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Abstract: According to published descriptions, one of the most incapacitating forms of orofacial pain is 
trigeminal neuralgia (TN). At its core, trigeminal neuropathic pain (TN) is still a clinical diagnostic that has to 
be differentiated from other forms of TN and face pain linked to other neuralgias or headache disorders. 
Imaging can only help with the cause of the pain, whether it’s a vascular origin or not. It is becoming more and 
more evident that there is no one-size-fits-all medication or surgical procedure that can effectively treat every 
patient with trigeminal neuralgia (TN). This is probably because TN is a diverse collection of conditions that 
all present with face discomfort. Medical therapy using anticonvulsants like carbamazepine is still the first-line 
treatment for TN. If this doesn't work for the patient, surgical treatments are available. Microvascular 
decompression is often a safe, efficient operation with results that are both rapid and long-lasting. Patients who 
may benefit from percutaneous techniques such as radiofrequency ablation, glycerol ablation, balloon 
compression, or a combination, include those who cannot undergo general anesthesia or whose medical 
conditions prohibit a suboccipital craniectomy. Radiosurgery may be a great option for patients with bleeding 
diathesis brought on by blood-thinning medications who are not eligible for invasive procedures or who do 
not want to undergo open surgical procedures, as long as the patient is aware that achieving maximum pain 
relief may take several months. In conclusion, peripheral neurectomies persist in offering a low-cost and 
resource-saving substitute for pain management to those residing in areas with restricted financial and 
healthcare resources. In the end, developing a better understanding of the molecular processes behind 
trigeminal neuralgia will lead to new, less intrusive, and more effective treatments. 

Keywords: trigeminal neuralgia; treatment of TN; neurosurgery; radiosurgery; facial pain 
 

1. Introduction 

Trigeminal neuralgia, previously known as tic douloureux, is a chronic neuropathic pain 
syndrome, characterized by recurrent episodes of electric-shock-like pain in the trigeminal 
distribution. The episodes occur abruptly and usually without a trigger. Although in most cases the 
pain is unilateral, there have been reports of cases of bilateral trigeminal neuralgia (particularly in 
patients with multiple sclerosis). Some patients also experience autonomic symptoms with facial 
pain, such as conjunctival tearing [1,2].TN most commonly occurs sporadically without apparent risk 
factors. However, recently, some cases of familial TN have been seen, which raises concerns about 
the possible role of genetic and molecular basis in the pathogenesis of the condition [3,4,5].  

It severely impairs the quality of life as it interferes with daily life activities like eating, talking, 
drinking, and touching the face [6]. There have been reports of increased rates of depression and 
anxiety in patients suffering from the condition, which signifies the importance of timely diagnosis 
and appropriate treatment [7,8]. Trigeminal neuralgia is more common in women than in men (F:M 
ratio 3:2) [9]. In most cases, the orofacial pain in TN is precipitated by innocuous stimuli like touching 
the face, talking, and brushing the teeth, however, a study has shown some unusual stimuli as well, 
i.e. turning the eyes, exposure to hot/cold food/water, flexing the trunk [10,11]. In most cases, the pain 
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is in the maxillary and mandibular divisions of the trigeminal nerve, with only a few cases involving 
the ophthalmic branch [12].  

1.1. Etiology: 

TN is believed to occur due to vascular compression of the trigeminal nerve root in the area 
where it enters the brainstem, at the prepontine cistern within the Meckel’s cave [6]. This area is 
thought to be more vulnerable to damage by the compression since this is the transition zone between 
the peripherally myelinated nerve root (by Schwann cells) and the centrally myelinated nerve (by 
oligodendrocytes), i.e., the junction of the peripheral trigeminal nerve and root [8]. The demyelination 
could in most cases be due to a physical external compression by an artery or a vein (most common), 
or due to any space-occupying lesion like a vestibular schwannoma, meningioma, an aneurysm, or a 
cyst [9]. 

1.2. Classification: 

In the most recent classification, published in 2018, by the ICHD-3, trigeminal neuralgia is 
classified into three types based on anatomical and electrophysiological findings, i.e., classical, 
secondary, and idiopathic. Classical TN is diagnosed when there is true neurovascular compression 
of the trigeminal nerve root causing morphological changes in it, seen on an MRI or during surgery 
[10]. Secondary TN is when TN is caused by an underlying neurovascular disease (except 
neurovascular compression) that is known to cause TN e.g., space-occupying lesions including 
cerebellopontine angle, AV malformation or fistula, skull-base bone deformity, connective tissue 
disease, and genetic causes of neuropathy [11]. Idiopathic TN, as the name suggests, is TN with no 
apparent cause (defined by ACHD-3 as symptomatic TN with neither MRI nor electrophysiological 
tests revealing significant abnormalities, suggesting TN without visible etiologies that are not fully 
understood yet). The idiopathic and classic types of TN are also subdivided based on the frequency 
of pain episodes [12]. There are two types: TN with pure paroxysmal pain and TN with concomitant 
continuous pain. The classification is aimed to help physicians delineate the underlying cause of the 
pain, and thereby, devise an appropriate treatment plan based on the cause [7].  

