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Abstract
Background  It is well established that trigeminal neuralgia is more prevalent in females than in males. Neurovascular 
compression with morphological changes of the trigeminal root represents the most recognized etiological factor. However, 
other factors may play a role in the framework of a multi-hit model. The primary aim of this study was to investigate sex 
differences in radiological and clinical characteristics of trigeminal neuralgia to better understand the multifactorial origin 
of this peculiar neuropathic pain condition.
Methods  In this cross-sectional study patients with a definite diagnosis of primary trigeminal neuralgia were consecutively 
enrolled. Each patient underwent 3T MRI with sequences dedicated to the study of neurovascular compression. Major 
morphological changes of the trigeminal root were quantitatively assessed. Clinical characteristics were systematically col-
lected through a dedicated questionnaire. A logistic regression model was implemented to predict radiological and clinical 
characteristics based on sex.
Results  A total of 114 patients with classical (87) or idiopathic trigeminal neuralgia (27) were enrolled. Female sex was 
predictive for idiopathic trigeminal neuralgia. Male sex was predictive, among the comorbidities and clinical characteristics, 
for hypertension, the involvement of the left side and the second trigeminal division, alone or with the ophthalmic division.
Discussion  The preponderance of TN in the female sex and the association between idiopathic TN and the female sex sug-
gest the role of additional etiological factors in the framework of a multi-hit model. The identification of clinical variables 
predicted by sex suggests the possibility that distinct phenotypes, with peculiar pathophysiological and therapeutic aspects, 
may occur in females and males.

Keywords  Trigeminal neuralgia · Sex differences · Paroxysmal pain · Trigeminal root · Neurovascular conflict · Multi-hit 
model

Abbreviations
TN	� trigeminal neuralgia
CISS	� constructive interference in steady state

Introduction

Trigeminal neuralgia (TN) is an exemplary neuropathic 
facial pain condition with peculiar characteristics and hall-
mark signs, including trigger factors and refractory peri-
ods [1]. Trigger zones and paroxysmal pain sensation may 
be dissociated, probably due to a phenomenon of cross-
excitation between somatosensory afferents, and a refrac-
tory period of several seconds or minutes usually occurs 
between paroxysms [2]. According to the etiology, TN is 
classified as classical TN, related to a neurovascular com-
pression producing morphological changes on the trigeminal 
root; secondary TN, related to a major neurological disease, 
and idiopathic, of unknown etiology [3, 4]. The pathophysi-
ological mechanism triggering paroxysmal pain is ascribed 
to the focal demyelination of primary trigeminal afferents 
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near the entry of the trigeminal root into the pons, mak-
ing the axons hyperexcitable and increasing their suscep-
tibility to ectopic excitation, ephaptic transmission, and 
high-frequency discharges [1, 5]. This peculiar mechanism 
explains the remarkable efficacy of sodium channel blockers 
as first-choice medical treatments [4]. Although neurovas-
cular compression with relevant morphological changes of 
the trigeminal root represents the most recognized etiologi-
cal factor of TN, identifying idiopathic TN suggests other 
possible pathophysiological mechanisms in the framework 
of a multi-hit model [1, 5].

The incidence of TN increases with age and is higher 
among the female than the male sex [6]. Although a small 
posterior fossa in the female sex has been proposed as a pos-
sible concurrent factor in idiopathic TN [7], the comprehen-
sive role of sex-based factors remains open. Recognition of 
the evidence underlying sex differences in TN may provide 
new insight into etiological and pathophysiological mecha-
nisms and guide the development of effective treatments, 
providing better therapeutic options for patients tailored to 
pathophysiology.

The primary aim of this study was to investigate sex 
differences in radiological and clinical characteristics in 
patients with classical and idiopathic TN.

Methods

Study protocol

In this cross-sectional study, we prospectively screened con-
secutive patients visiting the Center for Neuropathic Pain 
at Sapienza University from December 2015 to Decem-
ber 2022. The inclusion criterion was a definite diagnosis 
of classical or idiopathic TN following accepted criteria 
(Suppl. Figure) [8, 9]. We excluded patients with a second-
ary TN diagnosis, orofacial pain other than TN, cognitive 
disturbances, or communication barriers. The diagnosis of 
TN was independently confirmed by two clinicians. The 
number of patients in the inclusion period determined the 
sample size. Clinical and radiological information was pro-
spectively acquired; the dedicated analysis focusing on sex 
differences was designed in a second step. Each patient filled 
in a dedicated questionnaire focused on demographics and 
clinical characteristics and underwent MRI acquired with a 
3T magnet (Siemens Verio, Erlangen, Germany) equipped 
with a 12-channel head coil. The MRI scans included 3D 
constructive interference in steady state images (CISS–TR 
1000 ms, TE 132 ms, FOV 200–200 mm, slice thickness 
0.5 mm, slice number 56, matrix 384–384) and 3D time-
of-flight magnetic resonance angiography scan (TOF–TR 
22 ms, TE 3.60 ms, FOV 181–200 mm, slice thickness 0.5 
mm, matrix 696–768) to disclose best the trigeminal root 

neurovascular compression and the morphological changes 
of the nerve [10]. The institutional review board of Poli-
clinico Umberto I, Sapienza University of Rome, approved 
the research. The study was performed in accordance with 
the Declaration of Helsinki. Written informed consent was 
obtained from each participant.

