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Implicit memory in multiple sclerosis 
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A number of neuropsychological studies have revealed that memory problems are relatively common in patients with multiple 
sclerosis (MS). It may be useful to compare MS with conditions such as Huntington's disease (HD), which have been referred to 
as subcortical dementia. A characteristic of these conditions may be an impairment in implicit (unconscious) memory, but not 
in explicit (conscious) memory. The present study examined the functioning of explicit and implicit memory in MS. Results 
showed that implicit memory was not significantly impaired in the MS subjects, and that they were impaired on recall but not 
recognition. A correlation was found between implicit memory performance and disability status in MS patients. Findings also 
suggest the possibility of long-term priming of implicit memory in the control subjects. The implications of these results are 
discussed. 
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INTRODUCTION 

Multiple sclerosis (MS) is a common demyelinating dis
ease of the central nervous system characterized by scat
tered lesions (plaques) in the white matter of the brain and 
spinal cord. Disturbance of memory has been one of the 
most consistent findings in neuropsychological investi
gations of MS and it is now well established that up to 40% 
of MS patients may report memory loss "as a clinically 
noticeable problem" (Rao et al., 1984). The overwhelming 
consensus of findings from studies which have compared 
MS patients with controls on memory tasks is that free 
recall is impaired, but recognition and short-term memory 
are largely intact. Observations obtained from other 
neurological conditions are useful in evaluating possible 
explanations for these findings. In particular, the pattern of 
memory impairment in Huntington's disease (HD) 
appears to be similar to that found in MS. Poor verbal flu
ency in HD suggests a retrieval problem (Butters et at., 
1986), and similar poor verbal fluency in MS has led many 
to suggest a similar deficit (e.g. Rao et at., 1989; Minden et 
at., 1990). 

The pattern of intellectual impairments seen in con
ditions such as HD and Parkinson's disease (PD) have 
been described in terms of subcortical dementia syndrome 
(McHugh and Folstein, 1975). This is characterized by 
features such as slowness of mental processing, failure in 
memory retrieval with intact encoding, and absence oflan
guage disturbance, and by mainly subcortical pathology 
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(Cummings and Benson, 1984; Cummings, 1986). It has 
been contrasted with cortical dementias such as Alzheim
er's disease (AD). 

Similarities have been observed in the overall pattern of 
intellectual deficits in matched groups of HD and MS 
patients (Caine et at., 1986), and distinct neuropsycholog
ical profiles have been identified between groups of MS 
and AD patients, when controlling for overall level of 
dementia (Filley et al., 1989). These authors have argued 
for the identification of MS as a subcortical dementia, 
although this is difficult to reconcile with the fact that 
pathology in MS is not exclusively subcortical. Such a 
comparison may suggest useful directions for research, 
however. In particular, implicit memory has been studied 
in subcortical dementia but has not yet been studied in MS. 

Studies of memory in MS have used recall and recog
nition methods, which require conscious and wilful encod
ing and recollection, and can be considered tests of explicit 
memory. In contrast, experimental tasks have been 
devised in which information is expressed without con
scious encoding or recollection. This has been described 
as implicit memory (e.g. Graf and Schacter, 1985). One 
such task is repetition priming, in which subjects are 
exposed to a word list, then given a word completion task 
in which they are shown a word stem (e.g. TAB __ for 
table) and instructed to complete it with the first word that 
comes to mind. The increased probability that stems will 
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be completed as words to which the subject was exposed 
on the prior study list, represents the action of implicit 
memory. Many studies have demonstrated an apparent 
dissociation of implicit and explicit memory (e.g. 
Shimamura, 1986). 

It has been argued that an impairment in implicit mem
ory may be a feature of subcortical dementia. Using an 
explicit memory task (recognition) and an implicit skill 
learning task (mirror reading), Martone et al. (1984) found 
a double dissociation between patients with HD and Kor
sakoff's syndrome, the latter performing well on the 
implicit and poorly on the explicit task, while the HD 
patients produced the reverse pattern. They concluded that 
HD patients appear to have a preserved explicit memory 
but an impaired implicit memory. In contrast, a study by 
Nebes et al. (1984) has shown that patients with AD 
appear to have a normal capacity for implicit memory, as 
measured using a semantic priming task, and an impaired 
explicit memory, as measured on tests of episodic mem
ory. Although a study of patients with PD, using different 
tests of implicit memory such as identification of stimulus 
modality, did not find this pattern (Weingartner et al., 
1984), the suggestion that the neurological basis of 
implicit memory can be localized to subcortical structures 
and that deficits are a characteristic of the subcortical 
dementia syndrome appears to be worthy of further 
investigation. 

