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INTRODUCTION 

The common peroneal nerve (CPN) is crucial in maintain-

ing a normal walking gait, and there are clinical situations 

where it is necessary to differentiate whether gait distur-

bance is caused by the central nervous system or spinal 

nerves6,18,38). In addition, the CPN is known as the most 

commonly injured peripheral nerve in the lower extremities 

due to its anatomical course7,8,35,37). In this review, we aim to 

describe the basic anatomy and function of the CPN and the 

common peroneal neuropathy (CPNe) caused by postures 

that are often encountered in the field of neurosurgery for 

the education of trainees, physician assistants, and neuro-

surgical fellows. In addition, diagnostic methods and treat-

The dorsiflexion function of the peroneal nerve is important for human walking. Peroneal 
nerve damage has various etiologies, and the classification of the mechanism depends on the 
energy of the force responsible for injury. Peroneal nerve damage caused by low-energy mech-
anisms (entrapment, compression, and compartment syndrome) is not uncommon in neuro-
surgery, and accurate diagnosis and treatment of these conditions necessitate an understand-
ing of the anatomical characteristics of the peroneal nerve, clinical symptoms, and prognosis. 
In addition to recent conventional diagnostic methods, diagnosis using magnetic resonance 
imaging and the surgical method of external neurolysis and decompression of the fibular tun-
nel in posture induced common peroneal neuropathy (PICPNe) patients will be described. 
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ments of the CPNe are reviewed including recently updated 

information that has not been included in previous reviews. 

ANATOMY 

The CPN is a branch from the sciatic nerve and descends 

obliquely along the lateral side of the popliteal fossa to the 

head of the fibula, coming close to the medial margin of the 

biceps femoris muscle and lying between the tendon of the 

biceps femoris and lateral head of the gastrocnemius mus-

cle1,9-12,21,25,26,30,34). The nerve can be palpated behind the head 

of the fibula and as it winds around the neck of the fibula. 

On the basis of the magnetic resonance imaging (MRI) find-

ings, the CPN is known to descend obliquely along the lat-
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eral side of the popliteal fossa, posterior to the short head of 

the biceps femoris muscle, and then lateral and superficial 

to the lateral head of the gastrocnemius muscle10,12,26). More 

inferiorly, it winds around the neck of the fibula (along the 

fibular tunnel), then enters the anterior and lateral muscle 

compartments of the leg and divides into the superficial 

and deep peroneal nerves. At this point, the nerve enters 

a tunnel formed by the two heads of the peroneus longus. 

The posterior edge of the peroneus longus, under which 

the nerve passes, can be thick and fibrous, acting as a con-

striction point between this and the lateral edge of the fibu-

la18,19,35). Prior to passing through the fibular tunnel, the CPN 

gives off a branch called the lateral sural cutaneous nerve 

which provides sensory innervation on the posterior and 

lateral surface of the lower leg12) (Fig. 1).  

Structures of the Fibula Tunnel  
Humphreys et al.16) consider this tendinous leading edge the 

posterior crural intermuscular septum. In addition to this 

septum at the leading edge of the CPN, the deep tendinous 

fascia of the soleus muscle is present. After passing the lead-

ing edge of the peroneus longus, the next potential site of 

entrapment corresponds to the fascial septum between the 

peroneal and tibial anterior muscles known as the anterior 

crural intermuscular septum. As this nerve continues distally 

in the lateral compartment of the leg, it becomes superficial 

and pierces the crural fascia to become the dorsal cutane-

ous nerve at the distal third of the leg. Similarly, the deep 

peroneal nerve immediately gives off branches to the tibialis 

anterior after passing the fibrous edge of the peroneus lon-

gus. These branches keep the proximal aspect of this nerve 

branch tightly tethered in its position under the peroneus 

longus, as does its trajectory through the anterior intermus-

cular septum. This branch then continues distally in the 

anterior compartment of the leg, innervating the extensor 

hallucis longus, followed by the extensor digitorum longus 

and the peroneus tertius. Additionally, there is an unnamed 

distal intermuscular septum between the tibialis anterior 

and extensor digitorum longus muscles9,11,12,23,30). Although 

this is the most common anatomical orientation, numerous 

variations also exist. Nevertheless, neurosurgeons should 

know the above-described structures of the fibular tunnel, 

including four muscles, three septums, and one fascia (Fig. 2). 

FUNCTION: MOTOR AND SENSORY 

In Table 1, we describe the function of motor and sensory of 

the peroneal nerve. The boundary of the lower leg related 

to the CPN is divided by lateral and anterior compartments. 

The superficial peroneal nerve runs into and supplies the 

muscles of the lateral compartment of the leg for ankle 

eversion12). In addition, it supplies sensory innervation for 

Fig. 1. The course of the common peroneal nerve at the level of 
the popliteal fossa on the right side.

Fig. 2. Longitudinal illustration of the common peroneal nerve 
and the surrounding muscles and septum of the left leg. HF: head 
of fibula; DTF: deep tendinous fascia; PCIS: posterior crural inter-
muscular septum; ACIS: anterior crural intermuscular septum; IS: 
intermuscular septum.
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the skin over the lateral lower two-thirds of the leg and the 

whole of the dorsum of the foot, except for the area between 

the 1st and 2nd toes, which is supplied by the deep peroneal 

nerve1,4,12,26,31,38). The deep peroneal nerve runs with the an-

terior tibial vessels over the interosseous membrane into the 

anterior compartment of the leg and then over the ankle to 

the dorsum of the foot. It supplies all of the muscles of the 

anterior compartment for dorsiflexion of the toe and ankle 

as well as providing a cutaneous supply to the area between 

the 1st and 2nd toes24,28,30,35,37). 

CPN INJURY: MECHANISM OF PERIPHERAL 
NERVE INJURY 

The CPN is susceptible to injury due to its superficial loca-

tion, as it passes subcutaneously over the fibular neck and 

is the most commonly injured peripheral nerve of the lower 

extremity. In its limited location upon the hard surface of the 

fibula, it is particularly susceptible to direct trauma or lacer-

ation. In the textbook of “Youmans and Winn neurological 

surgery,” two major mechanisms of peripheral nerve injury 

are described according to energy force (high energy and 

lower energy)36) (Table 2). High energy injuries include avul-

sion, transection, stretch or contusion to the CPN combined 

with external wounds. In these cases, the neuroma-in-conti-

nuity (NIC) usually does not take place, and the subsequent-

ly injured nerve does not regenerate to and return to normal 

strength. The NIC results in a bump consisting of normal 

or abnormal healing structures of the injured nerve. Since 

patients with high energy injuries often visit the emergency 

clinic or orthopedic surgeons to intervene promptly, they 

are relatively rare in the neurosurgery field. Conversely, low 

energy injury includes entrapment, compartmentalization, 

and complex damage to the CPN; this results in low damage 

and regeneration to normal condition and without the im-

mediate need for surgery7,10,28,35,36). Following, diagnosis and 

management is described focusing on patients with lower 

energy injuries, which are more commonly encountered in 

neurosurgery.  

DIAGNOSIS  

1. Physical Examination 
Patient history and neurological examination are the most 

important initial clinical approaches for reaching a diag-

nosis of suspected peroneal neuropathy. Although an ac-

curate misdiagnosis rate has not been reported, Baima has 

reported that ankle inversion by the tibialis posterior muscle 

showed ankle dorsiflexion, making it difficult to discriminate 

from dropped foot caused by peroneal nerve palsy4,22,37,38). 

There are several clinical pitfalls that make differentiation 

from discogenic foot drop difficult. First, the situation of pa-

tients that had experienced back pain and paresthesia of the 

affected lower extremity in the past and had been treated for 

the herniated lumbar disc, now visiting the hospital once 

again due to worsened herniated lumbar disc symptoms 

may limit clinicians in having adequate time for thorough 

enough history taking to make an accurate diagnosis, lead-

Table 1. Motor and sensory function of the peroneal nerve
Nerve Compartment Motor branch Sensory branch
Common peroneal nerve Lateral sural cutaneous nerve
Superficial peroneal nerve Lateral Peroneus longus Medial dorsal cutaneous nerve

Peroneus brevis Intermediate dorsal cutaneous nerve
Tibialis anterior
Extensor digitorum longus
Extensor digitorum brevis Lateral cutaneous nerve of the big toe

Deep peroneal nerve Anterior Extensor hallucis longus Medial cutaneous nerve of the second toe
Extensor hallucis brevis
Fibularis tertius

Table 2. Mechanisms of peripheral nerve injury
Mechanism Characteristics NIC
High-energy Avulsion, transaction, and contusion or stretch Absent
Low-energy Entrapment, compression, compartment, injection Present
Complex Electrical, thermal, radiation, and chemical Mixed

NIC: neuroma-in-continuity.
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ing to inappropriate evaluations and unnecessary treat-

ments. Second, as referred pain by CPN can be felt from the 

knee and the lateral thigh to the dorsum of the foot, patients 

may describe referred pain as radiculopathy following from 

the above, complaining of paresthesia and sensory deficit. 

Clinicians accustomed to referred pain related to discogenic 

radiculopathy can mistake the symptoms for the herniated 

lumbar disc. Third, in some clinical aspects, complete palsy 

of CPN caused by direct injury can be mistaken for foot drop, 

as it is not always accompanied by sensory disturbance and 

can easily be misdiagnosed. As the gluteus muscle is mostly 

innervated by the lumbosacral plexus, assessment of hip 

abductor muscle strength in foot drop patients is useful in 

differentiating CPN palsy from lumbar radiculopathy, with 

85.7% sensitivity and 96.4% specificity17). The author also be-

lieves that as ankle-foot motion is variable or patients are not 

accustomed to specific ankle motions, such as ankle inver-

sion or eversion, it is useful to evaluate the strength of mus-

cles that CPN does not innervate. A diminished hip abductor 

muscle tone can also be simultaneously observed in patients 

with a lumbar disc herniation that may induce a foot drop. A 

similar method tests non-evoked pain in the straight leg raise 

test of the affected leg, meaning the possibility of discogenic 

foot drop is low. Therefore, patients with CPN palsy always 

complain about sudden-onset ankle dropping, which is more 

severe than in cases of a herniated lumbar disc, and are not 

bothered by sensory disturbance or pain. 

2. Electrodiagnostic Study (EDX) 
In most cases of peroneal nerve palsy induced by posture, 

the nerve injury type is neuropraxia according to the Seddon 

classification system. Hence, although a peroneal motor 

nerve conduction study should be performed first, recording 

from the extensor digitorum brevis muscle with a superficial 

peroneal sensory nerve action potential (SNAP) is import-

ant to help differentiate from L5 radiculopathy. An abnor-

mality in SNAP implies that the lesion is distal to the dorsal 

root ganglion. However, it is rare to reveal pure CPNe with 

certainty on the EDX, and it is often reported along with ra-

diculopathy due to a herniated lumbar disc. Because of this 

ambiguity, neurosurgeons may suspect CPNe after physical 

examination and should be able to read the EDX with a focus 

on denervated muscles innervated by the peroneal nerve. In 

Table 3, it may be reported as lumboradiculopathy combined 

with or without CPNe. In this case, acute fibrillation and a 

positive sharp wave of the tibialis anterior, extensor hallucis 

longus, and peroneus longus may serve as the diagnostic evi-

dence for the CPNe. 

3. MRI 
For EDX, patients must wait for Wallerian degeneration to 

begin after the onset of symptoms, and thus and it often 

takes considerable time to receive a diagnosis5,11,19,33). How-

ever, MRI requires no waiting time and plays an important 

role in the detection and characterization of pathologic 

conditions of skeletal muscles that cause changes in mus-

cle signal intensity. The CPN innervates the muscles of the 

anterior and lateral compartments of the lower leg. For this 

reason, using conventional MRI, CPNe may be diagnosed 

with signal changes of denervated muscles, i.e., the pero-

Table 3. Electromyographic (EMG) diagnostic evidence for common peroneal neuropathy

Muscles
EMG summary table

Spontaneous MUAP Recruitment
IA Fibrillation PSW Amplitude Duration PPP Pattern

Rt. tibialis anterior 2+ 1+ 2+ N N 1+ Discrete
Rt. extensor hallucis longus 1+ N 1+ N N 1+ Discrete
Rt. peroneus longus 2+ 2+ 2+ N 1+ 1+ Discrete
Rt. tibialis posterior N N N N N N N
Rt. medial gastrocnemius N N N N N N N
Rt. vastus lateralis N N N N N N N
Rt. L4 PSP 1+ N 1+ N N N N
Rt. L5 PSP 1+ N 1+ N N N N
Rt. S1 PSP N N N N N N N

EMG: electromyography; Rt.: right; PSP: paraspinal muscle; IA: insertion activity; N: none; PSW: positive sharp wave; MUAP: motor unit action potential; 
PPP: polyphasic potentials.
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neus longus in the lateral compartment, and the extensor 

digitorum longus and the tibialis anterior in the anterior 

compartment8) (Fig. 3A). 

Muscle denervation results in enlargement of the intra-

muscular capillary bed, causing an increase in the muscle 

blood volume8,11,19,33). In addition, there is an increase in 

extracellular fluid within the denervated muscles. The latter 

is likely a result of the increased muscle cell membrane per-

meability and reduced Na-K-ATPase function seen in dener-

vated muscle. These events are thought to contribute to the 

T2 signal abnormality seen in the denervated muscles on 

MRI, though it is not clear whether this results from a com-

bination or any one of these factors alone. Peripheral nerve 

injury also produces morphologic and metabolic changes 

in the denervated muscles, and glucose uptake in muscle 

fibre decreases while glycolysis increases. Furthermore, de-

nervation induces proteolysis in the skeletal muscle. These 

metabolic changes occur soon after nerve damage and are 

manifested histologically by reducing muscle fibre diameter 

in the denervated muscle. With atrophy of the muscle fibres 

there is a relative increase in their fat content compared 

with protein content, and chronic denervation results in 

diffuse fatty infiltration of the affected muscle with associ-

ated loss of muscle bulk. In experimental studies, the first 

non-specific histological changes are seen approximately 

10 to 12 days after denervation in the form of moderate at-

rophy of the muscle fibres. The typical histological findings 

of denervation, however, tend to appear 3 weeks after the 

initial event. Several clinical and experimental studies have 

demonstrated signal changes in denervated muscles on 

MRI, and experimental animal studies have demonstrated 

changes as early as within 24 hr. In clinical studies, abnor-

mal signal intensity within the denervated muscles has been 

demonstrated within 4 days of injury. Short Tau Inversion 

Recovery images are highly water-sensitive, with the timing 

of the pulse sequence acting to suppress signals from fatty 

tissues, so water is highlighted on the image. The acutely 

and subacutely denervated muscle shows a high signal 

intensity pattern on fluid sensitive sequences and normal 

signal intensity on T1-weighted MRI images. In chronic de-

nervation, muscle atrophy and fatty infiltration demonstrate 

high signal changes on T1-weighted sequences associated 

with volume loss (Table 4, Fig. 3B, C)8). 

TREATMENT AND OUTCOME 

Generally, medications without surgical intervention are 

the primary treatment method for CPN injury, since most 

patients experience spontaneous recovery within 2 to 3 

months. However, not all patients experience clinical im-

provements spontaneously, and some have permanent 

walking disabilities. In practice, posture-induced CPN 

palsy patients tend to undergo passive treatments and in-

creased waiting times due to a benign prognosis by clini-

Fig. 3. (A) Schematic description of the muscles and compartments on the right knee for the diagnosis of common peroneal neuropathy. 
(B) Edema. Axial fat-saturated T2-weighted magnetic resonance imaging (MRI) (TR, 3500 ms; TE, 65 ms) at the level of the proximal 
entrance to the fibular (F) head, demonstrating edematous high signal changes within the muscles of the antero-lateral compartment of 
the lower extremity. (C) Atrophy. Axial fat-saturated T1-weighted MRI (TR, 150 ms; TE 4800 ms), showing fatty infiltration and atrophy 
of affected muscles in the antero-lateral compartment. T: tibia; TA: tibialis anterior muscle; EDL: extensor digitorum longus muscle; PL: 
peroneus longus muscle.

A B C
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cians2,22,23,36,38). 

1. Non-operative Management6,22,23,27,38) 

In patients with acute painful neuropathy (usually not pre-

senting), first-line simple analgesics such as non-steroidal 

anti-inflammatory drugs and acetaminophen may decrease 

symptoms. With intractable or chronic neuropathy, anti-sei-

zure medications such as gabapentin and pregabalin may 

relieve sensory disturbances such as paresthesia, anesthesia, 

and algesia. In one recent study, Vitamins B-1, B-6, and B-12 

have been found to be especially beneficial for treating neu-

ropathy. Specifically, vitamin B-1, also known as thiamine, 

has been shown to help reduce pain and inflammation, and 

vitamin B-6 preserves the covering of nerve endings. Aside 

from medications, ankle and foot braces (ankle-foot ortho-

sis [AFO]) that fits into the patient’s shoe may hold the ankle 

in a normal position preventing gastrocnemius shortening 

or contracture until the restoration of motor function is 

complete. Strengthening of the tibialis anterior muscle and 

stretching of the gastrocnemius muscle also help maintain 

the range of motion in knee and ankle and may improve gait 

disturbance related to dropped foot. This combination of 

medication, AFO, and physiotherapy does not apply to all 

patients with CPNe, and should always be considered de-

pending on clinical presentation.  

2. Operative Management  
1) External neurolysis and decompression13,16,20,32,35) 

Surgical techniques to restore the function of the CPN exist; 

however, as mentioned previously, surgical methods are 

dependent on the etiology of the damage to the CPN and 

the time period elapsed since injury. In cases of high-energy 

injury such as fracture, contusion, laceration, and stretch, 

direct repair or exploration within 3 weeks is recommended. 

Conversely, if dropped foot is caused by low-energy injury 

such as certain prolonged posture (habitual leg crossing, 

squatting, and sleeping), neuropraxia of the CPN as deter-

mined by the Seddon classification system (equal to Grade 

1 of Sunderland classification system) is the most common. 

In most cases, the patient will return to normal function 

without surgical treatment; however, in some cases where 

spontaneous recovery does not occur for more than 2 to 3 

months, neurolysis should be considered. At this point, the 

CPNe is considered to be accompanied by an alteration of 

anatomical structures at the level of the fibular tunnel, and 

the purpose of surgery is to maximize the regeneration po-

tential of the CPN by external neurolysis between the CPN 

and the structures of the fibular tunnel as described above. 

Surgical technique16) 

For this procedure, patients are placed under general anes-

thesia and positioned supine with the knees of the affected 

side flexed at a 60-degree angle. CPN is palpated if possible, 

and if not, sonography is utilized preoperatively to locate 

it precisely. A curved incision just below the lateral aspect 

of the head of the fibula is made. Subcutaneous tissues are 

dissected to expose the CPN, which is then explored distally 

to determine the sites of compression that originally caused 

neuropathy. Hypertrophy of deep tendinous fascia, anterior 

and posterior crural intermuscular septum, and intermuscu-

lar septum are carefully examined. The development of ad-

hesion tissues around the course of the CPN is investigated 

as well. After choosing the appropriate target for decompres-

sion among the aforementioned structures, external neurol-

ysis is performed using resection of thickened septum and 

fascia. If the extent of decompression is deemed appropriate, 

an anti-adhesion barrier agent is applied in the operative 

field. Finally, the surgical wound is closed layer-by-layer. 

Table 4. Summary of the magnetic resonance imaging appearance of muscle denervation at three stage and the corresponding his-
tological features
Three stages Histological changes of denervated muscles MRI signal changes within muscle
Acute (<2 weeks) Edema-like T2-weighted Increased

STIR Increased
Subacute (2-4 weeks) Further increase in extracellular water T2-weighted Increased

STIR Increased
Chronic (>1 month) Fatty infiltration and atrophy T1-weighted Increased

T2-weighted Increased

MRI: magnetic resonance imaging; STIR: short tau inversion recovery.
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Surgical outcome16,20,27,35) 

In 2013, Doctor Maalla and his colleague20) from Tunisia 

studied “Peroneal nerve entrapment at the fibular head: 

Outcomes of neurolysis. They retrospectively reviewed the 

medical charts of 15 patients (mean age, 32 years) treated 

with neurolysis. The diagnosis was idiopathic CPN entrap-

ment in ten patients, indirect nerve injury with CPN paraly-

sis due to an ankle injury in three patients, and postural CPN 

compression in two patients. The mean time to manage-

ment was 7 months (range, 2-18 months). The authors con-

cluded that spontaneous recovery could take time and re-

main incomplete and preferred to perform surgery between 

the third and fourth months in patients with persistent 

symptoms or incomplete recovery, even in forms confined 

to sensory dysfunction documented by electrophysiological 

testing. Time to recovery is shorter after surgical decompres-

sion than with rehabilitation therapy. Moreover, Humphreys 

et al.16) reported good results of decompression of the CPN 

and performed this operation frequently. Postoperatively, 40 

(83%) of 48 patients who had preoperative motor weakness 

improved motor function. Likewise, 23 (49%) of 47 patients 

who had sensory disturbances and 26 (84%) of 31 patients 

who had preoperative pain improved after surgical decom-

pression of the peroneal nerve. 

