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Abstract
Objective. Trigeminal neuralgia is a long-term facial pain syndrome. Our aim was to review the anatomy of the trigeminal nerve 
and its anatomical relationship with the adjacent structures that may contribute to the pathogenesis of trigeminal neuralgia 
Methods. Eligible articles were identified by a search of the Medline Embase, Pubmed Cinahl and Google Scholar bibliographi-
cal databases. We checked all the references of the relevant reviews and eligible articles that our search retrieved, in order to 
identify potentially eligible conference abstracts. Titles of interest were further reviewed by abstract. Case reports were excluded. 
Results. Trigeminal neuralgia syndrome seems to be caused by anatomical variations of the trigeminal nerve and its adjacent 
anatomical structures, mainly through compression. We depict the causes, the pathogenesis, and the clinical manifestations of 
the syndrome. The classification, diagnostic approach, differential diagnosis, and treatment modalities are also presented and 
they may be personalized according to the anatomical variations of the trigeminal nerve present, which may lead to trigeminal 
neuralgia syndrome. Conclusion. It is very important to be very careful in cases of new emerging neuralgia and to avoid the 
term “idiopathic” until proven otherwise by validating the newer and more appropriate tests and diagnostic criteria. Current 
data are insufficient and future research is needed in order to discover innovative and more effective treatments of trigeminal 
neuralgia, considering the anatomy and the anatomical variations of the trigeminal nerve. 
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Introduction

Trigeminal neuralgia is a painful syndrome, which 
affects 0.07% of the population (1). It occurs main-
ly in women (60%) and those over the age of 50 

(1, 2). The clinical severity of the syndrome is so 
intense that it may lead some patients to commit 
suicide (3). The treatment of the disease is pharma-
cological, while in its complicated forms, surgical 
treatment can be applied, with varying results and 
complications. Unexpectedly, effective treatment 
of the disease has led many scientists and research-
ers to focus on the pathogenesis of the disease, 
which still today has not been clearly elucidated. 

Our aim was to review the anatomy of the tri-
geminal nerve and its anatomical relationship with 

the adjacent structures that may contribute to the 
pathogenesis of the trigeminal neuralgia. The cor-
relations have been shown in many studies to be 
positive, and provide the potential for new thera-
peutics, and invasive or non-invasive treatment 
modalities.

Anatomy and Functions of the Trigeminal 
Nerve

The trigeminal nerve is the fifth cranial nerve, and 
contains motor and sensory fibers (mixed nerve). 
Its course starts from the brain stem, within which 
all four nuclei are located (principal sensory, spinal 
trigeminal, mesencephalic, motor) (4). It emerges 
from the front surface of the pons, consisting of 
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the thick sensory root and the finer motor root. 
It passes outward from the posterior cranial fossa, 
bearing on the upper surface of the apex of the 
petrous bone in the middle cranial fossa. On the 
anterior surface of the petrous bone, the sensory 
root swells and forms the Gasserian ganglion. The 
Gasserian ganglion occupies the Meckel cavity, 
which is a dura mater pouch containing cerebro-
spinal fluid. From the anterior edge of the ganglion 
the three branches of the trigeminal nerve emerge: 
the ophthalmic, the maxillary and the mandibular 
nerve. The ophthalmic nerve (V1) contains only 
sensory fibers and exits the skull, entering the orbit 
through the superior orbital fissure. The maxillary 
nerve (V2) also contains only sensory fibers and 
exits the skull through the foramen rotundum. The 
mandibular nerve (V3) contains the sensory and 
all the motor fibers of the trigeminal nerve and ex-
its the skull through the foramen ovale (4, 5). 

The trigeminal nerve and its branches are rela-
tively large, compared to the other cranial nerves, 
and due to its length and its course towards the 
face, it is adjacent to various anatomical areas. The 
most important adjacent anatomical areas are: the 
superior cerebellar artery (SCA), the posterior ver-
tebral arteries, the facial nerve, the cranial nerve 
foramina, the teeth, the masticatory muscles, and 
the brain stem. Anatomical variations, neoplasms 
or inflammatory processes in these anatomical ar-
eas may cause neuralgia (6, 7).