2. Pathophysiology, Molecular Process: 

TN is believed to occur due to vascular compression of the trigeminal nerve root in the area 
where it enters the brainstem, at the prepontine cistern within the Meckel’s cave [13]. This area is 
thought to be more vulnerable to damage by the compression since this is the transition zone between 
the peripherally myelinated nerve root (by Schwann cells) and the centrally myelinated nerve (by 
oligodendrocytes), i.e., the junction of the peripheral trigeminal nerve and root [14,15]. The 
demyelination could in most cases be due to a physical external compression by an artery or a vein 
(most common) or any space-occupying lesion like a vestibular schwannoma, meningioma, or an 
aneurysm, or a cyst [16,17,18]. The compression is thought to cause ischemic damage to the nerve 
root, which leads to demyelination. Therefore, it has long been thought that demyelination of the 
afferent trigeminal nerve root is the primary trigger of the pathogenesis and pathophysiology of TN 
[19]. However, the exact mechanism by which it clinically manifests is still not well understood. The 
demyelination causes a decrease in the excitatory threshold of the fast myelinated fibers, such that 
tactile signals can linger into the nearby slow nociceptive fibers, generating the pain paroxysms of 
TN [20,21,22].  

 
Recently it has been seen that patients with TN have several molecular changes, 

channelopathies, and electrophysiological abnormalities in the trigeminal nerve [23]. Specifically, 
sodium channelopathies are hypothesized to have a significant role in the pathophysiological 
mechanisms of TN, since sodium channel blockers are effective in treating the condition [24]. This 
has been particularly backed by the study which showed abnormal expression of the voltage-gated 
sodium channels Nav1.7, NaV1.3, and Nav1.8 in patients with TN [5]. These channels are thought to 
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be responsible for the occurrence and maintenance of the action potential. The abnormal constant 
pain that occurs in TN is shown to occur due to over-excitation of central sensory transmission since 
studies revealed abnormal nociceptive blink reflex and pain-related evoked potentials due to 
impairment of trigeminal nociception [6]. 

Studies have shown that the trigeminal nerve compression causes several structural changes to 
occur in the nerve root [25]. There are significant changes in the expression of voltage-gated channels 
that are caused by the downstream effects of nerve compression and subsequent ischemic damage. 
Among the various structural changes, some of the most significant are: 

Changes in the expression of voltage-gated sodium (Nav) channels 
Dysregulation of voltage-gated potassium channels 
Downregulation of myelin-associated glycoprotein in Schwann cells 
Among the sodium channel dysregulation, the most prominent ones are the upregulation of 

Nav1.1 and Nav1.3, and downregulation of Nav1.7. Nav1.3 is normally suppressed in adults, 
however, studies on TN patients have shown a considerable overexpression of the channel in the 
affected nerve [26]. Also, several neuropathic pain conditions are demonstrated to be linked with the 
overexpression of Nav1.3 [26, 27, 28]. In contrast, Nav1.7, which normally has a fast inactivation and 
slow recovery, is a channel that is resistant in its response to repetitive action potentials. It responds 
to graded potentials while it is in its prolonged close-gated inactivated state [27,29]. This makes it a 
threshold channel. The combined effect of these channelopathies causes an overall effect of increased 
neuronal excitability tendency [29]. This effect is amplified by the dysregulation of the resting 
membrane potentials due to impairment of the voltage-gated potassium channels, which leads to 
ectopic generation of action potentials due to hyper-excitability in the trigeminal neurons [30]. 
Additionally, there are prolonged after discharges in the demyelinated nerves which further 
increases the response to the trigeminal afferent inputs caused by normally innocuous stimuli. In 
addition, there is axonal sprouting that occurs due to the downregulation of myelin-associated 
glycoproteins, which are normally expressed by Schwann cells to inhibit axonal growth [31,32]. The 
axonal sprouting potentiates cross-talking between the hyper-excitable demyelinated nerves. This 
collective response caused by the decreased triggering threshold for activation of sensory nerve fibers 
of the trigeminal nerve is termed as “ignition hypothesis” by Devor et al. [33]. 

The amount of axonal loss is also in some way connected to the pain paroxysms in TN. A study 
backs this hypothesis. In the study, trigeminal nerves in patients with TN were analyzed using 3D 
MR imaging. The results were unique in that they showed that patients with TN with concomitant 
continuous pain had more severely atrophied trigeminal nerve roots than those with purely 
paroxysmal TN [34]. 