The present study examined implicit and explicit mem
ory functioning in MS. If, as Filley et al. (1989) argue, MS 
can be considered a subcortical dementia, one would pre
dict that an impaired implicit memory and a functioning 
explicit memory would be a characteristic feature of this 
condition. If so, this would provide support for the appli
cation of the subcortical dementia concept to MS. 

METHODS 

Design 
A repeated-measures, between-subject design was used. 
An MS and control group were compared on recall, recog
nition and stem completion tasks. The measures were 
repeated with a different word list (A or B) after 1 month. 
Subjects were randomly allocated to have word list A or B 
presented first. 

The design enabled a baseline score for stem com
pletion to be obtained for each subject. The two word lists 
were presented at different times, but both times were fol
lowed by a stem completion task using the word stems of 
both word lists. Thus, when a subject was presented with 
word list A on the first occasion, the word stems for words 
from list A were primed and the word stems for list B were 
not. On the next occasion, list B was presented and this list 
was primed in the stem completion task. Performance on 
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each list in primed and non-primed conditions was com
pared, with each subject acting as their own baseline. 

Subjects 
Twelve subjects diagnosed as having a relapsing/remitting 
form of MS by a consultant physician were recruited 
through the local MS society. Their mean age was 50 
(S.D. = 13.4). The average time since onset ofMS symp
toms, as reported by the subjects, was 13.8 years. All MS 
subjects were assessed by G.L. using the Kurtzke 
Expanded Disability Scale (Kurtzke, 1983). Control sub
jects were matched for sex, age (within a maximum of 5 
years) and social class. Mean age of control subjects was 
49.9 years (S.D. = 13.8). 

Materials 
The explicit memory tests consisted of a free recall and a 
recognition task. The implicit memory test was a stem 
completion task based upon the same word list. 

Thirty-two test words were divided into two sets, A and 
B. They were all of low frequency. They were printed in 
black ink 12 mm high, on white cards, as were the word 
stems. Thirty-six word stems were used. Thirty-two of 
these consisted of the first three letters of the words in 
word lists A and B (thus MAR ___ is the word stem for 
MARBLE). In addition, four word stems were not related 
to the words on the word lists. These were used as practice 
items presented first in all stem completion tests. 

Two distractor tasks were used between presentation of 
the word list and testing; the digit span subtest of the 
W AIS-R, and the shortened version of the Token Test 
(DeRenzi and Faglioni, 1978). 

Procedure 
The subject was instructed to memorize a list of words for 
a memory test and the word list was presented, one word 
every 5 s. This was followed by the first distractor task, 
then a second presentation of the same test words, then the 
second distractor task. The subjects were then given the 
stem completion task and instructed to complete the stems 
with the first word that came to mind. No mention was 
made by the experimenter of any connection with the pre
vious word list or memory test. The subject was next asked 
to recall any words from the word list presented in that 
session. Lastly, the subject was given a forced-choice rec
ognition task, where 50% of the words were stimulus 
items and 50% new items. Words for the recognition task 
were taken from both word lists in random order. This pro
cedure was repeated in the next session with the second 
word list. 

RESULTS 

All tasks were scored using strict criteria allowing no vari
ations on the target. Recognition was scored using the cor-
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rection for guessing method (Baddeley, 1990), whereby 
the true detection rate is given by the true positives minus 
the false positives. Production of target words on the stem 
completion task after exposure was ascribed to chance and 
not counted if it also appeared in the baseline condition 
without exposure. This method of eliminating chance 
completions was applied in both sessions. 

The data from the two presentations of the memory tests 
for the MS and control groups were analysed using a two
way ANOV A. Mean scores for both groups on the free 
recall, recognition and stem completion tests are given in 
Table I, and are shown graphically in Fig. 1. 

The MS group performed significantly poorer than the 
control group on recall (F = 6.26, df = 1,22, P = 0.02). 
The difference in recognition scores was not significant 
between the groups, though there was a ceiling effect, with 
five control subjects scoring maximally in at least one of 
the presentations. There was no significant difference be
tween the groups on the stem completion task. No signifi
cant differences were found between the sessions on recall 
or recognition. A significant difference was found be
tween the sessions on the stem completion task (F = 6.74, 
df = 1,22, p = 0.016), with fewer completions in the first 
session. 

Pearson's product -moment correlations were computed 
to identify factors which it was hypothesized might have 
affected the performance of the MS group. Score on the 
Kurtzke disability status correlated highly with summed 
performance on stem completion (r = - 0.822, df = 10, 
p = 0.001), but not with recall or recognition. Disability 
status also correlated with age (r = 0.604, df = 10, 
p = 0.019), and there is therefore the possibility that age 
may be underlying this effect. In order to determine the 
correlation between disability status and stem completion 
performance whilst keeping the age variable constant, a 
Kendall Partial Rank Correlation Coefficient was com-

TABLE I. Scores on memory tests for MS and control subjects 

Group 

MS Controls 

Test Mean S.D. Mean S.D. 