The trigeminal nerve’s functions transmit infor-
mation regarding the sensation of pain, touch, and 
pressure from the facial skin and mucous mem-
branes. It also serves the movements of the mas-

ticatory muscles, the tensor tympani muscle, the 
tensor veli palatini, the mylohyoid muscle and the 
anterior belly of the digastric muscle. Moreover, 
it contains postganglionic parasympathetic fibers 
derived from four ganglions (otic, pterygopalatine, 
submandibular and ciliary). Finally, the corneal 
reflex is mediated by the nasociliary branch of the 
ophthalmic nerve (V1), only sensing the stimulus 
on the cornea (8) 

Trigeminal Neuralgia Syndrome

The causes of trigeminal neuralgia syndrome are 
divided into two categories: primary (idiopathic 
neuralgia) and secondary (9). Secondary causes 
include all the causes that may compress the tri-
geminal nerve or induce its activation, some of 
which are epidermal cysts, neoplasms, aneurysms 
and post-herpetic infection, that lead to neural-
gia (9, 10). It is important to mention that there 
is probably a familial form of the disease in 2% 
of people with the disease, in which a structural 
change in the base of the skull occurs (11).

The mechanism behind the pathogenesis of tri-
geminal neuralgia is unknown. The main theories 
refer to the demyelination of the nerve (12), ectopic 
impulses due to changes in the Ca2+ channels, cen-
tral pain mechanisms, and bioresonance (13, 14, 15)

According to the Headache Classification 
Committee of the International Headache Society 
(ICHD-3) (16), trigeminal neuralgia syndrome is 
classified into 2 categories (classical neuralgia and 
painful neuropathy). There are specific diagnos-
tic criteria from the same society (Table 1). The 

Table 1. Diagnostic Criteria According to ICHD-3 

1. 3 seizures of unilateral pain + B, C criteria

2. Distribution of pain in the course of the branches of the trigeminal nerve, without radiation in another area

3. ≥3 criteria from: 
1. Recurrent paroxysmal pain lasting from 1 second to 2 minutes.
2. Very high pain intensity
3. Characteristics of pain compatible with those of the syndrome (abrupt, paroxysmal, like getting hit by lightning, like getting 

stabbed, etc.)
4. Release of pain after analgesic, innocent activity

4. No clinically obvious neurological deficit

5. Not compatible with other ICHD-3 criteria
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characteristic of trigeminal neuralgia syndrome is 
acute, debilitating, sudden and unilateral pain in 
the face, where the three branches of the nerve pass 
(17, 18). The pain may also involve more branches 
and may be bilateral in 3% of cases (18, 19). There 
is no specific activity that triggers the pain, and 
the episodes can last for weeks to months, but the 
seizures last for seconds to two minutes, reaching 
rapidly their peak, and seizures are sometimes ac-
companied by muscle spasms (19).

 The diagnosis of trigeminal neuralgia syn-
drome is based on clinical examination (20) and 
imaging tests - Computed Tomography (CT), 
Magnetic Resonance Imaging (MRI), Magnetic 
Resonance Angiography, and High resolution 
Brain Magnetic Resonance Imaging) (21). The 
differential diagnosis of the trigeminal neuralgia 
must be between four diseases: SUNCT syndrome 
(Short-lasting Unilateral Neuralgiform headache 
attacks with Conjunctival injection and Tearing), 
cluster headache, jabs and jolts syndrome, and 
classic migraine. The treatment of trigeminal neu-
ralgia is mainly pharmaceutical, but in its drug-re-
sistant forms the alternative of surgical treatment 
might be effective (17, 22) (Table 2).

Methods

The protocol of this review has been submitted to 
the Institutional Review Board of Department of 
Anatomy, National and Kapodistrian University 
of Athens, Greece, and is available upon request. 
Eligible articles were identified by search of the 

Medline Embase, Pubmed, Cinahl and Google 
Scholar bibliographical databases for the period 
from July 2020 to April 2021, due to their detailed 
articles solely in the field of medicine, and their ac-
cessibility, while others such as Scopus, Cochrane, 
etc were not preferred because they lack this. The 
study protocol was agreed by all co-authors. The 
search strategy included the following keywords: 
trigeminal neuralgia anatomy, causes of trigemi-
nal neuralgia, trigeminal neuralgia surgery and 
trigeminal nerve anatomical variations.

