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TECHNICAL NOTE SPINE SURGERY AND RELATED RESEARCH

New Intramuscular Electromyographic Monitoring with a Probe in
Lateral Lumbar Interbody Fusion Surgery
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Abstract:
Introduction: The lateral lumbar interbody fusion (LLIF) surgical approach is minimally invasive and safely accesses the

target region. Therefore, it is widely used in cases of lumbar spinal stenosis and spinal deformity. Intraoperative neuromoni-

toring is necessary to avoid nerve injury, whereas postoperative anterior thigh symptoms are not necessarily prevented.

Technical Note: In our institute, 85 LLIF operations have been performed. The first 30 cases were excluded from the

present study to avoid surgical learning curve effects; conventional monitoring was used in 30 cases, whereas a new method

with a probe to monitor intramuscular potential was used in 25 other cases. Anterior thigh symptoms and motor deficits

were assessed postoperatively. The location of the electromyographic threshold decrease was at the posterior part of the disc

at L2-3, but at the anterior part at L4-5. Compared with conventional monitoring, the new intramuscular monitoring signifi-

cantly decreased the prevalence of motor deficits of the iliopsoas at 1 day and 30 days; anterior thigh pain at 1 day, 30, and

90 days; and anterior thigh numbness at 30 and 90 days postoperatively.

Conclusions: Compared with conventional monitoring, the new intramuscular monitoring with a less invasive probe may

reduce anterior thigh symptoms.
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Introduction

Lateral lumbar interbody fusion (LLIF) provides solid and

stable intervertebral fusion, which can correct spondylolis-

thesis and/or spinal deformities, such as imbalance of sagit-

tal and coronal curvature, and indirect decompression by

ligamentotaxis force. The lateral retroperitoneal and

transpsoas approaches facilitate quicker access to the target

region safely with a small skin incision, minimal bleeding,

and direct and wide visualization1,2). Nevertheless, various

complications, ranging from slight to severe status related to

LLIF, have been reported, such as damage to blood vessels,

viscera, and nerves3-6). Among them, anterior thigh symp-

toms, including muscle weakness of quadriceps or abduc-

tors, and anterior thigh pain and hypesthesia have been com-

monly experienced postoperatively 7,8 ) . Additional

intraoperative-neurophysiological monitoring methods have

been widely used, and are necessary to identify the distribu-

tion of the lumbar nerve plexus near the intervertebral disc

and prevent nerve injury9,10). We retrospectively surveyed

consecutive surgical cases of lumbar degenerative diseases in

the presence or absence of sagittal imbalance and analyzed

the relative anatomical position of the lumbar plexus. The

distance from the anterior edge of the disc to the lumbar

plexus at L2-3, L3-4, or L4-5 or the femoral nerve at L3-4

or L4-5 is significantly less in patients with adult spinal

kyphosis, and may be more susceptible to nerve complica-

tions11). However, preoperative precise anatomical magnetic

resonance imaging (MRI) analysis and intraoperative elec-

tromyographic (EMG) monitoring have not prevented ante-

rior thigh symptoms completely12). Therefore, the purpose of

the present study was to elucidate the utility of intramuscu-

lar potential monitoring compared with conventional surface

muscular potential monitoring, and the effects of monitoring

with a probe compared with the dilator used conventionally.
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Figure　1.　(a). A stimulation clip was attached to the probe and the Neuro Vision electro-

myographic (EMG) monitoring system (NuVasive) was activated in detection mode. (b) As 

the probe was advanced to the psoas muscle, the EMG threshold was detected. EMG thresh-

olds at 5 points at the edges of the anterior and posterior psoas muscles and at 3 boundary 

points between zones were measured on the surface of the psoas muscles with the probe and 

as the intramuscular potential in the psoas muscle. The area between the anterior and poste-

rior edges of the psoas muscle was divided into 4 zones, namely, the anterior quarter, middle 

anterior quarter, posterior middle quarter, and posterior quarter, using the measurement at the 

level of the intervertebral disc. EMG monitoring was performed with a stimulation clip at-

tached to the probe at 5 points on the surface of the psoas muscle in the conventional manner 

and at 5 points in the intramuscular layer in a new manner. (c) The EMG threshold decrease 

was located at the posterior part of the L2-3 disc, but at the anterior part of the L4-5 disc.
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Table　1.　Demographics of Patients. 

Monitoring technique

Conventional (n=30) New (n=25) P

Age, y 69.1±10.7 71.24±8.0 NS

Sex, female/male 23/7  19/6 NS

Number of fused levels 2.5±0.68 2.9±1.32 NS

BMI, kg/m2 23.8±4.4 23.4±4.9 NS

Operative time (min) 311±156.3 356±198 NS

BMI: body mass index; NS: not significant

Technical Note

In our institute, LLIF surgeries were performed on 85 pa-

tients suffering from lumbar degenerative diseases, excluding

a Cobb angle >30°. Patients included had not responded to

nonsurgical treatments with medication and/or orthosis for at

least 6 months after first beginning these treatments and

were therefore indicated for surgery to treat lumbar spinal

stenosis associated with neurological deterioration and to

treat adult spinal deformity with a SVA (Sagittal Vertical

Axis) of > 50 mm. Patients with previous back surgery,

lumbar disc herniation, vertebral fracture, isthmic spondy-

lolisthesis, tumor, or inflammatory diseases were excluded.

