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A B S T R A C T

Objective: Trigeminal neuralgia (TN) is a neuropathic pain condition associated with focal demyelination of 
primary trigeminal afferents. Although MRI is routinely used in TN, the specific anatomical abnormality of the 
trigeminal root that reflects focal demyelination remains unclear. In this combined clinical, neurophysiological 
and neuroimaging study, we aimed to identify whether specific clinical features and trigeminal root abnor
malities predict trigeminal reflex asymmetry, which may reflect unilateral focal demyelination of primary tri
geminal afferents.
Methods: We retrospectively analysed clinical, neurophysiological and neuroimaging data from 78 patients with 
primary TN (67 classical, 11 idiopathic). Logistic regression was used to assess whether trigeminal root abnor
malities and clinical features predicted trigeminal reflex asymmetry. Reflex asymmetry was defined as latency 
differences exceeding 0.1 ms between affected and unaffected sides in the early component of the blink or 
masseter inhibitory reflex, selected according to the trigeminal division involved. Trigeminal root volumes and 
dislocation were independently assessed by blinded neuroradiologists.
Results: Severe trigeminal root dislocation predicted trigeminal reflex asymmetry (p < 0.05). Conversely, tri
geminal root atrophy was not associated with asymmetry.
Conclusions: This retrospective, clinical, neurophysiological, and neuroimaging study in patients with TN showed 
that a severe trigeminal root dislocation predicted trigeminal reflex asymmetry.
Significance: This suggests that root dislocation may underlie focal demyelination in TN.

1. Introduction

Trigeminal neuralgia (TN) is a neuropathic pain condition charac
terized by sudden, unilateral, paroxysmal pain in the trigeminal nerve 
territory, evoked by tactile innocuous stimulation of trigger zones. Focal 
demyelination of primary trigeminal afferents plays a central role in the 
pathophysiology of these pain paroxysms, as it promotes hyperexcit
ability and facilitates the ectopic generation of high-frequency dis
charges (Cruccu et al., 2020).

TN is classified based on its aetiology into secondary TN, related to 
major neurological diseases, classical TN, associated with neurovascular 
compression causing anatomical changes of the trigeminal root, and 
idiopathic TN, of unknown aetiology (Cruccu et al., 2016; Bendtsen 

et al., 2019; Bendtsen et al., 2020). In the diagnostic process, magnetic 
resonance imaging (MRI) is essential to identify dislocation and atrophy 
of the trigeminal root, the morphologic changes required to distinguish 
between simple contact and compression (Antonini et al. 2014). Which 
of these anatomical abnormalities is directly related to the focal demy
elination of primary trigeminal afferents, however, remains an open 
question.

Trigeminal reflex testing, the established neurophysiological 
assessment of the trigeminal nerve, investigates large myelinated Aβ 
fibres and is commonly used in patients with TN. This neurophysiolog
ical technique, by reflecting trigeminal afferents damage or alterations 
in the interneurons and relay nuclei in the reflex pathway, in patients 
with TN can reveal the focal demyelination of primary trigeminal 
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afferents (Truini et al, 2023).
This clinical, neurophysiological, and neuroimaging study was 

designed to identify a neuroimaging marker subtending the focal 
demyelination of primary trigeminal afferents in patients with TN. The 
aim is to enhance our understanding of morphological changes of the 
trigeminal root associated with focal demyelination. To achieve this, we 
retrospectively analysed trigeminal reflex and neuroimaging data in 
consecutive patients with classical and idiopathic TN. Assuming that 
trigeminal reflex latencies may reflect the demyelinating process 
affecting trigeminal afferents at the site of neurovascular compression, 
we implemented a logistic regression model to determine whether la
tency asymmetry of the trigeminal reflex was predicted by neuro
imaging findings, specifically atrophy and dislocation of the trigeminal 
nerve root. Clinical characteristics were systematically collected to 
identify possible associations with trigeminal reflex asymmetry.

2. Methods

2.1. Study cohort and design

We retrospectively reviewed clinical records of consecutive patients 
with a definite diagnosis of TN referred to the Peripheral Neuropathy 
and Neuropathic Pain Unit at the Department of Human Neuroscience, 
Sapienza University of Rome between December 2019 and December 
2023. The diagnosis of TN was independently confirmed by two clini
cians (AT, GDiS) in accordance with accepted criteria (ICHD, 2018; 
ICOP, 2020) defining classical and idiopathic TN. Exclusion criteria in
cludes secondary TN, history of previous surgical procedures for TN 
(including peripheral nerve blocks), other orofacial pain conditions, 
cognitive impairments, and communication barriers. Written informed 
consent was obtained prospectively from participants as part of a stan
dardized institutional protocol for clinical data use (0162/22).

