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Objective. The objective is to assess performance on virtual reality spatial memory tasks as well as classical neuropsychological tests

in patients with fibromyalgia (FM).

Methods. Fifteen FM patients and fifteen healthy age- and education-matched controls performed the virtual versions of the Morris water
maze and the hole board (a virtual version called Boxes room). All participants also completed a comprehensive neuropsychological

evaluation that included measures of general intelligence, attention/working memory and visuospatial memory.
Results. Both virtual reality tasks were demonstrated to be sensitive to spatial memory alterations. FM patients performed significantly worse

than controls in the spatial navigation tasks, showing significantly more errors than their matched controls, while no significant differences
were found between patients and controls regarding standard neuropsychological testing. In addition, those FM patients with longer chronicity

had lower auditory memory span, visuospatial memory and general intelligence within their group.
Conclusion. These results are the first to demonstrate that there is a spatial learning deficit in people with FM, which suggest that the

hippocampal system can be disturbed in this syndrome.
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Introduction

Fibromyalgia (FM) is a chronic pain syndrome with unknown
aetiology, characterized by diffuse musculoskeletal pain, fatigue
and sleep disturbance [1]. Stiffness and mood changes are also
common symptoms [2]. In addition, patients with FM frequently
report problems with their cognitive function, which are severe
enough to impair their functioning at work [3]. Existing literature
has identified a variety of neuropsychological deficits in FM
patients, including alterations in short- and long-term declarative
memory [4–7], working memory and attention [6, 8–11], as well as
in verbal fluency [5, 6].

A previous study has focused specifically on visuospatial
memory in FM, demonstrating that these patients displayed
worse performance than controls [11]; however, to our knowledge,
there are no studies that have specifically attempted to disclose
how FM affects spatial learning and memory.

The hippocampus is critically involved not only in memory and
spatial orientation but also in pain perception and modulation of
the central stress responses, all of which are altered in FM [12, 13].
Accordingly, a growing body of research considers that the hippo-
campus could play a central role in the diverse phenomena
associated with FM [14]. Patients with FM have been demon-
strated to have abnormalities in their hypothalamus–pituitary–
adrenal (HPA) axis function in response to stressful conditions
[15, 16]. Chronic glucocorticoid excess or deficiency is associated
with hippocampal dysfunction and neuronal death, because of the
anatomical connections between HPA and hippocampus [17].
Moreover, two recent studies have demonstrated metabolic
abnormalities within the hippocampal complex in patients with
FM [18, 19].

Given the evidences of disruption in the function and integrity
of the hippocampus in the FM patients together with the

well-established role of the hippocampus in spatial memory for
both rodents [20–22] and humans [23–25], the purpose of this
study was to use virtual reality tasks to examine spatial learning
and memory in FM. Specifically, we examined possible differences
between FM patients and healthy age-matched controls using the
virtual reality Morris water maze (MWM) and the Boxes room
(BR). The MWM is the most popular adaptation of a rodent’s
spatial memory maze to humans and it has been applied to both
normal development and different pathologies [26, 27]. The BR is
a virtual reality (VR) version of the hole board test used in
rodent’s research [28]. Additionally, spatial memory performance
was correlated with classical neuropsychological tests.

Materials and methods

Subjects

Fifteen women with FM and 15 healthy age-matched female
controls participated in this study. The FM patient group con-
sisted of volunteers, who met the ACR classification criteria for
FM, recruited by means of an advertisement at the Almeria
Fibromyalgia Association (AFIAL) in which they were invited
to participate in the study. Patients who were recruited into the
study but who reported any other rheumatic disease or other
neurological condition that might impact cognition were excluded
from the study. The control group consisted of volunteers
recruited from the community and individually matched to each
FM patient for age (�3 years) and education. According to self-
report, all controls subjects had normal or corrected-to-normal
vision, were in good health and free of any medications that
could potentially affect cognitive performance. Psychiatric and
neurological histories were negative.