2) Nerve transfer and tendon transfer 

Among the muscles controlled by the CPN in normal walk-

ing, the function of the tibialis anterior muscle is the most 

important. Therefore, nerve transfer and tendon transfer 

should be considered for patients who are unable to walk 

normally because dropped foot has not recovered despite 

active treatment including neurolysis (Fig. 4A, B). The 

purpose of both surgeries is to restore function of tibialis 

anterior muscle, and in the case of nerve transfer, a motor 

branch in an adjacent area with normal function is used as a 

donor nerve, and a motor branch that controls tibialis ante-

rior muscle becomes the recipient and connect it. Common 

donor nerves are motor branches of flexor hallucis longus 

and lateral gastrocnemius14,15). Moreover, there is a tendon 

transfer that moves posterior tibia tendon to the dorsum of 

the foot to keep the ankle in a neutral position. In the case of 

these two surgical methods, wearing an AFO and rehabilita-

tion are both mandatory. If muscle atrophy has progressed 

due to long-term denervation, nerve transfer cannot be per-

formed and posterior tibial tendon transfer is required3,29). 

CONCLUSION 

Dropped foot is a troubling symptom that makes daily 

life inconvenient with difficulty and instability in walking. 

Patients with dropped foot due to CPNe can often be en-

countered in neurosurgery departments, and it is import-

ant to accurately diagnose them and be able to explain the 

treatment and prognosis. Therefore, it is mandatory to be 

Fig. 4. Nerve transfer and posterior tibial tendon transfer. (A) Intraoperative microscopic image on the right side. Flexor hallucis longus 
motor branch (FHL; donor) transfer to tibialis anterior muscle (TA; recipient). (B) Posterior tibial tendon transfer to the base of the second 
metatarsal bone. CPN: common peroneal nerve.
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aware of the course of this nerve and its structure at the level 

of fibular tunnel. Physical examination and history-taking 

are essential for diagnosis, and in addition to the EDX, it is 

possible to diagnose the CPNe using the MRI appearance of 

denervated muscles. If neurosurgeons become familiar with 

the anatomy of the CPN, neurolysis can be easily applied 

and may lead to a good prognosis for patients with CPNe. 
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Objective: Percutaneous spinal biopsy is an important tool in the detection and evaluation of 
patients with metastatic tumors, primary tumors, and infectious spondylitis. It has been re-
ported that in lesions resistant to tissue-tearing, an accurate diagnosis via percutaneous nee-
dle biopsy is difficult. A few studies have performed spinal biopsy using forceps, which are 
mainly used for gastrointestinal endoscopy and transbronchial biopsy. The purpose of this 
study was to demonstrate the safety and efficiency of performing bone biopsies using forceps. 
Methods: This multicenter retrospective study included patients who underwent fluorosco-
py-guided spinal bone biopsy from July 2013 to November 2020 for suspected spondylitis, tu-
mor metastasis, and primary tumors based on spinal imaging. Data on patients’ demographic 
characteristics were collected from their electronic medical records. Procedure-related factors 
such as instrument type, diagnostic yield, procedure time, and the presence of specific lesions 
(necrotic, sclerosing, or cystic lesions) on preoperative imaging were investigated. Pain at the 
pathology site was checked using a visual analogue scale before and 1 day after the proce-
dure. We divided the participants into two groups based on the instrument (flyer forceps or 
biopsy needle) used during the biopsy and analyzed each factor between the two groups. 
Results: A total of 30 patients (aged 12-81 years) underwent spinal biopsy using a biopsy 
needle (n=16) or flyer forceps (n=14). Spinal biopsy was performed on 20 patients with meta-
static tumors, three with sarcoma, and nine with infections. There were no demographic dif-
ferences between the two groups, and no difference in pain intensity before and after the pro-
cedure was observed between the two groups. The operation time was significantly shorter in 
the flyer forceps group than in the conventional biopsy needle group (p=0.02). The accuracy of 
the diagnostic yield of the biopsy was higher in the flyer forceps group (100%) than in the bi-
opsy needle group (75%), and the difference was statistically significant (p=0.04). 
Conclusion: This study demonstrates the usefulness and safety of bone biopsies performed 
using flyer forceps. The use of flyer forceps in fluoroscopy-guided biopsy enables the effective 
collection of sufficient samples in a shorter time than conventional biopsy needles. Further-
more, this procedure enabled more accurate diagnoses.
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INTRODUCTION 

Spinal lesions can represent a broad spectrum of underlying 

infectious or neoplastic disease processes. As such lesions 

may indicate the presence of malignant tumors, physicians 

are required to make tissue diagnoses for said lesions6,17). A 

percutaneous biopsy is an important tool in the identifica-

tion of metastatic tumors, primary tumors, and infectious 

spondylitis; further, this procedure is useful for confirming 

the presence of disease and collecting specimens to diag-

nose spinal tumors or infections1,5,13). Percutaneous bone 

biopsy is less invasive than an open biopsy, minimizes the 

risk of infection and wound-related complications, does not 

require general anesthesia, and has the advantage of being 

performed in an outpatient department. 

Percutaneous bone biopsy using computed tomography 

(CT) and fluoroscopy guidance has been reported to be both 

effective and safe5,8,13,24). Its reported accuracy ranges from 

16% to 100%14). However, it has been difficult to achieve ac-

curate diagnoses when performing a percutaneous bone bi-

opsy on sclerotic, cystic, osteoblastic, and osteolytic lesions 

because of its lower capacity to tear off the tissue9,28). Forceps 

are routinely used in gastrointestinal endoscopy and trans-

bronchial biopsy2,18,21). However, to date, there have been few 

studies on the usefulness of using forceps for spinal bone bi-

opsy. The purpose of this study was to demonstrate the safe-

ty and efficiency of performing a bone biopsy using forceps. 

MATERIALS AND METHODS 

This study was approved by the relevant Institutional Review 

Board (IRB) for human subjects’ research (IRB no. 2022-

0130). 

1. Patient Selection and Study Enrolment 
This multicenter (Seoul Asan Hospital, Gangneung Asan 

Hospital) retrospective study included patients who under-

went fluoroscopy-guided spinal bone biopsy from July 2013 

to November 2020 for suspected spondylitis, tumor metas-

tasis, and primary tumor, as revealed on spinal CT and mag-

netic resonance imaging (MRI). For spondylitis patients, 

antibiotics were stopped 48 hr prior to the procedure28). 

When the biopsy diagnosis failed, open biopsy or surgery 

were performed. Alternatively, a re-biopsy was performed 

under consultation with the radiology department. Patients’ 

basic data such as age, sex, underlying diseases, intake of 

anticoagulants, bone mineral density (BMD), and smoking 

status were collected from the electronic medical record. 

Procedure-related factors such as instrument type, diagnos-

tic yield, procedure time, and presence of specific lesions in 

the preoperative imaging were investigated. Spinal-specific 

lesions were identified as sclerotic, lytic, necrotic, or mixed, 

according to the bone matrix shown on CT before the biopsy 

procedure. Pain at the pathology site was assessed before 

and one day after the procedure, and was measured using 

a visual analogue scale (VAS). We divided participants into 

two groups according to the instrument used during the bi-

opsy (a pair of flyer forceps [Wolf, Knittlingen, Germany] or a 

biopsy needle [Promega, Madison, WI, USA]) and analyzed 

all factors for both groups (Fig. 1). 

2. Biopsy Procedure 
Consent was obtained after explaining the procedure’s po-

tential complications such as nerve damage or hematoma to 

all candidates. All biopsies were performed by two special-

ists in spine biopsies. After reviewing the imaging findings, 

a biopsy tool (flyer forceps or a biopsy needle) was selected 

according to the operator’s experience and preference. After 

the patient was placed in a prone position, a local anesthet-

ic was infiltrated in a sterile state, and a skin incision was 

performed. To avoid injuring the nerves, the trocar catheter 

Fig. 1. A conventional biopsy needle (A) and a pair of flyer forceps 
(B) used for percutaneous bone biopsy in this study.
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passed through the pedicle to approach the vertebral body, 

while fluoroscopic imaging was used to ensure the correct 

positioning of the trocar catheter. The biopsy instrument 

was placed in various parts of the lesion to allow for proper 

biopsy and bone biopsy was performed using a convention-

al biopsy needle or flyer forceps (Fig. 2).  

3. Statistical Analysis 
Data were presented as mean ± standard deviation values 

for the continuous variables and as absolute or relative fre-

quencies for the categorical variables. Unpaired Student’s 

t-tests or Mann-Whitney U tests were used to compare the 

continuous variables, and χ2 tests or Fisher’s exact tests for 

the categorical variables. Statistical significance was set at 

p ≤ 0.05. All statistical analyses were performed using SPSS 

software for Windows (version 14.0; SPSS Inc., Chicago, IL, 

USA). All data were obtained from hospital charts and imag-

ing study databases. 

RESULTS 

A total of 30 patients underwent spinal biopsy using a bi-

opsy needle (n=16) or flyer forceps (n=14). The mean age 

was 59.43 ± 20.27 (range, 12-81 years). It was confirmed that 

both groups followed a normal distribution as a result of the 

normality test. 

Bone biopsy was performed for 20 patients with meta-

static tumors, three with sarcoma, and nine with infections. 

The diagnosis was unsuccessful in four patients. Of these, 

one patient underwent open biopsy, two underwent biopsy 

during surgery, and one underwent re-biopsy after consul-

tation with radiologists. Serious complications such as nerve 

root and spinal cord injuries, hematomas pressing on the 

spinal cord, or wound infections were not observed. 

There were no differences between the two groups in age, 

gender, underlying diseases, anticoagulant use, BMD, and 

smoking status (Table 1). Further, no differences in pain in-

tensity (VAS score) before and one day after the procedure 

were observed between the two groups. In terms of opera-

tion time, shorter times were observed in the flyer forceps 

group compared with the biopsy needle group, and the 

difference was statistically significant (p=0.02). Regarding 

the accuracy of the diagnostic yield of the biopsy between 

the two groups, a higher value was observed in the flyer 

force group (100%), compared with the biopsy needle group 

(75%), and the difference was significant (p=0.04; Table 2). 

1. Illustrative Cases 
Case 1 
A 12-year-old female patient was admitted to our hospital 

after having developed back pain three months earlier. Her 

MRI showed a wedge-shaped compression fracture of the 

T9 vertebra. A T1-weighted enhanced MRI showed a highly 

enhanced T9 vertebral body, while an axial image showed 

vertebral body enhancement (Fig. 3). Although this patient 

had previously undergone CT-guided fine-needle biopsy 

Fig. 2. Fluoroscopic image of bone biopsy using a biopsy needle (A) 
and a pair of flyer forceps (B).

Table 1. Analysis of demographic variables in both groups be-
fore the procedure

Group (instrument) Biopsy needle
(n = 16) 

Flyer forceps 
(n = 14) p-value

Age ± SD 63.50 ± 16.52 54.78 ± 23.63 0.24
Sex (M/F) 11:5 9:5 0.80
Hypertension (%) 43.7 42.8 0.96
Diabetes mellitus (%) 25.0 21.4 0.82
Smoking (%) 18.7 28.5 0.54
Antiplatelet agent medication (%) 24.00 ± 3.24 24.58 ± 3.48 0.31
BMD -2.09 ± 1.57 -1.17 ± 2.00 0.17

SD: standard deviation; M: male; F: female; BMD: bone marrow density.

Table 2. Comparison of procedure-related factors
Group (instrument) Biopsy needle Flyer forceps p-value
Procedure time (min) 25.56 ± 10.52 17.57 ± 5.73 0.02
Diagnostic accuracy (%) 75 100 0.04
Pathologic site pain (VAS score)

Pre-procedure 3.00 ± 1.15 3.78 ± 1.52 0.12
Post-procedure (1 day) 3.56 ± 1.75 3.85 ± 1.65 0.64

VAS: visual analogue scale.
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at the radiological department, the collectors were unable 

to obtain a large enough specimen because of the small di-

ameter of the biopsy needle. Subsequently, this patient was 

referred to our department. We also performed fluorosco-

py-guided biopsy using flyer forceps. We were able to obtain 

enough specimens from the vertebral body. Some eosino-

phils in the fibrotic marrow space suggested the possibility 

of Langerhans cell histiocytosis. Thereafter, the patient was 

discharged one day after the biopsy. Observation without 

any further treatment except pain killers was determined 

and the patient’s status was good as of 40-months after the 

procedure.  

Case 2 
A 14-year-old male patient was admitted after complaining 

of back pain that had developed 9 months earlier. He had 

a history of acute B-lymphocyte leukemia at 9 years old. 

After chemotherapy, his leukemia was completely cured. 

Because of his newly-developed back pain, he underwent 

MRI. Subsequently, MRI showed left-side L1 vertebral body 

enhancement (Fig. 4). He had also previously undergone a 

CT-guided fine-needle biopsy at another hospital. Its result 

was also negative. After he was admitted to our hospital, we 

performed a fluoroscopy-guided biopsy through the pedicle 

using flyer forceps. 

We were able to obtain enough specimens from the ver-

tebral body; multiple pieces of bone and fibrotic tissue were 

taken. The fibrotic tissue showed inflammatory cell infiltra-

tion with some CD1a-positive cells, and the final diagnosis 

was Langerhans cell histiocytosis. The patient was dis-

charged one day after the biopsy. After histologic confirma-

tion, observation without any further treatment except pain 

killers was determined. The patient’s status was good as of 3 

months following the procedure. 

DISCUSSION 

This study examined the accuracy, safety, and usefulness of 

using flyer forceps for performing a bone biopsy, as opposed 

to using a biopsy needle. Unlike an open biopsy, a percuta-

neous needle biopsy provides a faster and more cost-effec-

tive approach with fewer complications5,15,27). Although the 

percutaneous bone biopsy has high diagnostic accuracy3,10,29) 

when the lesion is metastatic or recurrent sarcoma, the di-

agnostic yield is low for necrotic, cystic, or sclerotic lesions 

because it is ineffective to retrieve adequate specimens of 

the latter lesions7), and has a particularly poor capacity to 

culture infections4,11,12). In this study, diagnosis failed in 4 

patients using a biopsy needle; an osteolytic lesion was ob-

served in one patient, a sclerotic lesion was observed in one 

patient, and two were diagnosed with spondylitis (Table 3). 

However, in the group in which the flyer forceps was used, 

three patients were diagnosed with sclerotic lesions, six with 

osteolytic lesions, and five with spondylitis, with 100% ac-

curacy. Some of these patients also had a history of biopsy 

failure before visiting us. Additionally, there was no incident 

where the instrument was broken during the biopsy proce-

dure (including sclerotic lesions). 

However, several reports posit that a large needle (11 

gauge [G]) is more useful to acquire adequate tissue for more 

accurate diagnoses25,28). The size is larger than the biopsy 

needle (13 G) and flyer forceps (2 mm diameter) used in this 

Fig. 3. A 12-year-old female patient with thoracic back pain. (A) 
Sagittal, (B) axial. Contrast-enhanced T1 image shows enhance-
ment in the T9 vertebral body.

Fig. 4. Magnetic resonance imaging of a 14-year-old male patient 
with suspected lymphoma recurrence. The left L1 vertebra shows 
enhancement in an axial view (A). Fluoroscopy-guided biopsy of 
the L1 vertebra using a pair of flyer forceps (B).

BA
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study. However, one study showed a potential for root inju-

ry, while another posited that a small gauge needle might be 

needed to sample lesions near critical structures22,26). 

In the present study, two cases showed that the flyer for-

ceps were effective even in children with small pedicles. 

In addition, it was confirmed that the flyer forceps group 

showed much shorter collection times than the biopsy nee-

dle group. The main reasons for failure in a spinal biopsy are 

fragmentation of the tissue and insufficient sample size3,30). 

However, sometimes the harvesting tissue becomes dry 

or damaged during storage before going to the pathology 

department. Surgeons planning to perform bone biopsy 

should also consider this aspect. 

When the flyer forceps is used, a sufficient amount of tis-

sue can be obtained in a relatively short time. Therefore, we 

believe that our method is not only accurate but also con-

venient. In addition, the discharge of all patients is possible 

one day after the procedure due to their rapid recovery and 

because no wound management is necessary. 

The approach to the vertebral body comprises two main 

methods: a posterolateral approach and a transpedicular 

approach. In this study, only the transpedicular approach 

was implemented, as the posterolateral approach has a 

comparatively higher risk of complications such as hemato-

ma, pneumothorax, and radicular pain5,8,20,24). 

In addition, in this study, only fluoroscopy-guided biop-

sies were performed, while CT-guided biopsies were not. 

CT-guided biopsies have been confirmed to be safe and 

have high diagnostic accuracy in many studies16,19,23). How-

ever, fluoroscopy-guided biopsies have the considerable 

advantage of enabling real-time control of the position of 

the instrument, which makes them faster and cheaper, com-

pared with CT-guided biopsies13). 

Our study had four major limitations. First, logistic multi-

variate analysis could not be performed due to the small co-

hort. Second, selection bias occurred since the selection of 

instruments was determined by the patient’s spinal bone le-

sions and clinical symptoms. Third, the biopsy needle used 

by each surgeon is different, and the operation time may 

vary depending on the type of biopsy needle, which may 

also act as a bias in this conclusion. Finally, the difference 

in the experience and skill of the two surgeons may have af-

fected the results. 

CONCLUSION 

We have demonstrated the usefulness and safety of perform-

ing a bone biopsy using flyer forceps. The fluoroscopy-guid-

ed biopsy technique using flyer forceps allowed the effective 

collection of sufficient samples for all lesions (including 

osteolytic, necrotic, and sclerotic lesions) and more accurate 

diagnoses in relatively shorter times compared with biopsies 

performed using conventional biopsy needles. 
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INTRODUCTION 

C1 laminectomy without fusion (CLWF) is a widely accept-

ed minimally invasive surgical technique to decompress 

the spinal cord around the craniovertebral junction. It is 

performed as a surgical intervention for Arnold-Chiari mal-

formation, intracanal tumor at the level of C1, ossification 

of the posterior longitudinal ligament developing crani-

ally above the C1 level, and retro-odontoid pseudotumor 

without instability11). Choi et al.2) have reported clinical and 

radiological results of CLWF performed for the treatment of 

various pathologies of the craniovertebral junction. During 

C1 laminectomy without fusion (CLWF) is a widely accepted minimally invasive surgical tech-
nique to decompress the spinal cord around the craniovertebral junction. In the case presented 
herein, a 46-year-old man experienced a fracture of the anterior arch of the atlas that oc-
curred during the postoperative period following CLWF to treat cervical myelopathy associated 
with a retro-odontoid pseudotumor. The findings demonstrate that disruption of the integrity 
of the posterior arch of the atlas confers an increased risk of anterior arch fracture. Although 
CLWF is a good surgical option for treating stable cervical myelopathy associated with a ret-
ro-odontoid pseudotumor, posterior decompression and fusion could be beneficial for patients 
with a relatively high inferior facet angle of C1-2 and subaxial arthrodesis. 
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41 months of the follow-up period, the mean visual analog 

scale and Ranawat scale were significantly improved postop-

eratively without any resultant instabilities noted. Takemoto 

et al.11) have also demonstrated favorable outcomes follow-

ing CWLF for ten patients with retro-odontoid pseudotumor, 

defined as a non-neoplastic soft tissue mass. Observing no 

progression of atlantoaxial instability (AAI) and concomitant 

regression of retro-odontoid mass, they claimed that CLWF 

was beneficial, especially for elderly patients given risks of 

other surgical options using a posterior fusion. 

Although the CLWF technique has been reported to have 

several advantages as listed above, there are still concerns 
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about iatrogenic disruption of the posterior arch and its as-

sociated muscle and ligament structures that are essential 

supportive components of the craniovertebral junction. 

Thus, we contented that patients who had undergone CLWF 

might have an increased load onto the anterior C1 arch and 

a propensity for associated arch fracture. Here, we present a 

case of an anterior atlas fracture following C1 laminectomy 

for treating a retro-odontoid pseudotumor. 

CASE REPORT 

A 46-year-old man without significant medical history pres-

ent with clumsiness of the hand and gait disturbance that 

gradually deteriorated over a month. Four years ago, he 

underwent an anterior cervical interbody fusion at levels of 

C3-4 and C6-7. He reported that previous symptoms such as 

left-arm radiating pain with paresthesia disappeared post-

operatively. A neurological examination conducted at this 

time revealed diminished hand grip power. The Hoffman 

sign was positive for bilateral hand. Radiologic examination 

revealed an increase of atlantodental interval (ADI) of 4 mm 

on a neutral cervical image (Fig. 1A). However, AAI was not 

found on dynamic images (Fig. 1B, C). Magnetic resonance 

(MR) imaging demonstrated spinal cord compression due 

to a retro-odontoid pseudotumor accompanied by high sig-

nal intensity of spinal cord on a T2-weighted image (Fig. 1D, 

E). Preoperative computed tomography (CT) scan showed 

no fracture (Fig. 1F). Although the patient was found to have 

increased ADI, he elected to undergo CLWF considering 

facts of no sign of AAI and relatively young age. The patient 

Fig. 1. (A) Preoperative lateral cervical radiograph showing an atlantodental interval of 4 mm and arthrodesis at C3-4 and C6-7. (B, C) 
Preoperative dynamic views showing no atlantoaxial instability. (D, E) Preoperative T2-weighted magnetic resonance imaging showing 
spinal cord compression with high signal intensity due to a retro-odontoid pseudotumor. (F) Preoperative computed tomography scans 
showing no fracture of the anterior arch of the atlas.
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underwent an uneventful C1 laminectomy (Fig. 2A). The 

surgical process was as follows. Following a longitudinal 

skin incision, the nuchal ligament was bisected in the mid-

dle to single out the C2 spinous process. The posterior neck 

muscles attached to the upper portion of C2 spinous process 

were partially dissected. The C1 posterior arch was cut out 

at a distance of approximately 20 mm following dissecting 

muscles and inserted into the surface (rectus capitis pos-

terior minor). Postoperatively, he experienced noteworthy 

improvement of neurological disturbances in his upper and 

lower limbs. On postoperative 10 days, he left the hospital. 