The histological studies of the affected trigeminal nerve root in patients with TN have provided 
a valuable insight for a better understanding of the disease's origins. The compression of the nerve 
induces inflammation in the nerve which leads to significant focal disintegration of the myelin sheath 
at the site of indentation [35]. This structural degradation initiates a cascade of demyelination and 
demyelination in the affected nerve root, similar to the pattern seen in cases of chronic nerve 
compression in animal models [36]. Additionally, a study has observed Schmidt-Lanterman incisures 
in trigeminal nerve root biopsies from TN patients, indicating a pathological increase in the metabolic 
demand for the growth and maintenance of the myelin sheath. This is the same phenomenon as 
observed in cases of chronic nerve compression [37]. The pathophysiology summary has been 
depicted in figure 1. 
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Figure 1. Pathophysiology of Trigeminal Neuralgia. 

Interestingly, the symptomatology of trigeminal neuralgia—classical, idiopathic, and secondary 
trigeminal neuralgia—is nearly identical in all cases. There is accumulating evidence of neurological 
disease at the root entrance zone as a result of a tumor or blood vessel compressing it [38]. This zone 
is where the myelination of central oligodendroglia myelinates from peripheral Schwann cells,35 
which is why it is assumed that the entrance zone is more vulnerable to pressure [39]. Biopsy 
specimens taken from the compressed area during the procedure provide evidence for this theory, 
demonstrating demyelina-tion, dysmyelination, and remyelination as well as the direct apposition of 
demyelinated axons [40]. 

Demyelinated afferents are known to become hyperexcitable and able to produce ectopic 
impulses that appear as pain that happens on their own [41]. Touch-evoked pain may be explained 
by haptic connections between demyelinated Aβ and Aδ fibers. According to one theory, touch-
evoked sustained discharges from trigeminal ganglion cell somata that propagate from one cell to 
another are the cause of severe, almost explosive pain [42]. Neurophysiological investigations 
utilizing scalp far-field evoked potentials and QST are further evidence for the causal involvement of 
neurovascular compression at the root entry zone [43]. Both of these parameters begin to normalize 
following microvascular decompression [43]. 

Proposed causes for idiopathic trigeminal neuralgia include non-specific, non-multiple-sclerosis 
lesions in the brainstem, neural inflammation, and mutations causing a gain of function in neuronal 
voltage-gated ion channels. Concomitant continuous pain may be explained by ectopic impulse 
production, while other researchers have proposed that decreased descending inhibitory 
mechanisms or centrally mediated stimulation of nociceptive processing may also play a role. 
individuals with just paroxysmal pain and patients with concurrent chronic pain had decreased 
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conditioned pain modulation, increased nociceptive blink reflexes, and brainstem-evoked potentials 
[44]. Ultimately, a blinded QST research was unable to discern differences between the two groups. 

Given current understanding, a sizable fraction of these individuals also experienced 
compression injuries to the trigeminal root [45]. This was not recorded, most likely because trigeminal 
ganglionectomy does not remove the proximal portion of the root, where compression typically 
occurs [45]. We were unable to obtain TRG tissue from our patients for the same reason. If we had 
looked at our patients' TRGs, we most likely would have seen pathological alterations as well. 
Although the opposite is not true, root compression itself most likely results in retrograde alterations 
in the TRG [46]. The reported histological image of focal root disease limited to a zone directly next 
to a compressed blood artery would not have occurred in patients with original injury in the TRG. 
Instead, they would have displayed either anterograde (Wallerian) degeneration with axonal loss (if 
TRG somata or axons had been destroyed) or undamaged roots (if the TRG disease was largely 
demyelinating) [46]. 

These factors point to two possible causes of pain in TN patients who do not have a large amount 
of microvascular root compression [47]. First, even a small amount of root disease may cause severe 
discomfort in certain individuals who are prone to it. Second, and more commonly, TN patients with 
a primary problem in or close to the TRG may be those without root pathology [47]. MVD is the 
recommended treatment for people with a main root compression lesion, while there are other 
effective treatments as well. Partial rhizotomy is a sensible first choice for TN patients whose main 
lesion is located in the TRG [48]. The igniting theory states that both groups experience pain through 
the same process. Both the ganglion's axons and neuronal somata as well as the axons of the 
trigeminal root show the particular afferent pathophysiology that causes ignition [48]. The 
pathophysiology of multiple sclerosis and trigeminal neuralgia resulting from lesions that occupy 
space, such as tumors, aneurysms, or arteriovenous malformations, is likely similar to that of normal 
TN [48]. 

