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ABSTRACT : Distribution of F-latencies (DFL) is a new nervendaction parameter introduced by
our laboratory to give a distribution of the contioe velocity (DCV) of motor nerve fibres in a
peripheral nerve trunk simply as its mirror imag&vrlier work revealed an association between
Cervical Spondylotic (CS) neuropathy and DFL patsesbtained from the thenar muscle at the base
of the thumb by artificially stimulating the mediaerve. DFL froom normal subjects had a single
peaked pattern, while that from subjects with C8 Hauble or triple peaks, or a broad peak. The
broad peak was suggested to be an indicator oy €8l even when the symptoms are not fully
apparent. This led to some hypotheses based oicphpbysiology and statistics, in order to explain
such patterns. In order to verify these hypothesgseriments need to be carried out carefully, and
the present work is a step towards that goal. im work DFL of the median nerve was obtained
from 15 subjects, 6 normal, and 9 with diagnosedical spondylosis. The latter were subjected to
further X-ray and MRI investigations, performednilly at regular clinics. All of the 9 subjects were
identified with either compression of nerve roatad{culopathy), or spinal cord compression due to
the bulging of the inter-vertebral discs (myelogath This shows with confidence that double or
triple peaks of DFL indeed relates to CS, and brpadks indicate their early stage. The same
concept may be extended to other peripheral nebas, in the hands and legs. Thus DFL may
become an important screening test for neuropath first choice, offering a low cost and widely
available test compared to the only other alteveafRI, for such diagnosis.
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DCV, DFL, Cervical Spondylosis, Radiculopathy, Myehthy.

1. INTRODUCTION

Earlier work in our laboratory established a newveeconduction measurement parameter named
Distribution of F-latency (DFL), obtained from ewaak EMG responses, and established that it is an
approximate mirror image of Distribution of CondoatVelocity (DCV) of motor nerve fibres in a nerve
trunk, an important neuro-physiological parametar diagnosis [1]. Before this work there was no
practical method for obtaining DCV suitable in énidal environment. It was also found in the iditia
experiments that DFL, obtained from the thenar teust the base of the thumb by stimulating the
median nerve, has a single peak for normal nentake vior Cervical Spondylotic (CS) neuropathy, it
shows double or triple peaks [2]. Besides, sometiBieL has a broad peak, which has been suggested as
an early stage of CS neuropathy that is still dirfbeal.
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To explain the occurrence of such multiple peaksa diroad peak, a number of hypotheses were put
forward [3], and are summarized below. The preseotk is a step towards verification of these
hypotheses.

The Thenar muscle (Abductor Policis Brevis, APB}ta& base of the thumb is served by the median
nerve with nerve branches C7, C8 and T1 at theeleat levels. It was hypothesized in the above work
that compression of any one of these brancheseatginal root will cause fibres through that nerve
branch to contribute to a delayed DFL while fibteough the other two uncompressed nerve branches
will contribute to a DFL at the original positiohen DFLs due to all of these nerve branches are
combined, a double peak will result. If two of therve branches are compressed to different degreds,
one remains uncompressed, triple peaks may rekhilt. hypothesis tries to explain multiple peaks of
DFL on the basis of nerve branch compression atabie or, radiculopathy.

Double peaks of DFL were also observed in someestbjwho did not have radiculopathy, but had
bulging discs pressing onto the spinal cord agaén inter-vertebral level, typically at C5-6 or-684This
condition is known as myelopathy and another hygsithwas put forward to explain this condition. It
was suggested that the bulging disc pressed omstredding nerve fibres from the brain some of which
ended up and linked to cell bodies of peripheralamoerve branches coming out at immediately lower
levels. Because of the pressure the descendingseray get degenerated, which in turn would cehese t
linked peripheral nerves to degenerate. This wiadpen because the body has a tendency to shrink
organs or tissues that are not in use (disuselatyopherefore nerve fibres through one or mor¢hef
branches C7, C8 and T1 may be degenerated, witkttied in conduction velocity (CV). Fibres with
such reduced CV will contribute to a delay shiff@dL, and again, together with the non-degenerated
fibres, will contribute to double peaks in the maas DFL.

Broad peaks were explained as the early stageeddlibve disorders, when the delay in the DFL segmen
is not enough to get resolved. Usually no cliniyahptoms appeared for such observations and ttael bro
peaks were suggested to be useful in providiny @adications of neuropathy.

