DFL we determireed th
following parameters from the relevant tables: tpasitives (TP), true negatives (TN), false posiiv
(FP) and false negatives (FN). These parameters thren analysed to obtain values of correct priedict
(CP) or efficacy, Sensitivity (Sen) and Specifidi8p) defined as (all expressed in percentage):

CP = (TP+TN)/Total number
Sen = TP/(TP+FN)
Sp = TN/(TN+FP).

The higher the value for each, the better is thfopmance of the new test regime, here of DFL.

3. RESULTSAND OBSERVATIONS

The diagnosis of CSN based on MRI findings and liiveshifted DFLs, DFLye, and DFleyq are
presented in Table 1. The predictive capabilif@sthe four types of DFL for the detection of C&N
presented in table 2.

A quick observation reveals that the OR combinatidrDFL..., and DFlyyy gives the best overall
performance.
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Table 1: Comparative study between diagnoses fdt k£sed on MRI and DFL

Volume 6, No.1, 2013

Subject. dianilggS CSN diagnosis from Subject. dianilESiS CSN diagnosisfrom
No. fromMRI | DFbeen | DFLo No. fromMRi | PFhee | DFlao
1 Y Y Y 29 Y Y Y
2 Y Y Y 30 Y Y Y
3 Y Y Y 31 Y Y Y
4 Y Y Y 32 Y Y N
5 Y N N 33 Y Y Y
6 Y Y N 34 Y Y N
7 Y N Y 35 Y Y Y
8 Y Y Y 36 Y N Y
9 Y Y Y 37 N N Y
10 Y Y Y 38 Y Y Y
11 Y Y N 39 Y N N
12 Y Y Y 40 Y N Y
13 Y Y Y 41 Y N N
14 Y Y Y 42 Y Y Y
15 Y Y Y 43 Y Y Y
16 Y Y Y 44 Y Y Y
17 Y Y N 45 Y N Y
18 Y Y N 46 Y Y Y
19 Y Y Y 47 Y Y Y
20 Y Y Y 48 Y N Y
21 Y Y N 49 Y Y Y
22 Y Y Y 50 Y N N
23 Y Y N 51 Y Y Y
24 Y Y N 52 Y N Y
25 Y Y Y 53 N N Y
26 N Y N 54 N Y Y
27 Y Y Y 55 Y Y Y
28 Y N Y 56 Y N Y
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Table2: Predictive capabilities of the four typesDFL for CSN

DFLaen | DFLog L‘g'Rca' Ope;al\tl'gn
True Positive (TF 40 39 48 31
True Negative (TN 2 1 0 3
False Positive (FI 2 3 4 1
False Negative (F! 12 13 4 21
Correct Prediction (CP) 75 71 86 61
Sensitivity (Se) % 77 75 92 6C
Specificity (Sp) % 50 25 o* 75

* the number of TN is ‘0’ so the value of specificis not useful from such a data

4. Discussions

The work on DFL (a statistical frequency distriloutiof F-latencies from multiple F-responses) isady
established for CSN detection by several groupBludika University and its associates in Singapore.
Since DFL is used as a screening tool for CSN disigndepending upon the polygon shapes, choice of
its pattern is important. The observation of a ¢gjeain the pattern of DFL through changing of the
starting point of bins while preparing the DFL leda confusion in diagnosis initially, but has evetly
helped develop the present methodology, which seerns a significant improvement. The present work
has helped improve the prediction capability of Ddiginificantly.

As can be seen from Table 2, the correct predictapability (or efficacy) had the highest valueB6fo

for the OR combination while the nearest one wa% Atsing one of the individual DFL patterns
(DFLeven. Similarly, the Sensitivity was very high, 92% fihe OR combination while the nearest one
was 77% using DRk, pattern.

The specificity data was unreliable as there wemny few true negatives in the data sets. Theretbee,
assessment should be based on the other two paramé&herefore, the present work has given an
improved method for the predictive ability of DFéstablishing this new technique for the detectibn o
CSN on a much stronger footing.
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