3. Diagnosis 

Diagnostic criteria: 
The International Classification of Headache Disorders edition 3 (ICHD-3) criteria for diagnosis 

of TN include [49]:  
A. Recurrent paroxysms of unilateral facial pain in the distribution(s) of one or more divisions of 

the trigeminal nerve, with no radiation beyond, and fulfilling criteria B and C. 
B. Pain has all of the following characteristics: 
1. Lasting from a fraction of a second to 2 min. 
2. Severe intensity. 
3. Electric shock-like shooting, stabbing, or sharp in quality. 
C. Precipitated by innocuous stimuli within the affected trigeminal distribution. 
D. Not better accounted for by another ICHD-3 diagnosis. 

Since TN is mostly a clinical diagnosis, a diagnosis can be reached without the need for 
neuroimaging or laboratory testing. Patients who do not require more workup can be treated if they 
have a typical history and a normal neurologic examination other than discomfort [50, 51]. To rule 
out other potential causes of TN, such as inflammatory or mass lesions, all patients with TN often get 
elective imaging as part of their contemporary workup [52]. Magnetic resonance imaging (MRI) using 
high-resolution sequences at the skull base is often the modality of choice since computer 
tomography (CT) has limitations when examining the brain parenchyma, skull base nerves, and CSF 
cisterns [53,54]. According to a study by the Quality Standards Subcommittee of the European 
Federation of Neurological Societies and the American Academy of Neurology, up to 15% of TN 
patients have regular head imaging that detects nonvascular, structural causes of TN [54]. 

4. Pharmacological Treatment 

Anticonvulsant medicine is used in medical care as a first-line therapy for TN. Patients may 
choose open surgery, radiation, transcutaneous, or percutaneous treatment if medication care is not 
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successful for them because of ongoing discomfort or intolerable side effects [55]. Patients with type 
1 TN often respond well to open surgical, radiosurgical, and percutaneous TN therapy [56]. 
Compared to individuals with type 1 TN, those with type 2 TN are more likely to experience pain 
recurrence and a shorter pain-free time. To relieve pain, patients with secondary TN (such as tumors) 
should get therapy for the underlying disease (such as decompression and tumor removal) [57,58]. 
For symptomatic relief, medication therapy of secondary TN may be recommended for individuals 
who are not surgical candidates [58]. Table 1 shows the different pharmacologic treatments used for 
trigeminal neuralgia. 

Table 1. Pharmacologic Treatments For Trigeminal Neuralgia. 

Drug Dose Monitoring 

Carbamazepine 
50 mg twice daily (for people 
over 65), 100 milligrams twice 

daily (for younger people) 

Track baseline LFTs, CBC, and 
salt levels. 

Oxcarbazepine 
150 mg twice daily (beginning) 

Twice daily, 300–600 mg 
Monitor sodium, HLA-B*1502 

variant screening 

Levetiracetam 
3000–5000 mg per day, BID or 

TID 
NA 

Gabapentin 300–1200 mg TID NA 

Valproate 500–1500mg per day 
Total and free valproate level, 

LFTs, CBC, ammonia 
Lamotrigine 100mg BID NA 

5. Neurosurgical Treatments and Outcomes 

5.1. Glycerol Injection 

Glycerol is a viscous, colorless, and odorless liquid. Glycerol is extremely hypertonic at 
concentrations more than 99%, and it can induce neurolysis by rupturing myelin or by entering the 
perineurium directly [59]. A minimally invasive technique called percutaneous stereotactic 
radiofrequency rhizotomy (PSR) can reduce pain brought on by cluster headaches, glossopharyngeal 
neuralgia, and trigeminal neuralgia [60]. A fluoroscopy-visualized needle is inserted into the 
trigeminal cisterna during percutaneous glycerol rhizolysis. Under a local anesthetic, this is done. A 
3.5" x 20 G spinal needle is usually placed in the skin next to the mouth and passed through the 
foramen ovale, a hole near the base of the skull [61]. A contrast dye can be injected into a sitting 
patient with their head flexed to measure the cisterna's size. Following the aspiration of the contrast 
dye, an equivalent amount of glycerol is administered [61]. According to Xu et al.'s account of their 
work with 3370 patients, 73% of them had pain reduction with a single injection. After four injections, 
the total success rate was 99.58%, rising with the number of injections [62]. Twenty-one percent of the 
2,750 follow-up patients experienced a return of pain within five years. Throughout the trial, the total 
incidence of pain recurrence was 33%; other large case series show an initial pain alleviation rate of 
70 to more than 90% [62].  

