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Abstract

Object—Trigeminal neuralgia (TN) is a debilitating neurological disease that commonly results 

from neurovascular compression of the trigeminal nerve (CN V). While CN V has been 

extensively studied at the site of neurovascular compression, many pathophysiological factors 

remain obscure. For example thalamic-somatosensory function is thought to be altered in TN, but 

the abnormalities are inadequately characterized. Further, there are few studies utilizing 7 Tesla 

MRI to examine TN patients. The purpose of the present study was to use 7 T MRI to assess 

microstructural alteration in the thalamic-somatosensory tracts of TN patients using ultra-high 

field MRI.

Methods—10 TN patients and 10 age and sex matched healthy controls were scanned at 7 

Tesla MRI with diffusion tensor imaging. Structural images were segmented with an automated 

algorithm to obtain thalamus and primary somatosensory cortex (S1). Probabilistic tractography 

was performed between the thalamus and S1 and microstructure of the thalamic-somatosensory 

tracts was compared between TN patients and controls.

Results—Fractional anisotropy of the thalamic-somatosensory tract ipsilateral to the site of 

neurovascular compression was reduced in patients (Mean (M) =0.43) compared with side-

matched controls (M = 0.47, p = 0.01). Mean diffusivity was increased ipsilaterally in patients 
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(M = 6.58 × 10−4 mm2/s) compared with controls (M = 6.15 × 10−4 mm2/s, p=0.02). Radial 

diffusivity was increased ipsilaterally (M = 4.91 × 10−4 mm2/s) compared with controls (M = 4.44 

× 10−4 mm2/s, p = 0.01). Topographical analysis revealed FA reduction and diffusivity elevation 

along the entire anatomical S1 arc in TN patients.

Conclusions—The present study is the first to examine microstructural properties of the 

thalamic-somatosensory anatomy in TN patients and evaluate quantitative differences compared 

with healthy controls. The findings of reduced integrity of these white matter fibers provides 

evidence of microstructural alteration at the level of the thalamus and S1, and furthers our 

understanding of TN neurobiology.
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1. Introduction

Trigeminal neuralgia (TN) is a neurological condition characterized by unilateral pain in the 

sensory distribution of the trigeminal nerve (CN V). Neurovascular compression of the nerve 

root entry zone, usually by an artery, is a known cause of TN.2,10 Nerve compression has 

been shown to cause secondary pathology at the conflict site, including demyelination and 

inflammation, and microvascular decompression is the most effective surgical intervention 

for this disease.20 Jannetta et al. first proposed “short-circuiting” as the mechanism by 

which innocuous stimuli trigger painful paroxysms in TN.11 According to this model, 

demyelination of CN V at the root-entry-zone results in “cross-talk” between low-velocity 

fibers that carry touch stimuli and pain fibers.11 Therefore, otherwise inoffensive stimuli 

such as light touch can disproportionately trigger painful paroxysms. This theory aligns with 

current treatments for TN. Anticonvulsants such as carbamazepine and oxcarbazepine that 

raise the threshold of excitability are considered the most effective pharmacologic therapies 

for treatment of TN.12 Surgical lesioning branches of CN V, thereby reducing afferent input 

to the affected nerve, is also effective in subduing paroxysmal discharges.13 Other treatments 

aimed at reducing activity of affected nerve fibers, including percutaneous radiofrequency 

trigeminal gangliolysis, and alcohol or glycerol injection into the trigeminal cistern, have 

shown varying degrees of success.13

More recently, repetitive transcranial magnetic stimulation (rTMS) has been explored as 

a noninvasive treatment option for patients with TN and other facial pain syndromes.14 

Stimulation is typically applied to the facial region of the primary motor cortex, with 

the expectation that inhibitory corticocortical feedback will reduce nociceptive activity 

in the somatosensory cortex.14 Other neuromodulatory devices currently being vetted for 

therapeutic roles in the treatment of TN include transcranial direct stimulation15, direct 

motor cortex stimulation16, and deep brain stimulation.17 While these emerging therapeutics 

are meant to reduce nociception by lowering excitability in the primary somatosensory 

cortex, structural substrates of nociception at the level of the thalamus and somatosensory 

cortex are poorly described in the literature. There is a critical need to ascertain secondary 
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effects of TN in these regions to further characterize TN pathogenesis and identify novel 

targets for pain management.

