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Purpose: This paper aimed to investigate motor proficiency in fine and gross motor function,
with a focus on reaction time (RT) and movement skill, in patients with fibromyalgia (FM) and
chronic fatigue syndrome (CFS) compared to healthy controls (HC).

Methods: A total of 60 individuals (20 CFS, 20 FM, and 20 HC), age 19—49 years, participated
in this study. Gross motor function in the lower extremity was assessed using a RT task during
gait initiation in response to an auditory trigger. Fine motor function in the upper extremity was
measured during a precision task (the Purdue Pegboard test) where the number of pins inserted
within 30 s was counted.

Results: No significant differences were found between FM and CFS in any parameters. FM
and CFS groups had significantly longer RT than HC in the gait initiation (p=0.001, and p=0.004
respectively). In the Purdue Pegboard test, 20% in the FM group, 15% in the CFS groups, and
0% of HC group, scored below the threshold of the accepted performance. However, there were
no significant differences between FM, CFS, and HC in this task (p=0.12).

Conclusion: Compared to controls, both CFS and FM groups displayed significantly longer RT
in the gait initiation task. Generally, FM patients showed the worst results in both tests, although
no group differences were found in fine motor control, according to the Purdue Pegboard test.
Keywords: fatigue syndrome, chronic, musculoskeletal diseases, gait initiation, Purdue
Pegboard, reaction time

Introduction
Clinical studies have reported that fibromyalgia (FM) and chronic fatigue syndrome
(CFS) are poorly distinguished from each other.! Patients are usually diagnosed accord-
ing to established clinical criteria®® because specific biological markers are lacking. FM
is characterized foremost by chronic widespread pain and CFS by chronic debilitating
fatigue. However, it has been reported that 50%—70% of the signs and symptoms are
common between these two groups of patients.>® Other common features are cognitive
complaints’ which may trouble these patients more than other symptoms.® Memory and
other cognitive abilities are dependent on attention and mental swiftness. Also, special
consideration has been directed toward attention and processing speed of informa-
tion. Impaired working memory and attention have been shown in patients with FM,’
while conflicting results about working memory!'® and attention deficits!'? have been
published on CFS patients, and these may be as a result of using different protocols.
The processing speed of information is crucial not only for cognitive processes'*!*
but also essential for motor control and fast and accurate motor responses such as
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pressing a computer key in response to visual stimuli.'!
Such a performance is intrinsically dependent on percep-
tion and processing of somatosensory information. Longer
response time in simple reaction time (RT) tasks has been
demonstrated in both patient groups'"!” as has reduced psy-
chomotor function, resulting in longer RT, as well as lower
movement speed in tasks with higher cognitive demands.'®!”

Tests of fine motor control for manual dexterity have
uncovered deficits in patients with FM,'®!° but no tests of
fine motor control appear to have been performed in patients
diagnosed with CFS. Tests on gross motor control have
revealed reduced gait velocity and bradykinesia® and walk-
ing with altered muscle activation patterns in patients with
FM.?! Similarly, lower self-selected gait velocity is reported
in CFS.22 Moreover, previous studies suggest slowness in
motor function in FM as well as CFS, but different studies
have used different protocols, and fine motor skill appears
to have not been investigated in CFS. Importantly, reduced
motor speed in upper and lower extremity does seem to be
interdependent, at least in the healthy elderly.?* As there is a
discussion as to whether similarities in FM and CFS are signs
of comorbidity or whether pain and fatigue are variations of
symptoms in a common underlying disorder, patients with
FM and CFS need to be subjected to the same test protocol
in order to answer that question.'

The aim of the present study was to examine similarities
and dissimilarities between FM and CFS for motor proficiency
in gross and fine motor function, focusing on RT and speed-
accuracy trade-off. A healthy group was included for compari-
son. We hypothesized that both patient groups would display
similar deficits in psychomotor speed and control for fine as well
as gross motor function compared to the control group. Motor
functions in the lower and upper extremities were assessed by
gait initiation and the Purdue Pegboard test, respectively.

