
Matters arising
unacceptably high if we had used two stan-
dard deviations for even a few of the 10 com-
parisons. In the study of Katifi and
Sedgwick, four criteria of abnormality
(amplitude, latency, inappropriate latency
compared to the segment above and below,
and interside latency difference), five seg-
ments (L2, L3, L4, L5, and SI) and two sides
were used for a total of 35 comparisons per
patient. In this setting, a limit of two stan-
dard deviations is even less acceptable than
it would have been in ours.

Katifi and Sedgwick claim a high sensi-
tivity for DSEPs in the evaluation of lum-
bosacral root compression, suggesting that
the technique "predicted root compression
in 19 of 20 cases". Less stringent criteria for
abnormality always leads to an increased
sensitivity, but only at the expense of
reduced specificity. A careful reading of their
table 1, in fact, demonstrates this pitfall and
the misleading conclusions which follow
from it. They were able to detect correctly
74% (25/34) of the roots involved at surgery,
but incorrectly identified 12 additional roots
that were unaffected when explored. More-
over, in three instances (cases 2, 6 and 19)
DSEPs only identified roots contralateral to
the clinical signs and in one (case 2) con-
tralateral to all of the symptoms as well. In
another (case 10), the DSEP abnormality
was contralateral to the surgically involved
root. More troublesome from a clinical per-

- spective, however, is the fact that in only
four of the 21 patients (cases 1, 14, 18 and 20)
did the DSEP accurately and completely
predict the operative findings.
Some ofthese discrepancies could relate to

surgically inapparent disease or subclinical
compression as a result of severe and wide-
spread pathology of the lumbosacral area. If
such is the case, however, then patients with
more restricted disease need to be studied (as
we did) before the clinical utility of a new
technique such as the recording of DSEPs
can be accurately defined.

MICHAEL J AMINOFF
DOUGLAS S GOODIN

Clinical Neurophysiology Laboratories,
School of Medicine,

University of California,
San Francisco, Cal 94143-0114, USA
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Katifi and Sedgwick reply

We are grateful to Aminoff and Goodin for
their interest and critique of our paper.'
Careful consideration of the points raised is
given below but in the end we stand by our
conclusion that the DSEP ". . . is a very accu-
rate method of detecting abnormalities in
root function".

1. Normal Data
Our normal regression lines2 of latency on
height and those of Aminoff and Goodin34
are plotted together in the fig. The regression
lines of mean are almost parallel with ours
but about 2 ms lower which seems a good
correspondence between the two labora-
tories. The crucial difference lies in the stan-
dard error of estimate (SEE) which are 4-7
and 3-8 ms for L5 and SI dermatomes
respectively in the Aminoff and Goodin
data3'4 but 2 90 and 2 95 in ours2 (table 3).
This difference is further compounded by
their choice of + 3 SEE as the upper limit of
normal which gives a value some 10 ms
higher than ours; even taking + 2 SEE gives
a figure 5 ms higher. One reason con-
tributing to a higher SEE may be the smaller
sample size ofAminoff and Goodin, 32 com-
pared with 54 subjects in our series.2

2. Definition of abnormality
Selection of + 2 or + 3 SEE as the upper
limit of normality depends on two related
principles. First, the nature of the abnormal-
ity in the diseased population; do the laten-
cies of patients with unequivocal root
compression lie far to the right of the tail of
the normal distribution or do they overlap?
They overlap, most delays lie between 2 and
3 SEE of normal. The figure shows our 20
abnormal delays plotted. Second, how dan-
gerous or misleading is a false positive
result? Only experience allows one to bal-
ance carefully these factors. We opted to use
+2 SEE which includes 95% of the popu-
lation in question, the chances of wrongly
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Fig The regression lines of the P50
latency on height are shown for our data
and that of Aminoffand Goodin' 3for L5
and S1 dermatomes. Lines representing
+ 2 standard error of estimates are shown
for both series and +3 SEEfor Aminoff et
al.3 Abnormal roots from our patients are
plotted showing that these abnormalities
would not have been detected if we had used
the limits set by Aminoff and Goodin from
their normal controls.