Imaging studies have applied diffusion tensor imaging (DTI) to image CN V and adjacent 

structures. These studies, which have exploited DTI-based tractography to reconstruct and 

characterize microstructure of CN V, 5,6 commonly report reduced fractional anisotropy 

(FA) and increased mean diffusivity (MD) at the nerve-root-entry zone. This pattern 

suggests demyelination of the nerve in proximity to neurovascular conflict.5–8 Recently, 

a number of studies employing ultra-high field MRI have reported diffusion characteristics 

of the trigeminal nerve in excellent detail.7 Ultra-high field MRI scanners, such as those 

operating at 7 Tesla (T), offer high spatial resolution and increased signal-to-noise ratio 

compared with 1.5 and 3T field strengths that are routinely used in the clinical setting. 

While these studies have characterized structural features of CN V in the region of the nerve 

root-entry-zone, this technology has not been reported in evaluation of the downstream 

somatosensory apparatus involved in nociception. Critically, the roles of the thalamus and 

the somatosensory cortex in mediating pain response in patients with TN remain poorly 

understood. As new functional therapies that target these regions emerge, microstructural 

properties of this system should be elucidated in both normal and pathologic states.

The purpose of the present study is to perform high-resolution tractography between the 

thalamus and primary somatosensory cortex in patients with TN compared to age and sex 

matched healthy controls, and to evaluate microstructure along these anatomical fibers. 

This analysis may be useful in characterizing secondary effects of TN pathology and could 

provide data to support an emerging biomarker that will enhance understanding of TN and 

pain management in this population.

2. Methods

2.1 Participants

Study approval was obtained from the Institutional Review Board before recruitment. 10 

TN patients [6 females, mean age 44.8 years, standard deviation (SD) 17.4 years; 4 males, 

mean 39.8 years, SD 7.1 years] were recruited through their neurosurgeon (RS) at the Mount 

Sinai Medical Center between September 2014 and January 2019. Patients were age- and 

sex-matched with 10 neurologically healthy controls [6 females, mean age 44.2 years, SD 

15.2 years; 4 males, mean 40.3 years, SD 6.1 years]. All participants provided written 

informed consent prior to the study.

2.2. Imaging protocol

Participants were scanned under using a 7T whole body scanner. A SC72CD gradient 

coil was used along with a single channel transmit and 32-channel receive head coil. The 

scanning protocol included a high-angular-resolved diffusion-weighted imaging (HARDI) 

DWI sequence: b=1200 mm2/sec, TE=67.6 ms, TR=7200 ms, resolution=1.05 mm isotropic, 

reversed phase encoding in AP and PA directions for paired acquisition in 64 directions. 

The DWI post-processing pipeline consisted of skull-stripping, eddy current correction 

using FMRIB Software Library (www.fmrib.ox.ac.uk/fsl), and correction of gradient 
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non-linearities. A coronal-oblique T1-weighted MP2RAGE sequence with the following 

parameters was used for analysis: TE =1.95 ms, TR =3000 ms, flip angle (FA)=7°, field of 

view (FOV)=320×240-mm2, slices=224, resolution=0.7-mm3 isotropic.

2.3 Structural segmentation

MR images were transferred to an in-house workstation for analysis. An 

automated segmentation software, FreeSurfer image analysis suite version 6.0 (http://

surfer.nmr.mgh.harvard.edu), was used to segment thalami and postcentral gyri (primary 

somatosensory cortex [S1]) on T1-weighted MP2RAGE images. ROIs were co-registered to 

the DTI with Statistical Parametric Mapping 12 in MATLAB (r2017a, The MathWorks). The 

segmentation methods are shown in Figure 1.

2.4 Tractography

Probabilistic tractography was performed using MRtrix3 with the constrained spherical 

deconvolution method (Brain Research Institute, Melbourne, Australia). The thalamus and 

S1 ROIs were used as seedpoints and endpoints, respectively, to reconstruct the thalamic-

somatosensory tracts. The default FA threshold of 0.1 and a maximum fiber angle of 60° 

were selected. Average FA and MD, and axial (AD) and radial (RD) diffusivities were 

sampled along the thalamic-somatosensory tracts and average metrics were calculated.

