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ABSTRACT

Objective: Fibromyalgia is a chronic syndrome characterized by widespread pain, fatigue,
and cognitive and sleep impairments. Headache, which is highly prevalent in fibromyalgia,
substantially reduces quality of life. This study aimed to investigate whether morphological
features of the paranasal sinuses or microstructural alterations of the trigeminal nerve
contribute to headache pathophysiology in fibromyalgia.

Materials and Methods: Twenty-five female patients with fibromyalgia and twenty-six
healthy women were included. Tractographic analysis of bilateral trigeminal nerves was
performed using diffusion tensor imaging (DTI), with parameters including fiber number,
mean fiber length, and fractional anisotropy (FA). Paranasal sinus volumes were calculated
using 3D Slicer software.

Results: No significant group differences were found in age, Body Mass Index (BMI), or paranasal
sinus volumes (p>0.05). However, fiber number, mean fiber length, and FA values of both
trigeminal nerves were significantly higher in the fiboromyalgia group than in controls (p<0.001).

Conclusion: These findings suggest that structural alterations of the trigeminal nerve,
rather than sinus anatomy, may underlie headache in fibromyalgia and could partly explain
the high prevalence of migraine-like symptoms in this population.

Keywords: Diffusion tensor imaging, fibromyalgia, headache, paranasal sinus, trigeminal
nerve.

INTRODUCTION

Fibromyalgia is a multifactorial syndrome affecting about 2.7% of the global population. It is
characterized by chronic pain not explained by peripheral causes.? In addition to persistent pain,
patients commonly experience fatigue, sleep disturbances, cognitive dysfunction, and mood
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alterations.3* Migraine and tension-type headaches are reported
in approximately 70% of individuals with fibromyalgia.> Among
the underlying mechanisms of headache in fibromyalgia,
increased central nervous system (CNS) sensitivity, also known
as central sensitization, plays a significant role. Structural
changes in gray matter volume have been identified in brain
regions such as the primary and secondary somatosensory
areas, anterior cingulate cortex, cerebellum, prefrontal cortex,
and insula.®’ In individuals with fibromyalgia, normally non-
painful stimuli can elicit pain (allodynia), and there may be an
exaggerated response to painful stimuli (hyperalgesia), which is
believed to be linked to enhanced central sensitization.®

Both neurotransmitters and the peripheral nervous system play
critical roles in the transmission of pain to the CNS. In this context,
nitric oxide (NO) is a particularly noteworthy neurotransmitter.
NO is synthesized in especially high concentrations in the
epithelial cells of the paranasal sinuses’ NO may enhance
trigeminal nerve excitability through positive feedback in the
trigeminovascular system, contributing to headache. Moreover,
a direct relationship between NO production and paranasal
sinus volume has been demonstrated.'*"

The trigeminal nerve, a component of the peripheral nervous
system, plays a central role in transmitting pain signals from
the orofacial skin and meninges to the CNS. It conveys these
signals via its three main branches (the ophthalmic, maxillary,
and mandibular divisions) to the trigeminal ganglion, and
from there to the spinal trigeminal nucleus and the ventral
posteromedial nucleus of the thalamus. Pain is ultimately
perceived and processed in the postcentral gyrus.'>™

In this study, we investigated the potential relationship
between the morphological structure of the paranasal sinuses,
whereNOisabundantly synthesized,and the microarchitecture
of the trigeminal nerve in the pathophysiology of headache
among individuals with fibromyalgia. To this end, diffusion
tensor imaging (DTI) was used to perform tractographic
analysis of the trigeminal nerve, allowing for the evaluation of
microstructural changes in the peripheral nervous system of
fibromyalgia patients. Additionally, paranasal sinus volumes,
known to be associated with NO production, were measured
using magnetic resonance imaging (MRI), and the results were
compared with those of healthy controls.

MATERIALS AND METHODS

Ethical approval for this single-center, cross-sectional cohort
study was granted by Nigde Omer Halisdemir University Non-
Interventional Clinical Research Ethics Committee (approval
number: 2024/18, date: 27.02.2024) in full compliance with
the Declaration of Helsinki. Written informed consent was
obtained from all participants prior to enroliment.
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KEY MESSAGES

» Fibromyalgia causes structural
peripheral nervous system.

changes in the

+ The trigeminal nerve may be involved in the migraine
headache that occurs in fibromyalgia.

+ The symptoms of fibromyalgia should be evaluated
not only rheumatologically but also neurologically.