A total of 118 patients with a definite diagnosis of TN were screened. 
We excluded 32 patients with TN related to multiple sclerosis, six with a 
benign tumour of the posterior fossa, and two with bilateral abnormal 
trigeminal reflex testing suggesting trigeminal neuropathy. The 
remaining 78 patients with primary TN were categorized into classical 
and idiopathic groups. Classical TN was defined by neurovascular 
compression and significant anatomical abnormalities of the trigeminal 
nerve root, such as dislocation and/or atrophy. Idiopathic TN was 
defined by the absence of neurovascular compression or by minor 
morphological changes on the trigeminal nerve root caused by neuro
vascular conflict (Maarbjerg et al., 2015; Hughes et al., 2016).

2.2. Clinical and neurophysiological tests

Each patient underwent a neurological examination including pre
cise sensory profiling using bedside tools (Cruccu et al, 2004) and 
evaluation of topographical distribution of pain. Clinical information 
was systematically collected through a dedicated questionnaire (Di 
Stefano et al., 2020a) focused on demographics, pain distribution, 
quality of pain, occurrence of remission periods, familial occurrence, 
association with autonomic symptoms, and comorbidities.

In all patients, large myelinated Aß fibre function was assessed 
through trigeminal reflexes (Cruccu et al., 2005; Bendtsen et al., 2019), 
including the blink reflex after electrical stimulation of the supraorbital 
nerve and the masseter inhibitory reflex after electrical stimulation of 
the infraorbital and mental nerves (EMG Sierra Summit, Cadwell In
dustries Inc). Stimulation and recording adhered to the recommenda
tions for clinical practice of the International Federation of Clinical 
Neurophysiology (Deuschl et al, 1999).

For the blink reflex, we measured the latency of R1, the direct and 
crossed R2 responses, as well as the difference between sides. For the 
masseter inhibitory reflex, we measured the onset latency of the silent 
period corresponding to the beginning of the EMG suppression (Deuschl 
and Eisen, 1999) and duration of SP1 and SP2 responses after 

stimulation of each side, as well as the difference between sides. We 
subsequently restricted our analysis to the early reflex components (R1 
and SP1), as these are less influenced by central modulation and are 
therefore considered to more accurately reflect the function of primary 
trigeminal afferents (Cruccu and Deuschl, 2000). For the blink reflex, 
four non-averaged trials were collected, to measure the latency of R1 
component as well as its difference between sides. For the masseter 
inhibitory reflex eight, non-averaged trials per side were recorded to 
measure the onset latency of SP1 component after stimulation of each 
side and their difference between sides (Deuschl and Eisen, 1999). In 
patients with pain in V1, the onset latency of the R1 was selected as the 
main neurophysiological measure. In patients with pain in V2 or V3, the 
onset latency of the SP1 after electrical stimulation of the infraorbital or 
mental nerve respectively were selected as the main neurophysiological 
measures. In patients with more than one division affected, we calcu
lated accordingly the mean of the latencies of the neurophysiological 
measures of interest. The latency difference between the two sides was 
calculated by subtracting the latency of the healthy side from the latency 
of the affected side. Values of asymmetry between the affected and not 
affected side greater than 0.1 ms were considered abnormal. Although 
this asymmetry is far smaller than the asymmetry considered abnormal 
for clinical purposes (Cruccu and Deuschl, 2000), we chose this value to 
guarantee the maximum sensitivity in the analysis of association with 
radiological variables. We applied this same cutoff to both the blink 
reflex and the masseter inhibitory reflex to obtain a binary outcome 
parameter reflecting the latency asymmetry of affected divisions.