Clinical assessment

Clinical information was systematically gathered through a 
dedicated questionnaire. Quantitative and qualitative vari-
ables, including demographics, pain distribution, quality of 
pain, presence of remission periods, familial occurrence, 
association with autonomic symptoms, comorbidities, drug 
responsiveness, and tolerability were collected. Among the 
comorbidities, depression was reported under the following 
conditions: 1. the diagnosis by a medical doctor and 2. cur-
rent assumption of drugs for depression.

Neuroimaging analysis

Neuroimaging analysis was mostly performed using the 
acquired CISS sequences. In these images, a neurovascu-
lar contact was detected when a vessel was in relation to 
the trigeminal root with no bright cerebrospinal fluid vis-
ible between the two structures. The two most recognized 
morphological changes of the trigeminal nerve root, disloca-
tion, and atrophy were then quantitatively assessed [11, 12]. 
Images were transferred to a dedicated workstation, and a 
three-planar workspace was reconstructed using the software 
MIPAV (http://​mipav.​cit.​nih.​gov/). Dislocation was meas-
ured on the transverse plane. Using a mouse-driven cursor, 
a line was drawn from where the nerve emerges from the 
Meckel’s cave to where it penetrates the pons. Dislocation 
was considered present when the trigeminal root signifi-
cantly diverged from this line, and it was then measured as 
the maximal distance between this line and the trigeminal 
border. To simplify the further analysis, we divided patients 
with dislocation into two categories: moderate if it was less 
than 3 mm and severe if it was greater than 3 mm, as used in 
previous literature [11]. For assessment of atrophy, we delin-
eated the trigeminal nerve root with a mouse-driven cursor; 
then the volume of the nerve was automatically calculated by 
3D reconstruction software, as a summation of all the deline-
ated voxels, for both nerves. Two neuroradiologists, blinded 
to all clinical data, independently calculated the volume of 
both trigeminal nerve roots in each participant. We consid-
ered the mean trigeminal nerve root volume between the 
two observers. Since it is known from previous reports that 
in healthy subjects, the 95% confidence intervals of nerve 
asymmetry are below 5% [13], we considered four catego-
ries for further analysis: no atrophy if nerve asymmetry was 
under 5%, mild atrophy if it was 5–10%, moderate atrophy 

http://mipav.cit.nih.gov/
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if it was 10–20%, and severe atrophy if it was greater than 
20%.

Classical TN was defined in the presence of neurovas-
cular compression causing dislocation and/or moderate or 
severe atrophy of the trigeminal root. Conversely, idiopathic 
TN was defined in the absence of neurovascular compression 
or in the case of neurovascular compression producing minor 
morphological changes on the trigeminal nerve root-like flat-
tening, indentation [12].

Statistical analysis

Descriptive summaries of the demographic, clinical, and 
radiological variables were provided as percentages and 
mean ± SD, respectively, for categorical and numerical 
variables.

Sex differences were preliminarily explored with Stu-
dent’s t-tests for the numerical variables and either the chi-
squared or Fisher’s exact test for the categorical ones. As a 
confirmatory approach to the exploratory association analy-
sis, we estimated a logistic regression model with sex as 
the binary outcome and the following variables as potential 
predictors: age at onset, side, division, etiology, phenotype 
(TN with purely paroxysmal pain and TN with concomitant 
continuous pain), remission periods, autonomic symptoms, 
familial occurrence, comorbidities including depression and 
hypertension, refractoriness to pharmacological treatment, 
adverse events to pharmacological treatment and drug dis-
continuation, presence of neurovascular compression, and 
morphological changes of the trigeminal root, including 
quantitative assessment of dislocation and atrophy. The use 
of logistic regression to predict socio-demographic char-
acteristics such as sex and race is endorsed, for example, 

in those medical fields where there is interest in sex deter-
mination of unknown individuals from biological traits, as 
in legal medicine and forensic anthropology [14, 15]. The 
optimal set of variables for predicting sex was identified with 
the backward selection procedure [16] based on the minimi-
zation of the Akaike information criterion [17]. The overall 
performance of the resulting logistic regression model, as 
a tool for identifying sex-discriminating features in the TN 
condition, has been then assessed with the ROC and the 
quantification of the AUC.

All the tests performed in the analysis were two sided and 
a p-value < 0.05 was considered statistically significant. The 
statistical analysis was performed with the R software [18].