He was asked to wear a soft neck collar for a month. Eight 

months postoperatively, he came back to the outpatient 

clinic complaining of a sudden onset of intolerable neck 

pain, which was aggravated on axial neck rotation. He re-

ported no obvious inciting event. Flexion-extension cervical 

spine radiographs demonstrated no obvious spinal instabil-

ity. A displaced anterior C1 fracture, which was not clearly 

detectable on plain X-ray films, was revealed on CT scan 

(Fig. 2C). The patient was initially treated conservatively 

for a month with a hard cervical collar and oral narcotic 

agent. Given his unabated pain and displaced bone frag-

Fig. 2. (A) Lateral cervical radiograph following C1 laminectomy without fusion (CLWF). (B) Postoperative T2-weighted magnetic reso-
nance imaging showing the removed posterior C1 arch and resultant decompressed spinal cord. (C) Computed tomography (CT) scans ob-
tained 8 months after CLWF showing fracture of the anterior arch (white arrow). (D) Coronal view of the CT scan demonstrating a large 
inferior facet angle of 26°.
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ment, internal surgical fixation was considered appropriate. 

The patient underwent posterior cervical fusion involving 

the placement of C1 lateral mass screws and C2 pedicle 

screws (Fig. 3A). The procedure was performed without 

any complications. Shortly after the operation, the patient 

experienced profound relief from his preoperative cervical 

pain. Moreover, follow-up MR images of the cervical spine 

revealed a decreased size of retro-odontoid pseudotumor 3 

months postoperatively (Fig. 3B). 

DISCUSSION 

Fractures of the C1 vertebra have been estimated to account 

for 10% of cervical injuries and 1 to 3 % of all spinal column 

injuries4,5,7,10). Atlas fracture is mostly caused by falls and 

motor vehicle accidents. It hardly leads to a neurological 

compromise largely because of the roomy canal diameter 

and centripetal spreading of the C1 ring following an axial 

loading force8). In 1927, Jefferson6) described details of frac-

tures involving the C1 vertebra. In his initial manuscripts, he 

attested that structures including the anterior arch, posterior 

arch, and transverse ligament were paramount in absorbing 

an axial load and enduring radial shift of the lateral masses. 

Unlike typical C1 fractures wherein the mechanism of in-

jury is axial loading, a C1 fracture following C1 laminectomy 

might not be attributed to this. Interruption of the circular 

architecture of the atlas can contribute to the concentra-

tion of mechanical stress in the anterior arch, resulting in a 

spontaneous fracture without inciting trauma. Shimizu et 

al.10) have encountered three cases of anterior arch fracture 

following CLWF and reported the result of a biomechanical 

model, showing that 3.55 times higher stress at maximum is 

concentrated in the anterior arch after C1 laminectomy. The 

location in which the superlative stress was detected was a 

junctional zone or marginally lateral to the anterior tuber-

cle. This stress-concentrated location noticed in the finite 

element model was consistent with fracture sites that were 

clinically observed. Regarding the loading condition, much 

higher stress was observed in extension and lateral bending 

as compared with other postures. Based on these findings, 

they assumed that minimal trauma such as coughing might 

induce fracture, which could be asymptomatic, raising the 

possibility that occult fractures might be more frequent after 

CLWF than reported. 

However, since all patients with CLWF do not present 

anterior arch fracture, it has been thought that other possi-

Fig. 3. (A) Lateral cervical radiograph showing C1 lateral mass screws and C2 pedicle screws. (B) Follow-up magnetic resonance imaging 
of the cervical spine revealing a decreased size of the retro-odontoid pseudotumor 3 months postoperatively.
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ble risk factors are likely to contribute to the risk of anterior 

arch fracture. Shimizu et al.9) have analyzed morphological 

characteristics of the C1-2 facet joint of 10 patients who 

had developed anterior arch fracture following CLWF after 

reporting their initial results10) of the biomechanical model. 

The incidence of anterior arch fracture was 14.2% (10/70). 

Multivariate analysis revealed that a large inferior facet an-

gle (IFA; defined as the coronal inclination angle of the C1-2 

facet) and subaxial ankylosis were independent risk factors 

for anterior arch fracture. They regarded the anterior arch 

fracture associated with posterior defect as a stress fracture 

led by repetitive low-level stress wherein the greater coronal 

inclination of the facet could result in a greater quantum of 

laterally directed force. The ROC curve indicated that a large 

IFA, especially when IFA was greater than 23°, would draw 

not only greater flexural force on the anterior arch, but also 

greater displacement of the inferior articular process of the 

atlas. IFA of the patient in the current case was 26° (Fig. 2D), 

consistent with the previous report. Furthermore, the pres-

ent patient already underwent C3-4 and C6-7 arthrodesis. As 

another risk factor for anterior arch fracture, subaxial anky-

losis could play a role as an adjacent segment disease which 

might lead to overloading of adjacent structures. Since the 

C1-2 joint lacks an intervertebral disc, elevated loading 

might be directly conveyed to the anterior arch through the 

C1-2 inferior facet under situations wherein the posterior 

arch is faulty9). 

Insufficiency of the transverse ligament associated with 

retro-odontoid pseudotumor could compel the mechanical 

support mitigating the force, leading to anterior arch frac-

ture10). The pathogenesis of a retro-odontoid pseudotumor 

is not well explained. It seems that many authors side with 

the opinion of Crockard et al.3) that a partial tear of the trans-

verse ligament is followed by fibrocartilaginous metaplasia 

and a fibrovascular ingrowth. A vicious cycle then occurs, 

resulting in the production of a gradually expanding mass. 

Given that the transverse ligament is the most essential 

structure for stabilization of the atlantoaxial segment, we 

hypothesize that a weakened transverse ligament might mit-

igate the support of radial force and lead to severe neck pain 

in the setting of CLWF. 

Optimal surgical treatment for a retro-odontoid pseudo-

tumor has not been established yet. Takemoto et al.11) have 

reported the beneficial result of CLWF for a retro-odontoid 

pseudotumor in ten patients. They asserted that CLWF did 

not cause severe AAI progression nor serious mass enlarge-

ment during an average of 29 months of follow-up. By con-

trast, some surgeons have used a posterior decompression 

and fusion technique considering that the reactive mass 

develops with resultant mechanical stress at the cranioverte-

bral junction. Chikuda et al.1) have demonstrated that poste-

rior fusion unfailingly yields a pseudotumor regression even 

in patients without AAI. Smilingly, we also experienced the 

resolution of the compressing mass after the second poste-

rior fusion surgery. The mass had remained unchangeable 

following the initial CLWF. 

CONCLUSION 

CLWF for patients with retro-odontoid pseudotumor may 

carry the risk of developing postoperative spontaneous ante-

rior atlas fracture. Although CLWF is a good surgical option 

for the treatment of stable cervical myelopathy associated 

with retro-odontoid pseudotumor, posterior decompression 

and fusion could be beneficial for patients with greater IFA 

of C1-2 and subaxial arthrodesis. 
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INTRODUCTION 

Occipital neuralgia is a unilateral or bilateral paroxysmal, 

shooting, or stabbing pain in the posterior part of the scalp, 

in the distribution of the greater, lesser occipital nerves7). In 

Trigeminocervical complex (TCC) sensitization by chronic entrapment of the greater occipital 
nerve (GON) often causes difficult-to-understand referred trigeminal facial pain along with 
occipital neuralgia. This report emphasizes the importance of accurate diagnosis and GON de-
compression by describing a case of a 51-year-old female patient with referred trigeminal 
pain from occipital neuralgia misdiagnosed as chronic migraine. The patient underwent in-
complete decompression surgery. She presented with a relentless stinging and stabbing pain in 
her left hemiface and temporo-occipital area for 8 years. The pain occurred suddenly without 
improvement after long-term medical and injection treatment. She was diagnosed with 
chronic migraine and underwent so-called “migraine surgery” three years ago, but to no avail. 
Incomplete decompression of the bilateral GONs within the trapezial tunnel was confirmed 
under a microscopic oblique-paramedian approach. After accurate decompression, the chronic 
stabbing pain in the left facial and temporo-occipital region disappeared. Only intermittent 
numbness was felt. It is important to recognize occipital neuralgia caused by chronic GON en-
trapment and referred facial pain caused by TCC sensitization. Referred pain still often seems 
to be misunderstood as various other diseases. Direct decompression of the trapezial tunnel 
using a neurosurgical microscopic approach based on an accurate assessment of anatomical 
considerations may be important for GON decompression. 
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the absence of structural lesions and metabolic causes, oc-

cipital neuralgia has been mostly considered to have an id-

iopathic etiology21). However, greater occipital nerve (GON) 

entrapment in the trapezial canal has been found to be the 

main cause of occipital neuralgia by anatomical studies and 
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decompression surgeries of the GON for occipital neuralgia 

and occipital-based headache2-4,14,15,20). 

Diagnosis of occipital neuralgia is not difficult if the typ-

ical pattern of neuralgic stabbing pain is present in the oc-

cipital area. However, if the pattern of pain radiating to the 

vertex and temporal area in occipital neuralgia, the terminal 

distribution of the GON, is not recognized, the involvement 

of the GON might not be recognized12,18). In addition, the 

GON, major C2 afferent, communicates directly with the 

trigeminal cervical complex (TCC) located in the C2 dorsal 

horn1). The TCC is where the convergence of nociceptive 

afferent input of the trigeminal system and high cervical 

(C1-C3) area occurs1). Therefore, chronic GON entrapment 

can cause occipital neuralgia and headache. At the same 

time, referred pain in the facial trigeminal area can occur 

due to TCC sensitization. Failure to recognize referred facial 

trigeminal pain due to TCC sensitization is highly likely to 

lead to a diagnosis of craniofacial pain, which is difficult 

to understand as both occipital neuralgia and facial pain 

of unknown origin coexist9,10,16-19). As a result, chronic GON 

entrapment patients may receive multiple diagnoses in dif-

ferent departments, resulting in long-term ineffective and 

unnecessary treatment11). 

We would like to introduce a case where typical occipital 

neuralgia accompanied by referred trigeminal pain was 

eventually diagnosed as chronic migraine and so-called 

migraine surgery was performed. In this case, there was no 

improvement in symptoms due to incomplete GON decom-

pression by a proximal approach. The importance of accu-

rate decompression through a microscopic neurosurgical 

approach in GON decompression is emphasized through 

this case report. 

CASE REPORT 

A 51-year-old female patient presented with a left occipital 

headache and facial pain that had persisted for eight years. 

Eight years earlier, dull pain in the back of the neck lasted 

about 10 days. Pain suddenly appeared in the left tempo-

ro-occipital area, around the ear, and on the left face (Fig. 

1A). There were no specific antecedent causes including 

trauma. The pain was characteristically stinging and stab-

bing. An electrical tingling constantly occurred around the 

left eye, around the cheek, and under the chin. At the same 

time, she developed a burning sensation in her left auricle 

and a stabbing pain within her left ear. Her left facial and 

occipital pain were accompanied by a continuous dull pain 

in the neck and left shoulder. The intensity of the pain was 

about 6-7/10 on the numerical rating scale (NRS-11). The 

pain persisted while she was awake. 

During the first month of the pain, her pain was very se-

vere. It did not get better despite taking multiple medications 

from several hospitals. After a month of excruciating pain, 

the intensity of the pain gradually improved. However, the 

pain lasting 2 to 3 months continued to recur at 3 to 4 times a 

year. The stabbing pain lasted as little as 30 min to as long as 

4 to 5 hr. If her pain persisted very badly, the muscles of her 

left eyelid and cheeks trembled and she felt a tingling sensa-

tion in her left tongue. The pain in the left temporo-occipital 

Fig. 1. Distribution of referred trigeminal pain from occipital neu-
ralgia. (A) Drawing showing the distribution of stabbing pain that 
occurred suddenly 8 years ago (hatched area). It occurred not only 
on the left hemiface, including around the orbit, cheeks, under the 
chin, and around the ears, but also in the left temporal and occip-
ital region. (B) A drawing showing the distribution of newly de-
veloped stabbing pain (hatched area) in the right temporal region 
and around the eye.

A

B
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area persisted even in the absence of facial pain attacks. 

Daily activities, neck posture, and movement were not asso-

ciated with pain intensity. She was treated by several doctors 

from different departments, including neurology, dentistry, 

ophthalmology, otolaryngology, and pain clinics. However, 

the pain was not controlled. At one year after the occurrence 

of severe occipital and facial pain, stinging pains appeared 

in the right temporal region, vertex, and around the right eye 

as if on the left (Fig. 1B). Pain intensity on her right side was 

less than on her left side. Over the past two months, her left 

occipital and facial pain attacks were so severe that it made 

her daily activities impossible. Thus, she visited the author’s 

outpatient clinic. 

Neurological examination revealed no objective abnormal 

findings of the cranial nerve. There was no apparent sensory 

abnormality in the left trigeminal area or no limitation of 

neck movement. No tenderness or allodynia was observed 

in the occipital area. Magnetic resonance imaging of the 

brain and cervical spine taken at other hospitals did not 

show any abnormal findings. No abnormal findings were 

found in laboratory examination. A physical examination 

revealed a vertical midline incision scar of about 5 cm in the 

suboccipital area. She said that she had been diagnosed with 

chronic migraine at a plastic surgery clinic three years ago. 

Thus, she had undergone a so-called migraine surgery (Fig. 

2A). Although the pain in the left facial and occipital area 

improved for two months after the migraine surgery, existing 

symptoms recurred with the same intensity at two months 

after the surgery. After that, there was no other way to con-

trol her symptoms. She said that she was getting botulinum 

toxin injections with the diagnosis of chronic migraine every 

three months. She said that botulinum toxin injections had 

no effect on the frequency or intensity of her pain. She said 

that the stabbing pain in the left occipital area continued to 

occur even during the interview at the outpatient clinic.  

Considering that her left temporo-occipital pain coexisted 

on the left hemiface and ear and the occipital pain had a 

stabbing nature, occipital neuralgia caused by entrapment 

of the GON was thought to be the cause of a referred trigem-

inal facial pain. Block of the left GON (ONB) with 2 mL of 2% 

lidocaine significantly improved her left occipital and facial 

pain for about 3 hr. The same temporary pain reduction was 

confirmed through two ONBs. GON decompression was ex-

plained to her. 

GON decompression was performed bilaterally using an 

oblique paramedian approach under general anesthesia 

(Fig. 2A)12,18). As expected, decompression of the GON with-

in the trapezial canal through the so-called migraine surgery 

performed three years ago was insufficient according to the 

authors’ surgical findings (Fig. 2B). The left GON was not 

decompressed at all. The right GON was decompressed only 

in the proximal path before its entrance to the trapezial ca-

nal, while the portion of the GON within the trapezial canal 

was not touched (Fig. 2B). Severe GON entrapment by the 

aponeurotic edge of the trapezius muscle was confirmed 

bilaterally. Circumferential decompression of the GON was 

performed in the trapezial canal and its proximal course to 

the semispinalis capitis muscle under microscopic vision 

(Fig. 2C). The postoperative course was uneventful. She was 

discharged on the second day of surgery. 

Three weeks after the surgery, she reported that existing 

left temporo-occipital, periorbital, and hemifacial stabbing 

pain still occurred but decreased to 30% of the preoperative 

intensity. Her right temporal and periorbital pain were no 

longer felt. The slight numbness in bilateral occipital area 

after surgery disappeared one month after surgery. Two 

months after the surgery, she assessed that the stinging pain 

in the left occipital, periorbital, and face was mild. It was no 

longer severe. She reported that a stabbing pain within the 

left ear canal was felt intermittently. Her periodic attacks of 

severe left-sided headaches and facial pain no longer oc-

curred. At the 6-month follow-up visit, she assessed that the 

existing pain had improved by 80% by GON decompression. 

She reported no restrictions in daily life due to her pain. She 

no longer had the stabbing pain. However, she wanted to 

continue her medication (gabapentin 300 mg a day) because 

of intermittent numbness in her left face. Nine months after 

the surgery, she reported that there were no more pain at-

tacks in the left occipital, periorbital, or face. She was taking 

the pills when she felt a mild tingling in her face that lasted 

about 30 min, occurring once or twice a week. She rated her 

pain intensity as 2 on the NRS-11. 

DISCUSSION 

Simultaneous occurrence of hemifacial pain and oc-
cipital pain: Is this chronic migraine? 
The pain in the left temporo-occipital and hemiface shown 

in the present case was diagnosed with various diseas-

es during eight years. She was diagnosed with trigeminal 
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neuralgia due to pain in the unilateral face. The fact that 

intermittent stabbing pain was not evoked by facial move-

ments indicated that her pain did not meet the diagnostic 

criteria for trigeminal neuralgia7). Moreover, trigeminal 

neuralgia cannot account for the pain in her ear canal and 

temporo-occipital area. Finally, after years of treatment with 

chronic migraine, she underwent a so-called migraine sur-

gery. Temporary improvement of symptoms in the first two 

months after the first operation indicated the possibility of 

chronic migraine. 

Chronic migraine is defined as a headache occurring 15 

or more days/month for three months. It should have fea-

tures of migraine headache at least 8 days/month7). In the 

present case, unilaterality, intensity (moderate to severe), 

the duration, and frequency of headache meet the criteria 

for chronic migraine7). However, it did not have a pulsating 

quality. Instead, it was stabbing in nature. It was not induced 

by routine physical activities. It was not accompanied by 

symptoms such as photophobia or nausea. Thus, it did not 

meet the criteria for migraine headache7). In addition, the 

ipsilateral facial pain accompanying the headache could not 

be explained by migraine. The possibility of trigeminal au-

tonomic cephalalgia can be excluded due to the absence of 

autonomic symptoms. 

In fact, the intermittent stinging and stabbing pain in the 

temporo-occipital area seen in the current case is a typical 

feature of occipital neuralgia1). Occipital neuralgia is defined 

as a unilateral or bilateral paroxysmal, shooting, or stabbing 

pain in the posterior part of the scalp, in the distribution of 

the greater, lesser occipital nerves7). If stabbing pain persists, 

the possibility of occipital neuralgia is very high. In addition, 

if the location of the pain coincides with the area of distri-

bution of the GON, it is not difficult to diagnose occipital 

neuralgia. The distribution of the GON is not confined to the 

occipital area12,18). Pain associated with GON entrapment 

can radiate not only to the occipital area but also to the ver-

tex, temporal, retroauricular and subauricular areas, angle 

of the jaw, the lateral and posterior neck12,18). If the typical 

pain distribution of the GON is not recognized, it could be 

simply judged that the headache is located in the temporal 

or occipital area. In the current classification of headaches, 

headaches including migraines are not classified according 

to the location of the pain7). If the pain distribution of the 

GON entrapment is recognized, it is easy to know that the 

stabbing pain of typical occipital neuralgia is located in the 

Fig. 2. Intraoperative findings during decompression of the greater 
occipital nerve (GON). (A) A photograph showing the paramedi-
an oblique incisions (black arrows) of the distal approach to the 
trapezial tunnel and the existing midline incision located in the 
suboccipital area (white arrow). White stars indicate the positions 
of the inion. (B) Intraoperative photograph showing entrapment of 
the right GON (white arrows) via an aponeurotic fibrous attach-
ment of the trapezius (white arrowheads) at the superior nuchal 
line. The aponeurotic edge of the trapezial canal was partially 
divided. (C) Intraoperative photography showing complete decom-
pression of the right GON (white arrows) by dividing the trapezial 
tunnel. The most heavily compressed portion of the right GON 
pathway (white arrowheads) showed reddish discoloration and 
post-stenotic dilation. The proximal decompression of the right 
GON was made at the point where the GON pierced the semispi-
nalis capitis muscle (black arrow). Its proximal and distal courses 
were completely addressed.

A

B

C
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area of the GON. 

Interestingly, this pain in the present case did not improve 

for many years despite multiple nerve blocks. It was not di-

agnosed with occipital neuralgia. Typical occipital neuralgia 

is characterized by a response to ONB that is included in 

the diagnostic criteria7). On the other hand, in the two ONBs 

performed by the authors of the present report, temporary 

improvement of occipital pain including the left hemiface 

was confirmed easily. In fact, she remembered that whenev-

er she had a nerve block, she always had injections in vari-

ous areas around her neck, including the back of her head. It 

seems that it is difficult to confirm the existence of occipital 

neuralgia and GON entrapment only by repeatedly blocking 

multiple sites for temporary symptom relief without analyz-

ing the pain pattern of the occipital-based GON distribution. 

Diagnostic nerve block should be performed selectively with 

the target nerve and specific disease. 