Nevertheless, 20–40% of individuals relapse in pain 20–60 months following the operation. 
Glycerin rhizotomy complications typically involve face dysesthesia, hypoalgesia, and hyperesthesia 
[63]. Meningitis, hematoma, nausea/vomiting, optic nerve damage, and trigeminal motor paralysis 
are among the other perioperative problems. Keratitis ulcers and other issues about the eyes may 
arise from hypoesthesia of the superior trigeminal division [64].  A retrospective analysis of 53 
operations at a single center over a 7-year period (2012-2018) when volume-maximized glycerol 
rhizolysis was used [65]. Analysis was done on the frequency, length of pain relief, and complications 
experienced over a median follow-up period of eight years and found that volume-maximized 
glycerol injection outcomes reported in the literature following conventional volume glycerol 
injections, the former is safer and more successful [66]. The length of pain freedom attained is greater 
than most research described in the literature, and the results of the hypoaesthesia are similar to those 
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of other investigations [67]. Results for pain independence are better for patients who have post-
procedure hypoaesthesia [67]. 

 

5.2. Balloon compression 

Using a 14-gauge hollow metallic introducer is part of the procedure. Under fluoroscopic 
guidance, the introducer is advanced to the foramen ovale. Through the metallic introducer, a 4-
French Fogarty balloon is inserted about 1 cm past the needle tip [68]. Under live fluoroscopy, 
contrast dye is introduced into the balloon, and compression is maintained for three to six minutes 
[69]. The balloon is inflated, and at the puncture site, the metallic introducer and the Fogarty balloon 
are extracted simultaneously with human pressure. In a rabbit model of balloon compression of the 
Gasserian ganglion, Brown et al. showed that tiny myelinated fibers were largely intact whereas big 
myelinated axons, which are implicated in the sensory trigger, were primarily destroyed [70]. 
According to a study by Skirving et al., 496 TN patients had 531 percutaneous balloon compressions 
of the trigeminal ganglion performed between 1980 and 1999 [71].126 All patients except one had 
timely pain relief following one of the 522 successful treatments. 19.2% of patients experienced a 
recurrence of pain within 5 years, and 31.9% did so during the research. According to some research, 
there can be an instant pain alleviation of 80% to over 90%, but there can also be a 15% to 50% chance 
of pain recurrence after two to five years [72]. The inflated balloon's form, the balloon's opening 
pressure the amount of contrast injected, and the compression duration are variables that have been 
demonstrated to impact balloon compression results [73]. In addition to face dysesthesias, cranial 
nerve palsies and abrupt variations in blood pressure and heart rate brought on by trigeminal cardiac 
reflexes are possible complications of balloon compression [74]. 

5.3. Ablation using Radiofrequency 

Réthi initially invented electrocoagulation in 1913 to target the trigeminal nerve rootlets [75]. 
Serious side effects from the technique's early use included enucleation-requiring corneal ulcers, 
numerous cranial nerve palsies, carotid damage, cardiac arrest, meningitis, and even death [76]. The 
process is now safer thanks to advancements in electrode design, placement techniques, and 
temperature monitoring. The needle location is confirmed using fluoroscopic guidance, as previously 
mentioned. After removing the needle obturator, the electrode is inserted [77]. Usually, electric 
stimulation occurs between 0.2 and 1 V (50 Hz for 0.2 ms). After that, the electrode is swapped out 
for a thermocouple, and lesions are created for 30 to 120 seconds at a maximum voltage of 0.5 V and 
75 cycles per second between 55 and 80°C. After that, the electrode and cannula are taken out [78]. 
Selective V2 or V3 targeting via the pterygopalatine fossa under ultrasonography guidance may be 
employed in some circumstances. Numerous extensive investigations have exhibited the 
effectiveness of radiofrequency ablation. According to Wu et al.'s results, out of 1860 patients, 79% 
had instant pain relief and 18% had lesser pain [79]. In the first year, 11.1% of patients experienced 
recurring pain; during the second year, 25% of patients experienced recurrent pain. The 25-year 
experience of Kanpolat et al. treating 1600 patients with 2138 radiofrequency ablation treatments was 
reported.168 Of the patients, 97.6% had acute pain alleviation [80]. Seven percent of the patients 
experienced an early pain recurrence within six months, while the other seventeen percent 
experienced a late pain recurrence [80]. At five years, 58% of patients who had a single surgery 
experienced complete pain alleviation; at ten and twenty years, this percentage dropped to 52% and 
41%, respectively [80]. In rare cases, meningitis, carotid-cavernous fistulas, anesthesia 
dolorosa/trigeminal deafferentation discomfort, and CSF leaks may occur [81, 82]. 

To examine the safety and efficacy of trigeminal percutaneous radiofrequency ablation in 
classical refractory trigeminal neuralgia, a Randomized control study was conducted [83]. The 
research comprised thirty consecutive individuals with classical trigeminal neuralgia who had not 
responded to medication therapy. Two groups—one for thermal radiofrequency and the other for 
sham treatment—were randomly allocated to the patients. The mean Numerical Rating Scale score 
dropped after a month, from 8.9 to 5.8 in the sham group and from 9.2 to 0.7 in the radiofrequency 
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group [83]. This noteworthy decrease was detectable from the first day following the treatment and 
persisted throughout the first month [83]. 