To obtain a topographical representation of fiber streamlines, S1 ROIs were converted 

into spherical coordinates. This simplified S1 into a rough arc, enabling calculation of the 

relative angle between mid-thalamus and each streamline terminus along the S1 ribbon. 

All relative streamline angles were then normalized to an angle-index of 0–100, so the 

most superior streamline has an index of 0 and the most inferior an index of 100. Thalamic-

somatosensory tract microstructures were plotted as a function of angle-index.

2.5 Statistical analysis

All statistical analysis was performed using JMP Pro 14.2.0. Wilcoxon two-sided signed 

rank tests were used to compare microstructural data between matched pairs of TN patients 

and controls. Microstructure of the thalamic-somatosensory tract on the side of compression 

was compared to the same side in matched healthy controls. Metrics were also compared 

between symptomatic and asymptomatic hemispheres within patients. Pearson correlational 

coefficients were calculated between disease duration, age, and trigeminal distribution and 

microstructural values. Significance was defined as p < 0.05.

3. Results

3.1 Tractography

10 TN patients and 10 age and sex matched healthy controls were scanned at 7T. 

Demographic information and disease features of TN patients are shown in Table 1. 

Probabilistic tractography was used to reconstruct the thalamic-somatosensory tracts for 

all 20 participants, and tractography qualitatively resembled known somatosensory anatomy 

(Figure 2).
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3.2 Thalamic-somatosensory microstructure

Mean FA of the thalamic-somatosensory tracts on the side of neurovascular compression 

was significantly lower in TN patients (M = 0.43 ± 0.04 [mean ± SD]) compared with 

the same side in healthy controls (M = 0.474 ± 0.02, p = 0.01). There was no difference 

between FA values on the side contralateral to compression in TN patients (M= 0.444 ± 

0.04) compared with healthy controls (M = 0.461 ± 0.02, p = 0.6).

Mean MD of the thalamic-somatosensory tracts on the side of neurovascular compression 

was greater in TN patients (M = 6.58 × 10−4 ± 5.10 × 10−5 mm2/s) compared with the same 

side in healthy controls (M = 6.15 × 10−4 ± 1.72 × 10−5 mm2/s, p = 0.02). MD did not 

significantly differ between patients in the hemisphere contralateral to compression (M = 

6.44×10−4 ± 3.71 × 10−5 mm2/s) and controls (M = 6.25×10−4 ± 1.31 × 10−5 mm2/s) (p = 

0.06).

There was no difference between mean AD of thalamic-somatosensory tracts in TN patients 

(M = 9.93 × 10−4 ± 6.10 × 10−5 mm2/s) compared with the ipsilateral side to the 

neurovascular compression in healthy controls (M = 9.56 × 10−4 ± 2.65 × 10−5 mm2/s) 

(p = 0.13). There was also no difference between AD values on the side contralateral to 

compression in TN patients (M = 9.84×10−4 ± 5.80 × 10−5 mm2/s) compared with healthy 

controls (M = 9.64 × 10−4 ± 1.94 × 10−5 mm2/s, p = 0.6).

Lastly, mean RD of the thalamic-somatosensory tracts on the side of neurovascular 

compression was greater in TN patients (M= 4.91 × 10−4 ± 5.70 × 10−5 mm2/s) compared 

with the same side in healthy controls (M= 4.44 × 10−4 ± 1.88 × 10−5 mm2/s, p=0.01). 

There was no difference between RD values on the side contralateral to compression in TN 

patients (M = 4.79 × 10−4 ± 4.67 × 10−5 mm2/s) compared with healthy controls (M = 4.61 

× 10−4 ± 1.89 × 10−5 mm2/s, p= 0.19). These results are summarized in Table 2.

There were no significant differences in mean FA, MD, AD, or RD between symptomatic 

and asymptomatic hemispheres within each patient (p > 0.05 for all) (Table 3). Neither 

duration of disease nor age at time of scan significantly correlate with any of the 

microstructural properties of the thalamic-somatosensory tracts (p > 0.05 for all). Only 

one patient had V1 distribution affected and all patients had V2 distribute affected. The five 

patients (50%) that had V3 affected had significantly greater thalamic-somatosensory tract 

MD and AD in the affected hemisphere than did patients without V3 involvement, p < 0.05 

(Table 4).