Study Selection Criteria

Language restrictions were applied (only articles 
in English, French and German were considered 
eligible); two investigators (MA and AP), working 
independently, searched the literature and extract-
ed data from each eligible study. The criteria of this 
study selection were: Recent year of publication 
(2011 until now) and/or of previous years, if the 
study has plentiful cadaveral material; Abundant 
references and rich bibliography, and Greek, Eng-
lish, French and German language. Articles that 
did not state the names of the authors and case re-
ports were excluded. In addition, we checked all 
the references of the relevant reviews and eligible 
articles that our search retrieved, so as to identify 
potentially eligible conference abstracts. Titles of 
interest were further reviewed by abstract.

Study Selection

The search strategy retrieved 348 articles, 43 of 
which were considered eligible. 15 of these are pre-
sented in the results of this study and 28 of them 
were selected as supplements in this literature re-
view. The other articles were excluded (applying 
exclusion criteria).

Results

In general, most publications on the relationship 
between anatomical variations and the occurrence 
of trigeminal neuralgia focus on the vascular area, 
and mainly on the superior cerebral artery. There 

Table 2. Therapeutic Options in Trigeminal Neuralgia 
Syndrome 

Medication GRADE 1A: Carbamazepine
GRADE 1B: Oxycarbazepine
GRADE 2C: Baclofen, Lamotrigine
Additional drugs: Opioids, 
Antidepressants, etc.

Surgical treatment 1. Surgical microvascular decompression
2. Treatment with γ-knife
3. Transdermal microcompression with 

balloon
4. Transdermal rhizolysis with glycerol
5. Percutaneous radiofrequency 

neurolysis of the Gasserian ganglion 
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is a limited number of articles available on other 
anatomical areas and structures, with varying re-
sults. These anatomical areas are the foramen ova-
le, the Meckel’s cave, the pterygospinous process 
etc. Occasionally the results of the studies were 
used for a more precise therapeutic option and in 
others, cadaverals were studied to extract data on 
the pathogenesis of trigeminal neuralgia. 

Bowsher et al., 1997 (23) stated that there are 
insufficient data to show the relationship between 
anatomical variants of the trigeminal nerve and 
the occurrence of neuralgia. Krmpotić-Nemanić 
et al., 1999 (24) presented the results of a study 
of 100 skulls with anatomical variations in the 
pterygospinous process. It is suggested that these 
variations may be the cause of neuralgia. In re-
search conducted by the University of Nepal Ray 
et al., 2005 (25) 35 cadaveric skulls were studied. 
Changes in the shape and size of the foramen ovale 
were found to compress the trigeminal nerve, and 
cause pain in the facial area.  Buch et al., 2012 (26) 
reported anatomical variations of the  inferior al-
veolar nerve – a branch of the mandibular nerve - 
in cadavers from India, which may lead to pain in 
the mandibular region (including the syndrome of 
trigeminal neuralgia).

In addition, Munyiri Nderitu et al., 2016 (27) 
presented how a deep understanding of the precise 
anatomy of the infraorbital nerve is crucial to avoid 
iatrogenic injury of the nerve. Forty-two nerves in 
cadavers were fully examined and described. The 
appearance and course of the nerve varied, most 
importantly with the complete absence of the nasal 
branch in 34.53% of cases, and also the existence 
of other branches. This parameter is of paramount 
importance, because resistance to therapy in tri-
geminal neuralgia syndrome may be attributed to 
infraorbital nerve variations.