 

5.4. Transcutaneous Electrical Nerve Stimulation 

Wall Street announced the groundbreaking finding in 1967 that nerve stimulation reduced the 
experience of pain. However, there is limited evidence that transcutaneous electrical nerve 
stimulation (TENS) is an effective treatment for TN. Stimulating electrodes are positioned in the 
regions innervated by the second and third branches of the trigeminal nerve, which is where patients 
usually suffer pain, as part of TENS treatment for TN [84]. Yameen et al. especially examined the 
effects of several forms of TENS therapy for TN that were either non-responsive or just partially 
responding to medication [85]. Continuous mode It has been demonstrated that TENS therapy, in 
which stimulation is administered continuously throughout sessions, is more efficacious than burst 
therapy, in which stimulation is administered in pulses [86]. After a three-week follow-up, 26 of the 
31 TN patients were still responsive to TENS treatment [85]. There is no mention of long-term results. 
Singla et al.'s study, which had 30 TN patients receiving TENS for 20–40 days, provides support for 
these results [87]. After one month, the patient's total pain ratings decreased by 65%, and after three 
months, they decreased by 85% [87]. There are no long-term results available [87]. These results 
suggest that TENS may be a non-invasive therapy for TN; however, more research is required to 
examine the treatment's long-term effects and to confirm this effect in a blinded, randomized manner 
[88]. 

 

5.5. Peripheral Nerve Stimulation 

Lead-based peripheral nerve stimulation therapy uses an implanted pulse generator (IPG) to 
provide electrical impulses from an electrode array to the Gasserian ganglion or branches of the 
trigeminal nerve [89]. Wall and Street reported on eight patients, one of whom had TN in the V2 
distribution [90]. The patient had pain relief for 17 minutes following 5 minutes of infraorbital nerve 
stimulation; however, there is no long-term follow-up [90]. Three patients with typical trigeminal 
neuralgia in a V3 distribution had temporal craniotomies to insert platinum stimulator electrodes on 
V3211; the results of these procedures were reported by Shelden et al [91]. During the 3.4–5 month 
follow-up period, all three patients were pain-free, even though two of them had never had any nerve 
stimulation following implantation. The outcomes of Gasserian nerve stimulation with implanted 
electrodes in six patients—some of whom had atypical TN—were reported by Meyerson and 
Hakansson in 1980 [91]. Five patients reported full or partial pain alleviation at follow-up, which 
ranged from six to twenty-one months. Ellis et al. published a study on 35 individuals who had lead-
based stimulation of the trigeminal branch more recently [92]. Type 1 TN was identified in two 
individuals, and type 2 TN in nine others. TN with symptoms was identified in one case [93]. Results 
showed that peripheral nerve stimulation often reduced pain, notwithstanding one incidence of 
superficial temporal artery pseudoaneurysm due to needle damage [93]. Trial stimulation was 
successful for the symptomatic TN patient, two of the nine type 2 TN patients, and both type 1 TN 
patients [93]. Thirteen of the thirty-five research participants reacted to the trial stimulation, and 
fifteen of them had permanent hardware implantation. At the latest follow-up, 11/15 individuals 
reported reduced pain, throughout a follow-up period of 15 months on average [94]. Which TN 
patients had permanent hardware implantation was not disclosed, and the patients' individual 
reactions were not mentioned. More research and clarity are needed to determine the long-term 
effects of peripheral nerve stimulation for the treatment of TN. Procedure-related complications 
include fracture or migration of the electrode and extension wire. For individuals with trigeminal 
neuropathic pain as compared to TN, peripheral nerve stimulation is typically limited by permanent 
lead implantation in the face and an unknown duration of effect [94]. 

5.6. Deep Brain Stimulation 
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Deep brain stimulation (DBS) was initially employed to treat chronic pain in the 1950s, but when 
two significant multicenter trials failed to show its effectiveness, the practice was abandoned in the 
late 1990s [95]. However, a significant amount of research suggests that the activation of the sensory 
thalamus, periventricular grey (PVG), and periaqueductal grey (PAG) may be targeted regions for 
pain [95]. Although the exact mode of action is yet unknown, endogenous opiate release might be 
involved in pain management. One patient with refractory TN was treated by DBS of the PVG and 
ventroposterolateral thalamic nucleus, according to Nandi et al [96]. Despite not having IPG 
implantation in the end, the patient had a 33% decrease in discomfort during the trial stimulation 
[96]. Tests for TN have also been conducted on other sites, including the posterior hypothalamus. 
Five patients with TN caused by multiple sclerosis were treated by Franzini et al [97]. They found 
that, after one to three years after surgery, all five patients had less pain, however only two of the 
patients did not need medication [97]. DBS is still a salvage technique for refractory TN because of its 
invasive nature and the requirement for permanent IPG implantation [98]. 