The participants were informed in advance about the aims
and procedures of the experiment. All participants gave verbal
informed consent and were fully free to leave the experiment at
any time. Participants did not receive financial reward, but they
were offered information about their own results after the study
was completed. The study was conducted in accordance with
the European Communities Council Directive 2001/20/EC and
Helsinki Declaration for biomedical research involving humans
and received the approval from the Ethics Review Committee
(University of Almeria).
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Procedure

The test session began with the completion of a questionnaire.
Specifically, participants marked on a 4-point Likert-type scale
the frequency with which they played 3D computer games
(0: never; 1: rarely; 2: occasionally; and 3: frequently). They
were also asked about their experience in joystick handling
[Have you ever used a joystick? (1:Yes/2:No)]. The cultural level
was established depending on the educational level (1: Illiterate;
2: Literate; 3: elementary education; 4: Junior High or Vocational
Training I (VT); 5: High School or VT II; 6: Junior college or
VT III; and 7: Degree). In addition, FM patients were also asked
a brief questionnaire about their illness, in which medical and
psychiatric diagnoses, aetiology and chronicity were recorded
along with a detailed list of participants’ current medication.
The Fibromyalgia Impact Questionnaire (FIQ) was also adminis-
tered to measure the impact of the FM disease symptoms severity
on patients’ lives [29].

Later, the subjects received both written and verbal instructions
on how each virtual task would proceed. Half the participants
started with the virtual MWM task followed by the BR task,
and vice versa for the other participants.

All participants also completed a comprehensive neuropsycho-
logical evaluation that included measures of general intellect
(vocabulary test) [30], attention/working memory (digit span
backward and Corsi block tapping test backward) [30, 31] and
visuospatial memory [digit span forward, Corsi block tapping
test forward and 10/36 Spatial Recall Test (SRT)] [30–32]. The
duration of the entire experiment was �2 h.

Virtual reality tasks

An Acer 533-MHz portable computer equipped with 1000 MB of
RAM and a 15 XGA TFT colour monitor (1024� 768) was used
for the two virtual tasks. Participants navigated through the
mazes by manipulating a Logitech joystick. The virtual mazes
gave a first-person view so that if the joystick was pushed to the
right, the view of the screen would pan to the right, and similarly
with other joystick movements. Backward navigation was not
possible. The computer speaker was used to provide auditory
feedback to the participants. Each of the virtual rooms contained
various salient landmarks that disambiguated spatial locations,
such as pictures on the wall and shelves present around the
room (Fig. 1). Dependent variables measured from both mazes
included latency, distance covered and number of errors com-
mitted. In addition, the programs provided all the paths for
each participant as well.

BR task. Participants were placed in a square virtual room with
16 boxes homogeneously distributed on the floor (four rows of

four boxes each). Their goal consisted in discovering the position
of the rewarded boxes, which was constant during the experiment.
Subjects were asked to open the lowest number of boxes necessary
to achieve the goal and to do it as quickly as possible using
the cues within the room to localize the rewards. Procedurally,
participants started from four semi-random locations (North,
South, East and West). When participants opened a rewarded
box it turned green and a melody sounded; when they opened a
wrong box it turned red and an aversive, discordant tone sounded.
The already opened boxes remained green or red to help the par-
ticipants remember their position, whereas non-opened boxes
remained brown. As soon as all rewarded boxes were located a
sound feedback was provided, and a visual message appeared on
the display congratulating the participant and indicating that the
next trial would proceed. When a new trial began all the boxes
turned back to their original brown colour. Each trial had a max-
imum duration of 150 s, after which the screen faded and a new
trial began. The inter-trial interval was 5 s. A session consisted of
10 trials.

Virtual MWM. Participants were placed in a virtual pool within
a virtual room, and they were instructed that their goal would be
to swim to a hidden platform located under one of four identical
big yellow balls floating on the surface of the pool water.
Procedurally, participants started from four different locations
(North, South, East and West) for a total of 16 trials. When
participants swam to the ball where the platform was located, a
tone sounded and a visual message appeared on the display con-
gratulating the participant, whereas responses to incorrect balls
were followed by a discordant tone. As soon as the correct ball
was located, the participants were allowed free swimming move-
ments for 3 s after which the trial terminated. The trial had
a maximum duration of 60 s, after which the platform became
visible and a discordant tone was sounded. The inter-trial interval
was 5 s.