Material and methods
Study design

This was a cross-sectional, observational, case—control study.

Participants

Forty patients and 20 healthy individuals participated in this
study. All patients were diagnosed at the Department of Pain
and Complex Disorders at the University Hospital. Twenty
patients were diagnised with CFS (with no comorbidity of
FM) according to US Centers for Disease Control and Preven-
tion criteria,” and 20 patients were diagnised with FM (with
no comorbidity of CFS) according to the American College of
Rheumatology (ACR) 1990 criteria.? Patients were informed

about the study at the clinic. Those interested were referred
by their attending physician to participate and received an
appointment for testing in our movement laboratory. In addi-
tion, 20 healthy controls (HC) matched for age and gender
were recruited from staff and students at the university and
hospital by announcement on the intranet. Only females were
recruited as the majority of those diagnosed with CSF or FM
are women. Pain and fatigue was rated in all participants with
a numerical rating scale on the day of testing upon arrival
to the laboratory, as the daily condition is known to vary in
people in general, and these patient groups in particular,
and may thus influence performance. To assess symptom
severity, CFS patients also completed the Chalder Fatigue
Scale® and the Fibromyalgia Impact Questionnaire (FIQ)%*
in the lab before the testing was commenced. Characteristics
of participants are described in Table 1. Exclusion criteria
for all participants included diagnoses of major psychiat-
ric disorders, neurological or musculoskeletal pathology
(except chronic widespread pain for the CFS and FM group),
injury, or uncorrected reduced vision. Verbal and written
information was given, and written informed consent was
obtained from each participant. The study was approved by
the Regional Committees for Medical and Health Research
Ethics (2012/679/REK midt) and conducted in accordance
with the Declaration of Helsinki.

Data acquisition

Gross motor function

Proficiency in gross motor function was tested for the lower
extremity with a RT task during gait initiation,?” based on the
findings of bradykinesia in FM and CFS. The participant stood
still and relaxed on a force platform, without shoes, and feet
in parallel with self-selected distance between them. To create
a baseline for the center of pressure (CoP) measurement, 3 to

Table | Characteristics of the participants by group

Variables HC CFS FM p-values
Age (years) 34.7 (7.4) 31.8(82) 36.7(84) 0.195
Weight (kg) 69 (9.5)° 71.5(139) 814 (167 0014
Height (cm) 167.2 (7.5) 168.2 (5.6) 169.7 (6) 0.455
BMI (kg/m?) 24.7 (3) 254 (5.6) 282 (5.3) 0.054
Education (years) 162 (2.2)** 13.7 (24)* 13.8(2.0* 0.00I
Pain 0.1 (0.3) 0.9 (1.2) 3.3 (1.6)*  0.001
Fatigue 0.7 (0.8)** 27 (1.5° 2.6 (1.9)¢ 0.001
Handedness (Rt/Lt) 20/0 20/0 18/2

Start leg (Rt/Lt) 14/6 16/4 1713

Notes: Data shown as mean (standard deviation) or number. **Significant
differences between groups are indicated by the same superscript letters.
Abbreviations: HC, healthy control; CFS, chronic fatigue syndrome; FM,
fibromyalgia; BMI, body mass index; Rt, right; Lt, left.
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5 s of steady state was recorded in each trial for quiet standing
before an auditory trigger signal was issued. The delay time
before release of the trigger was random and intentionally
unpredictable. The participant was asked to initiate gait as
fast as possible in response to the auditory signal (a beep),
and then walk normally across a 3 m long walkway level
with the force platform. The starting foot (left or right) was
self-selected and kept the same throughout all trials. The test
was repeated five times with a 1-minute rest between each
trial. Participants had one trial practice to get accustomed to
the test. RT was calculated using the CoP data collected with
a Kistler force platform (type 9260AA6; Kistler Instrumente
AG, Winterthur, Switzerland). The auditory signal was gener-
ated with a trigger button connected to an A/D board. All data
were sampled and stored with the QTM software (Qualisys
Track Manager, Gothenburg, Sweden; 2.10, build 2084) for
further analysis.

