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Abstract

of fibromyalgia as a chronic pain syndrome.

Background: Fibromyalgia is recognized as a chronic pain syndrome. Widespread pain is a common symptom in fibromyalgia,
indicating a potential dysfunction in the processing of painful sensations in the central nervous system.

Objectives: This study aimed to investigate changes in the severity of clinical symptoms in fibromyalgia patients and to evaluate
the apparent diffusion coefficients and metabolites in the brain of these patients.

Patients and Methods: This cross-sectional study included 28 female outpatients with complaints of widespread pain, who were
diagnosed with fibromyalgia syndrome. Magnetic resonance imaging, magnetic resonance spectroscopy, and diffusion tensor ex-
aminations were applied to evaluate patients diagnosed with fibromyalgia before treatment.

Results: The mean age of the patients included in this study was 39.1 £ 8.6 years (range, 24 - 55 years). A statistically significant strong
positive correlation was found between the scores of the visual analog scale and the fibromyalgia impact questionnaire. Besides,
significant associations were found between the scores of the visual analog scale and fibromyalgia impact questionnaire and the
results of fractional anisotropy, apparent diffusion coefficient, and peak values of some metabolites in spectroscopy.

Conclusion: The results of this study suggest that metabolites play an inhibitory or excitatory role in the central pain mechanisms
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1. Background

Fibromyalgia syndrome (FMS) is a chronic pain syn-
drome, which affects 2 - 4% of the population in developed
countries. However, the underlying cause of this syndrome
remains unknown. Widespread pain is a common symp-
tom of FMS, indicating a potential dysfunction in the pro-
cessing of painful sensations in the central nervous system
(1-4). Diffusion-weighted imaging (DWI) is a physiological
imaging sequence sensitive to water movement in tissues
at the cellular level. Moreover, diffusion tensor (DT) imag-
ing indicates the microscopic structure and integrity of
the white matter, and fractional anisotropy (FA) represents
the amount and direction of diffusion in the target region.
The FA values are indicators of the integrity of the white
matter; a reduction in these values reflects damage to the
white matter (5). Additionally, magnetic resonance spec-
troscopy (MRS) is a non-invasive technique, indicating the
biochemical tissue components and providing a graphic

representation of the range and number of metabolites in
the specified tissue in an in vivo environment (6).

2. Objectives

This study aimed to investigate the correlation be-
tween the severity of clinical symptoms and the FA value,
apparent diffusion coefficient (ADC), and metabolites in
the brain of FM patients.

3. Patients and Methods

The local ethics committee approved this cross-
sectional study (Decision No.: E.31554 HRU, date: 19.07.05).
The study was performed on 28 female outpatients with
complaints of widespread pain, who were diagnosed with
EMS. The inclusion criteria were as follows: Age range
of 18 - 55 years; meeting the 2010 American College of
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Rheumatology (ACR) diagnostic criteria for FMS; and
voluntary participation in the study. On the other hand,
patients were excluded from the study if they had a his-
tory of systemic disease (e.g., hypertension, diabetes, and
cardiovascular or renal disease) or malignancy, an active
infection, a history of neuromuscular, autoimmune, or
psychiatric disorders, and pregnancy or breastfeeding.

In the first examination of FMS patients, the severity
of pain was evaluated using a visual analog scale (VAS),
and their functional status was determined using the Fi-
bromyalgia Impact Questionnaire (FIQ). Generally, VAS is
an easily applicable scale with global acceptance, which is
used to measure the severity of pain. This scale, by convert-
ing values that cannot be measured numerically to num-
bers, facilitates an evaluation of subjective pain sensation
and represents the pain severity. Pain is measured based on
a 10-cm horizontal line, marked in equal sections of 1 cm,
and the respondents are instructed to mark their level of
pain on thisline (0, no pain; 10, intolerable pain) (4, 5). The
pain severity in the current study was classified as follows:
0 -3, mild; 4 - 6, moderate; and 7- 10, severe (7).

