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If one person can be considered the founder of modern clin-
ical neurology, it would be Jean-Martin Charcot. His lec-
tures at la Salpêtrière on diseases of the nervous system were
given from 1866 to 1880. His illustrations of the spinal cord
in multiple sclerosis (MS) show the high proportion of white
matter involved by the lesions which are “scattered in time
and space.” Thus, the major pathology in MS is concentrat-
ed in the neural tube. The principal clinical deficits in MS
then would be the result of lesions in the spinal cord and
brain stem, with multiple lesions along the neural pathways
required for impairment of function. Therefore, the predom-
inant involvement of long tracts would most often be reflect-
ed in the lower limbs, and bilaterally. 
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The early clinical features in MS were studied in a series
of 762 men with final diagnosis of MS in US Army Hospitals
during World War II. Neurologic exams during and after mil-
itary service for the first 20 years of illness were obtained. For
each exam, symptoms were recorded by type and body part
affected, and signs were coded to the eight Functional Systems
(FS) and the Disability Status Scale [1]. Two-thirds of the
patients were considered to have definite or probable MS.

All these patients were free of neurologic impairment
before the bout leading to Army hospital diagnosis. In that
bout, 85% then had Pyramidal tract involvement. Cerebellar,
Brain Stem and Sensory systems were the other Functional
Systems involved in the majority of patients even at this very
early stage of clinical disease. Together with the four other
systems (Bowel and Bladder, Visual, Cerebral, Other), these
8 Functional Systems – which are all mutually exclusive –
include all deficits seen in this disease that can be defined at
neurologic examination.

With this exclusivity and completeness, each patient can
then be described by an 8-digit binary number, with a “1”
for involvement in a given system, and a “0” for no involve-
ment. For example, 1100 0000 would describe a patient with
only Pyramidal and Cerebellar signs. Now if occurrence of
disease affecting one FS is independent of involvement in
any other FS, then a specific frequency expected for each of
the individual 256 possible patterns (28) can be calculated as
the product of each of the observed frequencies within the
total series. For involvement of only Pyramidal and
Cerebellar Systems, this expected frequency would be the
product of observed values (the “1s”) and that of all six “0s”
(1 - observed values). This product is .028, and the observed
product was .024. This pattern was the 6th most common
expected. The four most common were 1111 0000, 1110
0000, 1111 0100, and 1110 0100, which together comprised
26% of cases expected – and observed. Fourteen specific
patterns were expected to constitute half of all the cases, and
they did. Ninety percent of patients were expected to fall
within the 86 most common patterns, and 90% were
observed. Most patients showed patterns involving chiefly



the four major Functional Systems, and multiple minor sys-
tem involvement was rare.

The Functional Systems, however, are of limited value in
describing patterns of neurologic involvement when each
system is quantified. There would then be several million
possible patterns into which patients might fall. Adding
scores for the separate systems is really not valid, as these are
not arithmetic scales, and steps in one scale are not equiva-
lent to those in another. When this was done, though, values
plateaued well below possible maxima. There are also
patients who over time improve in one area while they wors-
en in another – plus the interplay of Pyramidal and Cerebellar
functions. These are the reasons why an overall measure of
neurologic involvement was devised in order to measure
change in MS, and this was the Disability Status Scale
(DSS). The DSS later evolved into the Expanded DSS by
dividing into two each step from DSS 1 through 9.

In the Army hospital series, some 1700 examinations in
the first 20 years of illness among the MS patients were
scored on the DSS. Overall, they showed a unimodal and
fairly normal distribution. The frequency of involvement in
each Functional System increased with increasing DSS
scores, but the order of involvement, Pyramidal more than
Cerebellar more than Brain Stem, and so on, remained
almost the same regardless of DSS. For the more severely
involved patients, almost all had Pyramidal and Cerebellar
signs. Only Bowel and Bladder Function altered the pattern,
with even more frequent involvement for this spinal cord
sign than for some other FS in the more severe patients.

Comparing each FS by step versus the DSS in this series
showed for each of them an increasing frequency and severi-
ty of involvement. In the order listed, the frequency distribu-
tions for all functional systems had a progressively increasing
shift to the left. This would indicate lesser degrees of involve-
ment qualitatively and quantitatively as we go from pyramidal
to cerebral. Basing an overall scale strongly on ambulation
would thus appear to be an asset rather than a defect, since it
properly reflects how most patients are involved clinically in
this disease – and at all stages of the illness.

Relationships among the functional systems and the DSS
were explored with Tschuprow coefficients of correlation.
This is a non-parametric measure between two variables,
with perfect agreement as 1.00 and absence of agreement as
0. Each FS was significantly correlated with every other one,
except for Cerebral versus Bowel and Bladder, again indi-
cating the interrelationships of these measures of neurologic
impairment. Strongest correlations were those with the DSS
in each instance, with the possible exception of the high
Bowel and Bladder versus Pyramidal coefficient.