3.3 Topographical thalamic-somatosensory microstructure

Microstructural properties of the thalamic-cortical tracts on the side of neurovascular 

compression were spatially normalized and plotted along the arc of S1. FA was consistently 

lower in TN patients along the entire S1 arc on the symptomatic side. Conversely, MD, AD, 

and RD were consistently greater in TN patients along the entire trajectory compared with 

controls (Figure 3).
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4. Discussion

Advanced acquisition and post-processing imaging techniques are increasingly being 

applied to study TN and other complex diseases about the skull base. DTI-based 

tractography has been used to show diminished CN V integrity at the site of neurovascular 

compression.16,17,19,34 In the present study, ultra-high field MRI enabled advanced DTI-

based tractographic reconstruction of the white matter tracts connecting the thalamus 

and S1. Reduced microstructural integrity of thalamic-somatosensory tracts was found 

ipsilateral to the site of neurovascular compression in TN patients, while no differences 

were observed contralateral to the site of neurovascular compression (Figure 4). The tracts 

on the symptomatic side of each patient were compared to the tracts of the same side for 

each matched control. These findings may have significant implications for studying TN 

as well as understanding the fundamental structural substrates mediating nociception and 

chronic pain.

4.1 Reduced microstructural integrity of thalamic-somatosensory tracts in TN patients

We observed altered microstructural integrity of thalamic-somatosensory tracts in TN 

patients ipsilateral to neurovascular conflict. These changes include reduced FA and 

increased MD and RD. FA is a microstructural metric quantifying directionally-constrained 

water movement, and less-constrained water motion suggested by FA decline is consistent 

with a demyelinating pathology.24 MD is a sensitive non-directional measure of the 

magnitude of water diffusion within a voxel that characterizes structural integrity of 

white matter. Neurological disease is often associated with elevated MD as a result of 

damaged neuronal membranes.24,33 AD and RD are subcomponents of MD that quantify 

water movement parallel or perpendicular to fibers, respectively.14,18,27,28 They likely 

reflect integrity of axons and myelin, respectively. These metrics are therefore valuable 

for independently quantifying axon and myelin degradation, two processes by which white 

matter fibers are affected in neurologic disease with varying underlying neurobiological 

pathologies.33 Studies have shown increased AD with axonal damage14,18 and elevated RD 

in demyelinating processes.26–28

The results from the present study suggest that demyelination occurs in fibers connecting 

the thalamus to S1 in TN patients. Because paroxysms can be triggered by otherwise 

innocuous sensory stimuli in patients with TN, the role of S1 in TN nociception 

processing is increasingly being recognized and studied in context of the classic “pain 

matrix.”3,6,31 Blatow et al. employed fMRI to provide evidence of cortical restructuring 

in patients with TN as a result of CN V hyper-excitation. Their study demonstrated 

that TN patients showed significantly reduced S1 activation compared with controls.3 

Our finding of reduced structural integrity of the thalamic-somatosensory tract, ipsilateral 

to neurovascular compression may provide an explanation for decreased S1 activation. 

Interestingly, there were no significant differences in somatosensory-thalamic microstructure 

between symptomatic and asymptomatic hemispheres within individual patients. Instead, the 

somatosensory-thalamic tracts in the asymptomatic hemisphere exhibited similar reductions 

in microstructural integrity as the symptomatic side, however, did not reach statistical 

significance. As a result, these data could reflect bilateral changes due to the overall level of 
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pain or the effects of a chronic pain state on the patient. Future studies with larger sample 

sizes are warranted to determine whether reduction in somatosensory-thalamic tract integrity 

also exists within the asymptomatic hemisphere.

We also found that patients with V3 distribution involvement exhibited reduced 

somatosensory-thalamic tract integrity. Similar statistical analyses could not be performed 

for V1 and V2 distributions because only one patient had V1 involvement and all patients had 

V2 involvement. Our results indicate that V3 involvement may be associated with reduced 

somatosensory-thalamic tract microstructure, however, since all patients in this study also 

had V2 involvement, it is possible that this finding reflects reduced somatosensory-thalamic 

tract integrity in patients with more than one affected distribution. Future studies are needed 

to elucidate the relative contributions of each of the trigeminal distributions in altered 

somatosensory-thalamic tract integrity in trigeminal neuralgia.