Following the 16 training trials, a probe trial was given. For the
probe trial, a new verbal message was displayed indicating that in
the next trial the balls and the platform would be removed and
that their goal would be to navigate through the area where the
platform was located during training. The message also indicated
that after this trial, there would be another trial block (four trials)
where the platform would be raised slightly out of the water so
that it was visible to the participant and they had to swim to it as
quickly as possible. This condition is referred to as visible plat-
form condition. All events and consequences were identical to
those in the hidden condition. During all phases the platform
location was fixed in region 2. Two controls did not complete
the MWM.

FIG. 1. Representative views of the environments from a participant’s perspective. (A) BR task. All boxes were brown at the start of the trial. However, they changed colour
after being opened. Hence, a green box indicated that the box was rewarded; a red colour was assigned to non-rewarded boxes and blue showed that the box could be
opened by pressing the joystick button. (B) Virtual MWM. A hidden platform was located followed by a tone sound and a verbal message on the display congratulating the
participant. Approaching an incorrect ball was followed by a discordant tone sound.
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Results

Comparisons across groups

Characteristics of the study participants are detailed in Table 1.
The two groups were not statistically different in terms of age,
education level and videogame playing experience. Clinical char-
acteristics for FM patients are also included in Table 1.

BR. Latency and distance to discover all the rewarded boxes as
well as the number of errors (visiting a non-rewarded box) in each
trial were statistically analysed using an analysis of variance
(ANOVA), with Group as the between-subjects factor and Trial
as the repeated measure factor, followed by post hoc Newman–
Keuls tests. Significant differences were reported for P< 0.05.

Analysis of the latency to find all the rewarded boxes showed
that there were no significant differences between Groups
[F(1,28)¼ 1.01, P> 0.05], but there was a significant effect of
Trial [F(9,252)¼ 11.15, P< 0.001]. Specifically, participants
reduced latencies with more trials. However, there was also a
significant interaction [F(9,252¼ 2.37, P< 0.01]. Post hoc
Newman–Keuls test indicated that there is a decrease in searching
time in the last four trials with respect to the four initial ones
(P< 0.05) (Fig. 2A).

Regarding distance covered, there was a trend for an effect of
Trial [F(9,252)¼ 1. 82, P¼ 0.06], but there were no significant
differences between Groups [F(1,28)¼ 1.40, P> 0.05] or interac-
tion [F(9,252)¼ 0.76, P> 0.05] (Fig. 2B).

Analysis of the number of errors disclosed a significant
main effect of Group [F(1,28)¼ 6.31, P< 0.05] and Trial
[F(9,252¼ 21.97, P< 0.001] with no interaction [F(9,252)¼ 0.16,
P5 0.05]. Specifically, participants reduced the number of errors
with more trials. Moreover, FM patients made significantly more
errors than controls (Fig. 2C).

MWM. Mean latency, distance and number of errors to locate
the platform were grouped according to blocks (four trials per
block) in order to apply statistical tests. The resulting means
were then statistically analysed using an ANOVA, with Group
as between-subjects factor and Trial blocks as the repeated mea-
sure, followed by post hoc Newman–Keuls tests, when necessary.
Significant differences were reported for P< 0.05.

Analysis of latencies to find the platform showed that there was
no significant effect of Group [F(1,26)¼ 2.21, P> 0.05], but there
was a significant effect of Trial [F(3,78)¼ 12.27, P< 0.001].
Specifically, participants reduced latencies in the last trials.
There was no significant interaction, F(3,78)¼ 0.83, P> 0.05
(Fig. 3A).

Regarding the distance covered to reach the platform, there
was no significant effect of Group [F(1,26)¼ 0.43, P> 0.05], but
there was a significant effect of Trial [F(3,78)¼ 6.27, P< 0.001].
Specifically, participants found the platform faster with more
trials. There was no significant interaction [F(3,78)¼ 1.45,
P> 0.05] (Fig. 3B).

The analysis of the number of errors indicated that there was
a significant main effect of Group [F(1,26)¼ 8.56, P< 0.05] and
trial [F(3,78)¼ 10.55, P< 0.05] with no significant interaction
[F(3,78)¼ 0.42, P> 0.05]. Specifically, healthy controls made sig-
nificantly fewer errors than FM patients, and both groups made
fewer errors with more trials (P< 0.05) (Fig. 3C).

During the no-platform probe trial, a t-test for independent
samples showed no differences between both groups in the time
spent in the platform quadrant [t(26)¼�1.50, P> 0.05; all per-
formance analyses two-tailed, equal variances not assumed].