2.3. Neuroimaging protocol

Patients underwent magnetic resonance imaging (MRI) performed 
using a Siemens Verio 3 Tesla scanner (Erlangen, Germany) with a 
dedicated 12-channel head coil. The imaging protocol was designed to 
identify neurovascular conflict and morphological alterations of the 
trigeminal nerve roots. Specifically, we acquired three-dimensional 
constructive interference in steady-state (CISS) sequences with the 
following parameters: repetition time (TR) 1000 ms, echo time (TE) 132 
ms, field of view (FOV) 200 × 200 mm, 0.5 mm slice thickness, 56 slices, 
and a matrix size of 384 × 384. These axial-oriented images encom
passed bilateral trigeminal nerve roots, ensuring clear differentiation 
between hypointense cranial nerves and vessels against the hyperintense 
cerebrospinal fluid background (Chavhan et al., 2008).

To enhance differentiation between vascular structures and the tri
geminal nerve root, we also obtained a three-dimensional time-of-flight 
magnetic resonance angiography (TOF-MRA), characterized by TR 22 
ms, TE 3.60 ms, FOV 181 × 200 mm, slice thickness 0.5 mm, and a 
matrix of 696 × 768, focused on posterior fossa structures. Neuro
vascular compression was diagnosed if direct vessel-nerve root contact 
was observed without intervening cerebrospinal fluid, accompanied by 
morphological nerve root alterations.

Quantitative assessment of trigeminal nerve root atrophy was con
ducted through volumetric analysis using Medical Image Processing, 
Analysis, and Visualization (MIPAV) software (https://mipav.cit.nih. 
gov/), as previously described (Di Stefano et al., 2020b). Two inde
pendent neuroradiologists, blinded to clinical details, separately 
measured trigeminal nerve root volumes bilaterally for each patient. The 
mean of their measurements was used for analysis. Consistent with 
earlier findings indicating that healthy individuals typically have nerve 
asymmetry below 5% (Di Stefano et al., 2020b), we classified atrophy 
severity into four groups: none (<5% asymmetry), mild (5–10%), 
moderate (10–20%), and severe (>20%), an approach used in previous 
literature (De Stefano et al., 2023).Trigeminal root dislocation is a 
distinctive finding of TN, being reported only in a minority (9%) of 
healthy subjects (Di Stefano et al., 2020b). Dislocation was assessed on 
axial imaging by tracing a line from the nerve's exit at Meckel’s cave to 
its entry into the pons. Dislocation was defined as significant deviation 
from this baseline, quantified as the greatest perpendicular distance 
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from the nerve margin to the reference line. Patients exhibiting dislo
cation were categorized for analytical purposes into moderate (<3 mm) 
or severe (>3 mm), aligning with criteria previously established in the 
literature (Antonini et al., 2014).

2.4. Statistical analysis

Descriptive summaries were reported as frequencies and percentages 
for categorical variables and as means ± standard deviations for nu
merical variables. Preliminary comparisons between patients with and 
without trigeminal reflex asymmetry were performed using Student’s t 
or Mann-Whitney test for numerical variables, and Chi- squared or 
Fisher’s exact tests for categorical variables. A logistic regression mod
el was then used to assess the association between reflex asymmetry 
(defined as a binary outcome based on R1 blink reflex and SP1 masseter 
inhibitory reflex latency asymmetry) and potential predictors, inclu
ding gender, pain quality (paroxysmal pain only or with concomitant 
continuous pain), disease duration, trigeminal root volume on the 
affected side, and the degree of atrophy and dislocation. Model perfor
mance in predicting asymmetry was evaluated using the receiver oper
ating characteristic (ROC) curve and the area under the curve (AUC). All 
statistical tests were two-tailed and a p-value < 0.05 was deemed to be 
indicative of significant results. The statistical analysis was conducted in 
the R environment (R Core Team 2025).

3. Results

We included 78 patients in the analysis (25 men, 53 women; mean 
age 66.4 ± 12.1 years; mean disease duration 7.3 ± 6.4 years; 57 with 
classical and 21 with idiopathic TN.

Pain was more often located on the right (63%) than left side (37%), 
and in the second (68%) and the third (56%) trigeminal divisions than 
the first trigeminal division (29%). Concomitant continuous pain was 
reported by 32 patients (41%).

Of the 78 patients included in this study, 25 (32%) had a trigeminal 
reflex asymmetry, characterized by a longer latency of the R1 blink re
flex and the SP1 masseter inhibitory reflex on the affected side compared 
to the healthy side.

The only variable distinguishing patients with and without trigemi
nal reflex asymmetry was the presence of severe dislocation (greater 
than 3 mm) (p < 0.05) (Table 1).