In addition to furthering our understanding of the neurobiology of TN, findings from 

this study may also have clinical applications, such as with treatment monitoring and 

predicting response to surgery. For example, prediction of individualized outcomes from 

decompression surgery in TN remains particularly challenging, and factors contributing 

to favorable surgical outcomes are inadequately characterized. In their 20-year study of 

1185 patients who underwent microvascular decompression for TN, Barker et al. reported 

recurrence and subsequent surgery rates of 30% and 11%, respectively.3 While correlation 

of imaging with post-operative outcomes was precluded by this study’s small sample size, 

alterations in somatosensory-thalamic connectivity could mediate varying pain responses 

and may prove useful for prognosis and prediction of ultimate recoverability. Future studies 

to elucidate the relationship between microstructure of these pathways and postoperative 

pain remission are warranted and are an area of active investigation in our group.

Results from the present study may also be useful in the context of emerging modulatory 

neurosurgical treatments for TN. Treatments such as transcranial magnetic modulation and 

direct motor cortex stimulation aim to lower activity in the primary somatosensory cortex, 

however, many of these therapies are nascent and are still considered controversial. Multi-

modal investigations of thalamic-cortical anatomy may further characterize these circuits 

and could help identify targets for neuromodulatory intervention in the future.16 Findings 

from this study may be relevant for cortical and thalamic targeting for patients with TN, 

areas of active investigation in our group. These results may also provide useful data that can 

help predict cross-reactivity with pain medication pathways in patients with TN.

4.2 Topographical representation of thalamic-somatosensory microstructure

In humans, S1 is composed of the well-characterized sensory homunculus, anatomically 

so that each part of the body maps to a predictable region of the post-central cortex. For 

example, extremities and trunk of the body are located more superiorly, while the face 

is positioned more inferiorly. In order to examine integrity of the thalamic-somatosensory 

tract within regard to different regions of the homunculus innervated, we plotted fiber 

microstructure in a spatially normalized manner along the arc of S1. The primary purpose 

of this analysis was to determine whether variation in tract integrity existed within the 

homunculus, particularly with respect to the facial region. We estimated that the facial 
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region of the homunculus was between approximately 60°−80° of the S1 arc (Figure 3). 

Interestingly, this analysis revealed reduced FA and increased MD, AD, and RD along not 

only the proposed facial region but along the entire S1 arc. These results suggest a global 

attenuation of thalamic-somatosensory tract integrity as opposed to effect involving only 

fibers innervating the facial region.

Blatow et al reported reduced functional connectivity of S1 in both the face and finger 

regions of the somatosensory homunculus, despite the fingers not being implicated in the 

trigeminal pathway.3 These results, in addition to the topographical findings reported in 

the present study, suggest that reduced thalamic-somatosensory tract integrity in TN is 

due to a generalized compensatory deactivation of thalamic-somatosensory processing as 

opposed to cell injury by trans-synaptic degeneration or neurotoxic electrical insult arising 

from neurovascular conflict in the region of Meckel’s cave.3 Selective degeneration of 

glutamatergic S1 neurons would provide convincing evidence that generalized reduction 

in thalamic-somatosensory tract integrity involves a compensatory decoupling of the 

thalamic-somatosensory system and represents a “top-down” process of pain regulation. 

This explanation seems especially likely since TN patients who progress to neurosurgery 

often have a long pain history, giving thalamic-cortical anatomy years to restructure. Ex 
vivo studies aimed at identifying cell types that are susceptible to neuronal loss in S1 

are needed to elucidate the mechanism by which the thalamic-somatosensory tracts exhibit 

compromised microstructure in TN patients.