Fine motor function

Following the gait initiation task, speed-accuracy of fine motor
skill was assessed for the upper extremity with the Purdue Peg-
board test (Model #32020; Lafayette Instruments, Lafayette,
IN, USA). The test was implemented according to the instruc-
tion in the Lafayette manual, starting with a short 10 s trial to
ensure the task was understood. Only the first test in the test
battery was performed. It consisted of placing pins into a row
of 25 holes moving from top to bottom on the board placed
on a table in front of the participant. The dominant hand was
determined according to the question in the Edinburgh Hand-
edness Inventory, and the test was performed once. For the
right-handed individuals, the right side, and for the left-handed,
the left side of the Purdue Pegboard was used. The number
of inserted pins (size ~2.54 by 0.30 cm) into the Pegboard in
30 s was counted. Average performance with the preferred
hand in individuals <60 years of age is between 16—19 pins. A
score below 14 pins is considered a poor result. Reliability and
validity have been established for the Purdue Pegboard across
various population groups? and it is considered as a relevant
test for psychomotor skills and hand dexterity.? The choice
of the test was motivated by the background of a cognitive
slowness in patients with FM and CFS.

Data analyses

Data were exported to MATLAB (R2015b) for analysis. An
automated algorithm was used to detect the auditory signal
and determine the first mediolateral deviation of CoP from
baseline in quiet standing (Figure 1).3° The automated onsets
were inspected and adjusted manually when necessary.

Validity of manual adjustments was validated by intertester
reliability, performed by two independent and blinded inves-
tigators, to decide the onset of CoP in a random sample of
50 trials across groups. Cronbach’s alpha was 0.985 for an
average score and 0.970 for a single score. An Excel-matrix
with onset times for deviation of CoP relative to the auditory
signal (onset-time of the CoP deviation minus onset-time for
trigger) was generated in MATLAB. For the Purdue Pegboard
test, raw scores of the inserted pins were stated.

Statistical analyses

Statistical analyses were performed in SPSS (Version 22;
IBM Corporation, Armonk, NY, USA). Data were inspected
for normal distribution by graphical inspection of residuals
in P-P and Q-Q plots and for skewness and kurtosis with
histograms. Normal distribution was assessed statistically by
Shapiro—Wilk test. Descriptive results of the RT and Purdue
Pegboard test are presented as means + standard deviation
(SD). There were no significant differences between the
groups regarding age, height, and body mass index (BMI)
(Table 1). Weight did however differ significantly between
HC and FM, and there was a significant correlation between
body weight of the participants and RT (7=0.42, p=0.001).
Thus, weight was added as the covariate into the analysis.
For RT, the mean value of five trials was calculated for each
participant, and this was used for further analysis. The effect
of group on RT was calculated using analysis of covariance
(ANCOVA) with group (n=3; HC, CFS, and FM) as the
between-subjects factor and weight as covariate. There was
no correlation between weight and raw scores in the Pegboard
test (r=—0.17, p=0.197). Thus, a separate one-way ANOVA
was conducted to compare raw scores in the Purdue Pegboard
test between the groups (n=3; HC, CFS, and FM). We also
ran separate one-way ANOVA on pain and fatigue scores.
Pairwise comparisons with Bonferroni correction were per-
formed to identify significant differences between the groups.
Moreover, Fisher’s exact test was performed to identify the
differences in the proportions (<14 pins) of inserted pins
between the three groups. The correlation between different
variables was investigated using Pearson correlation. The
alpha level of significance was set at P<0.05.

Results

Table 1 displays the characteristics of participants. The mean
score of FIQ was 54.7 (13.27) in the FM group, and the
analysis showed no correlation between FIQ score and RT
(r=—0.24) or inserted pins (»=0.30) in these patients (p>0.05).
The mean score of Chalder Fatigue Scale was 25.2 (3.57) in
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Figure | The onset determination of gait initiation.