Moreover, the FIQ was used in this study to determine
the quality of life and functional status of FMS patients.
This scale, which is widely used for the evaluation of FMS
patients, was developed by Burckhardt et al. (8). Also, the
validity and reliability studies of the Turkish version of this
questionnaire were conducted by Sarmer et al. (9). The
FIQ generally consists of 10 items. The first item exam-
ines 11 activities of daily living (shopping, cooking, wash-
ing, vacuuming, making the bed, walking a few hundred
meters, visiting friends/family, gardening, driving, and as-
cending/descending stairs), each scored from zero to three
(0, always; 1, usually; 2, sometimes; and 3, never). The rest
of the items examine well-being in the past week, inabil-
ity to work, pain level, fatigue, morning stiffness, morning
tiredness, anxiety, and depression.

The total score was determined for the first item of FIQ
(11activities, rated on a 0 -3 scale); to normalize it, it was di-
vided by 11 and then multiplied by 3.33. For the second item
of the questionnaire, as the number of days the patient felt
well was negatively proportional to the disease severity, the
number of days stated by the patient was subtracted from
seven and then multiplied by 1.43 to obtain a normalized
value. The third item, which represented the number of
days the patient was unable to work over the last week be-
cause of FMS symptoms, was normalized by multiplying by
1.43. The total score of the questionnaire was determined
as the sum of the scores of items 4 - 10 plus the normalized
scores of the first three items. The maximum total score
was 100, with higher scores indicating a lower quality of
life and functional status.

The magnetic resonance imaging (MRI), MRS, and DT

imaging examinations were performed for the partici-
pants before treatment. The MRS and DT examinations of
all the patients were performed on a 3 Tesla MRI unit (Mag-
netom Skyra, Siemens Healthcare, Germany) with a stan-
dard head coil. All MR examinations were first evaluated
regarding pathologies, and patients with conventional MR
examinations within normal limits were included in the
study. After non-contrast brain MR, single-voxel MRS of the
thalamus was performed bilaterally at both a short echo
(repetition time [TR], 2000 ms; echo time [TE], 30 ms) and
alongecho (TR, 2000 ms; TE, 135 ms). Additionally, sagittal
Ti-weighted images and axial and coronal T2-weighted im-
ages were acquired for guiding volume selection. The right
hand, as the dominant hand, was used for all the patients.
The spectra were determined based on the point resolved
spectroscopy (PRESS) method. Following water signal sup-
pression with the chemical shift selective technique, spec-
troscopic data were obtained.

For the DT examination, Ti-weighted 3D magnetization
prepared rapid gradient echo (MPRAGE) imaging was per-
formed for all the patients. The imaging parameters were
as follows: TE, 92.0 ms; TR, 3700 ms; flip angle (FA), 7; and
inversion time (TI), 1250 ms. On the ADC and FA maps, mea-
surements were performed from the bilateral posterior
limbs of internal capsule, thalami, corpus callosum genu,
and splenium. The data were analyzed on a Leonardo work-
station (Siemens, Forcheim, Germany), equipped with the
manufacturer’s supplied software package.

Moreover, in the present study, the metabolite signals
included N-acetylaspartate (NAA; 2.04 ppm), choline (Cho;
3.24 ppm), creatine (Cr; 3.05 ppm), glutamate-glutamine
(Glx; 3.80 ppm), myo-inositol (MI; 3.58 ppm), and lactate
(1.33 ppm). The ratio of these metabolites to Cr (Cho/Cr,
NAA/Cr, GIx/Cr, and MI/Cr) was calculated in this study. Ad-
ditionally, the metabolite concentrations of NAA, MI, Cho,
and Cr were measured (Figure 1A - C).