Fibromyalgia group (n=25): Twenty-five female patients
diagnosed between January 2024 and December 2024
according to the 2016 fibromyalgia diagnostic criteria of the
American College of Rheumatology were included.

Control Group (n=26): Twenty-six asymptomatic female
volunteers without a diagnosis of fibromyalgia, neurological
disease, or chronic pain condition were recruited.

Exclusion Criteria

Participants were excluded if they had a history of chronic
systemic disease; inflammatory rheumatologic disorders
(e.g., rheumatoid arthritis, ankylosing spondylitis, systemic
lupus erythematosus); schizophrenia, malignancy, or other
autoimmune conditions; pregnancy or lactation; chronic
use of tobacco, alcohol, or illicit drugs; any chronic disease
requiring neurological or psychiatric medication; any
psychiatric disorder or mental health problem; depression
or sleep disorders; or active smoking. These exclusion criteria
were selected to minimize potential confounders that could
influence nitric oxide levels or brain microstructure.

None of the participants in the fiboromyalgia group had a
comorbid diagnosis of trigeminal neuralgia, nor did they report
a history of interventional procedures such as radiofrequency
ablation, nerve blocks, or related surgeries. Furthermore,
patients using medications for trigeminal neuralgia were
excluded to avoid potential confounding effects on trigeminal
microstructural measures.

The sample size was determined by the number of eligible
participants presenting during the study period who met the
above criteria, as no a priori power analysis was performed. A
post hoc sensitivity analysis was later conducted to assess the
adequacy of statistical power, and estimates for future studies
were provided.

Image Acquisition

Imaging data were acquired using a Magnetom Skyra 3T
magnetic resonance imaging system (Siemens, Erlangen,
Germany). T1-weighted images were acquired in the
sagittal plane to evaluate brain anatomical structures and
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Figure 1. Calculation of paranasal sinus surface area and volume in the 3D Slicer program.

R-MS: Right maxillary sinus; L-MS: Left maxillary sinus; FS+ES: Frontal+Ethmoid sinuses; SS: Sphenoid sinus.

quantitatively measure paranasal sinus volumes. Diffusion
tensor imaging data were acquired in the axial plane for
tractographic analysis of the trigeminal nerve. Imaging
parameters were: repetition time (TR)=4900 ms, echo time
(TE)=95 ms, 36 slices, 3.5 mm slice thickness, 128 x 128 matrix,
and 230 mm field of view (FOV).

DTl data were obtained using diffusion weights of b=0 and
b=1000 s/mm?, averaged over three signals along 20 different
gradient directions. DTl acquisition was performed with 20
diffusion-encoding directions at a b-value of 0,1000s/mm?>
This protocol was determined by clinical scan-time limitations.
Similar approaches have been reported in previous studies of
small cranial nerves, including the trigeminal nerve."

Data Processing

In this study, paranasal sinus volume calculation was
performed using the semi-automatic feature of the 3D Slicer
program. After the brain MRI images of the participants were
loaded into the 3D Slicer program, paranasal sinus volume

calculation was initiated using the “Modules,”’Segment Editor,”
and “Segmentation” tabs, respectively. Then, the “Threshold”
was set on the “Threshold Range” tab, and the raw image of
the paranasal sinuses was obtained using the “Apply” and
“Show 3D” tabs, respectively. The anatomical borders of
the paranasal sinuses to be measured on this image were
checked in the axial, sagittal, and coronal planes. Any excess or
deficiency detected in the anatomical borders of the paranasal
sinuses was corrected using the “Paint,” “Erase,” and “Scissors”
features of the program. The volume of each paranasal sinus
was measured in cm? using the “Modules” and “Quantification’,
respectively (Fig. 1).

Tractography analyses of the trigeminal nerve were performed
using DSI Studio software (http://dsi-studio.labsolver.org/).
Prior to tractography, raw DTl data underwent preprocessing,
including skull stripping, eddy current correction, and motion
correction using the default affine registration algorithm
implemented in DSI Studio, with visual inspection of corrected
images to ensure data quality.
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Figure 2. Tractography process of the nervus trigeminus in the DSI Studio program.

R-NT: Right trigeminal nerve; L-NS: Left trigeminal nerve.