Results

We screened 145 patients with a definite diagnosis of TN and 
excluded 31 patients (18 patients with TN related to multiple 
sclerosis, five with a benign tumor of the posterior fossa, one 
with TN secondary to a superior cerebellar artery aneurysm, 
and seven with bilateral abnormal trigeminal reflex testing 
suggesting trigeminal neuropathy). We included in the analy-
sis 114 patients with primary TN, 87 with classical, and 27 
with idiopathic TN (77 females and 37 males, age 64.4 ± 13.2) 
(Fig. 1, Suppl. Figure). Demographics, clinical characteristics 
of TN, and radiological characteristics of the trigeminal nerve 
root in the female and in the male sex are summarized in 
Table 1. There were no missing data. The exploratory associa-
tion analysis showed that classical TN significantly prevailed 
in the male sex (p = 0.033), as well as the involvement of the 
first trigeminal division (p = 0.034). Among the comorbidi-
ties, depression significantly prevailed in the female sex (p = 

Fig. 1   MRI CISS images of an exemplary patient with classical (A) 
and idiopathic (B) right TN. In (A) a vessel (arrow) impacts the right 
trigeminal root (arrowhead), which appears atrophic compared to the 

contralateral (star). In (B) no clear pathology affects the right trigemi-
nal root (arrowhead), which appears similar to the contralateral (star)
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Table 1   Demographic, clinical, 
and anatomical characteristics 
by sex in patients with 
trigeminal neuralgia

Descriptive summaries are expressed as frequencies (N and %) and mean ± SD for, respectively, categori-
cal and numerical variables
For categorical variables: p-values refer to the chi-squared or exact Fisher’s test, as appropriate
For numerical variables: p-value refers to the t-test
p-values < 0.05 are marked in bold

Variable Females
N (%)

Males
N (%)

p-value

Right sided 53 (68.8) 20 (54.1) 0.183
Left sided 24 (31.2) 17 (45.9)
V1 2 (2.6) 3 (8.1) 0.034
V2 12 (15.6) 12 (32.4)
V3 26 (33.8) 5 (13.5)
V1–V2 11 (14.3) 9 (24.3)
V2–V3 20 (26) 6 (16.2)
V1–V2–V3 6 (7.8) 2 (5.4)
Classical TN 54 (70.1) 33 (89.2) 0.033
Idiopathic TN 23 (29.9) 4 (10.8)
TN with purely paroxysmal pain 39 (50.6) 22 (59.5) 0.495
TN with concomitant continuous pain 38 (49.4) 15 (40.5)
With remission periods 53 (68.8) 23 (62.2) 0.621
Without remission periods 24 (31.2) 14 (37.8)
With autonomic symptoms 18 (23.4) 9 (24.3) 1.000
Without autonomic symptoms 59 (76.6) 28 (75.7)
With familial occurrence 8 (10.4) 3 (8.1) 1.000
Without familial occurrence 69 (89.6) 34 (81.9)
With depression 10 (13) 0 (0) 0.029
Without depression 67 (87) 37 (100)
With hypertension 26 (33.8) 19 (48.6) 0.111
Without hypertension 51 (66.2) 18 (51.4)
Adverse events 33 (50) 10 (27.8) 0.050
Without adverse events 33 (50) 26 (72.2)
Drop-out due to adverse events 18 (27.3) 2 (5.6) 0.009
Without drop-out due to adverse events 48 (72.7) 34 (94.4)
No responders to pharmacological treatment 10 (13) 6 (16.2) 0.086
Responders to pharmacological treatment 67 (87) 31 (83.8)
With neurovascular conflicts 63 (81.8) 35 (94.6) 0.086
Without neurovascular conflicts 14 (18.2) 2 (5.4)
Multiple vessels with relationships to the root 31 (48.4) 19 (54.3) 0.729
Without multiple vessels with relationships to the root 33 (51.6) 16 (45.7)
Atrophy of trigeminal nerve root 51 (66.2) 28 (75.7) 0.420
Without atrophy 26 (33.8) 9 (24.3)
Absent/mild atrophy 30 (39) 13 (35.1) 0.765
Moderate atrophy 18 (23.4) 11 (29.7)
Severe atrophy 29 (37.7) 13 (35.1)
Dislocation of trigeminal nerve root 42 (63.6) 29 (80.6) 0.121
Without dislocation 24 (36.4) 7 (19.4)
Absent dislocation 24 (36.4) 7 (20.6) 0.234
Less than 3 mm dislocation 29 (43.9) 17 (50)
More than 3 mm dislocation 13 (19.7) 10 (29.4)
Minor morphological changes 11 (14.3) 2 (5.4) 0.217
Without minor morphological changes 66 (85.7) 35 (94.6)
Variable Females

mean ± SD
Males
mean ± SD

p-value

Age at onset (years) 57.10 ± 12.3 58.62 ± 14.8 0.566
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0.029). Adverse events due to pharmacological treatment with 
voltage-gated sodium channel blockers significantly prevailed 
in the female sex (p = 0.050) (Suppl. Table); consequently, 
drug discontinuation due to adverse events was more frequent 
in the female sex (p = 0.009). The optimal set of sex-related 
variables according to the backward selection procedure is 
summarized in Table 2. The ROC shows a very good accuracy 
performance of our multiple logistic regression approach in 
highlighting sex differences, corresponding to an AUC equal 
to 0.80 (Fig. 2). According to the final model, the female sex 
was predictive for idiopathic TN (p = 0.034). Male sex was 
predictive, among the clinical characteristics, for hypertension 
(p = 0.036), the involvement of the left side (p = 0.031), and 
the second trigeminal division alone (p = 0.006) or with the 
ophthalmic division (p = 0.038).