To assess whether differences between motivational, sensory or
motor factors interacting with the computer program could
explain these results, analysis of the latency, distance and
number of errors to reach a visible platform was conducted.
There was no significant difference between the Groups in latency,
distance or number of errors to find the visible platform
[F(1,26)¼ 2.10, P> 0.05; F(1,26)¼ 1.52, P> 0.05; F(1,26)¼ 2.15,
P> 0.05]. Hence, this performance difference cannot be explained
by motivation, sensory or motor factors.

Neuropsychological measures. Results of one-way ANOVAs
did not show group differences in any of the considered measures
(Table 2)

FIG. 2. (A) Latency (B) distance and (C) errors to locate the rewards at the BR test.
FM group is represented by dotted lines. Note that FM patients made significantly
more errors than controls, while no differences appeared in latency and distance
covered. Mean þ S.E.M.

TABLE 1. Demographic and clinical characteristics of study participants

FM patients, n¼ 15 Controls, n¼15

Age, mean� S.D. 53.33�6.29 53.67�6.71
Educational level, mean� S.D. 4.27�1.53 3.73�1.16
Vocabulary, mean� S.D. 10.87�1.59 11.80�2.04
Videogame experience, mean� S.D. 1.2� 0.41 1.33�0.48
Joystick experience, mean� S.D. 1.86�0.35 2�0.00
Chronicity, mean� S.D., months 85.20�63.5
FIQ, mean� S.D. 67.42�12.68
Pharmacological treatments, %

Pregabaline 13.33
Analgesic 53.33
Anxiolytics 46.66
Anti-depressant 40.00
Sleeping pills 33.33
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Correlations between FM symptoms and cognitive measures

In an effort to understand the relative impact of the FM disease
symptoms severity and to further understand the role of the dura-
tion of the illness and hence the chronicity on neuropsychological
and spatial memory measures, correlations between these vari-
ables were performed in FM patients. For the correlation
matrix, there were two FM measures: FM chronicity (months)
and FIQ. The neuropsychological measures were: vocabulary,
digit span forward, digit span backward, Corsi test forward,
Corsi test backward, 10/36 SRT average immediate recall, 10/36
SRT delayed recall, and three spatial measures: probe trial per-
formance (percent time in the training quadrant in the MWM),
total number of errors in the MWM, total number of errors in the
BR (Table 3).

FM symptoms and neuropsychological measures

FM chronicity had a strong negative correlation with forward
digit span (r¼�0.67, P< 0.01), delayed recall of 10/36 SRT
(r¼�0.59, P< 0.05), as well as vocabulary subtest (r¼�0.65,
P< 0.01). Specifically, those FM patients with longer chronicity
had lower auditory memory span, visuospatial memory and gen-
eral intelligence. There were no significant correlations with any of

the other neuropsychological measures or with the spatial memory
measures. The FIQ had no correlations with any of the neuro-
psychological or spatial memory measures.

When we considered the FIQ domains separately, we found
that the rested subscale had a moderately strong positive correla-
tion with the digit span (backward) (r¼ 0.56, P< 0.05) and a
strong positive correlation with the total number of errors com-
mitted in the BR (r¼ 0.75, P< 0.001). No other correlations were
statistically significant.

Spatial memory and neuropsychological measures

The total latency in the correct quadrant during the pool probe
trial had a strong positive correlation with forward Corsi test
(r¼ 0.72, P< 0.01) and 10/36 SRT delayed recall (r¼ 0.76,
P< 0.01) and also had a moderately strong positive correlation
with the vocabulary subtest (r¼ 0.64, P< 0.05), backward digit
span (r¼ 0.58, P< 0.05) and immediate recall of 10/36 SRT
(r¼ 0.59, P< 0.05). Specifically, for all of these measures, the
better the performance of the FM patients on the probe trial (as
evidenced by more amount of time swum in the training quad-
rant), the better the performance on the tasks. The total number
of errors in the MWM had no correlation with any of the neu-
ropsychological measures.

The total number of errors in the BR had a moderately strong
negative correlation with forward (r¼�0.62, P< 0.05) and back-
ward digit span (r¼�0.52, P< 0.05, respectively). Specifically,
those patients who committed fewer errors in the BR also per-
formed better in these tests, as exhibited by longer sequences of
digits recorded. There were no correlations with any other
measures.