Notes: The onset of gait initiation was determined from CoP as the first mediolateral deviation from baseline (black arrow), which occurred toward the same side as the
swing leg. The red line shows mediolateral direction of CoP. The green line shows anteroposterior direction of CoP. At lift off of the swing leg, CoP deviated toward the
side of the stance leg. A negative value denotes right direction. Thus, the right leg is the swing leg in this example. This pattern was uniform and occurred in all participants

regardless of whether they were starting with the right or left leg.
Abbreviation: CoP, center of pressure.

the CFS patients, and, similarly, no correlation was found
between Chalder score and RT (#=—0.18) or inserted pins
(7=0.05) in this group (p>0.05).

Gait initiation

A total of 300 trials were recorded and used for the analysis.
The FM group had the longest mean RT followed by CFS and
HC, which were 0.164 (0.02), 0.192 (0.02), and 0.205 (0.03)
s, respectively. A significant main effect of group, F (2, 56)
=9.28, p<0.001 was found indicating different RT at least in
one group. The effect size was 1?=0.25, and observed power
=0.97 for the group factor. Bonferroni-adjusted pairwise
comparisons between groups showed that both the CFS and
FM had significantly longer RT than HC (Table 2).

Table 2 Between-group comparisons of the RT results with
Bonferroni adjustment

Groups Mean difference  Lower ClI Upper Cl  p-values
CFS-HC 0.026 0.007 0.046 0.004*
FM-HC 0.034 0.013 0.054 0.001*
FM—-CFS  0.007 -0.013 0.027 1.000

Notes: The participants’ weight was used as the covariate. *Indicates significant
difference between groups.

Abbreviations: RT, reaction time; Cl, confidence interval; HC, healthy control;
CFS, chronic fatigue syndrome; FM, fibromyalgia.

Purdue pegboard test

The FM group had the lowest mean score in this test, followed
by CFS. The mean (SD) of inserted pins were 15.6 (1.1),
15.1 (1.7), and 14.7 (1.7) in the HC, CFS, and FM groups
respectively. Moreover, HC, CFS, and FM groups had the
range of 14-18, 12—18 and 11-18 scores respectively. There
was no main effect of group, F (2, 57) =1.71, p=0.191, for
the Purdue Pegboard test. The effect size was 1>=0.06, and
observed power =0.34 for the group factor. Thus, no differ-
ences were found between the three groups. However, 20% of
the FM patients and 15% of the CFS group performed below
the threshold for poor performance for normal population
<60 years of age. Additionally, Fisher’s exact test showed
no significant difference in the proportion (<14 vs =14 pins)
between the groups (p=0.12). A weak, negative correlation
was found between the number of pins placed and the RT
(=-0.22, p=0.09).

Discussion

Consistent with our hypothesis, the study revealed no signifi-
cant difference between CFS and FM for motor proficiency
in either gross or fine motor tasks. Both the FM and CFS
groups showed significantly longer RT than the HC group in
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the gait initiation task, even after correcting for the potential
effect of the participants’ weight. In the Purdue Pegboard
test, 20% in the FM group and 15% in the CFS group scored
below the threshold for poor performance for their age group,
whereas no one in the HC group scored below this threshold.
However, statistical analyses did not show any significant
differences between the groups in this task. The reduction
in motor proficiency seems thus to be more noticeable in
gross motor tasks than in fine motor tasks. Reduced move-
ment velocity of upper extremity has been reported to be a
strong determinant of reduced lower extremity velocity in the
healthy elderly.® Similarly, we found a weak, negative cor-
relation between the number of inserted pins and RT. Thus,
lower scores of inserted pins in some patients and longer RT
in the gait initiation may possibly be interdependent (albeit
weakly) in those individuals. Notably, the number of pins
inserted in the Purdue Pegboard test did not differ statistically
between three groups, and the sample size was small. Thus, a
possible association has to be confirmed with a larger sample.