Discussion

In this clinical and neuroimaging study, a logistic regression 
model was applied to determine sex differences in patients 
diagnosed with TN in a multivariate framework which, 
differently from the more conventional bivariate analysis, 
allows to control for possible confounding factors. From 
the analysis of the radiological variables of the trigeminal 
nerve root, the female sex was predictive for idiopathic TN. 
Among the comorbidities and clinical characteristics, the 
male sex was predictive for hypertension, the involvement 
of the left side, and the second trigeminal division, alone 
or with the ophthalmic division. The application of ROC 

and the value of the AUC equal to 0.80 demonstrate a very 
good accuracy performance of the predictive variables found 
with our multiple logistic regression approach in highlight-
ing sex differences. This evidence reinforces the impact of 
the clinical findings of our study, as possible expression of 
distinct phenotypes, and endorses their pathophysiological 
implications in the context of a multi-hit model.

Idiopathic TN was associated with the female sex. This 
finding is coherent with previous clinical and neuroim-
aging studies showing that females with TN are younger 
[19] and have a lower prevalence of severe neurovascular 
conflict on the symptomatic side [12]. Conversely, neu-
rovascular compression was more frequently detected in 
the male sex, thus confirming a difference in the neuro-
anatomy in males and females with TN [20]. Additionally, 
the female sex was reported as a predictor of pain recur-
rence after microvascular decompression [21]. These data 
suggest that in the female sex, more frequently, there are 
etiological factors other than neurovascular compression 
contributing to TN. Although neurovascular compression 
with morphological changes of the trigeminal root repre-
sents the most recognitive etiological factor in TN, other 
factors increasing the vulnerability of primary trigeminal 
afferents in the female sex should be investigated in the 
context of a multi-hit model. Increasing evidence supports 
the role of rare variants of genes encoding voltage-gated 
ion channels and transient receptor potential channels 
[22–24]. Other factors related to neuroinflammation with 

Table 2   Results of the optimal logistic regression model obtained 
with the backward variable selection procedure

CI, confidence interval
p-value refers to the two-sided tests of significance of the estimated 
adjusted odds ratios of the logistic regression models involving age 
at onset, side, division, etiology, phenotype, remission period, auto-
nomic symptoms, familial occurrence, depression, hypertension, 
refractoriness to pharmacological treatment, morphological changes 
of trigeminal root as predictors of the gender
Odds ratios and confidence intervals have been computed by expo-
nentiating the point and interval estimates of the regression coeffi-
cients. Odds ratio values are referred to the male sex
p-values < 0.05, the relevant odds ratio and 95%CI are marked in bold

Variable Odds ratio 95%CI p-value

Left sided (vs right sided) 2.99 [1.12,8.42] 0.031
V1 7.26 [0.83,77.22] 0.076
V2 7.42 [1.90,34.32] 0.006
V1–V2 4.60 [1.14,20.95] 0.038
V2–V3 2.12 [0.48,9.81] 0.322
V1–V2–V3 2.79 [0.29,22.14] 0.334
Idiopathic etiology (vs classic) 0.24 [0.06,0.83] 0.034
With hypertension 2.84 [1.09,7.84] 0.036

Fig. 2   ROC curve and AUC of the logistic regression for sex predic-
tion
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arachnoiditis [25, 26], levels of gonadal hormones, and 
function of endogenous pain modulation have been sup-
posed [27]. The recurrence of idiopathic TN in the female 
sex may tailor future research to these new etiological and 
pathophysiological factors.

TN in the male sex seems to be related to neurovascular 
compression, producing dislocation and/or atrophy on the 
trigeminal nerve root. In our cohort of patients, the male 
sex was predictive for hypertension. This finding is coher-
ent with the hypothesis that arterial wall hardening due to 
high blood pressure may promote the development of mor-
phological abnormalities in the nearby trigeminal root [28].

Male sex was predictive for the involvement of the second 
trigeminal division alone and in association with the oph-
thalmic division. The somatotopy of the trigeminal nerve 
root can explain this predominant involvement in the site 
of neurovascular conflict, more frequently detected at the 
supero-medial level [29, 30], thus reinforcing the etiologic 
role of neurovascular conflict in males.

In our exploratory analysis, the involvement of the first 
trigeminal division alone prevailed in the male sex. The 
ophthalmic division is the less frequently affected division 
in TN, probably due to the small number of myelinated 
fibers in V1 compared to V2 and V3 [30, 31]. The isolated 
involvement of the ophthalmic division may also represent 
a distinct phenotype and may recall the clinical picture of 
short-lasting unilateral neuralgiform headache attacks. A 
neuroimaging study has suggested the role of ipsilateral 
trigeminal neurovascular compression with morphological 
changes also in the pathophysiology of this disorder [32], 
and recent studies reported the efficacy of microvascular 
decompression [33] and sodium channel blockers [34], sug-
gesting that this disease may share some pathophysiological 
mechanisms with TN.