The logistic regression model confirmed that a severe dislocation of 
the trigeminal root was predictive of trigeminal reflex asymmetry (p <
0.05) (Table 2). Conversely, trigeminal root volume on the affected side 
and the level of atrophy were not associated with trigeminal reflex 
asymmetry. Clinical variables including disease duration and presence 
of concomitant continuous pain were not predictive of trigeminal reflex 
asymmetry. The ROC curve analysis, used to assess the model's perfor
mance in predicting asymmetry, yielded an area under the curve (AUC) 
of 0.73. (Fig. 1).

4. Discussion

In this clinical, neurophysiological, and neuroimaging study, we 
found that in a sample of 78 patients with primary TN, a severe dislo
cation of trigeminal root predicted trigeminal reflex asymmetry. The 
other neuroimaging variables, including trigeminal root volume on the 
affected side and atrophy of the nerve, were not predictive of trigeminal 
reflex asymmetry. Similarly, no clinical data were associated with the 
asymmetry of neurophysiological responses.

Trigeminal reflexes, including the blink reflex and the masseter 
inhibitory reflex, are the recommended techniques for the assessment of 
trigeminal afferent damage (Truini et al, 2023). In patients with post
herpetic neuralgia, the blink reflex delay correlated with the intensity of 
paroxysmal pain, related to large, myelinated Aß fibres damage (Truini 
et al., 2008). By testing the function of this set of fibres, trigeminal reflex 

testing in trigeminal neuralgia detects the damage related to focal 
demyelination of primary trigeminal afferents (Bendtsen et al, 2019). In 
a recent study, latency asymmetry in trigeminal reflexes was found to be 
predictive of classical trigeminal neuralgia (TN) (De Stefano et al., 
2025). This finding supports the hypothesis that trigeminal reflex 
asymmetry may indirectly subtend the focal demyelination of primary 
trigeminal afferents.

Our findings show a significant association between trigeminal reflex 

Table 1 
Clinical and neuroimaging characteristics of the full sample and by the presence 
of trigeminal reflex asymmetry. Significant p-values for tests comparing the two 
groups are in bold.

Full 
sample 
N ¼ 78

Without 
trigeminal 
reflex 
asymmetry 
n ¼ 53 (67.9%)

With 
trigeminal 
reflex 
asymmetry 
n ¼ 25 (32.1%)

p- 
value

Female, N (%) 53 
(67.9)

38 (71.7) 15 (60.0) 0.439

Male, N (%) 25 
(32.1)

15 (28.3) 10 (40.0) ​

With purely 
paroxysmal pain, 
N (%)

46 
(59.0)

32 (60.4) 14 (56.0) 0.904

With concomitant 
continuous pain, N 
(%)

32 
(41.0)

21 (39.6) 11 (44.0) ​

Duration of disease, 
years, mean ± sd

7.3 ±
6.4

7.4 ± 6.5 7.2 ± 6.4 0.919

Absence of atrophy 
of trigeminal root, 
N (%)

24 
(30.8)

18 (34.0) 6 (24.0) 0.274

Mild or moderate 
atrophy, N (%)

22 
(28.2)

12 (22.6) 10 (40.0) ​

Severe atrophy, N 
(%)

32 
(41.0)

23 (43.4) 9 (36.0) ​

Trigeminal root 
volume of affected 
side, mm3, mean 
± sd

43.1 ±
15.9

41.4 ± 15.6 46.8 ± 16.4 0.165

Without severe 
dislocation of 
trigeminal root, N 
(%)

63 
(80.8)

47 (88.7) 16 (64.0) 0.015

With severe 
dislocation, N (%)

15 
(19.2)

6 (11.3) 9 (36.0) ​

​ ​ ​ ​ ​

For categorical variables: p-values refer to the Chi-squared or exact Fisher’s test, 
as appropriate.

Table 2 
Odds ratios and 95% confidence intervals of the estimated logistic regression 
model for prediction of asymmetry. Significant p-values are in bold.