Fiber tracking was carried out in the Fiber Tracking module of
DSI Studio using a deterministic streamline tracking algorithm.
The following parameters were applied uniformly to all
participants: FA threshold =0.20, smoothing =0.50, angular
threshold =70°, minimum fiber length =10 mm, maximum fiber
length =1000 mm, and tracking was terminated at 100,000
reconstructed fibers. Bilateral trigeminal nerves were identified
using the tractography atlas in DSI Studio, and region-of-
interest (ROI) placement was standardized across participants.

From the reconstructed tracts, the following parameters were
extracted for both the right and left trigeminal nerves:

Macrostructural metrics: total fiber count and mean fiber
length (mm).

Microstructural metrics: FA, mean diffusivity (MD), axial
diffusivity (AD), and radial diffusivity (RD), which provide
insights into axonal integrity, conduction properties, and
myelination (Fig. 2).

All volumetric and tractographic analyses were independently
performed by two experienced evaluators: one anatomist
and one neuroradiologist, each with more than 10 years of
professional experience. Inter-observer and intra-observer
reliability were assessed wusing intraclass correlation
coefficients (ICC), which demonstrated excellent agreement
(ICC range: 0.988-0.995). In cases of minor discrepancies,
consensus was reached through joint review.
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Statistical Analysis

The distribution characteristics of continuous variables were
tested using the Shapiro-Wilk test, supplemented by visual
inspection of Q-Q plots and histograms. Independent-samples
t-tests were used for between-group comparisons. Analyses
were performed using IBM SPSS Statistics software (version
22; SPSS Inc., Chicago, IL, USA), and p<0.05 was accepted as
the threshold for statistical significance.

To ensure transparency, a footnote was added to Table
1 specifying that all comparisons were conducted using
independent-samples t-tests with a=0.05. As no a priori
sample size calculation was performed, a post hoc sensitivity
analysis was conducted to estimate achieved power and
provide recommendations for future studies.

RESULTS

The overall demographic and morphometric characteristics of
the study participants are summarized in Table 2. The mean age
of all participants was 45.21+9.21 years, with an average Body
Mass Index (BMI) of 27.32+4.10 kg/m? indicating a predominantly
middle-aged and slightly overweight cohort. Paranasal
sinus volumes demonstrated wide interindividual variability,
particularly in the maxillary sinuses, where right and left mean
volumes were 16.653.93+5.711.68 mm? and 15.719.04+5.494.56
mm?, respectively. Among all sinus regions, the ethmoid + frontal
complex showed the greatest volumetric range (12,731.60-
65,740.20 mm?), reflecting marked anatomical diversity.
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Table 1. Comparison of parameters between fibromyalgia and control groups
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Group N Mean=SD Min-Max p

Age (years) Fibromyalgia 25 46.80+8.01 24.00-63.00 0.188
Control 26 43.68+10.13 24.00-68.00

Height (cm) Fibromyalgia 25 163.57+8.55 150.00-183.00 0.334
Control 26 161.58+7.35 146.00-175.00

Weight (kg) Fibromyalgia 25 73.27+11.06 53.00-95.00 0.644
Control 26 71.81+£13.33 48.00-103.00

Body Mass Index (BMI) Fibromyalgia 25 28.23+£3.99 17.41-35.15 0.088
Control 26 26.43+4.07 18.33-35.38

Right maxillary sinus (mm?) Fibromyalgia 25 7110.95+2239.55 3723.27-13468.00 0.056
Control 26 6137.35+£1617.60 2309.92-8921.76

Right maxillary sinus (mm?) Fibromyalgia 25 18490.22+5936.61 7878.71-34287.00 0.650
Control 26 14876.88+4954.07 6364.13-25106.50

Left maxillary sinus (mm?) Fibromyalgia 25 6694.23+1963.13 3476.67-11582.90 0.055
Control 26 5702.29+1994.17 3012.48-13417.30

Left maxillary sinus (mm?3) Fibromyalgia 25 16613.87+4947.03 8304.46-29855.20 0.214
Control 26 14853.09+5928.53 4502.76-27307.80

Sphenoid sinus (mm?) Fibromyalgia 25 4495.53+1028.14 3111.65-7040.64 0.992
Control 26 4492.72+1159.02 988.13-6564.19

Sphenoid sinus (mm?3) Fibromyalgia 25 11828.92+3112.97 5379.17-19198.20 0.991
Control 26 11838.91+£4165.59 1546.75-20978.10

Ethmoid+frontal sinus (mm?) Fibromyalgia 25 21659.75+5057.88 12028.30-31083.80 0.362
Control 26 19253.55+3617.98 14659.10-30655.40