Neuropsychological measures

The vocabulary test had a moderately positive correlation with the
digit span (forward) (r¼ 0.60, P< 0.05), Corsi test (forward)
(r¼ 0.58, P< 0.05) and 10/36 SRT (r¼ 0.56, P< 0.05 and
r¼ 0.59, P< 0.05, immediate and delayed recall, respectively).
For all these measures, the higher the level performed on vocabu-
lary, the better the performance on the tasks. Additionally, the
digit span backward had a positive correlation with the Corsi
test (forward) (r¼ 0.59, P< 0.05) and the average immediate
recall of the 10/36 SRT (r¼ 0.57, P< 0.05). Specifically, those
FM patients who exhibited longest sequences of digits recorded
also showed better visuospatial ability. Moreover, we noted a
strong positive correlation between the two visuospatial tasks

FIG. 3. (A) Latency, (B) distance and (C) errors to reach the platform during the
hidden and visible platform phases. FM group is represented by dotted lines. Note
that healthy controls found the hidden platform sooner than FM patients in the last
trials of the hidden platform phase (B4) (A). (C) shows that controls made fewer
errors than FM group. B1–B4: hidden platform phase; B5: visible platform phase.
Mean þ S.E.M.

TABLE 2. Descriptive values, contrast and statistical significance for each one of
the neuropsychological tests employed

F
Test Mean� S.D. F(1,28) P

Vocabulary
FM 10.86�1.6 1.94 0.17
Controls 11.80�2.04

Digit span forward
FM 5.20�1.14 0.29 0.59
Controls 5.00�0.84

Digit span backward
FM 3.93�1.16 1.04 0.32
Controls 4.33�0.97

Corsi test forward
FM 4.86�1.12 1.62 0.21
Controls 5.26�0.46

Corsi test backward
FM 4.80�1.08 0.64 0.43
Controls 5.06�0.70

10/36 SRT average immediate recall
FM 6.15�1.60 0.24 0.63
Controls 6.40�1.08

10/36 SRT delayed recall
FM 6.13�2.20 1.86 0.18
Controls 7.20�2.07
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(P< 0.01). Specifically, those who performed best on Corsi test
(forward) also remembered more positions in the 10/36 SRT.
The Corsi test (backward) had no correlations with any of the
other neuropsychological measures.

MWM and BR

There was a strong positive correlation between the number
of errors committed on the MWM and on the BR (r¼ 0.59,
P< 0.05). Specifically, those patients who made more errors in
finding the hidden platform on the MWM also made significantly
more errors in the BR. The latency in the MWM probe trial had
no correlations with the total errors on the MWM or on the BR.

Discussion

To the best of our knowledge, this is the first study to report
spatial memory deficits in people with FM. Patients with FM
displayed spatial memory impairments as evidenced by signifi-
cantly more errors in performing both the BR and the virtual
MWM. The fact that there was no difference between the groups
in navigating to a visible platform suggests that these spatial
memory deficits are not due to differences in understanding the
tasks, motivational factors, using the joystick or computer
programs.

There is a large amount of data that indicates that the hippo-
campus is both involved and necessary for spatial navigation
through virtual environments [33]. Hence, it was reported that
this brain structure is involved in spatial navigation through vir-
tual cities [34], and hippocampal cells firing responses to the
behaviour of finding the way around in a virtual reality town
[35]. In our study, the virtual MWM parallels well with the non-
human version, specifically converging on the theme that profi-
cient performance is critically dependent upon the hippocampus
[26] as well as documentating the effects of a variety of biological
factors including sex differences, ageing and lesions [26, 27, 36,
37]. Moreover, a recent research using the BR has described sexual
dimorphism in performing the task, which supports its spatial
component [38].

These spatial memory deficits corroborate some of the
studies indicating hippocampal or temporal lobe abnormalities
in people with FM [18, 39, 40]. Specifically, Emad et al. [18]
reported a decrease in hippocampal neuronal integrity as shown
by a decreased N-acetylaspartate level in people with FM.
Additionally Kuchinad et al. [39] showed that grey matter
volume in the left parahippocampal gyrus decreased in these
patients. Combining these studies with our data suggests that
there are both structural and functional hippocampal and tem-
poral lobe abnormalities in people with FM.