The above information suggest that DFL would becameery important and sensitive indicator of
neuropathy, if the hypotheses presented could beegrthrough real life measurements. The present
work, as mentioned above, was taken up with this ai

2.METHODS

Firstly the study was performed on 6 volunteeroreu to have diagnosed Cervical Spondylosis. Then
another 6 subjects were chosen who did not havenaayological complain. These subjects consisted
mainly of students of Dhaka University and theiq@aintances. Some subjects were elderly relatifes o
these students and the age ranged from 25 to 64.yea

DFLs were obtained from both median nerves of eaddject, using standard techniques developed by
our group earlier and briefly mentioned below. 8itlce technique of measurement is nothing different
from the routine measurements of nerve conductiondfagnosis which is non-invasive and does not
pose any hazard, only oral consent was taken frensuibjects.

To obtain DFL, 30 to 40 stimuli were applied to adian nerve at the wrist and the evoked EMG signals
were obtained from the corresponding thenar mugdbeluctor policies brevis, APB). The tests were
performed at room temperature which was more s kable at around 3@. F-latencies for the
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resulting F-responses were sorted into latencg"lofwidth 2 ms. The number of occurrences in dxich
was plotted against the latency mean and the eaguhistogram smoothed to give the frequency
distribution which is the DFL. Typically three paths of DFL were observed as described in theezarli
work and reported before, i.e., single peak, cjedefined double peak and broad peak.

Subsequently 3 more subjects were added into tldy stho had diagnosed CS as well. This made 9
subjects with diagnosed CS. X-ray and MRI invesiiges of the cervical spine was performed on some
of these subjects. These investigations were paddrat regular clinics where the investigator did n
have any chance to know that this was part of eareb. Not all had both the tests because of some
logistic difficulties, however, useful and inteliegt information could be obtained to test the hixgsis
mentioned above. One from the 6 normal subjectsalgastested using X-ray investigation.

3.RESULTS

The results of the first study on the 12 subje6taigrmal and 6 with CS) are presented in Tablesl. A
expected, the 6 normal subjects demonstrated sieglk of DFL on both sides, and they did not hane a
neurological complain either (serial 1 to 6 in Teat). One of them was investigated using X-ray, thed
report came out normal, with no bony growth.

Table 1: DFL of 12 subjects to relate their clinical comnatit

Subject Subject Age, NO' of DFL peak(s) Clinical
No. ID Yrs Right Left condition
median median
1 BPL 25 S S NC
2 SHA 25 S S NC
3 ARA 25 S S NC
4 SID 26 S S NC
5 TAZ 26 S S NC
6 IFT 26 S S NC
7 HFT 26 D S Cs
8 CHA 26 D D Cs
9 EHS 36 S D Cs
10 AKT 46 T T Cs
11 SAL 49 S D Cs
12 HUQ 64 D D CsS
Abbreviations
S: Single peak; D: Double peak; T: Teipeak;
CS: Diagnosed Cervical Spondylosis with clinicatngdain;
NC: No Clinical Complain;
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All of the remaining 6 subjects (serial 7 to 12lable 1) having diagnosed Cervical Spondylosisttuere
with clinical symptoms, demonstrated double orléripeaks of DFL. As mentioned above, 3 more
subjects with diagnosed CS was added to this datap The results of the X-ray and MRI investigat

on these 9 subjects with diagnosed CS are presenieble 2.

It is interesting to note that one of the subjékiSR) had a broad peak with indication of two hurhps
years back, before the present work was taken igoMRI at that time indicated mild disc compression
on the spinal cord (myelopathy) at C5-6 intervadélspace. At present his DFL shows clear double
peaks, and he feels a burning sensation aroungettieand shoulders when the arms are kept higheon t
table, indicating mild cervical spondylotic neurtipa This also shows that the broad peak of DFL two
years back indicated the early stage when there n@symptoms.

Table 2: X-ray and MRI findings of subjects having doublakef DFL

Subject ID Age, | X-ray findings (for whom done) MRI findings (for wim done)
yrs
HFT 26 Mild ost: C5, DSR
CHA 26 Marginal ost: C4, DSR
EHS 36 Marginal ost C7, DSR DB: C4-C5, C5-C6, SCC
AKT 46 Mild ost: C5-C6, DSR at C4-5 and C56  ---
SAL 49 Ost: C5, C6, C7. DB: C5-C6, SCC
DSR at C5-6
HUQ 64 Mild ost: C4, C5,
DSR at C3-4, C5-6, C6-7.
KSR 60 DB: C5-C6, SCC
ARA 25 Cervical Rib
AAM 26 Normal DB: C4-5, C5-6, SCC
Abbreviations: Ost: Osteophyte DB: Disc bulging
DSR: Disc space reduction SCC: Spinal cord compression

4. DISCUSSIONS

Tables 1 and 2 indicate very conclusively thasabjects having diagnosed CS had double or trigddkp
of DFL, in at least one side, while all in the natrgroup had single peaks. Again from Table 2ait be
seen that X-ray and MRI investigation carried outing this work also indicates some sort of spinal
abnormality affecting the nerves in all the 9 satjevho demonstrated double or triple peaks of DFL.