Referred trigeminal pain from GON entrapment 
We reported improvement of pain in the left hemiface and 

temporo-occipital area lasting eight years through GON 

decompression in the present case. Although referral of the 

pain of occipital neuralgia to the fronto-orbital (V1) area 

through sensitization of the trigeminocervical complex 

(TCC) in the trigeminal spinal nucleus located in the C2 

dorsal horn is well known, there are few reports about its 

clinical presentations9-11,16,17,19). Referred facial and occip-

ital pain is caused by convergence of nociceptive inputs 

of trigeminal and occipital regions in the TCC1). This pain 

referral to the facial trigeminal distribution can occur not 

only in the V1 region, but also in V2 and V3 regions. It can 

even cause hemifacial sensory changes9-11,16,17,19). In addition, 

referred trigeminal pain may occur much earlier than the 

onset of occipital neuralgia16). Considering the simultane-

ous presence of occipital and unexplained facial pain and 

the possibility of delayed occurrence of occipital pain than 

facial pain, it is thought that the referred trigeminal pain due 

to sensitization of TCC exhibits various clinical manifesta-

tions9-12,16-19). 

The GON originates from the medial branch of the dorsal 

rami of the second cervical nerve root20). It ascends through 

the semispinalis muscle and runs rostrolaterally before 

emerging into the scalp by piercing the aponeurotic fibrous 

sling between the trapezius and the sternocleidomastoide-

us near their occipital attachment to the superior nuchal 

line20). This aperture (trapezial tunnel) is a common site 

of entrapment of the GON2-4,12,14,15,18,20). After piercing the 

aponeurotic sling of the trapezial tunnel, the GON widens 

toward its course to the periphery2). This finding (widening 

of the nerve) makes it susceptible to entrapment especially 

in a firm trapezial aponeurosis2,15,20). The GON constitutes 

the main sensory afferents through the C2 root1). This affer-

ent input is transmitted directly to the C2 dorsal horn12,14,18). 

The chronic, continuous, and noxious afferent input of GON 

entrapment appears to be associated with sensitization and 

hypersensitivity of second-order neurons in the TCC1). If in-

sight into the pattern of referred trigeminal pain in the face 

due to TCC sensitization caused by chronic GON entrap-

ment is lacking, patients are mostly misdiagnosed as cer-

vicogenic headache, tension headache, chronic migraine, 

atypical facial pain, and even trigeminal neuralgia as in the 

present case11). 

Excluding structural and metabolic causes, occipital neu-

ralgia has been considered idiopathic in etiology21). Howev-

er, several anatomical studies have suggested that GON en-

trapment is the main cause of occipital neuralgia2-4,12,14,15,18,20).  

Decompression of the GON at the trapezial tunnel can 

result in excellent pain relief in idiopathic occipital neural-

gia8,13). It was effective not only for occipital neuralgia but 

also for the referred trigeminal pain from occipital neuralgia 

and GON entrapment3,4,9-12,14,16-19). 

Accurate decompression of the GON 
The approach to GON decompression can be categorized 

into a proximal type to first address the proximal course 

of the GON within the semispinalis capitis muscle18) and a 

distal type to address the distal GON course within the tra-

pezial canal, which the authors conducted. In the present 

case, the left trapezial tunnel was not found to be decom-

pressed9-11,16,17,19). Only the proximal portion of the main 

trapezial tunnel was decompressed on the right side prior 

to surgery. Complete relapse of the patient’s symptoms fol-

lowing the so-called migraine surgery and almost complete 

improvement after a distal approach indicate that complete 

decompression of the GON in the trapezial tunnel is import-

ant. However, the authors’ distal approach cannot be evalu-

ated as superior because there has been no systematic study 

comparing proximal and distal approaches. 

In the first few cases of GON decompression, we used the 

proximal approach suggested by some plastic surgeons in 
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the United States3-6,14). However, it was inconvenient for us 

to extend the incision distally to decompress the GON in 

the trapezial tunnel18). Therefore, using an incision directly 

above the trapezial tunnel, we traced branches of the GON 

to decompress it in the tunnel and followed it down to fur-

ther decompress the underlying semispinalis capitis mus-

cle9-12,16-19). Since the GON exhibits a superolateral course 

from the midline, oblique paramedian incision can be per-

formed2-4,12,14,15,20). Because most entrapment is caused by the 

trapezial aponeurotic edge in the trapezial tunnel, the distal 

approach provides direct access to the main entrapment 

point18). Using a microscopic field of view, damage to GON 

branches can be prevented and the proximal course of the 

decompressed GON at the trapezial tunnel can be traced 

to decompress the portion that penetrates the semispinalis 

capitis muscle18). Therefore, we recommend a direct decom-

pression of the trapezial tunnel through an oblique parame-

dian approach using microscopy for neurosurgeons. 

CONCLUSION 

Except for structural abnormalities of the craniovertebral 

junction and metabolic causes, most cases of occipital neu-

ralgia are caused by chronic entrapment of the GON. The 

GON is entrapped in the trapezial tunnel, where the tendi-

nous aponeurotic edge of the trapezius muscle attaches to 

the superior nuchal line. With temporal and vertex regions 

of the GON distribution in mind, if there is a stabbing pain, 

occipital neuralgia should be considered first. If pain in 

occipital neuralgia is also present on the face, referred tri-

geminal pain should be considered. A direct approach to the 

trapezial tunnel using a neurosurgical microscope is recom-

mended for an accurate decompression of the GON. 
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INTRODUCTION 

Grisel’s syndrome is non-traumatic atlantoaxial sublux-

ation which is predominantly occurred in pediatric patients 

younger than 12 years old (68%), with 90% of cases under 

21 years old. There is no gender predilection for the syn-

drome16). It is relatively common in children, with an esti-

mated prevalence of 5.6% in the general ophthalmological 

patients2). Pathogenesis is commonly related to upper re-

spiratory tract infections such as rhinopharyngitis, cervical 

osteomyelitis, otitis media, or surgical procedures like ad-

enoidectomy, tonsillectomy, repair of choanal atresia, and 

Grisel’s syndrome, which involves non-traumatic atlantoaxial rotatory subluxation, is a rare 
disease that occurs primarily in children. Herein, we present two cases of chronic and acute 
Grisel’s syndrome that were successfully treated with traction and medication as non-surgical 
management. A 10-year-old male patient was diagnosed with chronic Grisel’s syndrome after 
surgery to remove cholesteatoma in his left ear 6 months previously (Case 1), and a 5-year-old 
female patient was diagnosed with acute Grisel’s syndrome after acute pharyngitis (Case 2). 
Both patients were treated with pain control and halo traction, which corrected torticollis and 
relieved their symptoms. 
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mastoidectomy. The 48% is secondary to infection and 40% 

is secondary to surgery (adenotonsillectomy in 78%)2). The 

main symptom is neck pain, torticollis, limited and painful 

neck movement and rarely dysphasia. Physical examination 

shows a spasm of the sternocleidomastoid muscle contra-

lateral to the rotation. The diagnosis is established based on 

laboratory test to detect signs of infection and radiological 

approach for visualizing the subluxation. Previously, surgical 

treatment was considered if the displacement lasted more 

than three weeks because of the high risk of recurrence and 

permanent deformity11). We report the 2 cases of Grisel’s 

syndrome. The first case is a 10-year-old male patient with 
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chronic Grisel’s syndrome for more than 6 months, Fielding 

type III with atlantodental interval (ADI) over 5 mm treated 

with conservative treatment without surgical option. The 

second case is a 5-year-old female patient with acute form of 

Grisel’s syndrome successfully treated with pain control and 

halo traction. 

CASE REPORT 

Case 1 
A 10-year-old male patient visited our hospital having 

complained of torticollis, neck pain, and dysphasia after 

mastoidectomy due to the removal of cholesteatoma in his 

left ear 6 month ago. His head was rotated to the left and 

tilted to the right. He complained of neck pain on attempt-

ed motion of the head, dyspnea, dysphagia, snoring and 

nausea. Because of these symptoms, he lost about 4 kg in 

two months. He had no history of trauma. Physical exam-

ination identified no tonsillar hypertrophy and hyperemia. 

There was a spasm of the ipsilateral sternocleidomastoid 

muscle exacerbated by the attempt to perform contralateral 

active rotation. Laboratory examinations showed absence 

of leukocytosis (7400/mm3; normal range, 4,000–11,000) 

and normal C-reactive protein (< 0.03 mg/dL). Computed 

tomography (CT) obtained demonstrated rotary displace-

ment of the atlas with anterior displacement (fielding type 

III). The ADI was widened over 7 mm and neck was tilted 

to the right. Magnetic resonance imaging (MRI) showed an 

inflammatory process in the atlantodental space which ex-

tends to involve prevertebral soft tissues (Fig. 1). The patient 

was placed in soft neck collar and received a conservative 

treatment consisted of pain control as ibuprofen, a muscle 

relaxant. Intermittent cervical traction was performed, start-

ing from 0.5 kg/body weight to max 1.5 kg/body weight ev-

ery day for 2 months. For the next two months, he continued 

to get traction therapy and take analgesia (ibuprofen). Head 

rotation and dislocation got corrected and symptoms were 

dramatically relieved (Fig. 2). 

Case 2 
A 5-year-old female child was referred for evaluation of tor-

ticollis. She was diagnosed with acute pharyngitis 3 days ago 

with 39°C fever and throat pain. Multiple enlarged lymph 

nodes and pharyngeal hypertrophy were detected. She was 

treated with intravenous antibiotics (ampicillin and β-lac-

tamase inhibitor) and ibuprofen. Otherwise, the parents 

said no history of trauma or pre-existing health condition. 

Physical examination showed limited cervical range of 

motion. Her head was rotated to the right and tilted to the 

left. She was neurologically intact and had limited painful 

neck movement. There was a spasm of sternocleidomastoid 

muscle when attempt to rotate her neck. Laboratory exam-

ination showed leukocytosis 19700/mm3 (normal range, 

4,000–11,000) and C-reactive protein 9.67 mg/dL (normal 

range, < 0.5 mg/dL). CT revealed a rotated head with normal 

ADI and MRI showed inflammatory change in the bilateral 

retropharyngeal space with resolved fluid collection (Fig. 3). 

Conservative care of neck collar and taking ibuprofen was 

done for 3 weeks but there was no symptomatic improve-

ment and traction therapy was initiated. After intermittent 

Fig. 1. Axial computed tomography scan showing a widened atlantodental interval (arrow) with anterior displacement, corresponding to 
Fielding type III (A). There was an inflammatory fluid collection around the joint space (arrow) (B, C).
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Fig. 2. The distance between the dens and lateral mass of C1 was 0.9 cm (A). After halo traction and pain control for 2 months, the dis-
tance between the dens and lateral mass of C1 was shortened (C). A three-dimensional (3D) reconstructed image verified the dislocation 
of C1 and C2 (B). The treatment effect was also verified through a 3D reconstructed image (D).

Fig. 3. Before treatment, the atlantodental interval was 0.9 cm (A), and after 1 week of halo traction, the distance was shortened to 0.7 
cm (D). A three-dimensional reconstructed image verified the corrected alignment after the treatment. (B, E). Magnetic resonance imag-
ing demonstrated retropharyngeal inflammation, reflecting the patient’s history of acute pharyngitis. MRI showed inflammatory changes 
in the bilateral retropharyngeal space with resolved fluid collection (C).
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cervical traction with 2 kg and bedside halter traction for 1 

week, dislocation was normalized and neck pain and mo-

tion limitation were relieved (Fig. 3). 

DISCUSSION 

Grisel’s syndrome is atlantoaxial rotatory subluxation after 

infection of the upper respiratory tract. Grisel’s syndrome is 

generally related to head and neck infections such as phar-

yngitis, adenotonsillitis, tonsillar abscess, cervical abscess, 

and otitis media. It has been occurred after numerous oto-

laryngological procedures such as tonsillectomy, adenoid-

ectomy and mastoidectomy4). There are many mechanisms 

for Grisel’s syndrome, including expansion of infection to 

the joints via anastomotic lymphatic and venous channels, 

synovial inflammation, effusion, distension, and instabil-

ity of C1-2 joints, post-inflammatory decalcification of the 

ligamentous insertions inducing articular loosening, and 

reactive paravertebral muscle spasm strong enough to set 

off the destabilized joints10). Parke WW et al.12) demonstrated 

a previously unknown plexus of lympho-venous anastomo-

ses via the pharyngobasilar fascia and the atlanto-occipital 

membrane that helps hematogenous conduction of local 

infections of the ear or the pharynx. The cases in this paper 

were caused by inflammation after the removal of choleste-

atoma in his left and after acute pharyngitis. 

Pang and Li10) classified the atlantoaxial subluxation into 3 

different groups according to the pretreatment time (acute < 

1 month, subacute = 1–3 month, chronic > 3 month). Field-

ing classified atlantoaxial subluxation into four different 

types. In type I, the atlas is rotated on the odontoid without 

anterior displacement. In type II, the atlas is rotated on one 

articular process with 3 to 5 mm anterior dislocation. Type 

III consists of a rotation of the atlas with anterior displace-

ment greater than 5 mm. Type IV is explained by rotatory 

fixation with posterior displacement5). Type 1 and 2 of sub-

luxation are most common and neurological symptoms 

are not available. The spinal cord compression and severe 

neurological findings can be seen in types 3 and 43). Our first 

patient had an ADI of 7.2, greater than 5 mm, so it corre-

sponds to type III atlanto-axial subluxation and neurological 

symptoms like dysphasia, aspiration has been detected. The 

second patient had no anterior displacement with normal 

ADI, so it was type I atlantoaxial subluxation. 

The treatment of Grisel’s syndrome consists of non-surger-

ies, including halter traction, cervical brace and skull trac-

tion and surgeries (C1-2 arthrodesis). Patients, who present 

within 1 month from the onset of symptoms, are routinely 

treated by non-surgeries like analgesics, cervical collar for 

comfort18). However chronic Grisel’s syndrome has been 

treated with surgery. Many authors reported that patients 

with Grisel’s syndrome that remained unreduced for longer 

than 3 weeks are at a high risk of recurrence or permanent 

deformity, even after treatment, because of the development 

of chronic changes in the transverse and alar ligaments11,15). 

However, after surgical stabilization, continuing neurologi-

cal complications happened up to 15% of all patients. Tetra-

plegia, limitation of bone growth, secondary deformity has 

been described1,9,14). Wright NM et al.17) described that C1-2 

transarticular screw fixation, the risk of vertebral artery inju-

ry was 4.1% per patient or 2.2% for screw inserted and it ris-

es to lateral medullary infarction, resulting in Wallenberg’s 

syndrome13). Because of its invasiveness and associated 

risk, we generally reserve the surgical option if the Grisel’s 

syndrome fails to resolve with non-operative care or there 

is a clear indication for surgery such as an associated trau-

matic spinal injury mandating surgical intervention6). There 

are many reports that chronic Grisel’s syndrome could be 

successfully reduced with antibiotic administration and 

observation for long periods of up to 6 month or with active 

physiotherapy7). Ishii et al.8) showed successful treatment of 

chronic rotatory subluxation (8 weeks) with traction and a 

sternal occipital mandibular immobilizer for 3 months. Park 

et al.11) described a case of chronic Grisel’s syndrome with 6 

weeks of halter traction and 4 months of bracing. 

The first acute Grisel’s syndrome case was successfully 

treated non-surgically. The chronic Grisel’s syndrome was 

also successfully treated with non-surgical management. 

Considering the patient’s age and potential for growth and 

development, we thought the surgery was too dangerous so 

that we performed conservative treatment for chronic Gri-

sel’s syndrome patients. After 2 months of treatments, the 

alignment got corrected and symptoms improved. 

CONCLUSION 

Acute Grisel’s syndrome case could be successfully treated 

with conservative treatment. It was found that chronic Gri-

sel’s syndrome can also be treated with conservative treat-

ment. These cases are thought to give good information to 
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doctors treating Grisel’s syndrome. 
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INTRODUCTION 

Sciatica due to lumbar disc herniation (LDH) occurs in 0.1% 

to 0.5% of adults every year16). The most severe form of LDH 

is a sequestered disc, in which the sequestration, also called 

a free fragment, is no longer attached to each intervertebral 

disc2). Although surgery is generally known to be effective for 

treating LDH, several studies6,7) have noted that the majority 

of LDH cases could improve with conservative treatment. 

Here, we report a case in which symptoms were dramatical-

ly improved by sequestrated disc resorption. 

Lumbar disc herniation (LDH) is a common cause of sciatica. Several cases of clinical improve-
ment in patients with spontaneous resorption of LDH have been reported. However, it is un-
common for this spontaneous resorption of LDH to manifest as an abrupt improvement of 
symptoms. Here, we report a case of rapid symptom improvement due to spontaneous resorp-
tion of LDH. Furthermore, we review the available literature to critically evaluate the possibili-
ty of spontaneous LDH resorption and consequent symptom improvement within the context 
of previous research. 

Keywords: Intervertebral disc displacement; Lumbar vertebrae; Laminectomy
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CASE REPORT 

In September 2019, a 35-year-old male patient visited our 

hospital with pain in both lower extremities (visual analog 

scale [VAS]9). The patient underwent 6 months of conserva-

tive treatment at other hospitals. However, treatment was 

unsuccessful, and he was admitted to our outpatient clinic. 

Magnetic resonance imaging (MRI), performed at another 

hospital in March 2019, revealed that the 4th to 5th lumbar 

disc showed a correlation between disc position and pain 

in both extremities; therefore, surgery was recommended 
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(Fig.1). One week later, during preoperative hospitalization, 

the pain had improved (VAS 3); the patient was asked to un-

dergo additional imaging tests, but he refused and request-

ed surgery. Thereafter, laminectomy and ligament removal 

surgery were performed according to the MRI image. No se-

questrated disc material was identified during the operation, 

and no specific changes were observed after the operation. 

After surgery, computed tomography (CT) was performed 

instead of MRI, due to the patient’s financial constraints. 

A comparison with the previous MRI confirmed that there 

was significant disc material resorption (Fig.2). The patient 

was discharged 3 days after surgery with the improvement 

of symptoms and no complications. The observation was 

continued without additional treatment, and the patient’s 

condition remained good until 24 months after surgery.  

DISCUSSION 

LDH is a common disorder that limits patients’ functional 

ability, leading to disability and reduced quality of life. Sev-

eral studies have observed that the reuptake of LDH occurs 

via a phagocytic mechanism involving macrophages, trig-

gering an inflammatory response and angiogenesis in the 

outermost layer of the prolapsed disc material3,11). In addi-

tion, the degradation of proteoglycans in the nucleus pul-

posus leads to dehydration of the prolapsed disc material, 

reducing disc volume4,12). Apoptosis may further influence 

disc resorption9,10). 

In this case, clinical symptoms improved rapidly after 6 

months and dramatic disc resorption was confirmed by im-

aging studies performed during follow-up. Many prior stud-

ies have reported the occurrence of spontaneous resorption 

in the conservative treatment of herniated discs. Ahn et al.1) 

showed that 67% of LDH cases showed dramatic resorption 

after an average follow-up period of 4.3 months. In addi-

tion, Benson et al.5) found that 83% (29/35) of patients with 

massive LDH showed complete and sustained recovery with 

an average follow-up period of 23.2 months. In other stud-

ies, the majority of patients who underwent non-surgical 

treatment showed improvement in clinical and imaging fol-

Fig. 2. (A, B) Sagittal and (C, D) axial postoperative computed tomography demonstrate that the disc fragments were resorbed, with a 
residual small disc protrusion at the L4-5 level.

Fig. 1. (A, B) Sagittal and (C, D) axial preoperative T2-weighted magnetic resonance images of the 35-year-old male patient reveal a large 
disc extrusion and severe dural sac compression, center to left, at the L4-5 level.

A

A
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low-up (Table 1)4,8,14). A meta-analysis of 11 studies by Zhong 

et al.20) showed that the overall incidence of spontaneous 

absorption after LDH was 66.66% (95% confidence interval, 

55.12–78.21). 

However, several studies have reported an increase in 

LDH following conservative treatment6,18). Large LDHs tend 

to degenerate more easily than small LDHs. During infil-

tration of the annulus fibrosus or posterior longitudinal 

ligament, the disc material is exposed to the systemic circu-

lation within the epidural space, thereby enhancing cell-me-

diated inflammatory responses. Larger discs are more likely 

to shrink in size than smaller discs, while smaller discs can 

potentially increase in size17). 

The patient in this case study showed rapid symptom 

improvement. Accordingly, we sought to better understand 

the relationship between the degree of LDH resorption and 

the extent of symptom improvement. Seo et al. suggested 

that clinical outcomes improved extensively in patients with 

a decrease in LDH volume19). However, other studies have 

suggested that chemical factors influencing the pathophysi-

ology of sciatica may play a role13,15). In our patient, the LDH 

volume decreased for six months after the MRI performed in 

March 2019. However, sudden symptom improvement was 

noted, regardless of the decrease in LDH volume. 

Therefore, even if the patient’s symptoms improve sud-

denly, this improvement may be temporary, and an imaging 

test, such as an MRI or CT, should be performed to confirm 

the LDH volume right before surgery. However, the patient 

in this case study was unfortunately unable to undergo MRI 

before and after surgery, as this is not covered by Korea’s 

insurance policy, and the cost burden was too high for the 

patient to fund himself. 