Further, a prospective study by Ding et al., 2016 
(28) recruited 108 patients with trigeminal neural-
gia. The patients were divided into two groups. This 
paper dealt with Percutaneous Radiofrequency 
Thermocoagulation (RFT) of the Gasserian gan-
glion, which is an effective treatment for primary 
trigeminal neuralgia. The issues that the scientists 
wanted to resolve were the high recurrence rate 

and technical difficulties in certain patients with 
foramen ovale (FO) anatomical variations. In the 
first group, the Hartel anterior approach was used 
to puncture the FO. In the second group, a per-
cutaneous puncture through a mandibular angle 
was used to reach the FO. In both groups, proce-
dures were guided by CT imaging and neuronavi-
gation. The success rates, therapeutic effects, com-
plications, and recurrence rates of the two groups 
were compared. CT and neuronavigation-guided 
puncture from a mandibular angle through the 
foramen ovale into the Gasserian ganglion can be 
safely and effectively used to deliver radiofrequen-
cy thermocoagulation for treatment of neuralgia. 
This method may represent a viable option to treat 
this syndrome, in addition to the Hartel approach.

Following these, the study by Zdilla et al., 2016 
(29) depicted the results of 139 dry human crania. 
A total of 223 pairs of foramen ovale and trigemi-
nal nerve variations were assessed in relation to 
compression. The crania were photographed, and 
the photographs were examined and measured us-
ing ImageJ software. The foramen ovale is a cru-
cial anatomical area, because its anatomical varia-
tions may cause trigeminal neuralgia, and surgical 
therapy is mandated. The average angles from the 
anteromedial-most aspect of the foramen ovale 
to the anteromedial- and posterolateral-most as-
pects of the trigeminal impression were 65o ± 10.2o 
and 95o ± 8.5o. From the posterolateral aspect of 
the foramen ovale, the angles at the anteromedial 
and posterolateral-most aspects of the trigeminal 
impression were 69o ± 10.3o and 32o ± 11.2o, re-
spectively. The average angles from the centroid of 
the foramen ovale to the anteromedial- and pos-
terolateral-most aspects of the trigeminal impres-
sion were 47o ± 11.2o and 83o ± 9.4o, respectively. 
Paired t tests did not reveal any significant differ-
ences in any angles measured between sides. 

In addition, Brinzeu et al., 2018 (30) examined 
42 patients with trigeminal neuralgia. Imaging ex-
aminations showed that there was a variation of 
the Meckel cavity with an angle of 86o (by nature 
98o, P=0.004) and compression of the branches V2 
and V3. Medélez-Borbonio et al., 2018 (31) pub-
lished a retrospective study of 53 patients with tri-
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geminal neuralgia. They bilaterally measured the 
cisternal segment of the trigeminal nerve, the tri-
geminal-pontine angle and the lateral width of the 
pontine cistern on the Fiesta MRI sequence. These 
measurements were very important for the surgi-
cal procedure that followed, and an understanding 
of the etiology of the syndrome. The right trigemi-
nal nerve was affected in 36 patients (67.9%), and 
the left in 17 (32.1%) patients. The average length 
of the trigeminal nerve was 9.8mm (range: 4.6–
16.8mm) on the affected side, and 10.5mm (range: 
5.6–18.4mm) on the unaffected side (P=0.02). The 
average trigeminal-pontine angle was 12.5° (range: 
5.4° to 19.5°) on the affected side, and 10.2° (range: 
5.0° to 30.5°) on the unaffected side (P=0.01). 

Tsutsumi et al., 2018 (32) studied the anatomy 
of the trigeminal root. Considerable inter- and 
intra-individual variability was exhibited that may 
influence the symptoms of trigeminal neurovas-
cular compression. Thin-sliced, axial T2-weighted 
imaging, and coronal constructive interference in 
steady-state (CISS) sequence were performed for 
a total of 167 patients. On axial T2-weighted im-
aging, 3 divisions of the main trigeminal sensory 
root were unequivocally delineated in 36% of the 
95 patients. 63% of Meckel’s caves were bilaterally 
adjacent to the petrous portion of the internal ca-
rotid artery. On CISS sequence, the course of the 
main trigeminal sensory root was well delineated 
in all of the 72 patients. The accessory sensory and 
motor rootlets were identified in 38% and 56% 
of 144 sides, respectively. Levels of the main tri-
geminal roots at the original site and entrance into 
Meckel’s cave, as well the morphology of the origi-
nal segment of the main trigeminal sensory root 
were variable. Furthermore, in 24% of sides, three 
divisions of the main trigeminal sensory root were 
clearly delineated, arranged in variable manners. 
In 20% of sides, segments of the superior cerebel-
lar artery had contact with the main trigeminal 
sensory root and motor rootlets.