We found that the male sex was predictive of the involve-
ment of the left side. It is well known that TN affects more 
frequently the right side and the female sex. A historical 
study explains this right preponderance with an upward dis-
placement of the apex of the petrous bone due to a basilar 
impression on the right side of postmenopausal females [35]. 
Some authors reported a narrower foramen rotundum and 
foramen ovale on the right side [36]; however, this inter-
pretation is not coherent with the recognized pathophysi-
ological mechanism of the focal demyelination involving 
the trigeminal root near the entry into the pons. Our clinical 
observations, including affected divisions and sides, raise 
the possibility that TN may occur with different phenotypes 
in the male and in the female sex. The pathophysiological 
mechanisms underlying these phenotypes deserve further 
analysis. Our neuroradiological analysis focused on mor-
phological changes of the trigeminal root near the entry into 
the pons. Future neuroradiological studies of other possible 
anatomical differences among females and males are needed.

Although concomitant continuous pain was reported 
more frequently in females [37], in our study the female sex 
was not predictive for this clinical phenotype of TN. Recent 
studies reported trigeminal root atrophy with unmyelinated 
fiber dysfunction in patients with concomitant continuous 
pain, suggesting the association between this major mor-
phological change in the site of neurovascular conflict and a 
central mechanism of denervation supersensitivity, triggered 
in second-order trigeminal neurons [13, 38].

The exploratory analysis showed poor tolerability of first-
line drugs (carbamazepine and oxcarbazepine) in the female 
sex, with more drug discontinuation or dosage reduction to 
an unsatisfactory level. However, an impact of depression 
on subjective side effects cannot be ruled out. These find-
ings, together with the significantly higher prevalence of 
depression, point out the burden of this excruciating condi-
tion in the female sex and the need for a tailored therapeutic 
approach [39], considering sex-specific clinical characteris-
tics and vulnerabilities.

In the present study patient population was composed 
only of cis-gender people, who identified their gender the 
same as their biological sex, so no information can be 
drawn about clinical and radiological characteristics of TN 
in gender minorities. It has been shown that gender minority 
patients may have different phenotypes of numerous neuro-
logical diseases and may need different and personalized 
treatments [40]. Further studies, including more patients, 
are needed to disclose if TN in gender-minority patients has 
peculiar clinical or therapeutic characteristics.

Conclusion

Although neurovascular compression represents the most 
recognized factor in TN, idiopathic TN was associated with 
the female sex. The preponderance of TN in females and 
the association between idiopathic TN and the female sex 
suggest the role of additional etiological factors in the frame-
work of a multi-hit model. The identification of clinical vari-
ables predicted by the male sex suggests the possibility that 
distinct phenotypes, with peculiar pathophysiological and 
therapeutic aspects, may occur in the female and in the male 
sex. A complete understanding of the role of sex-based fac-
tors is crucial for a better comprehension of etiological and 
pathophysiological mechanisms and for reducing the burden 
of TN in females and males.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10072-​023-​06923-5.

Author contributions  Giulia Di Stefano, Andrea Truini, Francesca 
Caramia, and Gianfraco De Stefano contributed to the study concep-
tion and design. Material preparation, data collection, and analysis 
were performed by Giulia Di Stefano, Gianfranco De Stefano, Daniel 

https://doi.org/10.1007/s10072-023-06923-5


Neurological Sciences	

1 3

Litewczuk, Cristina Mollica, Giuseppe Di Pietro, Eleonora Galosi, 
Caterina Leone, Pietro Falco, and Maria Giulia Tullo. The first draft 
of the manuscript was written by Giulia Di Stefano and Gianfranco De 
Stefano and all authors commented on previous versions of the manu-
script. All authors read and approved the final manuscript.

Funding  Open access funding provided by Università degli Studi di 
Roma La Sapienza within the CRUI-CARE Agreement.

Data availability  The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of interest  The authors declare no competing interests.

Ethical approval and Informed consent  The institutional review board 
of Policlinico Umberto I, Sapienza University of Rome, approved the 
research. The study was performed in accordance with the Declaration of 
Helsinki. Written informed consent was obtained from each participant.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Cruccu G, Di Stefano G, Truini A (2020) Trigeminal neuralgia. N 
Engl J Med 383:754–762. https://​doi.​org/​10.​1056/​NEJMr​a1914​484

	 2.	 Calvin WH, Devor M, Howe JF (1982) Can neuralgias arise from 
minor demyelination? Spontaneous firing, mechanosensitivity, 
and after discharge from conducting axons. Exp Neurol 75:755–
763. https://​doi.​org/​10.​1016/​0014-​4886(82)​90040-1

	 3.	 Cruccu G, Finnerup NB, Jensen TS, Scholz J, Sindou M, Svensson 
P, Treede RD, Zakrzewska JM, Nurmikko T (2016) Trigeminal 
neuralgia: new classification and diagnostic grading for practice 
and research. Neurology 87:220–228. https://​doi.​org/​10.​1212/​
WNL.​00000​00000​002840