There are indications that high BMI has negative conse-
quences on fine as well as gross motor skills.>! In the pres-
ent study, the FM group had the highest BMI and weight,
followed by the CFS and HC groups; the difference was
not significant between the groups for BMI but it was for
weight. The magnitude of BMI was moderated by the body
height of the participants. High BMI is common both in
FM and CFS populations, as well as low level of physical
activity.*>** The low level of physical activity is presumably
explained by the habit of avoiding aggravation of pain and
fatigue, which consequently results in sedentariness and
deconditioned muscles.** Low level of physical activity may
also be correlated with poor motor control and lower move-
ment velocity.* Low level of physical activity is furthermore
shown to negatively influence manual discrete aiming. Even
though age matters for performance, younger participants
with a low level of physical activity displayed worse perfor-
mance in manual dexterity with as well as without vision.*’
Therefore, presumed low level of physical activity may have
had an adverse effect on motor proficiency in the patients in
the present study.

The FM group was significantly heavier than HC group,
and weight was positively (=0.42) correlated with the RT
during gait initiation. However, weight was not significantly
correlated (=0.17) with the raw scores of the Purdue Peg-
board test. Thus, to compensate its potential effect, weight
was adjusted for only in the analysis of RT between groups.

There are other important factors which may explain
the poor motor function (especially gross motor function)

in the patients. The interplay between sensory feedback and
motor output is essential to produce smooth, coordinated
movements and recognition of body position.*® Previous
studies have shown deficits in the sensory—motor processing
in FM and CFS at both peripheral and central levels of the
central nervous system.** This is hypothesized to be due
to the longer time needed by the nervous system to acquire
and process sufficient information related to sensory inputs
as well as to produce appropriate movements.**** Moreover,
there is evidence that experimental muscle pain can trigger
inhibitory mechanisms and reduce the motor activity of the
painful and other synergistic muscles.** Since FM patients
usually have higher pain levels relative to CFS patients, it is
thus plausible to find worse motor performance in the FM
than the CFS group. Although motor performance in general
was worse in the FM group, we did not find any differences
between patient groups, possibly due to small sample size.
Another aspect of abnormalities in FM and CFS is the sig-
nificant acceleration of age-related decrease in white and gray
matter in the central nervous system.** Accordingly, it is
likely that the CFS and the FM patients show similar results
as the elderly in motor tasks such as gait initiations and the
Purdue Pegboard test. For instance, our finding of longer RT
is in agreement with a previous study which showed that RT
during gait initiation is longer in older compared to younger
participants.*®

Accordingly, the observed impairments in the earlier stud-
ies may be responsible for a lower level of motor proficiency
in the patients with CFS and FM. Therefore, patients may
benefit from exercise therapy including sensory—motor chal-
lenges. In order to develop effective rehabilitation programs
for this purpose, further research is needed to investigate the
nature of motor control deficits as well as neural and muscular
impairments in motor performance in these patients.

Some limitations of the present study should be consid-
ered for interpretation and implication of the findings. First,
patients with FM in the present study were diagnosed accord-
ing to the 1990 ACR criteria as these are used at the clinic.
The revised 2010 criteria are expanded to include fatigue and
cognition and no longer include digital palpation of tender
points. Thus, patients diagnosed with FM according to the
new criteria may be more similar to patients with CFS than
those who were included in the present study. Second, the
sample of twenty individuals in each group was relatively
small. Third, the groups were not perfectly matched regarding
weight and BMI. These discrepancies do however reflect the
actual patient groups as mentioned in the discussion. Only
women were included as most patients are female,?* and the
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results should not automatically be transferred to the whole
population. Finally, medication usage was not specified and
controlled for. As the patients usually take nonopioid anal-
gesics when needed, this may potentially have affected their
performance positively due to reducing pain or negatively
due to a potential side effect of the medications.

Conclusion

The present study revealed no significant difference between
CFS and FM for motor proficiency in either gross or fine
motor tasks. Both CFS and FM groups showed longer RT in
the gait initiation task compared to HC. The Purdue Pegboard
test could not distinguish differences between the groups.
Overall, it seems that gross motor function is more affected
by FM and CFS than fine motor function.
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