CONCLUSION 

In this report, we described a case of sequestrated disc re-

sorption and the subsequent abrupt clinical improvement. 

Since LDH is well absorbed and symptoms have been ob-

served to improve spontaneously in some cases, and many 

cases respond well to conservative treatment, it is necessary 

to verify the LDH volume just before surgery. Further, if 6 

months have passed between the initial imaging and the 

operation, or if changes to the clinical symptoms occur, an 

imaging follow-up examination such as an MRI is absolutely 

necessary. 
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INTRODUCTION 

Loss of shoulder and elbow function is typical of upper bra-

chial plexus avulsion3,13). Motor root avulsion of the C5 and 

C6 roots results in Erb palsy, with loss of supply to muscles 

innervated by the suprascapular nerve, axillary nerve, and 

musculocutaneous nerve3). In the case of root avulsion, 

The diagnosis of brachial plexus avulsion is often delayed by concomitant trauma to the arm 
and shoulder. Therefore, nerve transfer surgery to restore elbow and shoulder function is rarely 
reported. We present our initial experience of double fascicular nerve transfer for upper bra-
chial plexus avulsion. A 26-year-old male patient presented with a 5-month history of unre-
solving pain and paralysis involving his left shoulder and elbow following a motorcycle acci-
dent. Avulsion of the C5 and C6 ventral roots and C6 dorsal root was confirmed by a myelo-
graphic computed tomography scan. After lesioning of the dorsal root entry zone due to pain-
ful avulsion, double fascicles (flexor carpi radialis and flexor carpi ulnaris) of the median and 
ulnar nerve) were transferred to the biceps brachii and brachialis branches of the musculocu-
taneous nerve to restore elbow flexion. Two weeks after the first transfer surgery, the distal 
accessory nerve was transferred to the suprascapular nerve to ensure shoulder function. Six 
months after the nerve transfers, elbow flexion recovered to Medical Research Council grade 3, 
but shoulder function did not show any improvement. An additional nerve transfer (triceps 
branch of the radial nerve to the axillary nerve) was planned for shoulder function. It is neces-
sary to refine the microsurgical suture technique. For shoulder function, it is recommended to 
perform radial nerve transfer at the time of the first surgery. 

Keywords: Brachial plexus; Musculocutaneous nerve; Nerve transfer; Radiculopathy
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the absence of proximal nerve stump prevents nerve graft 

reconstruction and no spontaneous recovery of the shoul-

der and elbow function is anticipated13). Therefore, nerve 

transfer should be considered for restoration of the elbow 

and shoulder function. In 1994, Oberlin et al.8) reported the 

technique of nerve transfer from a redundant fascicle of 

the ulnar nerve to the biceps brachii branch of the muscu-
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locutaneous nerve for restoration of elbow function due to 

upper brachial plexus avulsion. However, the importance 

of the brachial muscle in elbow flexion was subsequent-

ly confirmed and the technique for the transfer of double 

fascicular nerves to both the biceps brachii and brachialis 

muscles was introduced7). The so-called ‘double fascicular 

nerve transfer’ entails a surgical transfer of the flexor carpi 

radialis (FCR) and flexor carpi ulnar (FCU) branches of the 

median and ulnar nerves to the biceps brachii and brachia-

lis branches of the musculocutaneous nerve for functional 

restoration of elbow flexion2-4,6,7,12-15). It yielded better results 

than the technique reported by Oberlin et al.8) for upper bra-

chial plexus avulsion7). 

Brachial plexus avulsion causes characteristic pain and 

paralysis in the upper extremities but often goes undiag-

nosed for years due to trauma to the shoulder and arm5,9,10). 

Despite pain surgery for neuropathic pain in brachial plexus 

avulsion5,9,10), no surgical restoration of the function of the 

elbow and shoulder was possible because it was referred 

to the authors one year after a shoulder injury. Finally, the 

authors had an opportunity to identify and treat brachial 

plexus avulsion in a patient who presented with pain and 

paralysis in the left arm within 1 year of the injury. We would 

like to report our initial experience with nerve transfer sur-

gery. Even though the diagnosis of avulsion was delayed by 

more than 5 months, motor nerve transfer was still possible. 

We hope the challenges and efforts due to our lack of experi-

ence will educate our colleagues performing nerve transfer. 

CASE REPORT 

A 26-year-old male patient presented with numbness and 

pain in the left arm and paralysis of the left shoulder and 

elbow after a motorcycle accident (Fig. 1A). The patient 

was first taken to the emergency room of our hospital and 

diagnosed with a blow-out fracture of the left orbit, a deep 

laceration of the left forearm, and multiple contusions. He 

was transferred to a hospital for inpatient treatment. Reduc-

tion and internal fixation for the left blow-out fracture was 

performed 2 weeks after the injury. The patient believed that 

wearing a cast for lacerations and contusions on his left arm 

would eventually alleviate the pain and weakness in his left 

arm. Unfortunately, even his medical staff were not aware 

of his left arm paralysis. In the absence of any improvement 

in pain and numbness in his left arm two months after the 

injury, an magnetic resonance imaging (MRI) of the cervi-

cal spine was performed. A cervical cord abnormality was 

suspected on the MRI and a referral was made to the spine 

division of the neurosurgical department at the author’s 

hospital. However, the spine surgeon ruled out any cervical 

spine defect and referred the patient to the authors. It took 

him four months to interview the senior author. 

On physical examination, extension of the left shoulder as 

possible, but only up to 30 degrees of flexion (Fig. 1B). Inter-

nal and external rotation of the left shoulder was impossible. 

The left elbow also allowed some extension but no flexion 

at all (Medical Research Council [MRC] grade 0) (Fig. 1B). 

Mild weakness was observed in wrist extension, flexion and 

abduction of the fingers, and thumb opposition (MRC grade 

4). Moderate hypesthesia was observed on the lateral side of 

his left upper arm, on the radial side of the forearm, on the 

hand dorsally, and in the first and second fingers. In partic-

ular, severe numbness and pain were observed in the left 

forearm and the first and second fingers (Fig. 1A). The pain 

was characterized by persistent numbness with intermittent 

electric shock in the area of hypesthesia. Allodynia was not 

observed. 

Atrophy of the supraspinatus and infraspinatus and del-

toid muscles of the left shoulder as well as atrophy of the left 

biceps brachii were observed (Fig. 1B). Mild atrophy was 

also observed in the intrinsic muscles of the left hand. No 

deep tendon reflex of the biceps brachii was elicited. A sim-

ple radiographic examination of the cervical spine showed 

no abnormal findings such as fractures. In the myelographic 

computed tomographic (CT) scan of the cervical spine, the 

anterior and posterior roots of the C5 and C6 spinal cord 

were absent; however, no pseudomeningocele was observed 

(Fig. 1C). The characteristic pain pattern and paralysis as-

sociated with the absence of the roots in the myelographic 

CT scan of the cervical spine led to the diagnosis of brachial 

plexus avulsion. Recognizing that pain and paralysis of bra-

chial plexus avulsion were unlikely to improve, dorsal root 

entry zone (DREZ) lesioning and nerve transfer surgeries 

were planned. One week after confirming improvement of 

the left arm pain (reduced from 6/10 to 2/10 on numeric rat-

ing scale-11) and absence of neurological abnormality with 

microsurgical DREZ lesioning (Fig. 1D), a double fascicular 

nerve transfer to improve the function of his left elbow was 

planned as suggested by Mackinnon et al.7). 

After making an incision of about 20 cm in the upper arm 

www.thenerve.net

Son B and Lee C.   Double Fascicular Nerve Transfer for Brachial Plexus Avulsion

39



of the left arm, the biceps and brachialis muscles were iden-

tified, the path of the musculocutaneous nerve, the branch-

es to the biceps and brachialis muscles, and the lateral an-

tebrachial cutaneous nerve were identified and neurolyzed 

(Fig. 2A, B). Subsequently, among expandable or redundant 

segments (FCR/palmaris longus [PL], flexor digitorum su-

perficialis [FDS] component) of the median nerve (MN), the 

FCR/PL branch was addressed using topographic anatomy 

Fig. 1. Distribution of pain in brachial plexus avulsion and weakness and atrophy of the left shoulder and arm. (A) Schematic representa-
tion of the distribution of pain due to upper (C5-6) brachial plexus avulsion. Gray areas indicate the location of continuous severe pares-
thesia superimposed on stabbing pain during the onset of trauma (gray area). (B) Clinical photographs showing an absence of shoulder 
abduction (left and middle images). Severe atrophy was observed in the deltoid and infraspinatus muscles (arrows). There was no flexion 
of the right elbow (right). (C) Coronal and axial myelographic computed tomography images showing avulsion of the cervical roots. A 
coronal image (left) shows no travel of the left C5 and C6 ventral roots. At the level of C4, the left ventral root is not observed. At the C5 
level, neither the left ventral nor the dorsal root is observed (middle and right images). (D) An intraoperative photograph showing the ab-
sence of the dorsal C6 rootlets due to avulsion. The dorsal rootlets of the C5 and C7 were preserved. Microsurgical dorsal root entry zone 
lesioning was performed (arrows) in the avulsed posterolateral sulcus.
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and intraoperative nerve stimulation (monopolar stimu-

lation, 12 Hz, 0.5-1 mA). The redundant FCR branch was 

dissected from the MN (Fig. 2C). During internal neurolysis 

of the MN, the critical pronator and anterior interosseus 

branches were preserved via intraoperative stimulation. 

Then, the FCU fascicle of the ulnar nerve was identified via 

nerve stimulation (Fig 2D) and internal neurolysis was per-

formed. Sufficient length of the donor nerve was ensured to 

prevent tension during end-to-end anastomosis. End-to-end 

coaptation was performed using 9-0 nylon (the FCR fascicle 

to the biceps branch, and the FCU branch to the brachialis 

branch) and a fibrin sealant (Beriplast P Combi-Set; CSL 

Behring Pharma, Tokyo, Japan) was applied to the repair site 

(Fig. 2E). The left arm was immobilized in a sling for 7 days. 

Three weeks later, transfer of the distal accessory nerve to 

the suprascapular nerve was performed via the posterior 

approach. 

A transverse incision 10 cm in length and 2 cm above the 

scapular spine was made. After elevation of the trapezius 

muscle, the distal accessory nerve was dissected and mobi-

lized, and then divided distally (Fig. 3A). At the suprascapu-

lar notch, the suprascapular ligament was divided to expo-

sure the suprascapular nerve (Fig. 3B). The suprascapular 

nerve was mobilized and transected proximally to provide 

adequate nerve length to transpose superficially toward 

the distal accessory nerve. The direct repair was performed 

between the distal end of the distal accessory nerve and the 

proximal part of the suprascapular nerve (Fig. 3C). 

No sensorimotor complication associated with nerve 

transfer surgery was detected. The first signs of reinnerva-

tion were seen 3 weeks after surgery. The patient showed 

minimal elbow flexion without resistance to gravity (MRC 

grade 2). However, shoulder abduction and extension did 

not improve. Elbow flexion improved 6 months to a full 

range of motion against gravity (MRC grade 3) (Fig. 4). How-

ever, clinical recovery of shoulder function was not seen 6 

months after the nerve transfer. Since there were only two 

months left for reinnervation after injury, and clinical re-

covery of shoulder function was not observed even after 6 

months of nerve transfer, transfer of medial triceps branch 

of the radial nerve to axillary nerve was planned for shoul-

der function. 

Fig. 2. Double fascicular nerve transfer for restoration of elbow function. (A) A schematic diagram showing the procedure of double fas-
cicular nerve transfer. (B) An intraoperative photograph showing initial exposure of the branches of the musculocutaneous nerve (MCN) 
and median nerve (MN). (C) The redundant flexor carpi radialis fascicle (black arrow) was internally neurolyzed and cut. The mobilized, 
cut end of the biceps branch (white arrow) of the MCN enabled tension-free, end-to-end anastomosis. (D) Approximation of the cut edge 
of the brachialis branch (white arrow) of the MN and the flexor carpi ulnaris fascicle (black arrow) of the ulnar nerve (UN). (E) An intra-
operative photograph showing double fascicular nerve transfer in the upper arm. Two anastomotic sites (white circles) are noted. LABC, 
lateral antebrachial cutaneous nerve of the musculocutaneous nerve; MABC, medial antebrachial cutaneous nerve.
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Fig. 3. Posterior approach to nerve transfer of the distal accessory to the suprascapular nerve for shoulder function. (A) An intraoperative 
photograph showing the exposure of the suprascapular notch via posterior approach. The spinal accessory nerve was identified with ele-
vation of the trapezius muscle and intraoperative stimulation. The inset shows the incision location for the posterior approach. (B) Isola-
tion of the suprascapular nerve after division of the suprascapular ligament at the suprascapular notch. (C) An intraoperative photograph 
showing end-to-end coaptation of the cut edges of the distal accessory and suprascapular nerves.
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DISCUSSION 

Nerve transfer instead of nerve graft 
In the case of brachial plexus avulsion, the absence of or in-

accessible proximal nerve stump may not allow graft recon-

struction. Therefore, motor nerve transfer is the only recon-

structive option available13). Nerve transfers have been used 

with increasing frequency for the reconstruction of proximal 

upper extremity nerves and brachial plexus injuries6). 

Nerve transfer is associated with multiple advantages. It 

allows dissection in uninjured and unscarred tissue planes 

and minimizes the regeneration time and distance. Optimal 

muscle reinnervation depends on sufficient number of re-

generating motor axons reaching their target neuromuscular 

junctions within approximately 1 year following the injury8). 

Consequently, the outcomes after proximal nerve repair or 

reconstruction with grafts are frequently poor because of 

the irreversible loss of the target motor end plates with de-

generation and fibrosis13). Selection of motor nerve in close 

proximity to the target muscle minimizes the regeneration 

distance and time for muscle reinnervation prior to perma-

nent motor end plate loss13). 

The choice of optimal donor nerve is based on factors 

such as the number of motor axons, location near the target 

muscle, and synergy of muscle function. Nerve branches 

that innervate muscle alone or motor fascicles that can be 

readily neurolyzed from a mixed nerve, such as the FCU 

fascicle of the ulnar nerve, are preferred donor nerves4,12,13). 

The use of donor nerves that innervate expandable muscles 

has a synergistic effect on the target muscle and facilitates 

postoperative rehabilitation and motor re-education with 

increased likelihood of a successful outcome13). 

Nerve transfers for elbow function 
Functional reconstruction following a complete brachial 

plexus injury is focused initially on restoration of elbow flex-

ion, followed by shoulder abduction. Selection of the donor 

nerve with the largest caliber and the greatest number of 

motor axons is recommended13). Many options for nerve 

transfer exist for the restoration of elbow flexion, and the 

most appropriate option depends largely on the availability 

of donor motor nerve6,7). Suggested donor nerves include re-

dundant FCU fascicle of the ulnar nerve, redundant FCR or 

PL fascicle of the MN, FDS, medial pectoral nerves, thoraco-

dorsal nerves, distal spinal accessory nerves, and intercostal 

nerves13). 

Fig. 4. Clinical images showing the results of the nerve transfers at postoperative 6 months. The patient’s left elbow flexion improved to 
facilitate full range of motion (Medical Research Council grade 3). However, shoulder abduction improved only slightly.
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Oberlin et al.8) first introduced the FCU-to-biceps transfer 

for reinnervation of the biceps muscle in C5 and C6 brachial 

plexus avulsion by transferring the redundant FCU fascicle 

from the ulnar nerve to the biceps branch of the musculocu-

taneous nerve. In a follow-up series of 32 patients reported 

in 2004, an elbow flexion of MRC grades 3 to 4 was achieved 

in 94% of cases7). No significant donor morbidity was seen7). 

However, 10 patients required a Steiner flexorplasty to ob-

tain satisfactory elbow flexion7,8). To achieve further suc-

cessful elbow flexion, the importance of reinnervation of the 

brachialis muscle was suggested7,14). The brachialis muscle is 

a stronger elbow flexor than the biceps muscle and its rein-

nervation was performed with the medial pectoral and tho-

racodorsal nerve branches in addition to the FCU transfer to 

the biceps7). Initial results of brachialis muscle reinnervation 

were better than the procedure suggested by Oberlin et al.8) 

strong elbow flexion of MRC grade 4 or better was obtained 

and no patient required additional tendon transfer surgery7). 

The brachialis muscle is the primary elbow flexor, while the 

biceps muscle is a primary forearm supinator and second-

arily provides elbow flexion, reinnervation of the brachialis 

muscle in addition to strengthening elbow flexion2). 

Recognizing the superior functional outcome with reinner-

vation of the brachialis muscle, Mackinnon et al.7) suggested 

double fascicular nerve transfer from the median (FCR/PL 

fascicle) and ulnar (FCU fascicle) nerves to the biceps and 

brachialis branches of the musculocutaneous nerve15). In the 

current case, avulsion of the ventral root occurred in C5 and 

C6, and in upper brachial plexus avulsion, the motor func-

tion of the median and ulnar nerves was preserved. There-

fore, we adopted the technique of double fascicular nerve 

transfer recommended by Mackinnon et al.3,7,13). 

If the motor function of the median and ulnar nerves is 

not preserved in case of complete brachial plexus avulsion, 

medial pectoral and thoracodorsal nerves are suggested as 

alternative donor nerves for nerve transfer7,13,14). In case of 

a complete brachial plexus injury, the distal accessory and 

intercostal nerves are the another alternative13). The distal 

accessory nerve requires a long nerve graft and is generally 

reserved for transfer to the suprascapular nerve for shoulder 

function13). The intercostal nerves are small, and although 

direct transfer to the proximal musculocutaneous nerve in 

the axilla is feasible, the regeneration distance is long13). Less 

favorable options include the contralateral partial C7 root 

and the phrenic nerve.1 However, their use is still limited. 

Nerve transfer for shoulder function 
In case of brachial plexus avulsion, shoulder abduction is 

the next priority, which entails reinnervation of the supra-

spinatus and infraspinatus muscles and deltoid13). The dis-

tal accessory nerve has been recommended as a standard 

transfer to the suprascapular nerve, which innervates the su-

praspinatus and infraspinatus muscles. It is readily available 

and the trapezius muscle provides a synergistic function13). 

We selected the posterior approach for distal accessory 

nerve transfer. The advantages of the posterior approach for 

distal accessory nerve transfer are well known. It facilitates 

release at the suprascapular notch, preserves further inner-

vation of the trapezius, provides a wider exposure for the 

nerve transfer, and allows a more distal transfer to minimize 

the regeneration time and distance11,13). If the need for a long 

nerve graft is certain, one or both sural nerves can be har-

vested simultaneously when prone13). The anterior approach 

to the accessory and suprascapular nerves is also regarded 

as a robust method for nerve transfer. As other donor nerves, 

the medial pectoral and the thoracic nerves may also be 

considered. 

Splitting the scapular ligament at the scapular notch to 

secure the scapular nerve in the posterior approach was 

unfamiliar to us given our limited experience. However, the 

anatomical landmarks proposed by some authors13) and 

careful microscopic dissection facilitated dissection of the 

proximal scapular nerve as far as possible and mobilization 

of sufficient length for superficial dislocation toward the dis-

tal accessory nerve13). The distal accessory nerve is located 

44% medial to the midpoint of a line drawn from the thorac-

ic spine to the angle of the acromion of the shoulder (Fig. 

3)13). 

Limitations 
Due to the short follow-up period of 6 months, the authors 

fail to obtain good results with MRC grade 4 or higher in 

this case. Additional nerve transfer from the medial triceps 

branch of the radial nerve to the axillary nerve is currently 

planned for shoulder function with no visible improve-

ment. We admit that despite performing theoretically ra-

tional nerve transfers based on suggestions of experienced 

authors3,4,6-8,12-14), we have yet to achieve good results. We 

considered our limitation of experience with epineurium 

repair as one of the possible reasons for the poor outcome. 

We note the possibility that microsurgical epineurial repair 
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techniques may not have been perfect. In the absence of 

confirmed clinical effects of nerve transfer, re-anastomosis 

may be considered. The primary goal is to achieve motor 

axon reaching the target muscle end plate prior to muscle fi-

brosis and atrophy, which occurs at 12 months7,8). Function-

al recovery is proportional to the number of axons reaching 

the target end plate and inversely proportional to the time of 

denervation12,13). 

It was suggested that the decision regarding appropriate 

donor/recipient nerve configuration is based on the best 

tension-free orientation13). However, configuration of the 

FCR branch of the median to brachialis branch and the 

FCU branch of the ulnar to the biceps branch was favored13). 

Since motor re-education is more synergistic as the MN is 

associated with pronation and the biceps with supination6,13). 

We anastomosed the FCU bundle of the ulnar nerve to the 

brachialis branch, which might affect delayed responses. In 

fact, the nerve transfer from the medial triceps branch of the 

radial nerve to the axillary nerve is currently scheduled for 

shoulder function that does not show improvement even af-

ter 6 months after surgery. Nerve transfer of the radial nerve 

to the axillary nerve is more effective when performed to-

gether with the distal accessory nerve transfer to the supras-

capular nerve1,11). Since we are still inexperienced, we could 

not perform two nerve transfers during the first operation. 

We anticipate improvement of shoulder function via addi-

tional nerve transfer and would like to report longer-term 

results in the future. Although excellent results were not 

reported, we hope that the authors’ early experiences will 

enable our colleagues who treat patients diagnosed with the 

same disease in the future. 