	 4.	 Bendtsen L, Zakrzewska JM, Abbott J, Braschinsky M, Di Stefano 
G, Donnet A, Eide PK, Leal PRL, Maarbjerg S, May A, Nurmikko 
T, Obermann M, Jensen TS, Cruccu G (2019) European Acad-
emy of Neurology guideline on trigeminal neuralgia. Eur J Neurol 
26:831–849. https://​doi.​org/​10.​1111/​ene.​13950

	 5.	 Bendtsen L, Zakrzewska JM, Heinskou TB, Hodaie M, Leal 
PRL, Nurmikko T, Obermann M, Cruccu G, Maarbjerg S (2020) 
Advances in diagnosis, classification, pathophysiology, and 
management of trigeminal neuralgia. Lancet Neurol 19:784–796. 
https://​doi.​org/​10.​1016/​S1474-​4422(20)​30233-7

	 6.	 Maarbjerg S, Gozalov A, Olesen J, Bendtsen L (2014) Trigeminal 
neuralgia--a prospective systematic study of clinical characteris-
tics in 158 patients. Headache 54:1574–1582. https://​doi.​org/​10.​
1111/​head.​12441

	 7.	 Hardaway FA, Holste K, Ozturk G, Pettersson D, Pollock JM, 
Burchiel KJ, Raslan AM (2029) Sex-dependent posterior fossa 
anatomical differences in trigeminal neuralgia patients with and 
without neurovascular compression: a volumetric MRI age- and 
sex-matched case-control study. J Neurosurg 132:631–638. https://​
doi.​org/​10.​3171/​2018.9.​JNS18​1768

	 8.	 Headache Classification Committee of the International Headache 
Society (IHS) (2028) The international classification of headache 
disorders, 3rd edition. Cephalalgia 38:1–211. https://​doi.​org/​10.​
1177/​03331​02417​738202

	 9.	 International Classification of Orofacial Pain (2020) 1st edition 
(ICOP). Cephalalgia 40:129–221. https://​doi.​org/​10.​1177/​03331​
02419​893823

	10.	 Bathla G, Hegde AN (2013) The trigeminal nerve: an illustrated 
review of its imaging anatomy and pathology. Clin Radiol 68:203–
213. https://​doi.​org/​10.​1016/j.​crad.​2012.​05.​019

	11.	 Antonini G, Di Pasquale A, Cruccu G, Truini A, Morino S, 
Saltelli G, Romano A, Trasimeni G, Vanacore N, Bozzao A 
(2014) Magnetic resonance imaging contribution for diagnos-
ing symptomatic neurovascular contact in classical trigeminal 
neuralgia: a blinded case-control study and meta-analysis. Pain 
155:1464–1471. https://​doi.​org/​10.​1016/j.​pain.​2014.​04.​020

	12.	 Maarbjerg S, Wolfram F, Gozalov A, Olesen J, Bendtsen 
L (2015) Significance of neurovascular contact in classical 
trigeminal neuralgia. Brain 138:311–319. https://​doi.​org/​10.​
1093/​brain/​awu349

	13.	 Di Stefano G, De Stefano G, Leone C, Cruccu G, Tardioli S, Car-
tocci G et al (2020) Concomitant continuous pain in patients with 
trigeminal neuralgia is associated with trigeminal nerve root atro-
phy. Cephalalgia 40:1502–1510. https://​doi.​org/​10.​1177/​03331​
02420​949206

	14.	 Cappella A, Bertoglio B, Di Maso M, Mazzarelli D, Affatato L, 
Stacchiotti A, Sforza C, Cattaneo C (2022) Sexual dimorphism 
of cranial morphological traits in an Italian sample: a population-
specific logistic regression model for predicting sex. Biology 
11:1202. https://​doi.​org/​10.​3390/​biolo​gy110​81202

	15.	 Acharya AB, Prabhu S, Muddapur MV (2011) Odontometric sex 
assessment from logistic regression analysis. Int J Legal Med 
125:199–204

	16.	 Chowdhury MZI, Turin TC (2020) Variable selection strategies 
and its importance in clinical prediction modelling. Fam Med 
Community Health 8(1):e000262

	17.	 Akaike H (1998) Information theory and an extension of the 
maximum likelihood principle. In: In Selected papers of Hirotugu 
Akaike. Springer, New York, NY, pp 199–213

	18.	 R Core Team (2022) R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing, Vienna, 
Austria. https://​www.r-​proje​ct.​org/. Accessed Mar 2023

	19.	 Katusic S, Beard CM, Bergstralh E, Kurland LT (1990) Incidence 
and clinical features of trigeminal neuralgia, Rochester, Minne-
sota, 1945-1984. Ann Neurol 27:89–95. https://​doi.​org/​10.​1002/​
ana.​41027​0114