The collected data were statistically analyzed in IBM
SPSS Version 20.0 (IBM Corp. Released 2011. IBM SPSS Statis-
tics for Windows, Version 20.0. Armonk, NY: IBM Corp.).
The results are presented as mean = standard deviation
(SD), median, minimum and maximum, or number (n)
and percentage (%). The normal distribution of continuous
variables was assessed using Shapiro-Wilk test when the
sample size was < 50 and using Kolmogorov-Smirnov test
when the sample size was > 50. For comparison of two in-
dependent groups of data, independent samples t-test was
performed when the data had a normal distribution, while
Mann-Whitney U test was performed when the data did not
have a normal distribution. On the other hand, for com-
parison of two dependent groups of data, paired samples
t-test was used when the normal distribution conditions
were met, while Wilcoxon test was applied when the data
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Figure 1. A, Long-echo-time spectroscopy of a 26-year-old control woman; B, Short-echo-time spectroscopy of a 29-year-old patient (the N-acetylaspartate/Creatine (NAA/Cr)
ratio was estimated at 1.84 with an increasing trend); C, Diffusion tensor (DT) color fractional anisotropy (FA) map of a 31-year-old female patient.

did not show a normal distribution. Moreover, for compar-
ison of two groups of quantitative data, Pearson’s correla-
tion test was performed when the data had a normal dis-
tribution; otherwise, Spearman’s correlation test was ap-
plied. Only statistically significant results of these tests are
presented in this article. A P-value less than 0.05 was con-
sidered statistically significant.
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4. Results

The conventional MRI findings of the participants were
morphologically within normal limits. The mean age of
the patients was 39.1 & 8.6 years (range, 24 - 55 years). A
significant positive correlation was found between the VAS
and FIQ scores (r = 0.710, P < 0.001). A moderate positive
correlation was also found between the left thalamus MI/Cr
ratio and the scores of VAS (r = 0.404, P = 0.033) and FIQ (r
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=0.390, P = 0.040). Besides, a moderate positive correla-
tion was found between the FIQ score and the FA value of
the right posterior limb of internal capsule (r =0.404, P =
0.033). On the other hand, a statistically significant mod-
erate negative correlation was found between the corpus
callosum genu ADC value and the VAS score (r =-0.493, P
= 0.008). Also, a statistically significant moderate nega-
tive correlation was observed between the left thalamus
NAA/Cho ratio and the FIQ score (r=-0.437,P=0.020) (Table

1).

Table 1. Significant Correlation Coefficients of Visual Analog Scale (VAS) Scores with
Magnetic Resonance Spectroscopy (MRS) Values of Metabolites *

Spearman’s rho VAS FIQ
MI/Cr ratio
R 0.404* 0.390*
P 0.033 0.040
N 28 28
MI
R 0.332 0.518"*
P 0.084 0.005
N 28 28

Left thalamus, NAA/Cho

R -0.045 -0.437

P 0.821 0.020

N 28 28
RICP FA

R 0305 0.404*

P 0.114 0.033

N 28 28

Abbreviations: FIQ, fibromyalgia impact questionnaire; MI, myo-inositol; Cr,
creatine; NAA, N-acetylaspartate; Cho, choline; RICP FA, right internal capsule
posterior limb fractional anisotropy.

? Significant correlations were found between the metabolites and FA values
and VAS and FIQ scores. A moderate positive correlation was found between the
left thalamus MI/Cr ratio and VAS and FIQ scores, between the FIQ score and the
RICP FA value and between the corpus callosum genu ADC value and the VAS
score. A moderate negative correlation was found between the left thalamus
NAA|Cho ratio and the FIQ score.

Assignificant association was found between the mean
values of NAA/Cr ratio, glutamate (Glu)/Cr ratio, NAA, Cho,
and Glu and the ADC value of the left and right thalami.
The mean NAA/Cr ratio was 1.27 &= 0.23 in the right thala-
mus and 1.48 £ 0.25 in the left thalamus (P = 0.002), and
the mean Glu/Cr ratio was 1.44 + 0.34 in the right thala-
mus and 1.66 + 0.44 in the left thalamus (P = 0.042). N-
acetylaspartate was181.2137.30 in the right thalamus and
205.20 % 37.11 in the left thalamus (P = 0.019); long echo
time NAA was 42.47 £ 11.60 in the right thalamus and 51.93
=4 7.83 in the left thalamus (P < 0.001); Chowas36.02 +7.56

intherightthalamusand 41.27+ 9.11in the left thalamus (P
=0.022); and Glu was 133.69 £ 37.90 in the right thalamus
and 160.38 £ 38.21 in the left thalamus (P = 0.004). Based
on the measurements, the thalamus ADC value was 737.51
=+ 29.56 in the right thalamus and 755.41 £ 29.71 in the left
thalamus (P = 0.053) (Table 2).