5.7. Stereotactic Radiosurgery 

In 1951, Lars Leksell published the first account of stereotactic radiosurgery for TN [99]. Present-
day radiation delivery techniques include CyberKnife (CK), Gamma Knife (GK), and linear 
accelerator (LINAC) [100]. Gamma Knife requires pins to be inserted percutaneously into the skull 
while under local anesthetic to achieve stereotactic head frame immobilization. stationary radioactive 
Gamma-emitting sources of cobalt-60 are then employed to target the treatment region from different 
directions [100]. When undergoing LINAC therapy, a face mask or head frame immobilization are 
the two options available. The intended radio surgical dosage is administered by rotating arks of 
LINAC X-ray-producing devices around the patient's head [101]. Wearing a face mask is part of the 
CyberKnife therapy regimen.  

Here, radiation emitters are attached to a robotic arm and are capable of moving non-rotationally 
around the head of the patient. 6461 patients receiving GK, LINAC, or CK treatments were evaluated 
by Tuleasca et al [102]. Radiation doses for GK patients were recommended at the 100% isodose line 
and ranged from 60 to 97 Gy. those on LINAC were administered 50–90 Gy at the 80% isodose line, 
whereas those on CK were provided 66–90 Gy at the 90% isodose line [102]. Based on available level 
II data, the lowest possible effective dose is 70 Gy, whereas the highest possible effective dose is 90 
Gy. While the effectiveness rate of radiosurgery does not change at doses more than 90 Gy, there is a 
higher incidence of problems. In contrast to other open or percutaneous surgical techniques, 
radiosurgery does not immediately relieve pain [102]. The majority of experts concur that the longest 
duration for pain relief is 180 days following therapy, while the timeframes to pain reduction vary 
from 0 to 480 days [103]. With or without TN drug supplementation, the average rates of pain relief 
were determined to be 86% for GK, 88% for LINAC, and 79% for CK [103]. Statistics did not show a 
difference in this. When just those patients who experienced no pain and didn't need any extra 
medicine are taken into consideration, radiosurgery's success rate in producing a pain-free response 
drops to 52% for GK, 43% for LINAC, and 58% for CK [102]. For GK, LINAC, and CK, the respective 
median recurrence rates for face discomfort were 23%, 29%, and 27%. For GK, the range of mean 
times to recurrence was 6 to 48 months; for LINAC, it was 7.5–20.4 months; and for CK, it was 9 
months [102]. Long-term rates of pain control are seldom reported in research; nevertheless, at 7 
years, rates of pain control vary from 22% to 60% [104]. Ten-year rates of pain management drop to 
much less than 50% [104]. Patients with multiple sclerosis have greater rates of pain recurrence and 
poorer rates of pain-free survival. Radiosurgery-related complications for TN include dry eye, 
keratitis/corneal damage from lack of feeling, face hypesthesia, and dysesthesia [104]. For GK, 
LINAC, and CK, the median rates of hypesthesia are 19%, 29%, and 19%, respectively. These 
problems might appear one to ninety-four months after they first occur. While further research is 
needed to determine the optimal time for radiosurgery following pain beginning, recent studies have 
demonstrated that conducting GK sooner in the course of TN pain development may enhance clinical 
results and minimize the need for drug therapy [104]. 
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5.8. Microvascular Decompression (MVD) 

The first trans-antral approach to the trigeminal ganglion was reported by Carnochan in 1856 
[105]. Horsley (1891) reported a method of treating trigeminal neuralgia by sectioning the intradural 
nerve fibers of the trigeminal nerve [106]. An extradural method of trigeminal nerve rootlet sectioning 
at the foramen ovale and rotundum was reported by Hartley and Krause in 1892 [107]. Frazier and 
Spiller further refined this strategy by dividing certain nerve segments to reduce morbidity. Walter 
Dandy promoted partial trigeminal nerve sectioning with a posterior fossa technique in 1925 [108]. 
He saw during those surgeries that vascular structures were compressing the nerve, and he 
postulated in 1932 that TN was caused by vascular compression. This notion was verified in 1967 by 
Peter Jannetta using an operational microscope [109].  