Odds 
ratio

95% CI p- 
value

Male (vs female) 1.06 [0.30, 
3.54]

0.923

With concomitant continuous pain (vs with 
purely paroxysmal pain)

1.21 [0.39, 
3.76]

0.740

Duration of disease 1.01 [0.93, 
1.10]

0.758

With severe trigeminal root dislocation (vs 
without)

4.69 [1.36, 
17.58]

0.016

Mild or moderate trigeminal root atrophy (vs 
absence)

2.10 [0.55, 
8.46]

0.281

Severe atrophy (vs absence) 1.13 [0.27, 
4.89]

0.864

Trigeminal root volume of affected side 1.02 [0.98, 
1.07]

0.225

For numerical variables: p-value refers to the t-test or Mann-Whitney test, as 
appropriate.
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asymmetry and severe trigeminal root dislocation. This morphological 
abnormality may indirectly subtend the focal demyelination of the tri
geminal afferents. The demyelination of primary trigeminal afferents is 
considered able to increase the susceptibility of the primary trigeminal 
afferent to ectopic excitation, ephaptic transmission, and high- 
frequency discharges, key pathophysiological hallmarks of trigeminal 
neuralgia (Cruccu et al, 2020).

This finding aligns with existing literature demonstrating an associ
ation between severe neurovascular compression and the long-term 
success of surgical interventions. Notably, the presence of severe 
vascular compression has been shown to predict a success rate exceeding 
90% for microvascular decompression (Sindou et al., 2007; Hughes 
et al., 2019). Therefore, according to the evidence in literature, the 
combined identification of trigeminal reflex asymmetry and severe tri
geminal root dislocation may aid in selecting optimal candidates for 
microvascular decompression.

While we found a significant association between trigeminal reflex 
asymmetry and root dislocation, no such relationship was observed 
between reflex asymmetry and trigeminal root atrophy. Previous liter
ature reported an association between trigeminal root atrophy on the 
affected side and the development of concomitant continuous pain in 
patients with trigeminal neuralgia (Di Stefano et al., 2020b). Further
more, a neurophysiological study demonstrated that concomitant 
continuous pain in trigeminal neuralgia is associated with unmyelinated 
C-fibre damage, as assessed by laser-evoked potentials, suggesting that 
this pain phenotype may be related to axonal degeneration and aberrant 
activity in denervated second-order trigeminal neurons (De Stefano 
et al., 2022). In line with this interpretation, previous studies have 
shown that trigeminal root atrophy is associated with a significantly 
poorer outcome following microvascular decompression (Duan et al., 
2015). We found that trigeminal reflex asymmetry was not associated 
with clinical variables, including disease duration. This finding aligns 
with the view that trigeminal neuralgia typically plateaus in terms of 
structural nerve damage, as it is driven by focal, non-progressive dys
function—commonly resulting from neurovascular com
pression—rather than by a degenerative disease process. Clinical 
evidence supports this interpretation: patients often exhibit stable 
symptoms over many years, MRI findings remain unchanged over time, 
and surgical interventions, such as microvascular decompression, can 
effectively relieve pain without repairing the nerve itself. These obser
vations reinforce the concept that compression-induced dysfunction, 
rather than progressive nerve injury, underlies the pathophysiology of 
the condition.

The relatively small, single-center sample size may restrict general
izability. Retrospective data collection may represent a limitation of this 
study, mitigated by the application of established diagnostic criteria 
(ICHD, 2018; ICOP, 2020), the use of our structured interview approach 

(Di Stefano et al, 2020a) and utilization of standardized neuroimaging 
and neurophysiological methods. However, we cannot exclude that the 
retrospective design may limit causal inference and may introduce se
lection bias. Another limit concerns the assumption of focal demyelin
ation, based on neurophysiological findings rather than direct 
histopathological or advanced myelin MRI evidence. Although we 
considered the asymmetry of trigeminal reflex latencies as marker of 
demyelination, reasonably reflecting the focal demyelination of the 
primary trigeminal afferent, we cannot exclude the impact of alterations 
in the interneurons and relay nuclei in the reflex pathway. However, the 
absence of efferent or crossed abnormalities supports our assumption.

We measured reflex asymmetry in the latency only since this 
outcome variable is the reliable neurophysiological parameter routinely 
measured in clinical practice. However, we cannot exclude that this 
analysis may have overlooked the effect of phase cancellation or 
response size changes related to neuronal integration of asynchronous 
input volleys in the context of transsynaptic reflex responses.

5. Conclusions

Among the morphological changes of the trigeminal root, a severe 
dislocation is predictive of trigeminal reflex asymmetry—a neurophys
iological marker compatible with focal demyelination of primary tri
geminal afferents. This association suggests that trigeminal root 
dislocation may indirectly subtend focal demyelination in patients with 
TN. Conversely, trigeminal root atrophy is not associated with trigemi
nal reflex asymmetry.
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