Interestingly, we noted that there were no significant correla-
tions between FM symptoms and spatial memory performance.
Specifically, those who reported having FM for a longer amount

of time or with more severity did not show more severe impair-
ments. It may be that the deficit manifests itself early in the course
of the disease and does not increase as severity worsens.
Alternatively, it may be that the chronic treatment patients with
FM usually taken produced a significant cognitive protection on a
higher spatial memory decline. Specifically, anti-depressants such
as citalopram in populations of middle-aged women have shown
an improvement in mood and cognitive efficacy in complex atten-
tion, short- and long-term recall and cognitive flexibility. Low
doses of citalopram are useful for the treatment of memory defi-
cits and alterations in conscience [41]. Within analgesics, the same
effect is seen with tramadol, one of the most commonly prescribed
opioid drugs for chronic pain [42]. Recently, Dick et al. [8] found
that FM patients taking stable doses of prescribed opioids had
significantly better memory than those with FM not taking
opioids.

Along with the treatments mentioned above, many other med-
ications were regularly being taken by our FM patients. Seven of
our FM patients used benzodiazepines. However, these patients
did not differ from the other FM patients who did not receive
benzodiazepines (data not shown).

For the neuropsychological tests, there were no significant dif-
ferences between the groups. This is surprising given the number
of complaints and dysfunction that are apparent in people with
FM. However, we did note that the duration of FM strongly
predicts deficits in working memory, visuospatial memory and
vocabulary (as evidenced by the digit span, delayed recall of
10/36 SRT and vocabulary subtest, respectively). It is not clear
offhand why these skills were more impaired with a longer dura-
tion FM than other skills. Published literature suggests deficits in
cognitive ability in people suffering from chronic pain [8, 43–45].
However, the mechanism of chronic pain interference with cogni-
tion and its relation to other concomitant disorders, such
as depression, anxiety and chronic fatigue, need to be further
elucidated. We predict that a more homogeneous sample would
have provided more robust results, but until these experiments are
performed, it remains unclear which specific factors contribute
to these differences in performance.

On the other hand, there were a variety of correlations between
neuropsychological tests such as vocabulary, digit span, 10/36
SRT and Corsi test in FM group. These correlations can be
expected given the amount of overlap in skills between the various
tasks. For example, the Corsi block and the 10/36 SRT are both
tests of spatial memory span, so the significant correlations
between the two tasks corroborate their spatial memory burden.
However, it is unclear why these do not correlate with the virtual
tests of spatial memory.

Because there have been so few studies examining cognitive
deficits in people with FM, it is difficult to compare our findings
with those of previous studies. Moreover, this was the first time
that virtual environments were used to delimit spatial learning and
memory performance in FM syndrome. One of the first studies

TABLE 3. Correlation chart of FM symptoms, neuropsychological measures and spatial memory

Variables 1 2 3 4 5 6 7 8 9 10 11 12

Chron –
FIQ 0.181 –
Voc �0.645�� 0.132 –
DS Fward �0.669�� �0.033 0.601� –
DS Bward �0.179 �0.089 0.418 0.332 –
CT Fward �0.423 0.315 0.585� 0.520� 0.593� –
CT Bward �0.158 0.206 0.066 0.150 0.102 0.211 –
SRT AIR �0.509 0.005 0.557� 0.358 0.568� 0.633� 0.060 –
SRT DR �0.590� 0.163 0.595� 0.527� 0.534� 0.844�� �0.078 0.649�� –
MWM Probe �0.382 0.328 0.636� 0.335 0.578� 0.716�� �0.024 0.590� 0.761�� –
MWM Errors 0.406 0.473 �0.346 �0.327 �0.370 �0.128 �0.145 0.066 �0.133 �0.132 –
BR Errors 0.310 �0.150 �0.388 �0.618� �0.523� �0.439 �0.218 �0.226 �0.345 �0.424 0.578� –

�Correlation is significant at the 0.05 level (two-tailed). ��Correlation is significant at the 0.01 level (two-tailed). Chron: chronicity; Voc: vocabulary; DS: digit span; Fward: forward; Bward: backward;
CT: Corsi test; AIR: average inmediate recall; DR: delayed recall.
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performed on people with FM reported alterations in measures of
attention, concentration and memory, relating them to the sever-
ity of pain and aspects of anxiety in those patients [46]. In visual
memory, a previous study by Roldán-Tapia et al. [11] found that
FM patients obtained worse performance than controls on visuo-
spatial memory tasks. This contrasts with our lack of difference
between the FM and control group, although the two studies
differed significantly both in patients’ disease duration as well as
in the specific neuropsychological tests employed. In fact, because
of the difference across studies in terms of patient population,
disease duration, comorbidity and cognitive testing administered,
it is difficult to make comparisons across published studies.