The next article, by Dupont et al., 2019 (33), 
dealt with the simultaneous existence of the ossifi-
cation of the roof of the porus trigeminus with an 
ipsilateral duplicated abducens nerve behind the 
entrance to the Dorello’s canal. This anatomical 

variant raises the suspicion of a cause-and-effect 
relationship for trigeminal neuralgia. Additionally, 
the publication of Elnashar et al., 2019 (34) refers 
to percutaneous stereotactic radiofrequency rhi-
zotomy, which is necessary before presenting the 
precise anatomy of the foramen ovale. The third 
branch of the trigeminal nerve passes through the 
foramen ovale, and variability in its shape and size 
can cause nerve compression, resulting in neural-
gia. The researchers analyzed 174 skull bases, and 
found an area loss of an average of 18.5% ± 5.7%.

Another publication from Clearly et al., 2019 
(35) presented three patients with drug-resistant 
trigeminal neuralgia. Magnetic Resonance Imag-
ing was performed showing the absence or hypo-
plasia of Meckel’s cave as the cause of the neuralgia. 
The γ-knife treatment was successfully selected.

Hardaway et al., 2019 (36) performed a case 
control study. Brain MRIs of 232 patients were 
compared with measurements obtained in 100 
age-matched and sex-matched healthy controls 
(control group). The odd ratio (OR) of females not 
having NVC compared to males was 2.7 (95% CI 
1.3–5.5, P=0.017). In terms of age, patients young-
er than 30 years were much less likely to have neu-
rovascular compression (NVC) compared to older 
patients (OR 4.9, 95% CI 1.3–18.4, P=0.017). The 
posterior fossa volume was significantly smaller in 
TN patients without NVC compared to those with 
NVC. Posterior fossa volume in males was larger 
than posterior fossa volume in females.

Finally, a retrospective analysis published in 
2019 by Grigoryan et al., (37) studied 51 patients 
with trigeminal neuralgia and Cerebellopontine 
angle (CPA) tumors: 29 meningiomas of the pe-
trous apex, 11 epidermoids, 9 vestibular schwan-
nomas, 1 hemangioma, and 1 cavernoma. After 
the removal of the tumour and microvascular de-
compression, all patients were relieved from the 
pain syndrome.

Discussion

In this paper, we focused on the relationship be-
tween the onset of trigeminal neuralgia and ana-
tomical variations of the fifth cranial nerve. We be-
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lieve that precise knowledge about the variations 
of the trigeminal nerve is “the key” to developing 
new and revolutionary therapeutic options, which 
will relieve a large number of patients with neural-
gia around the world. The first paper we perused, 
Bowsher et al., 1997, states that there are insuffi-
cient studies to denote a relationship between the 
occurrence of trigeminal neuralgia and anatomical 
variants of this nerve. From 1997 until the present 
day, the massive development of technology in the 
field of imaging techniques (especially MRI) (38) 
has provided enormous possibilities for brain im-
aging, with the result that subsequent researchers 
have better data to study. When searching the term 
“trigeminal neuralgia”, it seems that the publication 
of papers on this subject has increased rapidly. For 
instance, in Pubmed the number of publications 
in 1997 about the term “trigeminal neuralgia” was 
146, while in 2020 this number increased to 428.

Regarding papers on cadaveric material, they 
showed that there are significant variations in the 
anatomy of the areas adjacent to the trigeminal 
nerve during its course. These variations mainly 
concern its shape, but in many cases there is even 
an absence of the anatomical area itself. The ana-
tomical area that has been studied most frequently 
is the foramen ovale, which has been described to 
have a variety of shapes such as: “banana-like”, “tri-
angular”, “oval”, “truly oval”, “elongated oval”, “elon-
gated”, “semicircular”, “almond”, “round”, “round-
ed”, “slit”, “irregular”, “D- shape” and “pear shaped”. 
It is essential to describe the anatomical variants of 
the anatomical structures through which the nerve 
passes. Most of the skulls belonged to adults, while 
references to skulls of persons <18 years of age are 
minimal. It is very likely that these anatomical va-
rieties of the shape of the foramen ovale in adults 
exert pressure on the nerve, resulting in neuralgia. 