CONCLUSION 

Upper brachial plexus avulsion injuries involving C5 and C6 

are the most common root avulsion injuries. Because it is a 

preganglionic injury, no feasible proximal nerve reconstruc-

tion procedure exists. Other options for the restoration of el-

bow and shoulder function include arthrodesis, which sac-

rifices motion and tendon transfer with suboptimal results. 

Recent developments in nerve transfer techniques yielded 

better results compared with traditional reconstructive pro-

cedures. Nerve transfers provide earlier reinnervation to the 

target muscles due to anatomic proximity compared with 

procedures performed at the root level. 
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INTRODUCTION 

Chordoma is a primary malignant neoplasm that is a 

slow-growing and locally aggressive tumor3). Although it is 

relatively rare, chordoma is the most frequent primary ma-

lignant tumor in the sacrum. It is found in men more than 

in women (2:1)11). The sacral chordoma is often large at the 

time of diagnosis because of its minimal symptoms and 

deeply seated location. 

The first line of treatment is surgical resection rather than 

Chordoma is a relatively rare primary malignant neoplasm that originates from ectopic noto-
chordal cells, and most chordomas arise in the sacrococcygeal and clivus regions. Due to the 
poor response to adjuvant therapy, complete tumor resection is the treatment of choice. This 
case report describes a 57-year-old male patient who presented with a very large sacral chor-
doma involving the S2-S5 bodies, extending to the right piriformis and gluteal muscles. He 
was successfully treated with a single-stage posterior approach and was free of local recur-
rence at a 5-year follow-up examination, without neurological deficits. A single posterior ap-
proach is a feasible option for the treatment of sacral chordomas. 
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chemotherapy or radiation therapy9) because of the poor 

response to adjuvant therapy. There are three surgical ap-

proaches: anterior, posterior and combined. Total en bloc 

sacrectomy is traditionally performed using the combined 

anterior-posterior approach. However, the combined ap-

proach is surgically demanding with a prolonged operation 

time and has a longer recovery time2). 

The aim of this study is to present our experience with the 

removal of a huge sacral tumor using a posterior-only ap-

proach and to emphasize its feasibility as a practical option. 
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CASE REPORT 

A 57-year-old man with no past medical history presented 

with a 4-month history of right buttock pain. The patient had 

paresthesia in the right buttock and S1 and S2 dermatomes 

without lower extremity motor weakness on neurological 

examination. 

The radiological evaluation of pelvis computed tomo-

graphic scan and pelvic bone magnetic resonance imaging, 

revealed 8.0 × 4.0 × 4.5-cm sized bone destructing mass 

involving S2 to S5 body and posterior element, which ex-

tended dorsally to the right piriformis and gluteal muscles. 

An extraosseous extension was found in the right paraspinal 

muscle (Fig.1). It had low signal intensity on T1 and had 

heterogeneous lobulated mildly increased signal intensity 

on T2 and contrast-enhanced T1 images. These findings are 

consistent with those of chordoma1). 

Ultrasound-guided gun biopsy was performed for the dif-

ferential diagnosis of the right pelvis mass. The cells stained 

positively for epithelial membrane antigen and pan-cytoker-

atin, and negatively for S-100 (Table 1)10). These findings are 

compatible with those of chordomas. No intra-abdominal or 

distant metastases were observed 

Surgical Procedure 
Considering the intracompartmental tumor, we decided to 

perform a single posterior approach surgery. Under general 

anesthesia, the patient was flipped to the prone position on 

a Jackson table. Considering the possibility of a local flap, we 

prepared a wide drape including both thighs. A midline skin 

incision L3-sacrococcygeal level was made with a Y-shaped 

bifurcation direct to bilateral great trochanter (Fig. 2A). Sub-

periosteal dissection was performed from L3 to the sacroili-

um, and grayish well-capsulated pudding-like tumors were 

exposed bilaterally in the bone and neural foramen at the S3 

level. A frozen biopsy confirmed chordomas. 

For en bloc resection of the tumor, extra-osseous tumor 

mass around the right piriformis, sacral ala, and gluteus 

muscle was separated from normal tissue by dissection and 

cauterization. Then S1 and S2 laminectomy was performed 

using a bone scalpel and punch. Part of the sacral bone, 

Fig. 1. (A) Axial T2-weighted and (B) coronal T2-weighted magnetic resonance imaging shows a large mass at the greater sciatic fora-
men, with extra-pelvic extension involving the right piriformis muscle and bulging to the gluteal muscles. Extra-osseous extension is also 
noted in the right para-spinal muscles. (C) Pelvic sagittal computed tomography (left) demonstrates bone destruction in the S2 to S5 
bodies.

Table 1. Immunohistochemical findings consistent with chordoma, 
which is positive for epithelial membrane antigen and pan-cytoker-
atin
Immunohistochemistry Results
Cytokeratin Positive
Epithelial membrane antigen Positive
D2-40 Negative
Ki-67 Positive (10%)
Vimentin Negative
S-100 Negative
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including the right S2 distal sacral foramen involving the tu-

mor, was also grossly resected using a burr and osteotome. 

The sacral resection margin was marked around the S1 

and S2 sacral level using drills. An additional fracture was 

performed on the midline of the sacrum at the S1 and S2 lev-

el to separate the fractured sacral bone. The fractured bone 

was gently removed using a dissector. Sacral nerve roots 

were identified with bilateral S1 to S2 and left S3 nerve roots 

preserved (Fig. 2B), and other sacral roots separated from 

each foramen. The left S3 nerve root was preserved to main-

tain urinary function (Fig. 2C). The Remaining sacrococcyx 

was separated from tumor mass from the surrounding pelvic 

floor structure, pelvic floor anococcygeal ligament, sacrotu-

berous/sacrospinous ligament, and piriformis muscle (Fig. 

Fig. 2. Intraoperative images. Single posterior approach. (A) Prone position on the Jackson table, using the posterior midline approach. 
(B) Identification of the S1, S2, and S3 nerve roots (NRs). (C) Dura sac ligation distal to the S3 NR. (D) Further dissection at the ventral 
sacrum to identify the tumor border. (E) Posterior en-bloc resection of the sacral tumors. (F) Large defect following tumor resection, pre-
serving the left S3 NR.
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2D). Both sacroiliac joints were preserved as much as pos-

sible. The femoral attachment of the right piriformis muscle 

was cut with sacrectomy. A sacrectomy was partially per-

formed with careful blunt dissection of the left side. There 

was no massive bleeding, vessel or visceral injuries during 

the procedure. The tumor mass was identified from the bot-

tom of the sacrum to the sacral canal at S3 to S5 and right fe-

mur. Finally, en bloc resection was completed via dissection 

from the periphery (Fig. 2E, 3). The sciatic nerve and left S3 

nerve root were intact (Fig.2F)4). No major intraoperative 

complications occurred. 

There was no motor weakness during postoperative care, 

but mild hypesthesia on the bilateral buttocks developed. 

Although the patient was able to urinate by himself, residual 

urine was detected. Adjuvant radiotherapy was adminis-

tered at the surgical site to prevent local recurrence. 

Fig. 4. Five-year follow-up (A) Sagittal T1 contrast and (B) Axial T1 contrast pelvic magnetic resonance imaging. There is no evidence of 
recurred tumor.

Fig. 3. Intcraoperative photograph shows the sacrectomy specimen, measuring 12.8 × 11.0 × 6.8 cm. Outwardly, a mass with a bulging 
pattern toward the anterior and right sides is observed. The mass is encased in a thin fibrous membrane.
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There was no recurrence after five years of follow-up after 

surgery (Fig.4). The patient did not show postoperative com-

plications including wound healing problems, neurological 

deficits, or infection. 

DISCUSSION 

The management of sacral chordoma is quite challenging. 

Due to the limited response to radiation and chemotherapy, 

surgical removal of the tumor is the treatment of choice. 

Several reports have described that sacral chordomas gener-

ally present as large masses that are difficult to remove fully. 

However, a negative resection margin with decreased local 

recurrences is critical for prognosis12). 

Despite recent advances in surgical techniques, sacral tu-

mor resection is associated with several complications. The 

most commonly reported complications in the literature are 

massive bleeding during sacrectomy, surgical wound infec-

tions, wound dehiscence, neurological deficits (bowel and 

bladder dysfunction, sciatic nerve or lumbar plexus injury), 

and instrument-related complications following spinopel-

vic fixation. Many authors have considered ileostomy and 

suprapubic bladder catheters unavoidable while operating 

large chordomas1). 

Several studies have been conducted to determine which 

surgical approaches have a better outcome and fewer 

complications. In the combined anterior and posterior ap-

proach, many complications such as long operation time, a 

large amount of bleeding, wound dehiscence, and infection 

has been reported1,6). The posterior only approach was first 

reported in 19877). Although the posterior-only approach 

has the disadvantage in dissection of visceral organs and 

preservation of sacral nerve roots, it has shown favorable 

results compared to the anterior approach5). The combined 

approach has revealed the benefit of better resection margin 

with increased mortality but no increase in long-term sur-

vival2,8). 

However, the patients in this case who were diagnosed 

with sacral chordoma involving S2 to S5 sacrum, right pir-

iformis muscle, and gluteal muscles were treated with a 

single posterior approach, preserving S1, S2, and left S3 

nerve roots without significant neurological deficits. It can 

be a good surgical approach if appropriate case selection is 

performed with an accurate understanding of the structure 

of the spine and surrounding structures. The posterior-on-

ly approach for the huge sacral tumor presented here can 

avoid further abdominal visceral injury as well as vessel in-

jury compared to the anterior approach. 

CONCLUSION 

The single-stage posterior approach for resection of sacral 

chordoma is feasible and acceptable. Compared to the an-

terior approach, it can be a good surgical alternative to pre-

vent pelvic organ or vascular damage. 
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INTRODUCTION 

Peripheral nerve sheath tumors (PNSTs) such as neurofi-

bromas or schwannomas are mostly benign and can occur 

in most places in the human body including the spine. The 

most common PNSTs are schwannomas which account 

for almost 85% of all PNSTs3). Schwannomas, although rare 

malignant forms exist, are commonly known for their slow 

growth rate and benign features. The tumor can occur in all 

parts of the spine usually involving the dorsal sensory spinal 

roots and only sporadically from the ventral motor roots. 

The location of the tumor can vary but only 13% are found 

Schwannomas are benign tumors originating from the Schwann cells of the peripheral nerve 
sheath; these tumors usually occur in the head, neck, and extremities and account for almost 
40% of extra-medullary tumors occurring in the human spine. The general consensus for the 
treatment of these tumors is gross total resection. However, due to differences in volume and 
the complex location involving both the spinal canal and the para-spinal area including the 
foramen, no consensus exists regarding the choice of a surgical approach. The classic surgical 
method is usually through the posterior or posterior-lateral approach. Here, we present a case 
of paraspinal schwannoma removed via the retroperitoneal approach. 
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to be extradural. Of the extradural type schwannomas, less 

than 5% occur in the retroperitoneal area3,6,13,15,17). 

Like most treatment goals regarding tumors, gross total 

resection (GTR) is associated with successful outcomes4,16). 

However, although it is ideal to completely remove the tu-

mor if possible, due to the complex location when it infil-

trates the spine anatomy, it is often challenging to reach the 

ultimate goal of GTR. Previous studies have suggested many 

different methods for GTR but each surgical approach is still 

controversial16). 

The location of the tumor, which mostly decides the sur-

gical approach, varies but purely extraforaminal lesions 
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are less common. Furthermore, retroperitoneal tumors are 

rare and represent less than 5% of all schwannomas9,15). The 

classic surgical approach is usually through the posterior or 

posterior-lateral area of the spine. This approach is the most 

commonly used surgical method since it is familiar to most 

spine surgeons. However, with this method, long incisions 

and the possibility of extensive muscle and bone damage, 

which could lead to the instability of the spine, are inevita-

ble19). Persistent back pain may also occur due to atrophy of 

the back muscle after injury. 

A number of alternative surgical strategies can be used to 

avoid complications from the posterior approach including 

minimally invasive surgical procedures8) and the retroper-

itoneal approach, which is similar to oblique lumbar inter-

body fusion (OLIF)11,13,15).  

We present the case of a patient with a paraspinal extra-

dural schwannoma who experienced no neurologic symp-

toms except back pain. The tumor was incidentally detected 

during the evaluation for back pain and the tumor was re-

moved via the retroperitoneal approach. We anticipated that 

the retroperitoneal approach could give us more direct ac-

cess to the paraspinal area and prevent complications from 

back surgery conducted in a classic manner. 

CASE REPORT 

A 42-year-old female with no underlying disease was admit-

ted to the hospital for excruciating right-side back pain and 

right lower extremity radiating pain in the L3 dermatome. 

She had been diagnosed with a mass in the right psoas area 

(4 x 2 x 3-cm) 6 years earlier (Fig.1) during an evaluation for 

her back pain but did not receive any treatment because the 

pain was moderate and intermittent. However, on the day 

of admission, she expressed continuous excruciating back 

pain with a visual analog scale (VAS) score of 9. Compared 

to the initial magnetic resonance imaging (MRI) her imaging 

workup revealed an enlarged para-spinal dumbbell-shaped 

mass (4 x 3 x 6-cm) with partial intraforaminal invasion, dis-

placing the psoas muscle at the L3-4 disc level (Fig.2). Due 

to the change in size and exacerbated symptoms, the patient 

underwent surgery for tumor removal via the retroperitone-

al approach. 

The patient was placed in the full lateral position with the 

right side on a regular bed. The hips and knees were flexed 

to release the psoas muscle tension. All pressure pads were 

placed at the dependent position and the body was secured 

to the bed with knee bands. The L3,4 vertebral bodies and 

disc space were identified with C-arm fluoroscopy and then 

marked on the patient’s skin. Intraoperative monitoring was 

applied to confirm neurologic changes perioperatively. A 

longitudinal incision was made 2 inches anterior from the 

L3-4 disc space level. This was carried down to the subcuta-

neous level and muscle dissection was performed to identify 

the peritoneum. The external oblique, internal oblique, 

and transverse abdominis muscles were identified and split 

along the muscle lining. After identifying the peritoneum, 

blunt dissection with a sponge stick was performed down to 

the retroperitoneal space. The psoas muscle was identified, 

and the lumbar level was confirmed by C-arm fluoroscopy. 

Then, a tubular retractor system was inserted and expanded 

directly over the psoas muscle. 

A microscope was introduced, and the tumor was clearly 

visualized when the psoas muscle was carefully split (Fig. 

3A). It was well-defined, with two lobes showing a yellowish 

color. Also, it was soft and movable. Once the safety margins 

of the tumor were defined using a stimulator probe, the 

tumor capsule was incised and removed with meticulous 

bleeding control and careful retraction. The tumor was re-

Fig. 1. Initial lumbar magnetic resonance imaging, revealing a 
large mass (4 × 2 × 3 cm) originating from the L3 nerve root (white 
arrow).
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moved in a near gross total manner without any complica-

tions (Fig. 3B). A small residual tumor could not be removed 

since it was tightly invading the neural foramen, which has 

a high possibility of causing permanent nerve root injury 

when surgically removed. Electrocauterization was per-

formed to control bleeding and suturing was performed 

by anatomical layer. The patient did not show any form of 

new neurologic deficit and her back pain decreased to a 

VAS score of 2. The follow-up MRI taken before discharge 

showed a small residual tumor at the neural foramina (Fig.4). 

DISCUSSION 

The treatment goal of a nerve sheath tumor is GTR with the 

Fig. 2. Preoperative magnetic resonance imaging (MRI) taken 6 years after initial MRI, showing an enlarged mass (4 × 3 × 6 cm) in the 
right retroperitoneal area (white arrow).

Fig. 3. (A) Surgical image showing the round, capsulated mass clearly visualized after careful splitting of the psoas muscle. (B) Gross im-
age of the removed tumor.
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minimization of complications regardless of the approach 

method. Therefore, the surgical method has to be chosen 

carefully since it can change the entire outcome of the sur-

gery. However, if the tumor presents itself in the retroperi-

toneal area, as in the case shown here, it is very challenging 

to achieve this goal. Due to its deep positioning, a clear view 

over the entire tumor is often difficult and could lead to a 

remnant mass or possible spinal instability. 

The most common surgical method for tumors occur-

ring in the spine is the classic posterior approach and the 

outcome data are already well-established. Through this 

method, it is convenient to directly explore the regions 

around the foramen through destructive procedures such 

as facetectomy and laminectomy11,13). Therefore, if the main 

portion of the tumor is located within the spinal canal or 

foramen, the posterior approach may be the appropriate 

strategy15). Nevertheless, although successful surgery can 

be expected, extensive muscle injury and bone destruction 

are inevitable. This could lead to possible instability of the 

spine and post-spinal surgery syndrome due to atrophy of 

the back muscles by damage during dissection18). Also, if pa-

tients are obese, prolonged surgery time and a large incision 

are unavoidable, which could lead to an increased risk of 

postoperative infection. 

To minimalize the complications of the posterior ap-

proach, minimally invasive surgery such as using a retractor 

system through Wiltse’s approach was introduced. This 

approach provides a similar intraoperative view with less 

injury to adjacent structures than the posterior approach3,11). 

However, one of its weaknesses is that it cannot visualize 

the critical structures including vessels and nerves adja-

cent to the tumor8,20). Another alternative is the paraspinal 

approach. However, this approach, similar to the posterior 

approach, is not free from tissue disruption during surgery 

and there are limits to completely visualizing the tumor if it 

is found in the extraforaminal area. 

Fig. 4. Follow-up magnetic resonance imaging was taken before discharge, showing a small remnant mass around the foramen of the 
lumbar spine.

Table 1. Previous reports regarding retroperitoneal approach in paraspinal schwannomas
References Year Tumor location Gross total removal Patient neurology Postoperative neurology Complication
Lee and Srikantha7) 2015 Rt. EF of L4-5 Yes Back pain, radiculopathy Full recovery Transient weakness
Phan and Mobbs13) 2016 Lt. EF of L5/S1 Yes Foot drop, dysesthesia No aggravation None
Shi et al.18) 2016 PS of lumbar Yes Back pain, dysesthesia Improved None
Boah and Perin1) 2016 Lt. L4 nerve root Yes Radiculopathy Full recovery None
Rapport et al.14) 2021 Rt. L1-2 foramen Yes Back pain, dysesthesia Improved None
Handa et al.5) 2019 PS of lumbar No Back pain Improved None

EF: extra foraminal; PS: paraspinal area; RT: right; LT: left.
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Anterior laparoscopic-assisted surgery can be another 

surgical approach option11). There are advantages to the 

magnified view of the endoscope, which can help to avoid 

important structures near the tumor such as the ureter and 

vessels and nerves. The retroperitoneal space can be used as 

an operative field during laparoscopy, but it still has limita-

tions when the main portion of the tumor is located within 

the foramen18). Also, with this method, the stimulator probe 

cannot be applied during the operation. 

A minimally invasive lateral retroperitoneal approach 

provides minimal disruption and direct access to the psoas 

muscle. This approach has numerous advantages over the 

classic approach if the mass is mainly in the extraforaminal 

area of the lumbar region. It is similar to the OLIF method 

where the operative time window is shorter than the classic 

methods. Also, the surgical damage to the anatomical struc-

ture of the spine is minimized, resulting in faster recovery 

with less injury to the adjacent structures compared to other 

approaches10-12). Case reports regarding the use of the retro-

peritoneal approach in PNSTs occurring in the paraspinal 

area are unique and only a hand full of cases were reported 

so far (Table 1). Although the retroperitoneal approach car-

ries few risks of nerve injury and retraction injury of the pso-

as muscle, these injuries seldom occur and resolve sponta-

neously in most cases. Vascular and intestinal injury is also a 

risk but rarely occurs2). 

CONCLUSION 

The choice of the surgical approach is often the key to a 

successful surgery. Numerous options must be considered 

before initiating surgery. In cases of spinal schwannomas 

where the main mass is in the extraforaminal area extending 

to the retroperitoneal space, the retroperitoneal approach 

should not be neglected. 
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INTRODUCTION 

Entrapment of the sciatic nerve at any point along its course 

can result in a clinical syndrome of buttocks and leg pain 

known as sciatica, with a reported incidence as high as 

43%13,15). A less common and under-diagnosed cause of sci-

atica is sciatic nerve entrapment in the gluteal region (for-

merly called pyriformis syndrome)9). Piriformis syndrome 

was classically thought to result from hypertrophy and in-

Although the transgluteal approach splitting the gluteus maximus muscle has been reported 
as a posterior approach for sciatic nerve entrapment (piriformis syndrome), detailed descrip-
tions of the surgical steps and intraoperative findings have not been published. Thus, the ob-
jective of this study was to present the transgluteal approach for decompression surgery of 
sciatic nerve entrapment in the subgluteal space. A method of circumferentially decompress-
ing the sciatic nerve from the surrounding piriformis muscle was devised by decompressing it 
to the level of the sacrotuberous ligament, which was more proximal than the existing de-
compression range. Surgical findings are presented step-by-step in the stages of localization, 
exposure, and decompression of the sciatic nerve during surgery. We also emphasize the im-
portance of intraoperative nerve monitoring to identify the sciatic nerve and its branches and 
the inferior gluteal nerve during surgery performed under general anesthesia. Our observations 
of intraoperative electromyographic responses by individual nerve stimulation are summarized 
and reported. 