DSS scores in the Army series were also used to investi-
gate prognosis. Bout frequency early in the disease has been
used as one such measure. While there was a slight trend
towards worse disease with increasing bouts, it did not seem
a very strong predictor. In like manner, the severity of neu-
rologic impairment at first diagnosis did not appear too use-
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ful. However, the neurologic status at five years after onset
was a very strong predictor of the course for the next 13
years. Two-thirds of patients with DSS 0-2 at five years after
onset were still 0-2 at 15 years after diagnosis. For severely
involved patients (DSS 6-9) at five years, almost all were
severe at the latter point, and half were dead. This has been
called by others the “five-year rule.” 

While there are then a number of uses for the DSS and FS,
the origin of these scales was as a means of assessing results
in a treatment trial. Our early findings with isoniazid appeared
striking when compared with prior experience at the same
hospital as measured by change in DSS scores between admis-
sion and discharge [2]. This work led to the first multicentered,
randomized, placebo-controlled, double-blind, therapeutic
trial ever carried out in MS. The trial was totally negative as to
treatment efficacy, and a 5-year follow-up confirmed the lack
of effect. Our own later experience had also led to the same
conclusion, but also to the conclusion that one could evaluate
therapy in this disease, but only with a proper double-blind
methodology with placebo control.

The next step in therapeutic trials in MS in the USA took
place almost a decade later. This was a randomized trial of
short-term ACTH versus placebo in acute bouts of MS in ten
University-based centers [3]. 

Assessment methods were several. One was a standard-
ized neurologic examination with 39 items, each graded on
a 5-point scale from 0 (none) to 4 (total), plus two items for
visual acuity (0-8). Points were added and divided by 39 (or
41) for the exam score. Next were the Functional Systems.
Scoring here was as the sum of the grades in each of the
seven scaled systems, divided by seven. Devised for this
study was the Seven Day Symptom Score. The presence
and severity (3 steps) of 20 specified neurologic symptoms
were recorded for each of the seven days preceding the
exam. Severity times duration divided by 20 gave the score
for that week. Tourtellotte’s quantitative method (QENF)
was also used. This is a combination of standardized timed
motor and coordination tests plus quantitated sensory
exams. Average exam differences versus baseline were
each normalized and summed, and then divided by 50 (for
the number of items tested) in order to provide the score for
that exam. Since these reflect deviations from normal, all
scores are negative in reference to the other methods – and
to normal function.

The other methods used were the EOC and the DSS. The
pretreatment overall impression of neurologic status (mild,
moderate, severe) became the estimate of overall condition
(EOC). Here the physician and patient agreed as to whether
he was better, worse, or the same at each weekly exam ver-
sus the pretreatment baseline condition, without document-
ing the nature of any change. This is valid so long as a study
is truly double-blind as to treatment. Concordance of all
measures of pretreatment severity was good, with very high
coefficients of correlation, even with this parametric testing.
DSS was possibly a bit better than the others.
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On the EOC there was a significant difference favoring
treatment, which seemed to lessen with time. Over 80% of
patients improved on ACTH with this measure, while the
placebo group rose with time to nearly 70% improved. On
the DSS, though, the difference favoring treatment persisted
throughout the study. At the end 65% of treated patients
improved on the DSS versus 48% of the placebo group -
remarkably close to predictions. Results were quite uniform
among the centers. Whether ACTH made a difference in the
course or merely hastened improvement then was a decision
based on which method of measurement was chosen.

A similar comparison for each Functional System was
carried out. Changes in each FS were strongly correlated with
DSS changes, and notably less with the EOC. Correlations
among FS were significant within most of the four major sys-
tems but largely not so among the minor systems. This prob-
ably reflects the low frequencies of involvement for the lat-
ter. For the study as a whole, all the methods of evaluation
used correlated about equally well with one another in terms
of measures of improvement. The DSS, FS and standard neu-
rologic exam were perhaps the strongest.

The system of EDSS plus FS has also been used in a
number of more recent treatment trials. The EDSS has also
found a role in characterizing MS in some other descriptive
and natural history studies. As to the evaluation of treatment,

there are certainly other methods than those considered here.
For such trials, though, I believe we need to remain with
measures of neurologic impairment. It is likely that any
method that gives worse scores for worse neurologic condi-
tion, and the reverse, would likely be usable in treatment tri-
als, so long as they are properly designed and carried out.
The reason is that, as we have seen, as groups of patients
change neurologically, they tend to change in all testable
areas. However, as of now, I believe that the method most
accurately reflecting such states and changes, is still that of
the EDSS and Functional Systems.
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