	20.	 Maarbjerg S, Wolfram F, Gozalov A, Olesen J, Bendtsen L (2015) 
Association between neurovascular contact and clinical character-
istics in classical trigeminal neuralgia: a prospective clinical study 
using 3.0 Tesla MRI. Cephalalgia 35:1077–1084. https://​doi.​org/​
10.​1177/​03331​02414​566819

	21.	 Barker FG 2nd, Jannetta PJ, Bissonette DJ, Larkins MV, Jho HD 
(1996) The long-term outcome of microvascular decompression 
for trigeminal neuralgia. N Engl J Med 334:1077–1083. https://​
doi.​org/​10.​3109/​02688​69090​33702​89

	22.	 Di Stefano G, Yuan JH, Cruccu G, Waxman SG, Dib-Hajj SD, 
Truini A (2020) Familial trigeminal neuralgia - a systematic clini-
cal study with a genomic screen of the neuronal electrogenisome. 
Cephalalgia 40:767–777. https://​doi.​org/​10.​1177/​03331​02419​
897623

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMra1914484
https://doi.org/10.1016/0014-4886(82)90040-1
https://doi.org/10.1212/WNL.0000000000002840
https://doi.org/10.1212/WNL.0000000000002840
https://doi.org/10.1111/ene.13950
https://doi.org/10.1016/S1474-4422(20)30233-7
https://doi.org/10.1111/head.12441
https://doi.org/10.1111/head.12441
https://doi.org/10.3171/2018.9.JNS181768
https://doi.org/10.3171/2018.9.JNS181768
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1177/0333102419893823
https://doi.org/10.1177/0333102419893823
https://doi.org/10.1016/j.crad.2012.05.019
https://doi.org/10.1016/j.pain.2014.04.020
https://doi.org/10.1093/brain/awu349
https://doi.org/10.1093/brain/awu349
https://doi.org/10.1177/0333102420949206
https://doi.org/10.1177/0333102420949206
https://doi.org/10.3390/biology11081202
https://www.r-project.org/
https://doi.org/10.1002/ana.410270114
https://doi.org/10.1002/ana.410270114
https://doi.org/10.1177/0333102414566819
https://doi.org/10.1177/0333102414566819
https://doi.org/10.3109/02688690903370289
https://doi.org/10.3109/02688690903370289
https://doi.org/10.1177/0333102419897623
https://doi.org/10.1177/0333102419897623


	 Neurological Sciences

1 3

	23.	 Gualdani R, Yuan JH, Effraim PR, Di Stefano G, Truini A, Cruccu 
G, Dib-Hajj SD, Gailly P, Waxman SG (2021) Trigeminal neu-
ralgia TRPM8 mutation: enhanced activation, basal [Ca2+]i and 
menthol response. Neurol Genet 7:e550. https://​doi.​org/​10.​1212/​
NXG.​00000​00000​000550

	24.	 Gualdani R, Gailly P, Yuan JH, Yerna X, Di Stefano G, Truini A, 
Cruccu G, Dib-Hajj SD, Waxman SG (2022) A TRPM7 muta-
tion linked to familial trigeminal neuralgia: omega current and 
hyperexcitability of trigeminal ganglion neurons. Proc Natl Acad 
Sci U S A 119:e2119630119. https://​doi.​org/​10.​1073/​pnas.​21196​
30119

	25.	 Mazzucchi E, Brinzeu A, Sindou M (2019) Arachnoiditis as an 
outcome factor for microvascular decompression in classical 
trigeminal neuralgia. Acta Neurochir (Wien) 161:1589–1598. 
https://​doi.​org/​10.​1007/​s00701-​019-​03981-7

	26.	 Ericson H, Abu Hamdeh S, Freyhult E, Stiger F, Bäckryd E, Sven-
ningsson A, Gordh T, Kultima K (2019) Cerebrospinal fluid bio-
markers of inflammation in trigeminal neuralgia patients operated 
with microvascular decompression. Pain 160:2603–2611. https://​
doi.​org/​10.​1097/j.​pain.​00000​00000​001649

	27.	 Joshi I, Mattoo B, Mohan VK, Bhatia R (2020) Aberrant pain 
modulation in trigeminal neuralgia patients. J Basic Clin 
Physiol Pharmacol 32(1):20190274. https://​doi.​org/​10.​1515/​
jbcpp-​2019-​0274

	28.	 Jannetta PJ (1980) Neurovascular compression in cranial nerve 
and systemic disease. Ann Surg 192:518–525. https://​doi.​org/​10.​
1097/​00000​658-​19801​0000-​00010

	29.	 Sindou M, Howeidy T, Acevedo G (2002) Anatomical observa-
tions during microvascular decompression for idiopathic trigemi-
nal neuralgia (with correlations between topography of pain and 
site of the neurovascular conflict). Prospective study in a series of 
579 patients. Acta Neurochir (Wien) 144:12–13. https://​doi.​org/​
10.​1007/​s701-​002-​8269-4

	30.	 Sindou M, Brinzeu A (2020) Topography of the pain in classical 
trigeminal neuralgia: insights into somatotopic organization. Brain 
143:531–540. https://​doi.​org/​10.​1093/​brain/​awz407