Keywords: Ligaments; Monitoring, intraoperative; Neurophysiology; Piriformis muscle syn-
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flammation of the pyriformis muscle involving an estimated 

6% to 8% of all sciatica cases13). Anatomical variations of the 

piriformis muscle are important among multiple causes of 

sciatic nerve entrapment involving the subgluteal space13). 

Six anatomical relationships between the sciatic nerve and 

piriformis muscle (Fig. 1) were first described by Beaton and 

Anson in 19374,20). Sciatic entrapment can occur in both type 

1 and type 2 variations of the sciatic nerve in the subgluteal 

space21). Patients with sciatic nerve entrapment who do not 
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respond to conservative treatment generally require surgical 

decompression9,21). 

The transgluteal approach allows access to lesions involv-

ing the hip, the sciatic nerve, and the pudendal nerve via 

dissection of the gluteus maximus muscle in the buttock. 

Sciatic nerve entrapment, previously known as piriformis 

syndrome9), has recently been classified as a deep gluteal 

syndrome (DGS)7). The incidence of hip and leg pain due 

to sciatic nerve entrapment remains unknown. However, 

its importance has recently been emphasized as one of the 

causes of failed back surgery syndrome and DGS7,9).  

In our experience, several problems were encountered 

when planning decompression surgery for sciatic nerve 

entrapment. First, the transgluteal approach through dissec-

tion of the gluteal muscle was unfamiliar to neurosurgeons. 

Second, the transgluteal approach for orthopedic hip sur-

gery was basically a posterolateral approach to the hip joint 

rather than direct access to the sciatic nerve. Third, direct 

surgical approach to the sciatic nerve was not covered in de-

tail even in a recent comprehensive textbook of peripheral 

nerve surgery5). Therefore, when planning sciatic nerve sur-

gery, it is difficult to find references on the extent of decom-

pression, method, and structures. Therefore, we applied a 

transgluteal approach for entrapment of the pudendal nerve 

located immediately adjacent to the sciatic nerve to address 

the sciatic nerve and the piriformis muscle and tendon 

running under the sacrotuberous ligament (STL)3,14,21). The 

objective of this report was to introduce a specific method 

of transgluteal approach for sciatic nerve decompression 

based on our experience of 30 cases over the past four years. 

MATERIALS AND METHODS 

1. Localization and Incision for Transgluteal Ap-
proach 
Under general anesthesia, the patient was placed in a prone 

position on a radiolucent frame where the position of the 

femoral neck could be confirmed (Fig. 2A). Intraoperative 

neurophysiological monitoring was routinely performed to 

identify tibial and peroneal (fibular) divisions of the sciatic 

nerve, inferior gluteal, and posterior femoral cutaneous 

nerves during surgery and to prevent nerve damage. For 

intraoperative nerve stimulation and mapping, recording 

electrodes were placed in the abductor hallucis and gastroc-

nemius muscles innervated by the tibial nerve and the tibi-

alis anterior muscle innervated by the peroneal nerve (Fig. 

2B). When pudendal nerve surgery was performed together, 

an external anal sphincter was monitored to check the infe-

Fig. 1. Anatomical variations between the sciatic nerve (SN) and the piriformis muscle (Pfm) in the subgluteal space. (A) Diagram show-
ing the intrapelvic course of the SN and pudendal nerves (PNs). The fourth and fifth lumbar nerve roots combine with the first and sec-
ond sacral nerve roots to form the common peroneal and tibial nerves, which together constitute the SN. The SN runs out of the pelvis 
through the greater sciatic foramen, consisting of the ischial spine (IS) and the sacrospinous ligament (SSL), and below the Pfm. (B) A 
diagram showing type 1 variation between the SN and the Pfm. The conventional and most common relationship (type 1), entails an un-
divided SN that courses below the Pfm. Type I SN anatomy is prevalent in approximately 80% to 90% of individuals based on a cadaveric 
study. (C) A diagram showing type 2 SN variation, which is the most common variant, with a prevalence of 10% to 15%, in which one 
division of the SN passes through and the other division is below the Pfm. PrM: puborectalis muscle; STL: sacrotuberous ligament; AcP-
fm: accessory piriformis muscle; pSN: peroneal division of the sciatic nerve; tSN: tibial division of the sciatic nerve.
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Fig. 2. Estimation of the decompression area and location of the skin incision for left sciatic nerve (SN) decompression. (A) The femoral 
head and the path of the SN (white line) on C-arm fluoroscopy images (left image). The photo on the right shows a 10-cm-long lazy-S 
skin incision (white line) based on the C-arm image. (B) Position of recording electrodes for intraoperative nerve monitoring. The peroneal 
division of the SN is identified by monitoring the tibialis anterior muscle (TA). The tibial division is identified by monitoring the gastrocne-
mius muscle (GN). The abductor hallucis muscle (AH) of the foot is monitored for muscle motor-evoked potential (mMEP) and SN iden-
tification. (C) Estimation of the SN path to be decompressed by superimposing serial T1-weighted, coronal magnetic resonance images 
(from left to right). In the left image, the SN pathway is identified. The position of the femoral head overlaps with the SN pathway (middle 
image). In the figure on the right, the white line indicates the skin incision area according to the surgical range of the SN. Fm: head of 
femur; GMm: gluteus maximus muscle; Ischt: ischial tuberosity; Pfm: piriformis muscle.
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rior rectal branch of the pudendal nerve. 

A skin incision was made to allow direct posterior ac-

cess to the sciatic nerve and its division. The relative path 

of the sciatic nerve to the neck of the femur was estimated 

in advance through serial coronal images of the magnetic 

resonance imaging (MRI) of the pelvis (Fig. 2C). The site of 

sciatic nerve decompression assessed by MRI ran mostly 

from the upper medial side of the femoral head through the 

center of the femoral head to the level of the lesser trochan-

ter on the medial side of the femur (Fig. 2C). The position of 

the femoral head and neck was confirmed through C-arm 

fluoroscopy at the neutral position of the affected hip joint 

and a lazy S-shaped incision with a size of about 8 to 10 cm 

was marked (Fig. 2A). After dissecting the subcutaneous 

fat and gluteal fascia, the gluteal muscle, which proceeded 

obliquely from the medial superior to the lateral inferior, 

was exposed. The gluteus maximus muscle was dissected 

along with the muscle texture. It did not need to be cut (Fig. 

3A). When dissecting the exposed gluteus maximus, the 

lateral edge of STL was exposed from above (Fig. 3B). The 

STL originated from the ischial tuberosity and supported the 

back of the piriformis muscle encircling the sciatic nerve. 

Therefore, partial resection of the lateral edge of the STL is 

recommended for circumferential and anatomically com-

plete decompression of the sciatic nerve. Retraction of the 

gluteus maximus muscle exposed the STL and subgluteal fat 

layer (Fig. 3C). 

2. Dissection in the Subgluteal Fat Layer 
The subgluteal fat layer contains the inferior glueteal nerve 

and vessels. It is located just above the sciatic nerve, its di-

visions, and the piriformis muscle. Therefore, it serves as 

a gateway to the target structure. Dissection of subgluteal 

adipose layer can sometimes be difficult as it involves the in-

ferior gluteal neurovascular structure. Occasionally, dilated 

engorged venous structures can interfere with the surgical 

field of view (Fig. 3D). The inferior gluteal vessels should be 

separated from the inferior gluteal nerve strands and cut by 

ligation with hemoclips. The inferior gluteal nerves should 

be separated from the vessels and preserved. When the dis-

sected fat layer is retracted, the piriformis muscle and sciatic 

nerve are exposed below (Fig. 3E, F).  

3. Exposure of the Sciatic Nerve and Intraoperative 
Neurophysiology  
When a portion of the sciatic nerve is exposed, it is import-

ant to determine whether it is the tibial division or the pero-

neal division. In this case, intraoperative nerve stimulation 

is helpful. Using monopolar stimulation (1 mA, 300 μsec, 12 

Hz), an electromyographic (EMG) response was evoked in 

the sampled leg and foot muscles (Fig. 2). EMG responses of 

the abductor hallucis and gastrocnemius muscles allowed 

identification of the tibial division of the sciatic nerve. The 

peroneal division was confirmed by the EMG response in 

the tibialis anterior muscle (Fig. 4). Alternatively, stimu-

lation-induced movement of the ankle and foot could be 

identified. Dorsiflexion of the foot refers to stimulation of 

the peroneal division. Plantar flexion refers to stimulation of 

the tibial division. Stimulation of the inferior gluteal nerve 

and posterior femoral cutaneous nerve did not induce an 

EMG response in the abductor hallucis or tibialis muscles 

but caused contraction of the gluteus maximus muscle in 

the surgical field (Fig. 4A, D). 

The reason why it is important to check the peroneal divi-

sion of the sciatic nerve is that there might be other divisions 

that have not been discovered yet besides the currently ex-

posed division (Fig. 4A, B). This is especially important in 

decompression of the type 2 variation, in which the sciatic 

nerve splits into two parts and runs above and below the 

piriformis muscle and tendon. 

4. Circumferential Decompression of the Sciatic 
Nerve 
After both the sciatic nerve and divisions were identified, 

the entrapping piriformis muscle was carefully separated 

from the nerve (Fig. 5A). Holding the piriformis muscle with 

forceps, coagulation, and cutting the piriformis muscle were 

performed while preventing thermal damage to the nerve 

(Fig. 5B). The piriformis muscle was resected from the prox-

imal portion of the piriformis muscle located below the STL 

(Fig. 5C). It is recommended to cut the piriformis muscle 

gradually while performing bipolar coagulation to facilitate 

hemostasis (Fig. 5B, C). Also, when excising the muscle, the 

piriformis tendon located below the muscle belly should 

also be excised (Fig. 5C). If the hypertrophy of the piriformis 

muscle is severe, an additional incision of the STL overlying 

the piriformis is necessary. 

The proximal course of the sciatic nerve located below 
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Fig. 3. Surgical steps to expose the left sciatic nerve (SN). (A) The gluteus maximus muscle (GMm) is split and dissected along the contour 
of the muscle fiber. (B) Exposure of the subgluteal fat layer (SgF) with splitting of the GMm. When dissecting the superior margin of the 
GMm, the lateral edge of the sacrotuberous ligament (STL) should be exposed. The path of the lateral margin of the STL is marked with 
a dotted white line. The white arrow indicates a nerve branch to the GMm in the SgF. (C) The lateral edge of the STL supporting the back 
of the piriformis muscle (Pfm) is incised about 1 cm to further expose the Pfm and the proximal pathway of the SN. (D) Prominent, inter-
twined venous tributaries (black arrows) and nerve branches (white arrows) of the inferior gluteal neurovascular bundle are often found 
in the gluteal fat layer. Arterial and venous tributaries are separated from nerve branches, ligated with hemoclips (white arrowheads), 
and cut. (E) Dissection of the SgF and inferior gluteal nerve (IGN) is completed, exposing the Pfm. Nerve branches (black arrows) to the 
GMm and the main trunk (white arrows) of the IGN are identified. Tracing the IGN (white arrow) leads to the peroneal or tibial division. 
(F) Lifting the Pfm exposes the underlying SN (black arrow). Depression of the SN (black arrow) due to compression of the Pfm is seen. It 
was confirmed that the IGN originated from the SN.
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Fig. 4. Intraoperative nerve stimulation findings in sciatic nerve (SN) entrapment. (A) The role of intraoperative nerve stimulation in 
identification of specific nerves during surgical dissection. The photograph on the left shows a situation where it is unclear whether the 
inferior gluteal nerve (IGN) originates from the tibial or peroneal division in type 2 SN variation surgery. In the photograph on the right, 
an electromyographic (EMG) response was induced via a monopolar stimulation to the left branch of the IGN (white arrows) and its 
proximal nerve (black arrows). (B) Nerve stimulation of the IGN and branches (1 ms, 12 Hz) did not induce an EMG response in the mus-
cles of legs or feet (left photograph). However, the proximal nerve stimulation induced contractions in the tibialis anterior muscle (TA) (red 
star) and abductor halluces muscles (AHs; white star). It was confirmed that it was the peroneal division (photograph on the right). (C) 
Summary of intraoperative nerve stimulation responses to the SN, its divisions, and surrounding nerves. In the left SN entrapment caused 
by type 2 SN variation, the piriformis muscle (Pfm) and its tendons encircling the SN were all removed. Intraoperative nerve stimulation 
responses in the numbered sites are shown in Fig. 3D. (D) EMG responses at the number site of Fig. 3C. A somatotopic arrangement was 
observed in the path of the SN. Contraction of the TA (red star ①) was observed in the peroneal division located on the lateral side, and 
contraction of the gastrocnemius muscle (GN) with the tibial innervation (white star in ①, ②, ③, ④) was observed as the stimulus pro-
ceeded medially. In the tibial division, the part (white star, ②) that selectively innervated the GN was identified. Contraction of the AH 
was induced by both peroneal (white star, ①) and tibial division (black star in ③ and ④) stimulation, but a greater response was elicited 
by tibial stimulation. The IGN, its branches, and posterior femoral cutaneous nerve (PFCN) showed no muscle response in the leg or foot (④). 
Contraction of the gluteus maximus muscle was observed in the surgical field. SgF: subgluteal fat layer.
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Fig. 5. Circumferential decompression of the compressing pathology on the left sciatic nerve (SN). (A) After checking the anatomical 
structure of the SN and its branches, the part where the SN (white arrows) was compressed was checked while pulling the piriformis 
muscle (Pfm) (type 1 variant). (B) The Pfm was removed little by little while coagulating using a bipolar cautery from the proximal part 
where the sacrotuberous ligament was open. (C) It was cut in the tendinous portion of the exposed proximal segment (black arrow) of 
the Pfm surrounding the SN. The white arrow marks the SN located below. (D) After the proximal segment of the Pfm was amputated 
and raised, the amputated stump (black arrow) was elevated and its distal tendon was excised. Note the depression of the SN (white ar-
row) caused by compression of the Pfm. (E) External neurolysis was performed from the structures below the SN (white arrows), such as 
the obturator internus muscle (black arrows) and the sciatic notch. (F) Complete SN decompression via a transgluteal approach in type 1 
entrapment. The peroneal division (white arrows) was located lateral to the tibial division (black arrows). The inferior gluteal nerve (IGN) 
originated from both divisions. Branches innervating the gluteus maximus muscle (GMm) from the IGN were identified. (G) SN decom-
pression in type 2 entrapment was completed circumferentially with a transgluteal approach. A somatotopic arrangement of peroneal 
(white arrows) and tibial divisions (black arrows) was observed. In this case, the IGN originated from the peroneal division. SgF: subglu-
teal fat layer; PFCN: posterior femoral cutaneous nerve.

A

C

E

G

B

D

F

www.thenerve.net

Son B, et al.   Transgluteal Approach for Piriformis Syndrome

65



the compressing piriformis muscle and tendon should be 

identified by elevating the stump of the resected piriformis 

muscle and tendon at the proximal level (Fig. 5D). It is not 

necessary to excise all piriformis muscles located around 

the sciatic nerve. Only the portion that is attached to and 

encircling the nerve is removed (Fig. 5C, D). Elevation and 

retraction of the cut end of the resected piriformis muscle 

will separate it from the underlying sciatic nerve division. 

The distal tendon of the piriformis muscle running to the 

greater trochanter was then excised and removed from the 

lower portion of the muscle stump (Fig. 5D). When the ad-

herent and encircling portion of the piriformis muscle to 

the sciatic nerve is removed, the sciatic notch and obturator 

internus muscle located below the sciatic nerve should be 

dissected confirm free passage of the sciatic nerve (Fig. 5E). 

It should be borne in mind that the purpose of surgery is not 

to remove the piriformis muscle, but to circumferentially 

decompress the sciatic nerve (Fig. 5F, G). 

For type 2 sciatic nerve variation, the small bipartite pir-

iformis muscle and tendon sandwiched between the tibial 

and peroneal divisions should be removed together (Fig. 

4A). Once the laterally located peroneal division is identi-

fied and pulled by the vessel loop, the underlying piriformis 

muscle belly and tendon are carefully separated from the 

underlying tibial division. When removing the small bipar-

tite piriformis muscle with bipolar coagulation, its tendinous 

portion should be removed while avoiding heat injury to the 

nerve (Fig. 5D). When the sciatic nerve and its divisions are 

decompressed, the underlying ischial spine and the obtura-

tor internus muscle are identified. An external neurolysis of 

the sciatic nerve to these structures is then performed (Fig. 

5E). Circumferential decompression of the sciatic nerve 

should be ensured from its proximal course below the STL to 

the lesser trochanteric level. Most sciatic nerve entrapment 

other than ischial tunnel syndrome occurred in the area 

where the sciatic nerve is attached to the piriformis muscle 

and its tendons. Free passage of the sciatic nerve from the 

greater sciatic foramen should be verified. After securing 

hemostasis, an anti-adhesion gel or film was placed around 

the nerve to prevent nerve adhesion. Leaving a 100 mL drain 

in the subgluteal space, the overlying wound was closed in 

layers. Pain following surgery was moderate. Most patients 

could sit and walk from the next day. 

DISCUSSION 

1. Differences between Several Transgluteal Ap-
proaches for the Sciatic Nerve 
The authors presented a transgluteal approach special-

ized for circumferential decompression of the sciatic nerve 

pathway. In the sense of splitting the gluteal muscle, the 

transgluteal approach for sciatic nerve entrapment has been 

used mostly in orthopedics8,10-12,16-18,24). The posterior hip ap-

proach, also known as the “Southern” or “Moore” approach 

in orthopedics11,12), is an approach to address the hip joint in 

the lateral decubitus position by splitting fibers of the glu-

teus maximus after incision in the fascia lata and iliotibial 

band and dissecting the piriformis and short hip external ro-

tators. In this approach, the lateral tendinous portion of the 

piriformis muscle that is inserted into the greater trochanter 

is first cut and lifted. The piriformis muscle is then dissect-

ed to identify the underlying sciatic nerve24). Therefore, it 

is judged as a lateral approach to the sciatic nerve running 

medial from the greater trochanter. 

On the other hand, the endoscopic approach, which has 

been recently introduced in the field of orthopedics, is con-

sidered to be a direct approach to DGS including sciatic 

nerve entrapment7,10). It has been reported that endoscopic 

surgery through three portals for peritrochanteric access can 

relieve the pathologies compressing the sciatic nerve such 

as the piriformis tendon, atypical fibrous band, and ham-

string tendon7,10,16,18). However, endoscopic surgery is also 

basically considered as a lateral approach to access the per-

itrochanteric space from the side. Therefore, an endoscopic 

approach to access the deep gluteal space from the posterior 

side has also been introduced18). 

The authors’ transgluteal approach basically uses a trans-

gluteal approach for the pudendal nerve located just medial 

to the sciatic nerve1,8,22). The pudendal nerve originating 

from the S2 to S4 sacral rami passes out of the pelvis through 

the infrapiriform notch of the greater sciatic foramen ventral 

to the sciatic nerve1). Common site of pudendal nerve en-

trapment is located between the sacrospinous ligament and 

STL at the level of the ischial spine1,2,8,22). This site is about 

3 to 4-cm medial to where the sciatic nerve is compressed 

by the piriformis muscle at the greater sciatic notch (Fig. 1). 

Therefore, the area where the pudendal nerve runs under 

the STL corresponds to the area of the piriformis muscle 

exposed posteriorly by a transgluteal approach. The upper 
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extent of our transgluteal decompression begins where the 

piriformis muscle passes through the lateral edge of the STL 

in the sciatic notch. 

The STL positioned posteriorly and inferiorly in the pelvis 

is associated with stability of the sacroiliac joint23). It spans 

between the sacrum and the ischial tuberosity, forming 

posterior boundaries of the greater and lesser sciatic fora-

men (Fig. 1). The greater sciatic foramen is partly filled by 

the emerging piriformis muscle, above which the superior 

gluteal vessels and the nerve leave the pelvis23). Below it, the 

inferior gluteal vessels and nerve, internal pudendal vessels 

and nerve, sciatic and posterior femoral cutaneous nerve all 

leave the pelvis23). The piriformis muscle originates from the 

anterolateral surface of the sacrum and passes laterally and 

inferiorly through the greater sciatic foramen. Therefore, the 

piriformis muscle is supported posteriorly by the STL as it 

passes through the greater sciatic foramen (Fig. 1)6,23). The 

upper part of the pelvic surface of the STL is also a site of 

attachment for piriformis muscle similar to the lower fibers 

of the gluteus maximus6). Therefore, to completely remove 

the portion of the piriformis muscle compressing the sciatic 

nerve, the lateral margin of the STL to which the piriformis 

muscle is attached must be cut to check the piriformis and 

the sciatic nerve located below. This is especially important 

in surgery for Beaton and Anson’s Type 3 sciatic nerve vari-

ation4), in which one division of the sciatic nerve descends 

anteriorly to the piriformis muscle and the other descends 

posteriorly. It is also required for sciatic nerve entrapment 

due to hypertrophy of the piriformis muscle4,13).  