interpreting a normal result is only 2-5%. It
is, after all, just as important not to have
many false negatives as a normal result in a
sensitive test is valuable in excluding root
involvement. These criteria are safe as long
as the referring doctors understand these
implications.'
We routinely studied L5 and Sl and the

other dermatomes only where clinically indi-
cated, not all five roots as suggested. Inter-
side differences of above 6-3 and 5-1 ms for
L5 and Sl respectively were taken as abnor-
mal by Aminoff and Goodin; our upper lim-
its were 3-5 and 4-5ms which represented
2SD.
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3. Population ofpatients
We agree that part of our differences may
relate to the different populations of patients
studied. We used surgical findings as the
"gold standard" of diagnosis; the surgeons
were blind to the DSEP findings and they
were not asked to pay attention to any par-
ticular root. Aminoff and Goodin used vari-
able "gold standards" and their patients
must have been less severely affected as only
8/19 came to surgery. In a further eight
verification of the myelogram was by dis-
cography, now a largely abandoned pro-
cedure.6 In some the myelogram described a
bulging as opposed to a prolapsed disc, a
common finding in asymptomatic patients.7
In three more cases the EMG was the only
abnormal finding and was performed on the
symptomatic side only;4 one does not know
whether the hard sign of fibrillation in mus-
cles of a root distribution was seen or
whether soft signs were relied on such as
polyphasic potentials and a reduced inter-
ference pattern. One could therefore make a
reasonable case against several of Aminoff
and Goodin's patients having radiculopathy
and this may explain some of their negative
findings.

4. Operative findings and DSEP
The criticism that 12 roots were "incor-
rectly" identified raises interesting issues.
For the reasons given above we accept the
abnormalities in these roots as a true
reflection of root dysfunction. Usually the
"incorrect" root was an abnormality found
in addition to the "correct" root. No com-
ment from the surgeon does not mean that
he identified the root in question as normal.
The surgeon's briefcomments should not be
overinterpreted at this stage; it will take a
study of more than our 20 and Aminoff and
Goodin's 19 patients to sort out these dis-
crepancies. We discussed in the text a num-
ber of explanations of unexpected DSEP
abnormalities in roots. One cannot assume
that the injury causing pain also causes
delayed DSEPs simultaneously, we know
from peripheral nerve decompression that
pain is relieved immediately but conduction
delays take time to resolve. It is possible that
an abnormally conducting root which did
not appear compressed at surgery may have
been bowed and repeatedly stretched during
active movement sufficiently to cause a con-
duction defect.

Anatomical variations must also be con-
sidered.8 9 Pre-fixed and post-fixed roots are
possible; sometimes L5 and S1 are unevenly
divided with the majority or even all the
fibres passing through one intervertebral
foramen.

Matters arising,
In persisting with our conclusions that the Notices

DSEP is a very accurate method for
detecting abnormalities in root function we
are encouraged that other workers have Alumni Assoc!
reached similar conclusions.'0'2 There is tal, Queen Sqi
ample evidence to justify further evaluation ology (London
of the technique in larger numbers of
patients and we are currently preparing our A meeting, op
experience in 100 cases, most of whom were at the Nati
treated conservatively. Diseases or tI
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The 18th International Epilepsy Congress.

This will be held in New Delhi, India, 17-22
October 1989. Information may be obtained
from Professor M C Maheshwari, Secretary-
General, 18th International Epilepsy
Congress-89, Department of Neurology,
Neurosciences Centre, All India Institute of
Medical Sciences, New Delhi-I 10029, India.

The Volvo Awards for Low Back Pain
Research 1989

The Volvo Company has sponsored three
prizes of US $8.000 each. Awards will be
made competitively for papers in the follow-
ing: (1) Clinical studies, (2) Bioengineering
studies, (3) Studies in other basic science
areas.

Enquiries should by made to: Professor
Alf Nachemson, Department of
Orthopaedics, Sahlgren Hospital, S-413 45
Goteborg, Sweden
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