A suboccipital craniectomy and microsurgical dissection around the trigeminal nerve are two 
surgical procedures that go into microvascular decompression [110]. Once a compressive artery has 
been identified, the nerve and the problematic artery can be separated by using a pledget made of 
Teflon (polytetrafluoroethylene) or Ivalon (polyvinyl alcohol) [110]. Others have described arterial 
decompression as the construction of a sling using glue, sutures, or the tentorium. Bipolar cautery is 
used to split veins that are causing compression of the trigeminal nerve [110]. With systematic 
evaluations predicting better than 90% rates of first relief from pain, the results after MVD are 
positive. Of the 1185 patients who received microvascular decompression in the original seminal 
publication by Barker et al., 1155 were monitored for a year or longer [111]. The first two years 
following surgery were the most common times for postoperative pain recurrences. Eleven percent 
had further surgeries to address the recurrences. Seventy percent of the patients were pain-free ten 
years following surgery and did not need further medication for pain management [111]. A further 
4% experienced sporadic discomfort for which long-term treatment was not necessary. According to 
the most current estimates of MVD outcomes, 80% of patients will still be pain-free after a year, 75% 
after three, and 73% after five [111]. Although major problems are uncommon, up to 20% of 
individuals may experience difficulties after MVD. Because cranial nerves IV through XII are exposed 
after surgery, issues connected to cranial nerves should be given particular attention in cases of motor 
neuropathy. Trigeminal nerve numbness and dysesthesias affect 5–10% of individuals. This is a large 
minority [110]. Facial nerve palsy is uncommon (<1%), and diplopia brought on by manipulation of 
the fourth or sixth nerve is frequently temporary [112]. The range of hearing loss is between 1 and 
20%, based on subjective reports or audiometry [112]. When compared to other craniotomies, 
infections are uncommon and happen at a comparable incidence. Stroke, aseptic meningitis, and 
surgical bleeding are further uncommon side effects. It is believed that 0.2% of deaths are related to 
the surgery [112]. MVDs have a longer sustained rate of pain management and a lower rate of 
hypoesthesia and dysesthesia problems when compared to percutaneous procedures. As a result, 
once medicinal therapy fails, more and more neurosurgical professionals are considering MVD as a 
first-line surgical surgery [112]. 

6. Discussion 

Trigeminal neuralgia is now diagnosed clinically; laboratory correlation or imaging is not 
necessary, while imaging can be useful in ruling out tumors and other conditions that may be 
associated with trigeminal pain. Many people appear with Type II TN pain, or Type I TN pain 
without evidence of nerve compression, even though most patients with Type I TN include 
neurovascular compression. It is still unknown why these people feel pain and what molecular 
processes differentiate Type I TN pain from Type II TN pain. It's also unclear if the differences in 
these unique processes originate from various stimuli that are distal to the root entrance zone or if 
they have to do with the core mechanisms of pain interpretation. Given that certain people with 
multiple sclerosis consistently experience reduced benefits from pharmacological and surgical 
therapies, it is plausible that neuroinflammation contributes to the pathophysiology and severity of 
the illness. Trigeminal neuralgia's neuronal-glial interaction will require further research to 
completely comprehend, and developing new and more potent treatments may become possible with 
a more accurate mechanistic knowledge of TN. 
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7. Conclusion 

It is becoming more and more evident that there is no one-size-fits-all medication or surgical 
procedure that can effectively treat every patient with trigeminal neuralgia (TN). This is probably 
because TN is a diverse collection of conditions that all present with face discomfort. Anticonvulsants 
continue to be the first-line therapy for TN because of their lengthy history of use and manageable 
adverse effects. There are several surgical treatments accessible to patients who do not respond to 
medicinal therapy. Microvascular decompression is often a safe, efficient operation with results that 
are both rapid and long-lasting. Individuals who are not well enough to undergo general anesthesia 
or whose medical conditions prohibit a suboccipital craniectomy could benefit from percutaneous 
techniques such as radiofrequency ablation or glycerin ablation. If a patient is unwilling to undergo 
surgically invasive procedures or has iatrogenic bleeding diathesis from blood-thinning medications 
and is otherwise not eligible for any invasive procedure, radiosurgery may be a great option—as long 
as the patient is informed that achieving maximum pain relief may take several months. Finally, for 
the majority of patients in areas with few medical and economic resources, peripheral neurectomies 
remain an affordable and resource-saving alternative to pain treatment. In the end, developing a 
better understanding of the molecular processes behind trigeminal neuralgia will lead to the 
development of new, less intrusive, and more effective treatments. 
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Appendix A 

The appendix is an optional section that can contain details and data supplemental to the main 
text—for example, explanations of experimental details that would disrupt the flow of the main text 
but nonetheless remain crucial to understanding and reproducing the research shown; figures of 
replicates for experiments of which representative data is shown in the main text can be added here 
if brief, or as Supplementary data. Mathematical proofs of results not central to the paper can be 
added as an appendix. 

Appendix B 

All appendix sections must be cited in the main text. In the appendices, Figures, Tables, etc. 
should be labeled starting with “A”—e.g., Figure A1, Figure A2, etc. 
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