In terms of patient data, many cases of trigemi-
nal neuralgia syndrome were initially diagnosed as 
“idiopathic” and the patient did not receive proper 
treatment from the beginning. Τhe average time 
from misdiagnosis to receiving proper treatment 
was about two years. Τhe majority of patients were 
> 18 years old and female.  Patients continued to 
suffer from the syndrome, and only when more 

specialized imaging tests were performed (MRI, 
MRA) did the neuralgia resolve with surgery. The 
most common surgical treatment performed on 
these individuals was microvascular decompres-
sion, which has given spectacular results. This is 
the reason why it is of paramount importance to 
perform the appropriate imaging examinations 
early because the diagnostic criteria of trigeminal 
neuralgia (ICHD-3) (15) do not exclude second-
ary causes, or the possibility of any anatomical 
variations of the nerve. According to the Europe-
an Academy of Neurology, an imaging technique 
must be performed in order to provide a personal-
ized therapeutic option (39).

As mentioned above, MRI may indicate pos-
sible anatomical variations of the trigeminal 
nerve. In the papers we analyzed, it seems that 
the anatomical areas through which the trigemi-
nal nerve passes, but also the nerve itself, showed 
anatomical variations in many cases, with a sta-
tistically significant difference in most studies. In 
fact, Hardaway et al., 2019 (35) examined the ana-
tomical variants of the nerve and the neighboring 
areas, in relation to age and sex, which produced 
very interesting results. Women are more likely to 
develop neuralgia at a younger age compared to 
men. Men with neuralgia are more likely to have 
neurovascular compression and to be cured with 
surgical treatment. Moreover, young patients are 
much less likely to have neurovascular compres-
sion, compared to older patients. Furthermore, the 
posterior fossa in males is larger than the posterior 
fossa in females. Thus, men and older patients are 
more likely to be treated with surgical microvascu-
lar decompression. 

There are also many studies presenting inter-
esting case reports of trigeminal neuralgia. First of 
all, Zimering et al., 2017 (40) depicted a case of 
trigeminal neuralgia. A 52-year-old man came for 
a preoperative MRI, which showed lesions close to 
Meckel’s cave. He was considered a coroner and a 
biopsy was sent for histological examination, in 
which no mitoses were seen, but normal brain tis-
sue. This is the only case with ectopic tissue that 
caused nerve compression and the corresponding 
symptoms.   Sundararajan et al., 2018 (41) present-
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ed a case report of a male patient with classic tri-
geminal neuralgia in the V3 branch (mandibular 
nerve). On MRI, followed by a diagnostic protocol, 
there were no anatomical variations of the brain 
vessels, but hypoplasia of Meckel’s cave. In addi-
tion, no examination showed any disease that may 
be related to neuralgia syndrome. The treatment 
was surgical.  In Peris-Celda et al., 2019 (42), pre-
operative MRI was performed on a female patient 
with trigeminal neuralgia syndrome of branches 
V2 and V3. An enlarged Meckel’s cave and a loop 
of the cerebral artery were found. The next study 
by Hirata et al., 2019 (43) presented the case of 
a 46-year-old man with trigeminal neuralgia, in 
whom computed tomography was performed 
which showed bone hyperplasia in the area of   the 
left cerebellopontine cistern, resulting in compres-
sion of the left trigeminal nerve. The patient un-
derwent surgery (microvascular decompression) 
and the neuralgia disappeared completely. 

Finally, it is very important to be very careful in 
cases of new emerging neuralgia and to avoid the 
term “idiopathic” until proven otherwise by vali-
dating the newer and more appropriate tests and 
diagnostic criteria.

Conclusion

The occurrence of trigeminal neuralgia correlates 
with anatomical variations of the trigeminal nerve 
and the adjacent anatomical areas and structures, 
mainly through compression. The enormous de-
velopment of technology in the field of medicine, 
especially in terms of imaging and surgical tech-
niques, has changed the therapeutic options for 
trigeminal neuralgia. However, more research is 
necessary to address this issue in order to discover 
innovative and more effective treatment modali-
ties to ameliorate the severity of this disease. 
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