4.3 Limitations and future directions

The primary limitation of this study was the small sample size. This was partially 

attributable to contraindications to MRI which are more numerous at ultra-high field and 

partly because TN is a relatively rare disease with an estimated lifetime prevalence of only 

0.3%.32 While a considerable number of TN patients are referred to the author’s institution 

each year, patients eligible for 7T imaging were limited. The limited power may explain 

why no significant correlations between imaging and disease duration, age, or trigeminal 

distribution were found in this study. Lack of correlation between imaging and disease 

duration was unexpected, given that TN is a progressive disease demonstrating gradually 

worsening symptoms and response to surgery over time. In their review of 252 patients 

who received neurosurgery for TN, Bederson and Wilson found that symptom duration was 

associated with postoperative pain remission status, and that patients with symptoms lasting 

longer than 8 years experienced significantly inferior postoperative outcomes compared 

with patients with symptom duration of fewer than 8 years.4 The average preoperative 

symptom duration in this study was 3.4 years, and subsequent multicenter studies with 

larger sample sizes are warranted to determine whether disease duration is associated 

with structural integrity of thalamic-somatosensory anatomy and elucidate the postoperative 

outcome correlate of this interaction. Although the degree of pain and sensory loss was 

not quantitatively examined in this study, correlating thalamic-somatosensory microstructure 

with extent of nociception is another important area of future investigation. Despite the 

limited number of participants in this study, significant differences between TN patients and 

healthy controls were reported, suggesting that 7T DTI acquisition coupled with advanced 
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post-processing algorithms are sensitive enough to detect subtle microstructural alterations 

that occur at the level of the thalamus and S1.

The authors performed a topographical analysis of fibers connecting thalamus to S1. The 

purpose of this examination was to evaluate thalamic-somatosensory tract microstructure in 

different regions of the homunculus and determine whether spatial variation exists within the 

somatosensory cortex. While this analysis provided a spatially normalized representation of 

S1 topography, we acknowledge that the facial homunculus cannot be exactly delineated 

using our current imaging techniques. Additionally, the undulation and folding of S1 

makes precise spatial interrogation of S1 challenging. The topographical analysis reported 

in this study should be considered a coarse spatial estimate of thalamic-somatosensory 

microstructure and the approximate location of the facial homunculus is contained in our 

estimation rather than exactly targeted.

Lastly, we hypothesized that the findings reported in this and previous studies3 reflect a 

compensatory decoupling of the thalamus and S1 in the chronic pain state, however, other 

confounding biological mechanisms cannot be discounted at this stage of investigation. For 

example, trans-synaptic degeneration, an alternative process that could explain our findings 

of reduced white matter integrity, has been reported in various pathologies including 

intracranial neoplasms25 and occipital lobe injury11. Similarly, the possibility that the 

patients in this study exhibited lower thalamic-somatosensory microstructural integrity at 

baseline, which could predispose them to the TN symptoms, cannot be ruled out given 

the data presented here. This is an important alternative explanation and future studies 

comparing these metrics in TN patients to individuals with incidental vascular compression 

found on routine MRI without TN would provide compelling evidence that the effects of 

observed in this study are a consequence of vascular compression.

5. Conclusion

This study is the first to employ DTI to reconstruct and quantitatively assess the thalamic-

somatosensory tracts in TN patients. The high spatial 7T DTI resolution permitted excellent 

reconstruction of this anatomy, and produced results that are congruent with known 

anatomy. The authors leveraged this high-resolution DTI to sample microstructure of the 

thalamic-somatosensory tracts and identify reduced FA and increased MD and RD of 

white matter fibers on the side of neurovascular conflict in patients with TN. Interestingly, 

these alterations were observed along the entire S1 arc, indicating a global decoupling 

between the thalamus and S1 on the side of neurovascular compression in patients with 

TN. These changes implicate a compensatory mechanism for reducing pain sensation, 

and may provide substantial evidence of secondary white matter disruption at the thalamic-

somatosensory level in TN patients. The results of this study further the understanding of the 

neurobiological substrates of TN and remission from chronic pain.
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Abbreviations

AD axial diffusivity

CN V trigeminal nerve

DTI diffusion tensor imaging

FA fractional anisotropy

MD mean diffusivity

RD radial diffusivity

rTMS repetitive transcranial magnetic stimulation

S1 primary somatosensory cortex

TN trigeminal neuralgia
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Figure 1. 
Region of interest selection. Coronal T1-weighted image used for the whole-brain 

segmentation (A). Thalamic and primary somatosensory cortex segmentation results on 

coronal T1-wighted image (B). 3-dimensional rendering of thalami and primary visual 

cortices (C).
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Figure 2. 
Probabilistic tractography of the thalamic-somatosensory tracts shown in 3-dimensions.
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Figure 3. 
Topographic representation of thalamic-somatosensory tract microstructure on the side 

of neurovascular compression in TN patients compared with healthy controls (left). 