Ethmoid+frontal sinus (mm?3) Fibromyalgia 25 37177.00£12585.19 12731.60-65740.20 0.521
Control 26 29822.25+6977.95 16804.50-43311.80

Left trigeminal nerve - number of tracts Fibromyalgia 25 3971.55+1299.42 1765.00-6418.00 0.025
Control 26 3679.07+1539.52 1414.00-9510.00

Left trigeminal nerve — mean length (mm) Fibromyalgia 25 29.92+5.47 20.45-46.67 0.430
Control 26 26.85+6.10 18.33-39.53

Left trigeminal nerve - fractional anisotropy (FA) Fibromyalgia 25 0.39+0.04 0.31-0.44 0.020
Control 26 0.37+0.03 0.31-0.45

Left trigeminal nerve — mean diffusivity (MD) Fibromyalgia 25 1.39+0.20 1.06-1.84 0.085
Control 26 1.31£0.15 1.08-1.80

Left trigeminal nerve — axial diffusivity (AD) Fibromyalgia 25 1.86+0.21 1.46-2.30 0.140
Control 26 1.79+0.15 1.57-2.28

Left trigeminal nerve - radial diffusivity (RD) Fibromyalgia 25 1.16x0.20 0.86-1.61 0.067
Control 26 1.07+0.15 0.84-1.57

Right trigeminal nerve — number of tracts Fibromyalgia 25 4078.10+1408.53 2005.00-7478.00 0.024
Control 26 3730.00+861.21 1474.00-5593.00

Right trigeminal nerve — mean length (mm) Fibromyalgia 25 32.97+7.00 22.10-51.07 0.295
Control 26 31.27+5.51 19.59-44.13

Right trigeminal nerve - fractional anisotropy (FA) Fibromyalgia 25 0.42+0.03 0.33-0.45 0.040
Control 26 0.40+0.04 0.31-0.47

Right trigeminal nerve — mean diffusivity (MD) Fibromyalgia 25 1.244+0.13 1.05-1.65 0.969
Control 26 1.24+0.13 0.98-1.58

Right trigeminal nerve - axial diffusivity (AD) Fibromyalgia 25 1.71x£0.14 1.48-2.14 0.511
Control 26 1.73+0.13 1.49-2.02

Right trigeminal nerve - radial diffusivity (RD) Fibromyalgia 25 1.00+0.13 0.83-1.41 0.779
Control 26 0.99+0.14 0.73-1.37

SD: Standard deviation; Min: Minimum; Max: Maximum. All between-group comparisons were conducted using independent-samples t-tests; statistical significance

was set at p<0.05.
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Table 2. Descriptive statistics of the measured parameters
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N Mean=SD Min-Max
Age (years) 51 45.21+9.21 24.00-68.00
Height (cm) 51 162.56+7.96 146.00-183.00
Weight (kg) 51 72.52+12.18 48.00-103.00
Body Mass Index (BMI) 51 27.32+4.10 17.41-35.38
Right maxillary sinus (mm?) 51 6616.17£1993.33 2309.92-13468.00
Right maxillary sinus (mm?) 51 16653.93+5711.68 6364.13-34287.00
Left maxillary sinus (mm?) 51 6190.13+2025.11 3012.48-13417.00
Left maxillary sinus (mm?) 51 15719.04+5494.56 4502.76-29855.20
Sphenoid sinus (mm?) 51 4494.10+1087.47 988.13-7040.64
Sphenoid sinus (mm?) 51 11833.99+3655.12 1546.75-20978.10
Ethmoid+frontal sinus (mm?) 51 20436.93+4514.51 12028.30-31083.80
Ethmoid+frontal sinus (mm?3) 51 33439.34+10707.21 12731.60-65740.20
Left trigeminal nerve — number of tracts 51 3827.70+1418.29 1414.00-9510.00
Left trigeminal nerve — mean length (mm) 51 28.41+5.94 18.33-46.67
Left trigeminal nerve — fractional anisotropy (FA) 51 0.38+0.04 0.31-0.45
Left trigeminal nerve — mean diffusivity (MD) 51 1.35+0.18 1.06-1.84
Left trigeminal nerve — axial diffusivity (AD) 51 1.83+0.18 1.46-2.30
Left trigeminal nerve - radial diffusivity (RD) 51 1.11+0.18 0.84-1.61
Right trigeminal nerve - number of tracts 51 3901.20+1166.43 1474.00-7478.00
Right trigeminal nerve - mean length (mm) 51 32.11+£6.30 19.59-51.07
Right trigeminal nerve - fractional anisotropy (FA) 51 0.41+0.03 0.31-0.47
Right trigeminal nerve — mean diffusivity (MD) 51 1.24+0.13 0.98-1.65
Right trigeminal nerve - axial diffusivity (AD) 51 1.72+0.14 1.48-2.14
Right trigeminal nerve - radial diffusivity (RD) 51 0.99£0.13 0.73-1.41

SD: Standard deviation; Min: Minimum; Max: Maximum.