5. Discussion

Several studies have suggested that widespread pain
disorder in FMS originates from a pain processing disor-
der in the central nervous system (4, 10-13). In a study by
Sundgren et al., where the ADC and FA values were com-
pared with the symptom severity of FMS patients, there
were basic differences between these patients and the con-
trol group; these differences were mostly observed in the
right thalamic region (14). Also, in the FMS group, the dif-
ferences were statistically greater in patients with a more
severe clinical pain, and the relationship of these values
with disease severity depended on other clinical param-
eters, but not significantly. These findings revealed that
there are minor abnormalities in the neuronal function-
ing of pain processing regions of the brain in FMS and that
the thalamus plays an important role in pain processing in
these patients (14).

In the current study, a positive correlation was ob-
served between clinical pain severity and the FA value of
the internal capsule posterior limb; in other words, with
an increase in the clinical pain severity, the FA values in-
creased, as well. On the other hand, a negative correla-
tion was found between the VAS score and the corpus cal-
losum genu ADC value; therefore, as pain increased, the
ADC value decreased; this finding was speculated to be as-
sociated with microstructural changes induced by pain in
the white matter structure. Additionally, Lutz et al. investi-
gated the grey and white matter abnormalities in FMS pa-
tients and showed thatareas of the brain thatare known to
be functionally linked to the main symptoms of FMS were
related to significant changes in the brain microstructure
(15). They also indicated a relationship between the degree
of microstructural tissue change and the intensity of sev-
eral main symptoms of FMS (15).

Previous studies examining brain activation related to
painrevealed thatin healthyindividuals, acute pain causes
a stimulated response in several brain structures, such as
the thalamus, primary and secondary somatosensory cor-
tex, anterior cingulate cortex, and prefrontal cortex (16). In
the current study, the spectroscopic examinations of the
right and left thalami showed a positive correlation be-
tween MI and MI/Cr values and the FIQ score. On MRS, a
significant correlation was observed between pain and the
concentration of Glu in the insula. Generally, Glu plays
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Table 2. Comparison of the Metabolites Values of the Right and Left Cerebral Hemispheres *

Right-left
Variables R L t,z P-value
Mean + Median Minimum Maximum Mean + Median Minimum Maximum
standard standard
deviation deviation
NAA/Cr 127 £ 0.23 132 0.69 1.62 148 + 0.25 1.45 0.84 2.05 -3.195 0.002
NAA/Cho 118 + 0.28 121 0.20 1.61 131+ 030 126 0.90 234 - 0.294
1.049
GIx/Cr 1.46 £ 0.51 153 0.65 235 120 £ 0.49 1.25 0.29 220 2.002 0.050
Glu/Cr 144 £+ 034 139 0.79 230 1.66 £ 0.44 1.63 1.06 273 - 0.042
2.078
MI/Cr 0.74 £ 030 0.82 0.16 1.20 0.86 £ 0.31 0.88 0.21 1.51 - 0.143
1.486
Cho/Cr 117 £ 0.48 112 0.79 3.47 117 £ 0.21 123 0.70 158 - 0.121
1549
NAA 42.47 £11.60 3.23 68.08 51.93 7.83 £ 49.76 38.75 70.38 3.597 0.000 0.000
Cr 33.19 £ 8.02 4.65 47.47 36.01 7.34 +34.57 26.44 57.91 -1.090 0.276 0.276
Cho 36.02 £ 7.56 16.14 51.66 41.27 9.1+ 4136 18.48 63.09 2350 0.022 0.022
GIx 134.16 + 45.97 55.09 218.15 127.38 42,56 +126.21 19.81 238.04 0.573 0.569 0.569
Glu 133.69 £ 37.90 83.81 253.68 160.38 38.21 +156.31 96.12 24375 -2.892 0.004 0.004
MI 69.57 £ 31.61 11.44 157.53 80.06 30.00 £ 84.05 15.43 138.51 1273 0.209 0.209
RICP FA 72813 £ 5318 647.00 851.00 710.39 53.43 1 720.88 602.33 796.33 1.245 0.218 0.218
RTFA 294.11 % 33.99 236.50 390.00 28130 34.57 4 288.17 198.50 334.50 -0.869 0.385 0.385
RICP ADC 704.53 £ 28.59 619.50 757.00 719.86 38.77 £ 710.34 674.50 820.00 -0.885 0.376 0.376
RTADC 737.51 & 29.56 699.00 786.67 755.41 29.71 £ 746.75 717.67 814.00 -1.934 0.053 0.053