One important question that arises is whether spatial learning
and memory difficulties are a particular characteristic of only FM
patients, suggesting that it may be an important screening tool for
FM if it is manifested in the early stages of the disease.
Alternatively, it may be that these reported deficits are common
in other diseases with chronic pain. For example, it would be
interesting to compare the FM group with groups suffering
from RA or another chronic pain disease because they share
common factors, such as pain and cognitive dysfunction.

In conclusion, this study has identified spatial navigation as a
specific cognitive process that appears to be disrupted by FM. The
evaluation of other chronic pain populations, as well as a more
accurate control of the influence of several characteristics asso-
ciated with the FM, are challenges for future studies.

Rheumatology key messages

� There is a spatial learning deficit in people with FM.
� FM is likely to involve structural and functional hippocampal and

temporal lobe abnormalities.
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11 Roldán-Tapia L, Cánovas-López R, Cimadevilla J, Valverde M. Cognition and
perception deficits in fibromyalgia and rheumatoid arthritis. Reumatol Clı́n 2007;3:
101–9.

12 Lathe R. Hormones and the hippocampus. J Endocrinol 2001;169:205–31.

13 Soleimannejad E, Nagdhdi N, Semnanian S, Fathollahi Y, Kazemnejad A.
Antinociceptive effect of intrahippocampal CA1 and dentate gyrus injection of
MK801 and AP5 in the formalin test in adult male rats. Eur J Pharm 2007;562:39–46.

14 Wood PB. Fibromyalgia syndrome: a central role for the hippocampus - a theoretical
construct. J Musculoskeletal Pain 2004;12:19–26.

15 Cohen H, Neumann L, Share M, Amir M, Cassuto Y, Buskila D. Autonomic dysfunc-
tion in patients with FM: application of power spectral analysis of heart rate variability.
Semin Arthritis Rheum 2000;29:217–27.

16 McLean SA, Williams DA, Harris RE et al. Momentary relationship between cortisol
secretion and symptons in patients with FM. Arthritis Rheum 2005;52:3660–9.

17 McEwen BS. Central effects of stress hormones in health and disease:
Understanding the protective and damaging effects of stress and stress mediators.
Eur J Pharmacol 2008;583:174–85.

18 Emad Y, Ragab Y, Zeinhom F, El-Khouly G, Abou-Zeid A, Rasker J. Hippocampus
dysfunction may explain symptoms of fibromyalgia syndrome. A study with single-
voxel magnetic resonance spectroscopy. J Rheumatol 2008;35:1371–7.

19 Wood PB, Ledbetter CR, Glabus MF, Broadwell LK, Patterson JC 2nd. Hippocampal
metabolite abnormalities in fibromyalgia: correlation with clinical features. J Pain
2009;10:47–52.

20 Morris RGM, Garrud P, Rawlins JNP, O’Keefe J. Place navigation impaired in rats
with hippocampal lesions. Nature 1982;297:681–3.

21 O’Keefe J, Dostrovsky J. The hippocampus as a spatial map. Preliminary evidence
from unit activity in the freely-moving rat. Brain Res 1971;34:171–5.

22 Pastalkova E, Serrano P, Pinkhasova D, Wallace E, Fenton AA, Sacktor TC.
Storage of spatial information by the maintenance mechanism of LTP. Science
2006;313:1141–4.

23 Burgess N, Maguire EA, O’Keefe J. The human hippocampus and spatial and
episodic memory. Neuron 2002;35:625–41.

24 Hartley T, Bird CM, Chan D et al. The hippocampus is required for short-term
topographical memory in humans. Hippocampus 2007;17:34–48.

25 Stepankova K, Fenton AA, Pastalkova E, Kalina M, Bohbot VD. Object location
memory impairment in patients with thermal lesions to the right or left hippocampus.
Neuropsychology 2004;42:1017–28.