Regarding trigeminal nerve tractography, the left nerve
exhibited a mean tract count of 3.827.70+1.418.29 with an
average fiber length of 28.41+£5.94 mm, while the right nerve
showed slightly higher tract numbers (3.901.20+1.166.43)
and longer fibers (32.11£6.30 mm). Fractional anisotropy
values were generally consistent between hemispheres
(left=0.38+0.04; right=0.41+0.03), and diffusivity parameters
(MD, AD, RD) remained within normal physiological ranges,
suggesting preserved microstructural integrity across
participants (Table 2).

When the demographic characteristics of the groups were
compared, the mean age was 46.80+8.01 years and the mean
Body Mass Index was 28.23+3.99 in the fibromyalgia group,
while in the control group the mean age was 43.68+10.13
years and the mean BMI was 26.43+4.07. These differences
were not statistically significant (p>0.05) (Table 1).
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Similarly, volumetric analysis of the paranasal sinuses
(maxillary, sphenoid, ethmoid + frontal) did not show any
significant differences between the fibromyalgia and control
groups (all p>0.05) (Table 1).

In contrast, tractography analysis of the trigeminal nerve
revealed significant group differences. The fibromyalgia
group showed a higher number of tracts in both the left
(3.971.55+1.299.42 vs. 3.679.07+1.539.52, p=0.025) and right
trigeminal nerves (4.078.10+1.408.53 vs. 3.730.00+861.21,
p=0.024). Fractional anisotropy values were also significantly
higher in patients with fiboromyalgia compared to controls
in both the left (0.39+£0.04 vs. 0.37+0.03, p=0.020) and right
trigeminal nerves (0.42+0.03 vs. 0.40+0.04, p=0.040). Other
diffusion parameters, including mean diffusivity, axial
diffusivity, and radial diffusivity, did not differ significantly
between the groups (p>0.05) (Table 1).
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DISCUSSION

Inthis study, weinvestigated whether headachein fibromyalgia
is associated with alterations in paranasal sinus morphology
or trigeminal nerve microstructure. Our results revealed no
significant differences in paranasal sinus volumes between
patients and controls but demonstrated significantly higher
fiber counts and fractional anisotropy values in the trigeminal
nerves of fibromyalgia patients. These findings suggest that
headache in fibromyalgia may be more strongly related to
peripheral nerve sensitization than to sinus anatomy.

Our observation of increased FA values in the trigeminal
nerve is particularly noteworthy. FA is widely regarded as
an indicator of axonal integrity and myelination.’'” The
higher FA values and fiber counts in our study may reflect
structural reorganization or hyperactivity of the trigeminal
system. Previous studies have reported that actively engaged
neural pathways often display higher fiber density and FA,
reflecting enhanced functional connectivity.”® In the context
of fibromyalgia, this may be interpreted as a compensatory
or maladaptive response of the trigeminal nerve to persistent
nociceptive input, consistent with the theory of central
sensitization.%”

Although an increase in FA reflects heightened neural
activity or structural reorganization, DTl metrics can also
be influenced by methodological factors such as crossing
fibers or an insufficient number of diffusion directions. For
example, reports of decreased FA in some chronic pain
studies suggest that directional differences may be related
to patient characteristics, disease stage, or methodological
factors such as the number of diffusion directions used. Our
protocol, which included 20 diffusion-encoding directions,
was determined by clinical scan-time constraints and is
consistent with previous studies on small cranial nerves such
as the trigeminal nerve.