Abbreviations: NAA, N-acetylaspartate; Cr, creatine; Cho, choline; Glx, glutamate-glutamine; Glu, glutamate; MI, myo-inositol; RICP FA, right internal capsule posterior
limb fractional anisotropy; RT FA, right thalamus fractional anisotropy; RICP ADC, right internal capsule posterior limb apparent diffusion coefficient; RT ADC, right

thalamus apparent diffusion coefficient.

2 A statistically significant difference was found between the mean values of the NAA/Cr, Glu/Cr, NAA, Cho, Glu, and ADC of the left and right thalami.

a major excitatory role in the pain pathway, which is ex-
tremely important in understanding the pain processes of
EMS (17). In the present study, the Glu level in the right tha-
lamus was significantly higher than the left thalamus.

Moreover, in a study by Wood et al., hippocampal
metabolite abnormalities were investigated in FMS (18). A
significant negative correlation was found between a re-
duced NAA/Cr ratio, as a marker of neuronal integrity in
the right hippocampus, and the FIQ score, representing an
index of irregularity in basic characteristics, such as phys-
ical function, work status, depression, anxiety, sleep, pain,
fatigue, and well-being (18). Besides, in a study of chronic
lower back pain, Levins et al. found reduced NAA in the dor-
solateral prefrontal cortex and anterior insula, along with
a reduction in NAA, Glu, and MI in the anterior cingulate
cortex; these findings suggested a decline in neuronal vi-
tality (19).

While the prevalence of gamma-aminobutyric acid
(GABA), as an inhibitor neurotransmitter, reduces in the

Iran ] Radiol. 2022;19(2):e120514.

anterior insula of FMS patients, an increase has been re-
ported in the stimulation of neurotransmitter glutamate
in the amygdala, posterior cingulate cortex, and ventro-
lateral prefrontal cortex, suggesting the overactivation of
neural activity in the limbic region. In patients with spinal
injuries and chronic pain, low neuronal metabolite levels
(NAA and Glu) suggesting neuroinflammation, together
with high glial metabolite levels (MI and Cho), have been
found in the anterior cingulate cortex. Also, reduced NAA
levels indicating reduced inhibitory neuron function in
the thalamus, as a potential mediator of chronic pain, have
been reported in the thalamus of patients with complex
pain syndrome, as well as the thalamus of diabetic patients
with chronic neuropathic pain (19).

The limitations of this study include the low number
of patients and the lack of a control group. In conclusion,
the results of this study suggested that metabolites con-
tribute to the central pain mechanisms of FMS, as a chronic
pain syndrome. These changes were also correlated with
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the severity of clinical symptoms. By controlling for the ra-
tio of these metabolites in the brain, pain control can be
effectively achieved in the future. However, there is a need
for more extensive studies in the future to obtain further
information related to the pathogenesis of this disease.
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