In this series, LLIF was performed by a single board-

certified surgeon according to a surgical procedure described

in the literature9). The first 30 cases were excluded from the

present study to exclude the effect of the surgeon’s LLIF-

related learning curve. Thirty consecutive cases were moni-

tored intraoperatively using conventional electromyography

from March to September 201513); the following 25 consecu-

tive patients were monitored using a newly developed

method from October 2015 to July 2016.

The area between the anterior and posterior edges of the

psoas muscle was divided into 4 zones, namely, the anterior

quarter, middle anterior quarter, posterior middle quarter,

and posterior quarter, using a measurement at the level of

the intervertebral disc. A stimulation clip was attached to a

probe (Fig. 1a) and a Neuro Vision EMG monitoring system

(NuVasive) was activated in detection mode. As the probe

was advanced into the psoas muscle, the EMG threshold

was detected as reported previously10,14). The EMG thresholds

of the surface potential at 5 points at the edges of the ante-

rior and posterior psoas muscles and at 3 boundary points

between zones were measured on the surface of the psoas

muscles with the probe (Fig. 1b). As the intramuscular po-

tential, the EMG threshold was also measured at the 5

points after advancing the probe into the psoas muscle. A

threshold >10 mA indicates a distance that allows for both

continued nerve safety and ample working area. However,

an EMG threshold decrease with proximity to the nerve tis-

sues and a threshold of �5 mA indicates possible direct con-

tact with the nerve. A threshold >5 and <10 mA cautions

proximity to the nerve10,14).

Neurological data regarding motor deficits of the iliopsoas

muscle, anterior thigh pain, and anterior thigh sensory dis-

turbance were assessed at 5 time points, namely, on the day

immediately after surgery, and at 1 week, at 2 weeks, at 1

month, and at 3 months postoperatively. The neurological

function was assessed by evaluating tactile detection and

muscle strength using the manual muscle test scale (5

grades of strength). Motor deficits that decreased by >1

level in the manual muscle test were evaluated. Criteria for

postoperative anterior thigh pain and numbness were de-

cided on whether patients complained of such symptoms us-

ing patient-driven symptom and pain diagrams postopera-

tively. All assessments were performed by board-certified

spinal physicians except for a surgeon in charge of cases in

a blinded fashion. Data were analyzed using an unpaired t

test.

All statistical calculations were conducted using Prism,

version 6.0 (Graph Pad Software, La Jolla, CA). For all

tests, P < 0.05 was considered significant.

The patients’ age at surgery, gender, number of fused lev-

els, body mass index, and operative time are presented in

Table 1.

Location of the EMG threshold decrease

The EMG threshold decrease was located in the posterior

part of the disc at L2-3, whereas it was anterior of the disc

at L4-5 (Fig. 1c). The EMG threshold decrease was located

almost in the middle of the disc at L3-4.

Motor deficits of the iliopsoas muscle

Weakness of the iliopsoas muscle was commonly ob-

served postoperatively. The prevalence of symptoms was in-

creased especially at 7 and 14 days postoperatively, and then

decreased at 30 and 90 days postoperatively (Fig. 2a). Com-

pared with conventional monitoring, the new intramuscular

monitoring decreased motor deficits of the iliopsoas signifi-

cantly at 1 day and 30 days postoperatively.

Anterior thigh pain

Anterior thigh pain was commonly observed postopera-

tively. The prevalence of symptoms was increased especially

at 7 and 14 days postoperatively, and decreased at 30 and

90 days postoperatively (Fig. 2b). Compared with conven-

tional monitoring, the new intramuscular monitoring de-

creased anterior thigh pain significantly at 1 day, 30, and 90

days postoperatively.

Anterior thigh numbness

Anterior thigh numbness was commonly observed postop-

eratively. The prevalence of symptoms increased, especially

from 1 day to 14 days postoperatively, and then decreased at

30 and 90 days postoperatively (Fig. 2c). Compared with

conventional monitoring, the new intramuscular monitoring

decreased anterior thigh pain significantly at 30 and 90 days

postoperatively.
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Figure　2.　(a) Motor deficits of the iliopsoas muscle. (b) Anterior thigh pain. (c) Ante-

rior thigh numbness.
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Discussion

We developed a new intramuscular monitoring system

with a stimulation clip attached to a probe, resulting in the

reduction of anterior thigh symptoms, such as motor deficits

of the iliopsoas muscle and anterior thigh pain and numb-

ness.