If radiculopathy has to affect the thenar musdieré should be compression of C7, C8 or T1 nerve
branches. In Table 2 two subjects (EHS and SAL)bdwtd/ growth (osteophyte) at C7, as revealed by X-
ray investigation, which may compress the nervadivaC7, and cause radiculopathy. There is alse@& ca
of cervical rib. However, in all others, disk spaeduction coupled with disc bulging and compreassio
spinal cord are common at slightly higher levelshaf vertebra. Therefore, it can be said that thases
had myelopathy, i.e., pressure on the spinal cbhis small study also indicates that myelopathy has
affected more of the subjects than radiculopathy.
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The application of DFL in cervical spondylotic nepathy came up almost unexpectedly, while the first
attempts to establish DFL was being carried ouivbykers in our laboratory earlier. Details of X-ray
MRI investigations of that study were not availalidet a retrospective analysis of the results way v
indicative of an association. The hypotheses puivdiod to explain the above findings based on
physiology, physics and statistics paved the waydking up further experiments. The present werk i
step towards such a methodical study incorpora¥ifrgy and MRI investigations, carried out blindly.
The findings support the above association andoksit@s the efficacy of DFL in the screening of
cervical spondylotic neuropathy on a stronger fapti

Of course, such multiple peaks of DFL may occurabee of various other causes as well, such as
tumour, inflammation and nerve injury. Thereford;lDmay be an initial screening method for any
peripheral neurological disorder, a detailed okernaup later for positive cases, thus saving atgteal

on health care. Once an equipment is establisherk tis virtually no material cost in obtaining
investigations on nerve conduction including DFlesiles, equipment can be made portable and low
cost if these are made locally, and could be maddable widely. Therefore, DFL has all the menfs
being a routine screening test for neuropathy.

We carry out regular clinical work where DFL is tioely performed on the appropriate peripheral
nerves. This is being carried out over the laste@ry and has resulted in improved diagnosis. Our
understanding is that nerve trunk compressionapamt distal to the junction of the nerve brarshéll

lead to an overall delay shift of DFL as for CTSiiler compression or degeneration of one or motaef
few nerve branches near the roots will lead to ipleltpeaks of DFL. We have also noticed double peak
of DFL for subjects with external injuries affedithe peripheral nerves slightly. This needs ardgs
study again. However, the observations are veraliel and reproducible enough to be taken into
cognisance. Double peaks were also observed frdrialTand C. Peroneal nerves for subjects with
Lumbo-sacral (LS) spondylotic neuropathy. Combiratighese findings we may say that double oréripl
peaks of DFL definitely indicate some sort of ngathy, most possibly of spinal origin, if no histaf
injury is present. Any entrapment of the nerve krafter the spinal nerve branches have combined wil
lead to an overall delay shift of DFL which canitdentified through a comparison with that from the
other side, since such disorders are not exactiglezn both sides. Therefore, our work establighat

the presence of a broad peak or more than oneipd2kL of the peripheral nerves may be taken as an
indicator of neuropathy. This can become a firsestigation of choice in any peripheral neuropathy,
which may include CS and LS Spondylotic neuropats/well as inflammation, tumour, etc. Further
work may lead to differential diagnosis as well.

5. CONCLUSIONS

DFL appears to have brought in a new dimension érven conduction measurements, and has the
potential to become a standard method of choitlkdrnnvestigation of peripheral neuropathy. DFLegiv

an inner view into the nerve trunk using a simplkeasurement methodology, which no other existing
clinically suitable method provides. Of coursesitimited to motor fibres only, and to those thatet part

in F-responses, still it does have a great sigmitie and importance in neural diagnosis. Many
neurological disorders relate to motor nerves.filfeL may provide useful diagnostic information for
motor nerves, which could then be used to assas®pethy in sensory nerves through expertise and
experience of the clinician. Together with convemél nerve conduction techniques, DFL has the
potential of providing an improved diagnosis, wétinfidence.
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