2. More Direct Neurosurgical Approaches and Our 
Method  
A direct neurosurgical posterior approach for sciatic nerve 

entrapment has already been introduced by Filler6). They 

suggested a minimally-invasive, transgluteal approach via a 

3-cm incision with tubular retractor system19). An excellent 

or good outcome was achieved by this approach in about 

80% of patients19). If the same result could be obtained, the 

approach with a smaller incision is preferable. Filler6) have 

performed neuroplasty of the sciatic nerve after resection of 

the piriformis muscle. However, the authors always secured 

the sciatic nerve and its division first and then removed the 

piriformis muscle. 

After splitting and traction the gluteus maximus muscle, 

we exposed the part where the piriformis muscle ran under 

the lateral margin of the STL. Unlike the approach of Filler6), 

the orientation of the sciatic nerve and its divisions within 

the subgluteal fat space, inferior to the piriformis muscle, 

was first addressed. The entrapping portion of the piriformis 

muscle and tendons were then removed. The inferior gluteal 

nerve and vessels must be secured through dissection of the 

subgluteal fat space so that the sciatic nerve from which they 

originated could be traced. In our approach, identification 

of the sciatic nerve is of utmost importance. The pathology 

of maximal entrapment can be confirmed by separating the 

sciatic nerve and the piriformis muscle located below the 

piriformis muscle. 

About 15 cm of the sciatic nerve and its division were 

explored and decompressed, extending to and through the 

sciatic notch as well as distally along most of its course in 

the ischial tunnel. In Type 1 sciatic nerve entrapment4), both 

the bumpy portion of the piriformis muscle that puts pres-

sure on the sciatic nerve and the lower edge of the tendon 

are removed. In Type 2 sciatic nerve entrapment, both the 

accessory piriformis muscle and tendons that are sand-

wiched between tibial and peroneal divisions of the sciatic 

nerve are removed in addition to the main piriformis muscle 

(Fig. 1). Therefore, a much larger portion of the piriformis 

muscle is removed from the sciatic nerve pathway than the 

approximately 2-cm segment of the piriformis muscle re-

section described in the prior minimal-invasive transgluteal 

approach19). 

In summary, our transgluteal approach has several differ-

ences from the one proposed by Filler6). First, the decom-

pression of the sciatic nerve is extended proximally to the 

greater sciatic notch. Second, the sciatic nerve is secured 

proximal by confirming the inferior gluteal nerve. Third, 

the piriformis muscle is removed at the end. Fourth, only 

the portion where the piriformis muscle encloses the sciatic 

nerve is excised. 

3. Points to Note in Sciatic Nerve Decompression 
and Intraoperative Neurophysiology 
The sciatic nerve has no external landmark in the hip. 

Therefore, the location of the incision is the most important. 

For direct posterior access to the sciatic nerve, it is most im-

portant to check the relationship between the femur head 

and the sciatic nerve in coronal MRI images. In addition, the 

predicted path must be marked on the hip using c-arm fluo-

roscopy. 
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The transgluteal approach to the sciatic nerve is known 

to be possible even using local anesthesia19). However, we 

performed general anesthesia for the standard transgluteal 

approach. Considering the patient’s pain and discomfort 

due to manipulation and retraction of the gluteus and pir-

iformis muscles and tendons and the nerve dissection and 

the need for illumination of the deep surgical site, surgery 

under general anesthesia is thought to be more effective for 

complete and accurate decompression of the sciatic nerve 

and its branches than that under local anesthesia. In addi-

tion, intraoperative monitoring, especially intraoperative 

nerve stimulation, could be used to prevent unexpected 

nerve damage. Intraoperative nerve stimulation is important 

in surgery under general anesthesia to identify the inferior 

gluteal nerve at the initial stage of dissection and track it to 

accurately identify tibial and peroneal divisions of the sciatic 

nerve. In addition, hidden divisions can be quickly iden-

tified in the surgical field, which could help prevent nerve 

damage during surgery. Fig. 3 summarizes intraoperative 

stimulation responses of nerves to be checked during sciatic 

nerve entrapment. Somatotopy of the sciatic nerve course 

was confirmed.  

4. Limitations  
We acknowledge that our gluteal approach has a longer 

skin incision and more extensive dissection of the gluteal 

muscle than previously introduced minimally-invasive 

transgluteal approaches19). However, our surgical goal is to 

achieve circumferential decompression of the sciatic nerve 

and its divisions running from the sciatic notch to between 

the sciatic tunnel. Comprehensive visual identification of 

the sciatic nerve is important to confirm the exact compres-

sion site and pathological findings by the piriformis muscle 

and determine the extent of muscles and tendons to be re-

moved for circumferential decompression. This is thought 

to be particularly important for inexperienced surgeons or 

planning for sciatic nerve decompression for the first time. 

Therefore, a transgluteal approach that can accurately ex-

pose the decompression area is thought to be helpful in 

reducing the risk of unwanted nerve damage and enabling 

circumferential anatomical decompression. 

Since results of sciatic nerve entrapment using our trans-

gluteal approach have not yet been reported, it is difficult to 

compare them with the existing orthopedic approach. How-

ever, from our perspective of circumferential decompression 

of the sciatic nerve, there are parts that are difficult to un-

derstand in previous reports. For example, the fibrous band 

compressing the sciatic nerve7,16-18), sometimes described 

as endoscopic sciatic nerve decompression, appears to be 

irresponsible from our point of view. Unless these fibrous 

bands are caused by some trauma or surgery, it is thought 

that it would be difficult to solve the entrapment of the sci-

atic nerve simply by endoscopic dissection of the sciatic 

nerve. Additional findings will be presented when results of 

the transgluteal approach for sciatic nerve entrapment are 

summarized in the near future. 

CONCLUSION 

There are several variations of the transgluteal approach 

to sciatic nerve entrapment. The authors presented a sur-

gical technique that allows direct posterior access to the 

area where sciatic nerve entrapment occurs by the piri-

formis muscle and STL. Comprehensive, circumferential 

decompression of the sciatic nerve is thought to be possible 

through our more proximal approach including the later-

al margin of the STL. In addition, intraoperative electrical 

stimulation of the sciatic nerve, its divisions, and the inferior 

gluteal nerve can prevent nerve damage and aid in orienta-

tion during surgery. 
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in the Acknowledgements and must have given permission 

to be named. Changes to the authorship list are not allowed 

after a paper has been accepted.

Members of the Data and Safety Monitoring Board (DSMB) 

(or Data Monitoring Committee [DMC]) should be indepen-

dent of the trial and not be involved in the preparation of the 

manuscript for publication or act as an author on the paper.

For studies involving a large multicenter group, the group 

should jointly make a decision about authorship by listing 

only those members who qualify for authorship and are will-

ing to accept responsibility for the manuscript as authors. 

List the other members of the group who have contributed 

to the study in the Acknowledgements section including 

their name and town. The National Library of Medicine 

(NLM) indexes the group name and authors and lists the 

names of collaborators if listed in Acknowledgements.

The involvement of a group in the authorship list should 

be indicated by the connector and with the name of the 

group, and all authors must be aware and agree to the sub-

mission of the paper to the Journal.

When the study has been carried out on behalf of a group, 

the connector for should be used in the authorship list.

Contributors from the collaborating group(s) or investiga-

tors in the study can be listed in the appendix.

When the authorship list contains a group name but no 

individual names, all members of the group must qualify for 

authorship and the members of the group listed in the ac-

knowledgement section (including their name and town).

It is not recommended to submit an article that is con-

ducted in collaboration with people with personal connec-

tions if not absolutely necessary. As stated we strictly follow 

the conduct of ICMJE for authorship. Authors need to take 

extra care if the person or people with personal connec-

tions is under 19 years of age. Before submission authors 

must contact the editor in chief via e-mail for the disclosure 

form for Involving People with Personal Connections. If the 

subject of the study seems not fit for the involved persons, 

the editor in-chief will reject the study that is to be submit-

ted. Researchers should try to prevent any appearance of 

research misconduct when involving people with personal 

connections in research or publishing papers with them at 

all times.

2. Conflicts of Interest
The Nerve’s policy requires that every author disclose any 

direct or indirect financial or personal interests. All papers 

when submitted should contain a disclosure statement 

indicating any potential conflicts of interest that might con-

stitute an embarrassment to any of the authors were it not 

declared and emerged after publication.

The Journal encourages authors to err on the side of full 

disclosure. Such conflicts might include, but are not limited to:

· shareholding in a company,

· receipt of a grant, or

· consultancy fee from a company whose product features 

in the submitted manuscript or manufactures a competing 

product.

See the World Association of Medical Editors (WAME) 

policy statement on conflicts of interest for more informa-

tion of the different types of conflicts.

If no conflicts of interest are declared, then this should be 

stated in the article. On acceptance of a manuscript authors 
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are also required to complete an author disclosure form.

The aim of the disclosure statement is not to discourage 

authors from involvement with or from receiving financial 

support for their scientific work from commercial sources. 

Rather, it is designed to maintain the scientific and profes-

sional integrity of the Journal and ensure transparency.

If conflicts of interest become known from other sources 

after a manuscript has been submitted or published, the 

Journal may investigate the allegations and appropriate ac-

tion may be taken on a case-by-case basis.

3. Patient Consent
Informed Patient Consent

The Nerve follows the ICMJE guidelines for reporting about 

patients. Patients have a right to privacy that should not be 

infringed without prior informed consent.

Identifying information should not be published in writ-

ten descriptions, photographs and pedigrees unless the in-

formation is essential for scientific purposes and the patient 

(or parent or guardian) has given written informed consent 

for publication. Informed consent for this purpose requires 

that the patient be shown the manuscript to be published.

When informed consent has been obtained, please indi-

cate this in the published article.

Mandatory patient consent form

For publication of material that contains detailed patient 

information about a living individual, it is compulsory for a 

signed patient consent to be obtained irrespective of wheth-

er there are any photos of the patient.

Images of patients

For publication of pictures of patients when there is any 

chance the patient may be identified from the photo/image 

or legend, consent is required from the patient.

The Editorial Board reserves the right to reject papers for 

which the ethical aspects are, in the Board’s opinion, open 

to doubt.

4. Availability of data and materials
A condition of publication in The Nerve is that the authors 

agree to make materials, data and associated protocols 

promptly available to readers if requested. Where reagents 

are not available commercially, authors must make these 

freely available to academic researchers for their own use. 

If there are any restrictions on materials/data, authors must 

disclose this at the time of submission.

5. Publishing misconduct
An article is reviewed for publication on the understanding 

that the work it represents has not been submitted for pub-

lication elsewhere. All authors will be required to submit a 

statement confirming that the manuscript represents orig-

inal work that has not been published, accepted or is cur-

rently being considered for publication elsewhere except as 

an abstract. If you have submitted your manuscript and are 

awaiting a decision, please do not submit elsewhere. Dupli-

cate submissions is a strain on reviewers and journal office 

resources.

If the work or an abstract of it has been previously pub-

lished, for instance, in another language, then this fact should 

be made clear in the covering letter. Authors must declare, and 

submit copies of, any manuscripts in preparation or submitted 

elsewhere that are closely related to the manuscript to be con-

sidered. Duplicate or redundant publication is considered a 

serious form of misconduct and may be reported to employing 

institutions and funding bodies, or lead to a public notice in 

the Journal. If duplication is suspected, the publication will be 

checked through CrossCheck (https://www.ithenticate.com).

Plagiarism of other people’s words/ideas is a serious sci-

entific misconduct. Plagiarism is the unauthorized use of 

others published or unpublished words or ideas and pre-

senting them as your own original work. Such work includes 

abstracts, research grant applications, ethics committee ap-

plications, or unpublished or published manuscripts in any 

publication format (print or electronic).

Salami publications (papers that have overlapping data with 

another paper by the same authors) are discouraged.

Data fabrication is also a serious violation to the ethics 

policy of The Nerve. It is often difficult to find the aspects of 

tampered data, since reviewers do not have full access to the 

initial raw data. However, since it can be used to strength-

en a study’s hypothesis which can affect the whole area of 

science, the Editor may request raw data, copies of relevant 

correspondence (e.g. ethical approval) or an explanation 

from the authors if they have concerns about a manuscript.

The Nerve takes publication ethics very seriously. If mis-

conduct is found or suspected after the manuscript is pub-

lished, the journal will investigate the matter and this may 
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result in the article subsequently being retracted.

6. Image manipulation
The Nerve does not allow certain electronic enhancements or 

manipulations of micrographs, gels, or other digital images.

Figures assembled from multiple photographs or images 

must indicate the separate parts with the lines between them.

Linear adjustment of contrast, brightness, or color must be 

applied to an entire image or plate equally and are allowed 

as long as they do not obscure, eliminate or misrepresent 

any information present in the original.

Nonlinear adjustments must be specified in the figure leg-

end. Selective enhancements or alterations of one part of an 

image are not acceptable.

When suspicions are raised regarding the authenticity of 

an image it is the Journal¡¯s policy to investigate. The Nerve 

may ask authors to provide additional documentation of 

their primary data and/or for copies of the original figures.

7. Ghost writing and writing assistance
Ghost writing is when someone has made a substantial con-

tribution to the research, writing or editing of a manuscript 

and this role is not mentioned in the paper. Such writers are 

contributors to the manuscript and if they are not included 

in the authorship list their involvement, affiliations and any 

funding that was provided for their assistance should be in-

cluded in the acknowledgement section of the paper.

8. Study design: ethical approval and patient consent
All manuscripts in which experiments on patients or healthy 

volunteers, patients’ case histories or use of genetic material 

are reported should contain a statement that:

· the subjects’ written consent was obtained according to the 

Declaration of Helsinki (updated 2008), and 

· the study has been approved by a local ethics committee/

institutional review board (IRB) or that it conforms to stan-

dards currently applied in the country of origin; the name 

of the authorizing body should be stated in the paper.

All manuscripts in which experiments on animals are 

reported should include a statement that the experiments 

were conducted with full compliance with local, national, 

ethical, and regulatory principles and local licensing regula-

tions. The name of the authorizing body should be stated in 

the paper.

Also, when conductig experiments on both animals and 

humans, specific characteristics must be mentioned (Spe-

cies, Ethnicity, Gender, Type of cells, age of donator of spe-

cific cells). If these factors are not necessary for the study it 

must be stated.

9. Clinical trial registration
The Nerve requires the registration of all clinical trials in line 

with the ICMJE and WHO declarations. From 1 January 2009, 

all prospective, interventional studies whether begun be-

fore or after that date must be registered with either a WHO 

primary registry or an approved ICMJE registry before the 

onset of enrolment of patients to be considered for publica-

tion. Trials beginning after 1 January 2009 must be registered 

before recruitment of the first patient. The Nerve will accept 

retrospective registration (i.e., registration after patient enrol-

ment begins) of trials that began before 1 January 2009.

For submission of a randomized controlled trial, please 

provide the registration number of the trial and the name of 

the trial registry in the last line of the paper’s structured ab-

stract. Click here for more information on how to format the 

registration. You may also like to read the published editori-

al for more information about the Journal’s policy on clinical 

trial registration.

For further information, see Statement from the Interna-

tional Committee of Medical Journal Editors and the World 

Health Organization (WHO) International Clinical Trials 

Registry Platform.

Reporting Guidelines

To ensure the highest quality of research reporting, The 

Nerve follows the EQUATOR network resource centre for 

good research reporting. The Nerve strongly advises authors 

to follow the standard formats and guidelines provided.

1. Randomized Controlled Trials
Randomized controlled trials (RCTs) should be reported 

according to the standard guidelines outlined in the Con-

solidated Standards of Reporting Trials (CONSORT) state-

ment. CONSORT has developed a checklist to include when 

reporting such trials. The Nerve also encourages authors to 

include the patient flow diagram.

2. Systematic reviews and meta-analyses of RCTs 
(QUOROM)
Systematic reviews or meta-analyses of RCTs should be based 

on the Quality of Reporting of Meta-analyses (QUOROM) 
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guidelines.

3. Meta-analysis of Observational Studies in Epide-
miology (MOOSE)
Meta-analysis of observational studies should be developed 

according to the Meta-analysis of Observational Studies in 

Epidemiology (MOOSE) guidelines.

4. Studies of diagnostic accuracy (STARD)
Reports of studies of diagnostic accuracy should be prepared 

according to the Studies of Diagnostic Accuracy (STARD) 

guidelines.
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Checklist

Title of article:               

Author(s) should check the followings items under the heading of ‘Authors’. The spaces under the heading of ‘Editorial Staff’ are 
reserved for editorial office. Please leave no marking at the spaces under the heading of ‘Editorial Staff’

Manuscript for the Nerve Check List

Check points Author Editorial Staff

Mandatory components of a manuscript: 

Formats and contents of the manuscripts are checked by corresponding author.

Words count. Manuscripts may be no longer than 6,000 words including all ele-
ments for Original Articles, 3,000 words for Case Reports including references.

□
YSE
□

NO
□

Manuscript layouts. Manuscript should be prepared in following orders; 
1. Original Article: title page, inner title page, abstract, introduction, materials and 
methods, results, discussion, conclusion, references, table, and figure legends. □

YSE
□

NO
□

2. Case Report: title page, inner title page, abstract, introduction, case report, dis-
cussion, conclusion, references, table, and figure legends.

Language. Text should be written in fluent, plain, readable American or English-style 
English. Proof reading is done.

□
Acceptable  
□

Inadequate
□

All pages are numbered in sequence, starting with the abstract page. □
YSE
□

NO
□

Title page:  

Components. The title page must contain all of the followings; clear title, name and 
affiliation of all authors, information of the corresponding author (address, tele-
phone number, fax number, and e-mail address), type of the article (review article, 
research paper, clinical article, case report) and any conflict of the interest.

□
Complete
□

Incomplete
□

Running head must be included consisting of no more than 65 characters/spaces. □
YSE
□

NO
□

External title page should be a separate file. □
YSE
□

NO
□

Inner title page:  

Only title of the manuscript is listed. Any information on the authors and corre-
sponding author is not shown on the inner title page.

□
YSE
□

NO
□

Abstract:  

Words count. Abstract should have no longer than 250 words for Original Articles 
and 200 words for Case Reports.

□
YSE
□

NO
□

Abstract includes Objective, Methods, Results and Conclusion in Original articles □
YSE
□

NO
□

Key words. Up to six keywords or phrases are suitable for use and the selection of 
Key words is based on MeSH.

□
YSE
□

NO
□
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Check points Author Editorial Staff

Text:  

Format. Text is written in 11 point fonts with double line spacing and 3cm as mar-
gins on an A4 paper.

□
YSE
□

NO
□

Headings. Do provide appropriate headings and subheadings with the following 
hierarchy: 14 point BOLD CASE , 13 point case, 11 point Italics

□
YSE
□

NO
□

Figures and tables. Cite in numerical order as they are first mentioned in the text. □
YSE
□

NO
□

References:  

Style. References are described following the rules of The Nerve
□

YSE
□

NO
□

Tables, Figures and Illustrations:

Table style. Table style should follow the conventional rules of The Nerve. Tables 
should be self-explanatory, and the data they contain must not be duplicated in the 
text or figures.

□
YSE
□

NO
□

Figures are prepared in separate files (JPG or TIF) and submitted individually not 
being incorporated into one files.

□
YSE
□

NO
□

Figure resolution. Author must guarantee the quality of figures (300DPI). It should 
be noted that the manuscript could be rejected if printsuitable high quality figures 
are not provided at the initial phase of submission.

□
Acceptable  
□

Inadequate
□

Figure legend. Figure legend should be self-explanatory. Abbreviations should not 
be used and the present tense must be used for the description. Appropriate de-
scription of dyeing method and magnification for histological figure should be pro-
vided.

□
YSE
□

NO
□

Submission:

All authors should sign on the “Copyright Release, Author Agreement, and Dis-
closure of Conflict of Interest” form then send e-mail to editor of The Nerve (sbc@
catholic.ac.kr) and corresponding author should indicate that he (she) takes full 
responsibility of authorship from all authors.

□
YSE
□

NO
□

Author check list form is submitted with the manuscript. □
YSE
□

NO
□

Date: ______________________________

Editorial office use only

□ suitable for review process     □ a qualified consent for submission acceptance     □ needs author’s correction

Date: ______________________________
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Copyright Transfer 
Agreement

The author(s) submit my/our manuscript with the following title:  

               

               

In consideration of the Editorial Board of The Nerve reviewing, editing and publishing.

I hereby transfer, assign and otherwise convey to the Korean Society of Peripheral Nervous system upon acceptance of the man-

uscript for publication by The Nerve all rights, title, and interest in the manuscript including copyright ownership, together with 

full right and authority to publish the manuscript in all forms and media and to claim copyright for that published manuscript.

All author(s) have made a concreate and intellectual contribution to the content of the manuscript, and will take public respon-

sibility for its content.

I/we certify that the contents of the manuscript, in all or in part, has not been published and is not being considered for publica-

tion elsewhere.

The author(s) warrant that the manuscript contains no libelous or unlawful statements and does not infringe on the rights of 

others. Also, this work follows the ethics guidelines of The Nerve.

All intellectual contributions, technical help, financial or material support, and all financial or other relationships that may con-

stitute or lead to a conflict of interest have been acknowledged or disclosed in the manuscript.

Each of the undersigned is an author of the manuscript and all authors are named on this document.

Copyright Release, Author Agreement, and Disclosure of Conflict of Interest

Author’s name

     

     

     

     

     

     

Author’s signature

     

     

     

     

     

     

Date

     

     

     

     

     

     

www.thenerve.net  i