26 Astur RS, Taylor LB, Mamelak AN, Philpott L, Sutherland RJ. Humans with hippo-
campus damage display severe spatial memory impairments in a virtual Morris water
task. Behav Brain Res 2002;132:77–84.

27 Astur RS, Tropp J, Sava S, Constable RT, Markus EJ. Sex differences and correla-
tions in a virtual Morris water task, a virtual radial arm maze, and mental rotation.
Behav Brain Res 2004;151:103–15.

28 Oades RD, Isaacson RL. The development of food search behavior by rats: the
effects of hippocampal damage and haloperidol. Behav Biol 1978;24:327–37.

29 Burckhardt CS, Clark SR, Bennett RM. The Fibromyalgia Impact Questionnaire
(FIQ): development and validation. J Rheumatol 1991;18:728–33.

30 Wechsler D. Wechsler Adults Intelligence Scale. Madrid: TEA, 1993.
31 Kessels RPC, van Zandvoort MJE, Postma A, Kappelle LJ, De Haan EHF. The Corsi

Block-Tapping Task: standardization and normative data. Appl Neuropsychol
2000;7:252–8.

32 Achiron A, Polliack M, Rao SM et al. Cognitive patterns and progression in multiple
sclerosis: construction and validation of percentile curves. J Neurol Neurosurg
Psychiatry 2005;76:744–9.

33 Iaria G, Lanyon LJ, Fox CJ, Barton JJ. Navigational skills correlate with hippocampal
fractional anisotropy in humans. Hippocampus 2008;18:335–9.

34 Maguire EA, Burgess N, Donnett JG, Frackowiak RS, Frith CD, O’Keefe J. Knowing
where and getting there: a human navigation network. Science 1998;280:921–4.

35 Ekstrom AD, Kahana MJ, Caplan JB et al. Cellular networks underlying human
spatial navigation. Nature 2003;425:184–8.

36 Driscoll I, Hamilton DA, Yeo RA, Brooks WM, Sutherland RJ. Virtual navigation in
humans: the impact of age, sex, and hormones on place learning. Horm Behav
2005;47:326–35.

37 Livingstone SA, Skelton RW. Virtual environment navigation tasks and the
assessment of cognitive deficits in individuals with brain injury. Behav Brain Res
2007;185:21–31.

38 Cánovas R, Espı́nola M, Iribarne L, Cimadevilla JM. A new virtual task to evaluate
human place learning. Behav Brain Res 2008;190:112–8.

39 Kuchinad A, Schweinhardt P, Seminowicz DA, Wood PB, Chizh BA, Bushnell MC.
Accelerated brain gray matter loss in fibromyalgia patients: premature aging of the
brain? J Neurosci 2007;27:4004–7.

40 Schmidt-Wilcke T, Luerding R, Weigand T et al. Striatal grey matter increase in
patients suffering from fibromyalgia—a voxel-based morphometry study. Pain
2007;132(Suppl. 1):S109–16.

41 Wroolie TE, Williams KE, Keller J et al. Mood and neuropsychological changes in
women with midlife depression treated with escitalopram. J Clin Psychopharmacol
2006;26:361–6.

42 Freye E, Levy JV. The effects of tramadol on pain relief, fast EEG-power spectrum
and cognitive function in elderly patients with chronic osteoarthritis (OA). Acute Pain
2006;8:55–61.

43 Harman K, Ruyak P. Working through the pain: a controlled study of the impact of
persistent pain on performing a computer task. Clin J Pain 2005;21:216–22.

44 Karp JF, Shega JW, Morone NE, Weiner DK. Advances in understanding the
mechanisms and management of persistent pain in older adults. Br J Anaesth
2008;101:111–20.

45 Weiner DK, Rudy TE, Morrow L, Slaboda J, Lieber S. The relationship between pain,
neuropsychology, and physical function in community-dwelling older adults with
chronic low back pain. Pain Med 2006;7:60–70.

46 Grace GM, Nielson WR, Hopkins M, Berg MA. Concentration and memory deficits in
patients with fibromyalgia syndrome. J Clin Exp Neuropsychol 1999;21:477–87.

1278 Rosa Cánovas et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/48/10/1273/1786976 by guest on 11 January 2022