Recall 
Session 1 4.8 1.7 7.8 4.5 
Session 2 4.9 2.6 8.3 3.7 
Both sessions 4.85 2.15 8.05 4.1 

Recognition 
Session 1 11.5 2.0 12.6 3.3 
Session 2 10.1 2.9 12.3 2.3 
Both sessions 10.8 2.45 12.45 2.8 

Stem completion 
Session 1 2.6 1.2 3.6 2.7 
Session 2 4.0 3.0 4.8 2.8 
Both sessions 3.3 2.1 4.2 2.75 
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FIG. 1. Mean performance of subjects on memory tasks. 

puted. This produced a coefficient (r = - 0.736, df = 10, 
p = 0.001) only slightly lower than the original corre
lation. Disability status, therefore, did indeed correlate 
with stem completion. Duration of MS did not correlate 
with performance on the memory tasks. 

DISCUSSION 

The finding of a significant difference on free recall but 
not on recognition confirms earlier observations (e.g. Rao, 
1986). The test of implicit memory did not reveal a signifi
cant difference between the groups, though a correlation 
was found between implicit memory and disability status 
in the MS subjects. 

There was a significant difference between the sessions 
on the stem completion task. As a similar difference was 
not found in either the recall or recognition task it is 
unlikely to have been due to a practice effect. An alterna
tive explanation is that there was a source of error in the 
testing and scoring procedure. Although the same method 
of eliminating chance completions was applied to res
ponses from both sessions, there was an important differ
ence between them: for the baseline stem completions in 
the second session exposure to the word list had occurred 
before, during the previous session. It was assumed that a 
previous exposure would have no effect on performance 
after an interval of 1 month. To investigate this possibility 
a comparison was made of the number of correct stem 
completions ascribed to chance in the two sessions. In the 
MS subjects, five completions were not allowed in session 
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1 (where there had been an exposure to the word list 1 
month before the baseline was taken) and four in session 2 
(where there was no prior exposure). In the control sub
jects, one completion was not allowed in session 2, and 12 
in session 1. For control subjects, then, this suggests that 
there is a possibility that earlier exposure had a confound
ing effect and that a form of long-term priming occurred 
leading to an underestimate of their performance. This 
contradicts previous research which has found priming 
effects to be very short lasting (e.g. Squire et al., 1985). An 
alternative possibility is that subjects may have con
sciously tried to remember the previous word list before 
the second session, in the false belief that they would be 
tested on it. This may have "re-primed" the words in 
implicit memory. 

The present study did not find a deficit in implicit mem
ory functioning in MS comparable with that observed in 
patients with HD by Martone et al. (1984). The two studies 
used different implicit memory tasks (stem completion 
and mirror reading), however, and conclusions about the 
relative functioning of implicit memory in MS and HD can 
only be made if the tasks assess the same memory system. 
Coltheart (1989) has argued that implicit memory may 
consist of more than one system, and this supposes that a 
dissociation is possible within implicit memory, and that it 
is possible to be selectively impaired on only one sub
system. There is some evidence to support this view. 
Bondi and Kaszniak (1991) compared patients with PD 
and AD on explicit memory tests and a variety of implicit 
memory tests: picture completion, word stem completion, 
pursuit -rotor tracking, and mirror reading. They found that 
the AD patients were impaired on all explicit tests and on 
only one implicit test-stem completion. The PD patients 
were not impaired on explicit tests but were selectively 
impaired on some but not all of the implicit tests: primarily 
the skill learning component of the picture completion 
task. If a distinction between subsystems in implicit mem
ory is accepted, then many examples of apparently contra
dictory findings in previous research may be reconciled 
(e.g. Martone et al., 1984; Weingartner et aI., 1984). 

The present study did not find evidence of impaired 
implicit verbal memory in MS. It did find a correlation 
between stem completion performance and disability 
status which suggests that there is a deterioration in per
formance linked with increased disability. Is there an 
explanation for this? Heindel et al. (1989) have shown that 
both AD patients and demented PD patients-but not non
demented PD patients-are impaired on stem completion 
tasks. This suggests that impairment in word priming is 
related to damage to the cerebral cortex. It may be that the 
correlation between disability status and stem completion 
found in the present study represents the degree of demyel
ination damage to the cortex, revealed through impaired 
performance. Such damage may only be a feature of the 
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more severe stages of the illness, where the amount of 
damage and number of different sites of demyelination are 
greater. Although many studies have not found a relation
ship between deficits in cognitive performance and dis
ability status (e.g. Beatty et aI., 1990), such an association 
has been found when community rather than in-patient 
samples of MS patients are used (McIntosh-Michaelis et 
aI., 1991). 
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