	31.	 Pennisi E, Cruccu G, Manfredi M, Palladini G (1991) Histometric 
study of myelinated fibers in the human trigeminal nerve. J Neurol 
Sci 105:22–28. https://​doi.​org/​10.​1093/​brain/​awz407

	32.	 Lambru G, Rantell K, O’Connor E et al (2020) Trigeminal neuro-
vascular contact in SUNCT and SUNA: across-sectional magnetic 

resonance study. Brain 143:3619–3628. https://​doi.​org/​10.​1093/​
brain/​awaa3​31

	33.	 Lambru G, Lagrata S, Levy A, Cheema S, Davagnanam I, Rantell 
K, Kitchen N, Zrinzo L, Matharu M (2022) Trigeminal micro-
vascular decompression for short-lasting unilateral neuralgiform 
headache attacks. Brain 145:2882–2893. https://​doi.​org/​10.​1093/​
brain/​awac1​09

	34.	 Lambru G, Stubberud A, Rantell K, Lagrata S, Tronvik E, 
Matharu MS (2021) Medical treatment of SUNCT and SUNA: a 
prospective open-label study including single-arm meta-analysis. 
J Neurol Neurosurg Psychiatry 92:233–241. https://​doi.​org/​10.​
1136/​jnnp-​2020-​323999

	35.	 Gardner WJ, Todd EM, Pinto JP (1956) Roentgenographic find-
ings in trigeminal neuralgia. Am J Roentgenol Radium Ther Nucl 
Med 76:346–350

	36.	 Neto HS, Camilli JA, Marques MJ (2005) Trigeminal neuralgia 
is caused by maxillary and mandibular nerve entrapment: greater 
incidence of right-sided facial symptoms is due to the foramen 
rotundum and foramen ovale being narrower on the right side of 
the cranium. Med Hypotheses 65:1179–1182. https://​doi.​org/​10.​
1016/j.​mehy.​2005.​06.​012

	37.	 Maarbjerg S, Gozalov A, Olesen J, Bendtsen L (2014) Concomi-
tant persistent pain in classical trigeminal neuralgia--evidence for 
different subtypes. Headache 54:1173–1183. https://​doi.​org/​10.​
1111/​head.​12384

	38.	 De Stefano G, Leone C, Di Pietro G, Esposito N, Falco P, Galosi 
E, Litewczuk D, Mollica C, Truini A, Di Stefano G (2022) Unrav-
elling the role of unmyelinated nerve fibres in trigeminal neuralgia 
with concomitant continuous pain. Clin Neurophysiol 142:52–58. 
https://​doi.​org/​10.​1016/j.​clinph.​2022.​07.​502

	39.	 Maarbjerg S, Benoliel R (2021) The changing face of trigeminal 
neuralgia-a narrative review. Headache 61:817–837. https://​doi.​
org/​10.​1111/​head.​14144

	40.	 Rosendale N, Wong JO, Flatt JD, Whitaker E (2021) Sexual and 
gender minority health in neurology: a scoping review. JAMA 
Neurol 78:747–754. https://​doi.​org/​10.​1001/​jaman​eurol.​2020.​
5536

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1212/NXG.0000000000000550
https://doi.org/10.1212/NXG.0000000000000550
https://doi.org/10.1073/pnas.2119630119
https://doi.org/10.1073/pnas.2119630119
https://doi.org/10.1007/s00701-019-03981-7
https://doi.org/10.1097/j.pain.0000000000001649
https://doi.org/10.1097/j.pain.0000000000001649
https://doi.org/10.1515/jbcpp-2019-0274
https://doi.org/10.1515/jbcpp-2019-0274
https://doi.org/10.1097/00000658-198010000-00010
https://doi.org/10.1097/00000658-198010000-00010
https://doi.org/10.1007/s701-002-8269-4
https://doi.org/10.1007/s701-002-8269-4
https://doi.org/10.1093/brain/awz407
https://doi.org/10.1093/brain/awz407
https://doi.org/10.1093/brain/awaa331
https://doi.org/10.1093/brain/awaa331
https://doi.org/10.1093/brain/awac109
https://doi.org/10.1093/brain/awac109
https://doi.org/10.1136/jnnp-2020-323999
https://doi.org/10.1136/jnnp-2020-323999
https://doi.org/10.1016/j.mehy.2005.06.012
https://doi.org/10.1016/j.mehy.2005.06.012
https://doi.org/10.1111/head.12384
https://doi.org/10.1111/head.12384
https://doi.org/10.1016/j.clinph.2022.07.502
https://doi.org/10.1111/head.14144
https://doi.org/10.1111/head.14144
https://doi.org/10.1001/jamaneurol.2020.5536
https://doi.org/10.1001/jamaneurol.2020.5536

	Sex differences in trigeminal neuralgia: a focus on radiological and clinical characteristics
	Abstract
	Background 
	Methods 
	Results 
	Discussion 

	Introduction
	Methods
	Study protocol
	Clinical assessment
	Neuroimaging analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Anchor 16
	References