Our findings are also consistent with neuroimaging studies
demonstrating microstructural alterations in chronic
pain conditions. DTl studies in trigeminal neuralgia and
migraine have reported elevated FA in trigeminal pathways,
suggesting maladaptive reorganization or hyperexcitability
of the nerve."' Similarly, structural and functional MRI
studies in fibromyalgia have revealed widespread brain
alterations associated with central sensitization.5”?° Our
results extend these observations by highlighting the
trigeminal nerve itself as a site of measurable structural
change. In contrast, some studies have reported reduced
FA in chronic pain populations,?' suggesting that directional
differences may depend on patient characteristics, disease
stage, or methodological factors such as the number of
diffusion directions used.
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The clinical importance of these changes is underscored
by studies showing that trigeminal nerve stimulation can
alleviate pain and depressive symptoms in fibromyalgia
patients.?> Moreover, the trigeminal system plays a central
role in migraine pathophysiology, transmitting nociceptive
signals from meningeal and vascular structures to the
CNS.™" Our findings of increased FA and fiber counts provide
neuroanatomical evidence supporting the high prevalence
of migraine-like headaches in fiboromyalgia populations.**
Recent imaging studies further highlight widespread brain
alterations in fibromyalgia,®® suggesting that peripheral and
central mechanisms interact to exacerbate symptom severity.
Headaches in fibromyalgia are often associated with migraine-
like symptoms. These structural changes in the trigeminal
nerve (high FA and fiber counts) suggest increased excitability
of the trigeminocervical system, which is strongly linked to
headache biology via trigeminal neurogenic inflammation.
Therefore, our findings provide a neuroanatomical basis
explaining the high prevalence of migraine-like symptoms
in the fibromyalgia population, even if there is no direct
correlation with headache severity or frequency.

Although nitric oxide synthesized in the paranasal sinuses has
been proposed as a modulator of trigeminal excitability,?>%
we found no group differences in sinus volumes. This finding
agrees with MRI studies showing no link between paranasal
sinus size and headache prevalence in large cohorts.’ Thus,
structural sinus variations are unlikely to play a major role in
fibromyalgia-related headaches. Instead, our results highlight
trigeminal nerve alterations as a more direct contributor,
consistent with emerging evidence linking trigeminal
neurogenic inflammation to headache biology.”

Taken together, these findings support the view that
fibromyalgia should not only be conceptualized as a
rheumatological disorder but also as a condition involving
measurable neural alterations. Structural changes in the
trigeminal nerve support evidence of central sensitization
and suggest that peripheral and central mechanisms act
together in symptom generation. Future studies should
combine tractography with biochemical markers such as NO
levels and detailed clinical measures of headache severity, and
explore neuromodulatory approaches like trigeminal nerve
stimulation, which may hold therapeutic potential in this
patient population.?

Clinical Implications

Our results suggest that trigeminal nerve microstructural
alterations may serve as potential imaging biomarkers for
identifying fibromyalgia patients at increased risk of severe
or migraine-like headaches. Recognizing these changes
may encourage clinicians to integrate neuroimaging into
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the diagnostic work-up of complex cases and to consider
treatment approaches beyond standard pharmacotherapy.
In particular, neuromodulatory strategies targeting the
trigeminal system, such as transcutaneous stimulation or
anti-calcitonin gene-related peptide (anti-CGRP) therapies
represent promising therapeutic avenues. By highlighting
the contribution of peripheral neural mechanisms, this study
supports a more integrative management strategy that
combines rheumatological and neurological perspectives.

Limitations

This study has several limitations. First, NO levels were not
measured biochemically, limiting interpretation of the
relationship between paranasal anatomy and NO-mediated
trigeminal excitability. Second, the cross-sectional design
prevents causal inference; whether trigeminal alterations are a
cause or consequence of flbromyalgia remains unclear. Third,
the sample included only female patients, which improves
homogeneity but limits generalizability. Fourth, the relatively
small sample size and absence of an a priori power calculation
reduce statistical robustness. Finally, clinical variables such
as headache frequency, pain severity, and quality of life were
not directly correlated with imaging metrics. Future studies
should address these limitations through larger, mixed-sex
cohorts and integration of neuroimaging with biochemical
and clinical measures.

CONCLUSION

Our study revealed no significant differences in paranasal sinus
volumes between fibromyalgia patients and healthy controls
but demonstrated significant alterations in trigeminal nerve
parameters, including FA and fiber counts. These findings
suggest that peripheral nerve dysfunction, rather than sinus
anatomy, may play a more prominent role in the pathogenesis
of headache in fibromyalgia. This study emphasizes the
trigeminal system’s role and highlights the importance of
evaluating peripheral neural mechanisms in fibromyalgia-
related headaches.
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