Somatosensory homunculus is overlaid on tracts innervating S1 to represent anatomical 

regions of sensory cortical processing with regard to angle position (right).
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Figure 4. 
Representation of left-sided neurovascular compression with diminished left thalamic-

somatosensory tract integrity.
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Table 1.

Demographics and disease features of 10 patients with trigeminal neuralgia

Patient No Age Sex Duration 
(Months)

Side Distribution Imaging features

1 45 M 48 L V2 Compression of L CN V through a vascular loop

2 66 F 120 R V2, V3 Vascular compression in proximity of R REZ, 1-mm enhancement in 
right Meckel’s Cave which may represent dilated vessel loop

3 31 M 4 L V1, V2 Compression lesion via the L REZ

4 48 F 24 L V2, V3 L posterior fossa epidermoid lesion with extension into prepontine 
cistern and quadrigeminal plate, clear compression and elevation of CN 
V at the brainstem origin

5 23 F 1 R V2, V3 Vascular compression at R CN V root origin

6 38 M 12 R V2 Ascending artery conflict with R CN V REZ

7 27 F 12 L V2 L CP angle epidermoid lesion extending from IAC to the back of the 
clivus and Dorello’s canal causing compression of CV V

8 42 M 144 R V2 Compressive vessel around brainstem interface of the R CN V

9 61 F 36 R V2, V3 Vascular compression at the R brainstem origin of CN V

10 44 F 12 R V2, V3 Vascular compression of R trigeminal complex
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Table 2.

Thalamic-somatosensory tract microstructural properties in TN patients compared with matched healthy 

controls. Significance findings are shown in boldface. Diffusivity units expressed in mm2/s.

Affected side Unaffected side

Control TN p-value Control TN p-value

FA 0.474 (0.02) 0.43 (0.04) 0.01 0.461 (0.02) 0.444 (0.04) 0.60

MD 6.15 × 10−4 (1.72 × 10−5) 6.58 × 10−4 (5.10 × 10−5) 0.02 6.25 × 10−4 (1.31 × 10−5) 6.44 × 10−4 (3.71 × 10−5) 0.06

AD 9.56 × 10−4 (2.65 × 10−5) 9.93 × 10−4 (6.10 × 10−5) 0.13 9.64 × 10−4 (1.94 × 10−5) 9.84 × 10−4 (5.80 × 10−5) 0.60

RD 4.44 × 10−4 (1.88 × 10−5) 4.91 × 10−4 (5.70 × 10−5) 0.01 4.61 × 10−4 (1.89 × 10−5) 4.79 × 10−4 (4.67 × 10−5) 0.19

J Neurosurg. Author manuscript; available in PMC 2021 February 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rutland et al. Page 19

Table 3.

Thalamic-somatosensory tract microstructural properties on symptomatic versus asymptomatic hemispheres 

within TN patients. Diffusivity units expressed in mm2/s.

Symptomatic Hemisphere Asymptomatic Hemisphere p-value

FA 0.432 (0.04) 0.446 (0.04) 0.20

MD 6.58 × 10−4 (5.1 × 10−5) 6.44 × 10−4 (3.71 × 10−5) 0.40

AD 9.93 × 10−4 (6.1 × 10−5) 9.84 × 10−4 (5.8 × 10−5) 0.40

RD 4.91 × 10−4 (5.7 × 10−5) 4.78 × 10−4 (4.67 × 10−5) 0.30
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Table 4.

Comparison of microstructural properties of the thalamic-somatosensory tracts in patients with and without V3 

distribution involvement. Significance findings are shown in boldface. Diffusivity units expressed in mm2/s.

V3 Affected V3 Normal p-value

FA_Affected 0.42 0.44 0.5

FA_Non_Affected 0.45 0.44 0.7

MD_Affected 6.91 × 10−4 6.257 × 10−4 0.045

MD_Non_Affected 6.482 × 10−4 6.401 × 10−4 0.8

AD_Affected 1.0235 × 10−3 9.622 × 10−4 0.037

AD_Non_Affected 9.952 × 10−4 9.729 × 10−4 0.6

RD_Affected 5.248 × 10−4 4.574 × 10−4 0.06

RD_Non_Affected 4.897 × 10−4 4.676 × 10−4 0.5
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