LLIF surgery includes a procedure to separate the psoas
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muscle with a dilator using blunt dissection under the

Neuro-Vision JJB EMG monitoring system10 ) . The

neuromonitoring techniques allow for a precise geographic

mapping of the lumbar plexus within the psoas muscle to

indicate a safe approach. Adding the current intraoperative

EMG approach to the lateral approach to the lumbar spine

contributed to a decrease in the rate of complications from

30% to less than 1%13). Nerves are at risk during surgery be-

cause of the need to dilate or expand muscles using a retrac-

tor to approach the discs. A retrospective review of a con-

secutive series of 71 patients who underwent LLIF per-

formed by a single surgeon found a 19.7% prevalence of ip-

silateral thigh numbness with thigh pain and a 54.9% preva-

lence of motor weakness involving the iliopsoas muscle and/

or quadriceps immediately postoperatively8). A retrospective

review of 235 patients including a total of 444 fused disc

levels found the presence of sensory deficits in 28.7% at 6

weeks, 13.1% at 12 weeks, 5.7% at 6 months, and 1.6% at

12 months; a prevalence of anterior thigh pain of 41% at 6

weeks, 16% at 12 weeks, 3.7% at 6 months, and 0.8% at 12

months; and a prevalence of psoas mechanical flexion defi-

cits of 13.1% at 6 weeks, 3.7% at 12 weeks, 2.9% at 6

months, and 1.6% at 12 months7). A nationwide survey of

2,998 cases of LLIF (1,995 cases of extreme lateral inter-

body fusion [XLIF] and 1,003 cases of oblique lateral inter-

body fusion) in Japan found sensory nerve injuries in 5.1%

(5.9% in XLIF) and psoas muscle weakness in 4.3% (4.9%

in XLIF). Some 69.1% of patients with sensory nerve injury

and 92.8% of patients with psoas muscle weakness showed

recovery within 3 months postoperatively15). Adverse imme-

diate postoperative neurological impairments, such as ante-

rior thigh symptoms and motor weakness of the psoas and

quadriceps, are difficult to avoid even if intraoperative

neuromonitoring systems are used, and cause distress to pa-

tients and surgeons12).

A prospective clinical study from 9 US centers, including

102 consecutive patients undergoing XLIF at L3-4 and/or

L4-5, investigated the effectiveness of dynamic EMG moni-

toring to detect nerves and prevent neural injury14). The

EMG thresholds for each of 3 successive dilators were re-

corded at the surface of the psoas muscle, mid-psoas, and at

the spine. At each location, the dilators were rotated 360°,

while recording immediately posterior, superior, and inferior

to its location. Nerves were identified near the dilators in

55.7% of cases. Postoperative upper medial thigh sensory

loss was found in 27.5% of cases, iliopsoas/hip flexion

weakness in 17.6%, and motor neural deficits of foot-

dorsiflexion or quadriceps/knee extension weakness in 2.9%.

Current intramuscular monitoring demonstrated that the

EMG threshold was located in the posterior part of the disc

at L2-3, but in the anterior part of the disc at L4-5. This

finding is consistent with our previous MRI study11) and

MRI tractography16). The nerve plexus was located in the

dorsal part of the disc at L4-5, but in the anterior part of the

disc at L2-3.

The present study demonstrated that the prevalence of

postoperative adverse effects, including muscle weakness of

the iliopsoas, anterior thigh pain, and anterior thigh numb-

ness, using conventional monitoring systems was almost the

same as or less than those reported previously8). The new in-

tramuscular neuromonitoring system allowed a more precise

detection of nerves than conventional muscle surface moni-

toring. In addition, the new system used a probe whose tip

was much smaller in diameter than the conventionally used

dilator, allowing the new system to be much less invasive

and therefore safer than the conventional system. The new

system resulted in a significant reduction in the prevalence

of 3 adverse effects immediately postoperatively. By con-

trast, none of the 3 adverse effects showed any significant

differences between the new and conventional monitoring

systems at 7 and 14 days postoperatively, so the new system

was not able to decrease the effects at these times. There

may be some other reason for these effects at 7 and 14 days

after surgery. The reason for anterior thigh symptoms may

be both direct muscular damage, resulting in hematoma

around the surgical entry region, and direct nerve damage.

Acute muscular damage with hematoma might be impossi-

ble to avoid even if the new monitoring system is used to

avoid intraoperative nerve injury. Further research is needed

to elucidate the mechanism. In addition, a previous study

demonstrated that the retraction time was significantly

longer in patients with postoperative symptomatic neuro-

praxia17). However, the current study showed no differences

in operative time between the new and conventional moni-

toring techniques.

The present study has some limitations, including its rela-

tively small patient sample size. The follow-up period of 90

days is relatively short. We did not consider perioperative is-

sues, including operative time. This present prospective

comparative observational study did not randomize conven-

tional and new monitoring methods as part of a controlled

trial.

Conclusion

Compared with conventional monitoring methods, the new

intramuscular monitoring system using a less invasive probe

described here may reduce anterior thigh symptoms.
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